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The Determinants of Child Mortality Reduction in the Middle East and North 
Africa  

 

Abstract: 

Although child mortality rates have declined all across the developing world over the past forty 
years, they have fallen the most in the Middle East and North Africa (MENA) region.  We 
investigate the causes of this through an econometric model that differs from previous studies 
in using the change in child mortality, rather than its level, as the dependent variable.  We show 
that the process of child mortality decline has been characterized by convergence, whereby 
countries with higher levels of initial child mortality have experienced faster declines than those 
with lower levels. In addition, we find that public spending on health, growth rates of income 
and levels of caloric adequacy are robust determinants of the change in child mortality over 
time.  Neither initial mortality status nor caloric adequacy is likely to remain as important for 
the MENA region in the future as they have been in the past.  The region has been benefitting 
less and less from the convergence momentum conferred by high initial child mortality as its 
mortality levels have declined over time and this will continue into the future.  With regard to 
caloric adequacy, the region is unlikely to experience significant improvements in the future as 
it has already achieved a high level of food sufficiency.   Accordingly, most countries in the 
region must look to achieving more rapid income growth and higher rates of appropriately-
targeted public spending on health in order to achieve further child mortality reductions in the 
future.  
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A. Introduction 

The reduction of child mortality is an important goal of public policy.  It is important in and of itself as an 

index of the alleviation of human pain and suffering.  Beyond that, it has been linked to a number of 

other desirable welfare objectives.  Broadly speaking, countries that manage to reduce child mortality 

substantially are also countries where child health is generally better.  And better health and nutrition in 

childhood is associated positively with many facets of long run welfare such as education, cognitive 

ability, adult health, productivity and earnings (Strauss and Thomas, 1998; Case, Fertig and Paxson, 

2005; Behrman, 2009).1  Given these potential effects, it is not surprising that the international 

development community adopted the reduction of child mortality as one of the eight major Millennium 

Development Goals for the period 1990-2015.   

This study investigates the performance of the Middle East and North Africa (MENA) region with regard 

to child mortality reduction over the past four decades.  An initial look (as in the first three columns of 

Table 1) confirms that all countries in the region have reduced their child mortality rates (defined as 

number of deaths among children under five years of age per 1000 live births) by significant amounts.  

Table 1: Decrease in child mortality rates among MENA countries (1970-2010) 

Country Child mortality 
(1970) 

Child mortality 
(2010) 

 Percentage 
Reduction  

Rank 
(N=165) 

Oman     226.8 11.9  94.88 2 
Saudi Arabia     160.4 9.9  94.63 3 
Iran, Islamic Rep.     226.1 19.2  92.21 7 
United Arab Emirates 99.7 8.8  91.57 8 
Algeria     235.4 21.5  91.50 9 
Egypt, Arab Rep.     237.3 23  91.15 10 
Tunisia     177.1 17.5  90.90 11 
Libya     138.9 16.9  88.91 16 
Qatar 63.7 8.1  88.38 20 
Bahrain 75.4 10.1  87.26 23 
Syrian Arab Republic 107.2 15.2  85.91 37 
Kuwait 71.1 11.2  84.52 47 
Lebanon 58.6 10.2  84.12 49 
Morocco 187.3 33.5  83.39 54 
Yemen, Rep.     320.6 64.3  81.28 71 
Jordan 89.3 20.3  78.61 84 
Iraq 113.7 36.2  69.74 126 
Source: World Development Indicators, World Bank. 

1 Some studies also show that initial levels of population health are associated with subsequent economic growth 
(Bloom et al., 2004) but the interpretation of this link remains a matter of debate (Acemoglu and Johnson, 2007). 
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A closer look suggests that the countries of the region have done very well in relative terms also.  The 

last column of Table 1 ranks countries by the percentage reduction in child mortality achieved between 

1970 and 2010.  Fifteen of the seventeen countries from MENA (that is, all but Jordan and Iraq) feature 

in the top half of the global league (of 165 countries) while six feature in the top ten. Oman and Saudi 

Arabia turn out to have the second and third best records for child mortality reduction in the world by 

this measure.   

An even better sense of the relative performance of the region can be obtained from looking at trends in 

data that have been regionally aggregated.  Table 2 provides population weighted averages for child 

mortality rates for each of the developing country regions and the high income OECD group of countries 

for the period 1970-2010.  The table shows that the greatest percentage reduction (about 87%) in child 

mortality rates occurred in the MENA region.2   

Table 2: Evolution of child mortality over time and across regions 
 1970 1980 1990 2000 2010  Decrease (%) 

1970-2010 
Middle East/ North Africa 205.74 123.53 65.18 42.38 27.00  86.87 

East Asia/Pacific 109.24 71.00 56.71 39.24 21.47  80.34 

Europe/C.  Asia 54.56 44.97 32.07 22.15 12.87  76.41 

Latin America and Caribbean 118.73 83.96 54.28 32.43 22.75  80.83 

South Asia 210.9 170.00 129.10 94.00 64.50  69.41 

Sub-Saharan Africa 240.24 197.02 176.84 154.75 105.84  55.94 

OECD 27.37 15.13 10.24 6.92 5.57  79.64 

Source: World Development Indicators, World Bank. 

