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Abstract

An increase in daily mortality from myocardial infarction has been
observed in association with meteorological factors and air pollution
in several cities in the world, mainly in the northern hemisphere. The
objective of the present study was to analyze the independent effects
of environmental variables on daily counts of death from myocardial
infarction in a subtropical region in South America. We used the
robust Poisson regression to investigate associations between weather
(temperature, humidity and barometric pressure), air pollution (sulfur
dioxide, carbon monoxide, and inhalable particulate), and the daily
death counts attributed to myocardial infarction in the city of Sao
Paulo in Brazil, where 12,007 fatal events were observed from 1996 to
1998. The model was adjusted in a linear fashion for relative humidity
and day-of-week, while nonparametric smoothing factors were used
for seasonal trend and temperature. We found a significant association
of daily temperature with deaths due to myocardial infarction (P <
0.001), with the lowest mortality being observed at temperatures
between 21.6 and 22.6°C. Relative humidity appeared to exert a
protective effect. Sulfur dioxide concentrations correlated linearly
with myocardial infarction deaths, increasing the number of fatal
events by 3.4% (relative risk of 1.03; 95% confidence interval = 1.02-
1.05) for each 10 pg/m? increase. In conclusion, this study provides
evidence of important associations between daily temperature and air
pollution and mortality from myocardial infarction in a subtropical
region, even after a comprehensive control for confounding factors.
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Introduction

An increase in mortality from heart dis-
ease in cold weather has been observed for
more than half a century (1,2). Analyses of
seasonal fluctuations in myocardial infarc-
tion (MI) morbidity and mortality have shown
a heterogeneous temporal distribution, with
apeak in winter and a nadir in summer (3,4).

This pattern is consistent across many re-
gions of the world (5-8). Studies on meteoro-
logical variables, mainly temperature, have
demonstrated a relatively large effect on both
hospitalization and death from coronary heart
disease (9,10). In addition, studies on air
pollution have provided evidence that in-
creases in atmospheric pollution, both epi-
sodic events of extremely high levels and
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variations within the usual concentration
range, are independently associated with an
elevation of death by MI (11-13).

These findings have motivated investiga-
tors to study the biological mechanisms in-
volved. Acute exposure to cold can increase
blood pressure, sympathetic nervous activ-
ity, and platelet aggregation in humans (14-
16). Experimental and clinical data have
shown that pollution levels are associated
with changes in blood viscosity, heart rate
variability, ischemic threshold, and occur-
rence of life-threatening arrhythmias (17-
19). Although several studies have been pub-
lished about the association of environmen-
tal variables with death from MI (20,21),
only a few have used a comprehensive mo-
del that could clarify the independent contri-
bution by the seasonal, meteorological, and
air pollution conditions to an excess of coro-
nary mortality. Also, only a small number of
investigations of MI mortality have analyzed
these associations using more precise and
flexible statistical instruments (13,22). The
city of Sdo Paulo is located on the Tropic of
Capricorn, 46° longitude, at 800 m altitude.
As the city with the third largest population
in the world, it offers a unique opportunity
for an ecological study exploring the role of
the environment in coronary mortality in a
much different context of climate and mix of
pollution sources compared with North
America and Europe.

This kind of research is an important key
for the understanding of the influence of the
environment on coronary heart disease and
may open new opportunities for preventive
and therapeutic interventions. The objective
of the present study was to examine the
independent associations of seasonal, me-
teorological, and pollution variables with
daily counts of death attributed to MI in the
city of S@o Paulo, Brazil.

Material and Methods

Complete data from death certificates list-
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ing MI as a primary cause for the period of
July 1996 to June 1998 were provided by the
Sao Paulo Municipal Government Obituary
Registry (Programa de Aprimoramento de
Informagdes de Mortalidade), which is re-
sponsible for processing and revising for
coherence all death certificates for persons
who live within the metropolitan area. Dur-
ing this period, the population of Sdo Paulo
was 9,870,623 inhabitants, on average, as
estimated by the State Statistics Department
(Fundacdo Sistema Estadual de Andlise de
Dados). MI deaths were coded as .21, that
means acute MI, according to the Interna-
tional Classification of Diseases, tenth revi-
sion, considering all residents of Sdo Paulo
who died of nonviolent causes. A single
code number was chosen instead of broader
categories in order to obtain a more homoge-
neous sample with the purpose of exploring
possible mechanisms of acute coronary heart
disease. Daily mean concentrations of sulfur
dioxide (ug/m?®), measured by coulometry,
carbon monoxide (ppm), measured by non-
dispersive infrared, and inhalable particu-
late matter less than 10 um in diameter (pg/
m?®), measured with a beta gauge, were pro-
vided by the State Environmental Agency
(Companhia Estadual de Tecnologia em
Saneamento Bésico). The mean value of
available measurements of pollutants at 13
monitoring stations distributed throughout
the urban area was calculated for each day.

