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Background and Aim: Although air pollution is a serious problem in Ahvaz, the associa-
tion between air pollution and respiratory diseases has not been studied enough in this area.
The aim of this study was to determine the relation between short-term exposure to air
pollutants and the risk of hospital admissions due to asthma, COPD, and bronchiectasis in
Ahvaz.

Methods: Hospital admissions data and air pollutants including O;, NO, NO,, SO,, CO,
PM,, and PM,; 5 were obtained from 2008 to 2018. Adjusted Quasi-Poisson regression with
a distributed lag model, controlled for trend, seasonality, weather, weekdays, and holidays
was used for data analysis.

Results: The results showed a significant increase in hospital admissions for asthma
(RR=1.004, 95% CI: 1.002-1.007) and COPD (RR=1.003, 95% CI: 1.001-1.005) associated
with PM, s. PM;( was associated with increased hospital admissions due to bronchiectasis in
both genders (Men: RR=1.003, 95% CI: 1.001-1.006) (Female: RR=1.003, 95% CI: 1.000—
1.006). NO, was also associated with an increased risk of hospital admissions for asthma
(RR=1.040, 95% CI: 1.008-1.074) and COPD (RR=1.049, 95% CI: 1.010-1.090). SO, was
associated with the risk of hospital admissions of asthma (RR=1.069, 95% CI: 1.017-1.124)
and bronchiectasis (RR=1.030, 95% CI: 1.005-1.056). Finally, CO was associated with
COPD (RR=1.643, 95% CI: 1.233-2.191) and bronchiectasis (RR=1.542, 95% CI: 1.035-
2.298) hospital admissions.

Conclusion: Short-term exposure to air pollutants significantly increases the risk of hospital
admissions for asthma, COPD, and bronchiectasis in the adult and elderly population.
Keywords: air pollution, particulate matter, asthma, COPD, bronchiectasis

Introduction

Air pollution is one of the biggest environmental health hazards that affects most
world countries.! Air pollution causes more than 3% of years of life loss, globally
which is significantly more than the previous forecast in 2000.%> Studies have
estimated that the years of life lost (DALYs) worldwide due to air pollution have
been 141,456,000 years, in 2013. According to a WHO report, at least 7 million
people have died due to air pollution in 2012.> Also in 2012, low-income and
middle-income countries in Southeast Asia and the western Pacific region had the
highest levels of air pollution.*

Air pollution is widely associated with respiratory diseases.”’ The effects of air
pollution on the respiratory system include increased respiratory symptoms, decreased
lung function, and increased incidence of chronic cough and bronchitis.*’
Epidemiological and clinical studies show that in children and adults, increased hospital
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admissions, lung diseases, lung cancer,'® bronchiectasis,'''*

respiratory infection, pulmonary embolism, asthma,>®!>"'®

and chronic obstructive pulmonary diseases (COPD)”'® >
are affected by air pollution.

Globally, 334 million people suffer from asthma and it is
the most common chronic childhood disease. Asthma affects
14% of children worldwide and it is on the rise.** Over the
past 30 years, evidence has shown that air pollution nega-
tively affects the respiratory health of children with and
without asthma.®® In the study done by Khreis et al, the
relation between exposure to traffic-related air pollution
and childhood asthma in Bradford, England, was evaluated.
This study estimated that 15% to 33% of annual childhood
asthma cases were related to urban air pollution.”®

Also, a study by Bouazza et al, on children, in Paris,
showed that there was a significant relation between expo-
sure to air pollution especially particulate matter (PM) and
exacerbations of asthma symptoms in children visiting the
emergency department.”’

Another study by Salimi et al, about long-term expo-
sure to air pollution and hospitalization for respiratory
diseases in Australia, showed that there was a weak but
direct relation between exposure to air pollution and hos-
pitalization for asthma.*®

According to the American College of Lung Physicians
(CHEST) report in 2018, 65 million people suffer from
chronic obstructive pulmonary disease (COPD) and
3 million die each year, making it the third leading cause
of death worldwide.”* COPD is expected to become the
leading cause of death worldwide in the next 15 years
(26). According to a WHO report in 2014, 33% of deaths
due to COPD are related to exposure to air pollution.*

A study by Brakema et al, in Kyrgyzstan, during
20152014 found that the prevalence of COPD was
to high PM,s
concentrations.?’ Also, Phosri et al, found that there was

directly associated with moderate

a significant relation between exposure to NO,, CO, PM;,
and increased hospital admissions because of pneumonia,
COPD, and asthma in Bankok, Thailand; while O3 and
SO, were associated with hospital admission for COPD
and asthma as well.*® A study by Gao et al performed in
Beijing, China, showed that short-term exposure to PM, s,
PM;y, NO,, SO,, and CO caused hospitalization due to
COPD.”!

Air enters the lungs through bronchioles that contain very
small glands that produce mucus secretions. These secretions
keep the ducts moist and absorb dust and airborne germs. The
inner walls of the bronchioles are covered with ciliates that

circulate the external particles along with the mucosal secre-
tions and drive them out from the pharynx. If the bronchioles
get injured, they can no longer keep themselves clean and as
a result, the mucus secretions accumulate in the bronchioles
and overflow into adjacent tubes. In this way, the bronchioles
are susceptible to infection by bacteria, resulting in inflam-
mation, and lesions called bronchiectasis. Bronchiectasis can
cause chronic cough, bloody sputum, lung abscess, lung
infection, and septicemia.**~>

A study done by Garcia-Olivé et al, in Barcelona, Spain,
between 2007 and 2015, found that SO,, NO, NO,, O3 and
CO were significantly associated with increased risk of hos-
pital admissions due to exacerbation of bronchiectasis.'*
A study by Zhao et al, in Dongguan, China, indicated that
short-term exposure to CO increases the risk of asthma,
bronchiectasis, pneumonia, and respiratory disease.''

Ahvaz is a major metropolis in Iran that has suffered
from environmental problems such as air, water,34 and soil
pollution for many years®> and recently sand storms have
further devastated the people.’®?” Nowadays Ahvaz has
twice the national average prevalence of asthma.*® The
aim of this study was to determine the relation between
short-term exposure to air pollution and hospital admis-
sions for asthma, COPD, and bronchiectasis in Ahvaz
during 2008 to 2018.

Methods

This ecological time series study was conducted from
March 2008 to March 2018 in Ahvaz, Iran. Outcome
data for these 10 years, based on the tenth version of the
International Classification of Diseases (ICD-10), includ-
ing J45.9 for asthma, J44.1, and J44.9 for COPD and J47
for bronchiectasis.

There are 7 public and 12 private hospitals in Ahvaz.
Outcome data were obtained from 2 large hospitals which
were referral hospitals for respiratory diseases.

