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Introduction 
 
Air pollution is one of the major problems in 
population growth, especially in urban and met-
ropolitan areas. For many centuries, it has be-

come a common global problem that can no 
longer be ignored (1). There is increasing evi-
dence that exposure to air pollution has several 

Abstract 
Background: We aimed to investigate the relationship between air pollution and the Infant mortality rate 
(IMR) during nearly ten years in Tehran, Iran.  
Methods: This study is a retrospective cohort case using time series analysis. Air pollution monitoring data 
during the study period (2009-2018) were collected from the information of 23 Air Quality Control Centers in 
different areas of Tehran. For this purpose, the daily measures of PM10, PM2.5, O3, CO, SO2, NO2 were ob-
tained. Data on infant mortality was obtained from the National Statistics Office of Iran and mortality regis-
tered in Tehran's main cemetery during the study period. Distributed lag linear and non-linear models were 
used.  
Results: A total of 23,206 infant deaths were reported during the study period. Following an increase of 10 
ug/m3 in PM10 in an early day of exposure, the risk of mortality increased significantly (RR=1.003, 
95%CI:1.001-1.005). There is a pick on lag 5-10 that shows a very strong and immediate effect of cold tempera-
ture which means that cold temperatures increase the risk of mortality at an early time. At cold temperate, 
(var=0 and lag 0) risk of infant mortality was significantly higher than reference temperature (19˚C) 
(RR=1.1295, %CI: 1.01-1.25). 
Conclusion: The results show the adverse effects of PM10 exposure on infant mortality in Tehran, Iran. Ac-
cordingly, a steady decline in PM10 levels in Tehran may have greater benefits in reducing the Infant mortality 
rate. 
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health impacts and can affect morbidity and mor-
tality during pregnancy (2), early life (3), adults, 
and the elderly (4). According to the WHO re-
port that summarizes the latest scientific 
knowledge on the links between exposure to air 
pollution and adverse health effects in children, 
numerous studies showed a significant associa-
tion between exposure to air pollution and ad-
verse pregnancy outcomes including preterm de-
livery, low birth weight, stillbirth, and small for 
gestational age (1). 
The developing fetuses, infants, and children are 
among the most biologically and psychologically 
vulnerable groups to the many adverse effects of 
air pollution, and exposure to air pollution is an 
overlooked health concern for children world-
wide (1, 5-7).  This increased risk is due to expo-
sure to air pollution in children due to a combi-
nation of behavioral, environmental, and physio-
logical factors.  
The first year of life is especially important for 
providing health infrastructure and improving the 
quality of life. Infant mortality rate (IMR), a most 
sensitive indicator of population health, defined 
as death before completion of the first year of life 
is frequently used as a global indicator of health 
and well-being (8). IMR is one of the most im-
portant health, cultural and economic indicators 
of any society, which is considered in assessing 
the health of society. It is an explanatory variable 
for achieving the socio-economic development of 
a country (9). High IMR indicates the presence of 
unfavorable social, economic, and environmental 
conditions during the first year of life (10). It is 
certainly a better understanding of risk factors of 
infant mortality are an important public health 
target (11). 
Although there is compelling evidence of a link 
between air pollution and infant mortality, how-
ever, there are relatively few studies that have 
evaluated the effect of air pollution on Infant 
mortality and most studies have focused on acute 
exposure and ambient air pollution and have 
shown that as the level of air pollution increases, 
the risk of infant mortality also increases (1). 
According to the WHO, air pollution is the big-
gest environmental cause of infant mortality (1). 

Also, preterm birth, which is linked to air pollu-
tion, is the third environmental cause of infant 
mortality (12).  
Since randomized clinical trials are not possible in 
this area, the only solution to this problem is to 
assess the air pollution status in different areas at 
a suitable time to identify the effects of air pollu-
tion on infant mortality.  
Although assessing the impact of air pollution 
and various components of air pollutants on the 
health of children and infant mortality is of great 
importance to be examined in each country, 
however, few studies have been done in this re-
gard in Iran. Accordingly, we aimed to investigate 
the relationship between air pollution and IMR 
during nearly ten years in Tehran, Iran. 
 

