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Abstract This study was conducted to evaluate the
relationship between air pollutants (including nitrogen
oxides [NO, NO,, NOx], sulfur dioxide [SO,], carbon
monoxide [CO], ozone [O;], and particulate matter of
median aerometric diameter <10 um [PM;,]) and hospital
admissions for cardiovascular and respiratory diseases. The
study had a case—crossover design which was conducted in
Tabriz, Iran. Daily hospital admissions and air quality data
from March 2009 to March 2011 were analyzed using the
artificial neural networks (ANNs) and conditional logistic
regression modeling. The results showed significant asso-
ciations between gaseous air pollutants including NO,, O3,
and NO and hospital admissions for cardiovascular disease.
Gaseous air pollutants of NO,, NO, and CO were associ-
ated with hospital admissions for chronic obstructive pul-
monary disease, while PM;, was associated with
hospitalizations due to respiratory infections. PM;, and O3
were also associated with asthmatic hospital admissions.
There was no significant association between SO, and
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studied health outcomes. Comparing the results of logistic
regressions and ANNs confirmed the optimality of the
ANNs for detection of the best predictors of hospital
admissions caused by air pollution. Further research is
required to investigate the effects of seasonal variations on
air pollution-related health outcomes.

Keywords Case—crossover analysis - Cardiorespiratory
health effects - Hospital admissions - Air pollution

Introduction

It has been estimated that air pollution is responsible for
approximately 800,000 deaths annually worldwide
including 5 % of deaths from respiratory cancer, 3 % from
cardiovascular disease, and 1 % from acute respiratory
infections (Kalantzi et al. 2011). Over the past two dec-
ades, a number of studies have evaluated the associations
between outdoor air pollution and adverse health effects
such as cardiovascular and respiratory diseases in different
parts of the world including North America (Li et al. 2011;
Lin et al. 2008; Rodopoulou et al. 2014; Wilson et al.
2004), Europe (Kalantzi et al. 2011; Di Ciaula 2012;
Rushworth et al. 2014), Australia (Hansen et al. 2012), and
some Asian countries including China, Taiwan, and India
(Cao et al. 2009; Chang et al. 2005; Chen et al. 2010; Ge
et al. 2011; Gurjar et al. 2010; Lin et al. 2013; Tao et al.
2014). These studies have shown an increase in mortality
and/or hospital admissions for cardiovascular and respira-
tory diseases due to short- and long-term exposure to air
pollutants. Unlike many studies that have focused on
mortality compared with hospitalization prior to 2005
(Chang et al. 2005), there are an increasing number of
studies that have been conducted to evaluate the
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association between air pollution and hospital admissions
during the recent decade. These epidemiological studies
have reported associations between daily variations in air
pollution and hospital admissions for cardiovascular and
respiratory diseases (Cao et al. 2009; Chang et al. 2005;
Chen et al. 2010; Di Ciaula 2012; Ge et al. 2011; Gurjar
et al. 2010; Hansen et al. 2012; Kalantzi et al. 2011; Li
et al. 2011; Lin et al. 2013, 2008; Rodopoulou et al. 2014;
Tao et al. 2014; Wilson et al. 2004; Liu et al. 2013).

However, very few studies have been conducted on this
issue in Iran. In one of the few attempts, the effect of
carbon monoxide (CO) in ambient air on hospitalization for
angina pectoris was evaluated in Tehran using time series
approach and it was found that each unit increase in CO
level resulted in a 1.00934 increase in the number of
hospital admissions for angina pectoris (Hosseinpoor et al.
2005). Moreover, a significant correlation between CO and
particulate matter of median aerometric diameter <10 um
(PM;o) concentrations with hospital admissions for car-
diovascular disease was reported from Kermanshah Pro-
vince in the western part of Iran (Khamutian et al. 2014). In
another study, a significant association was reported
between the risks of acute coronary syndrome and elevated
concentrations of CO in Tehran (Qorbani et al. 2012).

It is important to conduct epidemiological studies in those
regions that are exposed to high levels of air pollution. This is
the case for Tabriz, the third largest megacity in Iran, where
there are high levels of air pollution due to motor vehicles as
well as the heavy industries including petrochemical, refin-
ery, thermal power plant, and thousands of large and small
industrial units. However, the impact of air pollution on
cardiovascular and respiratory diseases has still not been
documented in Tabriz. The findings from research in this
area will help to better understand the relationship between
air pollution and hospital admission for cardiovascular and
respiratory diseases.

