
RESEARCH Open Access

Sub-national assessment of inequality trends in
neonatal and child mortality in Brazil
Angelica Sousa1,2*, Kenneth Hill2, Mario R Dal Poz3

Abstract

Objective: Brazil’s large socioeconomic inequalities together with the increase in neonatal mortality jeopardize the
MDG-4 child mortality target by 2015. We measured inequality trends in neonatal and under five mortality across
municipalities characterized by their socio-economic status in a period where major pro poor policies were
implemented in Brazil to infer whether policies and interventions in newborn and child health have been
successful in reaching the poor as well as the better off.

Methods: Using data from the 5,507 municipalities in 1991 and 2000, we developed accurate estimates of
neonatal mortality at municipality level and used these data to investigate inequality trends in neonatal and under
five mortality across municipalities characterized by socio-economic status.

Results: Child health policies and interventions have been more effective in reaching the better off than the worst
off. Reduction of under five mortality at national level has been achieved by reducing the level of under five
mortality among the better off. Poor municipalities suffer from worse newborn and child health than richer
municipalities and the poor/rich gaps have increased.

Conclusion: Our analysis highlights the importance of monitoring progress on MDGs at sub-national level and
measuring inequality gaps to accurately target health and inter-sectoral policies. Further efforts are required to
improve the measurement and monitoring of trends in neonatal and under five mortality at sub-national level,
particularly in developing countries and countries with large socioeconomic inequalities.

Introduction
Reducing child mortality by two thirds between 1990
and 2015 is the target of the fourth Millennium Devel-
opment Goal (MDG). Recent analyses indicate that
there has been major progress towards this goal. Cur-
rent estimates show that the global under five mortality
rate (U5MR) dropped from 93 per 1000 live births in
1990 to 72 per 1,000 in 2006 [1].
The targets to measure the progress towards the

achievement of the Millennium Development Goals
(MDGs) assess the progress of countries at the national
level. However, national averages could be misleading,
particularly in countries with great inequalities, as pro-
gress could be attained by improving the health of the
well off while neglecting the health off the worst off. A
recent report to monitor progress towards the attain-
ment of the MDGs in 68 priority countries, which

account for 97% of all maternal and child deaths, found
that the poorest 20% of the population are less likely to
be covered by effective interventions capable of prevent-
ing most maternal and child deaths than their wealthier
counterparts [2]. It is therefore crucial to produce within
country estimates to properly monitor progress of the
MDGs and share countries’ experience on policies and
interventions that have been successful in reducing
health inequalities and improving the health of the poor.
In the Latin America and Caribbean Region, the large

inequalities in living conditions within countries
together with the increase in the percentage of U5MR
attributed to neonatal mortality jeopardize the MDG-4
target [3]. In Latin America, neonatal mortality repre-
sents more than half of overall infant mortality and 42%
of under five deaths, and most of the neonatal deaths
happen during the early neonatal period [4].
Brazil is the largest economy in Latin America [5] and

it is considered to be one of the five most important
emerging economies of the world along with Mexico,
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China, India and South Africa [6]. However, despite Bra-
zil’s economic achievements, it is still at the top of the
list of countries with the highest income inequalities [7].
The poorest 20 percent earn 2 percent of the income
while the richest 20 percent earn 63 percent (figures
correspond to 2005, estimated from Pesquisa Nacional
por Amostra de Domicilios, 2005) [5].
Brazil’s national territory is divided administratively

into 5 regions, 27 states and 5,507 municipalities (in
2000). There are wide variations in population, wealth,
climate and size across geographical areas. For example,
25% of the municipalities have population below 5,000
inhabitants, while a few have populations above
1,000,000 inhabitants (the largest being the municipality
of Sao Paulo with a population of 10.4 million).
In recent decades Brazil has achieved very important

health gains [8] and is on track to achieve most of the
MDG targets at the national level [9]. National level
estimates show major progress in the reduction of
U5MR. Between 1990 and 2005 child mortality dropped
from 53.7 to 28.7, a declined of 46.6% and infant mor-
tality dropped from 33.7 to 21.1, a declined of 37.4%, a
drop of more than one third during the period, suggest-
ing that Brazil is on track to reach the MDG-4 target by
2015 [9].
The health sector reform of the 1990’s and the public