Methods 
 
Study design 
We obtained air pollution monitoring data over 
the study period (21 March 2009 through 22 Oc-
tober 2018) from the information of 23 air quali-
ty control centers in different areas of Tehran, 
Iran. For this purpose, the daily measure of the 
following six pollutants was obtained: particulate 
matter ≤10µm (PM10), particulate matter<2.5 
µm (PM2.5), nitrogen dioxide (NO2), sulfur di-
oxide (SO2), ozone (O3), and carbon monoxide 
(CO).  The pollutants levels were obtained based 
on the calculation of their mean them in 23 cen-
ters. For the same study period, daily maximum 
and minimum temperature (°C) and daily relative 
humidity (%) were obtained from the atmospher-
ic Data Centre, using one weather station in Teh-
ran City. The daily mean temperature was esti-
mated as the mean of the daily maximum and 
minimum values. 
Data on all-cause infant deaths recorded between 
2009 and 2018 were obtained from the Office for 
National Statistics of Iran and mortality regis-
tered in the Behesht Zahra Organization (Tehran 
Main Cemetery). The data were collapsed by date 
of death to generate a time series of daily infant 
death counts between 2009 and 2018. Then, 
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based on the causes of death, deaths due to 
premature birth were considered for the study. 
 

Statistical analysis 
Distributed lag linear and non-linear models were 
applied to investigate the effect of air pollutants, 
the Air Quality Index (AQI), and Temperature, 
on infant mortality for the city of Tehran, during 
the period 2009 to 2018. The analysis was based 
on the model represented in (13), fitted through a 
generalized linear model with quasi-Poisson fami-
ly, with the following terms: natural cubic splines 
of time with 7 degrees of freedom (df) per year to 
describe long-time trends and seasonality; indica-
tor variables for day of the week; natural cubic 
splines with 3 df at equally spaced quantiles for 
the average of dew point temperature at lag 0–1; 
linear terms for the average of AQI and other air 
pollutants at lag 0–1.   
Moreover, the effect of mean temperature was 
investigated through the relationships in the 
spaces of temperature and lags; we applied a 
model with natural cubic splines to describe the 
relationship in each dimension. The maximum 
lag L was set to 30 days. All the analyses were 

performed with the software R, version 2.10.1, 
using the package dlnm. 
 

Ethical considerations  
Ethical issues have been completely observed by 
the authors. This study was approved by the ethi-
cal committee of the School of Pharmacy and 
Nursing & Midwifery-Shahid Beheshti University 
of Medical Sciences 
(ID:IR.SBMU.PHARMACY.REC.1398.226). 
 

Results  
 

Study population 
A total of 23,206 infant deaths were reported 
during the study period (2009-2018). Table 1 
shows the infant mortality rate according to the 
cause of death according to the International 
Classification of Diseases 11th Revision (ICD-11) 
for the years 2009 to 2018. 
 

Air pollutants 
Results of the lag linear model are presented in 
Fig. 1.  
 

 
Table 1: Infant mortality rate according to the cause of death according to the International Classification of Diseas-

es 11th Revision (ICD-11) for the years 2009 to 2018 
 

The cause of death 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total 

Total 2815 2727 2542 2326 2237 2340 2444 2367 2141 1267 23206 
Code 1: Certain infec-
tious or parasitic dis-
eases  

150 104 157 111 108 144 136 190 171 89 1360 

Code 11: Diseases of 
the circulatory system 

109 163 143 151 179 174 190 171 229 98 1607 

Code 12:  Diseases of 
the respiratory system 

148 154 132 150 125 126 211 273 201 100 1620 

Code 19:  Certain 
conditions originating 
in the perinatal period 

1154 1171 995 828 709 684 441 220 174 132 6508 

Code 20: Develop-
mental anomalies 

148 124 146 154 189 295 463 408 583 347 2875 

Code21:  Symptoms, 
signs or clinical find-
ings, not elsewhere 
classified 

542 509 524 449 530 477 500 753 668 428 5380 

Code 22: Injury, poi-
soning or certain 
other consequences 
of external causes 

445 401 320 409 332 358 406 223 28 18 2940 
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Fig. 1: The relationship between air pollutants: PM10, PM2.5, O3, CO, SO2, NO2, and AQI and mortality adjusted 
by temperature in Tehran. The trendline in the center represents Relative Risk (RR) and the dashed line indicates the 

95% confidence interval 
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It shows the relationships between PM10, PM2.5, 
CO, O3, NO2, SO2, and AQI on mortality ad-
justed by mean temperature during the 30-lag 
time. The trend line in the center represents Rela-
tive Risk (RR) and the dashed line indicates the 
95% confidence interval. The 30-lag curve repre-
sents following an increase of 10 ug/m3 in PM10 
in an early day of exposure, risk of mortality in-
creased significantly (RR=1.003, 95%CI: 1.001-
1.005). The association between other air pollu-
tants and mortality was not statistically signifi-
cant, overall. 
 
