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Abstract

This study aims to assess the effects air pollu-
tion on hospitalization due to hypertension.
An ecological study was conducted using data
regarding hospitalizations due to hypertension
in Sdo José dos Campos, State of Sdo Paulo, Bra-
zil between January 1, 2007 and December 31,
2010. The pollutants analyzed by this study were
particulate matter, sulfur dioxide and ozone.
A significant association between exposure to
particulate matter and hospitalization due to
hypertension was identified using Poisson re-
gression with lags of up to four days. Relative
risk of hospital admission ranged between 1,009
and 1,019. A 10ug/m3 increase in concentration
of particulate matter was associated with a 13%
increase in risk of hospitalization.
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Resumo

Alguns dos efeitos da polui¢do ambiental na sa-
de humana sdo conhecidos, destacando aqueles
no sistema cardiovascular. Este trabalho tem por
objetivo estimar esses efeitos nas internagoes por
hipertensdo arterial. Foi um estudo ecoldgico re-
alizado com dados de internagoes da cidade de
Sdo José dos Campos, Sao Paulo, Brasil, relativos
aos diagnosticos de hipertensdo arterial, entre 10
de janeiro de 2007 e 31 de dezembro de 2010. Os
poluentes estudados foram material particula-
do, dioxido de enxofre e ozénio. Utilizando-se de
modelo linear generalizado da regressdo de Pois-
son e defasagens de até quatro dias, foi possivel
identificar associagdo significativa entre a expo-
si¢do ao material particulado e a internagédo por
hipertensdo, com os riscos variando entre 1.009
e 1.019; aumento de 10ug/ms3 desse poluente au-
menta o risco de internagdo em até 13%. Assim,
foi possivel identificar o material particulado,
no modelo multipoluente, como associado a in-
ternagdo por hipertensdo arterial numa cidade
de porte médio, como Sdo José dos Campos.

Poluigdo do Ar; Material Particulado;
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Introduction

Epidemiological studies have shown a consistent
increase in the risk of cardiovascular morbidity
and mortality associated with exposure to par-
ticulate matter (PM;,) 1. Hypertension, in addi-
tion to being an important risk factor for death
from heart disease, is also a contributing factor
to cerebrovascular disease 2. Half of heart attacks
occur as a result of this disease and almost 100%
of individuals that experience heart failure have a
history of hypertension. Furthermore, 67% of pa-
tients suffering from cerebrovascular disease had
diastolic and systolic blood pressure of >90mm
Hg and 140mmHg, respectively 3.

In 2009, the Brazilian Unified National Health
System (SUS) reported more than 100,000 hospi-
tal admissions due to hypertension with an as-
sociated cost of over R$28 million. Over 20,000
of these admissions occurred in the State of Sao
Paulo and related spending amounted to over R$
8 million (1 US$ ~ R$ 1.70). In the same period,
over 44,000 deaths due to hypertension were re-
ported in Brazil, of which approximately 8,000
were in the State of Sdo Paulo (Departamento de
Informadtica do SUS. http://tabnet.datasus.gov.
br/cgi/tabcgi.exe?sih/cnv/nruf.def and http://
tabnet.datasus.gov.br/cgi/tabcgi.exe?sim/cnv/
obt10uf.def, accessed on 20/Jul/2012).

It is believed that the impact of PM,, expo-
sure on blood pressure is an important contrib-
uting factor to the onset of adverse effects on the
cardiovascular system and several articles have
reported an association between fluctuations
in PM;, levels and blood pressure. This associa-
tion has been explained by a number of biologi-
cal mechanisms, including acute arterial vaso-
constriction after exposure to fine particles with
added ozone 45,67

The exposure of individuals to air with fine
particles and ozone, as opposed to clean air,
leads to a significant increase in blood pressure
due to the carbon content of the particulate mat-
ter. Although further research is needed into the
biological mechanisms that cause this change,
there is an apparent association between vehicu-
lar traffic and risk of cardiovascular disease 5.

