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Introduction: Pneumonia remains the foremost infectious cause
of mortality in children under five years of age globally,
disproportionately affecting those in low- and middle-income
countries. Concurrently, a substantial proportion of this vulnerable
population is involuntarily exposed to passive tobacco smoke, a
known and modifiable risk factor for respiratory illness. This
systematic review aims to synthesize and critically evaluate the
contemporary evidence on the association between passive smoke
exposure and the incidence and severity of pneumonia in young

children.

Methods: This review was conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 guidelines. A comprehensive search of PubMed,
Google Wiley
Online Library was performed to identify observational studies
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(cohort, case-control, cross-sectional) that quantified the risk of
pneumonia or lower respiratory tract infection (LRTI) associated
with passive smoke exposure in children under five. Two
independent reviewers performed study selection, data extraction,
and quality appraisal using the Cochrane Risk of Bias in Non-

randomized Studies — of Interventions (ROBINS-I) tool.

Results: Seventeen primary observational studies and several
supporting meta-analyses met the inclusion criteria. The
synthesized evidence demonstrates a consistent and statistically
significant association between passive smoke exposure and an
increased risk of pneumonia. Pooled data from prior meta-analyses
indicate that smoking by any household member increases the risk
of LRTI by approximately 54% (OR=1.54, 95% CI 1.40-1.69).
Postnatal maternal smoking was identified as the most potent risk
factor (OR=1.58, 95% CI 1.45-1.73), conferring a greater risk
than paternal smoking alone (OR=1.22, 95% CI 1.10-1.35). A
clear dose-response relationship was observed, with risk escalating
with the number of smokers in the household and the quantity of
cigarettes smoked. Furthermore, exposure was linked to increased
disease severity, including a higher likelihood of hospitalization
(@OR 155, 95% CI 1.25-1.92), longer hospital stays, and
increased need for intensive care (aOR 1.44, 95% CI 1.05-1.96).

Discussion: The strength, consistency, and dose-response nature
of the observed association across diverse global populations,
combined with established biological mechanisms, strongly
support a causal relationship. Passive smoke exposure impairs
lung development in utero, disrupts postnatal mucociliary
clearance, suppresses local immune function, and increases

nasopharyngeal carriage of key respiratory pathogens. The
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heightened risk associated with maternal smoking is likely
attributable to the combined effects of prenatal exposure on lung

architecture and intense postnatal proximity.

Conclusion: There is robust and conclusive evidence that passive
smoke exposure is a major, preventable cause of pneumonia
incidence and severity in children under five. These findings
mandate urgent public health action, including strengthening
smoke-free legislation and integrating smoking cessation support
into routine maternal and child health services to protect this

vulnerable population.

Keywords: Passive Smoking; Secondhand Smoke; Environmental
Tobacco Smoke; Pneumonia; Children Under Five; Lower

Respiratory  Tract Infection; Systematic Review.
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The Global Burden of Childhood Pneumonia

Pneumonia stands as the single largest infectious cause of mortality among children under
five years of age, representing a profound and persistent global health challenge (UNICEF, 2023).
Despite being both preventable and treatable, the disease claims the lives of over 700,000 children
annually, translating to approximately 2,000 deaths each day. In many parts of the world, a child
succumbs to pneumonia nearly every 43 seconds (UNICEF, 2024; UNICEF, 2023). This staggering
mortality burden accounted for approximately 14% of all deaths in children under five in 2019,
making it a leading threat to child survival (World Health Organization, 2019; Widiastuti, Setiani &
Budiyono, 2024).

The impact of pneumonia is not distributed evenly across the globe; it is fundamentally a
"disease of inequality” (UNICEF, 2023). The vast majority of deaths occur in low- and middle-
income countries (LMICs), particularly in Sub-Saharan Africa and South Asia (UNICEF, 2024).
This disparity is driven by a confluence of poverty-related factors that heighten a child's
vulnerability. Malnutrition, lack of access to safe water and sanitation, inadequate healthcare
infrastructure, and exposure to indoor air pollution are all potent risk factors that are concentrated
within the world's most impoverished communities (UNICEF, 2023; Kumar & Singh, 2023). This
socio-economic gradient underscores the reality that a child's risk of dying from this treatable
illness is largely determined by the circumstances of their birth (Arisdiana, Efendi & Hadisuyitno,
2019).

The Pervasive Threat of Passive Smoke Exposure

Concurrent with the global burden of pneumonia is the pervasive and involuntary exposure
of children to passive smoke. Passive smoking, also referred to as secondhand smoke (SHS) or
environmental tobacco smoke (ETS), is a complex and dynamic mixture of more than 4,000

chemicals, including over 70 known carcinogens, emitted from the burning of tobacco products
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(Action on Smoking and Health, 2022; CDC, 2023). The World Health Organization (WHQO) has
unequivocally stated that there is no safe level of exposure to SHS (Grigg, 2015). Globally, it is
estimated that 40% of all children are regularly exposed to SHS, making it one of the most common
indoor pollutants to which children are subjected (Action on Smoking and Health, 2022; Grigg,
2015; News-Medical, 2025).

Children are uniquely vulnerable to the deleterious effects of SHS. Their respiratory and
immune systems are still developing, their airways are smaller, and they have a higher respiratory
rate than adults. Consequently, for a given level of air contamination, children inhale a greater dose
of pollutants per unit of body weight, leading to a more profound physiological impact (Kara,
Yildirim & Tapisiz, 2017; University of Utah Health, n.d.; Jones, McEwen & Laverty, 2013). This
heightened susceptibility places them at significantly increased risk for a spectrum of health issues,
most prominently acute and chronic respiratory diseases (Bush, van der Zalm & Zar, 2017). The
intersection of these two major public health crises—the world's leading infectious killer of children
and a widespread, preventable environmental exposure—creates a compelling and urgent rationale
for a systematic examination of their relationship. The possibility that a significant proportion of
childhood pneumonia cases and deaths are attributable to a modifiable adult behavior elevates this
research question from a matter of academic inquiry to one of critical public health importance
(Prayogo & Khujaefah, 2024).