Additionally, conditional or mixed model logistic
regressions, accounting for correlation between case and
control records, are commonly used to model the relation
between air pollution and meteorological data with adverse
health effects (Chan and Ng 2011; Chang et al. 2005; Chen
et al. 2010; Gleason et al. 2014; Guo et al. 2009; Hansen
et al. 2012; Kan and Chen 2003; Lee et al. 2008; Li et al.
2011; Lin et al. 2013; Qorbani et al. 2012; Tobias et al.
2011; Villeneuve et al. 2012; Wendt et al. 2014; Wong
et al. 2014; Yang et al. 2004). However, the artificial neural
networks (ANNs) were also used for modeling in the pre-
sent study. Owing to the nonlinear nature of models, the
ANN smacks the model more flexible compared to logistic
regression (Dreiseitl and Ohno-Machado 2002). ANNs
contain more multifarious structures by using the hidden
nodes, and this complexity proposes ANNs with the power
to classify any data with complex relations. Moreover,
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regression models require that rigorous statistical assump-
tions to be fulfilled in order to achieve reliable results,
while this is not the case for ANNs (Kutner et al. 2005). It
is also feasible to test the statistical significance of the
coefficients in the logistic regression models using P values
(Hosmer Jr and Lemeshow 2004), and therefore the
importance of variables is defined in terms of the statistical
significance of the coefficients for the variables. However,
this criterion can vary depending on the amount of avail-
able data, and particularly if the number of observations is
very large, predictors with small effects on the outcome are
likely to be significant. However, due to the nonlinear
nature of ANNSs, automatic relevance determination
(Bishop 1995) could be used to exploratorily assess the
importance of input variables to classify the output and
solve the problem of over-sensitivity of the logistic
regression in large data.

Based on the above-mentioned background, the aims of
this study were to evaluate the relationship between air
pollutants (including nitrogen oxides [NO, NO,, NOx],
sulfur dioxide [SO,], carbon monoxide [CO], ozone [O5],
and particulate matter of median aerometric diameter
<10 um [PM;o]) and hospital admissions for cardiovas-
cular and respiratory diseases using both logistic regression
and ANNs models.

Materials and methods
Study design

The study had a case—crossover design. In this design, that
is very close to matched-pair case—control study, each
study participant as a case is considered to be his/her
control in another time window. This design simultane-
ously controls the effect of multifactorial confounders by
matching in the design of the study (Kwon et al. 2001). In
other words, potential confounding by individual charac-
teristics would be controlled by self-matching (Bateson and
Schwartz 2004; Qorbani et al. 2007). A lag time of 5 days
was considered in the present study, so that the mean value
of air pollution indices in the hospitalization day £2 days
was calculated as the case times and the mean value of air
pollution indices during the rest days of the month was
considered as control days. Since it was possible that the
metrological data including temperature and relative
humidity might be changed during this time window, thus
they were adjusted in the analyses.

Setting and study period

The study was conducted in Tabriz, the fourth largest city
in Iran and the capital of East Azerbaijan Province in
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Tabriz City

Tabriz County

Fig. 1 Location of Tabriz in the northwest of Iran

northwest Iran. It has an area about 324 km? (Fig. 1) and
an estimated population of 1.5 million. The study included
seven urban districts (out of ten districts) in the study
region, with an approximately 1.1 million permanent resi-
dents as the target population of the study. Three urban
districts were excluded from the study due to the lack of air
pollution monitoring stations in those areas. The study
period was from March 2009 to March 2011 (based on
Iran’s calendar year).

Data collection

Daily hospital admission records were obtained from five
hospitals in Tabriz (Ali Nasab, Amir Almomenin, Imam
Reza, Madani, and Tabriz Children’s Hospital). The data
included the date of admission, gender, age, and the
diagnostic code. The causes of hospital admissions were
coded according to the International Classification of Dis-
eases, Revision 10 (ICD-10): cardiovascular disease (CVD;
120, 121, and 121.9), asthma (J45), respiratory infections
Joe, J42, J12, J18, J20, J21, J22, and J30), and chronic
obstructive pulmonary disease (COPD; J44.8 and J44.9).

Air pollution and meteorological variables

Air quality data including hourly measurements of nitrogen
oxides (NO, NO,, NOy), sulfur dioxide (SO,), carbon
monoxide (CO), PM,,, and ozone (O3) were obtained from
six fixed online air quality monitoring stations operated by
East Azerbaijan Environmental Office (EAEO). The mea-
surement methods of air pollutants are summarized in
Table 1. Figure 2 represents a map of Tabriz City includ-
ing the locations of the EAEO monitoring sites. Daily
average concentrations for nitrogen oxides, SO,, CO, and
PM;y as well as the 8-h maximum levels for O3 were
derived from the corresponding hourly datasets taken from
each station and were considered valid if at least 75 % of
the 1-h values were available during that particular day for
each monitoring site. The daily mean temperature and
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Table 1 Measurement methods of air pollutants
Pollutant Measurement method
Nitrogen oxides Chemiluminescence
CO Nondispersive infrared radiation (NDIR)
PM;o Beta attenuation monitoring (BAM)
SO, and O3 UV photometry

relative humidity data for the same period were obtained
from the East Azerbaijan Meteorological Bureau.