Daily data on air pollutants including carbon monoxide
(Average 24 hrs CO, ppm), particles less than 2.5 pum
(Average 24 hrs PM, s, pg/m’), particles less than 10 pm
in diameter (Average 24 hrs PM,, pg/m>), nitrogen diox-
ide (Average 24 hrs NO,, ppm), nitrogen monoxide
(Average 24 hrs NO, ppm), and sulfur dioxide (Average
24 hrs SO,, ppm), and ozone (Average 24 hrs O3, ppm),
were inquired from March 2008 to March 2018, from the
Khuzestan Province, Department of Environment. Air pol-
lutants were measured in four stations located in different
parts of Ahvaz.
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The average of daily mean levels of air pollutants, from all
four stations were used as the pollution level for the whole city,
in the statistical models. Meteorological data including daily
temperature and relative humidity were inquired from the
Khuzestan Meteorological Organization for the same period.

A time series regression model was used to investigate
the relation between hospital admissions for asthma,
COPD, and bronchiectasis; and air pollutamts.39

When the dependent variable is a count, Poisson mod-
els from the generalized linear models (GLM) family are
used. In this study, since the variance of the outcome
variable was larger than the mean, a quasi-Poisson model
was used.***! So one the Quasi-Poisson model and dis-
tributed lag models were used to estimate the relation
between the outcomes and exposure to air pollutants. In
this study, the long-term trend, seasonality, relative humid-
ity, temperature, and holidays (DOW) were adjusted in the
final model. The effect of seasonality and long-term trend
was adjusted through a flexible spline function of time
with a degree of freedom of 7 per year.** The effect of
humidity and temperature was also controlled by a natural
cubic spline function with 3 and 6 degrees of freedom,
respectively.®*4042

The distributed lag models were run from 0 to 7 days
lag and risk ratios with 95% confidence intervals were
calculated for hospital admissions of asthma, COPD, and
bronchiectasis for every 10 units increase in air pollutants.
In order to avoid the co-linearity effect between air pollu-
tants, models were run for each pollutant separately, using
the adjusted unconstrained DLM models.**** Also, the
relation between outcomes and exposure to air pollutants
were calculated in age and gender groups. Analysis was
performed using R.3.5.3 software and the level of signifi-
cance was set at less than 0.05. Other details on the
analysis methods can be found in similar previously pub-
lished articles.*'**

Results
During the 10-year study period, the total number and
average hospital admissions for asthma were 3090, and
0.8+1.8; for COPD, it was 4534, and 1.2+1.7 and for
bronchiectasis, it was 1994, and 0.6+1.0. The highest
number of hospital admissions for asthma have been in
people less than 60 years old (2508). But the highest
number of hospital admissions for COPD (2909) and
bronchiectasis (1007) were in >60 year olds.

Mean daily concentrations of PM;, and PM, 5 were
245.5 and 85.9 pg/m>, respectively, which have been higher

than the United States Environmental Protection Agency’s
24 hrs standard in 1997 which is 150 and 65 pug/m?, respec-
tively (Table 1). The time trend of ambient air pollutants
during 2008-2018 has been shown in Figure 1.

Table 2 shows the Spearman correlations between air
pollutants and meteorological parameters in Ahwaz. Some
variables show significant statistical correlation.

Tables 3—5 show significant relation between exposure
to PM, 5, PM;9, NO, NO,, SO,, CO, and hospital admis-
sions because for asthma, COPD, and bronchiectasis for
up to 7 days after exposure.

Association Between PM, ; and Asthma,
COPD, and Bronchiectasis

There was a significant and direct relation between exposure
to PM, 5 and hospital admissions for asthma in the general
population, men, women, and people less and above 60 years
old. And as per 10 pg/m’® increase in PM, s, the risk of
asthma hospital admissions in the total population increased
significantly by 0.4% (lag 2), in men by 0.4% (lag 6), in
women by 0.6% (lag 2), and in <60 years old (lag 2) and >60
years old by 0.5% (zero lag) (Table 3).

The results also showed that per 10 ug/m’ increase in
PM, s, the risk of COPD hospital admissions in the total
population, both genders and <60 years old, increased
0.3%, 0.3%, and 0.4% at lag 2, respectively (Table 4). On
the other hand, per 10 ug/m3 increase in PMj, the risk of
hospital admissions for bronchiectasis in men and women,
increased 0.3% at lag 2 and 6, respectively (Table 5).

Association Between NO, and Asthma
and COPD

NO, was associated with the risk of hospital admissions for
asthma in the total population, men, <60 years old and >60
years old; and hospital admissions for COPD in women; and
per 10 pg/m® increase in NO,, the risk of hospital admissions
for asthma in the total population increased by 4% and 3.3% (in
lag 1 and 3), in the male population by 5.2% (in lag 1), and in
the <60 years old by 4.2% (in lag 1) and >60 years old by 6.9%
(lag 4). Hospital admissions due to COPD increased 4.9% after
4-day lags in the female population (Tables 3 and 4).

Association Between NO and Asthma
and COPD

Exposure to NO was associated with the risk of hospital
admissions for asthma in the total population, women and
>60 years old, and the risk of hospital admissions for
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Table | The Number of Hospital Admissions Due to Asthma, COPD, and Bronchiectasis in Population Subgroups and Descriptive
Statistics of Air Pollutants and Meteorological Parameters in Ahvaz City, 2008-2018

Variable (Mean per Day) N Mean SD Min Max Ql Median Q3
Total people/Asthma 3090 0.8 1.8 0 29 0 0 |
Men/Asthma 1513 0.4 1.2 0 18 0 0 0
Women/Asthma 1577 0.4 1.1 0 18 0 0 0
<60years/Asthma 2508 0.7 1.7 0 29 0 0 |
>60 years/Asthma 582 0.1 0.5 0 6 0 0 0
Total people/COPD 4534 1.2 1.7 0 12 0 | 2
Men/COPD 3166 0.9 1.4 0 12 0 0 2
Women/COPD 1368 0.4 0.8 0 7 0 0 0
<60years/COPD 1625 0.3 0.7 0 6 0 0 0
>60 years/COPD 2909 0.8 1.3 0 12 0 0 |
Total people/Bronchiectasis 1994 0.6 1.0 0 8 0 0 |
Men/Bronchiectasis 918 0.3 0.7 0 6 0 0 0
Women/Bronchiectasis 1076 0.3 0.7 0 6 0 0 0
<60years/Bronchiectasis 987 0.3 0.7 0 6 0 0 0
>60 years/Bronchiectasis 1007 0.3 0.7 0 8 0 0 0
O; (ug/m®) - 70.5 188.6 0.04 6520.0 26.4 42.7 64.6
PM,s (ug/m?) - 85.7 150.4 0.57 3938 359 52.7 8l1.2
PMo (ug/m?) - 216.9 2783 1.8 4324.2 105.8 149.2 222.4
NO, (ug/m?) - 46.4 43.1 1.5 443.8 17.8 35.6 60.7
NO ((ug/m?)) - 29.1 31.0 0.12 608.7 9.1 19.6 38.2
CO (ug/m?) - 1.5 2.1 0.1 704 0.6 1.13 20
SO, (ug/m®) - 48.8 57.0 0.0 907.4 19.3 35.9 59.3
Temperature (° C) - 27.0 9.4 1.4 47.8 18.4 27.7 36.0
Relative Humidity (%) - 423 17.9 7.0 96.0 27.5 40.0 54.5

