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Abstract

Introduction

This study aims to determine spatial patterns of
mortality and morbidity for five health problems in an urban environment: homicides, adolescent pregnancy, asthma hospitalization, and
two vector-borne diseases, dengue and visceral
leishmaniasis. All events were obtained through
the city health database and geoprocessed using
residential addresses and 80 planning units
consisting of census tracts. We used thematic
maps, proportionate mortality/morbidity ratios
by planning unit, and the overlapped rank of
the 20th worse planning unit rates for each
event. A spatial pattern of high rates of homicides, proportion of young mothers, and hospitalization due to asthma overlapped in socially
and economically disadvantaged areas. For the
two vector-borne diseases, high rates with great
dispersion were found in underprivileged areas,
in contrast with very low rates among higher income areas. The results indicated the coexistence of heavier disease burden for residents of
urban areas where poverty and lack of effective
public health policies may be modulating social
health problems. For the two vector-borne diseases, an environmental intervention in one
mosquito-borne disease might be playing a role
in the other’s incidence.

Research in the field of urban health has been
the target of changes, incorporating individual
and downstream determinants and compositional and contextual attributes 1.
The traditional urban health model, centered on infectious diseases, has been replaced
by a focus on acute and chronic diseases, highlighting asthma, depression, obesity, the emergence and reemergence of vector-borne diseases like dengue and leishmaniasis, and the
persistence of other diseases such as tuberculosis and malaria and events such as violence,
homicide, and teenage pregnancy 2.
Added to the emphasis on the urban poor
and rural-urban comparisons and vulnerable
groups is the concept of urban-rural interactions in cities with intra-urban differences as
well as differences between and within households. The traditional concepts of the urban
poor functioning as the reservoir for infections
(and the target of everything bad) are expanded by the set of concepts including inequality,
social capital, disease burden, and sustainability. Emerging interventions include healthy
cities projects, multi-sector strategies, and reinforcement for the urban health team, accompanying decentralization, health sector reform,
and governance 3.
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Why the urban space in Belo Horizonte?
Belo Horizonte was founded in 1897 with the
aim of becoming a physically organized, socially hygienic, and disease-free city, “free of disruptions and revolutions”. Planned to contain
three areas (downtown, suburban, and rural),
it underwent a slow settlement process in three
stages 4,5.
The first stage was characterized by a process
of organizing population groups in the urban
space; government employees were allocated
to live in the Funcionários (literally “Civil Servants”) neighborhood and central areas. The
peripheral areas, separated from the more central urban area by a major avenue, had more
flexible settlement patterns. The rural area, initially known as the “Green Belt”, currently an
industrial area, underwent more rapid growth
than the city center, contrary to the original
planning and giving rise to the suburban areas.
The downtown or city center area remained
relatively unoccupied due to the prohibitive real estate rates. Today this area is characterized
by vertical expansion, a reduction in unoccupied areas, and intense real estate activity.
The second period, following the 1950s,
launched the industrialization stage, when the
city received new factories. The blue-collar housing problem was aggravated, and the peripheral industrial belt was born. Meanwhile there
was a slum sprawl in the city in the 1960s related
to the housing deficit and the need to reduce
commuting distances. In the 1970s the city was
the epitome of chaos, with a million inhabitants,
continuing to grow helter-skelter, with the intense production of low-income housing developments lacking basic infrastructures and services and resulting in the growth of the Greater
Belo Horizonte Metropolitan Area (with a population increase of 32.9% from 1970 to 1980).
Recently, Belo Horizonte has been faced
with major contrasts in the living conditions of
its inhabitants, with the second worst income
distribution among the 12 largest Brazilian cities
(Fundação Getúlio Vargas. Pesquisa sobre Orçamentos Familiares 1999/2000. Rio de Janeiro;
2001).
Adverse health events
The following brief list of events was selected:
one external cause of death, namely specific
homicide mortality; one related to behavior,
adolescent pregnancy; one linked to a combi-

nation of individual predisposition and environmental conditions, represented by first hospital admissions for asthma in children under
five years of age; and two vector-borne diseases
emerging in the city, dengue and visceral leishmaniasis.
•

