INTERNATIONAL DENTAL JOURNAL 75 (2025) 23—31

Scientific Research Report

Secondary Smoking and Early Childhood Caries: A S

Systematic Review and Meta-Analysis

Check for
updates

Bella Weijia Luo “, Ivy Guofang Sun “, Sophia Siu Chee Chan ",

Chun Hung Chu **

& Faculty of Dentistry, The University of Hong Kong, Hong Kong SAR, China
P Li Ka Shing Faculty of Medicine, The University of Hong Kong, Hong Kong SAR, China

ARTICLE INFO

Article history:

Received 16 April 2024

Received in revised form

9 August 2024

Accepted 10 August 2024
Available online 11 October 2024

Key words:
Preschool
Children
Caries
Secondary
Smoking
Parents

ABSTRACT

Objective: This study aimed to systematically review the relationship between secondary
smoking and early childhood caries (ECC) among preschool children.
Method: Two independent reviewers systematically searched English publications with
keywords in PubMed, Web of Science, Medline, Scopus, and Embase to identify publica-
tions reporting on secondary smoking and ECC for children under 71 months. Observa-
tional studies, including cohort studies, case-control studies, and cross-sectional surveys,
were included. The reviewers screened the titles and abstracts to remove duplicate
records, reviews, and irrelevant studies. They performed meta-analyses to investigate the
prevalence of ECC in children exposed to secondary smoking.
Results: This study identified 1243 publications and included 16 publications. Twelve publi-
cations were cross-sectional studies. A meta-analysis of 11 of them revealed that children
with secondary smoking exposure had an odds ratio of 1.77 in caries risk (P < .001), whereas
one cross-sectional study found no increase in caries risk without data reporting. Two
cohort studies with low and very low quality were combined into a meta-analysis, which
found children from infancy with secondary smoking exposure had a relative risk of 1.45
in caries incidence (P < .001). Two case-control studies with moderate and low quality were
combined into a meta-analysis, which found that children exposed to secondary smoking
had an odds ratio of 4.46 in caries prevalence (P < .001).
Conclusion: The literature has reported that preschool children with secondary smoking expo-
sure have a higher risk of caries; however, the number and quality of these studies are limited.
© 2024 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation. This is
an open access article under the CC BY-NC-ND license
(http:/creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

by acidic by-products from bacterial fermentation of dietary
carbohydrates. The process is mediated by saliva. For caries to

Dental caries in children have a distinctive pattern and are
known as early childhood caries (ECC). It is a common child-
hood health problem worldwide. Children with dental caries
may have discomfort, pain, infection, and functional
impairment and are more likely to develop carious lesions in
their permanent dentitions.”” ECC affects children’s general
well-being and quality of life in the long term.>*

Dental caries is an imbalance of numerous risks and protec-
tive factors and is the localized destruction of tooth structure
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occur, there should be a susceptible host tissue (saliva and
teeth), cariogenic microflora, and suitable substrate (diet rich
in fermentable carbohydrates) that interact for a period.”

There are many factors, such as diet, oral health habits, socio-
economic status (SES), parental education level, fluoride use or
others, could affect the host tissue, cariogenic microflora, and
fermentable carbohydrates, and function on the development of
ECC.° Lower SES, lower family educational level or poor oral
health knowledge increases caries risk in children.”® Lower SES
is one of the risk indicators for having dental caries.’ Meanwhile,
people with lower SES are more likely to smoke.'® Mothers’
smoking was found more in lower education family."* Children
living in these families or communities are more likely to have
access to secondary smoking exposure. The relationships among

0020-6539/© 2024 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)


http://crossmark.crossref.org/dialog/?doi=10.1016/j.identj.2024.08.013&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:chchu@hku.hk
http://orcid.org/0009-0009-7154-966X
http://orcid.org/0000-0002-8167-0430
https://doi.org/10.1016/j.identj.2024.08.013
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.identj.2024.08.013

24 LUO ET AL.

lower SES, secondary smoking, and dental caries are interrelated,
which can create a vicious cycle. Lower SES can contribute to
higher rates of secondary smoking exposure, which in turn can
lead to an increased prevalence of dental caries.

