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Abstract

The objective of the present study was to estimate the contribution of environmental pollutants to hospital admissions for 
cardiovascular disease. A time series ecological study was conducted on subjects aged over 60 years and living in São José 
dos Campos, Brazil, with a population near 700,000 inhabitants. Hospital admission data of public health patients (SUS) were 
obtained from DATASUS for the period between January 1, 2004 and December 31, 2006, according to the ICD-10 diagnoses 
I20 to I22 and I24. Particulate matter with less than 10 µm in aerodynamic diameter, sulfur dioxide and ozone were the pollutants 
examined, and the control variables were mean temperature and relative humidity. Data on pollutants were obtained from the 
São Paulo State Sanitary Agency. The generalized linear model Poisson regression with lags of up to 5 days was used. There 
were 1303 hospital admissions during the period. Exposure to particulate matter was significantly associated with hospitaliza-
tion for cardiovascular disease 3 days after exposure (RR = 1.006; 95%CI = 1.000 to 1.010) and an increase of 16 µg/m3 was 
associated with a 10% increase in risk of hospitalization; other pollutants were not associated with hospitalization. Thus, it was 
possible to identify the role of exposure to particulate matter as an environmental pollutant in hospitalization for cardiovascular 
disease in a medium-sized city in Southeastern Brazil.
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The incidence and prevalence of cardiovascular dis-
eases have increased over the last decades and have 
become one of the main causes of death among adults 
(1,2). In metropolitan areas, the increase in the level of 
atmospheric pollutants becomes an additional risk factor 
for such diseases (3,4). Many epidemiological studies for 
the quantification of the effects of atmospheric pollution 
on human health have reported mortality as a result, with 
a strong association between the result and acute and 
chronic exposure (5,6).

Interest in investigating morbidity for cardiovascular 
diseases has increased in recent years. The association 
between air pollution and emergency room visits for ischemic 
cardiovascular disease has been demonstrated recently in 
São Paulo, Brazil. The concentration of carbon monoxide 
(CO) in air has been associated not only with angina but 
also with acute myocardial infarction after a few days of 
exposure depending on personal characteristics (7). In 

another study, also carried out in the vicinity of São Paulo, 
the pollutants studied were associated with admission due 
to myocardial infarction, with emphasis on sulfur dioxide (8). 
Other effects on the cardiovascular system such as arterial 
hypertension and alteration in the heart rate variability have 
also been observed in São Paulo. The relationship between 
cardiovascular diseases and air pollution has been little ex-
plored, and the physiopathological bases of this association 
are still unexplained. Studies have suggested two possible 
mechanisms explaining cardiovascular damage caused by 
the action of pollutants. The first involves changes in the 
modulation of the autonomic nervous system, as indicated 
by the observation of a decrease in heart rate variability 
in relation to the level of pollutants. Some diseases of the 
cardiovascular system, such as acute myocardial infarction 
and sudden death, are associated with alterations in the 
autonomic nervous system. Another possible mechanism 
is related to the increase in fibrinogen and circulating 
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inflammation factors, which lead to an increase in blood 
viscosity and favor coagulation (9-11). In 2007, 60 thousand 
admissions for myocardial infarction and angina occurred 
in São Paulo, reaching a cost of R$150 million, and 3400 
admissions occurred in the Paraíba Valley, reaching a cost 
of a little less than R$9 million (in 2011, US$1 ≈ R$1.70) 
(12). It is generally agreed that the fleet of vehicles is one, 
if not the main source generating sulfur dioxide pollutants, 
particulate matter and ozone. This being so, we can under-
stand the impact of such pollutants on the admissions for 
cardiovascular diseases in large cities. Nevertheless, are 
the effects of pollutants on the emergence of cardiovascular 
diseases similar to those in a medium-sized town? 

The objective of the present study was to estimate these 
effects on admissions for ischemic heart disease (IHD) such 
as acute infarction and angina in São José dos Campos, 
São Paulo, a medium-sized city.