Statistical analysis

The required sample size was determined using primary
information obtained from a pilot study. Considering an
odds ratio of 1.2, the smallest possible effect size, 95 %
confidence, and a power of 80 %, the minimum sample
size required was computed as 1741 by G-Power (version
3.1.2) software (Franz Faul, Keil University, Germany).
However, the sample was increased to 2777 samples
implementing the design effect.

Data are summarized and presented using mean [stan-
dard deviation (SD)] for quantitative variables and fre-
quency (percentage) for qualitative variables (Asghari
Jafarabadi and Mohammadi 2013). The ANNs method was
applied to model the relation between the air pollution
parameters as independent variables and health outcomes
wherein the meteorological data, age, and sex were
adjusted for. This method is very useful when the rela-
tionships are difficult to describe adequately with conven-
tional approaches. The models were fitted, and the quality
of models was tested using common measures of dis-
crimination (i.e., sensitivity, specificity, accuracy, and the
area under the receiver operating characteristic [ROC]
curve) (Dreiseitl and Ohno-Machado 2002). Multilayer
perceptron (MLP) ANN was used, where the inputs and
output of this model correspond to the predictor and out-
come variables, respectively, in a logistic regression model.
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Fig. 2 Locations of six fixed air pollution monitoring stations in Tabriz

The nodes in the hidden layer (hidden nodes) contain
intermediate values which are calculated by the network
that do not have any physical meaning. The hidden nodes
allow the ANN to model complex relationships between
the input variables and outcomes. The model is as follows:

f(x) = KZ[wg(x)]

where K is activation function, w is weights, and g is
function of input variables.

The model parameters were estimated using maximum
likelihood estimation. The estimation of the optimal
parameter values requires the maximization of likelihood
function. To estimate the optimal weights, the back-prop-
agation algorithm (Rumelhart et al. 1988) was used for
training ANNs which is based on the idea of adjusting
connection weights to minimize the difference between
real and predicted outcomes (error) by propagating the
error in a backward direction. Afterward, automatic rele-
vance determination (Dreiseitl and Ohno-Machado 2002)
was used to exploratorily assess the importance of air
pollutants and meteorological variables to predict the
causes of hospital admissions. In this case, the raw and
normalized weights were computed, and thus the impor-
tance of the independent variables in predicting the causes
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of hospital admissions was classified based on quartiles as
(very low <25 %, low 25-50 %, moderate 50-75 %, and
high 75-100 %). Based on CVD, respiratory infections,
COPD, and asthma as the causes of hospital admissions
(output variables), ANN models were fitted on data, and in
each model, air pollutants including O3, NO,, PM;q, SO,,
CO, NO, and NOx (as input variables) were entered in the
model. Additionally, meteorological data including mean
temperature and relative humidity with the length of stay
(LOS) in the hospital were adjusted. To taking into account
the effect of gender and age of the subjects, the effect of
these variables was also adjusted in the model. The stan-
dardized rescaling method for covariates, with one hidden
layer, hyperbolic tangent activation function in the hidden
layer, softmax activation function in the output layer, and
cross-entropy error function was used. To avoid over-fit-
ting and provide the generalizability of the model results, a
cross-validation using test sets was performed considering
30 % of data for testing sets. Analyses of logistic regres-
sions and ANNs were performed using SPSS 16 software
(SPSS Inc., IL, Chicago, USA). The adjusted weights of
the ANN models were depicted by radar plots which were
drawn using MS Excel 2007. Additionally, the area under
the curve (AUC) of the logistic regressions and ANNs was
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compared based on DeLong method (DeLong et al. 1988)
(STATA corp., College station, Texas, USA).

Results and discussion

Study population, air pollution, and meteorological
characteristics

A total of 4862 subjects were assessed for eligibility in the
study, of which 2085 cases did not meet the study criteria
and were excluded. Of the 2777 study subjects, 1676 were
males and 1101 were females. There were no missing
values for the data entered in the analyses (Fig. 3). The
distribution of the causes of hospital admissions showed
COPD and asthma as the most (n = 987, 35.5 %) and least
(n = 387, 14.0 %) prevalent causes of hospital admission,
respectively. The information concerning the districts
coverage of the stations, air pollution, and meteorological
variables is also presented in Table 2.

