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Summary. — This paper provides an empirical analysis of the determinants of three child-health
outcomes related to the Millennium Development Goals: the infant mortality rate, the child mor-
tality rate, and the prevalence of malnutrition. Using data from Demographic and Health Surveys,
the paper goes beyond traditional crosscountry regressions by exploiting the variability in outcomes
and explanatory variables observed within countries between asset quintiles. The findings suggest
that apart from traditional variables (income, assets, education, and direct health interventions),
better access to basic infrastructure services has an important role to play in improving child-health

outcomes.
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1. INTRODUCTION

In September 2000, the 189 member states of
the United Nations unanimously adopted the
Millennium Declaration. The Declaration out-
lines key development challenges, proposes a
response to these challenges, and defines a ser-
ies of targets and progress measures. There are
eight broad goals (the so-called Millennium
Development Goals, or MDGs hereafter), with
15 targets that are to be monitored through a
set of 48 indicators. ' The aim is to achieve
these targets by 2015.

The setting of human development goals is
not new to the development literature. Many
in the early 1980s viewed the development chal-
lenge through the optic of basic human needs, a
series of necessities that the donor communit¥
was to commit itself to provide the poor.
Today, the development challenge is no less
daunting than it was two decades ago. In the
intervening years, global growth has surged, a
few primarily Asian countries have broken
through the poverty barricr, and some signifi-
cant progress in trade opening has occurred.
These developments notwithstanding, and de-
spite some gains in reducing the demographic
explosion, the number of poor people has in-
creased dramatically. Hence, the attraction to

the MDGs as a way to re-ignite development
efforts.

To many, the goals encapsulate some of the
key development challenges facing govern-
ments and international donors. To others,
goals 2 through 8 seem superfluous as long as
the first—eradication of extreme poverty and
hunger—is tackled. Since improvements in
most indicators of development are highly cor-
related with gains in per capita income, they
argue, why bother with specific aims in health
and education?

The answer to this first question is that eco-
nomic growth should help, but will not be suf-
ficient to achieve the MDGs. * Performance in
health, education, and gender equity are clearly

* Funding for this paper was provided by the Finance,
Private Sector, and Infrastructure Department of the
Latin America and the Caribbean Vice Presidency at the
World Bank as part of a research program on MDGs
and Infrastructure. The views expressed here are those of
the authors and do not necessarily represent those of the
World Bank, its Executive Directors, or the countries
they represent. We gratefully acknowledge the com-
ments of three anonymous reviewers and the economet-
ric expertise of Darwin Marcelo. Final revision accepted:
March 9, 2005.
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CHILD-HEALTH-RELATED MILLENNIUM DEVELOPMENT GOALS

influenced by income levels. Table 1 shows, for
example, that maternal mortality rates in mid-
dle income countries are a fraction (1/7th) of
what they are in low income countries. The
same observation can be made for the preva-
lence of malnutrition among children and child
mortality rates, both of which drop as income
rises. Similarly, school enrollment rates and ra-
tios of female to male literacy rates are much
lower in low income countries.

However, within income categories, large dif-
ferences in outcomes suggest that income is not
the sole determinant of the indicators used in
the MDGs. Other factors and policies could
be effective in improving well-being, For exam-
ple, as suggested by Jayasuriya and Wodon
(2003), GDP per capita is only one of several
key inputs entering the “production function”
for the MDGs. Beyond these inputs, there are
also issues regarding the efficiency with which
countries usc their available resources to
achieve these goals, and the key determinants
of this efficiency. This point is clearly made in
Figure 1, which illustrates the wide range of
outcomes in child mortality and nutritional
status of children within income categories
in developing countries. Thus, some of the
poorest countries outperform upper middle in-
come countries in infant mortality rates and
in nutritional status of children.

Beyond the risk of emphasizing income
growth to the detriment of other policy inter-
ventions, a second question is whether in the
urgency to meet individual targets, the develop-
ment community is at risk of losing sight of the
multisectoral nature of interventions and devel-
opment outcomes such as the MDGs. Again,
the emphasis on linkages among sectors is not
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new to the development literature. * But we ar-
gue here that the MDGs will be useful tools
only if they are not seen as narrow objectives
with uni-dimensional interventions. To be con-
crete, it would be counterproductive if the goal
of universal primary education were to be equa-
ted with higher spending on primary education.
Primary education improvement in a particular
country may well depend on better transporta-
tion networks in rural areas, in the same way
that lower infant mortality may depend cru-
cially on clean water, or gender equality in
school enrollment may hinge on access to piped
water (facilitating girl child school attendance).
The role of multisectoral linkages in the
achievement of MDGe-like goals has long been
recognized (see, for example, Crosswell, 1981;
De Melo, 1981; Lewis, 1981), but it deserves re-
newed emphasis since they are key to reaching
the MDGs, and doing so at a potentially lower
cost. There are clear gains from multisectoral
interventions such as maternal and child health
interventions (health, nutrition, and family
planning), as well as from water, sanitation,
and shelter and other bundled interventions.
The effectiveness of multiple interventions in
infrastructure, for example, can be shown to
yield economies of delivery (Chong & Hent-
schel, 2003). Yet intersectoral connections are
often underplayed when designing the average
health, education, or infrastructure project.
For this reason, a renewed emphasis on multi-
sectoral factors that affect MDGs is useful.
Some of the biggest improvements are, in
fact, likely to come from combining interven-
tions. For example, it is well known that the
health impact of improved water and sanitation
is much greater when it is accompanied by
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Figure 1. Infant and child mortality by income group. Source: Author's calculations from World Bank's WDI. Note:

Rates are normalized such that the sample average is set a1 100. LIC, LMIC, and UMIC are, respectively, low income

countries (27 countries), lower middle income countries (19 countries), and upper middle income countries (28
countries) for a total sample of 74 developing countries.
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behavioral changes interventions particularly
as they pertain to hygiene-—this is the motiva-
tion of the Public-Private Partnership for
Handwashing with Soap, a global initiative to
promote handwashing with soap to reduce
diarrhea. °> Similarly, Jalan and Ravallion
(2001) argue for the need to combine infra-
structure interventions with effective public
action to promote health knowledge: Their
research on India shows that diarrhea is much
less prevalent and severe among young children
in households with piped water, but that this
gain largely bypasses children in poor house-
holds, particularly when the mother is poorly
educated.