Secondary smoking, also known as passive smoking or sec-
ondhand smoke, occurs when a person inhales tobacco smoke
from the environment rather than directly from a cigarette. Sec-
ondary smoking exposure is a common public health problem,
especially for children. It is well-established that respiratory and
cardiovascular health will have a negative impact with exposure
to secondary smoking.”>** However, the negative impact of sec-
ondary smoking on ECC has arisen and been discussed in recent
decades. One study™ put forward the point that secondary
smoking did not directly interfere with the process of dental car-
ies formation, but the smoking chemicals breathed by children
may interfere with the development of the teeth and gums,
which may lead them to become more susceptible to dental car-
ies. Another study" discussed that secondary smoking may
directly influence the growth of bacteria and cells, which may
imbalance the constitute of microorganisms in the oral cavity
and impair the salivary gland function with oral membrane
inflammation. However, there is no conclusion on this topic, and
researchers hold different views on secondary smoking and ECC.

Few previous studies were performed to systematically
review the secondary smoking-related factors and their rela-
tionship with dental caries among children. Two studies'**°
involved a wide age range of children with both permanent
and primary teeth. One study'’ focused on the oral health of
both infants and preschoolers, no meta-analyses were done
to explore the association of secondary smoking and ECC.

Therefore, different from the previous reviews, this study
aimed to systematically review and focus on the relationship
between secondary smoking and ECC among preschool children.

Material and methods

This systematic review was conducted following the guide-
lines of the Cochrane Handbook and presented based on the
recommendations of the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis statement.®

Search strategy

Two reviewers (BWL and IGS) independently performed a sys-
tematic search with keywords (child OR child, preschool)
AND (smoking OR secondary smoking) AND (dental caries OR
childhood caries OR tooth decay) in five electronic databases
(PubMed, Web of Science, Medline via Ovid, Scopus, and
Embase database via Ovid). The last search was performed on
20 June 2024. We screened publications according to the eligi-
ble criteria and selected studies published by 20 June 2024.

Study selection

The title and abstract of the identified publications in English
were screened independently by two independent reviewers
(BWL and IGS). Reference lists of the related study were
screened to identify all possible eligible studies. Full texts of
all potentially relevant publications were obtained and read
independently after the screening.

The inclusion criteria for selecting studies in this system-
atic review were:

(1) Study design: observational studies, including cohort stud-
ies, case-control studies, and cross-sectional surveys.

(2) Children aged 71 months or younger.

(3) Secondary smoking exposure should be investigated in
childhood.

(4) The outcome should be the incidence or prevalence of
dental caries in children aged 3 to 6 years.

The exclusion criteria were (1): not separating data for
infants, preschool children, and adults (2): smoking exposure
was not during childhood.

The final decision about inclusion was made based on the
full text of the potentially relevant studies. The consensus
was obtained by discussion between the two reviewers or by
consulting a third reviewer (CHC). The reasons for exclusions
were recorded. Details of the study selection process and
elimination of studies are illustrated in Figure 1.

Risk of bias assessment of included studies

For nonrandomized studies, including cohort studies, case-
control studies, and cross-sectional studies, Risk Of Bias In
Nonrandomized Studies of Exposure'® was used to assess the
risk of bias (risk of bias due to confounding, arising from mea-
surement of the exposure, in selection of participants into the
study or into the analysis, postexposure interventions, miss-
ing data, arising from measurement of the outcome, in selec-
tion of the reported result). Two reviewers (BWL and IGS)
independently evaluated the risk of bias in each included
study, and the consensus was reached by discussion between
the two reviewers or by consulting a third reviewer (CHC). A
summary assessment for risk of bias was provided for each
included study with classification of very high risk of bias,
high risk of bias, some concerns, and low risk of bias.

