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Abstract Economic growth is widely considered an effective instrument to combat pov-
erty, and child malnutrition. Though there is a substantial literature on the relationship
between economic growth and child malnutrition in a wide range of countries, empirical
evidence on this relationship is sparse in the case of Egypt. Using repeated crosssectional
data from five rounds of the National Demographic and Health Survey (DHS), we examine
the association between income per-capita growth, at the governorate level, and various
child malnutrition outcomes: stunting, wasting, and underweight, in Egypt during the
period 1992-2008. A logistic regression model, with regional and time fixed effects
applied to pooled data of the five DHS rounds, is used. The analyses control for the
structure of the data, and the clustering of observations (children nested within households
within clusters nested in governorates). Statistics show that 29% of the children-under-
5 years were stunted, 7.2% were wasted, and 6% were underweight in 2008. We found a
robust statistically significant negative association between economic growth, at the
governorate level, and four indicators of child malnutrition, namely; underweight, wasting,
extreme wasting, and extreme stunting. Though a negative association was also found
between economic growth and stunting and extreme underweight, the odd ratios were not
statistically significant but were well below unity which indicates economic significance if
estimated precisely. No significant association was found between income inequality, as
measured by the Gini-index, and any of the malnutrition indicators. Results also reveal that
child and household-level characteristics including; child age, sex, the birth interval of a
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child, whether the child is a twin and father‘s education, are particularly important
determinants of malnutrition indicators in Egypt. The findings of the current study provide
additional supportive evidence, using data from Egypt, that economic growth is an
effective instrument to combat child malnutrition and improve population health outcomes.

Keywords Economic growth - Inequality - Malnutrition - Stunting - Wasting -
Underweight - Egypt

1 Introduction

It is widely documented that early-life nutrition has a significant impact on health and
human development throughout the entire life course (Barker et al. 2002; Victora et al.
2008; Maluccio et al. 2009). The World Bank considers child malnutrition as “a major
obstacle to human development and economic growth in a country, especially among the
poor and the vulnerable” (Gragnolati et al. 2005). Compared to well-nourished children,
malnourished children have a weaker immune system, higher risk of mortality and mor-
bidity, reduced physical ability, and reduced ability to reach potential height. A child’s
poor nutritional status has been linked to poor school performance, which in turn lowers
future employment opportunities and income generation, causing an intergenerational
transmission of poverty (United Nations Children’s Fund 2013).The United Nations
Children’s Fund (UNICEF) estimated that tackling child malnutrition could boost poor
countries’ GDP by 3% (United Nations Children’s Fund 2013). In the labor market, Case
and Paxson (2006) noticed a positive association between adults’ height and earnings.
They found that the height-earnings gap is mainly due to good nutrition in early childhood.
Workers who received good nutrition during childhood have higher levels of cognitive
function than their malnourished counterparts, which accounts for the labor market height
premium (Case and Paxson 2006).

The prevalence of malnutrition is particularly high in Egypt. The country has the largest
number of stunted children in the Middle East, with about 2.7 million children experi-
encing stunted growth (United Nations Children’s Fund 2013). The economic and social
cost of child malnutrition in Egypt was estimated to be 20.3 billion Egyptian Pounds,
which is equivalent to about 2% of the Egyptian GDP (Information and Decision Support
Center 2013).

Economic growth has been widely considered an effective instrument for poverty
alleviation and improving public health. This idea has been supported by a growing
number of studies (Pritchett and Summers 1996; Smith and Haddad 2002; Vollmer et al.
2014). For example, in a cross-country study, using time series data and instrumental
variables to avoid reverse causality, Pritchett and Summers (1996) found evidence that the
increase in national income tends to improve population health, and that wealthier nations
are healthier nations. Though there is a substantial literature on the relationship between
economic growth and child malnutrition in a wide range of countries, empirical evidence
on this relationship is sparse in the case of Egypt. As depicted in Fig. 1, Egypt has
experienced rapid economic growth in the last two decades, where real GDP per capita has
grown from $895 to $1456 between 1992 and 2008. In this paper, we aim to examine
whether this rapid economic growth was associated with a reduction in child malnutrition
rates. This study serves as an initial attempt to evaluate the association between economic
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Fig. 1 Economic growth in Egypt: 1992-2008. Source: World Development Indicators, World Bank (2014)

growth and child nutritional outcomes preceding the popular uprising in Egypt which
called for social justice and better economic conditions in the 2011 revolution.

In Egypt, to date, no study empirically examined the association between economic
growth and child malnutrition. Two earlier studies, El-Laithy et al. (2003), and Kheir-EI-
Din and El-Laithy (2008) assessed the effect of economic growth on poverty alleviation in
Egypt. They found evidence that economic growth, which took place between 1990 and
2005, has reduced poverty rates. The current study goes beyond poverty, by examining the
association between economic growth and other measures of human deprivation, i.e., child
nutrition outcomes. We develop a unique repeated cross-sectional dataset to examine the
association between income per capita growth, at the governorate level, and childhood
malnutrition status in Egypt for the period between 1992 and 2008.