health and inter-sectoral interventions implemented by
the Brazilian government have contributed to the reduc-
tion of U5MR.
During the last two decades Brazil has undergone a

series of health reforms aimed at: 1) providing universal
access to health services free of charge to the entire
population (Sistema Unico de Saude (SUS)- Unified
Health System), and 2) decentralizing the decision mak-
ing to the municipality governments (one level below
the state). This resulted in the expansion of services,
the most significant being the Family Health Program
(described in Additional file 1: Appendix 1) (PSF),
focused on providing and improving primary health
care, particularly maternal and child care, among the
poor [10-12]. Other public health and inter-sectoral
programs have also been introduced to reduce infant
and child deaths, such as access to clean water and
sanitation, education of the mothers and immunization
coverage. In addition, the federal government launched
other programs to fight against hunger and poverty
[13], such as the Zero Hunger program (Fome Zero)
(described in Additional file 1: Appendix 2) [14] and
the cash transfer program (Bolsa Familia) (described in
Additional file 1: Appendix 3) [15]. In 2006, 99% of 1
year olds were covered by immunization of measles vac-
cine (MCV), diphtheria and tetanus toxoid and pertussis
vaccine (DPT3), hepatitis B vaccine (HepB) and haemo-
philus influenzae type b (Hib3) and 92% of neonates

were protected at birth against neonatal tetanus (PAB)
[16].
However, despite the efforts made to improve access

to health care services for the poor and the policies
implemented to reduce child mortality, in practice there
remain major health inequalities. The poorest region
(Northeast) had the highest under five mortality rate of
39 per 1000 live births in 2005, whereas richer regions
(South and Southeast) had the lowest child mortality
rates of around 18.5 per 1000 live births [9]. Moreover,
in 2004, 6% of the children less than five years old in
the poorest region died from diarrhea, compared to 2%
of the children in richer regions [17]. An evaluation of
three maternal and child health programs found less
access to health care among the poor [18]. A recent
study also found that poorer municipalities had a lower
proportion of deliveries attended in health facilities
(76%) and a lower proportion of pregnant women cov-
ered by antenatal care (54%) than richer municipalities
(for which the corresponding figures are 91% and 71%
respectively) [19]. This is particularly important as most
of the deaths of newborns are directly related to inade-
quate care during and after pregnancy and child birth
[4,20].
Although the challenges involved in reducing child

mortality are widely recognized, there is not enough evi-
dence currently available to monitor whether newborn
and child health interventions have been successful in
reaching the poor at municipality level (the post-reforms
level of decision making). Most of the existing evidence
in neonatal and child mortality shows differences across
regions or states [9,21-24] but very few analyses have
been undertaken to monitor inequality trends across
municipalities throughout the country [25,26]. Further-
more, evidence suggests that particularly in the poorest
regions (North and Northeast), national civil registration
data (the only source of information to produce munici-
pal level estimates) are not an accurate source of infor-
mation on infant deaths [27-30].
In this paper, we develop accurate estimates of neona-

tal mortality at the municipality level. We then use
these estimates to measure inequality trends in neonatal
and under five mortality across municipalities character-
ized by their socio-economic status, in a period where
major health reforms and several pro poor policies were
implemented in Brazil focused on decreasing child and
neonatal mortality. We then infer whether these policies
and interventions in newborn and child health have
been successful in reaching the poor as well as the bet-
ter off in Brazil.