The objective of this paper is to explore the
gains to be achieved from multisectoral inter-
ventions. In Section 2, we provide a brief review
of the literature on the determinants of chil-
dren’s health outcomes-—a key component of
the MDGs—and discuss what we know of the
role of infrastructure and other nonhealth re-
lated interventions. Section 3 outlines a simple
reduced form model for estimating the determi-
nants of child-health outcomes using cross-
country quintile-level data. We then present
our empirical results for the estimation of this
model in Section 4 and conclude in Section 5.

2. DETERMINANTS OF CHILD HEALTH:
A BRIEF LITERATURE REVIEW

This paper provides an empirical analysis of
the determinants of child health. In doing so,
it makes the case for the importance of multi-
sectoral interventions, including access to basic
infrastructure services, in order to meet several
of the core targets of the MDGs (malnutrition
and infant/child mortality).

A number of studies have looked at the deter-
minants of child (and maternal) health using
crosscountry data. These studies typically find
a large impact of income (or proxies for in-
come), with elasticity estimates ranging from
0.5 to 0.8, with the causality clearly running
from wealthier to healthier (Pritchett & Sum-
mers, 1996). The relationship with inequality
is less clear, however. Filmer and Prichett
(1999) find that both income and its distribu-
tion matter, while Anand and Ravallion
(1993) and Waldmann (1992) conclude that
inequality is most important. Finally, Easterly
(1999) finds a positive and robust relationship
between income (both level and growth) and
child mortality and nutritional status.

WORLD DEVELOPMENT

A few other key variables are typically found
to be important determinants of child health
and nutrition. Thus, Filmer and Prichett
(1999) find that 95% of crosscountry variations
in infant or child mortality can be explained by
just five variables --GDP per capita, income
distribution, female illiteracy rates, ethno-lin-
guistic fractionalization, and the predominant
religion of a country. They argue that cross-
country studies on the topic can be summarized
as follows: (a) sociocconomic characteristics
explain nearly all the variation in mortality
rates across countries and (b) public expendi-
ture on health has much less impact on average
health status than expected or hoped for. The
latter point is explored in Filmer, Hammer,
and Pritchett (1997) who emphasize the impor-
tance of understanding the health seeking
behavior of individuals, as well as the incen-
tives facing health care providers in order to
design health programs that are efficient and
effective.

Two recent studies based on aggregated
houschold data from demographic and health
surveys (DHS) provide additional crosscountry
evidence. Rutstein (2000) finds the strongest
determinants of child mortality to be, in
decreasing order of importance, the percentage
of births that are the mother’s fourth or more,
the percentage of children born to mothers
younger than 18, the percentage of children
born to underweight mothers, and the percent-
age of households with drinking water from a
surface source. The regressions do not include
income variables however. Wang (2003) who
combines DHS and World Development Indi-
cators (WDI) data for a sample of 41 develop-
ing countries finds that the child mortality rate
decreases with a higher GDP per capita, higher
rural share of the population, vaccination, and
greater access to electricity. For infant mortal-
ity rates, public expenditure on health and ac-
cess to improved sanitation were also found
to be significant. The work of Wang suffers
from several limitations, however, including
the small sample size and the absence of income
or inequality variables.

There has also been increased interest in re-
cent years on the impact of environmental
health factors on child and maternal health.
Thus, according to the WHO’s, 2002 World
Health Report, unsafe water, poor sanitation,
and hygicne are the cause of 4-8% of the over-
all burden of diseases in developing countries
and nine-tenths of diarrheal diseases. Given
the importance of infrastructure——particularly
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water and sanitation, transport, and electric-
ity—to environmental health, we review the lit-
erature on this topic, which tends to rely more
on household level data.

The clearest link to emerge from microhouse-
hold studies arc those between water, sanita-
tion, and hygiene (WSH) and health. Esrey,
Potash, Roberts, and Shiff (1991) reviewed 49
studies showing an average 22% reduction in
diarrheal morbidity from improved water and
sanitation. Some of the most convincing evi-
dence comes from a natural experiment that oc-
curred in Argentina as a result of privatization
of about 30% of the country’s municipal utili-
ties, covering 60% of the country’s population.
This was studied by Galiani, Gertler, and
Schargrodsky (2005) who found, using the var-
iation in ownership of water provision (and the
associated increase in coverage and improve-
ment in quality of water services), that child
mortality fell 5-9% in areas that privatized their
water services. The effect was largest in poorer
areas. The authors check the robustness of
these results in a number of ways and clearly
establish that privatization is associated with
significant reductions in death from infectious
and parasitic diseases, but is uncorrelated with
deaths from causes unrelated to water condi-
tions.

In addition, in his exhaustive review of the
links between infrastructure and poverty,
Brenneman (2002) also highlights some of the
relationships identified in the literature between
health and transport and electricity. He finds
evidence reported in various studies that better
transport contributes to easier access to health
care as well as easier staffing and operation of
clinics. Moreover, improved transport policy
can reduce air pollution, notably particulates
and lead that are particularly harmful to chil-
dren.

As to electricity, its impact is less direct. It is
rarely used for cooking in developing countries
(South Africa is one exception) and as such
does not directly displace the use of traditional
fuel, which is well known to have a significant
and negative impact on health. ® However,
electrification has been shown to be associated
with a switching from traditional to modern
fuels that reduces indoor air pollution (Barnes,
Krutilla, & Hyde, 2005, ESMAP, 2003). In
addition, electricity allows for refrigeration.
More generally rural clectrification is associ-
ated with a reduction in fertility (attributed
not only to higher economic prospects, but also
to the increased reliance on mechanization and
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the associated reduced need for additional
houschold members) and an improved func-
tioning of clinics. ’

Finally, basic services affect school atten-
dance, as well as educational performance,
which in turn may be linked with health out-
comes. The literature quoted in Brenneman
(2002) shows that electricity allows for more
studying, transport promotes easier establish-
ment of schools and higher attendance because
of reduced transit time and safer passage to
schools, and access to piped water frees girls
to go to school and contributes both to higher
achievement and attendance by promoting
better health.