COPD in the total population, men, women, and >60 years
old and per 10 pg/m® increase in NO, the risk of hospital
admissions for asthma increased in the total population, by
2.5% in lag 1, in the female population by 4.1% in lag 1
and in >60 years old by 6.5% and 5.7% in lag 1 and 3,
respectively. Also, in relation to NO and COPD hospital
admissions, a 2.1% and 1.7% increase in lag 1 and 3 in the
total population, 2% in lag 1 in the male population, 2.8%
in lag 3 in the female population, as well as an 2.2% and
2% increase in lag 1 and 3 in population of >60 years old
was observed (Tables 3 and 4).

Association Between SO, and Asthma
and Bronchiectasis

SO, was associated with the risk of hospital admissions for
asthma and bronchiectasis and per 10 pg/m’ increase in
SO,, the risk of hospital admissions for asthma in people
>60 years old, increased 6.9% in lag 2. Also, per 10 pug/m’
increase in SO,, the risk of hospital admissions of bronch-
iectasis in the total population increased 3% and 2.7% in
lag 1 and 4, in the male population increased 5.4% in lag

1, in the female population 4.6% in lag 4 and in >60 years
old 4.3% in lag 1 (Tables 3 and 5).

Association Between CO and COPD and

Bronchiectasis
CO was associated with COPD and bronchiectasis hospital
admissions and per 10 pg/m? increase in CO, the risk of
hospital admissions for COPD in the female population
increased 64.3% in lag zero. Also, per 10 pg/m’ increase
in CO the risk of hospital admissions for bronchiectasis,
increased in the total population by 54.2% in lag 4, in the
women population by 44.9% in lag zero and 82.2% in lag
4 and in the population >60 years old 100% in lag 4
(Tables 4 and 5).

There was no significant relation between exposure to
O; and hospital admissions for asthma, COPD, or
bronchiectasis.

Discussion
In this study, a significant direct relation was observed
between short-term exposure to PM, s, NO, NO,, SO,,
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Figure | The average daily concentration of O3, NO,, NO, CO, SO,, PM|q and PM, 5 during the study period.

and hospital admissions due to asthma. This relation has  and the elderly;* and in Barcelona, Spain, high levels of
been seen in many other studies as well. In China, expo- NO, were related with the number of asthma patients
sure to air pollutants including PM,s, PM;o, NO,, and  admitted to emergency departments and hospitals.” Other
SO, significantly increased the risk of hospital admissions  Chinese studies showed that PM, 5 and CO were the major
for COPD and asthma, especially among women, children, air pollutants that increased hospital admissions due to

Table 2 Correlation Coefficients Between Air Pollutants and Meteorological Parameters in Ahvaz, Between 2008 and 2018

Variable O3 NO NO, SO, co PM,o PMys Temperature Relative Humidity
o3 |

NO —-0.03 |

NO2 0.0l 0.69* |

SO2 0.25* —0.01 —0.13* [

CcO —0.23* 0.37* 0.29% —0.26* |

PMI10 —-0.03 —0.20%* —0.22%* 0.20* —0.13* |

PM25 —0.11* —0.16%* —0.18%* 0.11* 0.02 0.75* |

Temperature 0.04* —0.22% —0.10* 0.0l —0.04 0.27* 0.25% |

Relative humidity -0.03 0.32% 0.24* —-0.02 0.09* —-0.29* —0.26* —0.74%* |

Note: *Statistically significant (P-value<0.05).
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Table 3 The Relative Risk (95% Cls) of Asthma Admissions with an Increase of 10 pg/M3 in PM, 5, NO, NO, and SO, According to

Single Lag, Adjusted Unconstrained and Constrained DLM Models®

Respondents | Pollutant | Lag | Lag Terms Model One at Time | Adjusted Unconstrained DLM | Adjusted Constrained DLM
RR (95% CI) RR (95% CI) RR(95% CI)