Homicides

Homicides have been the main external cause
of death accounting for the change in the Brazilian demographic profile, along with accidents
and violence in general, with an increase of
103% from 1980 to 1995 6. Rates of 25.4 per 100
thousand inhabitants, among the highest in
the Americas, are concentrated mainly in the
metropolitan areas ( World Health Organization. World Report on Violence and Health. Geneva; 2002). In Greater Metropolitan Belo Horizonte, these rates have also been increasing,
with major intra-urban differences, especially
in areas with worse living conditions 7. In the
central-southern area of the city, the risk of
death by homicide was 16 times greater in the
slum areas than in the urbanized neighborhoods from the same area 8.
The increase in homicide rates has been associated with: social inequalities; increased destitution and poverty; an ineffective criminal
justice system; increased impunity; the expansion of organized crime, which infiltrates the
government apparatus through corruption and
complicity by authorities; easy access to firearms; and weapons and drug trafficking 9,10,11.
•

Pregnancy in adolescents

Adolescent pregnancy, moving in the opposite
direction of the (declining) overall fertility rates
in Brazil, has shown increasing rates, accounting for 18.2 to 22.0% of all pregnancies in the
country 12,13. In Belo Horizonte, the proportion
in 2001 was 16.0%, varying from 6.0 to 26.0%,
depending on the area of the city 14.
Adolescent pregnancy is a serious public
health problem, considering its potential impact on maternal and fetal health, particularly
increased perinatal and infant mortality, low
birth weight, prematurity, and asphyxia 15,16,
17,18. There is a known association between adolescent pregnancy and underprivileged socioeconomic status 19. The negative impacts of pregnancy during adolescence appear to be more
associated with social and environmental influences than direct biological factors, rein-
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forcing the relationship between this event and
more adverse socioeconomic conditions 16,20.
•

Asthma

Asthma is a disease involving multiple determinants. Hereditariness, intra- and extra-domiciliary pollution, and viral infections influenced
by intra-domiciliary crowding are central to the
determination of this condition 19,21,22.
Asthma shows a growing prevalence, reaching the levels of a silent epidemic. In Brazil and
Latin America as a whole, the prevalence ranges
from 2.0 a 26.0%, depending on age 23,24.
Asthma hospitalizations show upward trends,
with rates of 45 per 10 thousand under-five
children 25. In Belo Horizonte it is the second
most common cause of hospitalization in children under 14 years, with high rates of first
hospitalizations (112.8) and re-hospitalizations
(25.0) per 100 thousand children from 0 to 5
years, in 1997-2000 26.
•

Dengue

The most important arbovirus disease in humans, dengue affects 80 million individuals annually in various countries, leading to 550
thousand hospitalizations and 20 thousand
deaths (Centers for Disease Control and Prevention. http://www.cdc.gov/ncidod/advbid/
dengue, accessed on 18/Jan/2004). The principal vector is the mosquito Aedes aegypti, a culicid with an extremely high capacity to adapt to
urban environments.
Since 1982, the reemergence of dengue has
been reported in urban areas in all regions of
Brazil. The magnitude of this disease has led to
high investments in vector control, epidemiological surveillance, and patient care. In the absence of an effective vaccine, etiological treatment, or effective chemoprophylaxis, combating the vector has been considered a basic strategy for its control 23.
In Belo Horizonte, the first reports were in
1996, in the northern area of the city. Since then
epidemics have taken place, first reaching welldemarcated areas followed by an unequal dispersion in the urban space. The progressive introduction of different serotypes now characterizes the co-circulation of three of the four
existing types (DEN-1, DEN-2, and DEN-3) 25.
•