Temperature 
The lag non-linear model considers the associa-
tion between temperatures. An overall picture of 

the effects of minimum, maximum and average 
temperatures on mortality adjusted by AQI is 
provided in Figs. 2-4. Figure 5 shows the trend of 
RRs by the maximum temperature at specific lags 
(0, 5, 15, 28) and by lag at specific temperatures, 
corresponding to -5 ˚C, 0 ˚C, 10 ˚C, and 36 ˚C of 
average temperature. Cold temperatures are asso-
ciated with a longer Infant mortality risk than 
heat (top right var=-5), but not immediate (lag 
30), representing a protective effect at lag 0 
(though not statistically significant).  
At cold temperate, (var=0 and lag 0) risk of in-
fant mortality was significantly higher than refer-
ence temperature (19˚C) (RR=1.1295, %CI: 1.01-
1.25) (plot second top right). 
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Fig. 2: 3-D plot of RR along mean temperature and lags, with reference at 19 C 
 

 
Fig. 3: 3-D plot of RR along mean of maximum temperature and lags, with reference at 24 C 
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Fig. 4: 3-D plot of RR along mean of minimum temperature and lags, with reference at 24 C 

 

 
 

Fig. 5: Trend of RR (outcome) by temperature (var) at specific lags (top left), RR by lag at minimum and maximum 
of average temperature Reference at 19 °C 

 

Discussion 
 
Air pollution is a global public health crisis (1). In 
this study, we evaluated the relationship between 
air pollution and IMR, the most sensitive indica-
tor of population health, over nearly ten years. 
The results showed that with an increase of 10 

ug/m3 in PM10 in an early day of exposure, the 
risk of mortality increased significantly.  
Similar to the results of the present study, various 
studies conducted around the world have report-
ed a statistically significant increased rate in the 
neonate (14), post-neonatal (15) or infant mor-
tality (16) or SIDS mortality (17) for increases in 
PM10 exposure. Some of studies reported a sig-
nificant statically increase in the risk of respirato-
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ry-related post-neonatal (18) and infant mortality 
(5) for a 10 µg/m3 increase in PM10. 
In contrast, one study based on time series analy-
sis in the UK, found no significant association 
between short-term exposure of PM10 and all 
infant, neonatal, and post-neonatal mortality (3).  
PM10 is an international convention for measur-
ing environmental particulate air pollution. In-
creases in PM10 are associated with exacerbation 
of airway disease and death from respiratory and 
cardiovascular causes (19). Another study by 
evaluating four air pollutants PM10, SO2, O3, 
NO2 in Tehran showed that considering short-
term effects, PM10 had the highest rate of cumu-
lative premature death and respiratory diseases 
and the highest health impact on the inhabitants 
of Tehran City (20). There was a direct and sig-
nificant relationship between PM10 exposure to 
preterm birth (21) and low birth weight (21-24). 
One of the most important indicators for deter-
mining the health status of a society is birth 
weight, which is directly related to IMR (25). 
Moreover, preterm infants are susceptible to 
many complications (25) and these complications 
are the leading cause of mortality in children 
younger than 5 years (26). 
In the present study, we found no association 
between other air pollutants and infant mortality 
rate, while some studies reported different re-
sults. Some studies demonstrated a statically sig-
nificant increased risk of infant mortality with the 
increase in PM2.5 exposure (27, 28). Two studies 
found a statistically significant increased rate in 
neonatal and post-neonatal mortality for increas-
es in SO2 exposure (14, 29, 30). Some researchers 
have also reported a significant association be-
tween long-term exposure to NO2 and increased 
risk of infant, neonatal, and post-neonatal mortal-
ity (14, 31) or increased rates of SIDS (17, 31, 
32).  
On the other hand, despite the results on the ef-
fects of different air pollutants on infant mortali-
ty obtained from different studies around the 
world, some studies found no statistically signifi-
cant association between increased exposure of 
PM10 and other air pollutants with neonatal and 
Infant Mortality (3, 33-35). 

