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Abstract

An urban health index (UHI) was used to quan-
tify health inequalities within Rio de Janeiro, 
Brazil, for the years 2002-2010. Eight main 
health indicators were generated at the ward 
level using mortality data. The indicators were 
combined to form the index. The distribution of 
the rank ordered UHI-values provides informa-
tion on inequality among wards, using the ratio 
of the extremes and the gradient of the middle 
values. Over the decade the ratio of extremes in 
2010 declined relative to 2002 (1.57 vs. 1.32) as 
did the slope of the middle values (0.23 vs. 0.16). 
A spatial division between the affluent south 
and the deprived north and east is still visible. 
The UHI correlated on an ecological ward-level 
with socioeconomic and urban environment in-
dicators like square meter price of apartments 
(0.54, p < 0.01), low education of mother (-0.61, 
p < 0.01), low income (-0.62, p < 0.01) and pro-
portion of black ethnicity (-0.55, p < 0.01). The 
results suggest that population health and eq-
uity have improved in Rio de Janeiro in the last 
decade though some familiar patterns of spatial 
inequality remain.

Health Status Indicators; Health Inequalities; 
Urban Health
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Resumo

Um índice de saúde urbana foi utilizado para 
quantificar desigualdades na saúde no Rio de 
Janeiro, Brasil, 2002-2010. Oito indicadores de 
saúde foram gerados no nível dos bairros utilizan-
do dados de mortalidade. Os indicadores foram 
combinados para formar o índice. A distribuição 
ordenada dos valores do índice fornece informa-
ções sobre a desigualdade entre os bairros, por 
meio da relação entre os extremos e o gradiente 
dos valores médios. Ao longo da década, a propor-
ção dos extremos caiu em 2010 em relação a 2002 
(1,57 vs. 1,32), assim como a inclinação dos valo-
res médios (0,23 vs. 0,16). A divisão espacial entre 
o sul afluente e o norte carente está ainda visível. 
Os valores do índice correlacionam com indica-
dores socioeconômicos e urbanos como o preço do 
metro quadrado de apartamentos (0,54, p < 0,01), 
baixa escolaridade da mãe (-0,61, p < 0,01), baixa 
renda (-0,62, p < 0,01) e proporção de pretos étni-
cos (-0,55, p < 0,01). Os resultados sugerem que a 
equidade na saúde no nível da população tem me-
lhorado no Rio de Janeiro na última década, em-
bora padrões familiares da desigualdade espacial 
permaneçam.

Indicadores Básicos de Saúde; Desigualdades em 
Saúde; Saúde Urbana
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Introduction

Latin America in general, and Brazil in particu-
lar, experienced rapid urbanization during the 
period between the 1960s and 1990s. The area is 
second only to Asia in the proliferation of mega-
cities. With 79% of the population living in urban 
areas, Brazil is already more urbanized than Eu-
rope 1. As one of the five emerging economies 
of the world, referred to as BRICS (Brazil, Rus-
sia, India, China, South Africa), Brazil became a 
regional model in Latin America during the last 
decade with a prospering economy linked to new 
social policies.

Urban development in Rio de Janeiro

The city of Rio de Janeiro, however, is character-
ized by a deep socioeconomic division, where 
the urban space allocation of the city dwellers is 
strongly influenced by income 2. Mean income 
tends to decrease from south (the upper-class 
neighborhoods) to north (the suburbs) and from 
east (the city center) to west. These patterns pre-
dated urban planning efforts in the 20th century, 
since rising social inequalities were a product of a 
fast, massive rural-to-urban migration in combi-
nation with insufficient industrialization and in-
adequate infusion of national capital into Brasilia 
during the 1960s. Lack of housing, insufficient 
transportation, informal employment, violence, 
marginalization of the poor and a lack of public 
services increased the inequalities. Informal set-
tlements, known as favelas, sprung up excessive-
ly (often in proximity to high income areas) and 
formed Rio de Janeiro’s characteristic socioeco-
nomic mosaic. Since re-democratization in 1984, 
Rio de Janeiro has adopted various urban reforms 
and social redisitribution policies that have cul-
minated in the current process of urban renewal 
3. A whole package of interventions, focusing on 
neighborhood-upgrading, social housing, secu-
rity, primary health care and transportation 4,5 
was created to integrate former marginalized ar-
eas and generate permanent improvements from 
mega-events 6, such as the 2014 FIFA World Cup 
and the 2016 Summer Olympics Games. The pro-
cess of urban reinvention does not come without 
controversy, however. Some investigators argue 
that the majority of urban interventions have on-
ly selective impact and their influence on health 
outcomes may not be detectable 7,8,9.