Data synthesis and outcomes evaluation

The characteristics of the included studies were summarized.
Extracted data were compared. The primary endpoints were
measured with the prevalence of dental caries for case-con-
trol studies and cross-sectional studies, while the incidence
of dental caries for cohort studies. For cohort studies, the risk
ratio (RR) was used as the measure of treatment effect. For
case-control or cross-sectional studies, the odds ratio (OR)
was selected. Adjusted or unadjusted estimated ratios were
extracted and used in the meta-analysis.

Meta-analysis was conducted for studies reporting the
same outcome measures. Data analysis was performed by
Review Manager software (RevMan, Version 5.4).° The level
of significance for all tests was 5%. The random-effect model
was used for analysis.

Quality of the evidence
The Cochrane Collaboration’s GRADE approach”’ was used to

assess the certainty of evidence in this review. Observational
studies started with low-quality evidence. The certainty of
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[ Identification of studies via databases ]

Records identified: (n = 1243)

PubMed (n = 232)

Web of Science (n = 273)
Medline (n = 83)

Scopus (n = 402)
Embase (n = 253)

A4

Records screened

(n = 754)

Reports sought for retrieval

(n=52)

Reports assessed for eligibility
(n=52)

—»| Duplicates removed (n = 489)
——»| Records excluded (n = 702)
» Reports not retrieved (n = 0)
Reports excluded: (n = 36)
No data for preschoolers (n = 21)
Exposure at pregnancy (n = 8)
Review or letters (n =7)

Studies included in review
(n=16)

Fig. 1-PRISMA 2020 flow diagram.

evidence will be downgraded by one level with a high to very
high risk of bias or with high heterogeneity (I> > 70%), while
being upgraded by one level based on the large magnitude of
effect with a large OR. The overall certainty of the evidence
was evaluated as high, moderate, low, or very low.

Results
Study selection

A total of 1243 studies were identified with MeSH keywords
(child OR child, preschool) AND (smoking OR secondary smok-
ing) AND (dental caries OR childhood caries OR tooth decay) in
five electronic databases (PubMed, Web of Science, Medline via
Ovid, Scopus, and Embase database via Ovid). There were 489
duplicates. The study flow diagram is shown in Figure 1. After

screening the titles and abstracts, 52 studies were identified
and processed to assess full-text for eligibility. Among the
remaining 52 studies, 36 studies were excluded for reasons.
The reasons for exclusion included being reviews or letters, the
smoking exposure being before children’s birth, and not sepa-
rating data for infants, preschool children, and adults in the
reporting. Finally, 16 studies were identified to be eligible and
included in the review. There were two cohort studies, two
case-control studies, and 12 cross-sectional studies.

Characteristics of included studies

All the included were synthesized and summarized. The
cross-sectional and case-control studies are in Table 1 and
cohort studies are in Table 2.

Across the two cohort studies, two case-control studies,
and 12 cross-sectional surveys, a total of 124,179 participants
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Table 1 - Quality of evidence and main findings of the cross-sectional and case-control studies (n = 14).