The daily measurements of mean atmo-
spheric temperature (°C), relative humidity
(%), and pressure (mbar) obtained at a single
location were provided by the Astronomy
and Geophysics Institute of the University of
Sao Paulo.

Statistical analysis

A table with Pearson correlation coefti-
cients between daily deaths, weather vari-
ables, and pollutant concentration was gen-
erated. Multiple Poisson regression in a gen-
eralized additive model was adopted to study
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the associations between daily MI mortality,
weather variables, and air pollution, control-
ling for seasonal trends, day-of-week, public
holidays, and influenza incidence. By gener-
ating models using different spans of previ-
ous moving averages of air pollution (from
the current day to a 7-day average) and
weather variables (from the current day to a
2-day average), it was possible to compare
the models obtained to achieve the best fit-
ting, as described elsewhere (23). A robust
regression design, which assigns a lower
weight to outliers, was used to reduce the
effect of any extreme observations on the
regression results (24). This type of analysis
was used to model the small expected effect
of environmental factors, especially pollu-
tion, to control for the occurrence of days
with atypical measures, secondary to holi-
days and influenza epidemics. A loess smooth
function was included in the model to con-
trol for non-linearity in the dependence of
mortality on seasonal trend and temperature.
Loess estimates a smoothing function by
fitting a weighted regression within a mov-
ing window, and the weights are close to one
in the central third of the window, declining
rapidly to zero outside that range, allowing a
more flexible control of the variables in a
given model. For seasonal variation, we used
a window of 182 days that represented the
seasonal pattern and for temperature a win-
dow of 50% of the data (13).

A second model including 10 categories
(deciles) for daily temperature, instead of a
loess-smoothing factor, was constructed to
better display this variable graphically. A
similar procedure was followed for quintiles
of relative humidity and sulfur dioxide. At-
tributable deaths were calculated for each
relevant factor as a percentage of total mor-
tality (25).

Results

Included in the study were 12,007 fatal
events secondary to MI, with a mean patient

age of 67.8 years (SD = 13.6) ranging from
35 to 109 years, and 6976 (58.1%) men.

The distribution of the variables included
in the analysis is shown in Table 1. The mean
daily count of deaths due to all nonviolent
causes was 129.8 (SD = 19.5), the count due
to cardiovascular diseases was 38.1 (SD =
8.42), and the count to MI was 16.4 (SD =
5.0). The Pearson correlation (Table 2) re-
vealed significant relationships between daily
deaths secondary to MI, weather, and air
pollution.

Seasonality

Associations between long- and short-
term seasonalities and MI mortality, respec-
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Table 1. Distribution of deaths by diagnoses, weather and air pollution variables

studied.

Variable Mean Maximum  Minimum SD
Mortality (deaths/day)

Non-violent deaths (ICD A00 to R99) 129.8 203 82 19.5
Cardiovascular deaths (ICD 100 to 152) 38.1 70 14 8.4
Myocardial infarction deaths (ICD 121) 16.4 37 4 5.0
Mean temperature (°C) 19.3 28.3 8.8 3.6
Relative humidity (%) 81.3 97 53 7.8
Atmospheric pressure (mbar) 925.4 935 917 3.7
Sulfur dioxide (ug/m?3) 18.9 75.2 3.1 10.9
Particulate matter (ug/m3) 58.2 186 23 25.8
Carbon monoxide (ppm) 3.7 11.8 1.0 1.6

Data are reported as deaths per day unless otherwise stated. ICD = International

Classification of Diseases; SD = standard deviation.

Table 2. Pearson correlation coefficients for the main variables studied.

Temperature  Humidity AP CO PM SOy
Temperature 1
Humidity -0.28%*** 1
AP -0.66%** 0.11%** 1
CO -0.01 -0.45***  -0.03 1
PM -0.12** -0.53***  0.22%** (.73*** 1
SO, -0.20*** -0.37***  0.19*** 0.51***  0.72%** 1
Ml -0.28*** -0.09* 0.23***  0.14***  0.17*** 0.11**

AP = atmospheric pressure; CO = carbon monoxide; PM = particulate matter; SO, =

sulfur dioxide; Ml = daily myocardial infarction deaths.
*P < 0.05, **P < 0.01, ***P < 0.001.
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Table 3. Regression estimates of daily mortality from myocardial infarction.