Total PM, 5 0 1.002 (1.000-1.004) 1.000 (0.997-1.003) 1.001 (0.998-1.003)
| 1.000 (0.997-1.003) 0.998 (0.995-1.002) 1.002 (1.000-1.004)
2 1.004 (1.002—1.006) 1.004 (1.002—-1.007)* 1.002 (1.000-1.004)
3 1.002 (0.999-1.004) 1.003 (1.000-1.006) 1.000 (0.999-1.001)
4 1.000 (0.997-1.003) 0.997 (0.994-1.001) 1.000 (0.999-1.001)
5 1.000 (0.997-1.003) 0.999 (0.996-1.002) 1.000 (0.999-1.001)
6 1.002 (0.999-1.004) 1.003 (1.000-1.006) 1.000 (0.999-1.001)
7 1.000 (0.997-1.003) 0.998 (0.995-1.002) 1.000 (0.999-1.001)
NO 0 0.999 (0.998-1.001) 0.984 (0.966—1.003) 0.993 (0.975-1.010)
| 1.000 (0.999-1.002) 1.025 (1.005—1.045)* 1.000 (0.989-1.010)
2 0.999 (0.997—-1.001) 0.973 (0.952-0.994) 1.000 (0.989-1.010)
3 1.001 (0.999-1.002) 1.009 (0.989-1.030) 1.003 (0.997-1.009)
4 1.001 (1.000-1.003) 1.016 (0.997-1.035) 1.003 (0.997-1.009)
5 1.000 (0.998-1.002) 0.988 (0.968—-1.008) 1.003 (0.997-1.009)
6 1.001 (0.999-1.002) 1.014 (0.994-1.034) 1.003 (0.997-1.009)
7 1.000 (0.998-1.002) 0.992 (0.974-1.010) 1.003 (0.997-1.009)
NO, 0 0.994 (0.971-1.016) 0.981 (0.953—1.009) 0.995 (0.970-1.022)
| 1.000 (0.978-1.022) 1.040 (1.008-1.074)* 0.996 (0.981-1.011)
2 0.975 (0.953-0.999) 0.940 (0.908-0.973) 0.996 (0.981-1.011)
3 1.008 (0.987-1.030) 1.033 (1.001-1.067)* 1.000 (0.993-1.006)
4 1.010 (0.988-1.031) 1.025 (0.993-1.057) 1.000 (0.993-1.006)
5 0.981 (0.959-1.004) 0.955 (0.923-0.988) 1.000 (0.993-1.006)
6 0.997 (0.975-1.019) 1.008 (0.975-1.042) 1.000 (0.993-1.006)
7 1.002 (0.981-1.024) 1.002 (0.976—1.030) 1.000 (0.993-1.006)
Male PM, 5 0 1.003 (1.000-1.006) 1.002 (0.999-1.006) 1.002 (0.999-1.006)
| 1.001 (0.998-1.004) 1.000 (0.996—1.004) 1.002 (0.999-1.004)
2 1.004 (1.001-1.006) 1.004 (1.000-1.007) 1.002 (0.999-1.004)
3 1.002 (0.998-1.005) 1.002 (0.998-1.006) 1.000 (0.999-1.001)
4 0.997 (0.993-1.002) 0.993 (0.987-0.999) 1.000 (0.999-1.001)
5 1.002 (0.999-1.005) 1.001 (0.997-1.006) 1.000 (0.999-1.001)
6 1.004 (1.001-1.007) 1.004 (1.001-1.008)* 1.000 (0.999-1.001)
7 1.000 (0.996—1.004) 0.997 (0.992-1.002) 1.000 (0.999-1.001)
NO, 0 1.010 (0.979-1.041) 0.985 (0.947—1.024) 1.000 (0.965-1.037)
| 1.024 (0.995-1.054) 1.052 (1.007-1.099)* 1.007 (0.987-1.028)
2 0.998 (0.968—-1.030) 0.949 (0.904-0.996) 1.007 (0.987-1.028)
3 1.021 (0.992-1.051) 1.045 (0.999-1.093) 1.002 (0.993-1.011)
4 1.013 (0.984—1.044) 1.014 (0.968-1.062) 1.002 (0.993-1.011)
5 0.983 (0.952-1.016) 0.960 (0.914—1.008) 1.002 (0.993-1.011)
6 1.005 (0.974-1.036) 1.018 (0.970-1.068) 1.002 (0.993-1.011)
7 1.004 (0.973-1.036) 0.998 (0.959-1.039) 1.002 (0.993-1.011)
Female PM, 5 0 1.000 (0.996—1.004) 0.997 (0.993-1.002) 0.998 (0.994-1.002)
| 0.996 (0.991-1.002) 0.994 (0.988-1.000) 1.002 (1.000-1.005)
2 1.004 (1.001-1.006) 1.006 (1.002—1.010)* 1.002 (1.000—1.005)
3 1.002 (0.999-1.005) 1.004 (0.999-1.008) 1.000 (0.998-1.001)
4 1.002 (0.998-1.005) 1.002 (0.998-1.007) 1.000 (0.998-1.001)
5 0.994 (0.988-1.000) 0.993 (0.986—1.000) 1.000 (0.998-1.001)

(Continued)
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Table 3 (Continued).

Respondents | Pollutant | Lag | Lag Terms Model One at Time | Adjusted Unconstrained DLM | Adjusted Constrained DLM
RR (95% CI) RR (95% CI) RR(95% CI)
6 0.998 (0.993-1.003) 0.999 (0.993-1.004) 1.000 (0.998-1.001)
7 1.001 (0.997-1.004) 1.000 (0.996—1.005) 1.000 (0.998-1.001)
NO 0 0.998 (0.996—1.001) 0.969 (0.944-0.994) 0.983 (0.960-1.007)
| 1.000 (0.998-1.002) 1.041 (1.016-1.067)* 0.999 (0.986—1.013)
2 0.998 (0.995-1.000) 0.954 (0.927-0.982) 0.999 (0.986-1.013)
3 1.001 (0.999-1.003) 1.020 (0.994-1.046) 1.003 (0.996-1.010)
4 1.001 (0.999-1.003) 1.006 (0.982-1.032) 1.003 (0.996-1.010)
5 1.001 (0.999-1.003) 0.995 (0.969-1.021) 1.003 (0.996-1.010)
6 1.001 (0.999-1.003) 1.008 (0.983-1.033) 1.003 (0.996-1.010)
7 1.000 (0.998-1.002) 0.998 (0.975-1.021) 1.003 (0.996-1.010)
<60 years PM, s 0 1.000 (0.997-1.003) 0.999 (0.995-1.002) 0.999 (0.995-1.002)
| 1.000 (0.996—1.003) 0.999 (0.995-1.003) 1.002 (1.000-1.004)
2 1.003 (1.001-1.005) 1.005 (1.001-1.008)* 1.002 (1.000-1.004)
3 1.002 (0.999-1.005) 1.004 (1.000-1.007) 1.000 (0.999-1.001)
4 0.999 (0.995-1.003) 0.996 (0.992-1.000) 1.000 (0.999-1.001)
5 1.000 (0.997—1.003) 0.998 (0.995-1.002) 1.000 (0.999-1.001)
6 1.002 (0.999-1.005) 1.003 (0.999-1.006) 1.000 (0.999-1.001)
7 1.001 (0.998-1.004) 1.000 (0.996—1.003) 1.000 (0.999-1.001)
NO, 0 0.993 (0.968-1.019) 0.981 (0.950-1.013) 0.997 (0.968-1.027)
| 0.996 (0.971-1.022) 1.042 (1.005-1.081)* 0.993 (0.976-1.011)
2 0.971 (0.945-0.997) 0.929 (0.893-0.967) 0.993 (0.976-1.011)
3 1.010 (0.986—1.035) 1.046 (1.009—1.084) 0.999 (0.992-1.007)
4 1.008 (0.984-1.033) 1.017 (0.981-1.054) 0.999 (0.992-1.007)
5 0.977 (0.951-1.003) 0.958 (0.922-0.996) 0.999 (0.992-1.007)
6 0.990 (0.965-1.016) 1.000 (0.963—-1.038) 0.999 (0.992-1.007)
7 0.997 (0.973-1.022) 1.005 (0.975-1.037) 0.999 (0.992-1.007)
>60 years PM, 5 0 1.006 (1.003—1.009) 1.005 (1.001-1.009)* 1.006 (1.002—1.009)
| 0.999 (0.993-1.005) 0.993 (0.983-1.002) 1.000 (0.997—1.004)
2 1.005 (1.002—1.009) 1.003 (0.998-1.008) 1.000 (0.997—1.004)
3 1.001 (0.996—1.006) 1.001 (0.994-1.009) 1.000 (0.998-1.002)
4 1.001 (0.996—1.006) 1.001 (0.994-1.007) 1.000 (0.998-1.002)
5 0.998 (0.992-1.005) 1.000 (0.993—-1.008) 1.000 (0.998-1.002)
6 0.999 (0.993-1.005) 1.002 (0.996-1.009) 1.000 (0.998-1.002)
7 0.992 (0.982-1.002) 0.990 (0.980-1.001) 1.000 (0.998-1.002)
NO 0 0.998 (0.995-1.002) 0.959 (0.919-1.000) 0.979 (0.942-1.018)
| 1.002 (0.999-1.005) 1.065 (1.026-1.106)* 1.012 (0.993-1.031)
2 1.000 (0.996—-1.003) 0.946 (0.904-0.990) 1.012 (0.993-1.031)
3 1.004 (1.002-1.007) 1.057 (1.019-1.095)* 1.010 (1.000-1.021)
4 1.002 (0.999-1.005) 1.015 (0.976-1.055) 1.010 (1.000-1.021)
5 1.000 (0.997-1.004) 0.974 (0.931-1.018) 1.010 (1.000-1.021)
6 1.001 (0.998-1.005) 1.020 (0.978-1.064) 1.010 (1.000-1.021)
7 1.002 (0.999-1.005) 1.009 (0.974-1.046) 1.010 (1.000-1.021)
NO, 0 1.006 (0.965—1.049) 0.982 (0.931-1.037) 0.996 (0.949-1.045)
| 1.019 (0.978-1.060) 1.042 (0.980-1.108) 1.005 (0.978-1.033)
2 0.996 (0.953-1.040) 0.974 (0.913-1.040) 1.005 (0.978-1.033)
3 1.006 (0.964—1.049) 0.986 (0.924-1.053) 1.005 (0.993-1.016)
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International Journal of Chronic Obstructive Puimonary Disease 2020:15