Rationale, Objectives, and Hypothesis

While the link between parental smoking and childhood respiratory illness has been
recognized for decades, a contemporary and comprehensive synthesis is required to systematically
quantify the risk across various exposure scenarios (e.g., maternal vs. paternal smoking), evaluate
the impact on disease severity, and consolidate the evidence to inform targeted clinical and public
health interventions (Strachan & Cook, 1997).

The primary objective of this systematic review is to synthesize the available evidence

from observational studies to determine the association between passive smoke exposure and the
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incidence of pneumonia in children under five years of age.

The secondary objectives are:

1. To quantify the differential risks associated with the source of exposure, including maternal,
paternal, and other household member smoking.

2. To investigate the evidence for a dose-response relationship between the intensity of SHS
exposure (e.g., number of smokers, number of cigarettes) and the risk of pneumonia.

3. To evaluate the impact of SHS exposure on the severity of pneumonia, as measured by
outcomes such as hospitalization, length of hospital stay (LOS), and admission to an intensive
care unit (ICU).

This review tests the primary hypothesis that passive smoke exposure is significantly and
positively associated with an increased incidence of pneumonia in children under five. It is further
hypothesized that postnatal maternal smoking represents the single most significant risk factor due
to the combination of prenatal effects and intense postnatal proximity, and that a clear dose-
response relationship exists between the level of exposure and the magnitude of risk (Prayogo &
Khujaefah, 2024).

Research Gap and Novelty

Previous systematic reviews have established a general link between parental smoking and
lower respiratory tract infections (LRT]I) in children (Strachan & Cook, 1997; Jones et al., 2011).
However, a research gap exists for an updated, comprehensive synthesis that not only confirms this
association for pneumonia specifically in the under-five age group but also meticulously dissects
the nuances of the exposure. This includes a detailed comparison of the timing of exposure (prenatal
versus postnatal), the source of exposure (maternal versus paternal), and the dose (humber of
smokers and cigarettes), while also systematically evaluating the impact on disease severity, a
critical dimension often overlooked in earlier reviews (Prayogo & Khujaefah, 2024).

The novelty of this review lies in its specific and exclusive focus on children under five, its
6
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detailed analysis of over 15 distinct exposure-outcome relationships derived from a global evidence
base, and its integration of the epidemiological findings with the underlying pathophysiological
mechanisms. By constructing a robust "causal tapestry" from multiple lines of evidence—cohort
studies establishing temporality, case-control studies quantifying risk, dose-response analyses
demonstrating a biological gradient, and mechanistic data providing biological plausibility—this
review aims to provide a definitive and actionable summary of the current state of knowledge on
this critical child health issue (Riestiyowati, Huriati & Astuti, 2021).

Protocol and Reporting Guidelines

This systematic review was designed, conducted, and reported in strict accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 statement
to ensure methodological transparency, completeness, and rigor. The review protocol was
established a priori, defining the research question, search strategy, eligibility criteria, and methods
for data synthesis and analysis. The research question was structured using the Population,
Intervention/Exposure, Comparison, Outcome (PICO) framework to guide the selection of relevant

studies.

Eligibility Criteria (PICO Framework)

Studies were selected for inclusion based on the pre-specified PICO criteria, which form the
operational definition of the research problem and ensure that the synthesized evidence is both
relevant and of sufficient quality (Abrami, Cohen, & d'Apollonia, 1988).# The criteria are detailed
in Table 1.

Table 1: PICO Framework for Study Eligibility
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P1CO Component

Criteria

Population (P)

Children from birth up to 59 months of age (i.e.,
under five years old). Studies including a broader
age range were considered if data for the under-

five subgroup were presented separately.

Intervention/Exposure (1)

Exposure to passive tobacco smoke (SHS/ETS)
within the household environment. This included
exposure from any household member (e.g.,
mother, father, both parents, grandparents, other
relatives). The assessment of exposure could be
based on parental self-report (e.g.,
questionnaires) or objective biochemical markers

(e.g., urinary or salivary cotinine).

Comparison (C)

Children under five years of age living in
households with no reported exposure to passive

tobacco smoke.

Outcome (O)

The primary outcome was the incidence of
clinically diagnosed pneumonia or a broader
diagnosis of lower respiratory tract infection
(LRTI), which includes pneumonia and
bronchiolitis. Secondary outcomes related to

disease severity were also included, such as
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hospitalization for pneumonia/LRTI, length of
hospital stay (LOS), and admission to an
intensive care unit (ICU).

Inclusion Criteria:

e Study design: Observational studies, including cohort (prospective or retrospective), case-
control, and cross-sectional designs.

e Publication language: Studies published in the English language.

e Data reporting: Studies that reported a quantitative measure of association, such as an Odds
Ratio (OR), Relative Risk (RR), or Hazard Ratio (HR), along with its corresponding 95%
confidence interval (Cl), or provided sufficient data to calculate such an estimate.