Such controversy is evident in assessing Bra-
zil’s public health status. There have been no-
table advances in Brazil’s public health in terms 
of access and quality 10,11. But there remains a 
triple burden of disease. Infectious diseases like 
dengue, tuberculosis and HIV continue to have 

a significant impact on urban population health 
12,13,14. There are also growing rates of non-com-
municable diseases (NCD), such as diabetes, 
with Brazil likely to bear one of the world’s high-
est health burdens 15. Violence and homicide are 
also concentrated in urban settings 16. Patterns 
of population health that mirror socioeconomic 
indicators have often been well-demonstrated, 
mainly for issues such as maternal-infant health, 
violence, and quality of primary health care ser-
vices 17,18. Previous studies recognized that Rio 
de Janeiro is divided into an affluent south and 
deprived areas in the north and east, where dis-
advantaged populations in Rio de Janeiro face an 
excess burden of poor health 19,20,21,22.

Intra-urban health perspective

An intra-urban perspective is critical to visual-
ize inequalities in health outcomes and health 
development. Population density and hetero-
geneity of the type seen in mega-cities can ob-
scure differences; the level of analysis has to be 
a geographical urban unit small enough to make 
distinctions within urban areas, in order to cap-
ture the inequality in health. Since health is now 
widely viewed as a product of underlying social 
determinants that act on the individual 23,24, such 
detailed analysis is key to identifying important 
differences. In this context, the urban space can 
be understood as a determinant of health that 
concentrates historic, economic, social, politi-
cal, and environmental conditions that influence 
health. Space is as much producer as product of 
these inequalities 25.

In this paper an approach based on an ur-
ban health inequality index 26 is used to disag-
gregate and quantify health within the city of Rio 
de Janeiro for the years 2002 to 2010. Different 
from previous studies that partially introduced 
inequality indicators in Rio de Janeiro 17, the 
Urban Health Index (UHI) can incorporate a 
broad range of key urban health issues through 
aggregation of various indicators. This approach 
makes it possible to demonstrate inequality in its 
spatial dimension, and can encompass a whole 
municipality or smaller configuration, as well as 
synthesizing different aspects of health inequal-
ity in a comprehensible metric. When applied 
over time, the UHI can also follow the trend of 
health development. In a broader context, such 
an analysis can draw inferences about how popu-
lation health, and specifically health inequalities, 
may have been influenced by the economic, his-
toric and functional structuring of the city.

Research on urban health inequalities in Bra-
zil is of great relevance. Not only economically 
but also in terms of health, low- and middle-in-
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come countries are thought to be brought into 
alignment with high-income countries through 
urbanization 27. At the center of this controversy 
stands the question of whether cities are able to 
provide an urban health advantage for sustain-
able development 28; particularly as Brazilian cit-
ies concentrate extreme inequalities in income, 
education, housing, safety and health 10,29. The 
UHI serves as an advocator for and a measure of 
trends in urban life quality.

Methods

The Municipality of Rio de Janeiro, where this 
ecological-spatial study was performed, has five 
planning areas with 22 administrative districts 
and 160 wards. Mortality events at ward level for 
the years 2000 to 2012 are the basis for this analy-
sis. Public data were obtained from the routine 
national health information system (DATASUS; 
http://www2.datasus.gov.br/DATASUS.html, 
accessed on 15/Sep/2014) and its municipal 
branch (TABNET; http://www0.rio.rj.gov.br/tab 
net.html, accessed on 15/Sep/2014). The Ethics 
Committee granted exempt status for this proj-
ect since only previously collected, publicly avail-
able, non-identified data were used. Two regis-
tries of the municipal TABNET were accessed: the 
mortality registry (Sistema de Informações sobre 
Mortalitade [SIM]) and the birth registry (Sistema 
de Informação sobre Nascidos Vivos [SINASC]). 
Deaths were referenced using the variables “ward 
of residency” and “Planning Area” recorded in the 
death certificates.