3. MODELING CHILD-HEALTH
OUTCOMES USING CROSSCOUNTRY
QUINTILE DATA

Figure 2 shows a conceptual framework
which is consistent with current understanding
as well as the literature presented above. ®
Two components of disease are shown: expo-
sure to pathogens and severity of infection.
The former is a function of the infrastructure
variable (as effect modified by the mother’s edu-
cation, breastfeeding, and immunization), and
the latter is a function of nutritional status as
revealed by the markedly different case-fatality
rate of malnourished children.

Note, however, that diarrhea can cause
secondary malnutrition, when people cannot
benefit fully from food because frequent stools
prevent adequate absorption of nutrients. We
therefore show that the exposure to pathogens
also affects malnutrition.

Even if children are sick and malnourished,
access to quality health care can save their lives
(oral rehydration solutions or ORS, antibiotics,
rchabilitative feeding, antimalarials, etc.). Thus,
these “‘medical care variables’” are shown here
as effect modifiers of the synergism between
exposure to disease and malnutrition.

Houschold income or wealth is a partial
determinant of many of these variables. It af-
fects malnutrition (through food security and
women'’s time constraints), access to infrastruc-
ture, and access to curative health services (via
both greater access and greater propensity to
access such services).

The education of the mother is depicted as
an effect modifier in three places: in mediat-
ing the relation between income/wealth and
malnutrition; in mediating between access to
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Figure 2. Modeling the determinants of child mortality. Source: Authors, adapted from a suggestion by an anonymous
referee,

infrastructure and exposure to pathogens; and
in mediating between infectious disease and
mortality (a better educated mother is more
likely to know how/when to administer ORS,
seck appropriate medical care, and administer
follow-up care).

In order to assess the determinants of child
health, we use a database constructed by Gwat-
kin, Rutstein, Johnson, Pande, and Wagstaff
(2000) from a DHS conducted in 39 developing
countries. * The data are broken down by asset
quintiles, based on a principal component ana-
lysis of various asset variables available in the
surveys. The use of asset quintiles follows from
the fact that DHS data do not include income
or consumption. '° The advantage of using
these data is that we are able to go beyond tra-
ditional crosscountry regressions by exploiting
some of the variability in outcomes and explan-
atory variables observed within a country. In
addition, using quintile-level data substantially
increases the sample size for the regressions.

However, these type of data require the use
of multilevel regressions to account for possi-
ble nonindependence among data points.
Observations within each country (at the quin-
tile level) tend to be more similar than between
countries, which is a violation of the OLS basic
assumption. Residuals and significance test of
the coefficients may be overestimated in OLS
models when individual characteristics are
more similar within a group than between
groups and the inclusion of country-level vari-

ables is not sufficient to correct for this non-
independence. Instead, these types of data re-
quire using hierarchical analysis (Hox, 1995;
Snijders & Bosker, 1999) in which quintiles
are the first level and countries the second. This
method takes into account the fact that several
observations are available for cach country,
while still allowing estimation of the effects of
variables available at both the national and
quintile levels.

The asset quintiles are defined at the country
level, yet the extent of deprivation confronted
by a household in the poorest quintile in a very
poor and very unequal country is likely to be
worse than that faced by a household in a ri-
cher, more equal country. More generally, the
dispersion across quintiles will also be affected
by country characteristics. We therefore include
a number of country-level variables, and we
interpret the quintiles as “mediators” of the
national aggregate variables. Following Filmer
and Prichett (1999), we include national GDP
per capita, a measure of cthno-linguistic frac-
tionalization, a measure of income inequality
(the Gini coefficient), and the urbanization rate
since in developing countries, health care tends
to be much less easily accessible in rural areas
than in cities (Jayasuriya & Wodon, 2003).
These variables are from the WDI comple-
mented by data from Milanovic (2002)
for countries with missing Ginis, except for
ethno-linguistic fractionalization which is from
Easterly and Levine (1997).
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Our measures of child-health outcomes are
the rate of infant mortality, the rate of child
mortality, and the rate of malnutrition within
cach quintile. '* For malnutrition, we use the
height-for-age z-score (HAZ), a measure of
stunting or chronic malnutrition.

The houschold infrastructure variables are
the shares of a household within cach asset
quintile with a sand or pounded earth floor,
with access to piped water, without improved
sanitation, and with access to electricity. '
Given that infrastructure is a broad proxy for
exposure to pathogens, we use a principal com-
ponent index that includes all these variables. '¢
This infrastructure variable is related to the
measure of overall assets, although the latter
does also include consumer durables and more
information on the quality of the dwelling
(quality of roof and walls).

Although DHS surveys do generally have
information on mothers’ education, our data-
base by asset quintiles does not. We therefore
use the national female literacy rate from the
WDIs as an alternative proxy.

As a proxy for access to health care at the
quintile level, we use a principal component
index that includes the share of children with
full vaccination, the share of pregnancies for
which there was antenatal care, and the share
of births attended medically. '°

Given that we use data from 39 countries
with five asset quintiles by country, we have a
theoretical maximum of 195 observations.
When explanatory variables are missing, the
variable is set to zero and a dummy variable
equal to 1 is included in that regression. The
multilevel models were estimated using
GLLAMM for STATA developed by Rabe-
Hesketh, Skrondal, and Pickles (forthcoming),
which uses maximum likelihood for the two
levels model: quintile and country. Indepen-
dence of observations is tested by the signifi-
cance of country random effects in every
model to prove the requirement for multilevel
estimation. Models were estimated using ran-
dom intercepts but not random coefficients
(the latter could improve efficiency but would
not change signs or significance).