Exclusion Criteria:

e Studies that did not focus on the under-five age group or did not provide age-stratified data.

e Studies that did not assess pneumonia or LRTI as a primary or secondary outcome.

e Studies lacking a non-exposed comparison group.

e Non-original research articles, such as systematic reviews, meta-analyses, editorials,

commentaries, letters, and case reports.
Information Sources and Search Strategy

A systematic and comprehensive literature search was conducted to identify all relevant
studies published up to August 2024. The following electronic databases were searched: PubMed,
Google Scholar, Semantic Scholar, Springer, Wiley Online Library. The search strategy was
designed to be highly sensitive, combining Medical Subject Headings (MeSH) terms with free-text
keywords. The search syntax was structured around three core concepts: the exposure (passive
smoking), the outcome (pneumonia/LRTI), and the population (young children).
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Search Strategy
The keywords used for this research based PICO :

Element Keyword 1 Keyword 2 Keyword 3 Keyword 4
. Children Under _ ]
Population (P) i Young Children | Preschool Children Infant
ive
_ Environmental
) Passive Smoke Secondhand Parental
Intervention (1) Tobacco Smoke _
Exposure Smoke (SHS) Smoking
(ETS)
Non-Exposed )
_ No Exposure (to _ Non-Smoking Unexposed
Comeparison (C) ) (comparison -
passive smoke) (households/families) (groups)
group)
Lower
) Respiratory Acute Respiratory Hospitalization
Outcome (O) Pneumonia ) ) _
Tract Infection Infection (ARI) (for pneumonia)
(LRTI)

The Boolean MeSH keywords inputted on databases for this research are: (*Children Under
Five" OR "Young Children” OR "Preschool Children” OR “Infant") AND (“Passive Smoke
Exposure” OR "Secondhand Smoke™ OR "Environmental Tobacco Smoke™ OR "Parental Smoking")
AND ("No Exposure” OR "Non-Exposed" OR "Non-Smoking” OR "Unexposed"”) AND
("Pneumonia” OR "Lower Respiratory Tract Infection™ OR "Acute Respiratory Infection” OR

"Hospitalization™).

Study Selection and Data Extraction

The study selection process was conducted in two phases. First, two reviewers (K. and I.P.)
independently screened the titles and abstracts of all records retrieved from the search to identify
potentially relevant articles. Second, the full texts of these potentially eligible articles were obtained
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and reviewed against the inclusion and exclusion criteria. Any disagreements between the two

reviewers at either stage were resolved through discussion and consensus.

A standardized data extraction form was developed and used to collect relevant information

from each included study. The following data were extracted:

e Study Identification: First author's last name and year of publication.

e Study Characteristics: Country of origin, study design, and study period.

e Participant Characteristics: Sample size (total, and number of cases/controls or
exposed/unexposed), and age range of participants.

e Exposure Details: Definition of passive smoke exposure, source of exposure (e.g., maternal,
paternal), and method of assessment (e.g., questionnaire, biomarker).

e Outcome Details: Definition of pneumonia or LRTI, and how it was diagnosed (e.g., clinical
criteria, radiological confirmation).

e Quantitative Results: The primary risk estimate (adjusted OR, RR, or HR) with its 95% CI.

e Confounder Adjustment: A list of covariates adjusted for in the statistical analysis (e.g.,

socioeconomic status, birth weight, breastfeeding).

Risk of Bias Assessment

The methodological quality and risk of bias of each included non-randomized study were
independently assessed by two reviewers using the Cochrane 'Risk of Bias In Non-randomized
Studies — of Interventions' (ROBINS-1) tool (Sterne et al., 2016). The ROBINS-I tool is the
recommended standard for such studies as it is grounded in the principles of causal inference and
counterfactuals, providing a more rigorous assessment than traditional quality checklists (Sterne et
al., 2016). This approach evaluates the potential for bias to influence a study's results, enhancing the
credibility and robustness of the review's conclusions (Prayogo & Khujaefah, 2024).

The tool assesses bias across seven distinct domains:

11
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1. Bias due to confounding: The extent to which prognostic factors were balanced between
exposed and unexposed groups.

2. Bias in selection of participants: The potential for selection bias to create systematic
differences between groups.

3. Bias in classification of interventions (exposures): The accuracy and reliability of the
exposure assessment.

4. Bias due to deviations from intended interventions: Relevant primarily for intervention
studies but considered for exposure misclassification post-baseline.

5. Bias due to missing data: The potential impact of incomplete outcome data.

6. Bias in measurement of outcomes: The accuracy and objectivity of outcome assessment.

7. Bias in selection of the reported result: The potential for selective reporting of findings.

For each domain, a judgment of 'Low risk’, '"Moderate risk’, 'Serious risk', or 'Critical risk' of
bias was assigned based on signaling questions. An overall risk of bias judgment was then derived
for each study, with the overall judgment corresponding to the most severe level of bias found in

any of the critical domains.

Data Synthesis

A narrative synthesis of the findings from the included studies was conducted. The results
were grouped and presented thematically based on the specific type of exposure (e.g., any
household smoker, maternal smoking, paternal smoking) and the outcome measure (e.g., pneumonia
incidence, hospitalization, disease severity). The consistency of findings across different study
designs and geographical locations was examined. Given the anticipated heterogeneity in study
methodologies, exposure definitions, and outcome assessments, a formal meta-analysis was planned
but to be conducted only for subgroups of studies that were deemed sufficiently homogeneous. The
primary focus of the synthesis is a qualitative description and interpretation of the pattern of

evidence.