Comparison of the fit of logistic regression and ANN
models

The results of modeling logistic regressions and ANNs
confirmed the optimality of the ANNs for detection of the
best predictors of hospital admissions due to air pollution.
Additionally, based on ANN modeling, the findings of this
study demonstrated that after adjusting for age, gender,
LOS, mean temperature, and relative humidity, the most
important predictors of hospital admissions for CVD were
NO, O3, and NO,, for respiratory infections was PM;, for
COPD were NO,, NO, and CO, and for asthma were PM;
and O; concentrations in the ambient air in Tabriz. The
results of comparison of the quality of logistic regression
and ANN models based on discrimination measures are

No assessed for eligibility= 4862

Not meeting inclusion criteria (n=2085)

Recruited (n=2777)
Males=1676 Females=1101

\

Data Collection
Complete the data form (n=2777)

|

No Analyzed =2777
Excluded from analysis (imputation for missing values) (n=0)

Fig. 3 Study flowchart

Table 2 Summary statistics of study variables during 2009-2011

Summary statistics

Causes of hospital admission

CVD 763 (27.5 %)

Respiratory infections 640 (23.0 %)

COPD 987 (35.5 %)

Asthma 387 (14.0 %)
Hospitals

Ali Nasab 919 (33.1 %)

Amir Almomenin 100 (3.6 %)

Imam Reza 397 (14.3 %)

Children 536 (19.3 %)

Madani 825 (29.7 %)
Stations

Abresan 765 (27.5 %)

Baghshomal 204 (7.3 %)

881 (31.7 %)
299 (10.8 %)
389 (14.0 %)

Province Health Center
Hakim Nezami
RahAhan

Namaz square 239 (8.6 %)
Air pollution and meteorological variables

Mean temperature (°C) 10.94
Relative humidity (%) 52.00
O3 (ppm) 20.01
NO, (ppm) 13.22
PM, (pg/m>) 79.29
SO, (ppm) 7.70
CO (ppm) 1.82
NO (ppm) 11.86
NOx (ppm) 24.06

Cardiovascular diseases (CVD; including 120, 121, and 121.9; ICD-10
codes), asthma (J45), respiratory infections (including J06, J42, J12,
J18, J20, J21, J22, and J30; ICD-10 codes), and chronic obstructive
pulmonary disease (COPD; including J44.8 and J44.9; ICD-10 codes)

For air pollution and meteorological variables, the mean values and
for other variables n (%) are presented

presented in Table 3. The results showed that AUC of
ANN models were significantly better than that of the
logistic regression for all models (all P < 0.05 and
P = 0.053 for COPD model). Although the specificity of
the models was slightly better for two models in logistic
regression analyses (asthma and respiratory infections), the
sensitivity and accuracy of all models were higher for
ANNSs. Thus, this led us to use ANNs because of optimal
performance in our data.

The results of the evaluation of ANN models showed a
close estimate of quality measures for testing sets com-
pared to training sets so that the accuracy of the model for
CVD (training 74.3 % vs. testing 76.0 %), respiratory

’r @ Springer
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Table 3 Comparison of the quality of logistic regression and ANN models based on discrimination measures

Models AUC Sensitivity Specificity Accuracy

LR ANN P value® LR (%) ANN (%) LR (%) ANN (%) LR (%) ANN (%)
CVD 0.71 0.83 <0.001 24.0 383 87.4 92.1 66.9 74.3
Respiratory infections 0.74 0.80 <0.001 38.7 438 95.8 95.2 83.9 85.0
COPD 0.79 0.80 0.053 48.1 48.7 83.8 86.1 71.9 73.7
Asthma 0.78 0.81 <0.001 4.6 374 98.9 96.9 85.4 88.3

AUC area under curve
# P value based on DeLong method to compare the AUC

infections (training 85.0 % vs. testing 84.0 %), COPD
(training 73.7 % vs. testing 96.0 %), and asthma (training
88.3 % vs. testing 87.4 %) were similar.

The effect of air pollution and metrological data
on causes of hospital admission

The results of ANNs with importance analysis showed that
the most important causes of hospital admissions for CVD
were ambient NO, Oz, and NO, concentrations after
adjusting for age, gender, LOS, mean temperature, and
relative humidity. Other independent variables were in the
moderate importance levels (Fig. 4). Significant associa-
tion between NO, and CVD hospital admissions in the
present study is in line with the findings of several previous
studies such as those conducted in Shanghai using over-
dispersed generalized linear Poisson model (Chen et al.
2010) and in Taipei by means of conditional logistic
regression model (Chang et al. 2005). Interestingly, the
findings from a study conducted in Santiago using condi-
tional logistic regression model indicated that NO, was an
ambient air pollutant with most adverse effects on CVD
hospital admissions (Franck et al. 2014). A significant

CvD

03
100%

75% NO2
< 50%

25%
NOX ¢

0% 1 ' PM10

s02

co

Fig. 4 Normalized importance of the independent variable in relation
to CVD (adjusting for age, sex, LOS, mean temperature, and relative
humidity)
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association between concentrations of O3 in the ambient air
and CVD hospital admissions has also been reported from
Taiwan (Chang et al. 2005). Unlike the observed associa-
tions between NO, and O3 with CVD hospital admissions,
there is no agreement in the literature about the relation
between NO and hospital admissions for CVD.

