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This study aimed at identifying areas that were at risk of mortality due to cardiovascular disease in residents aged 45 years or
older of the cities of Cuiabd and Varzea Grande between 2009 and 2011. We conducted an ecological study of mortality rates
related to cardiovascular disease. Mortality rates were calculated for each census tract by the Local Empirical Bayes estimator.
High- and low-risk clusters were identified by retrospective space-time scans for each year using the Poisson probability model. We
defined the year and month as the temporal analysis unit and the census tracts as the spatial analysis units adjusted by age and sex.
The Mann-Whitney U test was used to compare the socioeconomic and environmental variables by risk classification. High-risk
clusters showed higher income ratios than low-risk clusters, as did temperature range and atmospheric particulate matter. Low-risk
clusters showed higher humidity than high-risk clusters. The Eastern region of Varzea Grande and the central region of Cuiabd were
identified as areas at risk of mortality due to cardiovascular disease in individuals aged 45 years or older. High mortality risk was

associated with socioeconomic and environmental factors. More high-risk clusters were observed at the end of the dry season.

1. Introduction

About 17 million cardiovascular disease (CVD) related deaths
occur annually worldwide [1]. In Brazil, pathologies related
to CVD are among the leading causes of death in individuals
older than 45 years [2]. In Mato Grosso, heart disease is the
second leading cause of death, and its prevalence has shown
a trend for an increase, particularly among the elderly [3, 4].
In the cities of Cuiabd and Vdrzea Grande, CVD has been the
major cause of death in the past 5 years, accounting for about
1,000 deaths per year [2].

Middle-aged individuals and the elderly are population
at risk for CVD because many CVD risk factors are more
prevalent during these stages of life. Moreover, increasing
age is associated with a gradual decrease of the physiological
resilience of the human body [5].

Several epidemiological studies have shown that almost
80% of patients with heart disease have classic risk factors.
These include hypertension, dyslipidemia, obesity, diabetes,

advanced age, male sex, family history, and certain lifestyle-
related behaviors [6, 7]. Socioeconomic vulnerability, quality
of and access to health services, and exposure to heat waves,
high temperatures, and air pollution can also be important
risk factors for CVD [8-11].

The relationships between the various factors related to
the development of a disease can be observed through the
distribution of these factors in the geographic space. Mapping
health problems and identifying populations at risk of certain
diseases and risk factors can be useful management action
tools for planning, monitoring, and surveillance in public
health [12].

The designation of priorities based on the space-time
distribution of a disease enables better resource allocation,
implementation of prevention strategies, or even emergency
treatment for some diseases [13]. This study aimed to identify
areas with a high and low risk of mortality from CVD among
middle-aged and elderly individuals living in the urban areas
of Cuiabd and Varzea Grande between 2009 and 2011.
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FIGURE I: Study area: the urban areas of Cuiaba and Vérzea Grande.
2. Methods aerosol optical depth (AOD) data, through which the con-

2.1. Study Design. This is an ecological spatiotemporal study
of CVD mortality rates within clusters that were identified by
a risk classification methodology.

2.2. Population and Study Area. The study population
included individuals aged 45 years and older living in the
urban areas of Cuiaba and Varzea Grande who died from
CVD (as classified by Chapter IX of the 10th Revision of the
International Classification of Diseases-ICD-10-codes 100 to
199) between 2009 and 2011.

Cuiabd and Varzea Grande (Figurel) are the most
important cities within the metropolitan area of the State
of Mato Grosso. These cities, separated physically by the
Cuiaba River, form a conurbation with a population of
about 820,000 inhabitants, corresponding to 90% of the total
population of the metropolitan area. Approximately 98%
of the population is concentrated within the urban areas.
Furthermore, inhabitants aged 45 years and older represent
approximately 60% of the total population of the 2 cities. The
last census reported an increase in the rate of aging and life
expectancy of this population [14].

2.3. Data Source. Mortality data were obtained from the
Mortality Information System of the Brazil Unified Health
System (SIM/SUS), given by the Health Department of
the State of Mato Grosso. Information on the population,
socioeconomics data shapefiles of the municipalities, and an
aggregate of census tracts of 2010 census data were derived
from the Brazilian Institute of Geography and Statistics.
Temperature and humidity records were obtained from
the National Institute of Meteorology (INMET) [15], and

centrations of fine particulate matter (PM,) were esti-
mated, were derived from the Aerosol Robotic Network
(AERONET) [16].