Visceral leishmaniasis

Visceral leishmaniasis ( VL) is a vector-borne
zoonosis that is endemic to various countries,
with 500 thousand new cases annually (World
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Health Organization. The Leishmaniases and
Leshmania/HIV Co-Infections. http://www.who.
int/mediacentre/factsheets/fs116/en, accessed
on 08/Nov/2004). In Brazil, the disease is caused
by Leishmania chagasi and the infection is transmitted by Lutzomyia longipalpis and described
in reservoirs like fox, opossums, and dogs 27.
Until the mid-1970s, the human disease was
typically rural. In 1992, dogs were diagnosed
with VL in Belo Horizonte, and in 1994 the first
autochthonous human cases were confirmed.
From then on, the disease expanded rapidly all
over the city and to other municipalities in
Greater Metropolitan Belo Horizonte 28.
With the objective of using the available information in the municipality of Belo Horizonte, this study is intended to explore the distribution of events taking place in the urban environment, characterized by explosion/implosion, identifying intra-urban differences and
anticipating opportunities for interventions 29.
Two questions are in order: is there a spatial morbidity and mortality pattern in Belo
Horizonte in relation to select health conditions? Is there a spatial pattern characterized
by the coexistence of more than one disease or
condition in populations residing in given areas of the city?

Material and methods
Study area
This ecological study was conducted in Belo
Horizonte, capital of the State of Minas Gerais,
with 2,238,332 inhabitants, in a territory of
330.23km 2 and with approximately 600 thousand households 30.
The health services in the city are coordinated by a central nucleus, subdivided into nine
health districts with a total of 136 basic health
care units 31.
The denominator in the study was the resident population in the planning units, created
by the municipality based on census tracts.
This division considers geographic aggregation, homogeneity of characteristics, and continuity of occupation, allowing socioeconomic
quantification and classification of the resident
population and infrastructure conditions. There
were a total of 80 planning units, with a median of 25,760.5 inhabitants (varying from 2,438
to 42,268). Specific planning units were formed
for six major clusters of slums and housing
projects.

URBAN ENVIRONMENT FROM THE HEALTH PERSPECTIVE

Data source
The homicide study used the Mortality Information System (SIM), made available by the Belo Horizonte City Health Department (SMSABH), including deaths from 1998 to 2002. They
included the basic causes classified as “homicides and injuries inflicted by other persons”
(E960 to E969), “legal intervention” (E970 to
E978), “interpersonal violence” (X85 to Y09), or
“legal intervention and operations of war” (Y35
and Y36), according to the ninth and tenth versions of the International Classification of Diseases and Health-Related Problems (ICD) 32,33.
Data on adolescent pregnancies (< 20 years)
were compiled through the Information System on Live Births for the year 2001, consolidated by the Epidemiology and Information
Management Division of the SMSA-BH.
Data on first hospital admissions for asthma in children less than five years of age in
1997-2000 came from the Database on Hospital Admissions due to Respiratory Diseases,
issued by the Hospital Admissions Division
(SMSA-BH). Asthma diagnoses, obtained from
the ICD, included respectively the ninth and
tenth versions, ICD 493.0 to 493.9 and J45.0 to
J46.9 33,34.
Data on dengue and visceral leishmaniasis
were obtained from the National System on Reportable Diseases (SINAN), plus data recorded
in the Municipal Surveillance System (SISVE)
organized to supplement the city’s health data,
especially in relation to addresses. The study
included dengue cases occurring during epidemiological weeks 01/2001 to 31/2001 and
34/2001 to 35/2002 and confirmed by laboratory or clinical/epidemiological criteria, and cases of visceral leishmaniasis reported from 1999
to 2003, confirmed by parasitological and/or
immunological tests.
For all the events, the study considered only autochthonous cases in current residents of
the city of Belo Horizonte.
Analysis
Each event was georeferenced to the respective
address of residence of the subject. In the absence of a precise information, the georeference
was made to the closest address, using the geographic bases of blocks and stretches of streets.
As the unit of spatial analysis, the cases were
aggregated in the respective planning units. We
used the municipal geographic information
system (GIS), produced and managed by the
Municipal Information Technology and Data
Company (Prodabel).