Regarding the hospital admissions for respiratory
infections, the ambient PM;, was the most important pre-
dictor after adjusting for age, gender, LOS, mean temper-
ature, and relative humidity. However, other independent
variables were in the moderate and low levels of impor-
tance (Fig. 5). As shown in Fig. 5, there was an association
between hospital admissions for respiratory infections and
concentrations of PM; in the ambient air. Similar effects
of PM, air pollutant on hospital admissions for respiratory
infections were also observed in Lanzhou using Poisson
regression model (Tao et al. 2014) and in Adelaide by
conditional logistic regression model (Hansen et al. 2012).

For the COPD as another cause of hospital admissions,
concentrations of NO,, NO, and CO in the ambient air
were in the high level of importance after adjusting for age,
gender, LOS, mean temperature, and relative humidity.
However, other independent variables were in the moderate

Respiratory Infections

03
75%
50% NO2

25%

NOX ¢ ' PM10

NO ‘ s02
co
Fig. 5 Normalized importance of the independent variable in relation

to respiratory infections (adjusting for age, sex, LOS, mean temper-
ature, and relative humidity)
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Fig. 6 Normalized importance of the independent variable in relation
to COPD (adjusting for age, sex, LOS, mean temperature, and relative
humidity)

Asthma
03
100% 1
75%
“50%
25%

\NO2

NOX ¢ 'PM10

NO s02
Cco
Fig. 7 Normalized importance of the independent variable in relation

to asthma (adjusting for age, sex, LOS, mean temperature, and
relative humidity)

level of importance (Fig. 6). Significant associations
between NO, concentrations in the ambient air and hospital
admissions for COPD have also been reported in studies
conducted in India (Gurjar et al. 2010) and in Hong Kong
(Qiu et al. 2013). However, there is no indication about the
association between NO and CO with COPD hospital
admissions in the literature.

Finally, after adjusting for age, gender, LOS, mean
temperature, and relative humidity, concentrations of PM
and O; in the ambient air were in the high level of
importance for asthma. Other air pollutants including NO,,
SO,, and CO were also in the moderate level. However, the
NO and NOyx were in the low level (Fig. 7). A similar
association showing an increase of 1.82 % in asthmatic
hospitalizations due to elevated PM;, concentrations in the
ambient air was recently observed in Shanghai (Cai et al.
2014). A summary of the most notable studies showing the
associations between concentrations of different air pollu-
tants in the ambient air and morbidity (hospital admissions
and emergency room visits) is presented in Table 4.

In this study, considering the quality of models which
were assessed based on the discrimination indices of sen-
sitivity, specificity, accuracy, and the area under the ROC
curve, the ANNs showed better fit. This is possibly due to
the heterogeneity in our data, which leads to the deviation
in the conventional regression assumptions. Moreover,
ANNSs include hidden layers in the model which take into
account more complex relations in the data, and therefore
this may be another possible explanation for better per-
formance of the ANNs (e.g., more heterogeneity requires
more complex system for modeling) (Kutner et al. 2005;
Dreiseitl and Ohno-Machado 2002; Bishop 1995). On the
other hand, this may lead the modeling to the problem of
memorizing the dataset instead of identifying the under-
lying distribution or to over-fitting. Over-fitting is less of an
issue in logistic regression, since the model complexity is
already low, especially when no or few interaction terms
and variable transformations are used, and this may cause a
loss in the model flexibility. Compared to logistic regres-
sion, ANNs are more flexible and thus more susceptible to
over-fitting (Dreiseitl and Ohno-Machado 2002). In this
study, the complexity of model was reduced as much as
possible to avoid the over-fitting of the models.

Additionally, as the functional form of likelihood differs
for logistic regression and ANNSs, the former is known as a
parametric method, whereas the latter is sometimes called
semi-parametric or nonparametric. This distinction is
important because the input of parameters in logistic
regression can be interpreted, whereas this is not always the
case with the parameters of ANNs. Considering the design
of this study, which was aimed to detect the best predictors
of hospital admissions due to air pollution, the variables
importance analysis method solved the problem. In other
words, ANNs seems to be better than logistic regression
models when it comes to identify the variables that are
most likely to influence hospital admissions for air
pollutants.

Conclusion

In conclusion, this case—crossover study demonstrated a
significant association between gaseous air pollutants
including NO,, O3, and NO and hospital admissions for
CVD. Gaseous air pollutants of NO,, NO, and CO were
associated with hospital admissions for COPD, while PM,,
was associated with hospitalizations due to respiratory
infections. Concentrations of PM;, and O; in the ambient air
were also found to be associated with asthmatic hospital
admissions in Tabriz. These findings have important impli-
cations in terms of adverse health effects of air pollutants and
establishing and developing policies for reducing cardio-
vascular and respiratory diseases caused by air pollution in
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Table 4 Summary of articles presenting air pollutants’ associations with morbidity (hospital admissions and emergency room visits)