2.4. Variables. We selected income ratio, education, and
availability of basic services as proxy indicators of social and
economic status of the residents.

The income ratio variable indicates situations of inequal-
ity in the census tracts. It was obtained by dividing the pro-
portion of individuals with an income below the minimum
wage by the proportion of individuals with an income 5 times
above the minimum wage. A higher income ratio indicates a
bad economic situation.

The education variable indicates the educational level of
the population within the census tracts. It was obtained by
assessing the ratio of the numbers of literate individuals aged
15 years or older in the census tract over the total population
of the census tract, multiplied by 100. A high value for this
variable indicates a higher educational level.

The “availability of basic services” variable refers to
the availability of regular garbage collection and sanitation
services within the neighborhood. This variable was obtained
by dividing the number of households within “open sewer”
and/or accumulated garbage in the surroundings by the total
number of households in the census tract, multiplied by
100. A high value for basic services indicates poor sanitation
conditions.

Temperature range, humidity, and PM, ; were selected
as environmental variables as they have well-known associ-
ations with CVD mortality.

The temperature range variable indicates variations in
temperatures. It was obtained by subtracting the minimum
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FIGURE 2: Radius setting scheme for Bayesian analysis and scan statistics.

from the maximum temperature. The humidity variable
refers to the proportion of humidity in the environment
during a certain period. PM, 5 is a mixture of liquid and solid
particles suspended in the air derived from combustion [17].
It was estimated by converting the values of AOD (500 nm)
using the equation y = 5+ (AOD x 40) [18].

2.5. Ethical Considerations. The Ethics Committee of the
National School of Public Health (CAAE 18634613.0.
0000.5240) approved this study.

2.6. Data Analysis. We analyzed deaths caused by CVD
among individuals aged 45 years or older residing in the
urban areas of the cities of Cuiaba and Varzea Grande from
2009 to 2011, which corresponded to 92% of the entire pop-
ulation including rural area. We geocoded the individuals’
home addresses and grouped them by census tract for further
analysis.

We calculated mortality rates for each census tract from
2009 to 2011 to characterize the spatial distribution of CVD
related deaths in the study area. The Local Empirical Bayes
estimator using the weighted mean of the crude mortality
rate within a location and the mortality rate of neighbors
within each sector was performed to analyze these rates.
This offered significant stability for the mortality rates, taking
into consideration the random fluctuations in data derived
from small areas [19]. The neighborhood matrix for the
Bayesian estimation contained all neighbors within a distance
of 1,713.86 meters to the centroid of each census tract. This
distance is equal to the radius of a circle with an area equal to
the average of 25 census tracts (9,227,871 mz) or 2 neighbors
on each side of each census tract (Figure 2).

To identify the spatiotemporal clusters for a high and
low risk of death due to CVD, statistical tests of spa-
tial scans were performed using SalScan 9.3 software
(http://www.satscan.org/). This technique depends on the
likelihood ratio between areas. It performs the spatial scan by
moving a cylindrical window at the centroid of each census

tract, where the base is the circular geographical area around
the centroid and the cylinder height is time. Inside each
cylinder, the observed and expected number of CVD deaths
by the chosen probability model is calculated, resulting in
the RR for each area [20]. Thus, it is possible to identify
spatiotemporal clusters using a value that represents how an
area is more or less susceptible to having the presence of the
event (e.g., deaths related to CVD) when compared to the
other studied areas.

The variables included in the space-time scan analysis
were population data, number of cases (adjusted for age
and sex), and the Cartesian coordinates (UTM Projection-
Zone 21 South, metric units) of the census tract centroids.
We performed a retrospective analysis for each year, using a
Poisson probability model with a circular radius of 1,713.86
meters (Figure 2) and considering a cluster with up to 50%
of the population at risk. The time unit of the analysis was
the year and month of the occurrence, and the formation of
clusters was limited to a minimum of 1 and a maximum of
4 months annually. Monte Carlo simulations were replicated
999 times to create confidence intervals and envelopes.