As the unit of temporal analysis, we considered the date of occurrence of each event within
the defined period. The proportions and/or annual mean incidence rates were calculated per
10 thousand or 100 thousand inhabitants and
divided by the number of years of observation.
In order to produce comparable rates for
events with distinct frequencies, we used the
proportionate mortality/morbidity ratio (PMR),
which compares the indicators observed by geographic unit of analysis with the expected values obtained from the event’s overall rate in the
total population 34. Next, we constructed thematic maps for the spatial distribution of PMRs
for each event according to the planning units.
To study the combined spatial pattern of the
events, we used the observed proportions and
rates according to the planning units for each,
classified in increasing order. For each unit, in
relation to the set of events studied, the following score was ascribed: 0 = none of the five
events in the planning unit was among the 20
highest rates in the city; 1 = at least one of the
events in unit was among the 20 highest rates in
the city; 2 = two of the five events in the unit had
one of the 20 highest rates in the city; 3 = three of
the five events had one of the 20 highest rates in
the city; and 4 = four of the five events in the unit
had one of the 20 highest rates in the city. The relationship between the planning unit scores and
each single event was investigated through correlation analysis, using the Pearson statistic.
Spatial analysis 35 of the data used the MapInfo and Stata software.
All the studies were approved by the Institutional Review Board/Research Ethics Committee at the Federal University of Minas Gerais:
homicides (no. 37/2002); characteristics of the
mothers of live newborns (no. 167/2003); asthma (no. 032/2001); dengue (no. 233/2003); and
visceral leishmaniasis (no. 100/2000).

Results
The events were distinguished according to occurrence, mean annual estimates, intensity, and
spatial distribution. Included in the analysis
were 2,801 homicide cases; 5,794 mothers under 20 years of age; 8,095 first hospital admissions for asthma; 8,074 cases of dengue; and
174 cases of visceral leishmaniasis. Losses during georeferencing varied from 0.6% for VL to
8.0% for live births.
Table 1 and Figures 1 and 2 show the results
of the georeferenced data.
The 2,801 accumulated homicide cases generated a mean annual rate of 25.01 per 100
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Table 1
Events, studied periods, population at risk, and event indicators (rates or proportion).
Belo Horizonte, Minas Gerais State, Brazil, 1997/2003.
Events studied in the city of Belo Horizonte

Period

Events*

Population

Mean annual rate or
proportion of event

Homicides

1998-2002

2,801

2,238,332

25.01/100,000

Adolescent pregnancies (< 20 years)**

2001

5,253

33,234

Asthma hospitalizations < 5 years of age

1997-2000

7,635

169,127#

112.8/10,000

Dengue cases##, ###

2001-2002

7,509

2,238,332

167.7/100,000

Visceral leishmaniasis cases##

1999-2003

173

2,238,332

1.54/100,000

15.8%***

* Considered georeferenced events. There were the following losses for total information on the event:
7.3% for homicides; 8.0% for live births; 5.7% for asthma; 7.0% for dengue; and 0.6% for visceral leishmaniasis;
** Reported to the Information System on Live Births; *** Proportion of adolescent mothers;
# Children from 0 to 4 years of age. ## Cases reported to the National System on Reportable Diseases;
### Refers to epidemiological weeks 1 to 31 in year 2001 and weeks 34 and 35 in year 2002.

Figure 1
Thematic maps for the proportionate mortality/morbidity ratio (PMR) for the events homicides, adolescent pregnancy
(< 20 years), and asthma in children under 5 years of age, Belo Horizonte, Minas Gerais State, Brazil, 1997/2003.

