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Abstract Background: The effect of exposure to air pollution during childhood on the development 

of lung disease in adulthood remains to be defined. A common component of air pollution 

from fossil fuels, environmental tobacco smoke, and burning of solid fuels such as biomass 

is particulate matter. The detrimental effects of tobacco on children’s health are well 

known. Nonetheless, the prevalence of secondhand cigarette smoke exposure in the 

pediatric population has not significantly decreased over time. As early as1974, two 

articles published in the journal Lancet alerted readers to a possible link between parental 

smoking & the risk of a lower respiratory illness among infants1. Although adverse effects 

on children from exposure to secondhand tobacco smoke had already been suggested, the 

association with early episodes of acute chest illness was of immediate and continuing 

interest because of the suspected long- term consequences for lung growth, chronic 

respiratory morbidity in childhood, and adult chronic obstructive lung disease 2. 
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INTRODUCTION 

It is now established beyond doubt that inhaling 

secondhand smoke as a result of smoking is harmful. 

There is no safe level of exposure. According to 

World Bank exposure to secondhand smoke causes 

an estimated 5% of the global burden of disease, 

slightly higher than the burden from direct use of 

tobacco (4%) 3. Also called passive smoking, 

environmental tobacco smoking or second-hand 

smoke (SHS), worldwide exposure to it caused 

nearly 6, 03,000 premature deaths of non-smokers 

estimated in 2004. The associated effects include 

heart disease, lung cancer, severe asthma attacks, 

sudden infant death syndrome and many others4. 

Early childhood (usually defined as a new born baby 

until the age of 8 years) is the phase of incredible 

growth in several aspects: physical, cognitive, 

social-emotional, and language skills. During the 

early years, the brain develops quickly and has a 

high capacity for change, with the foundation set for 

health and wellbeing throughout life. Therefore, this 

period is critical. Protecting children from threat, 

including secondhand smoke exposure, is part of 

nurturing care that is sensitive to children’s health 

and nutrition needs5. 
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Mechanisms of Health Effects from Secondhand 

Tobacco Smoke 

This reviews the biologic impact of secondhand 

smoke on the respiratory system of the child. 

Developmental Vulnerabilities  

Pregnant women who smoke expose the fetus to 

tobacco smoke components during a critical window 

of lung development, with consequences may be 

persistent. In infancy and early childhood, the 

contributions of prenatal vs. postnatal exposure to 

secondhand smoke are difficult to separate. For 

children, exposure to secondhand smoke may lead to 

respiratory illness as a result of adverse effects on 

immune system and on lung growth and 

development. 

Postnatal lung growth is divided into the first 3 years 

of life where new alveoli are developed, and later 

childhood where lung growth occurs by expansion. 

The effect of very early environmental exposures 

may therefore be more damaging, or at least 

qualitatively different, to exposures in later 

childhood6. The higher breathing rate in children 

also increases risk of particulate matter-induced lung 

damage. Young children may also be more 

vulnerable to oxidative stress–mediated injury to the 

airway. Oxidative stress is a putative mechanism for 

both PM-induced lung injury 7, and the development 

of COPD 8.  Exposure to Secondhand smoke is 

associated with increased oxidative damage to DNA 

and lipids. As noted above, MDA can be used as a 

measure of lipid peroxidation, and children exposed 

to SHS have been found to have significantly higher 

circulating levels of MDA and also significantly 

lower levels of glutathione peroxidase. Concerning 

antioxidant micronutrients, the evidence for SHS 

exposure mirrors the evidence for smoking. 

Compared to non-smokers not exposed to SHS, non-

smokers exposed to SHS have significantly reduced 

circulating concentrations of vitamin C and 

provitamin A carotenoids, indicating that even low-

dose cigarette smoke exposures lower circulating 

antioxidant micronutrient concentrations. Evidence 

of lowered circulating antioxidant micronutrient 

concentrations has also been observed in children of 

smokers 9, 10, 11. Data on developmental changes in 

antioxidant defenses in human airway cells are 

limited. One of the very few studies that compared 

mRNA and activity levels of superoxide dismutases 

(SOD), catalase (CAT), and glutathione peroxidase 

(GPx) in human adult, neonatal, and fetal lung tissue 

found conflicting results. Whether a functionally 

relevant immaturity in pulmonary oxidant defenses 

is present in young children therefore remains 

unclear. 