After the space-time scan, we created a database con-
taining only the census tracts that were within a cluster of
high or low risk in 2 or 3 of the analyzed years. We grouped
these census tracts into 2 categories, those belonging to a
low-risk cluster and those belonging to a high-risk cluster. A
nonparametric Mann-Whitney U test was used to compare
the means of the socioeconomic and environmental variables
between the different risk categories using the SPSS 20.0
software.

The socioeconomic variables were only analyzed spatially
because available data represented the average of the 3
years (2009-2011) for the census tracts. In contrast, the
environmental variables were only analyzed temporally, since
the available data represented the monthly averages of the
entire study area. The values assumed for the environmental
variables were the averages of data that correlated with each
cluster’s year and month of occurrence.



BioMed Research International

4
N
% Cuiabd
P
I
SN N
f\{'/} Y. S
A v:
‘7'5A ""5‘{’; ‘f ‘A
] RS
LY
02
-sta«'s!
Cardiovascular disease
Bayesians rates (deaths/100.000 inhabitants)
0,00-200,00 ~~ The Cuiabd River
200,01-500,00 Boundaries
 500,01-1.000,0 . Census tracts
I 1.000,1-5.000,0 ~\ Urban perimeter
I 5.000,1-10.000,0
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3. Results

Between 2009 and 2011, 2,762 deaths from CVD in individ-
uals aged 45 years or older and residing in the urban areas
of the cities of Cuiaba and Varzea Grande were observed.
The distributions of deaths by age group were 13%, 21%, 27%,
and 35% among those aged 45-54 years, 55-64 years, 65—
74 years, and >75 years, respectively. Ischemic heart disease
and cerebrovascular disease were the main causes of death,
accounting for 25% and 32% of CVD deaths, respectively.

The average mortality rate obtained by the Local Empir-
ical Bayes estimator was 370 deaths per 100,000 inhabitants
for the 2 cities from 2009 to 2011. We observed high CVD
mortality areas (1,000-10,000 deaths per 100,000 inhabitants)
in the Eastern and Western regions of Varzea Grande and
in the Southeastern and Midwestern regions of Cuiabd. In
both municipalities, we found areas with intermediate rates
of CVD mortality (500-1,000 deaths per 100,000 inhabitants)
in the central regions (Figure 3).

The Cuiaba and Vérzea Grande conurbation contained
1166 census tracts within its urban area; of these, 62.7% (731
census tracts) had a relative risk (RR) for CVD mortality of
<1 and 37.3% (435 census tracts) had an RR > 1. The average
RR was 0.99 (standard deviation 1.6), and 25% of the census
tracts had RRs > 1.4.

A total of 13, 10, and 20 high-risk clusters and low-risk
clusters were detected in 2009, 2010, and 2011, respectively.
In 2009, we identified 11 high-risk clusters encompassing
81 census tracts and 2 low-risk clusters encompassing 66
census tracts. In 2010, 8 high-risk clusters encompassing 101
census tracts and 2 low-risk clusters encompassing 47 census
tracts were identified. Finally, in 2011, we identified 14 high-
risk clusters encompassing 67 census tracts and 6 low-risk
clusters encompassing 211 census tracts. High-risk areas for
CVD mortality were observed in central and Eastern Varzea
Grande and in central and Southeastern Cuiaba (Figure 4).

During the entire study period, only 78 census tracts
(distributed in 23 clusters) were within the high-risk clusters
or low-risk clusters for at least 2 to 3 years. A total of 19 clusters
encompassing 50 census tracts were classified as high risk and
4 clusters encompassing 28 census tracts as low risk.

About 79% of high-risk clusters were detected during the
dry season (between June and November), while 75% of low-
risk clusters were observed in the rainy season (February to
May).

High-risk clusters were found in areas where the mean
income ratios were higher and where higher average tempera-
tures and higher levels of fine particulate matter (PM, ;) were
observed. In contrast, low-risk clusters were areas where the
mean humidity levels were high (Table ).



BioMed Research International

2009

~~—~ The Cuiabd River Low risk High risk RR in census tracts out of cluster

v Urban perimeter RR RR Under 1,00 5,01-10,00
. Census tracts [ Under1,00 [ ] 1,00-5,00 1,00-5,00 B8 Above 10,01
73 Clusters [ 5,01-10,00

Il Above 10,01

FIGURE 4: Spatial distribution of high and low relative risk (RR) clusters of CVD mortality.

