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Abstract

Exposure to nitrogen oxides (NOx) emitted by burning fossil fuels has been associated with respiratory diseases. We aimed to
estimate the effects of NOx exposure on mortality owing to respiratory diseases in residents of Taubaté, São Paulo, Brazil, of all
ages and both sexes. This time-series ecological study from August 1, 2011 to July 31, 2012 used information on deaths caused
by respiratory diseases obtained from the Health Department of Taubaté. Estimated daily levels of pollutants (NOx, particulate
matter, ozone, carbon monoxide) were obtained from the Centro de Previsão de Tempo e Estudos Climáticos Coupled Aerosol
and Tracer Transport model to the Brazilian developments on the Regional Atmospheric Modeling System. These
environmental variables were used to adjust the multipollutant model for apparent temperature. To estimate association
between hospitalizations owing to asthma and air pollutants, generalized additive Poisson regression models were developed,
with lags as much as 5 days. There were 385 deaths with a daily mean (±SD) of 1.05±1.03 (range: 0–5). Exposure to NOx
was significantly associated with mortality owing to respiratory diseases: relative risk (RR)=1.035 (95% confidence interval [CI]:
1.008–1.063) for lag 2, RR=1.064 (95%CI: 1.017–1.112) lag 3, RR=1.055 (95%CI: 1.025–1.085) lag 4, and RR=1.042 (95%CI:
1.010–1.076) lag 5. A 3 mg/m3 reduction in NOx concentration resulted in a decrease of 10–18 percentage points in risk of death
caused by respiratory diseases. Even at NOx concentrations below the acceptable standard, there is association with deaths
caused by respiratory diseases.
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Introduction

Nitric oxide (NO), nitrous oxide (N2O) and nitrogen
dioxide (NO2) generate nitrogen oxides (NOx), which are
considered primary air pollutants, as well as carbon
monoxide (CO), polycyclic aromatic hydrocarbons (PAHs)
and particulates emitted from identifiable sources. These
pollutants act as precursors of secondary air pollutants,
such as ozone (O3), nitric acid (HNO3) and others (1).
NOx also participate in the formation of photochemical
smog consisting of products resulting from interaction with
organic compounds and, together with sulfur dioxide
(SO2), contribute to the formation of acid rain (2).

NOx formation can occur as the result of anthropo-
genic action, such as burning fossil fuels in stationary
sources like industrial plants, or in motor vehicles (3). Most
NOx is present as NO, but this species is readily oxidized
to NO2 by reaction with O3, so NOx levels are similar to
standard values for NO2 (4). NO2 is a very toxic gas that
can trigger cell damage and inflammatory processes

throughout the respiratory system, from the nose to the
pulmonary alveoli (1).

It is estimated that diesel truck engines produce five
times more NOx than lighter, gasoline-powered engines,
per vehicle (5). Biodiesel use has contributed to the
reduction in emissions of particulate matter (PM) and other
pollutants (e.g., CO, PAHs); however NOx emissions have
shown a slight increase even with the use of biodiesel
blended with petroleum-based diesel (6). Studies project an
annual growth rate of 3.5% in sales of smaller vehicles
through 2015 and of 2.2% as from 2016, which would lead
to increases of SO2, NO2 and PM emissions (7).

Mortality is among the effects of exposure to air
pollutants. The risk of death associated with respiratory
problems caused by exposure to all air pollutants is
significantly higher than that of cardiovascular disease in
61% of cases, with 6–10% greater relative risk, on
average (8). Data obtained by Goldberg et al. (9) indicated
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that individuals with certain health conditions, especially
those with diabetes and cardiovascular disease, hyperten-
sion, atrial fibrillation and cancer, could be susceptible to
the short-term effects of air pollution.

Saldiva et al. (10) examined the relationship between
daily mortality in elderly adults (465 years) and air pollution
in the metropolitan area of São Paulo (SP), Brazil, for the
period May 1990 to April 1991 by time series regression,
controlling for season, weather, and other factors. Mortality
was associated with respirable PM less than 10 mm in
diameter (PM10), NOx, SO2, and CO. The association with
PM10 was statistically significant, robust, and independent
of other air pollutants. An increase in PM10 equal to 100 mg/
m3 was associated with an increase in overall mortality
equal to approximately 13%.