This is confirmed graphically in Figure 1 which charts regionally aggregated data on child mortality at 

five year intervals.  It can be seen from the figure that developing regions are clustered in two groups, a 

relatively high child mortality rate group and a low rate group.  MENA was in the former cluster in 1970, 

together with South Asia and Sub-Saharan Africa.   By 1990, it had moved clearly into the lower rate 

cluster with East Asia, Europe/Central Asia and Latin America.   In so doing, it outperformed every other 

region in the world in terms of the speed at which it reduced child mortality levels.  

2 A similar comparative edge for MENA in earlier periods is reported in Hanmer et al. (2003) and Iqbal (2006).   
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This finding stands in sharp contrast to the caution that once surrounded perceptions of human 

development progress in Islamic countries.  For example, Caldwell (1986) divided developing countries 

into two performance groups, superior and poor, according to whether their infant mortality ranks were 

25 places better or worse than their income per capita ranks (using data from 1982) and found that all 

eleven poor performers were predominantly Muslim or had large Muslim minorities while no Muslim 

country featured in the superior group.3  Eight of the countries in the poor performance group 

overlapped with the countries shown in our Table 1.  

Figure1: Evolution of child mortality across regions, 1970-2010 

 

Source: World Development Indicators 

The contrast between what was once thought likely for the MENA region and its actual exceptional 

performance motivates our study.  Our main objective is to understand better why the MENA region 

was able to reduce child mortality faster than other regions.  We begin by looking at the literature on 

the determinants of child mortality in Section B.  We then develop, in Section C, an econometric model 

to examine the relative roles of different factors in explaining changes in child mortality over time. We 

3 Essentially, what Caldwell (1986) did was the equivalent of plotting infant mortality levels against income per 
capita levels in order to get a sense of performance in the former while controlling for the latter.   
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report the results of applying this model to a global sample (of 86 countries) in Section D, along with 

checks to establish their robustness.  Finally, in Section E, we discuss the application of the results to the 

performance of the MENA region and note as well some implications for future policy.  

 
B. Determinants of Child Mortality: A Brief Literature Survey 

There are several strands to the literature on child mortality in developing countries.  One strand 

focuses on the mortality impact of specific diseases. Another focuses on household level aspects such as 

birth spacing, family size and the child’s gender.  The strand that is most relevant for our purpose is yet 

another that focuses on socio-economic determinants prevailing at the country or subnational level.  

Among these determinants, the following show up with most frequency in the relevant subset of the 

literature: public health expenditures; income; nutrition; education; and urbanization.   

Public spending on health.  Some measure of public spending on health is commonly used in country-

level empirical studies (see, for example, Filmer and Pritchett, 1999; Wang, 2002; Hanmer et al., 2003; 

McGuire, 2006 and Baldacci et al., 2008).  Most often, this is the ratio of public spending on health to 

the country’s GDP.  Sometimes, health spending per capita or as a proportion of total public spending is 

also used (McGuire, 2006).  Public spending on health is considered important because this directly 

affects the supply of medical facilities, personnel, equipment and knowledge.  It is also relevant because 

it captures spending on campaigns to eradicate specific diseases such as polio, tuberculosis, malaria, 

smallpox, and cholera that have been directly associated with high child mortality rates in developing 

countries in the past.  In some studies, the focus is not on health spending per se but on the allocation of 

spending to different health programs, such as primary health care (Gupta et al., 2002) or maternal and 

infant care (McGuire, 2006).    

Public spending may be expected to be of special relevance to the MENA region because most countries 

there had adopted a model of publicly financed and delivered provision of medical services by the 

1960s.  Indeed, in some MENA countries, health care was even written into the constitution as a basic 

right to be ensured by government (Kronfol, 2012).  The public sector plays a much more prominent role 

in the delivery of health services than the private sector in all MENA countries, with the possible 

exception of Lebanon. 

Not all public spending that affects health is channeled through ministries of health or recorded as 

health expenditures.  Child health is also affected by the availability of clean water and sanitation, for 
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example.  Direct information on levels of public spending on non-medical determinants of health is 

generally not available and so most studies use one or more of the following outcome measures: access 

to sanitation (Gupta et al., 2002; Wang, 2002); access to safe water (Wang, 2002; Hanmer, et al.,2003); 

and access to electricity (Wang, 2002).   

Income.   Most of the studies already cited above for public health spending also include income as a 

prominent determinant of child mortality.  Indeed, a debate exists about the relative importance of 

income versus public spending as routes to low mortality.  Filmer and Pritchett (1999) have argued that 

income per capita is quantitatively the dominant determinant of child and infant mortality.  Others note 

that while income is important, so is health spending, particularly if it is well-targeted on high priority 

objectives such as immunization (Hanmer et. al, 2003) or maternal and child health programs (McGuire, 

2006).  Still others note that, for the two largest developing countries, India and China, there is a 

negative link between rates of income growth and changes in child mortality (Cutler et al., 2006).  In 

part, the lack of consensus may arise from the fact that income and public health spending are likely to 

be highly collinear with each other, a feature that necessitates both careful statistical analysis and 

cautious interpretation of results.  The same is true of income and the other socio-economic 

characteristics discussed below. 