Figure 1a

Figure 1b

Homicides

Adolescent pregnancy

PMR

PMR

(continues)
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thousand inhabitants, varying according to the
planning units, from 0 to 186 per 100 thousand
inhabitants. The PMR varied from 0 to 9.27 indicating that in 18 (22.5%) of the 80 planning
units, the homicide rates were 1.5 to 9.3 times
higher than in the city as a whole, with particular emphasis on three planning units represented by slum complexes located in the downtown area of the city.
The 5,253 adolescent mothers (with 15.8% of
the live births in 2001) were distributed heterogeneously in the city, varying from 0.0 to 29.0%.
The PMR varied from 0.0 to 2.0, indicating that
in five planning units (6.3%), adolescent mothers accounted for 1.5 to 2.0 times more live
births than in the city as a whole. Of these, three
units were situated on the northern and northeastern limits of the city and two in the central
area, coinciding with two slum complexes, one
of them described previously for homicides.
Of the 7,635 cases of first hospital admissions
for asthma in children under five, the mean annual incidence rate was 112.8/10 thousand,
varying from 0 to 316 per 10 thousand children.
The PMR ranged from 0 to 5.01, and six planning units (7.5%) showed hospitalization rates
twice that of the city mean. It is interesting to
note that three planning units were the same
slum complexes coinciding with the high homicide rates, one unit coincided with a slum complex with a high proportion of adolescent mothers, and two units coincided with an area showing intense motor vehicle traffic linking the central to the northern area of the city.
For the vector-borne diseases, there was a
sharp change in the previously described profiles. An intense variation (0-74.7/10 thousand
inhabitants) in the mean annual dengue rates
(16.77/10 thousand) were found in the 7,509
georeferenced cases (93.0%). Despite the major
dispersion of the disease throughout the city,
there was a relative grouping in 19 planning
units, with a PMR 1.5 times that of the mean for
the city. Particularly apparent were units located in the northernmost areas of the city, crossed
by two heavily traveled highway corridors, one
running north-south and the other east-west.
There was also a grouping of units with lower
incidence rates and PMR less than 1.0, especially in the central area and part of the east,
west, and south of the city.
The mean annual visceral leishmaniasis rate
was 1.54 per 100 thousand inhabitants, ranging
from 0 to 28.34/100 thousand inhabitants per
planning unit, with a distribution characterized by clustering of the disease in the northern area of the city. Seven units showed a PMR
twice that of the city mean, four bordering other

Figure 1c (continued)
Asthma

PMR
5.01 to 7.42 (0)
2.01 to 5.01 (5)
1.51 to 2.01 (1)
1.01 to 1.51 (21)
0 to 1.01 (52)

municipalities in the north, and a small located
in the extreme northwest.
Comparing the planning units in terms of
the two vector-borne diseases, one observes
that about one-third of the areas with the highest PMRs for visceral leishmaniasis coincided
with those of dengue. In addition, the planning
units with the highest leishmaniasis rates appear to surround (in complementary shape)
the dengue areas, in the north-northeastern
portion of the city.
In the superimposed analysis of the events
by scores, of the 80 planning units evaluated,
31 (38.6%) were scored as 0; 19 as 1 (23.7%); 13
each as 3 or 4 (16.5% each); and four (5.0%) as
4 (Figure 3). Although no unit simultaneously
had all five events among the 20 highest rates
in the city, four units did score 4 and represented extremely disfavored areas in the city.
Observing the correlation between the units’
scores and the independent occurrence of events
(data not shown), one observes a good-to-excellent positive correlation between the plan-
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Figure 2
Thematic maps of the proportionate mortality/morbidity ratio (PMR) for cases of dengue and visceral
leishmaniasis, Belo Horizonte, Minas Gerais State, Brazil, 1999/2003.

Figure 2a

Figure 2b

Dengue

Visceral leishmaniasis

PMR

PMR
2.01 to 5.01 (9)

2.01 to 5.01 (14)

1.51 to 2.01 (9)

1.51 to 2.01 (10)

1.01 to 1.51 (10)

1.01 to 1.51 (8)

0.01 to 1.01 (50)

0.01 to 1.01 (20)

ning units with scores among the 20 highest in
the city for the following events: homicides,
adolescent pregnancy, and asthma, with correlation coefficients from 0.60 to 0.79. Meanwhile,
for vector-borne diseases one observes a dispersion of the comparisons with the previous
events, hardly suggestive of correlation. Among
the vector-borne diseases, one observes a scores
correlation in 33% of the planning units.

Discussion
This study showed a spatial mortality and morbidity pattern in Belo Horizonte characterized
by the overlapping of health related events for
those residing in specific areas of the city.
High homicide rates in 16 planning units, a
high proportion of adolescent mothers in five,
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and high asthma-related hospitalization rates
for under-five children in six planning units
overlapped in regions characterized by major
social inequalities, represented by the most
underprivileged population strata, particularly
three of the city’s eight slum complexes.
As for vector-borne diseases, one characterized by dispersion and the other by concentration of the events, the study showed clusters of
high rates in underprivileged areas as opposed to
low rates in higher-income areas. It is worth mentioning that the coexistence of the two diseases
in the same areas of the city was less frequent,
suggesting a possible role of environmental factors in the modulation of these events.
The results of this study suggest that Belo
Horizonte, originally planned to function as a
“healthy organism”, is now characterized by a
differentiated urban development and social