4. EMPIRICAL RESULTS

Detailed definitions on the data used as well
as summary statistics are provided in Appendix
A, and Appendix B provides results for inter-
mediate model specifications. We focus here
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on the discussion of the final models presented
in Table 2, with hierarchical models estimated
in levels. The key difference between the first
three regressions and the last three is that the
last three include an interaction term between
the health and infrastructure explanatory vari-
ables. Starting with regressions 1 through 3,
we find that infrastructure is a statistically sig-
nificant determinant of both stunting and child
mortality, but not of infant mortality. The rea-
son for the lack of impact of access to basic
infrastructure on infant mortality is probably
the fact that infant mortality is more affected
by the quality of care received by the mother
and the child before and after delivery (includ-
ing vaccination), than by access to infrastruc-
ture per se. By contrast, after the first year,
infrastructure access plays a larger role. How-
ever, stunting and access to health care impact
both infant and under-five mortalities. This
suggests that infrastructure may still have an
impact on infant mortality, but in an indirect
way, via malnutrition.

Many national-level variables appear to be
strong determinants of both infant and child
mortality (regressions 1 and 2), suggesting that
they do have a role to play in mediating the im-
pact of the quintile variables. GDP per capita,
ethno-linguistic fractionalization, inequality,
and female illiteracy all have the expected
impact on infant and under-five mortalitics.
Urbanization 1s positive and significant in
regressions 1 and 2, implying that correcting
for wealth, access to health care, infrastructure,
and child mortality are (somewhat surprisingly)
higher in urban areas. This could potentially
capture the public health effect of crowding
and pollution.

The effect of national-level variables on mal-
nutrition (regression 3) is weaker—only GDP
per capita and urbanization matter, both of
which with a negative sign implying that higher
income and higher urbanization result in lower
chronic malnutrition.

As to the quintile dummies, we expect them
to be positive and increasing in magnitude from
quintile 4 to quintile 1 (since the omitted dum-
my is quintile 5 accounting for the wealthiest
segment of the population). This is indeed the
case for malnutrition, and generally so for mor-
tality regressions. The odd exception is given by
the relatively low coefficient on quintile 1 (the
poorest). This perhaps could suggest that after
accounting for the direct impact of the (higher
level of) deprivation of the poorest in terms of
access to health care, infrastructure, and good
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Table 2. Determinants of child-health outcomes
1 2 3 4 5 6
IMR USMR  Stunting IMR U5SMR  Stunting
Constant 75.53 161.86 57.65 73.35 96.32 37.03
(7.48)" (1074  (14.60)  (7.16)"  (6.00)°  (9.99)"
Malnutrition — Stunting 0.22 0.37 0.19 0.52
@sn™ e 21" (3.83)
Infrastructure PC index -0.34 -3.32 -1.96 1.79 —14.79 0.91
0.38) (245" (466  —0.78  (4.05)"  (1.06)
Health PC index -9.54  —1801 =376 -8.74 1578  —0.83
: (8.70)°  (11.84) (10.02)° (648  (7.57) (1.67)
Health PC index * Infrastructure PC index —~0.42 223 —0.58
(1.00) (3360 (3.72)
GDP per capita -0.01 ~0.03 —0.002 -0.01 —-0.01 -0.002
(10.39)"  (23.07° (633 (1055 (1165  (8.02)°
Ethno-linguistic fractionalization 8.56 21.85 -0.83 8.48 3.83 493
2497 (4.59) (0.61) (25D7  -0.74 (4.12)
Gini index of inequality 0.24 1.21 -0.02 0.24 -0.14 0.23
(4.82)"  (15.86)°  (0.68)  (4.86)  (1.68) (11.88)
Female illiteracy rate 0.58 0.41 -0.02 0.58 1.56 0.01
(1200)° (52497 (0.89)  (11.96) (2045  (0.50)
Urbanization rate 0.19 0.53 —0.11 0.20 0.85 -0.33
485" (931" (557 (5.000  (12.81)°  (19.47)
Asset quintile 1 9.93 6.16 6.96 9.44 2347 9.87
(24007 (0.99) (395" (228"  (3.60)  (6.37)
Asset quintile 2 13.78 14.62 5.21 13.04 29.67 6.87
(387" @727 (343" (360 (519" (5.03)
Asset quintile 3 12.00 12.43 4.15 11.15 25.70 5.11
(3.85)° (264  (3.16) (347  (5.06)  (4.20)
Asset quintile 4 10.11 11.89 3.36 9.46 20.08 3.59
(3.86)" (298  (3.09) (352 (4.68)  (3.49)
R-square level 1 0.76 0.80 0.81 0.76 0.78 0.83
R-square level 2 0.74 0.65 0.51 0.73 0.64 0.50
Variance at level 1 10512 245.76 17.77 10436 270.69 15.67
10.93 24,94 1.86 10.82 27.61 1.60
Variance at level 2 31234 1491.09  58.30 32026 154673  59.46
34.55 106.09 5.21 35.68 124.97 4.46

Source: Authors’ estimation using multilevel regression with country random effects, Absolute value of z statistics in

parentheses.
“Signiﬁcam at the 1% level.
Significant at the 5% level.

nutrition, the very poor do manage perhaps
better than slightly better-off groups in coping
with their difficult situation.

The magnitude of many impacts is large.
Table 3 gives the impact of improving access
to infrastructure and health care from the aver-
age value for the poorest quintile to that of the
richest, keeping all else constant. Raising pre-
ventive health access from quintile 1 to quintile
5 levels would imply a 26-27% reduction in in-
fant and child mortalities, and a 10% decline in
stunting. Similarly, improving infrastructure

access from quintile 1 to quintile 5 levels would
result in an 8% decline in under-five mortality,
and a 14% decline in stunting. Finally, reducing
the incidence of chronic malnutrition from
quintile 1 to quintile 5 levels would result in a
30-40% decline in infant and child mortalities.