Lung Gowth and PM 

Entering adulthood with impaired lung function is a 

nonspecific risk factor for respiratory disease in 

adulthood. Lower lung function per se is also a risk 

factor for diseases in childhood that may cause 

further structural damage to the developing lung. 

Studies show that older children whose parents 

smoke get sick more often. Their lungs grow less 

than children who do not breathe secondhand 

smoke, and they get more bronchitis and pneumonia. 

For example, infants with lower lung function in the 

first weeks of life (i.e., before their first respiratory 

infection) are at increased risk of developing 

respiratory syncytial virus (RSV)-bronchiolitis 12. 

This primary infection of the bronchioles triggers 

persistent wheezing, and presumably structural 

changes in the lung, in a subgroup of infants. 

Secondhand smoke can trigger an asthma attack in a 

child. Children with asthma who are around 

secondhand smoke have more severe and frequent 

asthma attacks 13. There is convincing evidence that 

exposure to PM increases the prevalence of 

respiratory symptoms in young children. 

The tracking of lung function from infancy to early 

adulthood suggests that damaging exposures in the 

first years of life may have a disproportionate 

influence on attainment of maximal lung function in 

early adulthood 14. But measuring lung function in 

infants is difficult, and the association between 

environmental PM and infant's lung function 

remains unknown. The most convincing evidence 

that PM impairs lung growth comes from studies of 

school-age children, in whom spirometry is easier to 

perform. The mechanism for PM-mediated effects 

remains unknown.  

Bacterial infection 

Increased vulnerability to bacterial infection of the 

lower respiratory tract is a hallmark of COPD15. 

Recent data from human bronchial epithelial cells 

exposed to cigarette smoke suggest that this may, in 

part, be due to suppression of antibacterial host 

defense 16. Similarly, in children, there is good 
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evidence that exposure to PM increases vulnerability 

to bacterial infection. This association between PM 

and bacterial infection in children is important 

because (1) exposure to PM is ubiquitous and (2) 

infection is common, with 156 million new episodes 

of pneumonia per year in young children worldwide 

(151 million of these in the developing world) 17. 

Ten percent of these episodes are life-threatening. 

Also, there is increase in hospital admission in 

doctor-diagnosed “pneumonia or bronchitis” in 

children less than 5 years of age. A putative 

mechanism whereby environmental factors increase 

vulnerability to pneumococcal pneumonia is via 

increased nasopharyngeal carriage 18. 

Chronic obstructive pulmonary disease (COPD): 

Long-term exposure to secondhand smoke (SHS) 

during childhood increases the risk of chronic 

obstructive pulmonary disease (COPD) in 

adulthood, according to a new study. Offspring 

exposed to parental smoking in childhood had 

approximately twice the risk of having a carotid 

atherosclerotic plaque in adulthood than did those 

with non-smoking parents. However, among 

offspring of parents who smoked and had a 

detectable serum cotinine level, which was 

indicative of poor parental smoking hygiene (e.g., 

smoking in the presence of the child), the risk of 

plaque was more than doubled compared with those 

with no detectable cotinine. These data add to the 

growing body of evidence proposing that exposure 

to parental smoking early in life has an irreversible 

effect on arterial health in adulthood 19, 20. A putative 

sequence is that chronic exposure to PM (1) reduces 

attainment of maximal lung function in childhood, 

(2) accelerates lung function decline in adulthood, 

(3) stimulates airway mucus production, and (4) 

impairs pulmonary innate immunity. If exposure to 

PM during childhood is high, then symptoms 

suggestive of COPD will develop early. 

Immunologic effects and Inflammation 

The development of lung immunophenotype (i.e., 

the pattern of immunologic response in the lung) is 

considered to have a key role in determining the risk 

for asthma, particularly in regard to the T-helper 1 

(Th1) pathway (which mediates cellular immunity) 

and the Th2 pathway (which mediates allergic 

responses). Secondhand smoke exposure may 

promote immunologic development along Th2 

pathways, thus contributing to the intermediate 

phenotypes associated with asthma and with a 

predilection to chronic respiratory disease.  

Secondhand smoke effects on T cells may influence 

gene regulation, inflammatory cell function, 

cytokine production, and immunoglobulin E (IgE) 

synthesis. These effects are particularly important to 

consider in regard to immune system ontogeny and 

for the subsequent development of allergies in 

childhood. Researchers have demonstrated that 

mainstream and side stream smoke condensates 

selectively suppress the interferon gamma induction 

of several macrophage functions, including 

phagocytosis of Ig-opsonized sheep red blood cells, 

class II major histocompatibility complex 

expression, and nitric oxide synthesis, which are all 

representative of effects on immunity 21. Alterations 

in antigen presentation may occur not only in the 

respiratory tract but also in the rest of the body 

where absorbed toxicants are distributed. 