Variable Estimated Estimated
coefficient standard error
Loess for seasonal trend 0.992 0.325**
Day-of-week indicators
Monday 0.086 0.036*
Tuesday -0.003 0.037
Wednesday 0.042 0.036
Thursday 0.003 0.037
Friday 0.072 0.036*
Saturday 0.030 0.037
Environmental variables
Loess for temperature (°C) -1.586 0.347***
Relative humidity (%) -0.004 0.002**
Atmospheric pressure (mbar) 0.005 0.003
Sulfur dioxide (pg/m3 x 100) 0.36 0.18*
Particulate matter (ug/m3 x 100) 0.04 0.08
Carbon monoxide (ppm x 100) 0.97 1.27

*P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 1. Relative risk (RR) of death (95% confidence interval) from myocardial infarction by
deciles of temperature, adjusted to seasonal trend, weather and pollution variables in Sédo
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Paulo, 1996-1998. The total number of deaths from myocardial infarction was 12,007.
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Figure 2. Relative risk (RR) of death (95% confidence interval) from myocardial infarction by
quintiles of humidity, adjusted to seasonal trend, weather and pollution variables in Sao
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Paulo, 1996-1998. The total number of deaths from myocardial infarction was 12,007.
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tively, time trend and day-of-week variation,
are presented in Table 3. When compared to
Sundays, Mondays exhibited an increased
mortality with a relative risk of 1.09 (95%
confidence interval, CI, 1.02-1.17).

Weather effects

The multiple regression model revealed a
strong and robust association between daily
MI mortality and mean temperature (2 days
average). Figure 1 displays the association
of MI mortality and deciles of temperature.
This relationship is U-shaped (P < 0.001),
with a clear deleterious effect observed as
temperature decreased from about 22°C. A
lesser effect of hot temperatures was seen
with an increase in the relative risk of dying
to 1.11 (95% CI: 1.06-1.16) as temperature
increased from 21.6-22.6 to 23.8-27.3°C.
Temperature variation was associated with
an excess of 1420 deaths (11.8% of total MI
deaths) during the study period.

Low humidity (2 days average) was a
significant and independent variable associ-
ated with MI mortality with a relative risk of
1.11 (95% CI: 1.03-1.18) when comparing
the lowest and highest quintile of relative
humidity (Figure 2). With the methodology
used, we could not detect a significant and
independent effect of atmospheric pressure
on MI mortality.

Air pollution effects

Sulfur dioxide levels (4 days average)
were significantly associated with mortality
from MI both individually and when added
to the other pollutants considered (Table 3),
with no evidence of a safe threshold (Figure
3). The estimated effect of a 10 ug/m? eleva-
tion in sulfur dioxide levels was a corre-
sponding increase of 3.4% (relative risk of
1.03; 95% CI: 1.02-1.05) in MI mortality.
Carbon monoxide and inhalable particulate
matter did not have significant effects on
mortality either individually or when included
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with sulfur dioxide in the final model. The
regression coefficients and standard errors
(in parentheses) for each pollutant, included
individually and with other pollutants, re-
spectively, were as follows: sulfur dioxide
(ng/m?x 100), 0.34 (0.15) and 0.36 (0.18) (P
<0.05); particulate matter (ug/m?x 100), 0.1
(0.1) and 0.04 (0.08), nonsignificant, and
carbon monoxide (ppm x 100), 1.42 (1.01)
and 0.97 (1.27), nonsignificant.

Discussion

A growing body of evidence shows that
Ml is not a random event but, on the contrary
is associated with several known triggering
factors, including environmental variables
(26). The present study confirms the inde-
pendent association of both short- and long-
term seasonality on MI mortality. These re-
sults give support to the stress-related return
to work on Mondays as a possible trigger for
fatal MI (3). The increase in MI mortality in
winter even after controlling for meteoro-
logical fluctuations is intriguing and is not
fully understood, although some investiga-
tors attribute this winter effect to the differ-
ence in the photoperiod (number of sunlight
hours) between winter and summer (6). It is
very interesting that the seasonal variation in
MI morbidity in the second national registry
of MI was equivalent in colder and warmer
regions of the United States of America (4).
A second study found that the seasonal varia-
tion in coronary mortality in Kuwait and
Scotland is very similar (6). These studies
suggest that an acclimatization of the popu-
lation to the local climate occurs and that MI
deaths peak in winter not only because of
absolute low temperature but possibly sec-
ondary to a decrease relative to the average
annual temperature.