The effect of health and infrastructure inter-
ventions are particularly significant when com-
pared to that of national-level variables. Thus,
we estimate that tripling GDP per capita for
countries in the sample’s poorest decile would
only reduce infant mortality by 13% and child
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Table 3. Comparing the impact of per capita GDP to health and infrastructure access
Estimated Q1 value if

Actual Quintile Estimated value with improved access to

1 value tripled GDP per capita  health and infrastructure (using Quintile
from sample’s poorest 5 instead of Quintile | levels)
= i
slocilc-value (US568] Infrastructure  Health Stunting
IMR 934 77.4 92.1° 67.5 88.5
Percent change =17 -1 —28 e
USMR 152.3 136.4 140.2 103.8 144.0
Percent change —10 -8 -32 -5
Stunting 40.9 37.8 35.0 31.5  Not applicable
Percent change 8 —14 =23

Source: Authors’ estimations. Effects are calculated using the relevant values from Table 5 combined with the
coeflicients from regressions 1-3 in Table 2. Effects include both the direct effect and the indirect one (via stunting).
* The GDP per capita sample average is US$2,220 in 1995 constant values, so tripling the bottom decile’s income per
capita would bring it to about that sample average.

® Only indirect effect included since coefficient on infrastructure is not significantly different from zero in regression 1,
Table 2.

mortality by 5%. (However, this does not ac-
count for indirect effects through other determi-
nants that could improve with a higher
income.)

As mentioned in the introduction, we expect
the impact of infrastructure on child health to
be higher if combined with health and educa-
tion interventions. Our lack of quintile-level

education variable precludes testing for that
particular hypothesis, but we can test for the
complementarity between health and infra-
structure by introducing an interaction term be-
tween the infrastructure and health indices.
This is done in regressions 4-6 in Table 2.

In the case of infant mortality (regression 4),
we find once again that the health variable

Antenatal care

Vaccination

4

Delivery attendance at ——+— I
birth S

Access to improved
sanitation

Improved (no dirt) floor
in dwelling

Accesstoelectricity | |

Access topipedwater | T |
| ! | ! | ! | |

0% 200%  400%  600% 800% 1000% 1200% 1400% 1600%

Figure 3. Inequality in access to services is higher for infrastructure services. Source: Authors' estimation. Bars
represent sample average for quintile 5 as a proportion of sample average for quintile 1, based on the data presented in
Table 5.
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dominates, and that neither the infrastructure
variable nor the interactive term has any statis-
tically significant impact. In the case of child
mortality (regression 5), the interactive term is
in fact positive, suggesting that preventive
health interventions and infrastructure could
be substitutes, rather than complements. It is
only with respect to malnutrition that we find
the interactive term to be both significant and
with the expected sign (suggesting health inter-
ventions and infrastructure to be comple-
ments). On the other hand, the coefficient on
infrastructure is no longer significant, while
that on the health variable is barely so.

Overall, the results on the impact of infra-
structure variables are both interesting and
challenging. They are interesting in the sense
that we find that we can explain a substantial
portion of the difference in health outcomes be-
tween the rich and the poor through the differ-
ence in service coverage. This is good news
because presumably, it is easier to aim for uni-
versal (or at least widespread) access to water,
sanitation, and electricity than for universal
wealth. But it poses a daunting development
challenge in the sense that the efforts required
are still huge—the difference in access to water,
sanitation, electricity, and decent housing of
the poor and the rich remains enormous (Fig-
ure 3). Significantly improving child-health out-
comes will require massive increases in water
and sanitation coverage of the poorer popula-
tions.

5. CONCLUSION

The importance of adequate, affordable, and
universal (or at least widely accessible) health
care is recognized as essential to improving
child-health outcomes. It is also well under-
stood that mothers’ education is a key determi-
nant of the well-being of children—whether by
reducing fertility or by facilitating the adoption
of good nutritional and hygienic practices.
What we have argued, however, is that achiev-
ing the health MDGs will require more than
health and education interventions. In particu-
lar, infrastructure services have an important
role to play, and a failure to recognize this in
planning MDG strategies will risk undermining
success. After a quick review of the literature as
it pertains to the achievement of the child-
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health MDGs, we outlined and estimated a
simple reduced form model for analyzing the
determinants of child-health outcomes using
crosscountry quintile-level data. The use of
such data enabled us to go beyond traditional
crosscountry regressions by exploiting some of
the variability in outcomes and explanatory
variables observed between asset quintiles with-
in countries.

We find that at the national level, a higher
GDP per capita, lower inequality, lower female
illiteracy, and lower ethno-linguistic fractional-
ization all reduce infant and child mortalities.
Urbanization has a positive effect, suggesting
that for a given level of wealth, access to health
care and infrastructure, children exhibit poorer
health outcomes in urban areas. At the quintile
level, the households’ asset levels (which are
used to define the quintiles), the prevalence of
malnutrition, access to infrastructure, and pre-
ventive health also affect child mortality, and
all these variables except infrastructure affect
infant mortality. The impact of infrastructure
on infant mortality appears small and indirect,
via its impact on malnutrition. Note, however,
that infrastructure is likely to have an addi-
tional effect through growth in per capita
GDP over time, among others. In addition,
some of the impact of infrastructure might al-
ready be partially captured through the asset
quintile index, since infrastructure variables
represent a large part of the index.

Chronic malnutrition is strongly affected by
both health care and infrastructure access as
well as household asset level. Higher national
GDP per capita and urbanization lower
chronic malnutrition,

We do not find evidence of a strong comple-
mentarity between health care and infrastruc-
ture. Instead, at least in the case of child
mortality, they appear to be substitutes, rather
than complements. The lack of quintile-level
education variable precluded from testing the
widely held belief that education, particu-
larly maternal education, is an important com-
plement to both access to health care and
infrastructure services. More work would, how-
ever, be required before reaching strong conclu-
sions on these interaction ecffects (or lack
thereof).

One important finding is that GDP per capita
becomes less important once a more complete
set of explanatory variables is used for analy-
zing the determinants of health outcomes. In-
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stead, variables such as female literacy, access
to basic health care, and infrastructure, which
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are certainly easier to affect than the GDP per
capita, are found to be the key.

