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Abstract 
Ulaanbaatar (Mongolia) is one of the most air polluted capital cities in the world, with ambient 
sulfide dioxide (SO2) and particulate matter PM10 and PM2.5 levels > 23 times World Health Organ-
ization (WHO) standards in winter. Several studies have examined the effects of air pollution on 
pregnancy, providing that exposure to ambient air pollutants is associated with poor birth out-
come, such as low birth weight. Our study goal was to study the associations between air pollution 
exposures during pregnancy and low birth weight among all full-term births (gestational age 37 - 
42 weeks) for a 6-year period (January 2008 through December 31, 2013) in Ulaanbaatar, Mongo-
lia. In the study we recruited 160,676 singletons. We used a logistic regression adjusting for gesta-
tional age, parental education level, parity and infant age. The adjusted relative risk of low birth 
weight was 1.06 (95% CI = 1.01 - 1.12) for each inter-quartile increase in NO2 concentrations. The 
risk of low birth weight was increased to 1.04 (95% CI = 0.93 - 1.15) for CO, 1.02 (95% CI 0.97 - 
1.05) for SO2 and 1.03 (95% CI 1.01 - 1.08) for PM10. Each inter-quartile increase of NO2 concentra-
tion during the first trimester reduced 10.74 gm of birth weight. SO2, CO and PM10 also decreased 
birth weight 7.62, 7.49, and 8.72 gm, respectively. Each inter-quartile increase of pollutants de-
creases baby weight up to 11 grams. 
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1. Introduction 
More than 20 million low birth weight infants are born per year in developing countries [1]. Low birth weight is 
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caused by genetic, demographic, and environmental factors. In last decade the environmental factors, including 
air pollution contribute to reducing the birth weight and it is becoming a great public health concern. 

According to a previous survey conducted in 255 world countries, the average global birth rate was 18.9 per 
every 1000 total birth or 4.3 births were registered per minute [2]. 

According to the population census of 2012, Mongolia’s total population reached 2,867,700. As of 2012, the 
capital city’s population was 1,318,100. The birthrate growth has also been increasing in recent years; the birth-
rate which was 1.74 in 2011 increased to 2.0 in 2012 [3] [4]. 

Over the last ten years, numerous studies have determined a positive association between air pollution and 
pregnancy outcomes. Several studies have examined the effects of air pollution on pregnancy, providing that 
exposure to ambient air pollutants is associated with poor birth outcome, such as low birth weight [5]-[7]; small 
for gestational age [8]-[10]; preterm birth [11]-[14]; congenital malformations [15]-[17] and pregnancy compli-
cations such as preeclampsia [18]. 

Ulaanbaatar (Mongolia) is one of the most air polluted capital cities in the world, with ambient sulfide dioxide 
(SO2) and particulate matter PM10 and PM2.5 levels > 23 times World Health Organization (WHO) standards in 
winter. The main sources of air pollution in Ulaanbaatar are household heating systems including stoves, coal 
burning, industrial boilers, power plants, public and private vehicles and dust emissions. The air pollution in 
Ulaanbaatar City is particularly severe in the winter months, due to natural constraints in the layout of the city, 
surrounded by mountains, and the meteorological conditions with low temperatures and low mixing heights for 
most part of the year, which limits the dispersion of pollutants and enhancing their concentrations. 

Despite its extraordinarily high air pollution concentrations, UB has received very little research attention, 
where 623 deaths attributable to air pollution representing 4.0% of the annual deaths for the entire country. 
Moreover, a recent World Bank report relates that these noxious levels of winter air pollution are associated 
with adverse health effects including cardiovascular events as well as pulmonary diseases that are estimated to 
cost as much as 19% of UB’s GDP. 

The low birth weight infants are more prone to various infant diseases or infant mortality. Furthermore, the 
low birth weight is the risk factor or underlying cause for hypertension, diabetes and other metabolic syndromes 
later in life [19]. 

In view of such facts, the present study focuses to examine the association between air pollution exposures 
during pregnancy and low birth weight among all full-term births, weight of newborn babies and cases involving 
child deliveries between 2008 and 2013. 