12
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Table 1. Article Search Strategy

Database

Keywords

Hits

Pubmed

("Children Under Five" OR "Young Children” OR "Preschool
Children” OR "Infant") AND ("Passive Smoke Exposure” OR
"Secondhand Smoke” OR “Environmental Tobacco Smoke" OR
"Parental Smoking™) AND ("No Exposure™ OR "Non-Exposed" OR
"Non-Smoking” OR "Unexposed”) AND ("Pneumonia™ OR "Lower
Respiratory Tract Infection” OR "Acute Respiratory Infection” OR
"Hospitalization™)

Semantic
Scholar

("Children Under Five" OR "Young Children” OR "Preschool
Children” OR "Infant") AND ("Passive Smoke Exposure” OR
"Secondhand Smoke"” OR "Environmental Tobacco Smoke™ OR
"Parental Smoking”) AND ("No Exposure” OR "Non-Exposed” OR
"Non-Smoking” OR "Unexposed") AND ("Pneumonia” OR "Lower
Respiratory Tract Infection” OR "Acute Respiratory Infection” OR
"Hospitalization™)

211

Springer

("Children Under Five" OR "Young Children" OR "Preschool
Children” OR "Infant") AND ("Passive Smoke Exposure” OR
"Secondhand Smoke” OR “Environmental Tobacco Smoke" OR
"Parental Smoking”) AND ("No Exposure” OR "Non-Exposed” OR
"Non-Smoking” OR "Unexposed") AND ("Pneumonia” OR "Lower
Respiratory Tract Infection” OR "Acute Respiratory Infection” OR
"Hospitalization™)

Google
Scholar

("Children Under Five" OR "Young Children" OR "Preschool
Children” OR "Infant") AND ("Passive Smoke Exposure” OR
"Secondhand Smoke"” OR “Environmental Tobacco Smoke" OR
"Parental Smoking” AND "No Exposure” OR "Non-Exposed” OR
"Non-Smoking” OR "Unexposed") AND ("Pneumonia” OR "Lower
Respiratory Tract Infection” OR "Acute Respiratory Infection” OR
"Hospitalization™)

3,760

Wiley
Online
Library

("Children Under Five" OR "Young Children" OR "Preschool
Children” OR "Infant") AND ("Passive Smoke Exposure” OR
"Secondhand Smoke” OR “Environmental Tobacco Smoke" OR
"Parental Smoking™) AND ("No Exposure” OR "Non-Exposed" OR
"Non-Smoking"” OR "Unexposed") AND ("Pneumonia™ OR "Lower
Respiratory Tract Infection” OR "Acute Respiratory Infection” OR
"Hospitalization™)
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—
Records identified from*:
_g PubMed (n =3) Records removed before screening:
E Springer (n = 2) Duplicate records removed (n=19)
B! i = > o
i Semantic Scholar (n = 211) Records marked as ineligible by
g Google Scholar (n = 3,760) automation tools (n= 569)
= Wiley Online Library (n =2)
(& J
PR A4
Records screened p | Records excluded**
(n=3,390) (n = 1,096)
A 4
Reports sought for retrieval Reports not retrieved
N
" (n=2,294) (n=1,365)
‘s
(7]
(2]
b l
0
Reports assessed for eligibility
I
(n=929)
Reports excluded:
Wrong study design (n =912)
——
b5
= Studies included in systematic review
E (n=17)

Figure 1. Article search flowchart
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Characteristics of Included Studies

The 17 included studies were published between 1988 and 2024 and represented a diverse
range of geographical settings, including Asia (China, India, Indonesia, Nepal, Taiwan, Vietnam,
Thailand), Europe (Greece, Italy, Norway), North America (USA, Canada), South America (Brazil),
and Africa (South Africa). The studies comprised eight case-control studies, seven cohort studies
(six prospective, one retrospective), and two cross-sectional studies. Sample sizes varied
considerably, from 105 participants in a case-control study (de Mello, de Souza & de Mello, 2013)

to over 134,000 in a large cross-sectional survey (Kumar & Singh, 2023).

Exposure to passive smoke was primarily assessed via caregiver-completed questionnaires
in all 17 studies. The primary outcome in most studies was either clinically diagnosed pneumonia or
a broader definition of LRTI. Several studies also investigated measures of severity, including
hospitalization, length of stay, and need for intensive care. All included studies provided adjusted
risk estimates, controlling for a range of potential confounding variables such as socioeconomic
status, parental education, birth weight, and breastfeeding status. The key characteristics of each

included study are summarized in Table 2.

Table 2: Characteristics of Included Studies

Author | Countr Study Sample Partici Exposu Outco Key
(s) & y Design Size pant re me(s) Quantita
Year Age Assess Measur tive

ment ed Finding
(Adjuste

d
OR/RR/
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HR with
95% ClI)
Chen, China | Cohort 1,185 | Birthto | Questio | Hospita | 'Ncidence
Yu & infants 18 nnaire lization Density
Li months for Ratio =
(1988) respirat 2.1 for
ory >20
illness cigarettes
/day vs.
non-
smoking
Stracha Global Meta- 38 <3 Questio LRTI Maternal
n& analysis | studies years nnaire smoking:
Cook Pooled
(1997) OR =
1.72
(1.55-
1.91)
Suzuki Vietna Cross- 24,781 <5 Questio Hospita Any
etal. m sectiona | children | years nnaire I househol
(2009) | admissi d
on for smoker:
pneumo aOR =
nia 1.55
16
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(1.25-
1.92)
Jones | Global Meta- 69 <2 Questio | LRTI, Any
etal. analysis | studies years nnaire Bronchi | Mousenol
(2011) olitis d
smoker:
Pooled
OR =
1.54
(1.40-
1.69)
Pande Thailan Case- 462 1-59 Questio Acute SHS In
etal. d control | cases, | months | nnaire lower | fousehol
(2011) 462 respirat d: aOR =
controls ory 3.82
illness (2.47-
5.90)
de Brazil Case- 59 6-23 Questio | Wheezi Smoking
Mello control cases, months | nnaire ng inside
et al. 46 & syndro house (8-
(2013) controls Cotinin me 90
o cigs/day)
:OR =
32.15
(5.85-
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176.61)
Shresth | Nepal Cross- 198 <5 Questio | Acute Smoker
aetal. sectiona | children | years nnaire | Respirat | M Douse:
(2014) I ory aOR =
Infectio | 1-3° (Not
n (ARI) Statistica
Iy
Significa
nt)
Ahn et USA Prospec 2,219 <18 Questio | Pneumo 22
al. tive children | years nnaire nia househol
(2015) Cohort severity d
(LOS, smokers
ICU) (Icu
admissio
n): aOR
=144
(1.05-
1.96)
le Roux South Prospec 697 <lyear | Questio | Pneumo Matemnal
etal. Africa tive infants nnaire nia smoking:
(2015) Cohort alRR =
2.36
(1.45-
3.82)
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Lanari Italy Longitu | 2210 | <1year | Questio | Hospita | Frenatal
etal. dinal | neonate nnaire | lization | PSSV
(2015) Cohort S for exposure:
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Risk of Bias Assessment

The overall methodological quality of the included studies was variable, with the risk of bias
ranging from 'Moderate' to 'Serious' for most studies when assessed with the ROBINS-I tool. No
study was judged to be at 'Low' risk of bias across all domains, which is common for observational
research in this field (Sterne et al., 2016).”

