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ABSTRACT 

Background: Air pollution has emerged as an important cause of neonatal morbidity around the globe. Fetal development 

is affected by the exposure of air pollution to the expecting mothers, particularly in the initial months when the organogenesis 

is in process.  

Material and methods: After the searching the common databases such as PubMed, Google scholar, Scopus and web of 

science, a list of the research articles were shortlisted. The key words used to search the research papers included ‘ air 

pollution, particulate matter, ozone, SO2, CO, NO2 , lead, hydrocarbons, neonatal abnormalities, congenital heart diseases, 

limb anomalies, neural tube defects, pregnancy and early gestation.’  

Results: A total of sixty-one research papers were collected and compiled. Significant number of research articles 

documented the relation of air pollution with the development of congenital diseases among neonates. The important new 

born diseases associated with the air pollution include heart defects, orofacial defects, neural tube defects, polydactyly and 

syndactyly.  

Discussion: The congenital heart diseases of the newborn are most common ailments which are associated with intrauterine 

high exposure of particulate matter, SO2, CO, NO2 & O3. The increased normalized difference vegetation index (NDVI) of 

the permanent residence of the mothers reduces the possibility of congenital heart diseases among the neonates.     

Conclusion: Air pollution is contributing in the morbidity and mortality of the neonates. The control of air pollution is of 

vital importance for these preventable neonatal diseases by adapting suitable measures such as increasing the tree plantation 

and reducing the emission from vehicles, industries, household burning and wildfires. 

 

Keywords: Air, Pollution, Pregnancy, Congenital Abnormalities, Neonates 

1. INTRODUCTION 

Normal healthy clean air is of paramount importance for life, but air pollution is contributing in the causation of serious 

problems to the health and environment all over the world. The estimated number of deaths that are attribute to air pollution 

is about 2.92 million in females and 3.75 million in males. There are two hundred thirteen million disability adjusted life 

years which are caused by the air pollution [1]. The contaminated air with harmful substances has a bad effect on the health  
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of the human beings and it causes significant morbidity and mortality particularly in the developing countries. There are six 

important air pollutants substances which cause out door air pollution that include particulate matter, CO, SO2, NO2 ,O3  and 

lead.  

The particulate matter is composed of solids and liquid droplets. There are two main types of particulate matter (PM) which 

include PM2.5 & PM10. The PM2.5 has the diameter of 2.5 micrometer or less than this while the PM10 has the diameter of 10 

micrometer. Both are inhalable particles. CO is an odorless gas. Its production is due to the burning of hydrocarbons. Most 

common sources of this air pollutant are automobiles, furnaces and cigarettes. The life of carbon monoxide in the air is short 

as it would be converted into carbon dioxide. The person in close proximity to the production of carbon monoxide usually 

suffers the most toxic effects of this air pollutant.  Ground level ozone causes production of free radicals leading to damage 

to human tissue. Its main source is nitrous oxide (NO) and volatile organic compounds. The burning of coal and oil produces 

Sulphur dioxide (SO2) which is another important air pollutant. It can affect the lungs. NO is produced by the combustion of 

fuel.  

The important indoor air pollutants include CO, particulate matter (PM2.5 & PM10) and biological pollutants and volatile 

organic compounds such as benzene, toluene, formaldehyde and polycyclic aromatic hydrocarbons, micro / nano plastic M/ 

NPs [2-3]. 

The important sources of indoor air pollutants include wood stove smoke, cooking, smoking, electronic instruments, 

consumption goods and release of substance from the construction material of the houses and offices and location of building 

[4-5]. 

Since common man spends most of the time inside the house and office, the indoor air pollutants become of paramount 

importance for human beings.  

The adverse effects of air pollution have impact in all age groups.  The most susceptible age groups are  0-14 years and above 

sixty five years [6].  The maternal air pollution will also impact the well-being of the offspring leading to the development 

of congenital heart defects (CHD) [7-9]. The objective of the present review is to evaluate different types of neonatal diseases 

associated with the maternal exposure of  the air pollutants.     

2. MATERIALS AND METHODS 

1. Study design:  This is a narrative review in which the qualitative evidence about the impact of air pollutant on the 

baby due to exposure during the pregnancy is studied. 