Given the increase in blood pressure and
sympathetic nervous output with cold tem-
peratures, Green et al. (27) proposed the
holding of clinical trials involving the ad-
justment of antihypertensive treatment for

each season. The evident influence of tem-
perature on MI mortality may be explained
by multiple physiologic functions that are
modified by environmental temperature. Cold
exposure increases blood pressure, sympa-
thetic nervous output, and platelet aggrega-
tion (15,16). In addition, acute-phase fac-
tors, reported as prognostic elements in un-
stable angina, such as C-reactive protein,
fibrinogen, and factor VII activity, are all
higher in winter (28,29).

On the other hand, high temperatures
have also been found to induce profound
physiologic changes such as an increase in
blood viscosity and cardiac output leading to
dehydration, hypotension, and even endo-
thelial cell damage (30). A deleterious asso-
ciation of dry days with MI mortality was
also noted by other investigators (13), possi-
bly due to dehydration and consequent el-
evation of blood viscosity. The sympathetic
system probably plays a major role in defin-
ing seasonal rhythms of acute MI. This view
is supported by the study of Sayer et al. (31)
that showed the absence of seasonal varia-
tion in MI patients taking beta-blockers and
in individuals with diabetes, possibly due to
a subjacent autonomic dysfunction.

In the present study, we demonstrated a
strong association between daily tempera-
ture and MI mortality in Sao Paulo, Brazil.
This association is non-monotonic, with a
typical U-shape. The temperature at which
the lowest mortality occurred in our study
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Figure 3. Relative risk (RR) of death (95% confidence interval) from myocardial infarction by
quintiles of sulfur dioxide (SO»), adjusted to seasonal trend, weather and pollution variables
in Sdo Paulo, 1996-1998. The total number of deaths from myocardial infarction was

12,007.
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was around 22°C. In other areas of the globe,
the most favorable temperature varies widely,
from 26-29°C in Taiwan (10) to 16°C in the
Netherlands (32). Such variation may be
explained by differences in housing condi-
tions and by a process of acclimatization to
the local climate. In fact, Sdo Paulo, with a
temperate climate, exhibits a much smaller
range of temperatures than London and most
cities in the United States of America. None-
theless, the summer to winter mortality ra-
tios were comparable to those reported for
these cities. This can be explained by a steeper
relationship between temperature and MI
mortality in poor countries, like Brazil and
Greece, with less house heating and weather
protective garments (20).

Thus, it is important to emphasize the
value of thermal comfort, with heating and
insulation in winter and air-conditioning in
summer, as well as outdoor weather protec-
tion for disease prevention, as demonstrated
in the literature (22,30). Although particu-
late matter less than 10 in diameter and total
suspended particles were associated with
excess MImortality in several studies (12,13),
we only found an independent association
with sulfur dioxide levels, which are very
low in S@o Paulo. Sulfur dioxide is best
known for its irritant effects on the respira-
tory system, but these effects do not seem to
explain the excess mortality seen here. One
possibility is that sulfur dioxide acts as a
marker of other constituents produced in
fossil fuel burning, like SO, and fine par-
ticles (33), and for this reason could be
associated with MI mortality (13).
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Limitations

A limitation of the present study was that
we relied on central station monitoring for
meteorological factors and the mean of 13
monitoring stations for pollution levels, in-
stead of measurements of personal exposure
to environmental variables, a fact that could
weaken the associations and introduce er-
rors in the analysis of variance. However,
considering the population as a whole, we
can be confident that the relationships veri-
fied here are meaningful. Errors estimating
individual exposure would minimize the
magnitude of the observed effect of the am-
bient variables, tending to produce false-
negative results, so that the effects observed
here were probably underestimated. The pos-
sible role of influenza as a contributor to
winter peak death rates was not considered
due to the lack of data on the incidence of
viral respiratory disease. A second question
is the quality of the data used in the present
analysis. A quality study gives support to the
reliability of the death certificate in coronary
heart disease in the city of Sdo Paulo, with a
sensitivity and specificity similar to that of
developed countries (34). It is not possible to
prove a direct causality between environ-
mental variables and MI mortality based only
on observational studies; nevertheless, data
available in the literature and in the present
study point in this direction. Additional ex-
perimental and clinical research is necessary
to ultimately confirm the existence of a di-
rect effect and to better characterize the bio-
logical mechanisms involved.
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