Children Caries prevalence
Exposure
Study Country =~ Number  Age(years) Exposure  Control  Oddsratio Pvalue  measurement
Cross-sectional studies (n = 12)
Leroy*™* Belgium 1,038 3 Not reported 1.98 .210 Family smoking
Leroy>™* Belgium 1,093 5 Not reported 3.36 .004 Family smoking
Ogawa™® Japan 3,320 3-6 31% 11% 3.91 .002 Parental smoking
Lee® Malaysia 396 3-6 Not reported 1.16 .005 Household smoking
Tang”® China 283 3 Not reported 1.03 .940 Household smoking
Goto™ Japan 405 3-6 38% 24% 1.72 .019 Family smoking
Nakayama®? Japan 2,825 3 25% 14% 1.74 <.001 Family smoking
Kato™ Japan 6,315 3 Not reported Not reported >.05 Household smoking
Nakayama®* Japan 1,801 3 37% 15% 215 <.001 Parental smoking
Songo®® Congo 158 4-6 Not reported 2.02 >.05 Father smoking
Tanaka®’ Japan 2,015 4-6 25% 18% 1.53 <.001 Household smoking
Hanioka®® Japan 711 3 41% 26% 1.99 <.001 Parental smoking
Williams”’ UK 749 3-4 Not reported 1.54 <.05 Mother smoking
Case-control studies (age and gender-matched, n = 2)
Avsar” Turkey 180 4-6 90% 66% 4.86 <.001 Household smoking
Mohammed** Iraq 60 5 100% 87% 10.36 >.05 Household smoking
* The same publication.
Table 2 - Quality of evidence and main findings of the cohort studies (n = 2).
Children Caries prevalence
Study Country Number Age Follow-up Exposure Control Riskratio Pvalue Exposure measurement
Tanaka” Japan 71,652 4mo 3y 19% 13% 1.54 <.01 Household smoking
Watanabe”  Japan 31,178 15y 15y 20% 14% 1.47 <.01 Family smoking

aged from 4 months to 6 years were included. Most of the
studies were conducted in Asia (75%, 12/16), while the
remaining were conducted in Europe (19%, 3/16) and Africa
(6%, 1/16). More than half of them (69%, 11/16) were pub-
lished in the last 10 years. The two cohort studies®*?* were
birth cohort studies recording the conditions of children
exposed to secondary smoking from birth to 3 years old. In
the two case-control studies,?*?> a control was matched
by gender and age in a one-to-one ratio, a case was defined
as a child living with a regular smoker or smoker who
smoked more than 20 cigarettes per day for at least 5 years.
In the remaining 12°°” cross-sectional studies, the condi-
tions of children exposed to father smoking, mother smok-
ing, both parental smoking, family smoking, or duration of
being exposed to have been recorded through the ques-
tionnaire.

For confounding factors such as diet, oral health habits,
SES, parental education level, fluoride use, and so on, all the
16 included studies have considered, controlled some of
them in the study design, or adjusted in the data reporting.
Regarding SES, seven studies considered this, controlled in
the study design®?®®® or adjusted it***"*** in the data
reporting. The other nine studies®??*?%?7:29323437 4iq not
record the SES of participants.

Data synthesis

In this review, data from all included studies were catego-
rized according to the different study designs.

Among the 16 studies, 15 of them could be extracted and
categorized into three meta-analyses:

e Cross-sectional survey: Children exposed to secondary
smoking (Yes vs No)

e Cohort study: Children exposed to secondary smoking from
infancy (Yes vs No)

e Case-control study: Children exposed to secondary smok-
ing (Yes vs No)

In all three meta-analyses, children who were exposed to
secondary smoking at a young age had a higher risk of having
dental caries during 3 to 6 years old compared to those who
were not exposed to (P < .001).

Only one cross-sectional study”® with limited data could
not be combined into a meta-analysis, which reported no dif-
ference in the prevalence of ECC at 3-year-old between chil-
dren who were exposed to secondary smoking or not exposed
toit.

Meta-analysis

Cross-sectional survey: Children exposed to secondary smok-
ing (Yes vs No) (Figure 2)

A total of 11 cross-sectional surveys reported second-
ary smoking conditions in children. Children who were
exposed to secondary smoking had a higher risk of having
dental caries at 3 years old compared to those who were not
exposed to it (OR = 1.77 [1.57, 2.01], P < .001).