Considering the health burdens mentioned 
in the introduction, eight causes of mortality 
were selected to form the UHI for Rio de Janei-
ro (ICD-10 codes are indicated in parentheses): 
diabetes (E10-E14), ischemic heart disease (I20-
I25), breast and cervix cancer (C50, C53), HIV  
(B20-B24), tuberculosis (A15-A19), infant deaths, 
traffic accident (V01-V99) and homicide (X85-
Y09). They represent four key urban health con-
ditions (i.e. NCD, infectious disease, child health 
and injuries). The selection of these causes of 
mortality was based on the recommendation 
obtained through several urban health expert 
roundtables 30. The component indicators rep-
resent socially sensitive diseases since they are 
partially or completely preventable by means of 
health sectorial or inter-sectorial policies. To cal-
culate ward mortality rates per 100,000 inhabit-
ants, population data were taken from the Brazil-
ian Institute of Geography and Statistics (IBGE; 
http://www.ibge.gov.br/english.html, accessed 
on 15/Sep/2014) census counts in 2000 and 2010 
in census tract units and then aggregated into 

wards and administrative districts. The popula-
tion data for the years in between the census years 
were generated through linear interpolation.

For bivariate correlation analysis, indicators 
for health determinants were calculated at ward-
level as proportions of total population by using 
data from the IBGE demographic census 2010 
[illiteracy; persons with income below double the 
minimum wage (approximately USD 600 per 
month); persons with income between 5 and 10 
times the minimum wage (approximately USD 
1,500 to 3,000 per month); the IBGEs’ main eth-
nical classification of the population into black, 
white and mulatto; people aged over 60; people 
aged under 20] and the birth registry using the 
newborn register SINASC (mothers aged less than 
20; premature birth before week 37; mothers with 
4 to 7 years of education; mothers with more than 
12 years of education; mothers with less than 3 
prenatal consults; mothers with more than 7 pre-
natal consults).

Wards with a population of less than 5,000 
were merged with their biggest neighbor, result-
ing in a total of 142 wards for analysis with an 
average population size of 46,176 (range, 5,466 
to 328,370). As a control for fluctuation, a 5-year 
weighted mean was applied to the mortality rates 
in order to create stability throughout time. The 
mortality rate for the year of interest MR(t) was 
weighted 0.4 times whereas the respective two 
neighboring years (MR(t-/+1;2)) were weighted 0.2 
and 0.1. Due to the weighting, the results of the 
first and latest two years (2000, 2001, 2011, 2012) 
were not counted in the final analysis. After com-
parative calculations the 5-year weighting was 
more capable of controlling for fluctuations than 
the 3-point moving median.

Weights were applied to the mortality rates 
(MR) of five consecutive years (t) to calculate the 
five-year weighted mean:
MRweight = MR(t-2) x 0.1 + MR(t-1) x 0.2 + MR(t) x 0.4 
+ MR(t+1) x 0.2 + MR(t+2) x 0.1

The Standard Mortality Ratio (SMR) is recom-
mended for small sample sizes, but nevertheless, 
age-adjustment based on small numbers exhib-
its large random variation, specifically when less 
than 20 total health events can be observed over 
all age-groups 31. To avoid further manipula-
tion of the data indirect age-standardization for 
every single ward was only applied to selected 
indicators (using 10-year specific age-strata, for 
both sexes combined, and using national age-
specific mortality rates to be applied to the ward’s 
population). Age-adjustment was applied to the 
mortality indicators for diabetes, ischemic heart 
disease, and cervix and breast cancer, which are 
more strongly influenced by aging compared to 
other indicators.
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The methodology for the construction of the 
UHI 26 is adapted from the Human Development 
Index (HDI) 32. Briefly, to transform the health 
rates into a dimensionless number between 0 
and 1 (IS) the observed mortality rate (Ii) is stan-
dardized as a proportion of the range, using a 
single maximum (max(I)) and minimum (min(I)) 
value that was observed among the study units 
for all of the years from 2002 to 2012.
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where m = 8. For the purposes of the calculation, 
a lower goalpost value than the minimum was 
used (min(I)-1), to avoid 0 values when calcu-
lating the geometric mean. In order to keep in-
terpretation in line with the HDI, the final index 
values were reversed (1-Index) so that high index 
values are equal to better health outcomes. When 
the index values are ranked, the resulting graph 
typically has an inverted-S shape with steeper 
slopes in both extremes. Two characteristics of 
the curve were examined to evaluate the health 
inequalities as shown in the distribution: first, the 
ratio of the mean of the extreme upper and lower 
10% (i.e. the disparity ratio), and second, the de-
gree of inclination, or slope, of the middle 80% 
of the distribution curve (i.e. the disparity gradi-
ent). The comparative slope was made on a hori-
zontal scale with intervals 1/n, to keep it within 
(0,1) boundaries and permit comparability.