The results of a systematic review and meta-
analysis on 14 studies showed a significant in-
crease in infant death with the increase of expo-
sure to air pollutants PM10, PM2.5, and NO2 
during either the pregnancy period or the first 
year of a newborn's life (36).  
Differences in the results of different studies may 
be related to the difference in the conversion of 
air pollution concentrations from different re-
gions, differences in exposure rate, and climatic 
characteristics of the region. 
Environmental pollutants affect all age groups. 
However, fetuses, infants, and children have 
unique vulnerabilities and sensitivities to the risks 
of air pollution, especially during fetal develop-
ment and in their earliest year (1, 6). These in-
creased risks are due to a combination of behav-
ioral, environmental, and physiological factors 
(1). The underlying biological pathways that link 
air pollution and infant mortality are largely un-
known. Increased exposure to air pollutants can 
cause the bronchial system to contract, which can 
impair lung function (37).    
Children are one of the most important groups at 
risk of air pollution (38, 39). These studies focus 
in particular on the toxic effects of air pollutants 
on the respiratory system, although the adverse 
effects of air pollutants on other organs are also 
important (40). 
This difference compared to adults is due to 
physiological immaturity, incomplete metabolic 
systems, immature host defenses, the continuing 
process of lung growth and development, differ-
ences in exposure, high rates of infection with 
respiratory pathogens, longer life expectancy after 
exposure, and activity patterns that increase ex-
posure to air pollution and lung doses of pollu-
tants (41). Children's bodies, lungs, and brains are 
still rapidly developing and maturing, therefore 
more vulnerable to inflammation and other dam-
age caused by pollutants(1). Children’s airways 
are narrower compared to adults, they breathe 
faster than adults and inhale more air per unit 
time, while the smaller surface area of their lung 
means that relatively more inspired air reaches 
the lung, and is, therefore, more polluting (42).  
This can exacerbate the adverse effects of pollu-
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tants in children. On the other hand, due to the 
immaturity of the respiratory system, the repair 
of damage to the epithelial cells of the respiratory 
tract is not done properly (43).  
Children spend a lot of time near their mothers 
while the mothers cook with polluting devices 
and fuels. They live closer to the ground, where 
some pollutants reach peak concentrations (1). In 
addition, children are not able to metabolize, de-
toxify, and excrete toxins similar to adults, and as 
a result, the toxins remain in the circulatory sys-
tem longer and cause more damage to the organs 
(44) 
The results of the present study showed that 
colder temperatures are associated with a higher 
risk of infant mortality than warmer ones. Similar 
to our study results, Karlsson et al. (2020) in 
Sweden also showed that neonate mortality is 
higher in winter and the risk of neonate mortality 
decreases with increasing temperature on the day 
of birth (45).  The response to cold in the mother 
can lead to increased blood viscosity and vaso-
constriction (46), and these lead to reduced blood 
flow to the placenta (47). Besides, the cold leads 
to an increase in stress hormones (48), and these 
hormones can lead to preterm labor (49). Prema-
turity is an important risk factor for infant mor-
tality. 
However, this study also had some limitations. 
We did not evaluate the synergistic effects of pol-
lutants. The second limitation is the possibility of 
incomplete recording of air pollutants by sensors 
and the inherent limitations of the environmental 
study, as well as the unregistered infant. Given 
that many factors can affect the health and mor-
tality of infants, the lack of control of these fac-
tors in the present study is another limitation of 
this study.  
Therefore, it is suggested that studies that are 
more comprehensive be conducted in different 
seasons of the year in different cities with differ-
ent levels of air pollution. Future studies are also 
recommended to understand possible mechanical 
explanations for the role of air pollution in neo-
natal mortality and how neonatal pollution is re-
duced. Further studies are needed to assess any 
long-term effects of air pollution on children. 

Conclusion 
 
Our study results show the adverse effects of 
PM10 exposure on neonatal mortality in Tehran, 
Iran. Air pollution, especially in metropolises 
such as Tehran, by considering more sources of 
air pollution, can affect Infant mortality. The re-
sults from this study contribute to very limited 
data in the scientific literature on adverse effects 
of air pollution for high exposure settings typical 
in developing countries.  Accordingly, a steady 
decline in PM10 levels in Tehran may have great-
er health benefits for infant's health and reducing 
IMR. 
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