4. Discussion

The areas at risk of CVD mortality in Cuiabd and Varzea
Grande differed based on the socioeconomic factors of their
residents and environmental factors. Barcellos and Sabroza
[13] attribute the existence of diseases concentration areas
primarily to local living conditions. This hypothesis assumes
that the geographical space is associated with factors related
to the development of diseases and its distribution among
various social groups.

We found high-risk clusters for CVD mortality during
periods with a higher temperature range (12 to 13°C), lower
humidity (68 to 70%), and higher concentrations of PM, 5
(16 to 19 ug/m”). Climate variability influences human health
directly or indirectly [17]. Local environmental conditions
related to temperature, humidity, air pollutants, and land use
can accentuate the weakness of the body in fighting diseases
by increasing inflammation and creating favorable conditions
for the development of a disease [21, 22].

Rapid temperature changes and low humidity are associ-
ated with disease exacerbation and CVD mortality [17, 23].

This can be explained by the physiological exhaustion caused
by prolonged exposure to thermal stress over many consecu-
tive days [24]. Cheng and Su [25] and Huang et al. [24] argue
that there is a strong relationship between thermoregulation
and the circulatory regulation of an individual. This means
that, in environmental situations with normal or moderate
changes, the human organism can adapt more easily; how-
ever, when abrupt and intense changes occur, there is an
overload, which affects the individual’s resilience, eventually
leading to illness and sometimes even death.

In the cities of Cuiabd and Viarzea Grande, the effects of
climatic events overlap with the intensification of fires. Dur-
ing the dry season (from June to November), several localities
suffer from increased air pollution caused by wildfires and the
burning of household waste in backyards and vacant lots [26].
Furthermore, the geographical location within a depression,
combined with the lack of rain, reduced wind speed, and
temperatures during this period make the region a target of
recurrent episodes of heat exchange. In this process, a layer
of cold air is retained in the region near the earth’s surface,
reducing the local temperature and hindering the dispersion
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TaBLE 1: Comparison of socioeconomic and environmental factors by risk categories, Cuiabd and Vérzea Grande (2009-2011).

Mean Confidence interval Mann-Whitney U test
Lower limit Upper limit Value p value
Socioeconomics variables
Income ratio (%)
Low risk 0.03 0.02 0.05
High risk 0.13 0.01 0.26 510 0.03
Total 0.07 0.02 0.11
Availability of basic services (%)
Low risk 12.38 5.45 19.30
High risk 11.86 3.77 19.94 0.01 0.93
Total 12.20 6.99 17.40
Education (%)
Low risk 70.69 67.37 74.01
High risk 68.67 60.95 76.39 0.32 0.57
Total 69.96 66.57 73.36
Environmental variables
Temperature range (°C)
Low risk 10.03 9.64 10.41
High risk 12.49 11.98 13.01 60.44 <0.001
Total 10.91 10.51 11.32
Humidity (%)
Low risk 73.58 72.49 74.67
High risk 69.10 67.79 70.41 26.64 <0.001
Total 71.97 71.01 72.93
PM, 5 (ug/m’)
Low risk 14.24 12.79 15.69
High risk 1739 15.75 19.03 7.67 0.01
Total 15.37 14.24 16.50

of pollutants. This results in the formation of a haze consisting
of many pollutants (smog) from industrial emissions, cars,
and wildfires [27].

PM, . has high toxicity. Fine particles (smaller than
2.5um) can reach the deeper parts of the respiratory sys-
tem and even cross the epithelial barrier, triggering an
inflammatory response [28, 29]. Several studies have noted
increased morbidity and mortality from CVD related to
this pollutant. Evidence suggests that short-term PM, 5
exposure increases the risk of arterial thrombosis, including
myocardial infarction and stroke, while chronic exposure
increases the formation of atherosclerotic plaques, reducing
life expectancy by a few years [30]. In Brazil, an ecological
study in the Brazilian Amazon found an association between
PM, s, described as the percentage of hours of exposure
to PM, s with a concentration of >25mg/m’, and CVD
mortality in the elderly (8 adjusted = 0.05; p = 0.002)
[4].

