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Abstract

Objectives: The adverse health effects of air pollution have been observed in many epidemiological studies. The aim of this research was
to study the effects of air pollution on pulmonary functions in schoolchildren in Tehran city.

Methods: A total number of 167 schoolchildren were selected to participate in this study. Data were analyzed using ANOVA and Generalized
Estimating Equation (GEE) to determine the relationship of air pollution and lung function tests.

Results: The result of this study showed that there are statistically significant differences in value of air pollution between areas. The results
present that concentration of O,, PM, , NO, has a negative association with lung function tests but concentration of CO, PM, , and SO, had ‘
no association with decreased lung function tests. Time variable of air pollution was not statistically significant effect on lung function test.
Conclusion: in this study, we conclude that air pollution in Tehran city can be decreased lung function test indexes that may be affected by

short-time exposure to air pollutant.
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Introduction

Air pollutants produced by industrial activities and vehicles such
as O,, SO,, NO,, CO, PM, ,, PM,  have adverse effects on the res-
piratory system'”. The adverse effects are more pronounced in
children because they are more sensitive when exposed to con-
taminated air. Children have a lower diameter of airways, and
they generally breathe more air per kg of body weight than adults,
so exposure to more air pollutants. Increased concentrations of
air pollutants cause more inflammation in the respiratory
system™*. Children spend more time and more activity outdoor;
hence more susceptible to exposure to air pollutants’.

Numerous studies postulated that air pollution had
adverse effects on the respiratory system that are more serious
in large and industrial cities®. Spirometry has been used in sev-
eral studies to show the effects of air pollution on the respira-
tory system. Indicators measured by spirometry include FVC,
FEV1/EVC, FEV1, MMEF2575, FEV1/FEV6. Most studies
examining the short-term effects of air pollution on spiro-
metric indices performed a single spirometry test and have not
evaluated changes in spirometric indices during a period, time
which are essential in determining the exact effect of air pol-
lutants on the respiratory system’.

Therefore, we decided to study the effect of air pollutants on
the respiratory system of children by performing two spirometry
tests for each child and to evaluate the changes in spirometric
indices. Our study was performed in Tehran, the capital city of
Iran, which is one of the most polluted cities in this country.

Materials and Methods
Study Design

This was a prospective cohort study conducted between
September 2018 and May 2019.
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Inclusion Criteria

Students without a history of respiratory disease and recent
illness and who were taking no medications were included in
this study.

Participants

In this study, 167 male and female fifth-grade elementary
school students, aged between 10 to 12 years old, participated.
The students were randomly selected from 10 schools in five
municipal districts of the city, which were less than 500 meters
from air quality monitoring stations. The height and weight of
all of the students were measured. A questionnaire, including
questions on drug history, asthma, allergy, eczema, and parent
smoking, was given to each student’s parents. The study pro-
tocol was approved by the Ethics Committee The Iran Univer-
sity of Medical Sciences.

Data on the Levels of Air Pollutants

The levels of air pollutants such as O,, SO,, NO,, CO, PM, ,,
PM, were obtained from the Tehran Air Pollution Assessment
website®. In both first and second episodes of spirometry, the
levels of air pollutants were recorded on the day of performing
spirometry and five consecutive days before that. The changes
in the levels of air pollutants between the first and second epi-
sodes of performing spirometry were calculated. Less than 5%
of data on the levels of air pollutants was missed due to tech-
nical errors in air monitoring sensors.

Lung Function Test

Spirometry was performed with a portable spirometer
(Spirolab mobile version, China). The spirometer was cali-
brated using a 3-liter syringe each time before spirometry.
Spirometry was performed by expert technicians. In the
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beginning, the spirometry method was fully explained to the
students. Three to five spirometry maneuvers were acquired
from each student, and the best maneuver was selected based
on American Thoracic Society/European Respiratory Society
(ERS) criteria.

Statistical Analysis

The mean daily concentration of air pollutants on the day of
the first and second time of spirometry in 5 districts (lag 0)
and 1-5 days before the first and second time of that (lag 1-5)
were measured and compared between five studied sites. Per-
centage of changes of air pollutant concentration and spiro-
metric indices were calculated between first and second times.
In this study, multiple regression using GEE (Generalized Esti-
mating Equation) statistical models were used to determine
the correlation between changes of lung function indices
(FVC, FEV1, FEVI/EFVC, FEV1/FEV6 and FEF25-75) and
changes in air pollutants (0 days to 5 days before spirometry).
Statistical analyses (GEE, ANOVA) were performed using
SPSS software (version 22), and statistical significance for
P-values < 0.05 were considered.

Consent to Participate
Written informed consent was obtained from participants
before the study.