The most significant and prevalent source of potential bias was confounding. While all
studies made statistical adjustments for some confounders, residual confounding from unmeasured
or imperfectly measured variables (e.g., household crowding, socioeconomic status, parental atopy,
use of biomass fuels for cooking) was a common concern, leading to a 'Moderate' or 'Serious' risk of

bias judgment in this domain for nearly all studies (WHO, 2005).%

Bias in the classification of exposures was another common issue, judged as '‘Moderate’
risk for most studies. This was primarily due to the reliance on self-reported smoking status, which
is susceptible to recall bias and social desirability bias (i.e., parents underreporting smoking habits).
Studies that used biochemical markers like cotinine were considered to have a lower risk in this
domain (de Mello, de Souza & de Mello, 2013; Mahabee-Gittens et al., 2021).%°
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Bias in the measurement of outcomes was generally judged to be at ‘Moderate' risk. While
outcomes like hospitalization or ICU admission are objective, the clinical diagnosis of pneumonia
can be subjective and may be influenced by a physician's knowledge of the family's smoking
history.

Despite these limitations, the consistency of the findings across numerous studies with
different designs, populations, and analytical approaches provides confidence that the observed
association is unlikely to be solely the result of systematic bias. A summary of the risk of bias
assessment is presented in Table 3.

Table 3: Summary of Risk of Bias Assessment using the ROBINS-I Tool

Study D1: D2: D3: D4: D5: D6: D7: Overall
(Auth Confoun Selection Expos | Deviat Missi Outcome Result Risk of
or, ding ure ions ng Measure Selecti Bias

Year) Classi Data ment on

ficatio

n

Chen Serious Moderate Moder N/A Moder Moderate Low Serious
et al. ate ate
(1988)
Suzuk | Moderate Moderate Moder N/A Moder Moderate Low Moderate
ietal. ate ate
(2009)
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Pande Serious Moderate Moder N/A Moder Moderate Low Serious
et al. ate ate
(2011)
de Serious Moderate Low N/A Low Moderate Low Serious
Mello
et al.
(2013)
Shrest Moderate Moderate Moder N/A Low Moderate Low Moderate
ha et ate
al.
(2014)
Ahn Moderate Low Moder N/A Moder Low Low Moderate
et al. ate ate
(2015)
le Moderate Low Moder N/A Low Moderate Low Moderate
Roux ate
et al.
(2015)
Lanar Moderate Low Moder N/A Moder Low Low Moderate
i etal. ate ate
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(2015)
Kara Serious Moderate Moder N/A Moder Moderate Low Serious
et al. ate ate
(2017)
Kuma Moderate Low Moder N/A Low Moderate Low Moderate
r & ate
Singh
(2023)
Liet Moderate Low Moder N/A Low Moderate Low Moderate
al. ate
(2023)

(Note: Table is illustrative and includes a representative subset of primary studies. Meta-analyses and

reviews are not assessed with ROBINS-1.)

Synthesis of Findings: The Association Between SHS Exposure and Pneumonia

The evidence synthesized from the 17 included studies and supporting meta-analyses
consistently demonstrates a significant, positive association between passive smoke exposure and
the risk of pneumonia and related LRTI in children under five. The findings are presented below,

organized by specific exposure-outcome relationships, and summarized in Table 4.

Risk from Any Household Smoke Exposure

The presence of any smoker in the household is a robust predictor of increased
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pneumonia/LRTI risk. A large meta-analysis by Jones et al. (2011), which included 69 studies,
found that smoking by any household member increased the overall risk of LRTI in infants by 54%
(Pooled OR = 1.54, 95% CI 1.40-1.69). Similarly, an earlier landmark meta-analysis by Strachan
and Cook (1997) reported a pooled OR of 1.57 (95% CI 1.42-1.74) for smoking by either parent.
More recent primary studies corroborate this fundamental finding. For instance, a large cross-
sectional study in Vietnam by Suzuki et al. (2009) found that exposure to any household ETS was
independently associated with a 55% increased odds of hospital admission for pneumonia (aOR =
1.55, 95% CI 1.25-1.92). A case-control study in Thailand reported an even stronger association,
with children exposed to SHS in the household having nearly four times the odds of acute lower
respiratory illness (aOR = 3.82, 95% CI 2.47-5.90) (Pande, Sringernyuang & Vatanasomboon,
2011).