Nutritional and Caloric Adequacy.  Adequate supply of appropriate nutrients is considered one of the 

most important determinants of child mortality in developing countries (Pelletier and Frongillo, 2003).  

This concern has been at the heart of a range of national and international efforts to introduce such 

interventions as oral rehydration and nutrient-fortified food supplements.  Also, while food in general 

cannot be equated with nutrition, it is likely that, in calorie-deprived populations, food sufficiency may 

play an important role since adequacy of food among mothers is likely to be related positively to higher 

baby weight, better health at birth, and higher levels of breastfeeding and thus to better chances for 

baby and child survival.  Similarly, adequacy of food at early ages is likely to lead to stronger and 

healthier children with a reduced susceptibility to disease and death. The role of caloric adequacy as an 

independent determinant of long run improvements in mortality (though not child mortality per se) is 

considered in Preston (1980) and Fogel (1994).  This may also be of special relevance for the MENA 

region since most of its countries have historically had food subsidy programs designed to ensure a basic 

or minimum level of caloric intake.      

Education:  Education is thought to matter to the extent that it helps spread knowledge within 

households about good health and nutrition practices.  Infants and children have a better chance of 
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survival if they get better nutrition and healthcare at home.   Among relevant measures most frequently 

used in the literature are years of education for females (Filmer and Pritchett, 1999); adult illiteracy 

rates (Gupta et al., 2002); male and female enrolment rates (Hanmer et al., 2003) and average years of 

education (Pritchett and Summers, 1996).  

Urbanization:  The link between urbanization and child mortality could go either way.  Greater 

urbanization usually reflects higher population densities.  On the positive side, this means that a given 

health facility is likely to be able to cover more people in more urban settings.  Thus, all other things 

being equal, urbanization should result in greater economies of scale from health spending.  More urban 

settings are also likely to be associated with easier access to health facilities through better transport 

than more rural settings.   On the negative side, greater population densities could also be associated 

with higher probabilities of disease incidence and faster spread. It is believed that the advance of 

urbanization in the first half of the nineteenth century in Europe and North America was generally 

associated with stagnant mortality levels for the most part and higher mortality levels in some rapidly 

growing cities (Cutler et al., 2006).  So the net effect of urbanization must be established empirically.  

Among the studies already cited urbanization is included in Filmer and Pritchett (1999) and Gupta et al. 

(2002).  

C. Modelling Considerations 

The empirical model linking child mortality to its determinants that is typically found in the literature is 

of the following general form: 

(1) )( ii ZfM =  

where the subscript i  denotes country, M refers to the measure of mortality (child or infant) adopted as 

the dependent variable, and Z  refers to a vector of socioeconomic variables such as those discussed in 

the previous section. 

Our interest, however, is in explaining changes in child mortality over time. An empirical model for this 

may be written in the following general form: 

(2) ),()( iavgititnti ZMfMM =−+  
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where the left hand side refers to the change in M  over a n  year interval from year t  to year nt +  

and, on the right hand side, Mit refers to the initial value of M  at time t ; and the subscript avg  refers 

to the average value of the independent variables over the n  year interval. 

This empirical model differs in three main respects from the conventional approach: (a) it defines the 

dependent variable as the change in child mortality over time rather than its level at a point in time; (b) 

it introduces the initial level of child mortality as an independent variable and (c) it uses average values 

over past intervals for the independent variables rather than contemporary values.  These three aspects 

are discussed further below.   

Most previous studies use the level of child or infant mortality at a given point in time as the dependent 

variable.  Some (see Wang, 2002) average mortality rates over five year periods to reduce measurement 

errors.  Since our interest is in explaining changes over time we define our dependent variable as the 

difference in child mortality levels between 2010 and 1970 for each country in our sample.  This is 

analogous to what is done in the “empirics of growth” literature where the growth of income over time, 

rather than its level at any given point, is the object of explanation. In the child mortality literature, as 

far as we know, such a formulation has been attempted in only one previous published paper (Pritchett 

and Summers, 1996) where the change in child mortality between 1960 and 1985 is one of several 

formulations (others being five-year level averaging and five-year first differencing) tried by the authors.   