26-37
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Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Goto 20149 0.5397 0.22498 6.6% 1.72[1.08, 2.69]
Hanioka 2008 0.6871 01764 10.2% 1.99101.41, 2.81] —
Lee 2020 04762 01697 108% 1.61[1.15, 2.29] - —
Leroy 2008 1.2119 0.4148 2.2% 3.36[1.48, 7.58]
Leroy 2008 0.6831 0.5453 1.3% 1.98 [0.68,5.77]
Makayvama 20148 0.7653 01304 158% 2.1481[1.66, 2.78] —
Makayama 2019 05539 01183 17.9% 1.74[1.38, 2.19] ——
Qgawa 2021 1.3635 0.4345 2.0% 3.91 [1.67,9.16]
Songo, 2013 0.7031 0.5785 1.2% 2.02[0.65, 6.28]
Tanaka 20049 04269 01102 196% 1.53[1.23,1.90] ———
Tang 2020 0.0264 0.3496 3I1% 1.03[0.52, 2.04] T
Williams, 2000 04318 01858 9.4% 1.54 [1.07,2.22] —
Total (95% CI) 100.0% 1.77 [1.57, 2.01] E3
Heterogeneity: Tau?= 0.01; Chi*=13.50, df= 11 (P = 0.26); F=19% 50'1 0{2 D?S é é 1D=

Test for overall effect: Z= 9.06 (P = 0.00001)

Favours [hlank]

Favours [exposure]

Fig. 2-Cross-sectional study: odds ratio of caries prevalence in children exposed to secondary smoking (Yes vs No).

Exposure Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Tanaka, 2014 B925 37257 4453 34395 B7.E% 1.44[1.39,1.49] | ]
Watanabe, 2014 2789 14015 2317 17163 32.2% 1.47[1.40,1.55] —-
Total (95% CI) 51272 51558 100.0% 1.45[1.41, 1.49] L
Total events 9714 B770
Heterogeneity: Tau®= 0.00; Chi*=0.72, df=1 (P = 0.40); F= 0% =D 5 Ul? 155 25
Test for averall effect: £= 2540 {F = 0.00001) Favours [blank] Favours [exposure]
Fig. 3 -Cohort study: risk ratio of caries incidence in children exposed to secondary smoking (Yes vs No).
Case Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Avgar, 2008 a0 =] 59 90 93.4% 4.20([1.91,9.24]
Mohammed, 2019 30 30 26 30 BE% 10.36([0.53, 201.45] +
Total (95% CI) 120 120 100.0% 4.46 [2.08, 9.55] R
Total events 110 a5
Heterogeneity: Tau®=0.00; Chi®=0.33, df=1 (P =056); F=0% 05 0= -0

Test for overall effect: 2= 3.85 (P =0.0001)

&
Favours [blank] Favours [exposure]

Fig. 4-Case-control study: odds ratio of caries prevalence in children exposed to secondary smoking (Yes vs No).

Cohort study: Children exposed to secondary smoking
from infancy (Yes vs No) (Figure 3)

Two cohort studies®”?® reported children’s caries inci-
dence at the age of 3 years with exposure to secondary smok-
ing from the age of 4 or 18 months. Children who were
exposed to secondary smoking at a young age had a higher
risk of having dental caries at 3 years old compared to those
who were not exposed to it (RR = 1.49 [1.45, 1.54], P < .001).

Case-control study: Children exposed to secondary smok-
ing (Yes vs No) (Figure 4)

Two case-control studies®*?* found that children exposed
to secondary smoking had a higher risk of having dental car-
ies during the age of 4 to 6 years compared to those who did
not expose to (OR = 4.46 [2.08, 9.55], P < .001).

Risk of bias assessment

The risk of bias assessment of included studies is presented
in Table 3. Two cross-sectional studies®**” were judged to be

at very high risk of bias due to the high risk of bias in three
domains. Eight cross-sectional studies’®?%30:32343¢ one
cohort study®® and one case-control study** were judged to
be at high risk of bias. One cohort study?” was judged to have
some concerns about the risk of bias. One case-control
study”® and two cross-sectional studies®"** were judged to be
at low risk of bias.

