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Air pollution and low birth weight: a historical cohort 
study from Tehran
M. Araban,1 N. Kariman,2 S.S. Tavafian,3 S. Motesaddi,4 H. Alavimajd 5 and F. Amin Shokravi 3

ABSTRACT This historical cohort study was designed to clarify the association between air pollution and low birth 
weight (LBW) amongst women referred to Tehran hospitals in 2007. In total, 225 eligible pregnant women who 
lived within 5 km of an air pollution monitoring station during their pregnancy were selected for the study. Data 
were collected via interview and hospital records. Exposure to each pollutant was estimated for each woman 
individually throughout her pregnancy and for each trimester. Exposures were modelled as categorical variables 
using inter-quartile ranges in a logistic regression model. The results showed a significant association between 
exposure to CO and LBW (OR = 2.08, 95% CI: 1.70–4.60), particularly during the second trimester (OR = 3.96, CI: 
1.83–12.5. We conclude that exposure to air pollution during pregnancy may be associated with LBW. 
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 تلوث اهلواء وانخفاض وزن الوليد: دراسة أترابية من طهران
مرضية عربان، نور السادات كريامن، صديقه السادات طوافيان، سعيد متصدي زرندي، محيد علوي جمد، فرخنده أمني شكروي

اخلالصة: جرى تصميم هذه الدراسة األترابية لتوضيح التـراُبط بني تلوث اهلواء وبني انخفاض وزن الوليد عند والدته بني األمهات الاليت متت 
إحالتهّن إىل مستشفيات طهران يف عام 2007. وقد اختريت 225 امرأة حاماًل تأهلن للدراسة، كن يعشن أثناء احلمل يف حميط مخسة كيلومرتات من 
امرأة عىل  لدى كل  ث  ملوِّ ض لكل  التعرُّ املستشفيات. وجرى حتديد  املقابالت وسجالت  املعطيات عن طريق  اهلواء. وُجِعت  تلوث  حمطة رصد 
ضات بحسب فئات املتغريات باستخدام مدى الرشحية الربعية  ت نامذج للتعرُّ حدة طوال فرتة محلها، ويف كل ُأثلوث )ثالثة أشهر( من احلمل. وُأعدَّ
ض ألحادي أكسيد الكربون وبني انخفاض وزن الوليد عند الوالدة  البينية يف نموذج التحوف اللوجستي. وأظهرت النتائج تـراُبطًا ُيْعَتدُّ به بني التعرُّ
واستنتج   .)12.5–1.83  :%95 الثقة  فاصلة  OR؛   =  3.96( احلمل  من  الثاين  األُثلوث  أثناء  والسيَّام   ،)4.60–1.70  :%95 الثقة  فاصلة  )OR = 2.08؛ 

ض لتلوث اهلواء أثناء احلمل يمكن أن يتـرابط مع قلة وزن املولود. الباحثون أن التعرُّ

Pollution atmosphérique et faible poids de naissance : une étude de cohorte historique à Téhéran

RÉSUMÉ La présente étude de cohorte historique a été conçue pour clarifier l'association entre la pollution 
atmosphérique et le faible poids de naissance des enfants nés de mères orientées vers des hôpitaux de la 
ville de Téhéran en 2007. Au total, 225 femmes enceintes éligibles et vivant dans un rayon de cinq kilomètres 
d'une station de surveillance de la pollution atmosphérique pendant leur grossesse ont été sélectionnées 
pour participer à l'étude. Les données ont été recueillies au moyen d'un entretien et des dossiers hospitaliers. 
L'exposition à chaque polluant a été estimée pour chaque femme individuellement, tout au long de la grossesse 
et pour chaque trimestre. Les expositions ont été modélisées en tant que variables nominales avec des plages 
interquartiles dans un modèle de régression logistique. Les résultats ont révélé qu'il existait une association 
significative entre l'exposition au monoxyde de carbone et un faible poids de naissance (O.R. = 2,08 ; IC à 95 % : 
1,70–4,60), notamment pendant le deuxième trimestre (O.R. = 3,96 ; IC : 1,83–12,5). Nous en avons conclu qu'une 
exposition à la pollution atmosphérique au cours de la grossesse peut être associée à un faible poids de naissance.
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Introduction 

Low birth weight (LBW) is known 
as one of the most important factors 
associated with prenatal and neonatal 
mortality, and has been established as a 
determinant of neonatal mortality [1]. 
It is also significantly associated with in-
fant and childhood morbidities, ranging 
from pulmonary infection to myocar-
dial infarction, stroke, hypertension and 
diabetes [2–4]. Given the importance 
of LBW consequences, assessing its’ risk 
factors is guaranteed.