NOTES

1. The eight goals are to eradicate extreme poverty and
hunger, achieve universal primary education, promote
gender equality and empower women, reduce child
mortality, improve maternal health, combat HIV/AIDS,
malaria and other diseases, ensure environmental sus-
tainability, and develop a global partnership for devel-
opment. For more information, see http://www.
developmentgoals.org/. For a review of the progress on
the International Development Goals, see www.paris21.
org/betterworld.

2. See, for example, Hicks (1979), Hicks and Streeten
(1979), and Leipziger (1981).

3. Simulations suggest that many countries may not in
fact achieve the targets put forward in the MDGs unless
they substantially change their policies. For Latin
America, see, for example, Hicks and Wodon (2002).

4. A generation of development economists labored
over general equilibrium models of development trying
to clearly specify the interactions between policy inter-
ventions and development outcomes. Recall the path
breaking work of Adelman and Robinson (1973),
Adelman (1975), and the consolidation of this line of
inquiry by Dervis, de Melo, and Robinson (1982).

5. A recent review in The Lancet Infectious Diseases
Journal (http://www.infection.thelancet.com) suggests
that a surprising 42-47% of all diarrhca could be
prevented if people washed their hands with soap,
thereby saving close to one million lives. There is
growing evidence that hand washing also works to
prevent acute respiratory tract infections, which are the
biggest infectious killers in the world today. For more
information on the Partnership, see http://www.global-
handwashing.org/.

6. Traditional biomass fuels are well known to be a
significant source of indoor air pollution with a partic-
ularly negative impact on children’s health. In addition,
a study in South Africa where electricity is indeed used
frequently for cooking has shown that electrification is
associated with a reduction in houschold accidents such
as paraffin poisoning and burns associated with other
commonly used fuels (Community Health Research
Group, 1995 as quoted in Brenneman, 2002).

7. Candles or kerosene lights make it difficult to safely
perform an operation or even adequately examine a
patient at night. In addition, vaccines require continuous
and reliable refrigeration to retain their effectiveness.
Alternatives to electricity exist, but they are more costly.
Finally, anecdotal evidence suggests it is much more
difficult to stafl clinics that do not have electricity,
particularly at night. For a discussion of these issues and
a review of the literature, see Brenneman (2002).

8. We are grateful to an anonymous reviewer for
helping frame this conceptual framework.

9. The list of countries is given in Table 4.

10. Filmer and Prichett (1998) show that an asset
index, calculated as it is here, using principal component
techniques, is an excellent proxy for household income.

11. We are grateful to an anonymous referce for
pointing this out and for suggesting the use of multilevel
regressions.

12, We are aware of the fact that infant mortality
accounts for the greater share of child mortality (65-70%
in many developing countries), and so it would make
sense to separate infant, or even neonatal, from child (1-
5 years) mortality. Unfortunately the data are not
available to do so. Also, the mortality figures are based
on births in the 10 years prior to the survey. The
implication is that historical mortality rates are being
explained with current covariates. This is a common
issue in the literature on child mortality since many
countries lack reliable vital registration systems and rely
instead on household surveys which calculate mortality
based on past births.

13, For the Dominican Republic and Turkey, we relied
on ownership of a television as a proxy.

14. The infrastructure principal component index is
equal to —0.43626 (no improved sanitation) + 0.52431
(piped water) — 0.46814 (dirt floor) + 0.56181 (clectricity).

15. The health principal component index is equal to
0.61059 (antenatal care) + 0.60875 (delivery attendance)
+ 0.50656 (vaccination rate).
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APPENDIX A. DATA SOURCES,
VARIABLE DEFINITIONS, AND
SAMPLE OF COUNTRIES

Most national-level data are from the World
Bank’s WDI (http://www.worldbank.org/data/),
complemented in the case of the inequality mea-
sure with data from Milanovic (1999.) The index
of ethno-linguistic fractionalization for 1960
measures the probability that two randomly se-
lected persons from a given country will not be-
long to the same ethno-linguistic group, as
reported in Easterly and Levine (1997). The
quintile-level data are from Gwatkin et al
(2000). The methodology used to develop the as-
set quintiles is discussed at http://www.world-
bank.org/poverty/health/data/index.htm. For
information on Demographic and Health Sur-
veys, see http://'www.measuredhs.com/.

List of variables and definitions:
GDP per capita: In 1995 US dollars, from the
WDI.

Gini: Gini coefficient, mostly WDI, comple-
mented with data from Milanovic (1999).

Urbanization rate; Share of the country’s popu-
lation living in urban areas (WDI).

Female illiteracy rate: Share of females of ages
15 and above who cannot, with understanding,
read and write a short, simple statement on
their everyday life (WDI).

Infant mortality rate: Number of deaths to chil-
dren under 12 months of age per 1,000 live
births, based on births in the 10 years preceding
the survey (DHS).

Under-five mortality rate: Number of deaths to
children under five years of age per 1,000 live
births. Figures are based on births in the 10
years preceding the survey (DHS).
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Malnutrition: Share of children whose weight
measurement is more than two standard devia-
tions below the median reference standard for
their age as established by the World Health
Organization, the US Centers for Discase Con-
trol, and the US National Center for Health
Statistics. The figurcs in the tables are based
on a sample of living children under three, four,
or five years of age, depending on the country
(DHS).

Percent of mothers with low body mass index
(BMI): Share of women whose BMI is less
than 18.5, where BMI —an indicator of adult
nutritional status—is defined as weight in kilo-
grams divided by the square of height in meters.
In some countries, BMI is presented for all
sample women, while in other countries, the
figure is available only for mothers of children
under five years old (DHS).

Vaccination rate: Share of surviving children of
age 12-23 months who received all vaccina-
tions, namely BCG, three doses of DPT and
oral polio, and measles (DHS).

Diarrhea prevalence: Share of surviving chil-
dren under three, four, or five years old
(depending on the country) who had diarrhea
in the two weeks preceding the survey based
on mothers’ reports concerning the presence
of loose stools (DHS).

Medical attendance: Share of children with
diarrhea in the past two weeks who were taken
to any medical facility for treatment, defined as
a private doctor, mission/hospital clinic, other
private hospital/clinic, pharmacy, or a public
facility (DHS).