Data and methods
To analyze inequality trends in under five and neonatal
mortality at the municipality level we constructed a
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dataset that compiles information on mortality rates and
socioeconomic indicators for the 5,507 Brazilian munici-
palities for 1991 and 2000.
The most recent year of analysis is 2000, as it is the

year with the most complete and accurate data to moni-
tor differentials in child mortality at municipality level.
Brazil has two systems to monitor vital events: the Mor-
tality Information System (SIM) and the Information
System on Live Births (SINASC). Several evaluations
suggested however that neither system is complete
enough to monitor differentials in infant and child mor-
tality [27-30]. It is estimated that the Mortality Informa-
tion System (SIM) [31] underreports 25% of deaths in
the Northern Region and 29% in the Northeastern
Region [28]. Similarly, the coverage of the Information
System on Live Births (SINASC) [32] is only 73% in
these two regions compared to the national coverage of
93% [33]. These inaccuracies are likely to be higher
among children under one year of age and in municipa-
lities with less than 50,000 inhabitants [29]. For these
reasons we used Census data in this analysis.
Data on the under five mortality rate (described in

Additional file 1: Appendix 4) per 1000 live births, esti-
mated from the 1991 and 2000 population Census of
Brazil, were obtained from the Institute of Applied Eco-
nomic Research (IPEA), which compiles and produces
publicly available data of socio-economic indicators of
the municipalities [34].
The neonatal mortality rates per 1000 live births are a

predictive estimate of the under five mortality data.
First, we produced sub-national rates of neonatal mor-
tality and child mortality by applying direct life table
methods to birth histories from the various Demo-
graphic and Health Surveys (DHS). DHS is a (generally
nationally representative) survey designed to collect
detailed information on social and demographic charac-
teristics and maternal and child health over a sample of
women aged 15 to 49 years old in developing countries.
The DHSs of Brazil used in this study were conducted
in 1986, 1991 and 1996 and are sub-nationally represen-
tative: 1) 1986 is representative at regional level; 2) 1991
was conducted in the North-eastern region and is repre-
sentative at the state level; and 3) 1996 is representative
at the regional level and in four states in the North-east-
ern region, Rio Grande do Norte, Bahia, Ceará and Per-
nambuco [35-37]. Second, we used the rates produced
from DHS to investigate the relationship between neo-
natal and under five mortality per 1000 live births at
sub-national level using a log-log regression model. In
addition, we included binary variables in the models to
control for the different years of DHS. Finally, we extra-
polated these relationships to predict neonatal mortality
rates for the municipalities of the Southern and North-
ern Regions using the estimates of under five mortality

rates (produced from the population Census) at munici-
pality level for 1991 and 2000.
Data on the proportion of population below the pov-

erty line (described in Additional file 1: Appendix 5),
were obtained from IPEA [14]. These data were then
used to group municipalities by poverty quintiles, where
the fifth quintile represents the poorest 20% of munici-
palities and the first quintile the richest 20%. We also
categorize municipalities as poor (the poorest 40%,
2,202 municipalities) or non-poor (the remaining 60%,
3,305 municipalities). The first two quintiles (40% of the
municipalities) were considered as poor as they com-
prise the municipalities with more than 50% of their
population below the poverty line.
To monitor whether improvements reached the worst

off as well as the better off populations, there are two
measures of the extent of mortality inequality. The first
one, the relative measure, defined as the ratio of child
mortality in the poorest quintile to the richest quintile;
and the second one, absolute measure, defined as the
difference in mortality between the poorest and richest
quintile [38]. We also constructed an index to classify
municipalities in four categories depending on the
under five mortality reduction between 1991 and 2000
and the level of under five mortality in 2000 to identify
the municipalities that require urgent policy
interventions.

Results
The results are presented in two subsections (and were
produced using STATA 9 and ArcGIS 9.3 [39,40]). First,
we show how we produced the data of neonatal mortal-
ity at municipality level for 1991 and 2000. Then, using
these data and the existing data on under five mortality,
we present the results of inequality trends in neonatal
and child mortality across poor and non-poor municipa-
lities in Brazil.