As previously reported, low socio-
economic status, drug addiction, mater-
nal malnutrition and anaemia, maternal 
age, weight gain during pregnancy as 
well as birth order are significantly as-
sociated with LBW [5,6].

Although several studies have 
examined the relationship between 
maternal exposure to air pollution and 
LBW [7–15], a definitive association 
between exposure during pregnancy 
and LBW is still not established [14]; 
some researchers identified a relation-
ship [15] but others did not [13]. The 
trimester-specific findings from these 
studies are inconsistent, and the most 
vulnerable trimester of pregnancy has 
not been identified. Furthermore, the 
most critical problem in these studies is 
that they did not control the other risk 
factors of LBW beyond air pollution 
exposure. 

Tehran, the capital city of the Islam-
ic Republic of Iran, is one of the most 
polluted cities in the world [16]. Given 
the importance of LBW consequences 
and the probably effect of exposure to 
pollutants on birth weight, we aimed 
to examine the association between 
ambient air pollution and LBW among 
babies born to women referred to Teh-
ran hospitals.

Methods

A historical cohort study was conduct-
ed in the maternity wards of 6 teaching 

hospitals affiliated to medical science 
universities in Tehran. The ethics com-
mittee of Shaheed Beheshti Univer-
sity of Medical Sciences approved the 
study.

Data on all singleton term births 
(≥ 37 gestational weeks) of eligible 
pregnant women who gave birth be-
tween 1 June and 30 September 2007 
were obtained through interviewing 
the women and from hospital puerperal 
records of mothers and their babies. 
We chose this study period because 
it covered the most polluted season 
in the year. Women were eligible for 
the study if they were living within 5 
km of a unique air pollution monitor-
ing station, were aged 18–35 years and 
had had at least 2 prenatal care visits 
during their pregnancy. Women were 
excluded from the study if they had 
a history of pregnancy complication 
such as gestational diabetes; pregnancy-
induced hypertension; cardiovascular, 
renal or pulmonary disease; anaemia 
during pregnancy; a history of recurrent 
abortion, infertility or previous LBW 
baby; experience of severe stress during 
pregnancy; or being an active/passive 
smoker or drug abuser. 

All women referred to the maternity 
hospitals and who complied with inclu-
sion/exclusion criteria during the study 
period were entered into the study. 

Monitoring data from Tehran Air 
Quality Control Company were used to 
estimate mean exposure rates during the 
whole pregnancy and for each trimester. 
The parameters of air pollutants were 
measured for each individual mother. 
Daily data were available for PM10, SO2 
exposure, while NO2 and O3 exposure 
were measured hourly and CO expo-
sure was measured every 8 hours. To 
estimate exposure to each pollutant over 
the pregnancy period and each trimester, 
the residential address during pregnancy 
was considered. The distance between 
the participants’ address and the closest 
monitoring data was determined using 
GIS programming. In cases where the 
addresses were assigned for more than 1 

monitoring station, we used the data of 
the closest one.

After sampling, risk factors for low 
birth weight other than air pollution, 
such as maternal age, maternal edu-
cation, maternal job, socioeconomic 
factor, stress status, number of prenatal 
care visits, weight gain during pregnan-
cy, gestational age, sex of the baby and 
planned pregnancy were analysed and it 
did not show any statistical significance 
between LBW and normal birth weight 
groups. The mean score of stress status 
was measured by Holmes and Rahe 
stress scale) [17,18].

Logistic regression analysis was con-
ducted to examine the predictive effect of 
air pollution on LBW. To do this analysis, 
birth weight was considered a depend-
ent variable and was categorized into 2 
groups: < 2500 g and ≥ 2500 g. Other 
variables were entered into the model 
as key independent variables. Trimester 
exposures were modelled as categori-
cal variables using inter-quartile ranges 
(IQRs). Odds ratios (ORs) of LBW 
with 95% confidence interval (CI) were 
calculated. This method has been applied 
in previous air pollution studies [13,14]. 