The paper is organized as follows: Sect. 2 presents a review of the theoretical and
empirical literature on the link between economic growth and child malnutrition. The data
and empirical methodology are described in Sect. 3. Section 4 presents the empirical
results which are then discussed in Sect. 5. Section 6 concludes the paper.

2 Literature Review

2.1 The Economic Growth—Malnutrition Linkage: A Theoretical
Framework

Theoretically, the relationship between economic growth and child malnutrition could be
bi-directional. While poverty and food insecurity could lead to malnutrition, child mal-
nutrition may, in turn, have intergenerational consequences, which could slow down
economic growth. Inadequate dietary intake and diseases are the direct causes of child
malnutrition. This could arise as a result of households’ food insecurity, inadequate feeding
practices, unhealthy household environments and inadequate health services, all of which
are directly related to economic growth.

Figure 2 shows that economic growth could help in reducing child malnutrition through
three channels. Firstly, economic growth increases the employment opportunities, income
levels, and wealth which offer poor household food security, better nutrition, and health
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Fig. 2 Economic growth and children nutritional status linkage. Source: Adopted from Subramanyam et al.
(2011)

care, and improved maternal education. Secondly, economic growth widens the tax base
and increases public revenues, which enable higher public spending on health and social
protection, such as expenditure on food ration cards. Thirdly, economic growth could
benefit individuals indirectly through higher public expenditure on infrastructures, such as
roads, schools, and hospitals. We believe that possible reverse causality, i.e. healthier
individual being more productive and hence leading to higher economic growth, is not a
concern here, as we exclusively focus on short and medium term outcomes of children.

2.2 Empirical Literature

A growing number of empirical studies have emerged to examine the effect of economic
growth on childhood malnutrition with mixed findings (see for example Smith and Haddad
2002; Subramanyam et al. 2011; Harttgen et al. 2012; Vollmer et al. 2014). Existing
empirical studies differ in their methodologies, as far as sample covered, and the level of
analysis. On the one hand, some have performed a cross-country analysis, using macro-
level data. On the other, other studies use data at the household level. Hence, the results of
these studies are not directly comparable.

For example, using panel data on 63 developing countries, over the period 1970-1996,
Smith and Haddad (2002) found a strong negative effect on economic growth on child
malnutrition. They hypothesized that the global economic growth which took place
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between 1970 and 1996 is responsible for half of the reduction in the prevalence of child
malnutrition, through promoting investments in women’s education and health, environ-
ment quality and food affordability. In another cross-country study, Harttgen et al. (2012)
examined the association between GDP per capita growth, and the reduction of child
malnutrition in 15 Sub-Saharan African countries, using both a macro and a micro model.
In the macro model, they estimated the overall levels of malnutrition across countries from
the Demographic and Health Surveys (DHS) which were regressed on GDP per capita
using a fixed effect model. The fixed effect macro model failed to detect a significant
relationship between income growth and the level of child malnutrition. In the micro
model, all the DHS surveys from Sub-Saharan African countries were pooled together into
one single large dataset, and results showed that GDP per capita growth has a mild effect
on child malnutrition. The authors concluded that economic growth did not trickle down to
the poor and that individual level variables, such as mother’s education, socioeconomic
status, and mother’s nutritional status are more critical to children’s growth than national
development indicators.

Using data from 121 surveys in 36 low-income and middle-income countries, Vollmer
et al. (2014) utilized logistic regression models to estimate the association between
changes in per-capita GDP, and changes in child under-nutrition outcomes. They found
evidence that macroeconomic growth has a null, to quantitatively very weak, contribution
to the reductions in early childhood stunting, underweight, and wasting. Using country-
level data from the World Bank’s World Development Indictors, Heltberg (2009) analyzed
spells of malnutrition over time, and found a significant, but small, negative association
between economic growth and chronic child malnutrition, where periods of economic
growth are often associated with reduced child malnutrition. The author also found that the
association between economic growth and chronic child malnutrition is much lower than
the effect of growth on poverty. The elasticity of stunting with respect to growth in per-
capita gross national income was about —0.2 in a country with 30% stunting rate and that
halving stunting from a level of 30% through economic growth alone would require an
annual growth of real per capita income by 3.7% for 25 years.

In addition to cross-country studies, several country-specific studies have investigated
the association between economic growth and child malnutrition, in a wide range of
countries. For example, Alderman et al. (2006) found, using panel data from Tanzania,
evidence that a combination of income growth and nutrition interventions are effective in
reducing malnutrition. In another study, Subramanyam et al. (2011) focused on India; the
country with the largest number of children under 5 years old who are stunted in the world.
The unique contribution of their study to the literature is in the use of income growth at the
state level rather than at the country level. They pooled three nationally representative
surveys of India for years 1992, 1998 and 2005, and regressed a binary variable for child
malnourishment on individual and state-level variables. No or at best a weak association
was found between economic growth at the state level and the different types of child
malnutrition. They concluded that the strong economic growth that took place in India was
not sufficient to reduce child malnutrition.