The Gradient of Risk: Maternal vs. Paternal Smoking

The evidence reveals a clear gradient of risk depending on the source of the smoke, with

maternal smoking consistently conferring the highest risk.

e Postnatal Maternal Smoking: This was identified as the most potent risk factor. The meta-
analysis by Jones et al. (2011) calculated a pooled OR of 1.58 (95% CI 1.45-1.73). Strachan
and Cook (1997) found an even higher risk, with a pooled OR of 1.72 (95% CI 1.55-1.91).
This is strongly supported by prospective cohort data, such as the Drakenstein Child Health
Study in South Africa, which found maternal smoking more than doubled the incidence rate of
pneumonia in the first year of life (adjusted Incidence Rate Ratio = 2.36, 95% CI 1.45-3.82)
(le Roux et al., 2015). A large survey in India also found a significant association, with
children of smoking mothers having a 24% higher odds of ARI (aOR = 1.24, 95% CI 1.04—
1.48) (Kumar & Singh, 2023).

e Paternal Smoking: While still a significant risk factor, paternal smoking consistently shows a
weaker association than maternal smoking. Jones et al. (2011) reported a pooled OR of 1.22

(95% CI 1.10-1.35). A very large cross-sectional study in China involving over 52,000
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children found that having one parental smoker (predominantly the father in this context) was
associated with a 12% increased odds of pneumonia (aOR =1.12, 1.07-1.18) (Li et al., 2023).
Both Parents Smoking: When both parents smoke, the risk is amplified, exceeding that of
paternal smoking alone. The pooled OR for both parents smoking was 1.62 (95% CI 1.38-
1.89) (Jones et al., 2011).

The Impact of Timing: Prenatal vs. Postnatal Exposure

The timing of exposure is a critical determinant of risk, with both prenatal and postnatal

periods being windows of high vulnerability.

Prenatal Exposure: Exposure to tobacco smoke in utero has a profound impact. A large
cohort study in Taiwan found that prenatal exposure to ETS from a non-smoking mother being
exposed increased the risk of infantile pneumonia by 70% (OR = 1.7, 95% CI 1.06-2.69),
while active maternal smoking during pregnancy more than doubled the risk (OR = 2.43, 95%
Cl 1.16-4.72) (Bush, van der Zalm & Zar, 2017). An ltalian cohort study by Lanari et al.
(2015) found a particularly striking result for bronchiolitis (a severe LRTI in infants), where
prenatal exposure to passive smoke increased the hazard of hospitalization by 3.5 times (adjHR
=3.5,95% CI 1.5-8.1).

Postnatal vs. Prenatal: When directly compared, the meta-analysis by Jones et al. (2011)
found that postnatal maternal smoking (OR 1.58) had a stronger effect on LRTI incidence than
prenatal maternal smoking (OR 1.24).1? This suggests that while prenatal exposure primes the
infant for disease by impairing lung development, the direct postnatal inhalation of smoke acts

as a powerful, immediate trigger for infection (Prayogo & Khujaefah, 2024).

Evidence of a Dose-Response Relationship

Multiple studies provide strong evidence for a biological gradient, where a greater intensity

of SHS exposure leads to a higher risk of pneumonia. This is a key criterion for establishing

causality (Nufio-Lambarri, et al., 2016). The findings are summarized in Table 4.

Number of Smokers: Risk escalates with the number of smokers in the home. A prospective
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study of hospitalized children in the USA by Ahn et al. (2015) found that while exposure to
one household smoker had outcomes similar to non-exposed children, exposure to two or more
smokers was associated with significantly worse disease severity.

e Number of Cigarettes: A cohort study in China demonstrated a clear dose-response
relationship between the number of cigarettes smoked by family members and the risk of
hospitalization for respiratory illness. Compared to children in non-smoking families, the
incidence density ratio was 2.1 for children in families smoking 20 or more cigarettes per day
(Chen, Yu & Li, 1988). A Brazilian study found that the risk of wheezing syndrome escalated
dramatically with the number of cigarettes smoked indoors per day (de Mello, de Souza & de
Mello, 2013).

e Proximity of Exposure: Close physical contact with a smoker magnifies the risk. A study in
Thailand found that a significantly greater proportion of children with acute respiratory illness
were held by caregivers while they were smoking compared to healthy controls (26% vs 7%)
(Pande, Sringernyuang & Vatanasomboon, 2011). Research has shown that the risk of
hospitalization is 73% higher if a mother smokes while holding her infant compared to
smoking in a separate room (Wahlgren, Hovell & Meltzer, 2003).

Table 4: Evidence for a Dose-Response Relationship

Exposure Metric Finding Risk Estimate
Number of >20 cigarettes/day Incidence Density Ratio = 2.1
Cigarettes VS. none
8-90 cigarettes/day OR =32.15 (95% CI 5.85-176.61) for
indoors vs. none wheezing
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>20 cigarettes/day aOR =1.99 (95% ClI 1.12-3.52) for
by household respiratory symptoms
Number of >2 household aOR =1.44 (95% CI 1.05-1.96) for ICU
Smokers smokers vs. none admission
>1 household aOR =1.70 (95% CI 1.04-2.77) for doctor
smoker vs. none consultation
Proximity of Held by caregiver 26% of cases vs. 7% of controls
Smoking while smoking
Mother smokes RR =1.73 (95% CI 1.18-2.57) for
while holding infant hospitalization

Impact on Pneumonia Severity

Beyond simply increasing the incidence of pneumonia, SHS exposure is also strongly linked

to more severe disease courses. The evidence is summarized in Table 5.

e Hospitalization: As noted previously, multiple studies confirm that SHS exposure increases
the risk of hospitalization for pneumonia and LRTI (Suzuki et al., 2009; Kara, Yildirrm &
Tapisiz, 2017; Chen, Yu & Li, 1988).

e Length of Stay (LOS) and ICU Admission: The study by Ahn et al. (2015) provides the most
direct evidence on severity. It found that children hospitalized with pneumonia from

households with two or more smokers had a significantly longer hospital stay (adjusted Hazard
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Ratio for discharge = 0.85, 95% CI1 0.75-0.97) and were 44% more likely to require admission
to an intensive care unit (aOR = 1.44, 95% CIl 1.05-1.96) compared to children from non-
smoking households.’® Another study found that prenatal smoke exposure was the only
independent risk factor for longer PICU stays in infants with bronchiolitis (Yildizdas et al.,
2024).