Analysis
Analyses were done using chi-squared, 
t-test and logistic regression with SPSS 
software, version 15. P < 0.05 was con-
sidered statistically significant.

Results

In total, 225 pregnant women were ex-
amined in this study. Mean age was 25.8 
[standard deviation (SD) 4.6] years and 
mean duration of pregnancy 39 (SD 
1.2) weeks. The mean birth weight of 
the babies was 3.12 (SD 0.49) kg. Only 
35 women gave birth to LBW babies. 
Table 1 presents the demographic char-
acteristics of the women who had babies 
with low and normal birth weight. There 
were no significant differences between 
the 2 groups in terms of demographic 
characteristic (P ≥ 0.05). 
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Table 2 shows mean exposure to 
pollutants and the inter-quartile range 
during the whole pregnancy as well as 
the crude OR for LBW. In order to de-
termine the most vulnerable trimester 
of pregnancy, further assessment of ex-
posure to pollutants during the different 
trimesters of pregnancy was made (Ta-
ble 3). From the data in both tables, CO 
exposure was a significant risk factor for 
LBW during the whole pregnancy (OR 
= 2.08, 95% CI: 1.7–4.6, P = 0.03) and in 
the second trimester (OR = 3.96, 95% 

CI: 1.83–12.5, P = 0.02). Mothers who 
had a higher level of CO exposure dur-
ing the second trimester of pregnancy 
were at greater risk of delivering an LBW 
baby. None of the other pollutants was 
significantly associated with LBW.

Discussion

We examined the association between 
air pollutants and birth weight. The LBW 
rate was 15.6%, higher than the 5.2% 

reported in a previous study in Tehran 
[15]. The difference might be due to the 
sample size: our study was much smaller, 
225 women versus 4734 women.

Several reports support the possibil-
ity of a negative effect of CO exposure 
on birth weight [6,11,19,20]. Our study 
indicated that exposure to ambient 
CO levels during pregnancy was as-
sociated with LBW. This finding of an 
inverse association between maternal 
CO exposure during pregnancy and 
LBW is consistent with some reports in 
previous studies [14,21]. Furthermore, 
the present study showed a significant 
association between maternal exposure 
during the second trimester of preg-
nancy and LBW. In contrast with this, 
some studies [14,21] found that there 
was the association between exposure 
to pollutants during the third trimester 
and LBW, while another study reported 
such an association in the first trimester 
[8]. This inconsistency between differ-
ent studies might be due to different 
times of year when the studies were 
carried out as pollution levels vary 
with season. However in this study we 
controlled for certain other risk factors 
which might influence birth weight. 

No significant association was ob-
served between other pollutants such 
as PM10, SO2, NO2 and O3 and LBW. Al-
though in a previous review study it was 
concluded that PM10 had an effect on 
LBW [22], we found no significant as-
sociation in this regard. The postulated 
mechanism for the effect of PM10 is that 
PM10 may bind to placental growth fac-
tor resulted in decreased fetal–placental 
exchange of oxygen and nutrients, nutri-
ent and oxygen supply during gestation 
are key factors regulating fetal growth 
rate [23]. If this is true, a probable justi-
fication for this contrasting result is that 
there would necessarily be a threshold 
effect [8], but in our study the level of 
exposure to PM10 may have been under 
the threshold level. 

Additionally, the current study 
showed there was no significant asso-
ciation between exposure to O3 and 

Table 1 Demographic characteristics of women who had normal weight (NBW) 
babies and those who had babies with low birth weight (LBW)

Variable NBW (n = 190) LBW (n = 35) P-value

Mean (SD) Mean (SD)

Maternal agea (years) 26 (4.5) 24 (4.8) 0.10

Stress scoringa 47 (4.1) 46 (9.1) 0.96

Number of prenatal care visitsa 10.8 (2.9) 10.1 (3.0) 0.22

Weight gain during pregnancy (kg)a 12.7 (5.7) 11.8 (4.2) 0.35

Gestational age (weeks)a 39.1 (1.1) 38.1 (1.6) 0.1

% %

Maternal educationb 0.18

No education 6 6

Primary school 34 18

High school 23 30

Above high school 37 46

Maternal jobb 0.26

Working in the home 97 95

Employed outside the home 3 5

Birth orderb (first born) 54 65 0.26

Infant sexb (male) 57 43 0.20

Planned pregnancyb (yes) 72 68 0.66
aStudent t-test. 
bχ2 test. 
SD = standard deviation.