At the micro level, several studies have examined the relationship between household
income and the health status of children (see for example Case et al. 2009). The premise is
that households with high levels of income are better able to invest in their children’s
health and education, and that would lead to better health and nutritional status. However,
it ‘s hard to reach causal inferences in these studies, as health affect household income and
household income influence the health of the household’s members (Currie and Madrian
1999; Frijters et al. 2005).

@ Springer



774 A. S. Rashad, M. F. Sharaf

3 Data and Methods
3.1 Data

This paper uses data on children’s nutritional status for a nationally representative sample
of 45,600 households from five rounds (1992, 2000, 2003, 2005, and 2008) of the Egyptian
Demographic and Health Survey (EDHS). The DHS is an international survey, which is
conducted in 85 developing countries and is sponsored by the U.S. Agency for Interna-
tional Development. It is the main source of information on child health in developing
countries. EDHS interviews women between age 15 and 49 (reproductive age), collects
information on infant and child mortality and is conducted every 5 years.

Nutritional anthropometry assesses the past and current nutritional and health status of
children. Staff trained in taking anthropometric measures have collected the weight and
height of the sampled children. The collected weight and height have been used in the
construction of three anthropometric indicators (height-for-age, weight-for-age, and
weight-for-height). Each indicator provides a unique viewpoint on the nutritional status of
children. Low height-for-age (stunting) results from an inadequate nutrition for an
extended period while low weight-for-height (wasting) reflects acute nutrition problems,
and a low weight-for-age (underweight) reveals general nutritional and health problems.
Each of the three indicators is represented by deviations (z-score) from the median value of
the reference population for the same sex and age. The z-score (standard deviation score) is
calculated as —score :A’TM, where A is the child anthropometric measure, M is the
median of the reference population, and ¢ is the standard deviation in the reference
population.

A child with a z-score less than negative two standard deviations i.e.(A’TM < —20), is
considered to be moderately malnourished, while a child with a z-score less than three
standard deviation i.e.(A‘TM < —30), is considered to be severely malnourished. The
World Health Organization’s (WHO) reference population has been used as the reference
population in this study.

The EDHS has a complex design which involves stratification based on the level of
urbanization, and region. It involves clustering, where the selected villages are the clusters
for rural areas, while the selected districts/towns are the clusters for urban areas. The
complex survey design has been taken into account in all stages of the analyses in this
study. The EDHS collects information on all born children. However, children who are
dead by the time of the interview, and children with missing data on height or age, have
been excluded from the analyses.

There are 26 governorates in Egypt, four are urban, and the rest are a mixture of urban
and rural regions. Data on GDP per capita and the Gini index, at the governorate level, are
developed by the Egyptian Institute of National Planning and are collected from the
Egyptian Human Development Reports. In this study, all analyses and statistics are pop-
ulation weighted using the sampling weights in the EDHS survey.

3.2 Econometric Methodology
The purpose of this study is to examine the association between economic growth, at the
governorate level, and six outcomes of malnutrition: stunting, severe stunting, wasting,

severe wasting, underweight, and severe underweight. These associations are examined
within a multivariate framework, after controlling for other covariates that are widely used
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in the literature (see for example Subramanyam et al. 2011 and Vollmer et al. 2014). A
logistic regression model, with regional and time fixed effects applied to pooled data of the
five DHS rounds, is used. We control for the structure of the data and the clustering of
observations (children nested within households within clusters nested in governorates).
We model the odds of malnutrition for child i in household j, nested in governorate k at the
survey year t, using the logistic model in Eq. (1).

My = o0+ @Y + /ngjkr + tHiji + yGir + 08, + Ejjkt (1)

In Eq. (1), Mjj, is an indicator variable of malnutrition (stunting, wasting, underweight)
of child i in household j, nested in governorate k at the survey period t. Y}, is the log real
GDP per capita of governorate k for the survey year t. X, is a vector of child charac-
teristics such as child age, sex, birth order of the child. H, is a vector of parental and
household-level factors. Gy, is a vector of governorate fixed effects, S; are the year fixed-
effects, and ¢, is the clustered error term that is clustered at the household and gover-
norate levels.

The key predictor of interest is the log GDP per capita at the governorate level. Also, the
multivariate analyses control for other explanatory variables that are closely related to the
child’s nutritional status. The control variables can be grouped into three categories:
variables that are related to the household socioeconomic status and food security; vari-
ables that reflect the degree of access to medical care and the quality of the health envi-
ronment; and factors that indicate women and child characteristics. Household
socioeconomic status is measured by the household wealth index, mother’s nutritional
status and parents’ education. The household’s economic status, captured by the wealth
index, is represented by five categories: poorest (reference category), poorer, middle,
richer, and richest. The wealth index is widely used as a living standard measure. The
EDHS team has developed the wealth index using a statistical method known as principal
components analysis. The value of the wealth index depends on household’s possession of
chosen assets such as cars, floor type, access to water and sanitation, and materials used for
housing construction. This index was used to stratify the interviewed households into five
wealth quintiles. For a detailed discussion on how the wealth index is constructed in the
DHS, see Rutstein and Johnson (2004). Household socioeconomic status is considered a
strong predictor of child nutritional status because it indicates whether a household has
sufficient resources to obtain appropriate food for a nutritious diet.