A study conducted in Beijing, China, showed
that a 10pg/ms3 increase in PM;, concentrations
resulted in an increase in emergency admissions
duetohypertension (OR=1.06;95%CI:1.02-1.10)6.
In Santo André, Sao Paulo, Brazil, the systolic
blood pressure of traffic controllers exposed to
particulate matter increased by 2mmHg in the
first hours after exposure 7.

The objective of this study was to estimate
the effect of exposure to particulate matter with
an aerodynamic diameter of 10 microns or less
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(PM,,) on hospital admissions due to hyperten-
sion in Sdo José dos Campos in the State of Sao
Paulo.

Methodology

This investigation consists of an ecological
time-series study of hospital admissions due to
hypertension (ICD-10: 110-15) among residents
of Sao José dos Campos in the period January
1, 2007 to December 31, 2010. Data regarding
daily hospital admissions was obtained from the
Department of Health Informatics (DATASUS,
http://www.datasus.gov.br). Daily PM,, sulfur
dioxide (SO,) and ozone (O3) concentrations
were estimated in pg/ms3 using data extracted
from the site of the State of Sao Paulo Environ-
mental Agency (CETESB). Since concentration
measures are taken from a single monitoring
station located in the downtown area, concen-
trations of pollutants were considered homo-
geneous across the entire city. Temperature and
relative air humidity data was also obtained
from this source.

Sao José dos Campos is located in the South-
eastern Region of Brazil between the cities of Sao
Paulo and Rio de Janeiro (23°11’ South and 45°53’
West) and has a population of approximately
700,000 inhabitants. The city is an industrial,
shopping and service center that serves towns in
the Paraiba Valley and State of Minas Gerais with
a total population of approximately two million
inhabitants. The Dutra Highway, considered the
most important highway in Brazil, runs through
the city. The highway carries approximately
130,000 vehicles per day, including a large vol-
ume of heavy vehicles and buses.

Data was analyzed using Poisson regres-
sion: the dependent variable was the number of
daily admissions due to hypertension and the
independent variables were the pollutant con-
centration levels and the control variables were
minimum temperature and relative humidity. A
cubic spline was adopted to control for trend,
and we used four degrees of freedom to smooth
the trend.

Since the clinical manifestations of exposure
to pollutants are believed to present a lag effect,
whereby an individual may present health prob-
lems on the day of exposure or some days after,
we adopted a structure with up to four days of lag
(lag 0 to lag 4).

The correlation between the dependent and
independent variables was defined based on the
Pearson correlation coefficient.

For each lag structure, an isolated assessment
of PM,, concentrations was made through the



creation of a “unipollutant model” which was
then adjusted for SO, and O using “multipollut-
ant models”. The results of the Poisson regres-
sion represent the risk of hospital admission due
to hypertension. The percentage increase in risk
was estimated using a 95% confidence interval
(95%CI) based on a 10pg/m3 increment in PM;,
concentrations using the following formula:
RI=[exp (b, *10) - 1) * 100], where Rl is the percent-
age increase in risk and b, is the PM,, coefficient.
Data was analyzed using the software Stata, ver-
sion 9 (Stata Corp., College Station, USA).

Results

A total of 606 hospital admissions occurred dur-
ing the period with a daily mean of 0.41 (SD =
0.74); mean values with standard deviations, and
minimum and maximum values are shown in
Table 1. Pollutant data was missing on less than
5% of the days. Table 2 shows the correlation be-
tween the study variables and their p-values and
the correlation between hospital admissions and
air pollutants.

Table 3 shows the results of the Poisson re-
gression to assess the relative risk of hospital
admission due to hypertension associated with
PM,, concentration and adjusted for the other
pollutants, divided into lags of zero to four days.
Exposure to PM,, was associated with hospital
admission for all lags using both the unipollutant
and multipollutant models. The risk of hospital
admission was between 1% and 2%.

The relative risk of hospitalizations due to
hypertension increased between 9% and 13%
with a 10pg/m3 increment in PM;, concentra-
tions (Figure 1).

Table 1

Mean values, standard deviation and range of variables. Sao
José dos Campos, State of Séo Paulo, Brazil 2007 to 2010.