The results of the UHI and their spatial distri-
bution were mapped and visualized in a choro-
pleth by using the ArcGIS software (http://www.
esri.com/software/arcgis/index.html), permit-
ting analysis and interpretation of spatial pat-
terns of the health inequalities. Local autocor-
relation on the ward level was revealed through 
calculation of the Local Moran’s Index (LISA) 33,34. 
It computes the correlation (or degree of simi-
larity or dissimilarity) between an area’s value 
and the average of surrounding neighbor values. 
Positive values imply that a unit has similar high 
or low values with its neighboring units. Negative 
values indicate that a unit has dissimilar values 
with its neighbors. For cluster analysis the cor-
relation between an area’s value and the average 
value from a randomly chosen set of areas is cal-
culated. The correlations follow a normal distri-
bution. If the area and its neighbors all have val-
ues that are above the mean, this is interpreted as 
a significant cluster of places with “high” values. 

The results can be visualized in maps in order to 
facilitate the detection of a cluster of high values 
(HH) or low values (LL) or to highlight contrasts 
(HL, LH). Finally, correlation analyses were per-
formed to explore possible associations between 
social and urban environmental indicators and 
the UHI.

Results

The distribution of the ward-level index values by 
their rank order for 2002 and 2010 demonstrates 
the typical shape for the UHI, with some attenu-
ation at the upper end (Figure 1). For 2010, higher 
index values are observed overall with a flatter 
inclination and a considerable improvement in 
the lower 10% extreme in comparison to 2002. 
The disparity ratio (i.e. the ratio of the upper and 
lower 10% in the UHI distribution) fell from 1.57 
to 1.35 during the study period (Table 1). The dis-
parity gradient (i.e. the slope of the middle 80% 
of the UHI distribution) also declined, reaching a 
nadir of 0.18 in 2010. Both these trends reflect an 
overall decrease in the range of the UHI distribu-
tion. As shown in Figure 1, there were particularly 
large positive shifts in the lower percentiles of the 
UHI distribution that caused the reduction of the 
width of the UHI distribution. The changes over 
time at the lower extreme of the distribution are 
more marked than at the higher extreme. Spe-
cifically, the minimum UHI value increased from 
0.16 in 2002 to 0.55 in 2010, whereas the maxi-
mum value only changed from 0.95 to 0.96 over 
the same period.

When viewed singly, similar results were 
found for most of the indicators that compose 
the index. The majority of the indicators dem-
onstrate falling ratios and declining slopes, with 
the exception that diabetes and tuberculosis re-
corded a new increase since 2006 and 2007. Ac-
cording to the index distribution parameters, 
wider health inequalities were observed for isch-
emic heart diseases and infant mortality, while 
HIV/AIDS, tuberculosis and homicides present a 
more uniform distribution among the city wards.

The spatial distribution of the ward-level UHI 
values, visualized for the Municipality of Rio de 
Janeiro, reflects the improvement observed from 
2002 to 2010 (Figure 2). However, low index val-
ues are still observed in the northern districts and 
especially near the city center, while the north-
eastern areas show a very heterogeneous picture 
in 2010. The highest (best) index values were 
concentrated in the southern region, and they 
extend more widely in 2010. 

After applying the LISA (Figure 3), it is shown 
that in 2010 the southern areas form a statisti-
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Figure 1

Ranked distribution of Urban Health Index (UHI) values for 142 wards of Rio de Janeiro Municipality, Brazil, 2002 and 2010.

cally significant cluster of high index values with 
the exception of the two favelas. Clusters of low 
index values and nuclei of contrasting high-low 
wards are both found in the northeast region. A 
significant divide of high-low areas is presented 
between a modern ward (high) and its northern 
neighborhood (low).