Many empirical formulations of the well-known Solow (1956) growth model use as an independent 

variable the initial level of income for the year from which growth is being measured.  This allows one to 

determine the presence of convergence, whereby countries with low initial per capita incomes tend to 

grow faster than those with higher initial incomes (Sala-i-Martin, 1996).  Our formulation allows us to 

check for convergence in the domain of health improvements as well.  An intuitive case can be made for 

such convergence on the basis of economies of scale.  One would expect that, all other things being 

equal, the application of public and private resources should have a bigger impact in countries that had 

high rates of child mortality to begin with since the resources would be applied to larger pools of 

potentially treatable cases.  Roughly speaking, the same fixed cost (reflected, say, in medical facilities 

and personnel) can be used to tackle a larger number of cases in high mortality environments than in 

low mortality environments.  Note in particular that the medical and organizational knowledge needed 

to reduce child mortality in low and middle income countries exists exogenously, having been nurtured 
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in advanced countries and international development agencies for the most part, and does not cost any 

more to such countries when the pool of potential cases for treatment is larger.    

Each of the independent variables used in the empirical work reported below is measured as an average 

of past values spanning twenty to forty years (depending on data availability).  This is consistent with the 

idea that it takes time for spending to have an impact on health performance as facilities need to be 

built and medical personnel need to be trained.  Furthermore, the same facilities and personnel, once in 

place, can continue to have impact over many years.  Some studies (see Baldacci et al., 2008) have 

attempted to incorporate these aspects by using five-year averages for their measure of public 

spending.  Taking averages over past values also serves to mitigate concerns about measurement errors 

and endogeneity. While measurement errors could be large with respect to data for any given year, 

averaging over a large number of years reduces the scope for such errors.  Lacking any theoretical or 

empirical guidance on the exact duration of the interval over which spending, income and other 

independent variables affect child mortality, we have chosen to use the average value of these variables 

over the period for which data are available.  

The specific empirical equation we estimate is: 

 (3)
iiavgiavgiavg

iavgiavgiii

UrbanSchoolingshmentUndernouri
GrowthendingLnPublicSpLnMLnMLnM

εβββ

βββα

++++

++++=−

543

211970020101970

                                    
  

1970LnM  and 2010LnM  are log values of child mortality rates of country i  in 1970 and 2010 respectively; 

The log specification of the dependent variable allows us to interpret it as the rate of decline in child 

mortality from 1970 to 2010. LnPublicSpending is the log of the ratio of public spending on health to 

GDP (averaged over 1980-2010);  avgGrowth  is the annual growth rate of real GDP per capita (averaged 

over 1970-2010); avgshmentUndernouri  refers to the proportion of the population whose food intake is 

insufficient to maintain minimum dietary energy needs continuously (averaged over 1990-2010); 

avgSchooling  refers to the years of schooling completed by persons above the age of 15 (averaged over 

1970-2010); and avgUrban  is the ratio of urban to total population (averaged over 1970-2010).   itε  is 

an error term.  

Further information on the definitions and sources for the data are provided in Annex 1.  Summary 

statistics for variables used in the regression analysis for this paper are presented in Table 3. 
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Table 3: Summary statistics 
Variable Obs. Mean S.D. Min Max 
∆ Ln Initial mortality 
Ln Initial mortality 
Ln Public spending on health to GDP 
Ln Public spending on health per capita 
Growth  
Urban 
Undernourishment 
Food deficit 
Ln years of schooling 
Ln GDP per capita 
Ln GDP per capita (orthogonal) 
Ethnic tensions 
Gini index 

86 
86 
86 
71 
86 
86 
86 
85 
86 
85 
85 
67 
67 

1.38 
4.89 
0.68 
3.86 
1.85 
43.01 
19.23 
130.83 
1.54 
7.12 
0.04 
3.79 
43.74 

0.56 
0.62 
0.63 
1.17 
1.72 
19.79 
13.67 
109.93 
0.52 
1.02 
1.00 
1.11 
8.64 

0.34 
3.21 
-2.24 
1.04 
-1.78 
6.30 
5 
4.84 
0.04 
5.19 
-2.88 
0.71 
25.82 

2.98 
5.97 
1.71 
6.30 
8.02 
88.24 
63.31 
504.15 
2.29 
8.92 
2.08 
6 
62.9 

 
 

D. Regression Results and Robustness Checks 

Table 4 reports the results of estimating the model specified in Equation (3) using the Ordinary Least 

Squares (OLS) estimator over a cross-country sample of developing countries.  Higher levels of initial 

mortality, public health spending, real GDP per capita growth, education and urbanization are all found 

to be positively correlated with child mortality decline while undernourishment is found to be negatively 

correlated. 

The size and significance of the initial mortality variable suggests that convergence is an empirically 

important process in the decline of child mortality over the long run:  the higher the initial level of 

mortality, the faster the rate of decline.  In our regression, the standardized coefficient for the initial 

level of mortality is 0.59 which is the highest among all independent variables.4  

Public health spending is also significant in all the regressions reported here: the higher the ratio of 

public spending on health to the GDP, the faster the decline in child mortality.   Earlier studies report 

both insignificant (see McGuire, 2006; Filmer and Pritchett, 1999) and significant (see Gupta et.al. 2002 

and 2003) results for their measures of health spending.   