Variable [missing records] Mean (SD) Range
Hospital admission [0] 0.41 (0.74) 0-6

PM g (ug/m3) [41] 24.1(12.2) 7-89
SO, (ug/m3) [65] 2.96(2.2) 1-27
O3 (pg/m3) [65] 71.5 (39.6) 15-258
Temperature (cC) [14] 28.7 (4.4) 15.4-32.3
Humidity (%) [29] 85.8 (7.8) 46.3-100.0

SD: standard deviation.
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Discussion

To the best of our knowledge, this is the first study
of the association between particulate matter ex-
posure and hospital admissions due to hyperten-
sion carried out in a medium-sized city in Brazil.
The results show that the effect of PM,, exposure
is not controlled by exposure to the other pollut-
ants considered by this study.

The risk of hospital admission found by this
study (1% to 2%) can be considered low. How-
ever, the results show a nine to 13% increase in
risk with a 10pg/m3 increase in PM;, concentra-
tions depending on the time lag in question. It is
important to note that the average concentration
of this pollutant was considerably less than the
minimum threshold recommended by the Bra-
zilian Environment Council (Resolugago CONAMA
n. 03/1990) 8 of 50pg/m3. This threshold was ex-
ceeded on 132 days (9%) of the study period.

Studies in Sao Paulo and Sao José dos Cam-
pos, have shown that exposure to a 10ug/ms3
increase in PM;, concentrations was associated
with an increase in hospital admissions due to
cardiovascular diseases in the elderly of almost
2% and 6%, respectively 9,10, and another recent
study in Brazil showed an association between
exposure to particulate matter and hospitaliza-
tion due to stroke 11. Similar associations were
also observed by an investigation of biomass
burning in Araraquara and a study of a sample
of traffic controllers in Santo André 7,12, and a
number of other studies 6.7,13,14,

Itis important to note that, although the find-
ings of this study may suggest a relationship be-
tween variables, this does not necessarily mean
that there is a clear causal effect.

Our decision to adopt minimum temperature
as a control variable was based on the findings of
Halonen et al. 15 that suggest that cumulative ex-
posure to lower ambient temperatures may lead
to an increase in blood pressure due to a mecha-
nism triggered by the cold.

Poisson regression was also used by Arbex et
al. 12, Conceicao et al. 16 showed that the differ-
ence between results obtained using linear and
additive models of Poisson regression is nominal
and another study found that the results obtained
using time-series and case-crossover analysis are
also largely similar 17.

The number of hospital admissions was ad-
opted as an indicator of effect on health since
it is known that only the most severe cases re-
quire hospital admission. However, hyperten-
sive patients seeking emergency services are of-
ten treated and released without being officially
admitted for hypertension and it is therefore
reasonable to assume that the real number of
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Table 2

Pearson'’s correlation matrix showing all variables. Sdo José dos Campos, State of S&o Paulo, Brazil 2007 to 2010.

Variable Hospital PM;, SO, O, Temperature (°C)
admission
Hospital admission 1.00
PMyq 0.08 * 1.00
SO, 0.09 * 0.50 * 1.00
O3 0.11* 0.42* 0.28* 1.00
Temperature (°C) -0.21 0.21* 0.04 0.44 * 1.00
Humidity 0.07 ** -0.47 * -0,19 * -0.42* -0.33*
*p <0.01;
**p < 0.05.
Table 3

Relative risk of hospital admission due to hypertension with the respective 95% confidence interval (95%Cl) showing the

isolated effect of PM;q exposure and combined effect of other pollutants for each lag structure. Sdo José dos Campos,
State of Séo Paulo, Brazil 2007 to 2010.