Bivariate correlation analysis at ward level 
between a few selected urban environment in-
dicators and UHI (Table 2) reveal consistently 
high and significant correlation coefficients. 
The correlation with the UHI is the highest for 
“apartment price per square meter” (0.54) and 
is also statistically significant for “distance from 
Lagoa” (an artificially defined center of upper-
class neighborhoods) (-0.30). Statistically sig-
nificant correlations also exist between the UHI 
and Social Determinants of Health (SDH), such 
as education, income and race. Mortality indi-
cators for diabetes, tuberculosis, homicide and 
infant mortality generally showed higher correla-
tion coefficients with the socio-environmental 
determinants compared to the other mortality 
indicators.

Discussion

UHI reveals reduction of health inequalities

According to the results of the UHI analysis, an 
overall reduction of health inequalities among 

wards is seen, suggesting that the health equity 
situation improved in Rio de Janeiro in the last 
decade. Average ward-level UHI values were 
higher in 2010 than in 2002 indicating improved 
levels of population health. At the same time, the 
disparity ratio and slope of the UHI distribution 
across wards came down. Particularly the wards 
with low index values in 2002 improved their 
health outcomes over the decade. This is because 
extremely high mortality rates of the magnitude 
observed in 2002 were brought down in the fol-
lowing years. The rapid improvement in mortal-
ity may not be fully explained by new social poli-
cies, but lend general support to their impact.

Positive economic developments within Bra-
zil could have had an effect on this observed im-
provement in the urban health equity situation. 
Several innovative redistributive policies have 
been implemented that were able to strengthen 
the position of the poor and extend the social 
security system, such as the organization of the 
unified health system in 1988 35,36. Brazil also has 
one of the largest antiretroviral and tuberculo-
sis treatment programs amongst middle-income 
countries 37. It is not only the health sector but 
underlying social determinants that have likely 
been improved as a result. On the urban level, 
numerous urban reforms have been concerned 
with redefining the state’s public services (for 
example the package of urban interventions in 
preparation for the 2016 Olympic Games 6,38). But 
it is still not clear if these urban renewal projects 
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Table 1

Descriptive statistics of the Urban Health Index (UHI) and its component mortality indicators in Rio de Janeiro Municipality, 

Brasil, 2002 to 2010.