Table 2 Mean and inter-quartile range (IQR) of pollutant level and odds ratio (OR) 
for low birth weight during the whole pregnancy period 

Pollutant Pollutant level OR (95% CI) P-value

Mean (SD) IQR

CO (ppm) 4.5 (0.9) 0.8 2.08 (1.70–4.6) 0.03*

PM10  (µg/m³) 48.6 (6.4) 2.2 0.63 (0.40–1.14) 0.14

SO2 (ppb) 33.0 (17.3) 12.5 1.20 (0.93–2.85) 0.53

NO2 (ppb) 63.0 (11.4) 10.5 1.10 (0.63–1.92) 0.72

O3 (ppb) 18.5 (5.5) 1.7 1.75 (0.83–3.70 0.14

*Significant at P < 0.05. 
SD = standard deviation; CI = confidence interval; ppm = parts per million; ppb = parts per billion. 
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LBW although a previous study found 
the association significant [11]. This 
inconsistency might be due to different 
average rates of exposure to O3: in the 
previous study the mean exposure was 
50 ppb but in our study this was only 
18.5 ppb. 

No significant association was ob-
served between SO2 /NO2 and LBW, 
in line with the findings of earlier studies 
[11,13].

This study had several strengths. 
First, this is one of the few studies 
excluding a number of confounding 
variables affecting LBW, therefore the 
effects of potential risk factors of LBW 
were controlled. Second, data collec-
tion in this study was done precisely 

through interviewing the women as well 
as looking for the participants' records 
to obtain more accurate data, while the 
previous studies used just birth data 
records that might be poorly completed 
[24]. Third, reliable measurements of 
criteria pollutant concentrations were 
obtained from several air monitoring 
stations in Tehran to achieve accurate 
exposure rates. Additionally, this is the 
only study that investigated all criteria of 
pollutants such as CO, PM10, SO2, NO2 
and O3. Finally, in this study babies that 
were born in summer, the most polluted 
season, were included because seasonal 
variation in reproductive outcomes has 
been well documented [20]. 

However, this study had a limita-
tion that could be the same of all such 

studies. The ambient air pollution meas-
urements from stationary air pollution 
monitoring may not represent actual 
individual exposure. Measurement of 
individual exposure is not feasible [24]. 

Air pollution is one of the most 
important environmental and public 
health issues. Considering the impact of 
air pollution on birth weight, pregnant 
women, as an at risk group, should be 
trained and advised during pregnancy 
to limit their exposure to highly polluted 
areas of the city. Health workers should 
prepare accessible booklets regarding 
the effects of air pollution on health. 
Midwives could also play a key role in 
informing pregnant women about air 
pollution hazards and their effects on 
pregnancy outcome, like LBW. 

In conclusion, we have demon-
strated that exposure to current levels 
of CO pollution in Tehran throughout 
pregnancy, and especially in the second 
trimester, was strongly associated with 
LBW. Since LBW is the most impor-
tant factor related to neonatal mortality 
and morbidity, our findings have critical 
public health implications. Nevertheless, 
further studies are needed to confirm fe-
tal susceptibility to ambient air pollution 
since our study is one of only a few that 
have been carried out in the Middle East.
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Table 3 Logistic regression analysis results for low birth weight (< 2500 g) per inter-
quartile range increase in pollutants for each trimester 

Pollutant P-value OR 95% CI

First trimester

CO 0.24 1.90 0.89–3.90

PM10 0.34 0.63 0.40–1.14

SO2 0.53 1.48 0.93–2.85

NO2 0.62 1.19 0.63–1.92

O3 0.14 1.85 0.83–3.70

Second trimester

CO 0.02* 3.96 1.83–12.5

PM10 0.90 0.63 0.52–1.84

SO2 0.18 1.48 0.8–3.85

NO2 0.20 1.92 0.83–3.92

O3 0.28 1.45 0.33–1.43

Third trimester

CO 0.85 1.09 0.43–2.88

PM10 0.43 0.73 0.32–1.64

SO2 0.14 0.54 0.23–1.24

NO2 0.38 0.72 0.34–1.51

O3 0.51 0.76 0.33–1.45

*Significant at P < 0.05. 
OR = odds ratio; CI = confidence interval.
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