submit your manuscript 507

Dove


http://www.dovepress.com
http://www.dovepress.com

Raji et al

Dove

Table 3 (Continued).

RR (95% CI)

Adjusted Unconstrained DLM

Adjusted Constrained DLM

RR(95% CI)

0.950 (0.891-1.012)
1.015 (0.952-1.081)
1.009 (0.959-1.062)

1.069 (1.004-1.137)*

1.005 (0.993-1.016)
1.005 (0.993-1.016)
1.005 (0.993-1.016)
1.005 (0.993-1.016)

Respondents | Pollutant | Lag | Lag Terms Model One at Time
RR (95% CI)
4 1.026 (0.988-1.067)
5 1.001 (0.959-1.044)
6 1.019 (0.980-1.061)
7 1.029 (0.992-1.068)
SO, 0 1.012 (0.972-1.054)
| 1.028 (0.992—-1.066)
2 1.049 (1.014-1.085)
3 1.010 (0.969-1.053)
4 1.000 (0.956—1.045)
5 1.028 (0.991-1.066)
6 1.032 (0.997-1.069)
7 1.012 (0.971-1.054)

0.993 (0.936—1.053)
1.005 (0.942-1.072)

0.986 (0.924-1.052)
0.958 (0.887-1.035)
1.040 (0.978-1.106)
1.026 (0.968-1.088)
0.985 (0.931-1.041)

1.069 (1.017-1.124)*

0.986 (0.937-1.038)
1.031 (1.006—1.057)
1.031 (1.006—1.057)
1.003 (0.990-1.016)
1.003 (0.990-1.016)
1.003 (0.990-1.016)
1.003 (0.990-1.016)
1.003 (0.990-1.016)

Notes: *Statistically significant. *Adjusted for trend, seasonality, temperature, relative humidity, weekdays, and holidays.

asthma; NO,, CO, PM;,, PM,s, and SO, exacerbated
asthma symptoms16 and NO,, Os;, PM,,, and PM,;
increased hospital admissions and asthma.® Increase in
hospital admissions for asthma has been significantly
related to increase in NO, concentrations in several other
studies as well. '

Although in this study children were not evaluated sepa-
rately, studies conducted in North America, show that exposure
to air pollution has negative effects on children with asthma;*’
and in China, asthma symptoms exacerbated among children,
by increased concentrations of NO,, CO, PM;4, PM, 5, and
SO,." Liu et al found that in Liaoning Province, China, every
10 pg/m® increase in NO, was associated with an increased
risk of asthma in 6-13-year-old children."”

Researchers think NO, stimulates the lungs and causes
bronchitis and pneumonia; and SO, in people with asthma,
bronchitis and emphysema can cause severe respiratory
problems and lung damage.*'® Asthma is caused by
inflammation of the airways and in response to stimuli
including air pollutants. The most important mechanism
that NO, can create and exacerbate asthma is the perox-
idation of cell membrane lipids and producing various-free
radicals that generally reduce the structure and function of
airways.*® In addition, exposure to NO, can increase the
release of inflammatory mediators such as interleukin-8.*
SO,, also causes airway inflammation and bronchial spasm
and airway obstruction fibrosis by increasing the § tumor
growth factor level and eosinophils.*®

In this study, the effect of air pollution was adjusted for
temperature. However, a study from Taiwan showed that

exposure to PM, s increased hospital admissions for
asthma more on warm days (more than 23°C) than cold
days (below 23°C).*’ The interactions between tempera-
ture and air pollution should be more thoroughly investi-
gated in future studies.

Several studies confirm the results of our study that the
effect of air pollution also depends on age group. A study
from South Korea found that the effects of exposure to
PM,,, CO, and NO, were significantly different in differ-
ent age groups.”’

In this study, a significant and direct relation was observed
between short-term exposure to PM, 5, NO,, NO, CO, and
hospital admissions due to COPD in the total population,
women, men, adults, and the elderly. Other studies have
shown the significant effect of increased ambient NO, with
hospital admissions due to COPD or asthma in Shiraz, Iran;>!
the Netherlands,”® and Italy.>* In Taiwan, increase in PM, s
and PM,, increased hospital admissions for COPD, asthma,

1
and pneumonia;'®>?

and in Italy increase in PM;, increased
the risk of hospitalization due to COPD in the whole year, and
this effect was stronger in the warm season.>* A review esti-
mated that each 10 pg/m3 increase in PM, 5, NO, and SO, was
associated with a 2.5%, 4.2%, and 1.2% increase in hospital
admissions and COPD emergencies, respectively.”* And other
reviews stated that exposure to PM, 5, NO, and SO, was
significantly related to hospital admissions and COPD
mortality;>> and short-term exposure to air pollutants includ-
ing NO,, CO, SO,, and particles including PM, s and PM;,
were related to the exacerbation of COPD.>® Authors also
found that CO had a greater impact on COPD in hot seasons.”®
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Table 4 The Relative Risk (95% Cls) of COPD Admissions with an Increase of 10 pg/M? in PM,5, NO, NO,, and CO According to

Single Lag, Adjusted Unconstrained and Constrained DLM Models®

Respondents

Pollutant

Lag

Lag Terms Model One at Time

RR (95% CI)

Adjusted Unconstrained DLM

RR (95% CI)