Fine PM less than 2.5 mm in diameter [PM2.5], O3, and
NO2 were found to have positive associations with
mortality risk in a large cohort of California adults, using
individualized exposure assessments (11). The positive
associations with NO2 found in that study suggest that
traffic pollution is related to premature death.

Decreases in air pollution may contribute to delaying
deaths, as well as to reducing health costs and employee
absenteeism; such decreases may also provide intangible
benefits such as improved well-being, life expectancy
and quality of life, as shown in a study with data from
25 European cities (12). Regression models have
estimated the association between reductions in PM2.5

and improvements in life expectancy for the period 2000
to 2007 in 545 counties in the United States (13). Air
pollution control over the last decade in that country has
continued to have a positive impact on public health.

In studies conducted in São José dos Campos, a mid-
sized city in the state of São Paulo, a decrease of 3 mg/m3

in the SO2 concentration led to an 8.5% reduced risk of
death from ischemic heart disease (14); also, exposure to
air pollutants as a risk factor for death owing to stroke was
identified, with increased risks of 10% and 7% for
particulate matter and SO2, respectively (15).

The largest relative risk of death caused by respiratory
disease in elderly adults was found by Martins et al. (16).
Increments of 10 mg/m3 in daily levels of PM10 were
associated with an overall 5.4% increase in respiratory
mortality (relative risk [RR]=1.054, 95% confidence inter-
val [CI]: 1.023–1.086), ranging from 1.4% (95%CI:
5.9–8.7) to 14.2% (95%CI: 0.4–28.0).

Increments of 10 mg/m3 in PM10 levels increased hospital
admissions of elderly adults owing to respiratory illnesses by
3.5% (RR=1.035, 95%CI: 1.012–1.059) in Rio de Janeiro
(17). In São Paulo (18), calculated RR=1.019 (95%CI:
1.011–1.027) and RR=1.009 (95%CI: 1.005–1.013), respec-
tively for hospitalization and death in elderly adults was
caused by respiratory diseases associated with a 10 mg/m3

increase in PM10.
The high industrialization rate of mid-sized cities in the

Paulista Paraíba Valley of Brazil, and the associated

increases in industrial vehicles and traffic on highways
crossing that region prompted this study, aimed at
estimating the association between exposure to NOx,
represented by NO2, and mortality owing to respiratory
diseases in residents of Taubaté, SP.

Material and Methods

This was an ecological time-series study performed
using records of deaths from respiratory diseases (ICD 10th
revision: J12.0 to J18.9, J44.0 to J44.9, J45.0, J45.1, J45.8,
J45.9 and J46) among residents of Taubaté, SP (of all ages
and both sexes), between August 1, 2011 to July 31, 2012.

The geographical location of Taubaté is between
São Paulo and Rio de Janeiro (23°020S, 45°350W), with a
population of approximately 290,000. The city is crossed by
the Presidente Dutra highway, the most important road in
Brazil, with a high traffic flow of buses, cars and heavy trucks.
Vehicle numbers in 2012 were estimated at about 180,000
cars and motorcycles and 7000 buses and trucks (19).

The Ethics Committee on Human Research of the
Universidade de Taubaté (UNITAU) approved the study
(#068/2012). Data on mortality owing to respiratory
diseases were obtained from death certificates stored at
the Epidemiological Surveillance Unit, which is linked with
the Health Department of Taubaté.

Estimated daily levels of air pollutants were obtained
from the Coupled Aerosol and Tracer Transport model to the
Brazilian developments on the Regional Atmospheric
Modeling System (CATT-BRAMS), considering daily means
quantified as CO (ppb) and O3, NOx and PM2.5 (mg/m

3). This
system is an online transport model fully coupled to the
CATT-BRAMS atmospheric model and has been designed
to study the emission, deposition and transport of gases and
aerosol particles using satellite data. The system generates
daily estimates every 8 hours for different pollutants that are
associated with biomass burning in South America (20). One
of the advantages of using this model is its application to
cities where there are no pollution measuring stations (20).