Ethics Approval

Ethical approval for the study was obtained by the Ethics
Committee of Iran University of Medical Sciences (approval
code IRIUMS.FMD.REC.1397.073). All participants were
provided written informed consent before the study and had
the right to withdraw from the study at any stage.

Results

In total, 167 male and female fifth-grade elementary school stu-
dents, aged between 10 to 12 years old, were included in this
study. The students were randomly selected from 10 schools in
five districts of the city. The students’ characteristics are shown
in Table 1. The average and standard deviation (SD) of height,
weight, age, and BMI were not different between students of five
municipal districts. The results of the mean daily concentrations
of air pollutants are displayed in Table 2. The spirometric indices
and percentage of changes are presented in Table 3.

The results using GEE (Generalized Estimating Equation) are
shown in Table 4. Table 4 shows that a one ppb increase in O,
was associated with a change of -0.058 L in FEV1 (95%CI:
-.099 - -.017 L) and -0.04 in FVC (95%CI: -.072- -.008L)
and -0.085 Lit in FEF25-75 (95%CI: -.158- -.012L), after
adjustment for gender and height. Our study demonstrates
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that 1 a ppb increase in NO, was associated with a change of
-0.106 Lit in FEV1 (95% CI: -.183- -.029L) and -0.087 Lit in
FVC (95% CI: -.149- -.026L), after adjustment for gender and
height. This study also displayed that 1 pg/m?® increase of PM, |
was associated with a change of 0.037 Lit in FEV1 (95% CIL:
.010 - .065L) and 0.039 Lit in FVC (95% CI: .011 - .068L), after
adjustment for gender and height. Other air pollutants had no
significant effect on spirometric indices.

Discussion

The present study included 167 male and female fifth-grade
elementary school students, aged between 10 to 12 years. This
age range was chosen because of more inadequate cooperation
in younger children. This study was conducted on healthy ele-
mentary school students without any previous illness.

Air pollutants produced by industrial activities and vehi-
cles suchas O,, SO,, NO,, CO, PM, , PM,  have adverse effects
on the respiratory system’. Our study assessed the effects of
the daily average concentration of air pollutants on spiro-
metric indices. Previous studies have demonstrated that ele-
vated air pollutants were associated with more decrease in
lung function in children than adults®. Several previous studies
have examined the associations between spirometric indices
and air pollutants®”** but those studies did not consider
changes in spirometric indices in individuals. In those studies,
the concentration of air pollutants in the days before spirom-
etry was measured.

Chang et al. investigated the effects of air pollution on
lung function tests of adolescents aged 12 to 16 years and
reported that FVC, had a significant adverse association with
short-term exposure to O, and PM,  measured on the day of
spirometry testing"*.FVC values also were reversely associated
with means of CO, O,, NO,, PM,  and SO, exposed 1 day ear-
lier. An increase of 1-ppm CO was associated with the reduc-
tion in FVC for 69.8 mL (95% CI: =115, -24.4 mL) or in FEV1
for 73.7 mL (95% CI: =118, -29.7 mL). Their study also showed
that an increase in SO2 for 1 ppb was associated with the
reductions in FVC and FEV1 for 12.9 mL (95% CI:-20.7,
-5.09 mL) and 11.7 mL (95% CIL:-19.3, —4.16 mL), respec-
tively. Chang et al. similar to other previous studies did not
evaluate changes in spirometric indices of each individual
during a period, time.

Another difference between The change study and ours
was that they found the time lag between the air pollutant
measurement and spirometry day, had a significant effect on
spirometric indices. nevertheless in our study, there was no
significant relationship between the time lag and air pollutant
levels. Another study performed by Hashemzadeh et al. in
Ahvaz, a major city in the southwest of Iran, demonstrated a

Table 1. Demographic profile of the study participants

Variables Region2 Region5 Regioné Region7 Region15 Total P-value
No 37 37 31 37 25 167

Male 51.30% 48.60% 35.40% 37.80% 0% 37.10%

Female 48.60% 51.30% 64.50% 62.10% 100% 62.90%

Height (cm) 1526+7.3 1534 +85 150.2 + 104 151.3+88 1532+70 1520+ 84 p=049
Weight (kg) 492+134 4954105 480+113 474+13.6 496495 487+118 p=092
BMI 21.0£5.0 209+35 215453 204+4.0 210+ 26 209+42 p=090
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Table 2. The results of the mean daily concentrations of air pollutants

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

S0, (ppb)

First time 35£14 31£14 35+18 3.7+24 41+23 43+21

Second time 43+12 43+10 47+18 35£15 39+£1.1 39+£10

Percentage of changes 376513 604 + 62.1 503 554 16.5+£514 129 £ 595 376+513
NO, (ppb)