URBAN ENVIRONMENT FROM THE HEALTH PERSPECTIVE

profile, where health related events reflect conditions of social segregation 4.
A wide variety of studies have used different methodologies to examine the determinants and clusters of health events using spatial classifications 36,37. Spatial analysis of epidemiological patterns has been used to evaluate the impact of structural social processes in
the determination of health events, allowing
the planning of both emergency and nonemergency measures 38.
This study used a standardized comparison
with proportionate mortality/morbidity ratios
(PMRs) among planning units in the city of Belo Horizonte to test unequal mortality and morbidity spatial distributions for given health
events in relation to the mean for the city as a
whole, characterizing the intensity of events in
given regions, using comparative maps 39.
The spatial coexistence of health conditions
that have already been shown to be related to social inequalities, such as homicides, a high proportion of adolescent pregnancies, and high
hospitalization rates due to asthma in children
under five years of age revealed a heavy burden
of health related events for those living and coexisting with areas characterized by poverty, indigence, an inoperative justice system, increased
impunity, and expansion of organized crime.
These areas are also characterized by underprivileged social groups, represented by the poorest
strata of the population, with low-income and
low-schooling families in which adolescent pregnancy is a frequent event (along with its negative consequences) 14,18,20.
Asthma in children under five, due to its
multiple determinants, complements the chain
of social inequality, considering not only the
determinant factors for the disease itself but
especially the determinants of hospitalization,
associated with the socioeconomic conditions
of some population groups 21,26.
In addition, it is necessary to discuss the
possibility of visualizing the effects of environmental interventions, especially those that target dengue control and its possible impact on
the occurrence of visceral leishmaniasis in the
municipality, supporting the hypothesis of coexistence of these two vector-borne diseases in
the same areas. Some studies emphasize the
modification in the incidence of visceral leishmaniasis in the presence of vector control programs for malaria and Chagas disease 28,40. It is
plausible that the various modalities of Aedes
aegypti vector control measures adopted since
the beginning of the epidemic in the city in
1996, particularly the use of ultra-low volume
residual insecticides, may have interfered in

Figure 3
Thematic map of classification scores.

Classification scores
4 (4)
3 (13)
2 (13)
1 (19)
0 (31)

Scores: 0 = when none of the five events (asthma,
homicides, proportion of adolescent mothers,
dengue, and visceral leishmaniasis) showed one
of the 20th highest incidence rates in the city;
1 = when at least one of the five events had one
of the 20 highest incidence rates in the city;
2 = when two of the five events had one of the 20
highest incidence rates in the city; 3 = when three
events had one of the 20 highest incidence rates
in the city; and 4 = when four of the five events had
one of the 20 highest rates in the city.

the development of sand flies, so that the spatial pattern observed here may be the result of
a set of dengue control measures. This hypothesis is reinforced by the possibility that chemical control of sand flies may affect culicids on a
lower scale, due to more restricted systematic
management of target areas under the dengue
surveillance program and the use of blockade
techniques in well-demarcated (and thus more
restricted) areas of focal transmission 41,42.
Various limitations could be discussed before presenting a final conclusion. For example, the ecological nature of the study only considers the characteristics of the composition
(rates and proportions) defined by the homo-
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geneity ascribed by the definition of the planning units. On the one hand, this can be considered an advantage, allowing comparison,
but on the other it fails to consider the attributes of individual residents in these same planning units. However, the standardization of occurrence of the events, even using what is considered a synthetic statistical measure like
PMR 35, allows us to locate regions in which the
indicators were always higher than the means
for the city as a whole.

Another limitation is that the identification
of clusters does not lead directly to the identification of environmental determinants of a given event 40.
Despite all the limitations presented, studies
that attempt to aggregate adverse health events
in urban space can provide informative spatial
profiles, contributing with theoretical information to support and orient interventions, especially in populations residing in high-risk areas
for various health events.
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