A mother’s nutritional status is not only a proxy of economic deprivation, but it also
affects child nutritional status directly during pregnancy and breastfeeding periods. Mal-
nourished mothers are likely to deliver underweight babies and are less effective in
breastfeeding. We control for women’s nutritional status by using the body mass index
(BMI). For a systematic literature review on the impact of a women’s nutritional status,
before and during early pregnancy, on maternal and infant outcomes see Ramakrishnan
et al. (2012).

An adequate maternity care reduces the health risks of pregnancy and involves moni-
toring women’s nutritional status. In addition, it provides mothers with the opportunity to
gain information on appropriate feeding practices. By using a dummy variable, we control
for regular access to antenatal care. Concerning the quality of the health environment,
access to clean water and adequate sanitation are included to control for drinking water
quality and safe sanitation using dummy variables. Unsanitary living conditions and
inadequate clean drinking-water are leading causes of infectious diseases. Access to safe
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drinking-water, sanitation, and hygiene services have been consistently linked to better
nutrition outcomes (UNICEF and World Health Organization 2015).

As for the child characteristics, we control for the child sex, age, whether the child had a
risky birth interval (defined as a birth-to-birth interval of less than 24 months), and whether
the child is a twin. For a review of the literature on the impact of birth spacing on maternal
and child nutritional status and health see Dewey and Cohen (2007) and Conde-Agudelo
et al. (2012). Gender inequality could play a fundamental role in exacerbating the nutri-
tional status of young girls, and this is particularly evident in Arab societies. Thus, the
child sex variable controls for gender bias and norms in nutritional practices. Twin children
are likely to increase the nutritional burden on the mother and the budget of low-income
families. Twins are found to be more often malnourished than single children (Bijlmakers
et al. 1998). Likewise, short birth intervals, mother’s current pregnancy status, and the
number of children in the household adversely affect child nutritional status, as it increases
the sociological and financial pressure on the household. The age of the mother could play
a major role in the birth outcome. Childbearing by teenagers and older mothers adversely
affect child health (Chen et al. 2007).

Governorates in Egypt differ in their geographical location, climate, natural resources,
income inequality, and the degree of economic problems. Thus, we also included gover-
norate fixed-effects, which account for governorate-specific factors affecting malnutrition
that are constant over time. Recent research shows that public health is not only affected by
the level of income, but also by the degree of inequality in the distribution of income
within the society. Pickett and Wilkinson (2007) studied the impact of income inequality
on child well-being in the US and found that all indicators of child well-being were
significantly worse in states with inequitable income distribution. To control for income
inequality, we use the Gini index, which measures the degree of fairness of income
distribution within a governorate, where a high Gini coefficient indicates a high level of
income inequality. The logistic model also controls for survey year fixed-effects to capture
general developments that affected all the Egyptian governorates.

4 Results

Table 1 presents summary statistics of the variables used in the analyses. The table shows
an increase in the fraction of mothers and fathers with higher and secondary education over
the study period. Based on the wealth index, the fractions of the poorest and poorer
households have slightly increased. There is also an increase in the rate of access to clean
water and a private toilet as proxies for living in a healthy environment. The rate of
receiving regular antenatal care during pregnancy has also increased significantly from
23.8% in 1992 to 65% in 2008. The prevalence of risky birth interval has grown from 76%
in 1992 to 86% in 2008.

Figure 3 depicts the level of stunting, wasting and underweight in Egypt based on data
from EDHS, during the period 1992 to 2008. The WHO classifies the degree of child
malnutrition within a country into four levels: “low,” “medium,” “high,” and “very
high.” Based on the WHO'’s classification, the overall prevalence of stunting in Egypt is
classified as high, while the degree of underweight and wasting is low. This pattern is
becoming an increasingly global phenomenon. For instance, the number of stunted children
in developing countries is about 200 million, while the number of wasted children is about
52 million. There are also other countries such as Albania, Egypt, Iraq, Mongolia, Zambia,
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Table 1 Summary statistics
Variable Survey year