Acute respiratory infection (ARI) prevalence:
Share of surviving children under three, four,
or five years old (depending upon the country)
who had a cough accompanied by rapid breath-
ing in the two weeks preceding the survey, as
defined and reported by the mother (DHS).

ARI medical attendance: Share of children with
a cough and rapid breathing in the preceding
two weeks who were taken to any medical facil-
ity for treatment (DHS),

Antenatal care: Share of births in the five years
before the survey for which a woman received
at least one antenatal care consultation from
a medically trained person, defined as a doctor,
nurse or nursc-midwife; at least one antenatal
care consultation from a doctor; at least one
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antenatal care consultation from a nurse or
nurse-midwife; two or more antenatal care con-
sultations from a medically trained person
(DHS).

Delivery attendance: Share of births in the five
years prior to the survey that were attended
to by a medically trained person, defined as a
doctor, nurse, or nurse-midwife, a doctor, a
nurse-midwife (DHS).

Dirt floor in dwelling: Share of dwellings that
have a sand or dirt floor (DHS).

WORLD DEVELOPMENT

Access to piped water: Share of dwellings that
have piped water in the residence (DHS).

Access to electricity: Share of households with
electricity in the house (DHS).

No improved sanitation: Share of households
without any kind of improved sanitation, with
the definition varying across surveys but gener-
ally including unimproved latrines or use of
fields and bushes (DHS).

See Tables 4 and 5.

Table 4. Countries and years included in the sample

Country Year
Bangladesh 1996-97
Benin 1996
Bolivia 1998
Brazil 1996
Burkina Faso 1992-93
Cameroon 1991
Central African Republic 199495
Chad 1996 -97
Colombia 1995
Comoros 1996
Cote d’'Ivoire 1994
Dominican Republic 1996
Ghana 1993
Guatemala 1995
Uzbekistan 1996
Haiti 199495
India 1992-93
Zambia 1996
Kazakhstan 1995
Kenya 1998
Kyrgyz Republic 1997
Madagascar 1997
Malawi 1992
Mali 1995-96
Morocco 1993
Mozambique 1997
Namibia 1992
Nepal 1996
Nicaragua 1997-98
Niger 1998
Nigeria 1990
Pakistan 1990-91
Paraguay 1990
Peru 1996
Zimbabwe 1994
Tanzania 1996
Uganda 1995
Togo 1998
Turkey 1993

Source: Country sample in Gwatkin et al. (2000).
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Table 5. Summary statistics for variables used in the empirical analysis

Asset quintiles Sample average
1 2 3 4 5
Infant mortality rate (per thousand) 934 90.2 83.6 74.0 53.9 79.1
Child mortality rate (per thousand) 152.3 146.1 133.3 116.4 83.0 126.2
Malnutrition (%) 40.9 35.7 320 272 18.6 30.9
Infrastructure PC index 2.0 2.5 3.2 3.9 5.0 33
No improved sanitation (%) 63.5 47.7 335 20.6 10.1 35.1
Access to piped water (%) 33 9.9 17.6 30.3 539 23.0
Dirt floor in dwelling (%) 72.7 60.2 42.1 259 7.3 41.6
Access to electricity (%) 13.8 23.6 329 49.1 78.2 39.5
Health PC index 34 4.0 44 5.1 59 4.5
Antenatal care (%) 56.0 65.6 71.3 81.1 91.5 73.1
Delivery attendance at birth (%) 318 42.1 50.6 65.1 83.1 54.5
Vaccination (%) 37.1 44.5 48.7 554 64.9 50.1
Health PC # Infrastructure PC* 7.3 10.9 14.8 20.6 29.8 16.7
GDP per capita (1995 USS) 21829
Ethno-linguistic fractionalization 0.5
Gini index of inequality 41.6
Female illiteracy (%0) 46.7
Urbanization rate (%) 294

Source: Authors’ estimation,
* Calculated as the average of the product, rather than the product of the averages.

APPENDIX B. MULTILEVEL MODEL INTERMEDIATE MODEL SPECIFICATION
See Tables 6-8.

i
Table 6. Determinants of infant mortality, DHS data

1 2 3 4 5 6 7 8 9
Constant 81.76 46,03 11559 59.13 103.17 4766 8173 7553  73.35
(28.68)" (4.81)° (12.48) (24.77)° (9.71)° (3.89)° (9.49)° (748 (7.16)

Malnutrition — Stunting 1.34 041 0.43 0.54 0.22 0.19
(8.39)° (3.54) 4.22)" G @snT o2’

Infrastructure PC index -346 -2.14 -1.17 —-0.80 —-0.34 1.79
(3.06)" (2.30) (0.89) (0.85)  (0.38)  (0.78)

Health PC index -9.70 -9.17 -988 —9.54 —8.74
8.37)° (7.65)° (7.88)°  (8.70)" (6.4%)

GDP per capita —0.01 0.00 -0.01 -0.01
(3.50)" (5.38)" (10.39)° (10.55)

Ethno-linguistic 581 —1329 8.6 8.48
fractionalization (0.62) (199" (2497 (@517
Gini index of inequality 021 036 0.24 0.24
(1.41) (3.72)° (4.82)° (4.86)

Female illiteracy rate 0.69 045 0.58 0.58
(6.58)" (4.16)" (12.00)° (11.96)