References City, nation Model type Years of Significant air Health outcome
study pollutants
Current study  Tabriz, Iran ANN, conditional logistic 2009-2011 NO, O3, and NO, The most adverse effects on CVD hospital
regression admissions
PM, The most adverse effects on respiratory
infections hospital admissions
NO,, NO, and The most adverse effects on COPD hospital
CO admissions
PM;( and O; The most adverse effects on asthmatic
hospital admissions
Khamutian Kermanshah, Poisson regression 2010-2011 PM;, and CO Significant associations with CVD hospital
et al. (2014) Iran admissions
Rodopoulou Dona Ana Poisson generalized 2007-2010 PM,5_9 2.8-5.2 % increase in CVD and respiratory
et al. (2014) County, emergency room visits
USA
Cao et al. Shanghai, Over-dispersed generalized 2005-2007 For lag 3 10 pg/
(2009) China linear Poisson m- increase in
PM,, 0.01 % increase in emergency room Visits
SO, 0.17 % increase in emergency room Visits
NO, 0.08 % increase in emergency room Visits
Chen et al. Shanghai, Over-dispersed generalized 2005-2007 For lag 5 10 pg/
(2010) China linear Poisson m- increase in
PMyq 0.23 % increase in CVD hospital admissions
SO, 0.65 % increase in CVD hospital admissions
NO, 0.80 % increase in CVD hospital admissions
Kalantzi et al. Magnesia, Poisson/count data models 2001-2007 PM;,, CO, NO, Significant associations with
(2011) Greece and O; cardiopulmonary diseases hospitalizations
Ge et al. Shanghai, Generalized additive 2005-2008 PM, 5 3.66 % increase in total hospitalizations
(2011) China 4.06 % increase in CVD hospitalizations
4.32 % increase in respiratory
hospitalizations
Li et al. Detroit, USA  Generalized additive, 2004-2006 SO, and PM, 5 Significant increase in daily acute asthma
(2011) conditional logistic
regression
Qorbani et al. Tehran, Iran  Conditional logistic 2007 PM, No significant association with hospital
(2012) regression admission for acute coronary syndrome
CO Significant associations with hospital
admissions for acute coronary syndrome
Chang et al. Taipei, Conditional logistic 1997-2001 PM;o, NO,, CO, Significant associations with CVD hospital
(2005) Taiwan regression and O3 admissions
Hosseinpoor ~ Tehran, Iran  Poisson regression 1996-2001 CO Significant relations with daily admissions
et al. (2005) due to angina pectoris
NO,, O3, SO,, No significant relations with daily
and PM; admissions due to angina pectoris
Lin et al. New York, Two-stage Bayesian 19912001 O3 Positive associations with respiratory
(2008) USA hierarchical hospital admissions
Gurjar et al. Delhi, India  Ri-MAP 1998-2005 SO,, NO,, and About 1500/yr excess COPD hospital
(2010) TSP admission
Tao et al. Lanzhou, Poisson regression 2001-2005 PM;q, SO,, and  Significant associations with respiratory
(2014) China NO, hospital admissions
Hansen et al.  Adelaide, Conditional logistic 2001-2007 PM, 5 and PM;, Significant associations with
(2012) Australia regression cardiorespiratory hospital admissions
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Table 4 continued

References City, nation Model type Years of Significant air Health outcome
study pollutants
Frank et al. Santiago, Conditional logistic 2004-2007 NO, The most adverse effects on CVD hospital
(2014) Chile regression admissions
PM, s and PM;, The second most adverse effects on CVD
hospital admissions
CcO The third most adverse effects on CVD
hospital admissions
Rushworth London, UK Spatiotemporal 2003-2009 PM, s 1.8 % increase in the rate of respiratory
et al. (2014) hospital admissions
CO 2.7 % increase in the rate of respiratory
hospital admissions
Qiu et al. Hong Kong Generalized additive 1998-2007 NO, 1.76 % increase in emergency COPD
(2013) Poisson admissions
O3 3.43 % increase in emergency COPD
admissions
SO, 1.99 % increase in emergency COPD
admissions
Cai et al. Shanghai, Over-dispersed 2005-2011 PM;o 1.82 % increase in asthmatic hospitalizations
(2014) China generalized additive SO, 6.41 % increase in asthmatic hospitalizations
NO, 8.26 % increase in asthmatic hospitalizations

urban areas. The results of the modeling logistic regressions
and ANNs confirmed the optimality of the ANNs versus
logistic regressions models for detection of the best predic-
tors of hospital admissions caused by air pollution. Further
research is required to investigate the effects of seasonal
variations on air pollution-related health outcomes.

Acknowledgments The authors acknowledge the help and support
provided by the East Azerbaijan Environmental Office and the East
Azerbaijan Bureau of Meteorology for supplying air data and also the
hospitals including Ali Nasab, Amir Almomenin, Imam Reza,
Madani, and Tabriz Children’s Hospital for supplying health data.
There was no funding for this study. The authors also confirm that
there is no competing interest for this research. The local ethical
review committee of the Tabriz University of Medical Sciences
approved the study (Ethical No. 8509).