4 We have reported standardized coefficients in order to make it easy to compare economic significance across the 
independent variables.  The corresponding elasticity measure for initial mortality is 1.32 which means that a 10% 
increase in initial mortality in 1970 leads to a 13.2% decrease in child mortality over the 1970-2010 period.  
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Income growth is significant: the faster the growth of income, the more rapid the decline of mortality.  

We cannot compare this result directly with previous studies since they use measures of income or 

consumption per capita rather than income growth.  Most prior studies find a strong negative 

correlation between income levels and child mortality levels (see, for example, Filmer and Pritchett, 

1999) though some report insignificant results (Wolfe and Behrman, 1982) possibly due to collinearity 

(Gupta et al., 2003).  We address the collinearity issue later in our robustness checks.  

Education is also significant in our regressions: the higher the average education stock in a country, the 

greater the reduction in child mortality. This is consistent with results reported in Pritchett and 

Summers (1996) who not only use the same measure of education that we do but also try one 

regression model in which the dependent variable is entered as the change in child mortality rates over 

time.5   

Table 4: Determinants of changes in child mortality (OLS regressions)    
Variable 1 2 3 4 
Ln Initial Mortality 0.157* 

(0.084) 
0.355*** 
(0.080) 

0.573*** 
(0.105) 

0.597*** 
(0.100) 

Growth 0.089*** 
(0.028) 

0.076*** 
(0.026) 

0.110*** 
(0.029) 

0.128*** 
(0.030) 

Ln Public Spending 0.253*** 
(0.090) 

0.221** 
(0.088) 

0.192* 
(0.103) 

0.160* 
(0.096) 

Undernourishment  -0.018*** 
(4.3e-03) 

-0.021*** 
(4.6e-03) 

-0.016*** 
(5.1e-03) 

Ln Schooling   0.288** 
(0.115) 

0.207* 
(0.124) 

Urban    7.5e-03** 
(3.7e-03) 

Constant 0.1890 
(0.457) 

-0.343 
(-0.343) 

-1.796*** 
(0.649) 

-2.206*** 
(0.625) 

Observations 121 116 86 86 
Adjusted R-squared 0.156 0.332 0.441 0.467 
Notes: The dependent variable is the absolute percentage change in child mortality over the period 1970-2010. 
Standardized coefficients reported together with heteroscedasticity-robust standard errors in parentheses. 
Asterisks denote significance levels as follows: ***p<0.01, **p<0.05, *p<0.1. 

5 More often than not the literature uses female education as the relevant measure since women are the primary 
childcare providers in most households and thus the more direct channels of transmission of good childcare and 
nutrition practices. Female education turns out not to be statistically significant in our regressions.  We note in 
possible explanation that even total schooling is not robust in our regressions (see Table 5).  Like average years of 
schooling, female schooling is also collinear with several of the included independent variables and this may be a 
factor in its being found insignificant.  
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The degree of urbanization comes out as significant, as also found in Gupta et al., (2002) though not in 

Filmer and Pritchett (1999).  

The results for undernourishment are worth a special remark.  This variable is negatively associated with 

child mortality decline.  This shows that the higher the proportion of the population with an inadequate 

level of calorie intake, the slower the decline in child mortality over time.  By comparing the R-squared 

coefficient between columns 1 and 2 in Table 4 we can see that including this measure in the regression 

improves explanatory power substantially (inducing a jump in the adjusted R-squared of 18 basis 

points). 

Are these results robust?  To assess this, we run four types of robustness checks: (i) adding more 

independent variables; (ii) trying alternative proxies for the public spending, income, and 

undernourishment variables; (iii) using a larger sample that includes some high income countries as well; 

and (iv) using a Two Stage Least Squares (TSLS) estimator to control for possible measurement errors, 

omitted variable bias and reverse causation related to the public spending variable.  The relevant results 

are reported in Table 5.   

The first column of Table 5 shows the effects of introducing variables to capture the impact of ethnic 

tensions and income inequality. Ethnic tensions are expected to retard the rate of decline of child 

mortality since they are known to generate poor economic performance (Easterly and Levine, 1997) and 

to reduce the provision of public goods (Alesina et al., 1999).  Income inequality is thought to matter in 

that countries with high inequality also possess politico-economic structures that prevent adequate 

public spending on public goods for low income groups.   We use Ethnic Tensions and the Gini Index to 

proxy for these factors (see Annex 2 for definitions and sources).  Both new variables are statistically 

insignificant in our regressions.   In previous work, ethnic fragmentation has been found to be 

statistically significant in some studies (see Filmer and Pritchett, 1999 and McGuire, 2006) but inequality 

is sometimes not significant (see McGuire, 2006).  For our present purposes, what is important is that 

the inclusion of these additional variables renders schooling and urbanization insignificant in our 

regressions though leaving other variables unchanged in sign and significance.     