2. Material and Methods 
The study team applied the retrospective descriptive model. The data attributable to births were extracted from 
the database operated by the National Center for Maternal and Child Health (formerly, the Maternal and Infant 
Health Center), and the First, Second and Third Maternity Homes after obtaining an official written permission. 
Additional data were taken from the Information Database of the Center for Health Development as well as the 
Health Info-2 System. Data pertaining to total births delivered at private clinics in Ulaanbaatar in the years 
2008-2013 are also included in the study. In addition, relevant data and information covering the years 2008- 
2013 were collected including total births, live births, stillbirths, number of newborn infants, their birth weight 
and length, basic birth diagnosis, demographic indicators attributable to pregnant mothers, reproduction related 
information, prenatal care and chronic diseases common among childbearing women. Ethical approval was ob-
tained from Ethical Committee of Health Sciences University in January, 2012. In the study we recruited 
160,676 singletons. The low birth weight (LBW) is defined as a birth weight of live born infant of less than 
2500 g (5 pounds 8 ounces) regardless of gestational age. 

The association between ambient air pollution and low birth weight was evaluated using SPSS 20, with a lo-
gistic regression adjusting for gestational age, maternal age, maternal education level, maternal pregnancy order, 
and infants’ gender. Pearson’s correlation coefficients were used to examine the relation among air pollution 
concentrations. 

3. Results 
The overall prevalence rate of low birth weight is 4.49%, excluding preterm birth, and mean birth weight is 
3403.4 gm (standard deviation = 70.263) for 160,676 singletons. Birth weight varied with maternal age, mater-
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nal education level, maternal pregnancy order, season and infant’s gender after adjusting covariates. Young ma-
ternal age, maternal less education level, early and older birth order, spring season, not married status, higher 
number of pregnancy order and female gender of infant are risk factors for low birth weight (Table 1). 

The average concentrations of air pollutants for the first, second and third trimester of pregnancy of study 
subjects for each quartile changes are presented in Table 2. There was a difference of air pollutant levels of first 
and second trimesters of pregnancy. 
 
Table 1. Means of birth weight after adjusting other covariates, Ulaanbaatar, 2008-2013.                                    

Covariates N Birth weight  
means (g) 

95% CI Low birth  
weight (%) 

Number of  
live births Lower Upper 

Maternal age (years)      
<20 15,705 3307 3300 3315 4.6% 15,705 

20 - 24 43,135 3396 3391 3401 3.5% 43,135 

25 - 29 47,873 3456 3452 3461 3.1% 47,873 

30+ 53,963 3446 3441 3451 4.6% 53,963 

Maternal education (years)      
<1 214 3320 3248 3393 7.0% 214 

1 - 4 777 3225 3186 3264 8.3% 779 

4 - 12 77,360 3383 3379 3387 4.3% 77,468 

12 - 14 21,936 3472 3465 3479 3.8% 21,975 

14+ 60,170 3467 3463 3471 3.2% 60,240 

Not married 2317 3279 3257 3302 6.9% 2325 

Married 158,140 3428 3425 3430 3.8% 158,351 

Pregnancy order (number)      
1 - 3 123,725 3411 3408 3414 3.7% 123,870 

4 - 6 33,919 3478 3472 3484 4.3% 33,989 

7+ 2813 3448 3426 3470 5.6% 2817 

Season       
Spring 36,577 3414.82 3409.52 3420.12 4.0% 36,623 

Summer 40,234 3429.01 3423.94 3434.08 3.8% 40,284 

Fall 42,212 3423.86 3418.96 3428.77 3.7% 42,272 

Winter 41,434 3433.97 3428.99 3438.95 3.8% 41,497 

Infant sex       
Female 78,076 3373.27 3369.75 3376.79 4.0% 78,184 

Male 82,381 3475.40 3471.81 3478.99 3.7% 82,492 

Total  3403.4*   4.49%  
*Standard deviation: 70.263. 
 
Table 2. Twenty-fifth, 50th and 75th percentiles of air pollution concentrations of the first, second and third trimesters.               

Pollutants 
The first trimester percentile The second trimester percentile The third trimester percentile 

25th 50th 75th 25th 50th 75th 25th 50th 75th 

SO2 5.7 14.9 38.4 4.4 11.1 33.1 5.6 12.8 32.6 

NO2 22.8 28.5 40.5 25.3 36.7 62.1 22.3 28.9 46.6 

CO 525.8 1158.8 1847.4 525.8 1162.2 1825.0 527.3 1146.1 1767.3 

PM10 59.7 112.7 243.2 60.9 115.9 240.2 61.8 118.8 231.5 
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The concentrations of CO, NO2, SO2 and PM10 were positively correlated with each other (0.54 ≤ r ≤ 0.69) 
(Table 3). 