Adjusted Constrained DLM

RR(95% CI)

Total

PM2_5

N o o AW NN — O

0.999 (0.997-1.001)
1.000 (0.998—1.002)
1.001 (0.999-1.003)
1.001 (0.998—1.003)
0.999 (0.996-1.001)
1.000 (0.997—1.002)
1.000 (0.998-1.003)
1,000 (0.998-1.002)

0.999 (0.996-1.001)
1,000 (0.997—1.002)
1.003 (1.001—1.005)*
1.001 (0.999-1.003)
0.997 (0.994-1.000)
1.000 (0.997—1.003)
1.001 (0.998-1.004)
0.999 (0.997-1.002)

0.998 (0.996-1.001)
1.001 (1.000—1.003)
1.001 (1.000—1.003)
1.000 (0.999-1.001)
1,000 (0.999—1.001)
1.000 (0.999—1.001)
1.000 (0.999-1.001)
1,000 (0.999—1.001)

NO

N o L AW NN — O

1,000 (0.999—1.001)
1001 (1.000-1.002)
0.999 (0.998-1.000)
1,000 (0.999—1.002)
1,000 (0.999—1.001)
1,000 (0.998-1.001)
1,000 (0.999—1.002)
1,001 (0.999-1.002)

0.994 (0.980-1.008)
1,021 (1.006—1.036)*
0.974 (0.957-0.991)
1,017 (1.001-1.032)*
0.993 (0.977-1.009)
0.992 (0.976-1.009)
1.006 (0.992-1.022)
1.001 (0.987-1.014)

1,001 (0.989—1.014)
0.999 (0.992-1.007)
0.999 (0.992-1.007)
1,000 (0.996—1.004)
1,000 (0.996—1.004)
1,000 (0.996—1.004)
1,000 (0.996-1.004)
1.000 (0.996—1.004)

Male

PM2_5

N O L1 AW N — O

0.999 (0.997-1.002)
1.000 (0.997-1.002)
1.002 (0.999—1.004)
1.001 (0.998-1.003)
0.999 (0.997-1.002)
1,000 (0.998-1.003)
1,000 (0.998-1.003)
1,000 (0.997—1.003)

0.999 (0.995-1.002)
0.999 (0.996-1.002)
1,003 (1.000—1.006)*
1.001 (0.998—1.004)
0.998 (0.995-1.001)
1.001 (0.998—1.004)
1.001 (0.998—1.004)
0.999 (0.996-1.002)

0.998 (0.995-1.002)
1,001 (0.999-1.003)
1,001 (0.999-1.003)
1,000 (0.999-1.001)
1,000 (0.999—1.001)
1,000 (0.999—1.001)
1,000 (0.999—1.001)
1,000 (0.999-1.001)

NO

N O L AW N — O

1.000 (0.999-1.002)
1.001 (0.999-1.002)
0.999 (0.997-1.000)
1.000 (0.998-1.001)
0.999 (0.998-1.001)
0.999 (0.998-1.001)
1.000 (0.999-1.002)
1.001 (0.999-1.002)

0.994 (0.978-1.011)
1,020 (1.002—1.039)*
0.974 (0.954-0.995)
1.011 (0.991-1.030)
0.993 (0.974-1.012)
0.988 (0.968-1.008)
1.008 (0.990—1.026)
1,000 (0.984-1.016)

1.001 (0.986-1.017)
0.998 (0.989—1.008)
0.998 (0.989-1.008)
0.998 (0.993-1.003)
0.998 (0.993-1.003)
0.998 (0.993-1.003)
0.998 (0.993-1.003)
0.998 (0.993-1.003)

Female

NO

N O o1 AW NN — O

1,000 (0.998-1.003)
1,001 (0.999-1.003)
1,000 (0.997—1.002)
1,001 (1.000-1.003)
1,000 (0.998-1.002)
1,000 (0.998-1.002)
1,000 (0.998-1.002)
1001 (0.999-1.003)

0.995 (0.971-1.019)
1.021 (0.995-1.047)
0.973 (0.945-1.003)
1028 (1.002—1.055)*
0.993 (0.966-1.020)
0.998 (0.969-1.027)
1.004 (0.978-1.032)
1,001 (0.977-1.026)

1,002 (0.980-1.025)
1.001 (0.988-1.014)
1,001 (0.988-1.014)
1,003 (0.996-1.009)
1,003 (0.996—1.009)
1,003 (0.996-1.009)
1,003 (0.996-1.009)
1,003 (0.996—1.009)

NO,

U A W NN — O

1.021 (0.997-1.046)
1.023 (0.999-1.047)
1.007 (0.982-1.032)
1.007 (0.982-1.033)
1.026 (1.003-1.050)
1.012 (0.987-1.037)

1008 (0.975-1.041)
1.021 (0.981-1.061)
0.998 (0.958-1.040)
0.972 (0.933-1.014)
1049 (1.010—1.090)*
0.986 (0.947-1.027)

1.013 (0.983-1.044)
1.004 (0.987-1.022)
1.004 (0.987-1.022)
1.005 (0.998-1.012)
1.005 (0.998-1.012)
1.005 (0.998-1.012)

(Continued)
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Table 4 (Continued).

Respondents | Pollutant | Lag | Lag Terms Model One at Time | Adjusted Unconstrained DLM | Adjusted Constrained DLM
RR (95% CI) RR (95% CI) RR(95% CI)
6 1.011 (0.986-1.036) 1.009 (0.969-1.051) 1.005 (0.998-1.012)
7 1.011 (0.987-1.037) 1.001 (0.967—1.035) 1.005 (0.998-1.012)
Cco 0 1.466 (1.180-1.822) 1.643 (1.233-2.191)* 1.654 (1.258-2.174)
| 1.072 (0.740-1.551) 0.795 (0.501-1.259) 0.772 (0.538-1.108)
2 0.759 (0.396—1.455) 0.744 (0.355-1.561) 0.772 (0.538-1.108)
3 0.947 (0.593-1.515) 1.079 (0.622—-1.871) 1.055 (0.910-1.222)
4 0.861 (0.503-1.473) 0.870 (0.463—1.635) 1.055 (0.910-1.222)
5 1.038 (0.697—1.544) 1.051 (0.667—1.658) 1.055 (0.910-1.222)
6 1.149 (0.831-1.590) 1.203 (0.781-1.852) 1.055 (0.910-1.222)
7 1.061 (0.732-1.539) 1.042 (0.660—1.645) 1.055 (0.910-1.222)
<60 years PMy s 0 0.997 (0.992-1.002) 0.997 (0.991-1.002) 0.996 (0.991-1.001)
| 0.998 (0.993-1.003) 0.998 (0.993-1.003) 1.001 (0.998-1.004)
2 1.001 (0.998-1.005) 1.004 (1.000-1.009)* 1.001 (0.998-1.004)
3 1.000 (0.996—1.004) 1.001 (0.996—1.006) 0.999 (0.998-1.001)
4 0.996 (0.991-1.001) 0.995 (0.990-1.001) 0.999 (0.998-1.001)
5 0.997 (0.992-1.002) 0.999 (0.994-1.004) 0.999 (0.998-1.001)
6 1.000 (0.996—1.004) 1.001 (0.996—1.005) 0.999 (0.998-1.001)
7 1.000 (0.996—1.004) 0.999 (0.995-1.004) 0.999 (0.998-1.001)
>60 years NO 0 1.001 (0.999-1.002) 0.999 (0.983-1.016) 1.007 (0.992-1.023)
| 1.001 (1.000-1.003) 1.022 (1.004-1.040)* 1.000 (0.991-1.009)
2 0.999 (0.998-1.001) 0.972 (0.951-0.993) 1.000 (0.991-1.009)
3 1.001 (1.000-1.003) 1.020 (1.002-1.039)* 1.003 (0.998-1.008)
4 1.001 (1.000-1.002) 1.000 (0.983-1.019) 1.003 (0.998-1.008)
5 1.001 (0.999-1.002) 1.005 (0.986—1.025) 1.003 (0.998-1.008)
6 1.000 (0.998-1.001) 0.994 (0.975-1.014) 1.003 (0.998-1.008)
7 1.000 (0.999-1.002) 1.006 (0.989-1.023) 1.003 (0.998-1.008)