Census tracts with higher income ratios had high-risk
clusters for CVD mortality in our study. There are similar
results in other cities of Brazil. Some authors, in Porto Alegre
[31], in Pernambuco [32], and in Rio de Janeiro [33-36],

observed higher CVD mortality risks associated with socioe-
conomic inequalities and precarious sanitation services.

Income inequality generates a geographic concentration
of poverty that is associated with many social disadvantages
(e.g., low education level, low income, and precarious san-
itation services) and increases the exposure of residents to
various diseases [37, 38]. According to Fiscella and Tan-
credi [39], certain lifestyle-related behaviors (e.g., smoking
cessation, diet improvement, and physical activity) are not
very prevalent in low socioeconomic status; that is why the
population can be more vulnerable to diseases. Silva and
Ribeiro [40] add that the health risks related to extreme
weather conditions also increase in these areas, both because
of the houses built with materials and techniques that hinder
thermal insulation and because of financial constraints that
affect the ability of residents to obtain suitable devices
for regulating unfavorable microclimate conditions (e.g., air
conditioning, fans, and heaters).

The area with the greatest risk of CVD mortality was
located in the central area of the Eastern region of Varzea
Grande. This region consists of several suburban neighbor-
hoods. It has a high population density and various social
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problems related to water supply, public transport, access
to health services, and violence, while having a residential
population with unequal economic profiles [41].

Limitations. The main limitation of this study was the use of
secondary data and, therefore, the accuracy and validity of
the variables that were used. These limitations might have
affected our results by underestimating or overestimating
associations; however, information from secondary databases
has been widely used in epidemiological studies worldwide
[42].

The reliability of mortality data in the Midwest region of
Brazil is satisfactory, since only an average of 4% of cases
had a poorly defined cause of death from 2009 to 2011 [2].
In the cities of Cuiabd and Varzea Grande, the proportion
of deaths with ill-defined causes followed the decreasing
national trend, suggesting an improvement in mortality
information in this region. In Cuiabd and Varzea Grande city,
the proportions of deaths with poorly defined causes during
the study period were on average 1.4% and 0.9%, respectively
[2]. Data from the Brazilian Institute of Geography and
Statistics and National Institute of Meteorology have been
described as reliable by several Brazilian studies [43, 44].

Diseases, especially chronic diseases, reflect a summation
of individual and biological factors that manifest themselves
for different reasons and times throughout an individual’s life.
It is important to note that this study took into account a lim-
ited number of indicators and that there are other CVD risk
factors such as hypercholesterolemia, hypertension, smoking,
alcohol consumption, physical inactivity, poor diet, and obe-
sity, which were not accounted for [45]. Various studies have
shown that these factors tend to occur simultaneously [46-
48], increasing the risk of CVD, especially when associated
with poor living conditions, variations in environmental
parameters, and exposure to air pollution [49].

5. Conclusions

In conclusion, individuals aged 45 years or older from the
Eastern region of Virzea Grande and the Cuiabd central
region had the highest risk of CVD mortality. Socioeconomic
conditions and environmental characteristics were strongly
associated with this increased risk. Moreover, more high-risk
clusters were observed during the end of the dry season and
the beginning of the rainy season (August to November).

A geographic element’s incorporation in this epidemio-
logical study enabled the identification of areas at risk, which
enables the redirection of epidemiological surveillance and
environmental health measures.

We therefore suggest that it would be beneficial to estab-
lish policies for economic development and social empower-
ment that value health promotion and education, primarily
the adoption of healthy habits as well as the monitoring of
indicators related to air pollution and other individual risk
factors related to lifestyle.

Conflict of Interests

The authors declare that they have no competing interests.

Authors’ Contribution

Poliany C. O. Rodrigues conducted conception and design of
the study, acquisition of the data, analysis and interpretation
of the data, and drafting of the paper. Emerson S. Santos
did analysis and interpretation of the data. Eliane Ignotti did
conception and design, interpretation of the data, and critical
revision of the paper. Sandra S. Hacon did interpretation of
the data and critical revision of the paper. All authors read
and approved the final paper.