Quality of evidence

The quality of the evidence is presented in Table 4. The het-
erogeneity was all acceptable in three meta-analyses (cross-
sectional: 19%; cohort: 0%; and case-control: 0%). The meta-
analysis of cross-sectional studies was downgraded in total 2
levels to have very low certainty of evidence. The meta-analy-
ses of cohort studies and case-control studies were down-
graded 1 level and upgraded 1 level respectively, and have
low certainty of evidence overall.
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Table 3 - Risk of bias assessment of included studies (n = 16).

First author, Year Confounding

factors

Exposure

measurement selection

Participants Post-exposure

Result
reporting

Overall
judgement

Outcome
measurement

Missing

intervention data

Cross-sectional studies (n=12)

Kato, 2017
Tanaka, 2009
Ogawa, 2021
Nakayama, 2019
Williams, 2000
Songo, 2013
Hanioka, 2008
Goto, 2019
Tang, 2020
Nakayama, 2015
Lee, 2020

Leroy, 2008

Cohort studies (n=2)

Watanabe, 2014

Tanaka, 2015

Case-control studies (n=2)

Mohammed, 2019

0 00 00000000 OGOOGOG®O
®® ©0 200 00000000600

Avsar, 2008

©® 0606 00000000 OOGOOGO
LN I N BNl N N N N N BON N N N N
@0 00 000000000000
L N N N B N N N NN NNNNNDLN.
@0 00 20000000000

. Very high: the study is very problematic in this domain: characteristics of the study give rise to a very high risk of bias.

. High: the study has some important problems in this domain: characteristics of the study give rise to a high risk of bias.

©) Some concerns: there is some concem about bias with regard to this domain, although it is not clear that there is an important risk of bias.

® Low: there is little or no concemn about bias with regard to this domain.

Discussion

Secondary smoking refers to the inhalation of other peo-
ple’s smoke, which is nearly equivalent to that of active
smoking. Secondary smoking has been extensively
researched regarding its negative impact on general health
and oral health. Our findings with evidence support that
secondary smoking can have negative effects on children’s
oral health and lead to an increased risk of dental caries.
Our findings align with the previous systematic reviews'**®
that secondary smoking exhibited the potential to infer a
causal association with ECC. Even though there may be a
difference in inclusion criteria. Different from ours, these
two reviews conducted in 2011'* and 2020%° have

investigated the relationship between dental caries and
secondary smoking among other age groups with both pri-
mary teeth and permanent teeth.

All these included studies were published after 2000, and
most (69%) were in the last 10 years. Researchers become
more interested in this topic. The categories and terms that
measured the condition of children exposed to secondary
smoking were different across these included studies, such
as father smoking,>® mother smoking,>” parental smoking,°
household smoking,”® or family smoking.*” All of these terms’
data were considered and grouped into secondary smoking
comparisons with ‘Yes’ or ‘No’ groups.

Besides the biological factors that directly impact ECC,
behavioural factors and environmental factors could affect
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Table 4 - Summary of findings.

Ilustrative comparative risks* (95% CI)

Number of Certainty of
Assumed risk Corresponding risk Relative effect participants  the evidence
Study design ~ Outcome (Control) (Exposure) (95% CI) (studies) (GRADE)!
Cross-sectional =~ Caries prevalence  See comment' See comment' OR1.77 (1.57-2.01) 14,794 (11) Very low’
Case-control 0.71 0.92 (0.90-0.97) OR 4.46 (2.08-9.55) 240 (2) Low™|
Cohort Caries incidence 0.13 0.40 (0.40-0.41) RR 1.45 (1.41-1.49) 102,830 (2) Low™**

CI, confidence interval; OR, odds risk; RR, risk ratio.
Title: The caries risk of children exposed to secondary smoking. Population: Children aged 4 months to 6 years. Settings: Dental examination with
no restriction. Exposure: Exposed to secondary smoking. Control: Not exposed to secondary smoking.