Notes: *Statistically significant. *Adjusted for trend, seasonality, temperature, relative humidity, weekdays, and holidays.

In this study, there was a significant and direct relation
between short-term exposure to PM;q, SO,, CO and hos-
pital admissions due to bronchiectasis. Studies from

' confirm

Barcelona, Spain,'* and Dongguan, China'
these findings. The risk of exacerbation of bronchiectasis
significantly increased in Dundee, with increase in PM
and NO,, on the same day; and the effect of NO, was
stronger in spring.'® In Beijing, China, exposure to PM, s,
PM;y, NO,, SO,, and CO was significantly related to
increased admissions for upper respiratory tract infections,
acute bronchitis, pneumonia, and acute bronchiectasis; and
PM;o, SO,, CO, and O; was also associated with out-
patient admissions due to acute exacerbation of COPD
and asthma.'?

Researchers think air pollutants have complex effects
on the airways of respiratory patients, and cause inflam-
mation, mucosal edema, and toxicity. PM can cause oxi-
dative stress in the dendritic cells of the immune system

and this exacerbates asthma. In addition, phagocytosis of
damaged airway macrophage cells, which results in
increased prostaglandin E2 levels, are other adverse effects
of inhalation of carbon particles. The direct relation
between CO and asthma is not clear. It seems that CO
can exacerbate asthma through airway stimulation.'®

One of the main mechanisms that explain the relation
between exposure to air pollutants and COPD is oxidative
stress. Oxidative stress can damage the airway epithelium
and weaken the immune system. Air pollutants can also
cause inflammation in the lungs and further decrease pul-
monary function in COPD patients. The determinants of
COPD exacerbation are still largely unknown.’®

Although the mechanism of the effect of air pollutants
on respiratory diseases is not fully understood, possible
mechanisms include airway epithelial cell destruction,
interference with cellular signaling pathways, destruction

of lung parenchyma, various inflammatory responses,
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Table 5 The Relative Risk (95% Cls) of Bronchiectasis Admissions with an Increase of 10 pug/M? in PM,,, so, and CO According to
Single Lag, Adjusted Unconstrained and Constrained DLM Models®

Respondents | Pollutant | Lag | Lag Terms Model One at Time | Adjusted Unconstrained DLM | Adjusted Constrained DLM
RR (95% CI) RR (95% CI) RR(95% CI)

Total SO, 0 0.996 (0.976-1.016) 0.983 (0.956—1.010) 0.992 (0.967-1.017)
| 1.009 (0.992-1.027) 1.030 (1.005-1.056)* 1.006 (0.993-1.020)
2 1.000 (0.981-1.019) 0.991 (0.963—-1.020) 1.006 (0.993-1.020)
3 0.999 (0.980-1.019) 0.984 (0.954-1.014) 1.002 (0.996-1.007)
4 1.013 (0.996-1.030) 1.027 (1.002-1.052)* 1.002 (0.996-1.007)
5 1.007 (0.988-1.025) 0.997 (0.970-1.026) 1.002 (0.996-1.007)
6 1.002 (0.983-1.021) 1.002 (0.975-1.030) 1.002 (0.996-1.007)
7 0.997 (0.978-1.017) 0.995 (0.970-1.020) 1.002 (0.996-1.007)
Cco 0 1.132 (0.842-1.523) 1.262 (0.885-1.800) 1.262 (0.909-1.751)
| 0.972 (0.656—1.441) 0.977 (0.613-1.557) 0.913 (0.688-1.213)
2 0.878 (0.556—1.385) 0.965 (0.594-1.568) 0.913 (0.688—1.213)
3 0.889 (0.567-1.394) 0.746 (0.484-1.148) 1.020 (0.909-1.145)
4 1.255 (0.994-1.584) 1.542 (1.035-2.298)* 1.020 (0.909-1.145)
5 1.023 (0.724-1.443) 0.792 (0.462-1.357) 1.020 (0.909-1.145)
6 0.638 (0.338-1.203) 0.618 (0.311-1.230) 1.020 (0.909-1.145)
7 1.088 (0.807-1.467) 1.242 (0.931-1.657) 1.020 (0.909-1.145)
Male PM,o 0 1.002 (0.999-1.004) 1.002 (0.999-1.005) 1.001 (0.998-1.004)
| 1.000 (0.997-1.003) 0.999 (0.995-1.002) 1.001 (0.999-1.003)
2 1.003 (1.000-1.005) 1.003 (1.001-1.006)* 1.001 (0.999-1.003)
3 0.997 (0.992-1.001) 0.996 (0.991-1.001) 0.998 (0.997—1.000)
4 0.997 (0.993—-1.001) 0.998 (0.994-1.002) 0.998 (0.997-1.000)
5 0.999 (0.996—1.003) 1.001 (0.997—1.004) 0.998 (0.997-1.000)
6 0.998 (0.994-1.002) 0.999 (0.995-1.003) 0.998 (0.997-1.000)
7 0.996 (0.991-1.000) 0.997 (0.992-1.002) 0.998 (0.997—1.000)
SO, 0 0.990 (0.960-1.021) 0.958 (0.919-1.000) 0.978 (0.941-1.016)
| 1.019 (0.995-1.043) 1.054 (1.021-1.088)* 1.014 (0.995-1.032)
2 0.999 (0.971-1.028) 0.990 (0.951-1.031) 1.014 (0.995-1.032)
3 0.985 (0.954-1.017) 0.976 (0.929-1.026) 1.000 (0.991-1.008)
4 0.998 (0.969—1.027) 1.002 (0.959-1.046) 1.000 (0.991-1.008)
5 1.009 (0.983-1.036) 1.009 (0.969-1.050) 1.000 (0.991-1.008)
6 1.015 (0.990-1.040) 1.026 (0.993-1.061) 1.000 (0.991-1.008)
7 0.995 (0.966—1.024) 0.982 (0.947-1.018) 1.000 (0.991-1.008)
Female PM,o 0 1.000 (0.997-1.003) 0.999 (0.996-1.003) 1.000 (0.996—1.003)
| 1.002 (0.999-1.004) 1.002 (0.999-1.005) 1.001 (0.999-1.003)
2 1.000 (0.996—1.003) 0.999 (0.996—1.003) 1.001 (0.999-1.003)
3 0.999 (0.996-1.003) 0.999 (0.995-1.003) 1.000 (0.999-1.001)
4 1.001 (0.998-1.004) 1.002 (0.999-1.005) 1.000 (0.999-1.001)
5 0.998 (0.995-1.002) 0.996 (0.991-1.000) 1.000 (0.999-1.001)
6 1.002 (0.999-1.004) 1.003 (1.000-1.006)* 1.000 (0.999-1.001)
7 1.000 (0.997-1.003) 1.000 (0.997-1.003) 1.000 (0.999-1.001)
SO, 0 1.001 (0.975-1.027) 1.008 (0.974-1.044) 1.009 (0.977-1.042)
| 1.002 (0.976-1.028) 1.005 (0.965-1.046) 0.999 (0.980-1.018)
2 1.001 (0.975-1.027) 0.992 (0.950-1.035) 0.999 (0.980-1.018)
3 1.009 (0.985-1.034) 0.991 (0.951-1.032) 1.003 (0.996-1.011)
4 1.024 (1.002—1.046) 1.044 (1.013-1.076)* 1.003 (0.996-1.011)
5 1.005 (0.979-1.031) 0.994 (0.958-1.032) 1.003 (0.996-1.011)