a. Prediction of neonatal mortality
The log-log relationships between neonatal and under
five mortality across sub-national units in Brazil are pre-
sented in Table 1. We found two different relationships;
one for the three southern regions and a second one for
the North and Northeast Regions. For the northern
regions, a one percent increase in U5MR is associated
with a 0.79 percent increase in NNMR, while for the
southern regions, a one percent increase in U5MR is
associated with 0.94 percent increase in NNMR. For the
Southern Regions the model explains 94% of the total
variance while for the Northern Regions the model
explains 61%. It is likely that there are other socioeco-
nomic characteristics (such as education of the mother)
that were not taken into account in the model for the
Northern Regions that are likely to explain the
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remaining variance. None of the dummy variables
included in the models to control for differences in the
survey years were significant.
We used these relationships to predict neonatal mortal-

ity from existing estimates of under five mortality at
municipality level for 1991 and 2000. We compared the
averages of our predicted estimates of neonatal mortality
by region with the numbers produced for the same year
by two official sources of information; the Brazilian moni-
toring report on the MDGs, 2004 [25] and the 2008
Report on Basic Health Indicators (Indicadores Basicos
para Suade no Brasil, 2008) (see Table 2) [17]. We found
that our predicted estimates are very similar to the num-
bers presented in these two reports, which are corrected
from the underreporting of deaths in the Northern
Regions and used different methods and sources of

information to produce their estimates (methods
described in the notes of Table 2). This consistency
implies that our predicted estimates of neonatal mortality
are reasonable and can be used in the analysis presented
in the following section. The advantage of our estimates
of neonatal mortality is that they can be disaggregated at
the municipal level which is the level where the decisions
on the administration and provision of services are made.

b. Inequalities in neonatal and under five mortality at
sub-national level
The distributions of the predicted neonatal mortality
and under five mortality across poor and non-poor
municipalities are shown in Figure 1 a, b, c and 1d. In
general, we found that between 1991 and 2000 there has
been a decline in neonatal and under five mortality
across poor and non-poor municipalities. Despite these
declines, in 2000, poorer municipalities still have much
higher rates of neonatal and under five mortality than
richer municipalities.
We looked in more detail at these differences by dis-

aggregating the data into the five poverty quintiles. The
average of the predicted neonatal mortality and under-5
mortality across municipalities grouped by poverty quin-
tiles are shown in Figure 2 and in Table 3. Between
1991 and 2000, the averages of neonatal and under five
mortality have decreased steadily across all socioeco-
nomic groups. However, we found great inequalities
across economic groups: the poorest municipalities had
higher neonatal and under five mortality than any other
economic quintile and this problem has not changed
over time. For example, the neonatal mortality among
the poorest municipalities in 2000 (26.4 per 1000 lb) is
similar to the average national rate of this indicator in
1991 and to the national rates of low income countries
like Eritrea (24 per 1000 lb) and Kenya (28 per 1000 lb),
while the average rate among the richest municipalities
(8.7 per 1000 lb) is similar to the national rates of upper-
middle-income countries like Mexico and Romania [20].
From the relative ratio between the poorest 20 percent

and the richest 20 percent of municipalities, we found
that the inequity gaps have also increased in the period
analyzed. The poorest municipalities had double the
neonatal mortality of the richest municipalities in 1991
and this gap has increased to 3 times higher in 2000.
These gaps are even larger in under five mortality: in
1991 the poorest municipalities had U5MRs 3.7 times
greater than the richest municipalities and this gap
increased to almost five times more in 2000. This
implies that the policies and interventions introduced in
the late 1980 s and 1990 s are failing to improve the
relative position of the poor municipalities. The absolute
differences show that the neonatal mortality between
the poorest and richest municipalities differed by 17.5

Table 1 Log-log regressions of neonatal mortality on
under five mortality among sub-national areas DHS
1986, 1991, 1996

Variable name Northern Regions Southern Regionsb

Ln of U5MR 0.786** 0.940**

(4.091) (5.113)

Yearsa

Dummy year 1991 -0.076 —

(-0.472) —

Dummy year 1996 -0.064 -0.128

(-0.368) (-1.335)

_cons -0.134 -0.373

(-0.148) (-0.496)

R2 0.615 0.942

sample 17 9
a the reference year is 1986, b for the Southern regions there is no DHS data
in 1991 as it was conducted among the states of the Northeast Region.
Statistical significance with a * p < 0.05; ** p < 0.01; *** p < 0.001.