Urbanization rate —~0.01 0.5 0.19 0.20

(0.10)  (3.42)° (485" (5.00)
(continued next page)
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Table 6-—continued
1 2 3 4 5 6 7 8 9
Health PC = —-0.42
Infrastructure PC -1.00
Asset quintile 1 39.27 3.56 9.93 9.44
(13.54)°  (0.75) (24007 (2.28)"
Asset quintile 2 35.61 875 13.78 13.04
122n" a1y (3.87)  (3.60)
Asset quintile 3 28.89 8.14 12.00 11.15
(996 (2307 (3.85) (347
Asset quintile 4 19.27 7.65 10.11 9.46
(6.64)° (2.62)" (3.86) (3.52)
R-square level | 0.00 0.58 0.68 0.58 0.71 0.09 0.72 0.76 0.76
R-square level 2 0.00 0.73 0.69 0.39 0.68 0.87 0.76 0.74 0.73
Variance at level 1~ 432,03 179.57 137.02 180.94 12642 39503 12055 105.12 10436
4534 1997 1447 1795 13.24 4331 1312 1093 10.82
Variance at level 2 1182.21 31891 36149 71678  381.98 14859 277.90 31234 32026
267.39  62.05 4422  51.21 SL71 5120 5100 34.55 35.68
Source: Authors’ estimation. Absolute value of z statistics in parentheses.
__Signiﬁcam at the 1% level.
Significant at the 5% level.
Table 7. Determinants of under-five mortality, DHS data
1 2 3 4 5 6 7 8 9
Constant 99.56 16022 198.77 5580 17572 3437 169.31 16186  96.32
(3119)" (9.80)" (20.71)" (14.43)° (1523)" -1.07 (12.30)° (10.74) (6.00)
Malnutrition — Stunting 1.03 0.69 0.61 —0.02 0.37 0.52
(3.54)"  (4.84)° 4.51)° 0.10) (291" (3.83)
Infrastructure PC index 1470  -3.31 —5.58 -6.99 ~-3.32 1479
(743)° (248)" (3.71) (5.10)0° (245" (@.05)
Health PC index -17.82 —14.33 -19.66 ~18.01 —15.78
(13.35) (11.06) (11.64)° (11.84)° (7.57)
GDP per capita -0.01 -0.01 -0.03 -0.01
(3.16)" (7.13)" (23.07)° (11.65)
Ethno-linguistic 31.82 22,63 21.85 3.83
fractionalization (1.40) (4.04)° (4.59) (0.74)
Gini index of inequality 0.60 0.69 1.21 —0.14
(1.47)  (7.93)° (15.86)" (1.68)"""
Female illiteracy rate 1.48 0.58 0.41 1.56
(5.73)° (7.56) (5.24)° (20.45)°
Urbanization rate 0.16 0.08 0.53 0.85
(0.73)  (1.12) (931 (12.81)
Health PC * 2.23
Infrastructure PC (3,36)'
Asset quintile | 69.36 2.90 6.16 2347
(13.42)"  (0.50) (0.99) (3.60)
Asset quintile 2 6229  11.69 14.62  29.67
(12.06)" (2.2 272" (5.19)
Asset quintile 3 4924 10.37 1243 2570
9.53)° (@1n" (2.64)  (5.06)
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Table 7—continued

1 2 3 4 5 6 7 8 9
Asset quintile 4 3204 1026 11.89  20.08
(6.200° (237" (2.98)"  (4.68)"
R-square level 1 0.00 0.60 0.75 0.54 0.74 0.09 0.73 0.80 0.78
R-square level 2 0.00 0.69 0.68 0.07 0.57 0.82 0.53 0.65 0.64

Variance at level 1 1257.64  499.67 30899 573.91 323.87 1147.66 33422 24576  270.69
131.19 55.43 32.04 55.81 33.08 2725 34.13 24,94 27.61

Variance at level 2 428244 1327.61 135320 3989.08 1852.02 791.73 199547 1491.09 1546.73
524,72 141.18 83.36 258.80 130.83 197.50  174.60 106.09  124.97

Source: Authors’ estimation. Absolute value of z statistics in parentheses.
" Significant at the 1% level.

" Significant at the 5% level.

*** Significant at the 10% level,

Table 8. Determinants of stunting, DHS data

1 2 3 4 5 6 7 8 9

Constant 3021 5375 5922 1563 4019 2248 6583 5765  37.03
(20.44)" (51.45)° (51.39)" (16.38)" (18.42)° (3.26)° (24.24)° (14.60)" (9.99)

Infrastructure PC index -6.02 347 -2.89 -3.08 —1.96 0.91
(20.55)° (10.97) (8.38)° (9.52)" (4.66)  (1.06)

Health PC index -3.86 ~1.65 ~428 -376 —083
(10.98)" (4.35)" (11.16)" (10.02)" (1.67)""

GDP per capita 0.00 0.00 0.00 0.00
(1.33) (6.54)" (6.33)" (8.02)

Ethno-linguistic 639  -147 —0.83 495
fractionalization (1.15)  (1.05)  (0.61) (4.12)

Gini index of inequality 0.10  0.03  -0.02 023
(1.03) (1.14)  (0.68) (11.88)"

Female illiteracy rate 0.17 =002  -0.02 0.01
(2.62)° (0.84) (0.89)  (0.50)

Urbanization rate =011 -0.09 —-0.11 —0.33
(1.44) (5.30)° (5.57)° (19.47)

Health PC * —0.58
Infrastructure PC (3.72)°

Asset quintile 1 2229 937 6.96 9.87
(19.66)" (6.69)" (3.95°  (6.37)°

Asset quintile 2 1716 6.86 5.21 6.87
(15.14)" (5.46) (3.43)°  (5.03)

Asset quintile 3 13.40 5.54 4.15 5.11
(11.81)" (4.84) (3.16)°  (4.20)°

Asset quintile 4 8.60 4.05 3.36 3.59
(7.58)"  (3.93)° (3.09"°  (3.49)

R-square level 1 0.00 0.69 0.77 0.73 0.80 000 079 0.81 0.83

R-square level 2 0.00 0.06 0.38 0.20 058 054 053 0.51 0.50

Variance at level 1 9346 2930 2142 2507 1829 9346 1924 1777 1567

10.39 3.04 2.22 2.73 1.98 10.65 2.03 1.86 1.60
(continued next page)
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Table 8—continued

1 2 3 - 5 6 7 8 9
Variance at level 2 118.56 111.09 73.95 54.97 49.23 54.53 55.18 58.30 59.46
21.24 11.05 6.96 11.22 3.99 17.90 5.04 5.21 4.46

Source: Authors’ estimation. Absolute value of z statistics in parentheses.

" Significant at the 1% level.

" Significant at the 5% level.
™ Significant at the 10% level.
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