Macrophages are potent effector cells for immune 

responsiveness; suppression of their ability to 

respond to environmental challenges could have 

lifelong consequences on immune function. 

There are many specific components of secondhand 

smoke that may adversely affect a child’s lung. For 

example, a bacterial endotoxin known as 

lipopolysaccharide (LPS) can be detected in both 

mainstream and side stream tobacco smoke. Some 

suggested that chronic LPS exposure from cigarette 

smoke may contribute to the inflammatory effects of 

secondhand smoke. Other studies show that LPS 

exposure may alter responses to allergen 

challenge22. 

DISCUSSION 

Children whose parents are smokers are at increased 

risk of SHS exposure in the home. There was also 

some evidence that children whose parents held 

more negative attitudes towards SHS were less 

likely to be exposed. Associations were strongest for 

parental cigarette smoking status; compared to 

children of non-smokers, those whose mothers or 

both parents smoked were between two and 13 times 

more likely to be exposed to SHS at home. The best 

way to prevent child SHS exposure in the home is 

by encouraging smoking parents to quit. 

To improve child health, we therefore need 

interventions targeted at adults: preventing them 
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from taking up smoking, or helping them quit. One 

approach is that of individual prevention, which 

attempts to change parents' attitudes and educate 

them through individual counselling, education or 

smoking cessation programs. A second approach is 

structural, which depends on changing the 

environment and organizational structures by 

methods such as economic incentives, reducing the 

availability of cigarettes, tobacco-free advertising, 

or smoke-free public spaces 23. 

Individual prevention remains important in clinical 

practice. Combining medication and counselling by 

a physician doubles the chance that individual 

smokers will quit, and is more cost-effective than 

other clinical interventions [19]. However, absolute 

rates of quitting remain low and smoking cessation 

programs, including nicotine replacement therapy; 

electronic cigarettes and nicotine vaccines have 

small effects 24, 25. 

 In line with the findings of this review, 

sociodemographic characteristics are often linked to 

health inequalities. Low SES is frequently reported 

to be associated with poorer health outcomes, health 

morbidity and mortality. There was also some 

evidence that children whose parents were single, 

separated or divorced were at increased risk of SHS 

exposure in the home. The greatest observed risks in 

this review were for children whose mothers 26 or 

both parents were smokers, which strongly suggests 

that the best way to reduce child SHS exposure in 

the home is for parents who smoke to quit. This 

finding has implications for younger children of pre-

school age, who spends an increased proportion of 

their time at home with parents compared to older, 

school-aged children. In a recent review 27, the 

effectiveness of any one interventional approach to 

reduce children's SHS exposure was not 

conclusively demonstrated and as such there 

remains a need for novel, evidence-based 

interventions which are sensitive to both the context 

in which smokers live and smokers' environments. 

The Theory of Reasoned Action argues that 

interventions designed to change beliefs and 

attitudes can influence intentions and subsequent 

behavior across a range of health behaviors 28. 

Interventions targeting attitudes towards SHS by 

supporting parents to recognize the benefits of 

protecting their children from SHS may therefore be 

useful to promote smoke-free homes. 

Changing attitudes alone may not be sufficient to 

change behavior. A combined approach that targets 

attitudinal change and provides practical context 

specific advice to parents, for example balancing 

child safeguarding with smoking outside of the 

home or negotiation with other household smokers, 

may be helpful. 

CONCLUSION 

Childhood respiratory disease covers a spectrum of 

diseases and underlying pathogenic mechanisms 

that include infection, prenatal alterations in lung 

structure, inflammation, and allergic responses. 

There is a potential for secondhand smoke to 

contribute over the long term to the development of 

respiratory disease through altered organ maturation 

and immune function. Mechanisms underlying the 

adverse health effects of secondhand smoke vary 

across the phases of lung growth and development, 

extending from the in utero period to the completion 

of lung growth in late adolescence. The long-term 

effects of secondhand smoke are a field of ongoing 

research. These effects may vary among individuals 

because of individual genetic susceptibilities and 

gene-environment interactions.
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