Concentrations of air pollutants showed seasonal patterns in international studies. To avoid seasonal con-
founding we also used a smooth function of time trend in the logistic regression model for low birth weight us-
ing the generalized additive model [20] [21]. In the models CO, NO2, SO2 and PM10 were risk factors for low 
birth weight (Table 4). 

Table 4 shows adjusted relative risks for each inter-quartile change of air pollutants. The adjusted relative risk 
was 1.06 (95% CI = 1.01 - 1.12) for each inter-quartile increase in NO2 concentrations. The risk of low birth 
weight increased to 1.04 (95% CI = 0.93 - 1.15) for CO, 1.02 (95% CI 0.97 - 1.05) for SO2 and 1.03 (95% CI 
1.01 - 1.08) for PM10. 

Table 5 describes the reduction of birth weight for inter-quartile changes of each air pollutant. Each inter- 
quartile increase of NO2 concentration during the first trimester reduced 10.74 gm of birth weight. SO2, CO, 
PM10 also decreased birth weight 7.62, 7.49, and 8.72 gm, respectively. 
 
Table 3. Correlation matrix of air pollutant concentrations during study period (2008-2013).                                  

Pollutants SO2 NO2 CO 

NO2 0.6556**   
CO 0.653** 0.545**  

PM10 0.696** 0.677** 0.597** 

CO = carbon monoxide, NO2 = nitrogen dioxide, SO2 = sulfur dioxide, PM10 = particulate matter. 
 
Table 4. Relative risk of LBW for each inter-quartile change of CO, NO2, SO2, and PM10 of the first and second trimester of 
pregnancy.                                                                                                    

Pollutant First and second trimester separately 

 RR 95% CI 

CO   

First 1.04 0.93 - 1.15 

Second 1.01 0.81 - 1.08 

NO2   

First 1.06 1.01 - 1.12 

Second 0.96 0.91 - 1.09 
   

SO2   

First 1.02 0.97 - 1.05 

Second 0.93 0.83 - 1.19 

PM10   

First 1.03 1.01 - 1.08 

Second 0.96 0.57 - 1.03 

 
Table 5. Reduction of birth weights for inter-quartile increase of CO, NO2, SO2, and PM10 of the first trimester.                  

Pollutant Coefficients Reduction of birth weight 95% CI, inter-quartile change 

SO2 −0.017 7.62 5.37 9.87 

NO2 −0.023 10.74 8.49 12.99 

CO −0.016 7.49 5.24 9.74 

PM10 −0.019 8.72 6.47 10.97 
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4. Discussion 
We found that ambient air CO, NO2, SO2 and PM10 concentrations during the first trimester and second trimester 
of pregnancy were associated with low birth weight after adjusting for gestational age, parental education level, 
parity and infant age. In Chinese study [22], there was strong evidence between third trimester maternal expo-
sures to SO2, TSP and low birth weight. Rogers and Thompson showed air pollution exposures, especially TSP 
and SO2 without considering specific trimester had association with very low birth weight (≤1500 gm) [23]. A 
Czech study of birth outcomes found that the risk of intrauterine growth retardation was increased in full-term 
births when mothers were exposed to high levels of PM10 in the first months of pregnancy after controlling for 
maternal characteristics [24]. Ritz and Yu showed exposure-response relations between third trimester exposure 
to CO and birth weight [25]. In our study NO2, SO2, CO and PM concentrations of the first trimester are also 
associated with low birth weight. 

The main limitation of the study was the lack of information to adjust some personal risk factors for low birth 
weight such as smoking, alcohol consumption and income. Another limitation was the using of environmental 
monitoring data, which could not represent individual exposures.  

5. Conclusion 
The study of the associations between air pollution exposures during pregnancy and low birth weight among all 
full-term births (gestational age 37 - 42 weeks) for a 6-year period (2008-2013) in Ulaanbaatar, Mongolia was 
performed and the logistic regression adjusting for gestational age, parental education level, parity and infant 
age was used for the study. The results showed that the adjusted relative risk of low birth weight was 1.06 (95% 
CI = 1.01 - 1.12) for each inter-quartile increase in NO2 concentrations. The risk of low birth weight was in-
creased to 1.04 (95% CI = 0.93 - 1.15) for CO, 1.02 (95% CI = 0.97 - 1.05) for SO2 and 1.03 (95% CI = 1.01 - 
1.08) for PM10. Each inter-quartile increase of NO2 concentration during the first trimester reduced 10.74 gm of 
birth weight. SO2, CO and PM10 also decreased birth weight 7.62, 7.49, and 8.72 gm, respectively. 