1992 2000 2003 2005 2008
Mother’s characteristics
Mother’s age
15-19 35 2.99 3.47 3.32 2.99
20-24 20.5 22.86 26.16 24.79 25.1
25-29 31.93 32.09 31.92 33.83 35.27
30-34 21.82 22.47 19.22 20.76 20.61
35-39 14.41 13.55 13.11 11.82 10.89
40-44 6.35 4.83 4.67 4.56 44
45-49 1.5 1.22 1.45 0.92 0.74
Mother’s education
No education 49.16 39.03 36.85 33.16 28
Primary 23.97 15.42 14.44 12.45 10
Secondary 22.65 37.27 40.6 45.25 50
Higher 4.22 8.29 8.11 9.15 12.13
Mother’s occupation
Not working 75 85.43 81.12 82.53 87.47
Professional, technical, managerial, clerical 10.05 10.07 9.13 7.81 7.61
Sales services 2.08 0.61 0.82 1.17 0.62
Agriculture 9.01 2.51 7.05 5.87 2.21
Manual 3.59 1.37 1.87 2.62 2.1
Mother is malnourished?
No 98.1 99.36 98.68 99.31 99.18
Yes 1.9 0.64 1.32 0.69 0.82
Mother is currently pregnant?
No 89.69 91.89 90.64 90.93 91.63
Yes 10.31 8.11 9.36 9.07 8.37
Received regular antenatal care during pregnancy?
No 76.13 58.62 46.28 42.21 35
Yes 23.87 41.38 53.72 57.79 65
Father’s characteristics
Father’s education
No education 32.02 24.57 20.41 19.69 16.7
Primary 29.76 20.89 19.56 17.89 15.98
Secondary 29.51 41.09 47.02 49.21 52.41
Higher 8.71 13.46 13.01 13.21 14.91
Father’s occupation
Not working 0.07 0.24 0.18 2.36 1.53
Professional, technical, managerial, clerical 19.86 34.53 30.46 27.08 26.41
Sales services 6.28 2.72 3.11 3.74 3.02
Agriculture 31.33 20.46 23.24 17.54 17.88
Manual 42.46 42.04 43.02 49.28 51.15
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Table 1 continued

Variable Survey year

1992 2000 2003 2005 2008

Child characteristics
Sex of child

Male 51.34 51.07 52.18 50.46 50.1
Female 48.66 48.93 47.82 49.54 49.9
Current age of child (in years)

Less than 1 year 18.61 20.62 20.82 19.31 22.02
1 19.32 20.13 19.08 19.92 20.8
2 20.05 20.52 20.49 20.45 19.2
3 20 20.07 20.51 20.15 19.34
4 22.02 18.67 19.11 20.17 18.65
Child is a twin?

No 97.84 97.03 96.92 96.42 96.4
Yes 2.16 297 3.08 3.58 3.6
Risky birth interval?

Yes 76.53 83 84.79 85.58 88
No 23.47 16.99 15.21 14.42 12.39

Household characteristics
Wealth index

Poorest 20.58 21.03 27 24.26 23.08
Poorer 18.98 18.69 20.74 21.77 20.84
Middle 20.09 20.05 19.59 19.99 21.03
Richer 19.53 21.04 18.57 18.56 18.06
Richest 20.82 19.18 14.11 15.42 16.99
Access to clean water?

No 3.65 2.39 2.8 2.28 1.77
Yes 96.35 97.61 97.2 97.72 98.23
Having a private toilet?

No 11.95 3.35 1.89 1.8 0.66
Yes 88.05 96.65 98 98.2 99.34

Source: Authors’ calculations based on data from several rounds of the EDHS

Peru and Swaziland in which underweight and wasting prevalence is low but stunting rates
are extremely high (UNICEF 2013). A possible explanation for the low levels of under-
weight and wasting versus the high prevalence of stunting is that stunted children face a
markedly increased risk of becoming overweight and obese. Some children in Egypt are
experiencing a double burden of malnutrition, having excess weight to height, and being
too short for their age. This is coupled with the global shift toward junk food with high
level of starch, fats, and sugar that affects malnutrition indicators that involve weight
measurements severely in comparison to stunting indicators that involve only height
measurements (De Haen et al. 2011).
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Fig. 3 Percentage of children under 5 years classified as malnourished according to anthropometric indices
in Egypt. Source: Authors’ calculations based on data from several rounds of the EDHS

As shown in Fig. 3, in 2008, 29% of the children under-5-years were stunted, 7.2% were
wasted, and 6% were underweight. Though the prevalence of stunting dropped in the
beginning of the new millennium to 19.8% in 2003, compared to 25% in 1992, the
declining trend for stunting prevalence was reversed after the 2006 avian influenza out-
break, which resulted in culling of millions of chickens and other poultry disrupting a key
animal source of food that is critical for child growth and increasing the prices of other
protein substitutes, mainly beef and fish (Kavle et al. 2014). Stunting rates then started to
grow once again reaching 29% in 2008.

Table 2 presents the results of the logistic regression models for the different indicators
of malnutrition (stunting, wasting, and underweight). Controlling for household economic
status may remove a major channel through which economic growth could affect child
nutritional status, and hence may underestimate the impact of economic growth. To
account for this, and to check the robustness of the results, we estimated different model
specifications that did not include household economic status. In particular, we started with
estimating a model without controlling for the household economic situation by just
regressing the likelihood of malnutrition on the governorate GDP per capita, and the time
and governorate fixed effects. We then controlled for the household and individual char-
acteristics in following specifications. We followed the same procedure in Table 3 which
shows the results for extreme malnutrition.