Acknowledgments

The authors would like to acknowledge the Health Depart-
ment of the State of Mato Grosso for the provision of
data from mortality and the financial support from the
National Council for Scientific and Technological Develop-
ment (CNPq), FINEP Project Rede CLIMA 2-01.13.0353-00.

References

(1] J. Mackay and G. Mensah, The Atlas of Heart Disease
and Stroke, 2013, http://www.who.int/cardiovascular_diseases/
resources/atlas/en/.

[2] Interagency Network of Information for Health, “Indicators
and Basic Data: Brazil/2012,” 2013, http://tabnet.datasus.gov.br/
cgi/idb2012/matriz.htm.

[3] C. N. do Carmo, S. Hacon, K. M. Longo et al., “Association
between particulate matter from biomass burning and respira-
tory diseases in the southern region of the Brazilian Amazon,”
Revista Panamericana de Salud Piiblica, vol. 27, no. 1, pp. 10-16,
2010.

[4] K. V. R. Nunes, E. Ignotti, and S. D. S. Hacon, “Circulatory
disease mortality rates in the elderly and exposure to PM,
generated by biomass burning in the Brazilian Amazon in 2005,
Cadernos de Saude Publica, vol. 29, no. 3, pp. 589-598, 2013.

[5] J. D. Sacks, L. W. Stanek, T. J. Luben et al., “Particulate matter-
induced health effects: who is susceptible?” Environmental
Health Perspectives, vol. 119, no. 4, pp. 446-454, 2011.

[6] M. Barnaand G. Bird, “Atherosclerosis: dietary considerations,”
World Review of Nutrition and Dietetics, vol. 59, pp. 126-155,
1989.

[7] A. M. Cervato, R. N. Mazzilli, I. S. Martins, and M. D. E N.
Marucci, “Habitual diet and cardiovascular disease risk factors,”
Revista de Satide Publica, vol. 31, no. 3, pp. 227-235,1997.

[8] D. Czeresnia and A. M. Ribeiro, “The concept of space in
epidemiology: a historical and epistemological interpretation,”
Cadernos de Saude Publica, vol. 16, no. 3, pp. 595-617, 2000.

[9] R. Basu, “High ambient temperature and mortality: a review
of epidemiologic studies from 2001 to 2008, Environmental
Health: A Global Access Science Source, vol. 8, article 40, 20009.

[10] E. A. Richardson, J. Pearce, H. Tunstall, R. Mitchell, and N.
K. Shortt, “Particulate air pollution and health inequalities:
a Europe-wide ecological analysis,” International Journal of
Health Geographics, vol. 12, article 34, 2013.

[11] M. E. Loughnan, N. Nicholls, and N. J. Tapper, “The effects
of summer temperature, age and socioeconomic circumstance
on Acute Myocardial Infarction admissions in Melbourne,
Australia,” International Journal of Health Geographics, vol. 9,
article 41, 2010.



[12] C. Buscalil, E. Upegui, and J.-E Viel, “Mapping heatwave health
risk at the community level for public health action,” Inter-
national Journal of Health Geographics, vol. 11, article 38, 2012.

[13] C.Barcellosand P. C. Sabroza, “The place behind the case: lepto-

spirosis risks and associated environmental conditions in a

flood-related outbreak in Rio de Janeiro,” Cadernos de Satide

Piblica, vol. 17, supplement 59-67, 2001.

Brazilian Institute of Geography and Statistics, IBGE Cidades:

Indicadores e Dados Populacionais, Brazilian Institute of Geo-

graphy and Statistics, 2010, http://www.ibge.gov.br/cidadesat/

xtras/perfil. php?codmun=510340&search=mato-grosso.

[15] National Institute of Meteorology, Historic Data, 2013, http://
www.inmet.gov.br/portal/.

[16] Aerosol Robotic Network (AERONET), Historic Data from
AOD in Cuiaba Station, 2013, http://aeronet.gsfc.nasa.gov/.

[17] M. A. McGeehin and M. Mirabelli, “The potential impacts of
climate variability and change on temperature-related morbid-
ity and mortality in the United States,” Environmental Health
Perspectives, vol. 109, supplement 2, pp. 185-189, 2001.