References 
[1] UNICEF/WHO (2004) Low Birth Weight. Country, Regional and Global Estimates.  
[2] Central Intelligence Agency (2012) Field Listing-Birth Rate. The World Fact Book, Central Intelligence Agency.  
[3] Mongolian National Statistical Office (2013) Migration and Settlement.  
[4] Mongolian National Statistical Office (2013) Population and Housing Census, 2010.  
[5] Maisonet, M., Bush, T.J., Correa, A. and Jaakkola, J.J. (2001) Relation between Ambient Air Pollution and Low Birth 

Weight in the Northeastern United States. Environmental Health Perspectives, 109, 351-356. 
http://dx.doi.org/10.1289/ehp.01109s3351 

[6] Ritz, B. and Yu, F. (1999) The Effect of Ambient Carbon Monoxide on Low Birth Weight among Children Born in 
Southern California between 1989 and 1993. Environmental Health Perspectives, 107, 17-25. 
http://dx.doi.org/10.1289/ehp.9910717 

[7] Pedersen, M., Giorgis-Allemand, L., Bernard, C., Aguilera, I., Andersen, A.M., Ballester, F., Beelen, R.M., Chatzi, L., 
Cirach, M., Danileviciute, A., Dedele, A., Eijsden, M., Estarlich, M., Fernández-Somoano, A., Fernández, M.F., Foras-
tiere, F., Gehring, U., Grazuleviciene, R., Gruzieva, O., Heude, B., Hoek, G., de Hoogh, K., van den Hooven, E.H., 
Håberg, S.E., Jaddoe, V.W., Klümper, C., Korek, M., Krämer, U., Lerchundi, A., Lepeule, J., et al. (2013) Ambient Air 
Pollution and Low Birthweight: A European Cohort Study (ESCAPE). Lancet Respiratory Medicine, 1, 695-704. 
http://dx.doi.org/10.1016/S2213-2600(13)70192-9 

[8] Parker, J.D., Woodruff, T.J., Basu, R. and Schoendorf, K.C. (2005) Air Pollution and Birth Weight among Term In-
fants in California. Pediatrics, 115, 121-128. 

[9] Srám, R.J., Binková, B., Rössner, P., Rubes, J., Topinka, J. and Dejmek, J. (1999) Adverse Reproductive Outcomes 
from Exposure to Environmental Mutagens. Mutation Research, 428, 203-215.  
http://dx.doi.org/10.1016/S1383-5742(99)00048-4 

[10] Liu, S., Krewski, D., Shi, Y., Chen, Y. and Burnett, R.T. (2003) Association between Gaseous Ambient Air Pollutants 
and Adverse Pregnancy Outcomes in Vancouver, Canada. Environmental Health Perspectives, 111, 1773-1778. 
http://dx.doi.org/10.1289/ehp.6251 

[11] Xu, X., Ding, H. and Wang, X.B. (1995) Acute Effects of Total Suspended Particles and Sulfur Dioxides on Preterm 
Delivery: A Community-Based Cohort Study. Archives of Environmental Health, 50, 407-415.  

http://dx.doi.org/10.4236/oalib.1100885
http://dx.doi.org/10.1289/ehp.01109s3351
http://dx.doi.org/10.1289/ehp.9910717
http://dx.doi.org/10.1016/S2213-2600(13)70192-9
http://dx.doi.org/10.1016/S1383-5742(99)00048-4
http://dx.doi.org/10.1289/ehp.6251


G. Dorj et al. 
 

OALibJ | DOI:10.4236/oalib.1100885 6 November 2014 | Volume 1 | e885 
 

http://dx.doi.org/10.1080/00039896.1995.9935976 
[12] Brauer, M., Lencar, C., Tamburic, L., Koehoorn, M., Demers, P. and Karr, C. (2008) A Cohort Study of Traffic- 

Related Air Pollution Impacts on Birth Outcomes. Environmental Health Perspectives, 116, 680-686.  
http://dx.doi.org/10.1289/ehp.10952 

[13] Suh, Y.J., Kim, H., Seo, J.H., Park, H., Kim, Y.J., Hong, Y.C. and Ha, E.H. (2009) Different Effects of PM10 Exposure 
on Preterm Birth by Gestational Period Estimated from Time-Dependent Survival Analyses. International Archives of 
Occupational and Environmental Health, 82, 613-621. http://dx.doi.org/10.1007/s00420-008-0380-7 

[14] Llop, S., Ballester, F., Estarlich, M., Esplugues, A., Rebagliato, M. and Iñiguez, C. (2010) Preterm Birth and Exposure 
to Ambient Air Pollutants during Pregnancy. Environmental Research, 110, 778-785.  
http://dx.doi.org/10.1016/j.envres.2010.09.009 

[15] Smrcka, V. and Leznarová, D. (1998) Environmental Pollution and the Occurrence of Congenital Defects in a 15-Year 
Period in a South Moravian District. Acta Chirurgiae Plasticae, 40, 112-114.  