The regression coefficients of logistic regression are quite difficult to interpret; thus, the
reported coefficients in Tables 2 and 3 are odds ratios (ORs) that are easier to interpret. For
example, if the odds ratio for stunting is less than one, it would mean [(# — 1) X 100}
percent lower odds of being stunted, while if the odds ratio is larger than one, we would
have [(OR — 1) x 100] increase in the odds of being stunted. Since we are mainly inter-
ested in the impact of economic growth on malnutrition, we use log GDP per capita as the
key explanatory variable. A one unit increase in log GDP per capita would be interpreted
as approximately 72% increase in GDP per-capita (e — 1) = 1.72, where e is the base of
the natural logarithm. Consequently, the odds ratios would correspond to 72% increase in
GDP per capita. For simplicity, we divide [(4z — 1) x 100] by 7.2 then the coefficients for
GDP would refer to a 10% increase in GDP per-capita instead of 72%.

In all model specifications, economic growth has the expected negative association with
child malnutrition indicators, as the odds ratios are all less than unity. Table 2 shows a
statistically significant negative association between economic growth and underweight
and wasting at the 1% significance level. A 10% economic growth rate is expected to
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(g55—1)x100 — 113

reduce underweight rate by 11.3% -5

and wasting rate by 11.8%.

Though economic growth has a negative association with stunting, the odd ratio is not
statistically significant at 5% significance level. However, the estimated odds ratios in the
case of stunting are well below one which would indicate very large associations if esti-
mated more precisely. This means that we fail to reject the null hypothesis of non-sig-
nificance mainly due to large standard errors. Large standard errors indicate that the
economic growth coefficient is not well estimated, which may be attributable to sampling
error. The estimated odds ratio of log GDP per capita for the stunting model was very close
to being significant at 10% significance level as the P value for the log GDP coefficient is
0.108.

As for the other covariates, results show no statistically significant association between
income inequality, as measured by the Gini Index, and any of the indicators of child
malnutrition, as none of the odd ratios was statistically significant. A child’s sex was
significantly associated with malnutrition. Compared to a male child, a female child has
lower odds of being stunted (OR 0.822; 95% CI 0.777-0.870), wasted (OR 0.837; 95% CI
0.703-0.996), and underweight (OR 0.713; 95% CI 0.624-0.816). Malnutrition has a sta-
tistically significant negative association with child’s age. In particular, when compared
with an infant child (a child whose age is less than 12 month), a child who is one year old
has lower odds of being underweight (OR 0.520; 95% CI 0.424-0.637), and wasted (OR
0.471; 95% CI 0.345-0.644). Similarly, a four years old child had about 63% lower odds of
being underweight (OR 0.379; 95% CI 0.281-0.512) and wasted (OR 0.361; 95% CI
0.277-0.471) when compared to an infant child. On the contrary, results show higher odds
of stunting among a one year old child (OR 1.419; 95% CI 1.300-1.548), a two years old
child (OR 1.417; 95% CI 1.365-1.585), and a three years old child (OR 1.107; 95% CI
0.970-1.263), when compared to an infant child, while a four years old child has lower
odds of being stunted (OR 0.789; 95% CI 0.672-0.925).

A twin child has higher odds of being stunted (OR 1.256; 95% CI 1.038-1.519), and
underweight (OR 1.586; 95% CI 1.224-2.054) compared to a child who is not a twin. A
child with a risky birth interval had higher odds of being stunted, underweight and wasted
when compared to a child with no risky birth interval. Compared to children whose
mothers did not receive regular health care during pregnancy, children of mothers who
received regular maternal health care have lower odds of being underweight (OR 0.913;
95% CI 0.839-0.995). Compared to children from households with no private toilet,
children of households who have a private toilet, as one of the indicators of a household’s
economic status, have lower odds of stunting (OR 0.856; 95% CI 0.731-1.002); wasting
(OR 0.764; 95% CI 0.565-1.034); and underweight (OR 0.792; 95% CI 0.635-0.988). A
mother’s occupation is in general not significantly associated with child malnutrition, but
for agriculture in which there is a statistically significant higher odd of stunting (OR 1.274;
95% CI 1.117-1.452) when compared to children whose mother is not employed. The
composition of the GDP and the sources of economic growth could help in explaining the
persistence of chronic malnutrition among children of agricultural sector workers. The
service sector in Egypt accounts for more than half of the economy, and it has been the
main driver of the recent economic growth between 2003 and 2008, more specifically the
tourism industry, the telecommunication sector, and the transportation sector. On the other
hand, the agricultural sector, on which one-fourth of the working population, and the
majority of the Upper Egypt residents are depending, showed a weak economic perfor-
mance. If economic growth benefits mostly the service sector workers and by-passes the
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agricultural sector workers, it is to be expected that income growth will likely have modest
or no effect on poverty reduction and child malnutrition.