[18] V. S. D. Andrade Filho, P. Artaxo, S. Hacon, C. N. D. Carmo,
and G. Cirino, “Aerosols from biomass burning and respiratory
diseases in children, Manaus, Northern Brazil,” Revista de Saiide
Piblica, vol. 47, no. 2, pp. 239-247, 2013.

[19] R. M. Assungdo, S. M. Barreto, H. L. Guerra, and E. Sakurai,
“Maps of epidemiological rates: a Bayesian approach,” Cadernos
de Satide Piiblica, vol. 14, no. 4, pp. 713-723,1998.

[20] M. Kulldorff, R. Heffernan, J. Hartman, R. Assun¢do, and E
Mostashari, “A space-time permutation scan statistic for disease
outbreak detection,” PLoS Medicine, vol. 2, article 59, 2005.

[21] K. L. Ebi, “Resilience to the health risks of extreme weather
events in a changing climate in the United States,” International
Journal of Environmental Research and Public Health, vol. 8, no.
12, pp. 4582-4595, 2011.

[22] M. Grasso, M. Manera, A. Chiabai, and A. Markandya, “The
health effects of climate change: a survey of recent quantitative
research,” International Journal of Environmental Research and
Public Health, vol. 9, no. 5, pp. 1523-1547, 2012.

[23] J. Rocklov, B. Forsberg, K. Ebi, and T. Bellander, “Susceptibility
to mortality related to temperature and heat and cold wave
duration in the population of Stockholm County, Sweden,”
Global Health Action, vol. 7, no. 1, Article ID 22737, 2014.

[24] C. Huang, A. G. Barnett, X. Wang, and S. Tong, “Effects of
extreme temperatures on years of life lost for cardiovascular
deaths: a time series study in Brisbane, Australia,” Circulation:
Cardiovascular Quality and Outcomes, vol. 5, no. 5, pp. 609-614,
2012.

[25] X. Cheng and H. Su, “Effects of climatic temperature stress on
cardiovascular diseases,” European Journal of Internal Medicine,
vol. 21, no. 3, pp. 164-167, 2010.

[26] 1. Piaia, Geography of Mato Grosso, Edunic, Cuiaba, Brazil, 3rd
edition, 2003.

[27] K. M. Longo, S. R. Freitas, M. O. Andreae, A. Setzer, E. Prins,

and P. Artaxo, “The coupled aerosol and tracer transport model

to the brazilian developments on the regional atmospheric
modeling system (CATT-BRAMS). Part 2. Model sensitivity to
the biomass burning inventories,” Atmospheric Chemistry and

Physics, vol. 10, no. 13, pp. 5785-5795, 2010.

K. Donaldson, V. Stone, A. Seaton, and W. MacNee, “Ambient

particle inhalation and the cardiovascular system: potential

mechanisms,” Environmental Health Perspectives, vol. 109, no. 4,

pp. 523-527, 2001.

(14

(28

BioMed Research International

[29] A.Seaton, A. Soutar, V. Crawford et al., “Particulate air pollution
and the blood,” Thorax, vol. 54, no. 11, pp. 1027-1032, 1999.

[30] J. Emmerechts and M. E Hoylaerts, “The effect of air pollution
on haemostasis,” Hamostaseologie, vol. 32, no. 1, pp. 5-13, 2012.

[31] S. L. Bassanesi, M. I. Azambuja, and A. Achutti, “Premature
mortality due to cardiovascular disease and social inequalities
in Porto Alegre: from evidence to action,” Arquivos Brasileiros
de Cardiologia, vol. 90, no. 6, pp. 403-412, 2008.

[32] A. P. R. Magalhdes, S. C. e Paiva, L. O. C. Ferreira, and T. de
Almeida Aquino, “Mortality among elderly people in Recife,
State of Pernambuco, Brazil: when death reveals inequalities;”
Epidemiologia e Servicos de Satide, vol. 20, no. 2, pp. 183-192,
2011.

[33] E. C. P. Melo, M. S. Carvalho, and C. Travassos, “Spatial
distribution of mortality from acute myocardial infarction in
Rio de Janeiro, Brazil,” Cadernos de Saude Publica, vol. 22, no.
6, pp. 1225-1236, 2006.