[16] Rankin, J., Chadwick, T., Natarajan, M., Howel, D., Pearce, M.S. and Pless-Mulloli, T. (2009) Maternal Exposure to 
Ambient Air Pollutants and Risk of Congenital Anomalies. Environmental Research, 109, 181-187.  
http://dx.doi.org/10.1016/j.envres.2008.11.007 

[17] Dadvand, P., Rankin, J., Rushton, S. and Pless-Mulloli, T. (2011) Ambient Air Pollution and Congenital Heart Disease: 
A Register-Based Study. Environmental Research, 111, 435-441. http://dx.doi.org/10.1016/j.envres.2011.01.022 

[18] Dadvand, P., Figueras, F., Basagaña, X., Beelen, R., Martinez, D., Cirach, M., Cirach, M., Schembari, A., Hoek, G., 
Brunekreef, B. and Nieuwenhuijsen, M.J. (2013) Ambient Air Pollution and Preeclampsia: A Spatiotemporal Analysis. 
Environmental Health Perspectives, 121, 1365-1371.  

[19] Goldenberg, R.L. and Culhane, J.F. (2007) Low Birth Weight in the United States. American Journal of Clinical Nutri-
tion, 85, 584S-590S.  

[20] Hastie, T. and Tibshirani, R. (1990) Generalized Additive Models. Chapman and Hall, London.  
[21] Shwartz, J. (2000) The Distributed Lag between Air Pollution and Daily Deaths. Epidemiology, 11, 320-326.  

http://dx.doi.org/10.1097/00001648-200005000-00016 
[22] Wang, X., Ding, H., Ryan, L. and Xu, X. (1997) Association between Air Pollution and Low Birth Weight: A Com-

munity Based Study. Environmental Health Perspectives, 105, 514-520. http://dx.doi.org/10.1289/ehp.97105514 
[23] Rogers, J.F., Thompson, S.J., Addy, C.L., McKeown, R.E., Cowen, D.J. and Decouflé, P. (2000) Association of Very 

Low Birth Weight with Exposures to Environmental Sulfur Dioxide and Total Suspended Particulates. American Jour- 
nal of Epidemiology, 151, 602-613. http://dx.doi.org/10.1093/oxfordjournals.aje.a010248 

[24] Dejmek, J., Selevan, S.J., Benes, I., Solanský, I. and Srám, R.J. (1999) Fetal Growth and Maternal Exposure to Parti-
culate Matter during Pregnancy. Environmental Health Perspectives, 107, 475-480.  
http://dx.doi.org/10.1289/ehp.99107475 

[25] Ritz, B. and Yu, F. (1999) The Effect of Ambient Air Carbon Monoxide on Low Birth Weight among Children Born in 
Southern California between 1989-1993. Environmental Health Perspectives, 107, 17-25.  
http://dx.doi.org/10.1289/ehp.9910717 

 

http://dx.doi.org/10.4236/oalib.1100885
http://dx.doi.org/10.1080/00039896.1995.9935976
http://dx.doi.org/10.1289/ehp.10952
http://dx.doi.org/10.1007/s00420-008-0380-7
http://dx.doi.org/10.1016/j.envres.2010.09.009
http://dx.doi.org/10.1016/j.envres.2008.11.007
http://dx.doi.org/10.1016/j.envres.2011.01.022
http://dx.doi.org/10.1097/00001648-200005000-00016
http://dx.doi.org/10.1289/ehp.97105514
http://dx.doi.org/10.1093/oxfordjournals.aje.a010248
http://dx.doi.org/10.1289/ehp.99107475
http://dx.doi.org/10.1289/ehp.9910717

	Is Air Pollution a Risk Factor for Low Birth Weight in Ulaanbaatar, Mongolia?
	Abstract
	Keywords
	1. Introduction
	2. Material and Methods
	3. Results
	4. Discussion
	5. Conclusion
	References