Data on temperature and humidity were obtained from
the Centro de Previsão de Tempo e Estudos Climáticos
website and the apparent temperature, which is a function
of temperature and humidity, was calculated (21).

Models with exposure lags of 0 to 5 days (lag 0 to
lag 5) were used to estimate the association between
exposure to environmental pollutants and deaths asso-
ciated with respiratory diseases. It is known that the
effects of exposure to pollutants can be delayed, although
there is no consensus about this interval. Therefore, we
used the generalized additive Poisson regression model
for analysis because deaths are discrete events.

The analysis consisted of modeling trends and
seasonality in the series using spline functions for time;
for weekdays and holidays, dummy variables were used.
Inclusion and exclusion of terms in the model were
evaluated for final fit and model quality. The corresponding
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terms for daily concentrations of pollutants were added
to the model, assuming that the association with the
dependent variable was linear.

The coefficients provided by the model can be
translated into risk of death from respiratory diseases
caused by exposure to pollutants, adjusted for apparent
temperature. These relative risks (RR) with 95% confidence
intervals, according to 0–5 day lags, were determined.

The estimated effects corresponding to a decrease of
3 mg/m3 in NOx levels were transformed into percentage
decrease in risk of death caused by respiratory illness,
with the respective 95% confidence intervals. A signifi-
cance level of 5% was adopted for all analyses.

Results

During the study period, there were 385 deaths owing to
respiratory diseases, with 90% of these among elderly adults
over 60 years old. The daily mean was 1.05±1.02, ranging
from 0 to 5 deaths per day, regardless of age and sex.

The mean values with standard deviations, minimum
and maximum values, and interquartile differences of
atmospheric and pollutant variables are reported in Table 1.
Mean values of pollutants PM2.5, NOx, O3 and CO did not
exceed the standard set by Brazil’s State Decree No.
59113/2013, based on guidelines established by the World
Health Organization (WHO) establishing new air quality
standards through a gradual and progressive set of targets,
such that air pollution is reduced to acceptable levels over
time (22). Current standards for NO2 and PM2.5 are 60 mg/m3

and 20 mg/m3, respectively, considering the annual arithmetic
mean. The standards for O3 and CO are 140 mg/m3 and
9 ppm, respectively, with sampling time of 8 h.

Poisson regression was used to obtain a model with all
pollutants (multipollutant model) adjusted for apparent
temperature, controlled by weekday and seasonality. This
model provided the coefficients and SEs (Table 2) to
calculate the RR of death from respiratory diseases after
exposure to pollutants, and 95% confidence intervals, with
lags of 0 to 5 days (Table 3).

Deaths were associated with exposure to PM2.5 in lags
0 and 1, to O3 in lags 2 and 4, and to NOx in lag 2 up to

lag 5. A decrease of 3 mg/m3 in NOx concentrations
implies a decreased risk of death between 11.5% (95%CI:
2.8–21.0) and 17.9% (95%CI: 7.8–28.9), corresponding to
lags 2 and 3 (Figure 1).

Discussion

An association between exposure to NOx and deaths
from respiratory disease was observed in Taubaté,
although the levels of NOx reported in this study were
below those established by Cetesb (22).

Pollutant concentrations were not directly quantified by
environmental agency measurements, but estimated by
model; estimated data have been used in other studies
(23-25). CO and PM2.5 near-surface measurements from
CATT-BRAMS were validated (26). In studies such as
Andrade Filho et al. (27), PM2.5 levels were estimated by
aerosol optical thickness measurements from the MODerate
Resolution Imaging Spectroradiometer (MODIS) sensor.

NOx emitted in the form of NO are rapidly oxidized to
generate NO2; thus, concentrations of NO2 can accurately
reflect NOx concentrations (28). Among the results of
exposure to NO2 are harmful effects on the respiratory tract,
with impaired defenses against microorganisms and
increased bronchial response in persons with asthma (28).
Moreover, this pollutant is used as a marker of air pollution
from burning fossil fuels. It is correlated with the presence of
other pollutants generated by mobile sources and is the
precursor of tropospheric O3 and nitrates that make up the
fine fraction of particulate matter (PM2.5).