Material and Methods

This was an ecological time-series study using second-
ary admission data for IHD (ICD-10 diagnoses: I20 to I22 and 
I24), obtained from the Information System of the National 
Health Care System (DATASUS) for the period from January 
1, 2004 to December 31, 2006, including subjects of both 
genders aged 60 years or more. The study was conducted 
in the city of São José dos Campos, a city in the Paraíba 
Valley, State of São Paulo, located 91 km from São Paulo 
city. Its population is approximately 700,000 inhabitants. 
São José dos Campos is an industrial, shopping and ser-
vice center serving a population of approximately 2 million 
inhabitants from the Paraíba Valley and Minas Gerais State, 
located at 23° 11’ latitude South and 45° 53’ longitude West. 
The São Paulo State Sanitary Agency (CETESB) provided 
data for the estimated pollutants in São José dos Campos, 
where a monitoring station is located. Pollutants estimated 
by this station are sulfur dioxide (SO2), particulate matter 
with less than 10 µm of aerodynamic diameter (PM10), and 
ozone (O3). Mean hourly values of measurements made 
from 1:00 am to 12:00 pm were considered. Meteorological 
data, air relative humidity, daily minimum and median 
temperatures were obtained from the Foundation for 
Science, Technology and Space Applications (FUN-
CATE) (13). 

Statistical analysis
The description of each variable in terms of valid 

number of mean, median, minimum and maximum 
observation values, standard deviation, and inter-
quartile differences was the first step taken. The 
daily number of admissions for IHD was considered 
as a dependent variable and the PM10, SO2 and O3 
pollutant concentrations quantified as µg/m3 were 
considered as independent variables controlled for 
climatic variables such as air relative humidity and 

daily median temperature.
The generalized linear Poisson regression model was 

used for counting purposes. The number of degrees of 
freedom for the spline was chosen to minimize autocor-
relations among residues. As the effect of atmospheric 
pollution on IHD morbidity may be distributed along the 
time, the number of events on a single day may be due to 
the exposure to air pollution not only on this day but along 
the previous day, with no consensus in the literature about 
the lag days. Therefore, in order to better investigate this 
pattern, we included in single pollutant models their daily 
levels ranging from the current day to 5 days before the 
visit to the emergency room. The risks of admission and 
the percent increase (INC) of these risks were estimated 
according to the increase observed in the interquartile dif-
ference (IQD) of each pollutant, according to the expression 
INC = (RR - 1) x 100, where RR (relative risk) is defined as 
exp (coeff x IQD), where coeff is the pollutant coefficient 
obtained by the Poisson regression.

Results

During the 1096 days of the study, 1303 admissions 
were registered, with ICD-10 diagnoses of I20 to I22 and/
or I24. The mean, minimum and maximum values, the 
respective standard deviations, and IQD are presented in 
Table 1. The distribution of the daily levels of pollutants, in 
μg/m3, are shown in Figure 1.

Complete information of all daily hospital admissions 
was available; missing temperature and humidity data were 
restricted to the interval from January 1 to February 18, 
2004, when the measurement of these data was initiated by 
FUNCATE. The missing data for pollutants were randomly 
spread along the days of the study period. Table 2 shows 
the Pearson correlation coefficients, which revealed a high 
correlation between pollutants and meteorological variables 
(P < 0.01) except between PM10 and mean temperature. 
Table 3 presents the coefficients obtained with the general 
linear model, with the respective standard errors of the 
mean. Only exposure to particulate matter with a lag of 3 

Table 1. Descriptive analysis of the variables included in the Poisson 
regression model.

Mean ± SD Maximum Minimum IQD

Hospital admission 1.19 ± 1.21 9 0 2
Relative humidity (%) 80.1 ± 6.5 99.3 54 8
Mean temperature (°C) 20.2 ± 2.4 27.9 13.1 4
SO2 (µg/m3) 4.3 ± 3.1 31 1 3
PM10 (µg/m3) 25.5 ± 13.7 100 6 16
O3 (µg/m3) 75.4 ± 31.5 232 20 40

IQD = interquartile difference; SO2 = sulfur dioxide; PM10 = particulate 
matter with less than 10 µm in aerodynamic diameter; O3 = ozone.
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days was associated with hospitalization for cardiovascular 
disease.

The percent increases in RR for admissions were not 
high, except for PM10 3 days after exposure, which reached 
up to 10%. 