(Continued)
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Table 5 (Continued).

Respondents | Pollutant | Lag | Lag Terms Model One at Time | Adjusted Unconstrained DLM | Adjusted Constrained DLM
RR (95% CI) RR (95% CI) RR(95% CI)

6 0.990 (0.962-1.018) 0.970 (0.927-1.016) 1.003 (0.996-1.011)

7 1.001 (0.975-1.027) 1.014 (0.979-1.051) 1.003 (0.996-1.011)

Cco 0 1.203 (0.881-1.641) 1.449 (1.007-2.086)* 1.375 (0.975-1.940)
| 0.961 (0.593-1.555) 0.853 (0.495-1.471) 0.907 (0.652—1.261)

2 0.987 (0.626—1.558) 1.214 (0.692-2.131) 0.907 (0.652—1.261)

3 0.674 (0.309-1.472) 0.510 (0.211-1.230) 1.044 (0.913-1.195)

4 1.295 (1.001-1.676) 1.822 (1.075-3.090)* 1.044 (0.913-1.195)

5 1.096 (0.763—1.572) 0.683 (0.336-1.389) 1.044 (0.913—-1.195)

6 0.660 (0.301-1.446) 0.715 (0.318-1.609) 1.044 (0.913-1.195)

7 1.167 (0.859-1.587) 1.222 (0.889-1.680) 1.044 (0.913—-1.195)

>60 years SO, 0 1.007 (0.985-1.030) 0.989 (0.957-1.023) 1.003 (0.974-1.033)
| 1.025 (1.006—1.046) 1.043 (1.015-1.071)* 1.012 (0.997-1.027)

2 1.004 (0.981-1.028) 0.990 (0.958-1.024) 1.012 (0.997-1.027)

3 0.998 (0.974-1.024) 0.980 (0.942-1.020) 1.000 (0.992-1.007)

4 1.009 (0.987-1.032) 1.022 (0.989-1.057) 1.000 (0.992-1.007)

5 1.007 (0.984-1.031) 1.004 (0.969-1.039) 1.000 (0.992-1.007)

6 0.999 (0.974-1.024) 1.004 (0.970-1.039) 1.000 (0.992-1.007)

7 0.990 (0.965-1.016) 0.987 (0.954-1.020) 1.000 (0.992-1.007)

co 0 1.197 (0.848-1.689) 1.419 (0.948-2.124) 1.405 (0.966-2.043)
| 1.057 (0.677—1.651) 1.003 (0.599-1.680) 0.937 (0.669-1.314)

2 0.933 (0.541-1.607) 1.035 (0.568-1.887) 0.937 (0.669-1.314)

3 0.609 (0.248-1.496) 0.499 (0.201-1.238) 0.948 (0.780-1.153)

4 1.222 (0.883-1.691) 2.005 (I.126-3.568)* 0.948 (0.780-1.153)

5 0.813 (0.421-1.570) 0.567 (0.245-1.313) 0.948 (0.780-1.153)

6 0.337 (0.110-1.037) 0.460 (0.140-1.504) 0.948 (0.780-1.153)

7 0.912 (0.533-1.561) 1.096 (0.693—1.733) 0.948 (0.780-1.153)

Notes: *Statistically significant. *Adjusted for trend, seasonality, temperature, relative humidity, weekdays, and holidays.

destruction in cellular immunity and epithelial changes.
Pulmonary inflammation is produced through two path-
ways: the first is the generation of oxidative stress by
free radicals that can be produced by exposure to air
pollutants. The other is the reduction of immunological
function through suppression of macrophages. In vitro and
in vivo studies have also shown that air pollution can
cause inflammation in the respiratory system, toxic
responses in alveolar cells, and increased release of anti-
inflammatory cytokines.'?

The vast amount of literature leaves little doubt about the
destructive effects of air pollution on the human respiratory
system. Air pollution control needs proper political manage-
ment and the cooperation of multiple sectors in societies,
which is weakly achieved in developing countries.

This study was the first to analyze respiratory outcomes
based on age and sex in Ahvaz. One of the limitations of
this study was the use of aggregated data, and the fact that

its results cannot be directly generalized to the individual
level. Also in this study, we were unable to control for
individual confounders including occupation, eating
habits, smoking, socioeconomic status, and migration

that may have affected hospital admissions.

Conclusion

The results showed that air pollutants including PM, 5, PM,
NO,, NO, CO, and SO, were associated with the risk of
hospital admissions due to asthma, COPD, and bronchiecta-
sis; in men, women, adults, and the elderly. This study
emphasizes the need to reduce air pollution in Ahvaz.
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