The age of the mother is not significantly associated with the child’s underweight, and
wasting, as none of the odds ratios is statistically significant. However, the age of the
mother was associated with lower odds of stunting; with mothers in the middle age having
in general lower odds of stunted children when compared to younger mothers. Current
pregnancy status of the mother was not strongly associated with any of the malnutrition
indicators. Mothers’ education was in general not significantly associated with any of the
child‘s malnutrition indicators. However, compared to children of fathers who did not
attend school, children of fathers with higher education have lower odds of stunting (OR
0.829; 95% CI 0.744-0.924). Access to clean water was not associated with lower odds of
wasting, stunting, and underweight, as none of the odd ratios was statistically significant.
The number of children has a positive significant association with the odds of wasting (OR
1.041; 95% CI 1.005-1.078).

Mother’s BMI has no statistically significant association with stunting, wasting, and
underweight. Household economic status, as measured by the wealth index, has no sig-
nificant association with wasting and underweight. Children from the richest wealth group
have lower odds of being stunted (OR 0.858; 95% CI 0.731-1.008), compared to children
from the poorest household. Fathers’ occupation was in general not significantly associated
with any of the children nutritional indicators.

Table 3 presents results of the logistic regression models for the extreme malnutrition
outcomes (extreme stunting, extreme wasting, and extreme underweight). The results were
in general similar to those presented in Table 2. In particular, the results suggest an inverse
association between economic growth and extreme child wasting and extreme stunting. No
statistically significant association is found between economic growth and the likelihood of
being extremely underweight. However, the odds ratios for underweight, though not sta-
tistically significant, are also well below one, indicating a strong negative association
between the income per capita growth and extreme underweight if estimated more
precisely.

For the other covariates, household economic status, as measured by the wealth index,
has a significant negative association with extreme stunting and extreme underweight,
where children from the middle and the richer wealth group have lower odds of being
extremely stunted and underweight compared to children from the poorest household. A
child’s sex was significantly associated with extreme malnutrition. Compared to a male
child, a female child has a lower odd of being extremely stunted, extremely wasted and
extremely underweight. Being a twin is not a risk factor for extreme malnutrition. Higher
odds of extreme stunting and underweight exist among children with risky birth intervals.
Extreme malnutrition has a statistically significant negative association with child’s age,
where older children have lower odds of being extremely stunted, extremely wasted, and
extremely underweight when compared to an infant child. Though children, whose mothers
are malnourished or currently pregnant, have higher odds of being extremely stunted,
extremely wasted and extremely underweight, compared to children whose mothers are not
malnourished or pregnant, none of the odds ratios were statistically significant. The
number of children was also not significantly associated with any of the extreme malnu-
trition indicators. The father’s education has a significant negative association with
extreme stunting, while the mother’s education and occupation were in general not sig-
nificantly associated with any of the extreme malnutrition indicators.
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5 Discussion

This study examines the association between child malnutrition in Egypt and economic
growth, within a multivariate approach, using a logistic regression model applied to
repeated cross-sectional data from five rounds of the Egyptian Demographic and Health
Survey over the period 1992-2008. It contributes to the existing literature in several ways.
To the best of our knowledge, this study is the first attempt to examine the economic
growth-malnutrition linkage in the case of Egypt. Also, while most of the literature on this
topic studied the effect of the country-level economic growth, an important contribution of
the current study is that it directly relates the economic growth at the governorate level to
the individual risk of malnutrition. We argue that by merely looking at the aggregate trends
in per-capita income along with malnutrition rates in Egypt, it is difficult to reach any firm
conclusion on whether or not economic growth has a negative effect on malnutrition.
Instead, we suggest that linking economic growth at the smaller community level, such as
governorates, would allow us to better assess the impact of economic growth on child
nutritional outcomes. We also were able to link income inequality at the governorate level
to child health by including governorates Gini index as an additional control variable in our
regressions.

We find a statistically significant robust negative association between economic growth
and four outcomes of child malnutrition (underweight, wasting, extreme wasting, and
extreme stunting) in Egypt. This indicates that the rapid economic growth that took place
in Egypt in the last two decades has in general helped in combating child malnutrition.
While economic growth has the expected negative association with stunting and extreme
underweight, the odd ratios were well below one but were not statistically significant.
However, this statistical insignificance is mainly due to the very large standard errors, as
the odd ratios are well below one and hence have an economic significance if estimated
precisely. Results also show no statistically significant association between income
inequalities as measured by the Gini index and any of the malnutrition outcomes.

We conducted a set of robustness checks by altering the model specification to check
the stability of the findings. As a robustness check, though not reported but available in an
online appendix, we estimated another specification by using unemployment rate per
governorate as an alternative to GDP per capita. Under this specification, the level of
unemployment has a statistically significant positive association with child stunting.