2002 2003 2004 2005 2006 2007 2008 2009 2010

UHI

Ratio 1.57 1.55 1.54 1.50 1.50 1.40 1.35 1.34 1.35

Slope 0.23 0.23 0.22 0.22 0.22 0.21 0.20 0.19 0.18

Mean 0.77 0.78 0.79 0.79 0.79 0.80 0.81 0.82 0.82

SD 0.10 0.10 0.10 0.09 0.09 0.08 0.07 0.07 0.07

Min. 0.16 0.17 0.12 0.19 0.22 0.45 0.56 0.56 0.55

Max. 0.95 0.95 0.94 0.93 0.92 0.93 0.94 0.95 0.96

Range 0.79 0.78 0.81 0.74 0.70 0.48 0.38 0.39 0.41

Diabetes

Ratio 2.55 2.34 2.17 2.04 1.99 2.09 2.09 2.13 2.12

Slope 0.43 0.44 0.43 0.44 0.43 0.41 0.40 0.42 0.40

Ischaemic heart disease

Ratio 3.42 3.03 2.62 2.64 2.57 2.22 2.09 2.01 1.92

Slope 0.36 0.36 0.38 0.36 0.35 0.33 0.32 0.31 0.28

Breast and cervix cancer

Ratio 2.25 2.26 2.01 1.95 1.99 2.01 1.83 1.84 1.86

Slope 0.30 0.30 0.27 0.29 0.28 0.28 0.28 0.27 0.27

HIV

Ratio 1.54 1.52 1.43 1.42 1.42 1.38 1.38 1.39 1.42

Slope 0.19 0.19 0.19 0.17 0.17 0.16 0.16 0.16 0.16

Tuberculosis

Ratio 1.66 1.56 1.52 1.40 1.40 1.36 1.42 1.46 1.46

Slope 0.23 0.22 0.19 0.17 0.17 0.18 0.19 0.17 0.18

Infant mortality

Ratio 2.60 2.12 2.54 2.63 2.63 2.25 2.17 2.16 2.37

Slope 0.36 0.33 0.34 0.38 0.38 0.38 0.37 0.38 0.40

Traffic accident

Ratio 1.77 1.80 1.77 1.75 1.75 1.59 1.47 1.38 1.34

Slope 0.23 0.23 0.24 0.25 0.25 0.22 0.21 0.20 0.18

Homicide

Ratio 1.62 1.62 1.57 1.46 1.46 1.30 1.24 1.21 1.19

Slope 0.26 0.25 0.23 0.22 0.22 0.17 0.15 0.13 0.11

are enough to decrease the huge social inequali-
ties that exist. It is too early to make statements 
about their possible impacts.

Spatial division hard to overcome

Despite the positive trends, the findings also 
confirmed that the spatial segregation which has 
characterized Rio de Janeiro persists 19,20,21. For 
instance, the northern areas lag behind in health 
development, and the geo-spatial maps of the 
UHI (Figure 2) show that Rio de Janeiro still is a 
divided city with a persistent gap between north-

ern and southern neighbors. When the UHI was 
generated for the five main Planning Areas that 
each correspond to the politically organized sub-
regions (Center, South, Northeast, Southwest, 
Northwest) for the years 2002 to 2010 (data not 
shown), the increase in UHI index values was 
observed but the established disparities within 
Planning Areas were unaltered. In particular, the 
center and the northern areas did not show a 
trend towards closing the gap with the southern 
regions. The trend of the northeast wards is un-
clear. This area shows evidence of improvements 
in UHI values in certain wards for 2010, but it is 
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also the region of clusters of low index values, 
that is located in two large favela complexes.

However, the results augur well for the impor-
tance of the Family Health Program (FHP), which 
was initiated in 2008 in Rio de Janeiro, and which 
is expected to cover 70% of Rio’s population by 
2016 39,40. Until 2008, when the FHP was launched 
for Rio de Janeiro, there was no primary health 
care strategy covering the entire city. Health care 
access was therefore mainly a territorial problem. 
As a result secondary health care facilities such 
as emergency wards are overburdened with de-
mand. Treatment in those facilities is focused on 
acute care rather than prevention and monitor-
ing of chronic diseases, and patients do not de-
velop a regular relationship with a family health 
physician as a first entry point. The health indica-
tors that make up the UHI are diseases that are 
likely to respond well to the quality of primary 
health care (prevention, diagnosis, treatment). 
There is a need for central planning to allocate 

good quality health facilities and health care 
workers equally among the urban area. For future 
studies it would be of great interest to measure 
the impact of the FHP on health equity and the 
UHI could be a helpful tool for that.

The horizontal dimension of inequity

There are statistically significant correlation co-
efficients for the UHI with income-level, price of 
apartment per square meter and distance from 
the city center at the ward level. Those correla-
tions do not provide strong analytical mecha-
nisms, but they still suggest an association be-
tween health and market value at the urban pop-
ulation level. A health system that follows free-
market patterns may be prone to create inequali-
ties driven by economic characteristics 41. In this 
analysis the relationship between health and so-
cioeconomic position was also demonstrated 42.  
The number of pre-natal consults not only rep-

Figure 2

Map displaying the geospatial distribution of the Urban Health Index (UHI) in 142 wards of Rio de Janeiro Municipality, Brazil, 2002 and 2010.
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Figure 3

Map displaying the local autocorrelation (Local Moran Index) for the ward-level Urban Health Index (UHI) values, Rio de 

Janeiro, Brazil, 2010, with statistically significant clusters of high index wards (HH) and low index wards (LL).

resents the effectiveness of prevention programs, 
but also indicates access to and coverage by the 
primary health care system. In particular wards 
with a young population structure exhibit low 
health index values. This raises questions about 
whether a whole future generation might be mar-
ginalized in terms of having opportunities to op-
timize health. The verified correlations between 
health outcomes and predominant skin color of 
a population represent a historic heritage of ra-
cial discrimination. Following the results it seems 
that in Rio de Janeiro population health may be 
influenced by the market value and social char-
acteristics of the wards.