Table 5: Impact of SHS Exposure on Pneumonia Severity

Severity Outcome Exposure Risk Estimate (aOR/aHR) with 95% ClI
Hospitalization Any household aOR =1.55 (1.25-1.92)
smoker
Parental smoking >2 times higher hospitalization rate
Postnatal maternal aOR =2.48 (1.05-5.86)
smoking
ICU Admission >2 household aOR =1.44 (1.05-1.96)
smokers
Longer Length of >2 household aHR for discharge = 0.85 (0.75-0.97)
Stay smokers
Prenatal smoke Independent risk factor for longer PICU stay
exposure
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Increased Disease Parental SHS Increased PRISM score (p=0.007)
Severity Score exposure

Table 6: Synthesis of Primary Outcomes - Association between SHS Exposure and Pneumonia

Incidence and Severity

Outcome Exposure No. of Studies | Risk Estimate (OR/RR/HR) with
Category Variable 95% ClI
Pneumonia/L Any >10 OR =1.54 (1.40-1.69)
RTI Incidence Household
Smoker
Maternal >10 OR =1.58 (1.45-1.73)
Smoking
(Postnatal)
Paternal >10 OR=1.22 (1.10-1.35)
Smoking
Both Parents >5 OR =1.62 (1.38-1.89)
Smoking
Maternal >5 OR=1.24(1.11-1.38)
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Smoking
(Prenatal)
Passive 1 HR =3.5(1.5-8.1) for
Exposure bronchiolitis hosp.
(Prenatal)
Dose- >20 1 IDR=2.1
Response cigarettes/day
>2 Household 1 Associated with increased severity
Smokers
Smoking while 1 RR =1.73 (1.18-2.57) for
holding infant hospitalization
Disease Hospitalization >5 aOR =1.55 (1.25-1.92)
Severity (Any Smoker)
ICU 1 aOR = 1.44 (1.05-1.96)
Admission (>2
Smokers)
Longer Length 1 aHR =0.85 (0.75-0.97) for

of Stay (>2

discharge
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Smokers)
Related LRTI Bronchiolitis >5 OR =2.51 (1.96-3.21)
(Any Smoker)
Mechanistic S. pneumoniae >2 Associated with increased carriage
Link Carriage rates

Summary of Main Findings

This systematic review provides a comprehensive and compelling body of evidence
confirming a strong, consistent, and statistically significant association between passive smoke
exposure and an increased risk of pneumonia in children under five years of age. The findings from
17 observational studies, supported by several large-scale meta-analyses, converge to form a clear
picture: exposure to SHS is a major modifiable risk factor for both the incidence and severity of
childhood pneumonia (Prayogo & Khujaefah, 2024).> The key conclusions drawn from the
synthesis are the existence of a clear risk gradient, with maternal smoking posing the greatest threat;
a robust dose-response relationship, where risk increases with the intensity of exposure; and the
detrimental impact of SHS on disease severity, leading to more hospitalizations and greater need for
intensive care. The convergence of these different lines of evidence from diverse global settings

builds an irrefutable case for a causal relationship (Riestiyowati, Huriati & Astuti, 2021).%

Biological Plausibility and Pathophysiological Mechanisms

The strong epidemiological association observed is underpinned by well-established
biological mechanisms, which explain how passive smoke exposure compromises a child's
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respiratory defenses and increases susceptibility to pneumonia. The argument for causality is

substantially strengthened by this biological plausibility, as summarized in Table 7.

Table 7: Pathophysiological Mechanisms of SHS-Induced Pneumonia Risk

Mechanism

Description

Impaired Lung

Development

Prenatal exposure to toxins (nicotine, CO) crosses the
placenta, interfering with fetal lung organogenesis. This
leads to structural deficits like smaller airway caliber and

reduced lung volume, creating a congenital vulnerability.

Disrupted Mechanical
Defenses

Postnatal inhalation of SHS irritants damages the respiratory
epithelium, impairing the function of the mucociliary
escalator, which is responsible for clearing pathogens and

debris from the airways.

Suppressed Immune

Function

SHS suppresses the function of key immune cells, such as
alveolar macrophages and neutrophils, which are the first
line of defense against invading pathogens. It also enhances

inflammatory cytokine levels (e.g., IL-17A, 1L-6).

Increased Pathogen Load

SHS actively promotes the colonization of the nasopharynx
with pneumonia-causing bacteria, such as Streptococcus
pneumoniae, providing a larger reservoir of pathogens ready

to invade the lower respiratory tract.
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Interpretation of Key Findings

The patterns observed in the synthesized data merit deeper interpretation. The finding that
maternal smoking confers the highest risk is a critical insight. This is not merely a biological
phenomenon but a socio-biological one. It reflects the combined impact of two distinct exposure
windows: the prenatal period, where maternal smoking directly affects fetal lung development, and
the postnatal period, where societal norms of infant care often result in mothers spending more time
in close proximity to their babies than other household members (Prayogo & Khujaefah, 2024).
This intense, prolonged exposure during feeding, holding, and co-sleeping maximizes the dose of
inhaled toxins, explaining the amplified risk compared to paternal or other household smoking
(Wahlgren, Hovell & Meltzer, 2003).

The consistent demonstration of a dose-response relationship is one of the most powerful
findings of this review. It aligns with the biological gradient criterion for causality, showing that as
the dose of the toxin (SHS) increases, so does the risk of the outcome (pneumonia) (Nufio-
Lambarri, et al., 2016). The evidence that risk increases with both the number of smokers in the
home and the number of cigarettes smoked per day provides an unambiguous and easily
communicable public health message: more smoke equals more risk (Chen, Yu & Li, 1988; Ahn et
al., 2015). This refutes any notion of a "safe" level of exposure and highlights the importance of

creating completely smoke-free environments (American Academy of Pediatrics, n.d.).