References

Asghari Jafarabadi M, Mohammadi S (2013) Statistical series:
summarizing and displaying data. J Diabetes Lipid Disord
12:83-100

Bateson TF, Schwartz J (2004) Who is sensitive to the effects of
particulate air pollution on mortality?: a case—crossover analysis
of effect modifiers. Epidemiology 15:143-149

Bishop CM (1995) Neural networks for pattern recognition. Oxford
University Press, UK

Cai J, Zhao A, Zhao J, Chen R, Wang W, Ha S, Xu X, Kan H (2014)
Acute effects of air pollution on asthma hospitalization in
Shanghai, China. Environ Pollut 191:139-144

Cao J, Li W, Tan J, Song W, Xu X, Jiang C, Chen G, Chen R, Ma W,
Chen B, Kan H (2009) Association of ambient air pollution with
hospital outpatient and emergency room visits in Shanghai,
China. Sci Total Environ 407:5531-5536

Chan C-C, Ng H-C (2011) A case—crossover analysis of Asian dust
storms and mortality in the downwind areas using 14-year data
in Taipei. Sci Total Environ 410-411:47-52

Chang C-C, Tsai S-S, Ho S-C, Yang C-Y (2005) Air pollution and
hospital admissions for cardiovascular disease in Taipei. Taiwan.
Environ Res 98:114-119

Chen R, Chu C, Tan J, Cao J, Song W, Xu X, Jiang C, Ma W, Yang C,
Chen B, Gui Y, Kan H (2010) Ambient air pollution and hospital
admission in Shanghai, China. J Hazard Mater 181:234-240

Delong ER, Delong DM, Clarke-Pearson DL (1988) Comparing the
areas under two or more correlated receiver operating charac-
teristic curves: a nonparametric approach. Biometrics 44(3):
837-845

di Ciaula A (2012) Emergency visits and hospital admissions in aged
people living close to a gas-fired power plant. Eur J Intern Med
23:e53-e58

Dreiseitl S, Ohno-Machado L (2002) Logistic regression and artificial
neural network classification models: a methodology review.
J Biomed Inform 35:352-359

Franck U, Leitte AM, Suppan P (2014) Multiple exposures to airborne
pollutants and hospital admissions due to diseases of the
circulatory system in Santiago de Chile. Sci Total Environ
468:746-756

Ge W, Chen R, Song W, Kan H (2011) Daily visibility and
hospital admission in Shanghai, China. Biomed Environ Sci
24:117-121

Gleason JA, Bielory L, Fagliano JA (2014) Associations between
ozone, PM2.5, and four pollen types on emergency department
pediatric asthma events during the warm season in New Jersey: a
case—crossover study. Environ Res 132:421-429

Guo Y, Jia Y, Pan X, Liu L, Wichmann HE (2009) The association
between fine particulate air pollution and hospital emergency
room visits for cardiovascular diseases in Beijing, China. Sci
Total Environ 407:4826—4830

Gurjar BR, Jain A, Sharma A, Agarwal A, Gupta P, Nagpure AS,
Lelieveld J (2010) Human health risks in megacities due to air
pollution. Atmos Environ 44:4606—4613

’r @ Springer



3442

Int. J. Environ. Sci. Technol. (2015) 12:3433-3442

Hansen A, Bi P, Nitschke M, Pisaniello D, Ryan P, Sullivan T,
Barnett AG (2012) Particulate air pollution and cardiorespiratory
hospital admissions in a temperate Australian city: a case—
crossover analysis. Sci Total Environ 416:48-52

Hosmer DW Jr, Lemeshow S (2004) Applied logistic regression.
Wiley, New York

Hosseinpoor AR, Forouzanfar MH, Yunesian M, Asghari F, Naieni
KH, Farhood D (2005) Air pollution and hospitalization due to
angina pectoris in Tehran, Iran: a time-series study. Environ Res
99:126-131

Kalantzi EG, Makris D, Duquenne MN, Kaklamani S, Stapountzis H,
Gourgoulianis KI (2011) Air pollutants and morbidity of
cardiopulmonary diseases in a semi-urban Greek peninsula.
Atmos Environ 45:7121-7126

Kan H, Chen B (2003) A case—crossover analysis of air pollution and
daily mortality in shanghai. J Occup Health 45:119-124

Khamutian R, Sharafi K, Najafi F, Shahhoseini M (2014) Association
of air pollution and hospital admission for cardiovascular
disease: a case study in Kermanshah, Iran. Zahedan J Res Med
Sci 16:43-46

Kutner MH, Nachtsheim CJ, Neter J, Li W (2005) Applied linear
statistical models, 4th edn. Irwin, Chicago

Kwon H-J, Cho S-H, Nyberg F, Pershagen G (2001) Effects of
ambient air pollution on daily mortality in a cohort of patients
with congestive heart failure. Epidemiology 12:413-419