Table 2 Comparisons of estimates of neonatal mortality
with the estimates of two official sources of information
1) the Brazilian monitoring report on the MDGs 2004
and 2) the 2008 Report on Basic Health Indicators

Region Indicadores
Basicos para

saude no Brasil
Report (2000)*

MDGs Report
NNM (2001)**

Predicted NNM
(2000)

Mean [95% CI]

NE 24.5 26.3 25.5 [25.2, 25.7]

N 18.7 18.4 18.3 [17.8, 18.9]

CW 14.2 14.6 14.2 [13.9, 14.6]

SE 12.3 12.5 13.4 [13.1, 13.7]

S 10.9 10.6 10 [9.7, 10.1]

* Estimates are produced using census data for some states [27] and for the
remaining states estimates are produced using data for the Mortality
Information System (SIM) and from the Live births Information System
(SINASC).

** Estimates are produced combining census data and survey data of the
Pesquisa Nacional por Amostra de Domicílio - PNAD.
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deaths in 1991 and 17.7 in 2000, while the difference in
under five mortality between these two groups fell from
83 deaths in 1991 to 65 in 2000.
In terms of the decline experienced between 1991 and

2000 at national level, there was a decline of 33% in
under five mortality suggesting that Brazil is on track to
meet the MDGs’ child health target by 2015. However,
this decline is not homogenous across poverty quintiles.
We found an increasing gradient in the percentage
decline by poverty quintiles, such that richer municipali-
ties experienced a faster decline in under five and neo-
natal mortality than poorer municipalities. For example,
the poorest municipalities experienced a reduction of
24% in neonatal mortality and of 28% in under five mor-
tality, while the richest municipalities had a decline of
49% in neonatal mortality and of 45% in under five
mortality.
Figure 3 shows that inequalities within regions and

states are also very wide we found that inequalities in

neonatal mortality between the poor and the rich have
increased in a large majority of the states during the
period analyzed. However, the highest inequalities were
found in states belonging to richer regions -Southern
Regions-. For example, we found that the states of Sao
Paulo and Rio Grande do Sol had the highest inequal-
ities in neonatal mortality in the country, with a poor
non-poor gap of 2.4 and 1.7 in 2000 respectively. These
are also the states with the highest inequalities across
different socioeconomic indicators, which may explain
our findings [41,42]. Sao Paulo for example, combines
the poorest and the richest populations, thus it is not
surprising that we also found the highest inequalities in
neonatal mortality.
We related the under five mortality reduction between

1991 and 2000 with the level of under five mortality in
2000 across poor and non poor municipalities (depicted
in Figure 4). We added as cut-points the national values
of both variables. The cut-point of 33% represents the

Figure 1 Distribution of under five mortality and predicted neonatal mortality per 1000 lb by poor and non-poor municipalities in
1991 and 2000.
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national decline in under five mortality between 1991
and 2000 and the cut-point of 33 per 1000 lb represents
the level of under five mortality at national level. From
this plot we can observed four groups of municipalities:
1) group one, municipalities with high under five mor-
tality -defined as rates above the national cut point of
33 per 1000 lb- and with low decline -defined as reduc-
tion below 33% national decline-; 2) second group,
municipalities with low under five mortality -defined as
rates below the 33 cut point- and low decline; 3) third
group, municipalities with high under five mortality and

high decline -defined as reductions above 33% national
decline -; and 4) fourth group, municipalities with low
under five mortality and high decline.
A large majority (81%) of municipalities in group one

-low decline and high under five mortality- are poor
municipalities, while almost all (96%) municipalities in
group four -high reduction and low under five mortal-
ity- are rich municipalities.
For policy purposes, we constructed an index (described

in Additional file 1: Appendix 6) using the groups of
municipalities of Figure 4 and mapped its distribution

Figure 2 Mean of under five mortality and predicted neonatal mortality per 1000 lb by poverty quintiles, Brazilian municipalities in
1991 and 2000.