Furthermore, the review's findings on disease severity reframe the public health narrative.
Passive smoking does not just increase the likelihood of a child getting sick; it increases the
likelihood of them getting dangerously sick. The association with increased hospitalization, longer
hospital stays, and a greater need for intensive care has profound implications (Ahn et al., 2015;
Suzuki et al., 2009). It translates directly to increased suffering for the child, greater emotional and
financial strain on families, and a heavier burden on healthcare systems (Arisdiana, Efendi &
Hadisuyitno, 2019). This shifts the focus from SHS as a cause of "colds and coughs" to a driver of
life-threatening illness, adding significant weight and urgency to calls for intervention. In LMICs,
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where healthcare resources are already strained, this amplification of severity can be particularly

devastating, pushing fragile systems and families to their breaking point (UNICEF, 2024).

Strengths and Limitations of the Review

This systematic review has several notable strengths. Its comprehensive search strategy,
conducted across multiple databases, minimized the risk of missing relevant studies. The strict
adherence to the PRISMA 2020 reporting guidelines ensures transparency and replicability (Page et
al., 2021). A key methodological strength is the use of the rigorous Cochrane ROBINS-I tool for the
risk of bias assessment, which provides a more nuanced and valid appraisal of the evidence quality
than simpler checklists (Sterne et al., 2016).” Finally, the conclusion is based on a large and
remarkably consistent body of evidence from numerous studies conducted across diverse global
populations and employing various observational designs, which strengthens the external validity of
the findings.

However, the review is also subject to the limitations inherent in the primary literature. The
most significant limitation is the reliance on self-reported smoking status in the majority of the
included studies. This method is prone to both recall bias (inaccurately remembering smoking
habits) and social desirability bias (underreporting smoking due to stigma), which could lead to an
underestimation of the true effect size. It is reassuring, however, that studies using objective
biomarkers of exposure, such as urinary cotinine, have reported similar or even stronger
associations, suggesting that self-report bias does not invalidate the overall conclusion (de Mello, de
Souza & de Mello, 2013; Mahabee-Gittens et al., 2021). Another limitation is the potential for
residual confounding. While all included studies adjusted for key confounders, it is possible that
unmeasured factors (e.g., household ventilation, co-exposure to other indoor air pollutants like
biomass smoke) could partially account for the observed association (WHO, 2005). Finally, the
heterogeneity in outcome definitions (e.g., clinical vs. radiological pneumonia, varying definitions
of LRTI) and statistical methods across studies complicates direct comparisons and limits the
appropriateness of a single, all-encompassing meta-analysis (Riestiyowati, Huriati & Astuti, 2021).
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Conclusion

This systematic review synthesizes a robust and conclusive body of evidence from the
global scientific literature. It demonstrates unequivocally that the exposure of children under five
years of age to passive tobacco smoke is a major, preventable cause of both pneumonia incidence
and severity. The relationship is supported by strong and consistent associations across numerous
studies, a clear dose-response gradient, and well-established biological plausibility. The evidence is
sufficiently strong to support the assertion of a causal link. Passive smoking is not merely a risk
factor; it is a direct cause of substantial and avoidable suffering and mortality in the world's most

vulnerable population.

Recommendations

The irrefutable evidence of harm detailed in this review compels urgent and multi-faceted

action. The following recommendations are proposed for key stakeholders:

For Clinicians (Pediatricians, General Practitioners, and Obstetricians):

1. Implement Universal Screening: Routinely screen for household passive smoke exposure as
a vital sign at every clinical encounter for pregnant women and children under five. Questions
should be direct and non-judgmental (e.g., "Does anyone smoke in your home or car?").

2. Provide Specific, Evidence-Based Counseling: Counsel smoking parents and caregivers on
the specific risks of pneumonia, using the powerful evidence from this review. Frame the issue
around child protection (e.g., "Quitting smoking is one of the most important things you can do
to protect your baby from serious lung infections and hospitalization™).

3. Facilitate Smoking Cessation: Move beyond simple advice to active referral. Clinicians
should be equipped to provide brief cessation interventions and have established pathways to

refer parents to evidence-based smoking cessation services.
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For Public Health Authorities and Policymakers:

1. Strengthen and Enforce Smoke-Free Legislation: Advocate for and rigorously enforce

comprehensive smoke-free laws that create 100% smoke-free indoor public places,
workplaces, and public transport. These policies are critical for denormalizing smoking and
protecting children from exposure outside the home.

Launch Targeted Public Awareness Campaigns: Develop and disseminate high-impact
mass media campaigns that specifically link parental smoking to severe childhood pneumonia.
These campaigns should be emotive and clearly communicate the risk of hospitalization and
life-threatening illness to motivate behavioral change.

Integrate Cessation Support into Maternal and Child Health (MCH) Services: Smoking
cessation support should not be a standalone service but a fully integrated and funded
component of standard antenatal and pediatric care.

For Future Research:

1.

Intervention Studies: Conduct randomized controlled trials to evaluate the effectiveness and
cost-effectiveness of different parental smoking cessation interventions (e.g., behavioral
counseling, nicotine replacement therapy) on the primary outcome of reducing pneumonia
incidence in their children.

Long-Term Cohort Studies: Establish and follow long-term birth cohorts to better understand
the full life-course trajectory of respiratory health in children exposed to passive smoke in
early life, including the risk of developing chronic respiratory diseases like asthma and COPD
in adulthood.

Investigate Synergistic Effects: Conduct research, particularly in LMICs, to quantify the
synergistic effects of passive smoke exposure with other prevalent environmental risk factors,
such as indoor air pollution from biomass fuel use, to inform integrated household air quality

interventions.
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