The second and third columns of Table 5 show the effects of using alternative measures of public health 

spending and caloric adequacy.  When we replace the ratio of health spending to GDP with the level of 

health spending per capita (in PPP terms), there is no change in the signs and significance levels of the 
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Table 5: Robustness checks  
Variable  Developing sample Larger sample TSLS 
 (1) (2) (3) (4) (5) (6) (7) 
Ln Initial Mortality 0.653*** 

(0.102) 
0.576*** 
(0.101) 

0.578*** 
(0.099) 

0.630*** 
(0.116) 

0.630*** 
(0.116) 

0.552*** 
(0.086) 

0.612** 
(0.098) 

Growth 0.117*** 
(0.041) 

0.103*** 
(0.030) 

0.137*** 
(0.032) 

 
 

 
 

0.108*** 
(0.030) 

0.130*** 
(0.031) 

Ln Public Health Spending to GDP 0.250** 
(0.119) 

 0.249** 
(0.109) 

0.089 
(0.083) 

0.257* 
(0.137) 

0.185* 
(0.101) 

0.228*** 
(0.110) 

Ln Public spending per capita 
 

 0.022** 
(0.010) 

     

Undernourishment 
 

-0.019*** 
(6.2e-03) 

-0.016*** 
(5.0e-03) 

 -0.019*** 
(5.7e-03) 

-0.019*** 
(5.7e-03) 

-0.017*** 
(5.1e-03) 

-0.016*** 
(5.0e-03) 

Ln Schooling 0.245 
(0.147) 

0.262** 
(0.124) 

0.196 
(0.125) 

0.261* 
(0.132) 

0.261* 
(0.132) 

0.128 
(0.121) 

0.196 
(0.126) 

Urban 
 

6.7e-03 
(4.3e-03) 

9.2e-03** 
(3.5e-03) 

6.8e-03* 
(3.8e-03) 

5.0e-04 
(5.6e-03) 

5.0e-04 
(5.6e-03) 

0.010*** 
(2.9e-03) 

7.0e-03* 
(3.8e-03) 

Food deficit 
 

  2.0e-03*** 
(6.0e-04) 

    

Ethnic tensions 
 

0.023 
(0.061) 

      

Gini Index 
 

-6.4e-03 
(7.5e-03) 

      

Ln GDP per capita   
 

 0.193* 
(0.114) 

   

Ln GDP per capita (orthogonal) 
 

    0.164* 
(0.096) 

  

Constant -2.309*** 
(0.628) 

-2.210*** 
(0.637) 

-2.216*** 
(0.625) 

-3.152*** 
(1.160) 

-1.893*** 
(0.683) 

-1.929*** 
(0.525) 

-2.297*** 
(0.611) 

Observations 
Adjusted R-squared 
Centered R- squared 
Kleibergen and Paap (2006) test (p-value) 
Hansen J overidentification test (p value 

67 
0.444 

86 
0.465 

85 
0.476 

85 
0.394 

85 
0.394 

95 
0.472 

 
 

86 
 

0.501 
0.000 
0.259 

Notes: The dependent variable is the log-change in child mortality over the period 1970-2010. Standardized coefficients reported along with heteroscedasticity-robust standard 
errors in parentheses. Asterisks denote significance levels as follows: ***p<0.01, **p<0.05, *p<0.1. In column 5, Ln GDP PC (orthogonal) refers to the residual of a linear 
regression between Ln Public Spending on Health to GDP and Ln GDP per capita. In column 7, Ln Public Spending on Health to GDP is instrumented with its initial value in 1970 
and its growth over 1970-2010. 
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original set of variables (see column 2).  And the replacement variable itself is also significant with the 

expected positive sign.  Similarly, when we replace Undernourishment with a similar variable called 

Food Deficit, no notable changes occur while the replacement variable behaves much the same as the 

one it replaced (see column 3).6 

The fourth column of Table 5 shows that replacing the income growth variable with the log of income 

per capita reduces public health spending and schooling effects to insignificance.  This may be due to 

high collinearity between income and the other included variables.   This can be seen clearly from the 

correlation matrix in Table 6.  Income per capita is highly correlated with the included variables while 

growth of per capita income is among the least inter-correlated variables.   

Table 6: Correlation among independent variables 

 Ln Initial 
Mortality 

Growth Ln GDP 
per capita 

Ln Public 
Spending to GDP 

Ln 
Schooling 

Urban 

Growth -0.14 -     
Ln GDP per capita -0.65* 0.18 -    
Ln Public Spending to GDP -0.47* -0.01 0.55* -   
Ln Schooling -0.77* 0.18 0.66* 0.45* -  
Urban -0.57* -0.05 0.81* 0.46* 0.59* - 
Undernourishment 0.54* -0.21 -0.72* -0.37* -0.51* -0.61* 
Notes: Asterisks denote correlations significant at the 1% level. 