2. Research question: How much air pollution can affect the neonates due to exposure of air pollutant to the mother 

during pregnancy. 

3. Key words used: The key words used include air pollution, particulate matter, ozone, SO2, CO, NO2 , lead, 

hydrocarbons, neonatal abnormalities, congenital heart diseases, limb anomalies, neural tube defects, pregnancy 

,early gestation and smoke,  

4. Research time period:  January 2000 to March 2025 

5. Data sources: PubMed, Google scholar, Scopus, Web of science. 

Inclusion criteria:  

The research papers were selected based on followings criteria  

1. Peer reviewed  

2. Studied the human anomalies  

3. Available in English language  

4. Published during the period of Jan 2020 to Mar 2025  

Exclusion criteria:  

1. More than five years old published papers  

2. Published in a language other than English   

3. Research done on animals or plants 

Data analysis:  

The title and abstracts were studied to exclude the duplications of articles. The selected research papers were evaluated and 

the findings were tabulated. 
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3. RESULTS 

A total of sixty – one research articles were evaluated regarding the effects of air pollutant on the neonates in the intrauterine 

life leading to abnormalities. The majority of studies revealed that the neonates have developed congenital heart diseases 

such as atrial septal defects and ventricular septal defects due to intrauterine exposure to air pollutants such as PM2.5, PM10, 

NO2, SO2.  The findings are compiled in Table I.  

Table 1. The Association of Maternal Exposure to Air Pollutants and Risk of Neonatal Diseases 

Author  Higher exposure of Air Pollutant during 

pregnancy 

Increased risk in the neonate 

Johnson M  [10] PM2.5 severe respiratory distress 

Sun L  [11]  PM2.5 

 NO2  

CHDs 

Buteau S [12] PM2.5PM2.5) and nitrogen dioxide 

(NO2NO2)) during the first trimester 

heart defects, particularly atrial septal defects 

Yuan X [13] PM2.5  CHDs 

Hall KC [14] PM2.5 and O3  CHD 

Gilboa SM [15]  carbon monoxide 

 particulate matter <10 micron 

 sulfur dioxide  

 Tetralogy of Fallot 

 Atrial septal defects 

 Ventricular septal defects 

Agay-Shay K [16] PM10 Congenital heart defects 

Requia WJ [17]  

wildfire smoke 

cleft lip/cleft palate 

congenital anomalies of the respiratory system 

&nervous system 

Huang CC [18] PM2.5 and O3 Hypospadias 

Li D [19] PM2.5, PM10, SO2, NO2, CO and O3  CHD 

Zhang H [20] NO2 and CO  

PM2.5 and PM10  

atrial septal defect 

 

Huang X [21] PM10, SO2 and CO CHD, polydactyl, cleft lip and/or palate 

Padula AM [22]  PM10 s 

 PM2.5 

 NO2  

 cleft lip 

 teratology of Fallot 

 d-TGA. 

Cheng Y [23] PM2.5 CHDs 

Zhang Y [24] Using biomass or electromagnetic stoves 

for cooking 

birth defects 

Li S [25] PM2.5 

NO2 

digestive system 

digestive system & cardiac septal defects 

Li L [26] PM10 Cleft lip and cleft palate 

Ma Z  [27] PM2.5, O3, and SO2  congenital heart disease 

Arogbokun  Knutson 

OC  [28] 

PM2.5 and ozone CHD 

Zhang W [29] PM2.5, PM10, SO2, CO, NO2 CHD 
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Jiang W   [30] CO, NO2, SO2, PM2.5 and O3  CHDs 

Sun J [31] total volatile organic compounds 

(TVOCs), PM2.5 

CHD 

Yang Y  [32] O3 and NO2 CHD 

Deng C [33] environmental tobacco smoke (ETS CHDs 

Jin S [34] sulfur dioxide 

cadmium 

ventricular septal defects 

Buteau S [35] PM2.5 

NO2 

atrial septal defects 

Wang H [36] O3 

Paternal smoking 

CHD 

Park BY  [37] Wildfire ASD 

Chang YC  [38] PM2.5  congenital heart defects 

Julaiti M  [39] PM2.5, PM10 gallbladder, bile duct, liver anomalies 

Li Y  [40] O3 Congenital malformations of the 

musculoskeletal system 

Jiang W  [41] NO2 and SO2 Congenital limb defects (CLDs) 