Discussion

This was the first study on the effect of air pollutants on 

admissions for IHD carried out outside large cities. Exposure 
to particulate matter has been identified as a factor asso-
ciated with admissions for IHD in São José dos Campos, 
a medium-sized city located in the Paraíba Valley. The 
estimated risk identified in this study regarding particulate 
matter was of small magnitude (RR = 1.006) and the RR 
increased 1.096 when considering an increase of 16 µg/
m3 in the concentration of this pollutant.

The association of exposure to particulate matter with 
admissions for IHD was shown by Gouveia et al. (14) in 
a 4-year time series study of admission data for people 
over 65 years of age at hospitals in the municipality of São 
Paulo. The risk of admission was 1.010 for cardiovascular 
disease and 1.15 for ischemic disease when there was an 
increase of 10 µg/m3 in the concentration of this pollutant. 
These investigators did not study the effects during lags. 
It is important to point out that the mean concentrations of 
PM10 in the cited study were 54.5 µg/m3, practically twice 
as high as those found in our study.

Figure 1. Daily values   of pollutant particulate matter (A), sulfur 
dioxide (B), and ozone (C) during the study period, São José dos 
Campos, Brazil, 2004-2006. (Source: São Paulo State Sanitary 
Agency).

Table 3. Regression coefficients and 95% confidence interval 
(95%CI) according to lag structure for hospital admission due to 
cardiovascular disease, São José dos Campos, 2004-2006.

Coefficient 95%CI

SO2

Concurrent day 0.00818 -0.01459; 0.03095
LAG 1 -0.01589 -0.04108; 0.00931
LAG 2 0.00273 -0.02069; 0.02616
LAG 3 -0.01605 -0.04063; 0.00854
LAG 4 0.00227 -0.02064; 0.02518
LAG 5 0.01362 -0.00819; 0.03544

PM10
Concurrent day -0.00232 -0.00757; 0.00294
LAG 1 -0.00099 -0.00634; 0.00436
LAG 2 -0.00194 -0.00724; 0.00336
LAG 3 0.00578 0.00023; 0.01033
LAG 4 0.00093 -0.00419; 0.00605
LAG 5 0.00149 -0.00355; 0.00653

O3
Concurrent day -0.00011 -0.00251; 0.00229
LAG 1 0.00119 -0.00012; 0.00361
LAG 2 -0.00042 -0.00285; 0.00201
LAG 3 0.00009 -0.00232; 0.00249
LAG 4 0.00081 -0.00156; 0.00319
LAG 5 -0.00115 -0.00355; 0.00126

The value in bold indicates significant association between air 
pollutant and outcome. SO2 = sulfur dioxide; PM10 = particu-
late matter with less than 10 µm in aerodynamic diameter; O3 
= ozone.

Table 2. Pearson correlation analysis of air pollutants and weather 
variables during the period analyzed.

Relative 
humidity

Mean 
temperature

SO2 PM10 O3

Relative humidity (%) 1
Mean temperature (°C) -0.22 1
SO2 (µg/m3) -0.18 -0.23 1
PM10 (µg/m3) -0.35 -0.12 0.49* 1
O3 (µg/m3) -0.46 0.37 0.27 0.38 1

SO2 = sulfur dioxide; PM10 = particulate matter with less than 10 
µm in aerodynamic diameter; O3 = ozone. *P > 0.05.
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The present findings indicate that the 3rd day after expo-
sure was a risk for hospital admission. These data are not 
consistent with those reported by Cendon et al. (8), which 
indicate that the same day of exposure (lag 0) was that as-
sociated with hospital admission for myocardial infarction. 
The mean value of particulate matter detected by these 
investigators was 48.3 µg/m3, and for each increase of 22 
µg/m3, the risk of admission observed was a little less than 
5%. The cited study was carried out at 112 hospitals linked 
to the Unified Health System (SUS), in the municipality of 
São Paulo in 1998 and 1999.

In another study, also carried out in the municipality 
of São Paulo (14), PM10 was associated with admissions 
for cardiovascular diseases. The cited study did not use 
models including all pollutants of model with combinations 
of pollutants, in contrast to our study, which used modeling 
with three pollutants simultaneously, with adjustments for 
humidity and mean temperature.