Lee IM, Tsai S-S, Ho C-K, Chiu H-F, Wu T-N, Yang C-Y (2008) Air
pollution and hospital admissions for congestive heart failure:
are there potentially sensitive groups? Environ Res 108:348-353

Li S, Batterman S, Wasilevich E, Wahl R, Wirth J, Su F-C,
Mukherjee B (2011) Association of daily asthma emergency
department visits and hospital admissions with ambient air
pollutants among the pediatric Medicaid population in Detroit:
time-series and time-stratified case—crossover analyses with
threshold effects. Environ Res 111:1137-1147

Lin S, Bell EM, Liu W, Walker RJ, Kim NK, Hwang S-A (2008)
Ambient ozone concentration and hospital admissions due to
childhood respiratory diseases in New York state, 1991-2001.
Environ Res 108:42-47

Lin H, An Q, Luo C, Pun VC, Chan CS, Tian L (2013) Gaseous air
pollution and acute myocardial infarction mortality in Hong
Kong: a time-stratified case—crossover study. Atmos Environ
76:68-73

Liu HY, Bartonova A, Schindler M, Sharma M, Behera SN, Katiyar
K, Dikshit O (2013) Respiratory disease in relation to outdoor air
pollution in Kanpur, India. Arch Environ Occup Health
68:204-217

Y4
ﬁ @ Springer

Qiu H, Yu ITS, Wang X, Tian L, Tse LA, Wong TW (2013) Season
and humidity dependence of the effects of air pollution on COPD
hospitalizations in Hong Kong. Atmos Environ 76:74-80

Qorbani M, Yunesian M, Fotouhi A, Zeraati H, Sadeghian S, Rashidi
Y (2007) Relation between air pollution exposure and onset of
acute coronary syndrome in Tehran heart center using a case—
crossover design. Iran J Epidemiol 3:53-59

Qorbani M, Yunesian M, Fotouhi A, Zeraati H, Sadeghian S (2012)
Effect of air pollution on onset of acute coronary syndrome in
susceptible subgroups. East Mediterr Health J 18:550-555

Rodopoulou S, Chalbot M-C, Samoli E, Dubois DW, San Filippo BD,
Kavouras IG (2014) Air pollution and hospital emergency room
and admissions for cardiovascular and respiratory diseases in
Doia Ana County, New Mexico. Environ Res 129:39-46

Rumelhart DE, McClelland JL, PDP Research Group (1988) Parallel
distributed processing. Vol 1, IEEE

Rushworth A, Lee D, Mitchell R (2014) A spatio-temporal model for
estimating the long-term effects of air pollution on respiratory
hospital admissions in Greater London. Spat Spatio Temp
Epidemiol 10:29-38

Tao Y, Mi S, Zhou S, Wang S, Xie X (2014) Air pollution and
hospital admissions for respiratory diseases in Lanzhou, China.
Environ Pollut 185:196-201

Tobias A, Pérez L, Diaz J, Linares C, Pey J, Alastruey A, Querol X
(2011) Short-term effects of particulate matter on total mortality
during Saharan dust outbreaks: a case—crossover analysis in
Madrid (Spain). Sci Total Environ 412-413:386-389

Villeneuve PJ, Johnson JYM, Pasichnyk D, Lowes J, Kirkland S,
Rowe BH (2012) Short-term effects of ambient air pollution on
stroke: who is most vulnerable? Sci Total Environ 430:193-201

Wendt JK, Symanski E, Stock TH, Chan W, Du XL (2014)
Association of short-term increases in ambient air pollution
and timing of initial asthma diagnosis among medicaid-enrolled
children in a metropolitan area. Environ Res 131:50-58

Wilson AM, Salloway JC, Wake CP, Kelly T (2004) Air pollution and
the demand for hospital services: a review. Environ Int
30:1109-1118

Wong MCS, Tam WWS, Wang HHX, Lao XQ, Zhang DD, Chan
SWM, Kwan MWM, Fan CKM, Cheung CSK, Tong ELH,
Cheung NT, Tse LA, Yu ITS (2014) Exposure to air pollutants
and mortality in hypertensive patients according to demography:
a 10 year case—crossover study. Environ Pollut 192:179-185

Yang C-Y, Chang C-C, Chuang H-Y, Tsai S-S, Wu T-N, Ho C-K
(2004) Relationship between air pollution and daily mortality in
a subtropical city: Taipei, Taiwan. Environ Int 30:519-523



	Air pollution and hospital admissions for cardiorespiratory diseases in Iran: artificial neural network versus conditional logistic regression
	Abstract
	Introduction
	Materials and methods
	Study design
	Setting and study period
	Data collection
	Air pollution and meteorological variables
	Statistical analysis

	Results and discussion
	Study population, air pollution, and meteorological characteristics
	Comparison of the fit of logistic regression and ANN models
	The effect of air pollution and metrological data on causes of hospital admission

	Conclusion
	Acknowledgments
	References