It is striking that mortality due to diabetes 
and infant mortality, two of the indicators which 

exhibited high correlations with social determi-
nants, and which tend to be amenable to health 
care interventions – in other words, indicators 
which should be sensitive to social and health 
system improvements – show a trend of grow-
ing inequalities. Infant mortality is a focus of 
the FHP and is already well controlled on the 
regional-national level, but it seems to remain 
a problem at the urban level 43. For diabetes, a 
rising burden of disease has been predicted, per-
haps to alarming levels 15 and the UHI appears to 
capture that phenomenon. Tuberculosis, a main 
co-infection of HIV, also remains a challenge, 
perhaps due to persistent urban poverty-related 
factors, such as population density, poor sanita-
tion and barriers to health care, which contrib-
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Table 2

Bivariate correlation coefficients for the ward-level Urban Health Index (UHI) values 2010 and its eight component indicators with selected determinants  

aggregated by ward. 

Diabetes Ischaemic 

heart 

disease

Breast 

and cervix 

cancer

Tuber- 

culosis

HIV Traffic 

accident

Homicide Infant 

mortality

UHI

Spearman

Distance from Lagoa -0.46 * -0.26 * -0.078 -0.01 -0.10 -0.12 -0.40 * -0.40 * -0.30 *

Apartment price per square 

meter **

0.57 * 0.36 * 0.19 *** 0.37 * 0.27 * 0.25 * 0.58 * 0.53 * 0.54 *

Population growth # -0.26 * -0.045 0.13 0.04 0.01 -0.04 -0.14 -0.18 *** -0.09

Pearson

Mothers aged < 20 years ## -0.56 * -0.25 * -0.15 -0.42 * -0.32 * -0.24 * -0.56 * -0.63 * -0.61 *

Birth before week 37 ## -0.01 -0.13 -0.13 -0.16 -0.11 -0.05 -0.11 -0.04 -0.17

Mothers with 4-7 years of 

education ##

-0.50 * -0.27 * -0.15 -0.49 * -0.34 * -0.29 * -0.47 * -0.58 * -0.62 *

Mothers with > 12 years of 

education ##

0.65 * 0.36 * 0.20 *** 0.43 * 0.35 * 0.30 * 0.55 * 0.62 * 0.66 *

Mothers with < 3 pre-natal 

consultations ##

-0.48 * -0.24 * -0.13 -0.36 * -0.27 * -0.14 -0.43 * -0.51 * -0.51 *

Mothers with > 7 pre-natal 

consultations ##

0.58 * 0.27 * 0.16 0.40 * 0.31 * 0.21 *** 0.49 * 0.59 * 0.59 *

Illiteracy # -0.43 * -0.06 -0.02 -0.36 * -0.22 * -0.13 -0.29 * -0.48 * -0.41 *

Persons with income < 

double mininum wage #
-0.61 * -0.29 * -0.17 *** -0.43 * -0.35 * -0.25 * -0.49 * -0.58 * -0.62 *

Persons with income  5-10 

times mininum wage #
0.63 * 0.29 * 0.18 *** 0.40 * 0.31 * 0.22 *** 0.54 * 0.60 * 0.61 *

Black # -0.51 * -0.21 *** -0.17 *** -0.39 * -0.24 * -0.15 -0.46 * -0.66 * -0.55 *

White # 0.62 * 0.27 * 0.14 0.36 * 0.28 * 0.18 *** 0.53 * 0.66 * 0.60 *

Mulatto # -0.62 * -0.28 * -0.11 -0.31 * -0.27 * -0.18 *** -0.52 * -0.60 * -0.57 *

People aged > 60 years # 0.52 * 0.018 *** 0.03 0.23 * 0.17 *** 0.15 0.37 * 0.50 * 0.42 *

People aged < 20 years # -0.57 * -0.20 *** -0.08 -0.31 * -0.21 *** -0.17 -0.44 * -0.58 * -0.50 *

* Statistically significant at p < 0.01 level (double-sided); 

** Square meter price for apartment: source ZIS; 

*** Statistically significant at p < 0.05 level (double-sided); 

# IBGE census data, 2010; 

## SINASC data, 2010.

ute to tuberculosis infection and progression 37. 
Inequality in HIV mortality is on the rise as well, 
despite the fact that Brazil has one of the biggest 
antiretroviral therapy programs among middle- 
income countries.