PM,,

PM;, + SO,

PM;o+ O3

PM;o + SO, + O,

Lag O
Lag 1
Lag 2
Lag 3
Lag 4

1.021 (1.014-1.028)
1.018 (1.010-1.025)
1.020 (1.012-1.028)
1.018 (1.010-1.025)

( )

1.019 (1.011-1.026,

1.018 (1.009-1.026)
1.015 (1.006-1.023)
1.015 (1.007-1.024)
1.016 (1.008-1.024)
1.016 (1.008-1.024)

1.015 (1.008-1.022)
1.010 (1.003-1.0180
1.013 (1.006-1.021)
1.013 (1.005-1.020)
1.012 (1.005-1.020)

1.013 (1.004-1.022)
1.009 (1.001-1.018)
1.010 (1.002-1.019)
1.012 (1.004-1.021)

( )

1.011 (1.002-1.019,

Figure 1

Relative risk (RR) of hospital admission due to hypertension related to a 10ug/m3 increase in particulate matter concentration

with respective 95% confidence intervals (95%Cl) for each day of the lag structure (multipollutant model). Sdo José dos
Campos, State of Sdo Paulo, Brazil, 2007 to 2010.
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affected people is larger. We considered outpa-
tients and patients from emergency clinics be-
longing to the public health system.

The following points should be noted: first,
hypertension medication may alter the response
to PM,, exposure; second, the information on
admissions due to hypertension only includes
patients attended by the SUS. Those hospitalized
under private health plans are excluded and,
since coverage by the SUS is around 85% of the
population, it is possible that the sample does
not reflect the real number of hospitalizations
due to hypertension; thirdly, the primary aim of
DATASUS is to gather information for account-
ing purposes. However, this source is commonly
used by studies on the human health effects of
exposure to air pollutants 9,10,18,19,

The mechanisms underlying particulate mat-
ter exposure and hypertension are still poorly
understood. Vasoconstriction may be associated
with an increase in the activity of the reflex sym-
pathetic nervous system due to the stimulation
of pulmonary vagal afferents 20. An increase in
plasma endothelin levels and systemic inflam-
matory cytokine production possibly related to
the free radical activity of components of par-
ticulate matter could also lead to increased blood

Resumen

Algunos de los efectos de la contaminacion ambiental
en la salud humana son conocidos, destacando aque-
llos en nuestro sistema cardiovascular. Este trabajo tie-
ne por objetivo estimar esos efectos en los internamien-
tos por hipertension arterial. Se trato de un estudio
ecoldgico, realizado con datos de internamientos de la
ciudad de Sdo José dos Campos, Sdao Paulo, Brasil, re-
lativos a los diagndsticos de hipertension arterial, entre
el 1o de enero de 2007 y el 31 de diciembre de 2010. Los
contaminantes estudiados fueron material particulado,
dioxido de azufre y ozono. Se utilizé un modelo lineal
generalizado de regresion de Poisson y desfases de hasta
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pressure 4. Another explanation is that increased
peripheral vascular resistance is likely to mediate
these changes, whereas increased baroreceptor
reflex sensitivity may compensate for changes in
blood pressure induced by particles 21.

This study has the following possible limi-
tations: clinical diagnosis errors; the time lapse
between symptoms and admission to hospital;
lack of information on factors commonly associ-
ated with hypertension, such as smoking, seden-
tary lifestyle and overweight; the assumption that
the concentration of pollutants is homogeneous
throughout the city does not take into account the
differing concentration levels throughout the city.

It is also important to note that individuals
with a history of hypertension may have other car-
diovascular diseases and the use of medications
for such diseases can modify individual response
to particulate matter exposure 22. In this respect,
the indicator hospitalization due to hypertension
may have low sensitivity for evaluating the effect
of exposure to particulate matter 12.

Despite the above considerations, this study
confirms that the exposure to particulate matter
at concentrations under the minimum threshold
recommended by Brazilian law plays a role in hos-
pital admission due to hypertension.

cuatro dias; fue posible identificar una asociacion sig-
nificativa entre la exposicion al material particulado y
el internamiento por hipertension con los riesgos, va-
riando entre 1.009 y 1.019; el aumento de 10ug/m3 de
ese contaminante aumenta el riesgo de internamiento
en hasta un 13%. Asi, fue posible identificar el material
particulado, en el modelo multicontaminante, como
asociado al internamiento por hipertension arterial en
una ciudad de porte medio, como Sao José dos Campos.

Contaminacion del Aire; Material Particulado;
Hipertension; Enfermedades Cardiovasculares
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