In addition to macroeconomic development, the literature documents other factors that
are critical to child nutritional status. For instance, Kavle et al. (2014) argued that children
in Egypt eat little to no animal-source foods, while junk food is a major complementary
food. They suggested that junk food consumption is supported by parents and some
healthcare providers, and it often replaces other nutritive foods. An additional factor that
intensifies the malnutrition problem is that parents do not relate poor feeding practices to
the low height for age. They commonly viewed stunting as hereditary. Jayachandran and
Pande (2013) explained the fact that Indian children are shorter than Sub-Saharan African
children by the parental preferences regarding higher birth order children, which is driven
by culture norms of the eldest son preference. In Sub-Saharan African countries, Harttgen
et al. (2012) suggested factors such as women’s education and low fertility as important to
child health. In line with this evidence, findings of the current study reveal that child and
household-level characteristics including; child age, sex, the birth interval of a child, and
whether the child is a twin, father‘s education, and household economic status are par-
ticularly important determinants of malnutrition outcomes in Egypt.
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Results of the multivariate analyses show that boys are more likely to be malnourished
than girls. The sex bias against boys is consistent with several previous studies (see e.g.
Vella et al. 1992; Wells 2000; Van de Poel et al. 2007; Wamani et al. 2007) and is observed
in many cultures, particularly in the very early ages. However, it is still poorly understood.
At a previous study, Wamani et al. (2007) investigated whether there is systematic sex bias
in stunting rates in children under-5 years of age in Sub-Saharan Africa, and found male
children are more likely to be stunted. Sen and Sengupta (1983) noted that female children
in India have better nutritional status in the first year compared to male children. They
attributed the female children nutritional advantage to the phenomenon of lower neonatal
mortality of girls versus boys. In line with Sen and Sengupta (1983) findings, Wells (2000)
went deeper and suggested the natural selection of physiological traits that increases
women survival and increase the vulnerability of boys to infection and diseases as a
possible explanation for the sex difference in morbidity and mortality in early life.

In the current study, the fathers’ education is found to be more important for the
children’s nutritional outcomes than mother’s education. While this is not in line with the
considerable evidence in the literature about the important role of mother’s education in
child health, similar findings have been observed in other areas of child development in
Egypt. For example, Namoro and Roushdy (2009) found a stronger effect of fathers’
education than mother’s education on children’s years of schooling. Male domination and
the limited women’s roles in household decision making in Egypt and particularly in rural
areas relating to health, household purchases, limited control over household earning and
restrict women’s mobility outside of the home may explain the differential effect of men
and women’s education on child nutritional status.

The current study is not free from limitations. One limitation is its cross-sectional
design, which limits reaching causal inferences. The availability of longitudinal data in the
future could help overcome this limitation. Another limitation is that there could be other
confounding factors that are associated with child malnutrition, but we did not control for
due to data limitation, such as differences in geographical access to healthcare facilities,
variations in the quality of health care services across regions, and cultural norms. How-
ever, we believe that the governorates fixed effects would capture at least part of these
effects and hence reduce any omitted variables bias. Further research would be needed to
examine the impact of these factors such as cultural norms, behavioral change due to
income growth and regional variations in the quality of health care services on under-
nutrition in Egypt. There is a concern that malnourished children are frequently sick, which
hinders mother’s ability to work outside the house, and hence reduce economic growth.
This endogeneity problem, if exists, is likely to have a minor impact, especially in our
sample, where the number of working mothers outside the house is quite small in Egypt.

Another limitation is that child nutritional outcomes may reflect not only current
exposure but also cumulative exposures to economic growth. One way to control for this
cumulative exposure is to add the lagged value for per capita GDP as an extra control
variable. However, this was not feasible due to data limitation, as data on income per capita
at the governorate level are not published on an annual basis in Egypt. Though not reported
but available upon request, as an attempt to account for this limitation, we estimated a
specification with the lagged GDP of the previous round of the DHS as a control variable.
This lead to a loss of one round of the DHS and the results, in general, did not change. We
believe that adding the lag of the previous round of the DHS may not be accurate in
capturing the cumulative exposure of the nutritional outcomes because the time gap
between the rounds of the DHS are not uniform and the time gap between two of the
rounds was about eight years.
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6 Conclusion

We found a robust statistically significant negative association between economic growth,
at the governorate level, and four outcomes of child malnutrition, namely; underweight,
wasting, extreme wasting, and extreme stunting in Egypt over the period 1992-2008.
Though a negative association was also found between economic growth and stunting and
extreme underweight, the odd ratios were not statistically significant but were well below
unity which indicates economic significance if precisely estimated.

Our results also reveal that child and household-level characteristics including child
age, sex, birth interval, and whether the child is a twin, father‘s education, and household
economic status are particularly important determinants of malnutrition outcomes in Egypt.
Unlike some evidence from the recent literature, the current study based on data from
Egypt found supportive evidence that economic growth remains an effective instrument to
combat child malnutrition and improves population health outcomes.
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