On the other hand, ischemic heart disease 
and breast-cervix cancer, two further indica-
tors reflecting NCDs, show the biggest reduc-
tions in the disparity ratio. This could be a sign 
of improvements in living conditions and related 
lifestyle factors, as well as improved access to 
preventive and curative healthcare for these two 
conditions across the whole population. Another 
positive indication is the decrease of inequality 

in deaths due to external causes (i.e. homicide, 
traffic accident). This may reflect the effects of 
increased investments in public security or the 
impact of general socioeconomic developments 
at local and national levels 41.

Beyond the SDH – the role of the
geographical space

The World Health Organization (WHO) under-
stands health as a product of underlying SDH. 
The urban space is also an SDH since it produces 
certain health outcomes by providing character-
istic social circumstances 44. In fact, social prob-
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lems are often found expressed in connection 
with geographical features. A core question is to 
what extent, and in what way, social background 
and place determine health outcomes. It is fun-
damental to understand space as a product of 
preexisting systematic inequalities that are gen-
erated by a complex interplay of political, eco-
nomic and social systems 45. The ward-level cor-
relation analyses reflected the possible relation-
ship between health, SDH and space, suggesting 
that spatial exclusion in health may also be char-
acterized by socio-economic and racial patterns.

With the launch of Rio 2016 in combination 
with a growing public awareness 46, Rio de Janeiro 
is faced with a great opportunity. It may lead to a 
process where politics, the health sector and civil 
society can align programs and policies towards 
closing the social and spatial equity gap. There is 
evidence to suggest that social programs, more 
so than investments in the built environment, 
can indeed shift the patterns of inequality 12,47. In 
the long run a better distribution of health servic-
es and health workers may be needed to extend 
coverage to the urban periphery and socially dis-
regarded neighborhoods. The social structure of 
neighborhoods (e.g. by education level, income, 
percentage of elderly) will also need to be con-
sidered, as higher disease prevalence is found in 
socioeconomically disadvantaged wards.

Methodological constraints on the
intra-urban level

The more disaggregated the data (i.e. the unit of 
analysis gets smaller) the higher the variances for 
mortality rates. There are statistical artifacts due 
to the random fluctuation of rates in low pop-
ulated areas 20. Preliminary observations (data 
not presented) suggest that these are important 
issues to deal with which warrant further inves-
tigation to obtain statistically robust results. In-
dices, by their very nature, can obscure changes 
in the indicators. But their strength is their ability 
to capture the overall, more holistic, picture in 
a relatively simplistic manner. Also, high vari-

ances for the mortality rates might be absorbed 
through the combination of several highly cor-
related component indicators. Here, methods 
such as selective age-adjustment and the five-
year weighted moving averages were used as a 
first alternative to an empirical Bayesian smooth-
ing approach, which would be likely to attenuate 
inter-spatial urban inequalities (i.e. between the 
wards) 48,49. The five-year moving averages, how-
ever, may attenuate changes over time within 
a single geographic unit. In general it is recom-
mended to keep the analyses as disaggregated 
as possible, to not lose some of the finer nuances 
and details of inequalities within urban settings. 
In the specific case of Rio de Janeiro, the ward 
level is still not detailed enough to capture varia-
tions at the neighborhood level, which incor-
porates micro areas with different income and 
social situations, such as favelas. There is still a 
necessity to collect comprehensive health data 
on that micro-urban level to allow for a more de-
tailed perspective 50.

Conclusion

In summary, this study examined intra-urban 
health inequalities in Rio de Janeiro using an 
index composed of eight health indicators. 
The main objective was to reveal the trends in 
health inequality including their spatial patterns 
and certain links to SDH – at a moment when 
the city is in a state of urban renewal. The UHI 
and its applications appear to be a flexible ap-
proach for measuring equity within urban set-
tings. Evidence was found that the health equity 
situation has improved in Rio de Janeiro since 
2002 as wards at the lower end of the inequality 
distribution improved but a substantial spatial 
divide is still visible in terms of health develop-
ment. Results suggest that the spatial inequalities 
adapt socioeconomic and market value patterns. 
The FHP provides a holistic approach that might 
be able to achieve better health equity within Rio 
de Janeiro’s territory.
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Resumen

Se utilizó un índice de salud urbana para cuantificar 
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baja educación materna (-0.61, p < 0.01), baja renta 
(-0,62, p < 0,01) y la población afrobrasileña (-0,55, p < 
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