[34] S. M. Santos and C. P. Noronha, “Mortality spatial patterns
and socioeconomic differences in the city of Rio de Janeiro,
Cadernos de Saude Publica, vol. 17, no. 5, pp. 1099-1110, 2001.

[35] C. L. Szwarcwald, F. 1. Bastos, M. A. P. Esteves et al., “Income
inequality and health: the case of Rio de Janeiro,” Cadernos de
Satide Pitblica, vol. 15, pp. 15-28,1999.

[36] C.L.Szwarcwald, E I. Bastos, C. Barcellos, M. D. F. Pina, and M.
A. P. Esteves, “Health conditions and residential concentration
of poverty: a study in Rio de Janeiro, Brazil, Journal of
Epidemiology & Community Health, vol. 54, no. 7, pp. 530-536,
2000.

[37] C.-M.Choand Y. Lee, “The relationship between cardiovascular
disease risk factors and gender;” Health, vol. 4, no. 6, pp. 309-
315, 2012.

[38] Z. Yu, A. Nissinen, E. Vartiainen et al., “Associations between
socioeconomic status and cardiovascular risk factors in an
urban population in China,” Bulletin of the World Health
Organization, vol. 78, no. 11, pp. 1296-1305, 2000.

[39] K. Fiscella and D. Tancredi, “Socioeconomic status and coro-
nary heart disease risk prediction,” The Journal of the American
Medical Association, vol. 300, no. 22, pp. 2666-2668, 2008.

[40] E. N. da Silva and H. Ribeiro, “Temperature modifications in
shantytown environments and thermal discomfort,” Revista de
Saude Publica, vol. 40, no. 4, pp. 663-670, 2006.

Applied Economic Research Institute, “Atlas of Human Devel-
opment in 2013, 2014, http://atlasbrasil.org.br/2013/pt/perfil/.

[42] S. Boslaugh, Secondary Data Sources for Public Health: A Prac-
tical Guide, Academic, 2012, http://www.cambridge.org/br/
academic/subjects/statistics-probability/statistics-life-sciences-
medicine-and-health/secondary-data-sources-public-health-
practical-guide.

(41

[43] Ministry of Health, Pan American Health Organization, and
Oswaldo Cruz Foundation, The Brazilian Experience in Health
Information Systems, vol. 1, Ministry of Health, Brasilia, Brazil,
2009.

[44] C. M. Coeli, “Health information systems and secondary data
use in health research and evaluation,” Cadernos Sauide Coletiva
(Rio de Janeiro), vol. 18, pp. 335-336, 2010.

T. Truelsen, M. Médhonen, H. Tolonen, K. Asplund, R. Bonita,
and D. Vanuzzo, “Trends in stroke and coronary heart disease
in the WHO MONICA Project,” Stroke, vol. 34, no. 6, pp. 1346—
1352, 2003.

(45



BioMed Research International

[46]

(48]

S. M. Barreto, V. M. A. Passos, J. O. A. Firmo, H. L. Guerra, P.
G. Vidigal, and M. E F. Lima-Costa, “Hypertension and clus-
tering of cardiovascular risk factors in a community in South-
east Brazil—the Bambui Health and Ageing study;,” Arquivos
Brasileiros de Cardiologia, vol. 77, no. 6, pp. 576-581, 2001.

S. M. Grundy, R. Pasternak, P. Greenland, S. Smith Jr., and V.
Fuster, “Assessment of cardiovascular risk by use of multiple-
risk-factor assessment equations: a statement for healthcare
professionals from the American Heart Association and the
American College of Cardiology,” Circulation, vol. 100, no. 13,
pp. 1481-1492, 1999,

I. Lessa, M. J. Aratjo, L. Magalhdes, N. de Almeida Filho, E.
Aquino, and M. C. R. Costa, “Clustering of modifiable cardio-
vascular risk factors in adults living in Salvador (BA), Brazil,
Revista Panamericana de Salud Piiblica, vol. 16, no. 2, pp. 131-
137, 2004.

H. R. Yusuf, W. H. Giles, J. B. Croft, R. F. Anda, and M. L.
Casper, “Impact of multiple risk factor profiles on determining
cardiovascular disease risk,” Preventive Medicine, vol. 27, no. 1,
pp. 1-9, 1998.