Studies have shown that gaseous air pollutants such
as O3 and NO2 induce permeability of bronchial epithelial
cells in primary cultures, with increased release of
inflammatory mediators, thereby demonstrating that bron-
chial epithelial cells from patients with chronic airway
diseases, such as asthma and chronic obstructive pul-
monary disease, are more susceptible to the deleterious
effects of air pollutants (29).

The results from our study are consistent with those of
Tao et al. (30), which showed an increased risk of death up
to 2 days after exposure to NO2. Increases of 10 mg/m3 in
concentrations of this pollutant increased risk by about 3%,

Table 1. Descriptive analysis of variables used.

Variables Mean±SD Minimum Maximum IQD

NOx (mg/m3) 2.89±3.84 0.20 44.40 1.9

PM2.5 (mg/m3) 13.72±10.08 0.40 127.50 3.0
O3 (mg/m3) 62.09±21.62 0.00 254.70 22.8
CO (ppb) 129.77±53.12 20.00 550.00 56.6
Apparent temperature (°C) 20.43±3.99 7.20 36.40 5.2

Data are from Taubaté, Brazil during 2011–2012. NOx: nitrogen oxides; PM2.5:
fine particles; O3: ozone; CO: carbon monoxide; IQD: interquartile difference; SD:
standard deviation.
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upon analysis of deaths in four Chinese cities where NO2

concentrations were between 38.1 and 70.4 mg/m3. These
values are between 13- and 23-times higher than those
found in our study.

In a nationally representative cohort in China, long-term
exposure to outdoor air pollution was found to be associated
with increased risk of cardiopulmonary and lung cancer
deaths. Using proportional hazards regression models, an
increase of 10 mg/m3 in NOx corresponded to 2.6% increased
respiratory mortality (95%CI: –0.2% to 5.6%) (31), which is
proportionally similar to that observed in our study. From 1991
to 2000, annual NOx concentrations in Chinese cities
increased 28%, suggesting that air pollution gradually
changed during the 1990s from the conventional coal
combustion type to the mixed coal combustion/motor vehicle
emission type (31), the same as what has occurred in Brazil.

In a study involving 17 Chinese cities with NO2

concentrations of 26 to 67 mg/m3, the risk of death caused
by respiratory diseases increased by 2.52% (95%CI:
1.44–3.59), with higher risk in older people when
concentrations of this pollutant increased 10 mg/m3 (32).
Similar results were observed in our study, with 90% of
deaths involving adults over 60 years of age.

A review of Chinese studies by Shang et al. (33)
identified 11 reports on mortality associated with respiratory
disease and NO2 exposure. The values found for risk of
death were significant, ranging between 0.5% and 1.6%.

Wang et al. (34) used a time series method to construct
an autoregressive integrated moving average (ARIMA)

Table 2. Generalized additive model (GAM) coefficients and
standard errors (SE) of air pollutants according to lags.

Air pollutant GAM coefficient SE

Lag 0
CO (ppb) –0.000248 0.001558
O3 (mg/m3) –0.002806 0.003263

NOx (mg/m3) 0.002459 0.017009
PM2.5 (mg/m3) 0.020343 0.010273

Lag 1
CO (ppb) –0.000525 0.001270

O3 (mg/m3) 0.001482 0.003287
NOx (mg/m3) –0.005710 0.021583
PM2.5 (mg/m3) 0.023439 0.010810

Lag 2
CO (ppb) –0.001622 0.001338
O3 (mg/m3) 0.007291 0.003079

Ox (mg/m3) 0.036350 0.013895
PM2.5 (mg/m3) 0.007120 0.010710

Lag 3
CO (ppb) –0.002951 0.001516

O3 (mg/m3) 0.005083 0.003211
NOx (mg/m3) 0.064444 0.022760
PM2.5 (mg/m3) 0.007691 0.011116

Lag 4
CO (ppb) –0.005075 0.001547
O3 (mg/m3) 0.008485 0.003180

NOx (mg/m3) 0.054827 0.015260
PM2.5 (mg/m3) 0.004679 0.011821

Lag 5

CO (ppb) –0.002887 0.001594
O3 (mg/m3) 0.002394 0.003351
NOx (mg/m3) 0.047627 0.015999
PM2.5 (mg/m3) 0.001086 0.012139

Data are from Taubaté, Brazil during 2011–2012. Data in bold are
statistically significant (Po0.05, Poisson regression).