Huang Z [42] SO2  CHD, cleft lip and/or cleft palate, and ear 

deformity 

Lee KS  [43] PM2.5  

 

NO2 

Circulatory, genitourinary, and 

musculoskeletal system 

Malformations of the musculoskeletal system 

Krakauer KN  [44] SO2 and PM 2.5 non-syndromic cleft lip with or without palate 

(NSCLP) 

Liu Y  [45] PM10 

SO2 

orofacial clefts (OFCs) 

OFCs 

Wright CY  [46] PM10 

PM2.5  

Orofacial Cleft Lip/Palate CLP 

Diao J  [47] Maternal smoking and CYP450 genetic 

variants 

CHD 

Zhang JY [48] PM10 Polydactyly and syndactyly. 

Jiang YT [49] SO2 Polydactyly and syndactyly. 

Zhang JY [50] PM10 offspring neural tube defects 

Xia J [51] PM10  Anencephaly 

Zhang TN[52]  PM10   anorectal atresia/stenosis 

Li LL[53] Higher SO2 exposure Omphalocele 

Li H[54] PM10  spina bifida 

Liu FH[55] PM10 oral cleft 
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Liu L[56] Lanthanum and Neodymium orofacial clefts 

Zhang JY[57] SO2  neural tube defects 

Liu Y[58] Passive smoking  CHD 

 

4. DISCUSSION 

The majority of the studies revealed that the maternal exposure of PM10, PM2.5, SO2, NO2, CO and O3  particularly in the 

initial months of gestation is associated with CHD such as atrial septal defect. There is an increase in the cases of CHD in 

the new born particularly for the last four years 2020-2023 during the CoVID-9 pandemic [59]. Among the five most common 

causes of infant mortality includes congenital heart diseases [1].  

The first system which develops in the embryonic stage is cardiovascular system (CVS). The CVS is an important 

requirement for the developing embryo as with the growth of embryo, the metabolic requirements will be increasing 

exponentially. To fill for the growing metabolic demands, the appropriate development of the CVS is vital for the embryo. 

The cardiac development is one of the first systems to develop in the embryo and vascular developments starts by the middle 

of the 3rd week of gestation and completes in the 10th week of pregnancy.  

Any toxic exposure during the development of CVS, is likely to increase the risk of congenital anomalies  in the newborns.  

One of the studies revealed that the air pollutants have a significant role in the development of CHD during the early weeks 

of pregnancy.  The PM2.5 significantly affects the male baby while PM2.5, PM10, SO2, CO, NO2, and O3 plays a main role in 

the female baby [29]. Along with the exposure of air pollution during the pregnancy, the ambient heat would increase their 

effects on the neonate leading to the development of diseases [30]. 

The NDVI measures the surrounding greenness. Normalized difference vegetation index 0.2 to 0.3 represents grassland while 

0.1 and less suggests the barren land. For the mothers having a permanent residency in an area which has greenery, there 

will be reduced risk of congenital heart disease in their new born [60-61]. An increase of 0.1-unit of normalized difference 

vegetation index (NDVI) around the conception time, would reduce the possibility of congenital heart disease by 5% [61]. 

An NDVI above 0.21 has a protective effect on the fetus and reduces the risk of congenital heart diseases [60].   

Studies have shown the association of cleft lip and cleft palate with the exposure of air pollutants during the pregnancy 

[17,21,22,26,42,44-46]. Some studies revealed the risk of neural tube defects, limb defects, polydactyly and syndactyly [48-

50,54,57].  

This review paper highlights the significant adverse effects of air pollution on the  newborn. Based on these details, it 

becomes vital to reduce the air pollutants by increasing the green belts and plantation of trees in the residential areas. 

Conclusion: The air pollutants are one of the important factors leading to the development of congenital diseases among the 

neonates and contributes in the morbidity and mortality of the new born. It raises the strong need for the control of air 

pollution to prevent the associated neonatal diseases. In this regard, the appropriate measures are required to be taken such 

as increase in the number of trees, grassy grounds and reduction of the emission from vehicles, industries, household burning 

and prevention of wildfires.  
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