Pereira-Filho et al. (15) did not find any association 
between exposure to particulate matter and admission for 
cardiovascular diseases, including arterial hypertension 
in their series of subjects aged 18 years or more, with or 
without diabetes as co-morbidity. These investigators used 
lags of up to 2 days. 

The present study did not detect any association 
between exposure to SO2 and admissions, in contrast to 
other studies conducted in São Paulo (9,14-16). A possible 
explanation may be related to the high SO2 values of 13 
to 17 µg/m3 detected in the cited studies, as opposed to 
the value of 4.3 µg/m3 detected in São José dos Campos 
in the present study. 

Exposure to ozone was not associated with admissions 
for IHD, in agreement with data obtained in studies con-
ducted in São Paulo (14-16), but not with data reported by 
Cendon et al. (8) who observed an acute effect of ozone 
at concentrations similar to those detected in the present 
study. These investigators studied subjects older than 64 
years using a model that considered one pollutant at a 
time, in contrast to the present study. In these studies, the 
temperature was reported as the mean temperature, unlike 
other studies (8,9). 

The use of the generalized linear model, instead of the 
generalized additive model (6,7,14,16), is justified by the 
fact that there is no substantial difference between their 
results (17).

Despite the small magnitude of the RR found here 
(RR = 1.006), the impact of air pollution on the health of 
the population must be substantial considering the large 
number of individuals exposed to it. The results represent 
a quantitative approximation of the impact of atmospheric 
pollution on the health of the population. It is important to 
point out that the factor studied here, i.e., hospitalization, is 
a serious problem but it is only one of the negative effects 
caused by air pollution.

Other less serious effects such as the occurrence of 

symptoms, use of medication and reduction of physical 
activity, among others, were not assessed in the present 
study. Even though these items are considered to be less 
serious for an individual’s health, they are of great impor-
tance to public health due to their very frequent occurrence 
and also to their negative impact on the quality of life of the 
population, with negative economic consequences.

This study was based on secondary data obtained from 
an official, stable and reliable source and widely used in 
technical and scientific work (18). It is worth noting that 
these records concern hospitalizations occurring in the 
public health network, which does not include care provided 
by health insurance. Thus, the present results reflect the 
effects of air pollution on the population that uses public 
services, which represents, in fact, most of the Brazilian 
population (around 85%). 

On the other hand, the information available in the 
Hospital Information System of SUS, used in the present 
study, is produced for accounting purposes and not only 
for epidemiological studies, and may therefore have a 
certain degree of inaccuracy. There may still have been 
a certain degree of underestimation of the frequency of 
certain grievances, considering the technological profile 
of the assistance network, apart from the mistakes in the 
codification of diagnoses. Nowadays, diagnostic confirma-
tion of hospital admission is done a posteriori, with the 
purpose of reducing diagnostic errors on the occasion of 
hospital admission. 

In ecological studies of temporal series carried out on 
a daily basis, factors whose distribution does not vary daily 
do not act as possible confounding variables. Therefore, 
the quality of information about hospital admissions and 
other possible problems of these data bases, which do 
not vary daily and which are not correlated with the levels 
of air pollution, have little implications for the estimates of 
the effect found.

On the other hand, it is worth noting that this was an 
ecological study in which no individual information about 
exposure to disease was available. It is not known, for 
instance, whether the hospitalized individuals were actually 
more exposed to reported levels of air pollution. It can be 
assumed that exposure measured daily was homogeneous 
throughout the city, and that individuals were similarly 
exposed, otherwise the problem would be unsolved.

Estimating the risk for the population health with regard 
to air pollution is the first step in planning and implement-
ing actions aiming at a healthier environment. Production 
of technically based data is fundamental for the formula-
tions of public policies and decision-making that promote 
socio-economic development apart from considering 
environmental issues and people’s life quality.

Thus, it was possible to determine that exposure to par-
ticulate matter with less than 10 µm in aerodynamic diameter 
was a risk factor for cardiovascular disease on the 3rd day 
after exposure, in São José dos Campos, Brazil.
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