Table 3 Inequality trends in under five mortality and predicted neonatal mortality per 1000 lb by poverty quintiles in
1991 and 2000

Poverty quintiles NNM per 1000 lb* U5MR PER 1000 lb* Decrease rate 1991-2000

1991 2000 1991 2000

Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI NNM U5MR

Quintile 5 (poorest) 34.54 [34.16, 34.92] 26.40 [26.07, 26.73] 114.24 [112.64, 115.85] 81.87 [80.52, 83.21] 24% 28%

Quintile 4 31.89 [31.43, 32.35] 22.71 [22.39, 23.04] 91.38 [89.64, 93.13] 65.21 [63.89, 66.53] 29% 29%

Quintile 3 26.27 [25.82, 26.73] 15.79 [15.51, 16.07] 59.04 [57.59, 60.48] 35.98 [35.09, 36.87] 40% 39%

Quintile 2 21.35 [20.98, 21.72] 11.62 [11.43, 11.81] 40.65 [39.78, 41.52] 23.52 [23.08, 23.96] 46% 42%

Quintile 1 (richest) 17.07 [16.77, 17.37] 8.69 [8.53,8.84] 30.88 [30.27, 31.49] 17.06 [16.74, 17.38] 49% 45%

National 26.22 [25.98, 26.47] 17.04 [16.83, 17.25] 67.23 [66.21, 68.25] 44.72 [43.94, 45.51] 35% 33%

Inequalities

Q5/Q1 Ratio 2.0 3.0 3.7 4.8

Q5-Q1 Differential 17.5 17.7 83.4 64.8

* National estimates differ from official sources due to differences in the sources of information.
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across municipalities to identify the critical geographical
areas (see Figure 5). Not surprisingly, we found that the
majority of municipalities in group one -low decline and
high under five mortality- belong to the poorer regions
(North and Northeast) where the majority of poor munici-
palities are concentrated. Specifically, a large majority
(60%) of municipalities in this group are concentrated in
four states of the Northeast Region: 24.4% in Bahia (identi-
fied as BA in Figure 3), 13% in Maranhão (MA), 10.4% in
Piauí (PI), and 8.8% in Paraíba (PB), which are also the
states were we found the highest levels of neonatal mortal-
ity among the poor in Figure 3.

However, we also found other states from wealthier
regions with a significant number of municipalities in
group one. For example, 47% of the municipalities in
Mato Grosso (MS) and 33% of the municipalities in
Espirito Santo (ES) were classified in group one despite
the fact that these states belong to richer regions like
the Center West and Southeast Regions.
Despite the socioeconomic conditions, there are some

poor municipalities in the poorer regions that have been
successful in reducing under five mortality to levels
below 33 per 1000 lb (group three): these municipalities
are mainly concentrated in the states of Pernambuco
(PE), Rio Grande do Norte (RN), Alagoas (AL), and
Ceará (CE) from the Northeast Region and Pará (PA)
from the North Region.

Conclusions
This study highlights the importance of conducting sub
national level analysis to monitor progress on MDGs.
Sub-national level analysis is also important in coun-
tries that have undergone decentralization reforms,
specifically at the level where the decisions on the
administration and provision of services are made in
order to determine whether policies and interventions
have been successful in improving the health of the
population.
Several policy implications may arise from this study.

As shown by the case of Brazil, the policies and inter-
ventions focused on improving newborn and child
health have been more effective in reaching the better
off than the worst off. However, the magnitudes of these

Figure 3 Predicted neonatal mortality per 1000 lb between poor and rich municipalities within the States and Regions of Brazil in
1991 and 2000.