In particular, we should be concerned about the collinearity of income with public spending since the 

latter is by definition a part of the former by virtue of the closed economy macroeconomic equilibrium 

identity Y=C+I+G (or Income = Private Consumption plus Private Investment plus Government) where G 

includes public spending on health as well.  We can get around this collinearity as follows: we regress 

GDP per capita on public spending on health and then use the residual from this regression as the 

appropriate measure of income in the child mortality regression.  This procedure yields an orthogonal 

6 According to the statistical note in the World Development Indicators database, this variable is defined as 
follows: “The depth of the food deficit indicates how many calories would be needed to lift the undernourished 
from their status, everything else being constant. The average intensity of food deprivation of the undernourished, 
estimated as the difference between the average dietary energy requirement and the average dietary energy 
consumption of the undernourished population (food-deprived), is multiplied by the number of undernourished to 
provide an estimate of the total food deficit in the country, which is then normalized by the total population. See 
Annex 2 for a link to the data source.    

. 
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component of GDP per capita that is not correlated with public spending on health.7 When we use this 

in place of income per capita in the regression, the relevant coefficient for the (orthogonal) income 

variable is positive and significant and does not affect the size, sign and significance of the public health 

spending variable (see column 5 of Table 5). 

Column 6 shows the results of expanding the sample to include some high income countries.  The IMF 

database from which we have obtained health spending data (see Annex 2) contains very few 

observations for high income countries so our sample expands by only 10 observations.  As can be seen 

from column 6, all independent variables remain significant except for schooling. 

Finally, in column 7, we report TSLS results in which the ratio of public spending on health to GDP was 

entered in instrumented form.  We derived this through a first stage regression using initial public health 

spending to GDP in 1970 and the growth of public spending on health to GDP during 1970-2010 as 

instruments.8  Employing this procedure helps us control for measurement errors which could be an 

issue since data on public spending on health tend to come from a wide range of original sources that do 

not necessarily use equivalent spending concepts.  It also helps control for omitted variable bias that 

could arise if public spending and child mortality both happen to be related to variables missing from 

our set of regressors.  The TSLS procedure could also potentially control for reverse causation between 

public spending on health and child mortality. The second stage TSLS results reported in column 7 

reassure us that our basic model is sound.  All variables except schooling emerge with unchanged signs 

and significance levels.  Indeed, the size and significance of public spending on health is strengthened in 

this regression. 

Thus, when we combine the results of our initial regressions (from Table 4) with the results of the 

robustness checks (from Table 5) the following independent variables emerge as robust: initial mortality, 

income growth, public spending on health, and undernourishment.  Schooling and urbanization are not 

robust in that they are found to be insignificant in some regressions.   

 

 

 

7 Herrera and Pang (2005) used this procedure to extract the orthogonal component of the ratio of public 
expenditure to GDP. 
8 The underlying idea is that these two instruments can influence our left-hand side variable only indirectly through 
their effect on the instrumented regressor. 

16 
 

                                                           



E. The Sources of MENA’s Performance: Past and Future 
 
The above results can help determine what lies behind the performance of the MENA region.  In terms 

of impact as measured by the standardized coefficients in Tables 4 and 5, initial mortality has by far the 

strongest effect, followed by public health spending, income growth and undernourishment.  Table 7 

provides additional relevant information in the form of regional averages for these four robust 

determinants which allows us to make pairwise comparisons among regions.  For example, we can see 

that a substantial part of the MENA edge over Latin America comes from the big difference between the 

two in initial mortality.  However, this cannot explain the MENA edge over Sub-Saharan Africa since the 

latter had a higher initial mortality level than MENA to begin with.  In this case, what mattered more 

was MENA’s higher average income growth and lower undernourishment.  With respect to South Asia, 

income growth was not a source of advantage since South Asia grew faster: however, MENA spent far 

more on health than South Asia and had a much lower level of undernourishment.  Similar comparisons 

can be made across other pairs of regions.  The main conclusion is that different sets of factors are 

found to be important to different extents in each comparison. 

 

Table 7: Regional and sample means of robust determinants of child mortality 
Regions  Per capita 

real growth 
(%) 

Health spending 
to GDP (%) 

Initial child 
mortality in 1970 

Undernourishment 
(%) 

Middle East/North Africa 
East Asia and Pacific 
Europe and Central Asia 
Latin America/Caribbean 
South Asia 
Sub-Saharan Africa 
Sample 

2.3 
2.9 
1.9 
1.7 
3.1 
0.5 
1.8 

2.3 
0.8 
3.3 
3.1 
1.0 
2.1 
2.3 

205.7 
109.2 
54.5 

118.7 
210.9 
240.2 
158.9 

7.0 
15.6 
7.8 

11.8 
21.9 
27.5 
19.2 

Notes: All regional means are calculated using population weights except for health spending to GDP which is 
calculated using GDP weights. 
 

There is one area, however, in which MENA is distinctive from all other regions and this is with regard to 

caloric adequacy status.  MENA has the lowest average level of undernourishment in our sample and so 

it gets a uniform edge over all other regions from this source.   Why does MENA have the lowest level of 

undernourishment?  One possible reason is the widespread practice in the region of subsidizing food.   