* The basis for the assumed risk is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the interven-
tion group and the relative effect of the intervention (and its 95% CI).

T Comment: some studies did not report the outcomes, and the assumed risk cannot be calculated.

¥ GRADE Working Group grades of evidence. High certainty: we are very confident that the true effect lies close to that of the estimate of the effect. Moderate
certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different. Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the
effect. Very low certainty: we have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect.

¥ Downgraded 2 levels for study limitations (very high in 1 study and high overall risk of bias in 8 studies).

7 Downgraded 1 level for study limitations (high overall risk of bias 1 study).
I Upgraded 1 level for a large magnitude of effect.

# Downgraded 1 level for study limitations (high overall risk of bias 1 study).
** Upgraded 1 level for a large number of participants (>100,000).

these biological factors and indirectly impact the develop-
ment of ECC.>**° The intricacy of interventions, particu-
larly other confounding factors, such as sugar intake,
fluoride use, diet habits, SES, parental education level and
so on, may make it challenging to separate the risks of sec-
ondary smoking from other factors influencing caries risk.
Those potential confounding factors should be controlled
in the study design or adjusted in data reporting. In this
review, all of the included studies have considered some
confounding factors, which contributed to the robustness
of the evidence. It should be noted that researchers should
try to adjust confounding factors as much as possible in
further research.

SES is one of the most important confounding factors
because people with lower SES are more likely to smoke.™®
Smoking is closely related to SES as is dental caries.’® It is
possible that what is being observed in these studies is
the confounding effect of economic and material circum-
stances rather than any direct relationship between sec-
ondary smoking and dental caries. Researchers should
evaluate SES as a potentially confounding factor in their
studies on ECC prevalence. In this review, less than half
(44%) of the included studies evaluated SES as effect modi-
fiers. We recommend future studies should measure the
effects of SES on ECC as one of the most important con-
founding factors.

The strength of this study stems from it being the inau-
gural systematic review that evaluated the relationships
between secondary smoking and ECC. In contrast to ear-
lier reviews that primarily concentrated on all age groups
including both primary teeth and permanent teeth, our
analysis distinguishes itself by performing an extensive
search through five databases and applying rigorous selec-
tion criteria. A binary approach to the presence/absence of
dental caries was used in this review. All the dental caries
conditions focused on children aged 3 to 6 years. Available
RR and OR were extracted or calculated based on the data

provided by these included studies. The heterogeneity
(* < 30%) was low indicating the results of meta-analysis
might be more certainty of evidence to apply broadly.
However, most of the included studies were cross-sec-
tional studies, the evidence contributing to this systematic
review is of low to very low quality with the limitations of
observational studies in the study design. The quality of
evidence has been downgraded based on the high to very
high risk of bias.

Nonetheless, it is essential to recognize certain con-
straints. A language bias may be present, as we only consid-
ered studies published in English, which could potentially
introduce bias. There may also be publication bias, resulting
in an overestimation of the effectiveness of the intervention.
The variability among studies in terms of methodology, popu-
lations, and interventions makes it difficult to consolidate
meta-analysis outcomes. These limitations ought to be taken
into account while interpreting the results.

Despite the study’s limitations, this systematic review
still provides valuable results for researchers, the public,
dentists, and parents. For researchers, further observa-
tional studies will be undertaken on this topic, but the
quality should be improved. No randomised clinical trials
could be taken on this topic due to the ethical issue. In
addition, randomised clinical trials cannot determine the
cause of disease. Disease causality can only be determined
from case-control and cohort studies. For the public and
parents, the provided information can be advantageous, as
it may be a warning that guides them in fostering good oral
health for their children.

Conclusion
The literature has reported that preschool children with sec-

ondary smoking exposure have a higher risk of caries; how-
ever, the number and quality of these studies are limited.
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