Figure 4 Relationship between under five mortality reduction
between 1991 and 2000 and the level of under five mortality
per 1000 lb in 2000 by poor and non-poor municipalities, Brazil.
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inequalities are not shown by the national numbers. We
found that the achievement in the reduction of under
five mortality at national level has mainly been reached
by reducing the level of under five mortality among the
rich. Poor municipalities suffer from worse newborn and
child health than richer municipalities and the poor/rich
gaps have further increased, thus jeopardizing the possi-
bility of reaching the MDG-4 target by 2015. This find-
ings are consistent with the report to track progress on
the attainment of the MDGs on child and maternal
mortality (MDGs 4 and 5) by 2015 [2].
Most of the deaths between one year and five years

old are related to infectious disease and could be averted
by very cost effective interventions [43]. However
despite the implementation of specific interventions to
decrease child mortality in poor areas, still 6% of chil-
dren under five in these areas die from diarrhea [17]. In
addition, despite the implementation of actions to
increase access to clean water and sanitation among the
poor, still 83% of the households in rural areas do not
have access to improved drinking water as compare to
9% of the households in urban areas [44]. It is therefore
crucial to pursue intersectoral interventions to improve
the socioeconomic conditions of poor municipalities.
In the other hand, most of the deaths of newborns

could be prevented with access to adequate care during

and after pregnancy and child birth [4,20]. However, a
recent study found that poorer municipalities had lower
proportion of deliveries attended in health facilities and
proportions of pregnant women covered by antenatal
care than richer municipalities, the differences being
attributed to lack of human resources, qualified person-
nel, and local health facilities [19]. Thus, further efforts
are required from municipal, state and federal authori-
ties to make health systems more equitable and to iden-
tify the interventions that have the ability to reach the
poor and reduce socioeconomic inequalities in maternal,
newborn and child health.
These results contribute to a major understanding of

inequalities in newborn and child health within Brazil.
Brazil’s MDG report 2007, has pointed out that policies
and programs should be targeted to improve the health
of the population in the poorest Regions (the North and
Northeast) to address health inequalities [9]. In this
study, we provide further evidence and found that not
all the municipalities in these regions require additional
policy interventions. In fact, despite being economically
disadvantaged, some poor municipalities in the North
and Northeast are performing very well and their poli-
cies and interventions can be used as an example for
further actions by municipalities with similar socioeco-
nomic conditions. Furthermore, the majority of the
municipalities with low decline and high levels of under
five mortality have also very high levels of neonatal mor-
tality. These municipalities are concentrated in four
states in the Northeast Region, but some are found in
richer states and richer regions.
The conclusions drawn from this study should take

into consideration the limitations of the data. The data
used in this study are from 2000, which is the most
recent year with valid estimates of child mortality at
municipal level (as pointed out in the methods). It is
therefore likely that the level of neonatal and child mor-
tality in this study overestimate the current numbers.
Although, several national and sub-national interven-
tions have been implemented to reduce inequalities in
neonatal and under five deaths across socioeconomic
groups since 2000, the most recent information shows
that in general, between 2000 and 2005, there have been
relatively few improvements in neonatal and child health
inequalities between the poorest and richest regions
[9,17].
Data quality may have affected the pattern of our esti-

mates of neonatal mortality in the Northern Regions.
We have therefore performed a sensitivity analysis pro-
ducing the estimates of neonatal mortality for the muni-
cipalities in the Northern Regions using the relationship
of the Southern Regions (from Table 1). We found that
the estimated neonatal mortality in the Northern muni-
cipalities is higher if the Southern relationship is used

Figure 5 Distribution of municipalities by categories of
municipalities grouped by under five mortality reduction
between 1991 and 2000 and the level of under five mortality
in 2000.
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than the estimates when the Northern relationship is
used. We also found that the patterns found across
municipalities do not change and even more the
inequalities are more accentuated when the Southern
relationship is used. This implies that the results and
conclusions found in this study do not change when
using different extrapolation models.
We found that the model of the Northern Regions

explains 61% of the total variance while for the Southern
Regions it explains 94% of the variance. Although the
lack of explanatory power of the model in the Northern
relationship may have affected the quality of our esti-
mates the sensitivity analysis demonstrates that the pat-
terns found remain the same even when using different
models.
Despite the limitations associated with the data, this

study has highlighted some critical issues in terms of
the persistent inequalities in neonatal and child mortal-
ity within Brazil. This is particularly important for most
developing countries and countries with great inequal-
ities, thus further efforts are required to improve the
measurement and monitoring of trends in neonatal and
under five mortality at sub-national level.
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