Virtually all MENA countries have subsidized basic food items for significant periods of time over the 
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past forty years and especially in the earlier half.9  While such subsidies can be costly from a fiscal point 

of view, and are often inefficiently targeted and implemented, they do ensure that lower income 

segments of the population have access to a decent standard of food consumption and thus of caloric 

adequacy.    Our paper shows that this has mattered historically for child mortality reduction in the 

region.10 

 

By way of conclusion, we offer three observations regarding the future evolution of child mortality in 

the MENA region based on the analysis undertaken in this paper.  First, we have shown that initial levels 

of child mortality in 1970 have been a major determinant of subsequent reductions thereafter.  Will this 

be a critical factor for the region in the future?  Most likely not.  To see this, go back to Figure 1 which 

charts the evolution of child mortality trends across regions over the past forty years. The figure shows 

that MENA broke out from its high-mortality rate cluster (with South Asia and Sub-Saharan Africa) after 

1970 and approached the lower-mortality rate cluster (with Latin America and East Asia) by 1995.  As a 

result, since the mid-1990s, the region has benefited less and less from the convergence momentum 

conferred by initial mortality status.  This will continue to be true in the future. 

 

Our second observation relates to the role of undernourishment.  This has been a factor in child 

mortality reduction for the MENA region in the past. Will it continue to be prominent in the future?  

Most likely not.  The reason is that the region has had fairly low undernourishment for many years now 

and there is limited room for further improvement in the future.  Figure 2 shows trends in 

undernourishment across global regions over the past quarter century.  It is clear from this figure that 

MENA and the Europe/Central Asia region have had the two lowest levels of undernourishment 

continuously over this period (among developing country regions).  But it also appears that 

undernourishment in MENA has been trending slightly upwards since the early 1990s.  This is because 

most MENA countries have already reached levels of undernourishment as low as 5% while a few 

(notably Yemen and Iraq) have experienced rising levels in recent decades.11  Looking ahead, it is 

unlikely that there will be significant improvements in the caloric adequacy indicator in most MENA 

countries while there could well be continued deterioration in Yemen and Iraq and possibly Syria.  As a 

9 A discussion of selected food subsidy programs in MENA countries and their distributional impact is provided in 
Iqbal, 2006, pp.58-63. 
10 It also appears to have mattered for the attainment of education, another area in which the MENA region has 
done well in quantitative terms (see Iqbal and Kiendrebeogo, 2015). 
11 An analysis of trends in undernourishment in MENA with some country level detail is provided in the following 
blog by Farrukh Iqbal dated October 20, 2014: Is MENA’s Undernourishment Getting Worse? 
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http://blogs.worldbank.org/futuredevelopment/mena-s-undernourishment-getting-worse


result, it is unlikely that the level of undernourishment will serve as a significant source of child mortality 

decline for the region in the future. 

 

Figure 2: Trends in undernourishment among regions (1990-2014) 

 
 

This leads to our third and final observation.  Given that initial mortality and undernourishment are 

unlikely to play the same role in the future as they have in the past, public policy to reduce child 

mortality in MENA in the future must rely mostly on achieving faster economic growth and directing an 

adequate amount of public spending towards child health objectives.  
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Annex 1: Variable definitions and sources 

Variable Definition Source 
Ln Initial Mortality Log of mortality of children under 5 

years of age (per 1,000 live births) in 
1970 

World Development Indicators, World 
Bank; http://data.worldbank.org/data-
catalog/world-development-indicators  

Growth  Annual growth rate of real GDP per 
capita (averaged over 1970-2010) 

World Development Indicators, World 
Bank; http://data.worldbank.org/data-
catalog/world-development-indicators 

Ln Public Spending  Log of public spending on health as a 
percentage of GDP 

Nozaki et al. (2011), IMF ; 
https://www.imf.org/external/pubs/ft/sd
n/2011/sdn1115.pdf  

Ln Public Spending 
per capita 

Log of public spending on health per 
capita per year (2005 PPP dollars) 

Nozaki et al. (2011), IMF ; 
https://www.imf.org/external/pubs/ft/sd
n/2011/sdn1115.pdf 

Urban Urban population as percentage of 
total population 

World Development Indicators, World 
Bank; http://data.worldbank.org/data-
catalog/world-development-indicators  

Undernourishment Prevalence of undernourishment (% 
of population) 

World Development Indicators, World 
Bank; http://data.worldbank.org/data-
catalog/world-development-indicators  

Food Deficit Depth of the food deficit (kilocalories 
per person per day) 

World Development Indicators, World 
Bank; http://data.worldbank.org/data-
catalog/world-development-indicators  

Gini Index Index of income inequality as 
measured by the Gini coefficient 

All the Ginis database, World Bank; 
http://econ.worldbank.org/projects/ine
quality  

Ln Schooling Log of years of formal schooling 
received per person over age 15 

Barro-Lee dataset; 
http://www.barrolee.com/  

Ethnic Tensions Assessment of tensions within a 
country attributable to racial, 
nationality, or language divisions, 
with scores ranging from 6 to 0 and 
higher values indicating lower 
tensions.  
 

International Country Risk Guide (ICRG); 
https://www.prsgroup.com/about-
us/our-two-methodologies/icrg  
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