First time 450+50 429+55 437+92 455+152 4394104 472+ 146

Second time 490+11.0 488 +£6.7 47.7£10.2 41.7+£108 448 +76 499+90

Percentage of changes 102+£203 154 £189 132+25.1 -1.5+£283 23+265 50+434
CO (PPM)

First time 14+03 13+£03 1.3+£05 1.5+£06 1.3+04 1.7+£05

Second time 1.7+09 1.7+05 14+04 1.3+04 14+07 15409

Percentage of changes 23.7 £694 33.8+472 17.3+£375 -6.0+320 1.3+£276 -0.2£60.2
0, (ppb)

First time 165455 226+6.6 17.1£85 209 +6.7 183+74 170+ 6.3

Second time 163+ 85 150+75 183+89 19.0+10.7 179+89 16.7+7.0

Percentage of changes -93+434 -32+315 -108£43.5 -9.1£50.7 -39+39.7 1131477
PM, (ug/m)

First time 181+69 1255451 231125 25.7£145 249+116 257 +13.8

Second time 298+12.6 27.2+125 258+ 164 256+ 16.1 250£153 245+16.7

Percentage of changes 72.2+542 87.1 844 225+67.2 6.4+ 389 10.0 + 44.6 284 +£957
PM,, (Hg/m)

First time 393+£16.2 352+138 432+ 208 546+ 254 56.8£23.2 539+270

Second time 62.6 = 29.0 541 +£21.7 544+ 287 512+ 241 543 £280 51.8£30.1

Percentage of changes 787 £91.9 702 £76.2 423+96.0 -3.7+£386 -3.8+465 25.1+£989
Table 3. The spirometric indices and percentage of changes

Mean (SD) Mean (SD) Mean (SD)
FEVT (L) 2.1(0.85,3.12) 2.0(0.88,3.02) -0.5(-613,95.2)
FVC (D) 23(1.21,342) 22(1.1-32) -2.0(-40.82,57.95)
FEV1/FVC (%) 90.5 (40.6, 100.0) 90.5 (40.6, 100.0) 1.6 (-54.3,89.8)
FEV1/FEV6 (%) 90.6 (40.6, 100.0) 91.2(41.3,100.0) 14 (=543, 89.8)
FEF25-75 (L) 2.7 (0.5,4.99) 26(06,5.3) 5.1(=71.5,160.0)
Table4. The results obtained by Generalized Estimating Equation (GEE)
B P-value B P-value B P-value B P-value B P-value
Time 0425 0.177 0.178 0.52 0.253 0.189 0.243 0.199 0.784 0.17
0, -0.058 0.006 -0.04 0.013 -0.018 0.145 -0.017 0.178 —0.085 0.023
(€0) 0.003 0.856 —0.005 0.78 0.009 0.337 0.009 0.333 0.019 0.516
NO, -0.106 0.007 —0.087 0.005 -0.018 0.531 -0.014 0.614 —0.134 0.167
S0, 0.028 0.127 0.011 0.462 0.017 0.139 0.017 0.135 0.025 0.46
PM,, 0.037 0.008 0.039 0.007 -0.003 0.679 -0.004 0611 0.025 0.344
PM,, -0.009 0616 -0.021 0.222 0.013 0.117 0.012 0.142 0.026 0371
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significant correlation between the increase of mean concen-
tration of NO, in 1 to 4 days before sampling day and decreased
FVC and FEV1". In this regard, by increasing the mean NO,
concentration to 6.5 ppb, the values of FVC and FEV1
decreased by 12 and 19 mL; and by increasing the mean con-
centration of PM, . to 13 ug/m® on the same day of sampling
(lag 0), the values of FVC and FEV1 decreased by 131 and 110
ml. However, similar to most previous studies, they did not
evaluate spirometric changes within a period, time.

In our study, Ozone harmed FEV1, FVC and FEF25-75,
with the most significant effect on FEF25-75.It should be
noted that although these effects are statistically significant,
they are clinically insignificant and they did not cause symp-
toms in the students.

In normal subjects,the cut-off for clinically significant
week-to-week changes of FEV1 and FVC were more than 12%
and 11%, respectively. In our study, 61.6% of the subjects had
FEV1 change less than 12% and 63.4% had FVC change less
than 11%. In fact, in most subjects, although the percentage of
spirometric changes was statistically significant, the indices
remained within the normal range.

Conclusion

Our research suggests that air pollution in Tehran city can lead
to decreased lung function test indices which may be affected
by short-time exposure to air pollutants.Traffic-related air pol-
lutants show acute and subacute adveres effects on the respira-
tory system in school children. Accordingly, our research
suggests air pollution changes are associated with changes in
lung function in a healthy subject. These findings can help
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improve understanding adverse effects of air pollution on the
respiratory system, and may also implicatemore targeted and
effective pollution regulations to reduce traffic emission
pollutants.
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