Table 3. Data from Taubaté, Brazil during 2011–2012 for death caused due to respiratory diseases, for lags
of 0 to 5 days.

NOx (mg/m3) PM2.5 (mg/m3) O3 (mg/m3) CO (ppb)

Lag 0 1.008 (0.975–1.041) 0.998 (0.984–1.012) 1.000 (0.994–1.006) 0.999 (0.997–1.003)
Lag 1 0.999 (0.957–1.042) 1.010 (1.002–1.019) 1.001 (0.995–1.006) 0.999 (0.997–1.002)
Lag 2 1.035 (1.008–1.063) 1.000 (0.988–1.012) 1.006 (1.001–1.012) 0.998 (0.996–1.001)
Lag 3 1.064 (1.017–1.112) 0.998 (0.986–1.009) 1.005 (0.999–1.010) 0.997 (0.994–1.000)
Lag 4 1.055 (1.025–1.085) 1.006 (0.995–1.017) 1.007 (1.001–1.013) 0.995 (0.992–0.998)
Lag 5 1.042 (1.010–1.076) 1.001 (0.978–1.025) 1.002 (0.996–1.009) 0.997 (0.994–1.000)

Data are reported as relative risk (RR; 95%CI). Data in bold are statistically significant (Po0.05. Poisson
regression).

Figure 1. Percentage decrease of relative risks, and 95%
confidence intervals of death owing to respiratory diseases with
respect to nitrogen oxides (NOx) exposure and lag structure in
Taubaté, Brazil (2011–2012).
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model of pollutants, and then inputted the predicted value
of pollutants to a neural network model. This study was
aimed at predicting the level of pollutants and concluded
that the effect of NOx on the death rate owing to respiratory
diseases is the greatest of all pollutants in Beijing.

Hospitalization for respiratory diseases in adults and
children has also been described as a result of NO2

exposure (35,36). An increase of 10 mg/m3 in NO2 levels
was associated with an increase in hospitalizations
among elderly adults; RR=1.012 (95%CI: 1.007–1.017)
for respiratory diseases, RR=1.024 (95%CI: 1.015–1.034)
for chronic obstructive pulmonary disease, and RR=1.008
(95%CI: 1.002–1.014) for pneumonia (35).

The relationship between exposure to NO2 and
hospitalization for pneumonia in children of Sorocaba,
SP, Brazil, was statistically significant on the same day
(RR=1.016; 95%CI: 1.007–1.025). This was also the case
for particulate matter with a lag of 4 days (RR=1.009; 95%
CI: 1.002–1.016) after exposure to pollutants (36).

In another study, researchers used data of children
collected in different regions of Japan from 1997 to
2009. They observed that reductions in the concentra-
tions of NO2 and suspended particulate matter, brought
about by enforcement of measures to control automo-
bile emissions, contributed to a decrease in the prev-
alence of respiratory diseases (37).

The actual levels of air pollution to which the
population is exposed may be a limitation of this study.
This is because we used modeled data instead of actual
observations. Therefore, deaths may not be directly
attributable to exposure to atmospheric pollutants (38).
In contrast, this study reinforces the findings of other
studies (14,36,39) that even populations in medium-sized
cities can be affected by environmental pollution, which
contributes to higher rates of morbidity and mortality.

This time series ecological study also has other
limitations, such as a lack of individual information on
exposure and disease. This study assumes homoge-
neous exposure throughout the city and that all individuals
were similarly exposed. Another characteristic of this
study is that we used records related to hospitalizations or
deaths in the public health system. Thus, results reflect
the effects of air pollutants on the portion of the population
that uses the Unified Health System network, which is the
majority of the Brazilian population (40).

The analysis performed in this study identified that
exposure to NOx may be associated with deaths caused by
respiratory diseases in a medium-sized city, even with
pollutant emissions that are below the established stan-
dard. This information may serve as a warning to managers
to expand investment in mass transport systems, which
indirectly contribute to the improvement of public health.
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