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ABSTRACT

Background: Pneumonia is an acute respira-
tory infection in which the alveoli are filled with
pus and fluids that cause painful respiration
and limit oxygen intake. Pneumonia is the main
cause of death among children under five in the
world, killing more than 800,000 children
under five each year, or about 2,200 per day.
One of the risk factors for pneumonia in chil-
dren under five is exposure to secondhand
smoke. This study aimed to estimate the magni-
tude of the effect of exposure to secondhand
smoke on the incidence of pneumonia in chil-
dren under five.

Subjects and Method: This study used a
systematic review and meta-analysis technique.
There were three article search databases in-
cluding Google Scholar, Pubmed, and Science
Direct with a publication period from 2009-
2020. The article search was carried out by
considering the eligibility criteria defined using
the PICO model. P: children under five, I: expo-
sed to secondhand smoke, C: not exposed to
secondhand smoke, and O: pneumonia. The
keywords for searching the articles were (risk
factors OR passive smoking OR secondhand
smoking) AND (pneumonia) AND (children
under five). The articles included in this study
were full-text articles, articles in English, arti-
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cles with cross-sectional study design and case-
control, articles with adjusted odds ratio re-
sults. Articles were collected using PRISMA
flow diagrams and analyzed using RevMan 5.3
application.

Results: The total of 12 articles were reviewed
in this study. A meta-analysis of three cross-
sectional studies showed that exposure to
secondhand smoke increased the risk of pneu-
monia in children under five (aOR= 1.66; 95%
CI= 1.38 to 2.01; p <0.001). A meta-analysis of
nine case-control studies showed that exposure
to secondhand smoke increased the risk of
pneumonia in children under five years (aOR=
2.15; 95% CI=1.25 t0 3.68; p=0.005).
Conclusion: Exposure to secondhand smoke
increases the incidence of pneumonia in chil-
dren under five.
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BACKGROUND

Smoking is one of the habits that commonly
found in everyday life, especially by Indo-
nesians. Based on worldwide data, Indo-
nesia ranked seventh as a country with a
prevalence of 39.5% of adult tobacco smo-
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kers aged > 15 years (WHO, 2018). Then,
Indonesia ranked first in ASEAN countries
with a prevalence of 36.3% (Lian and Doro-
theo, 2019).

Whereas in Indonesia itself, the pre-
valence of smokers in the population aged >
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15 years from year to the year continued to
increase, in 2015 it was 30.08%, decreased
in 2016 by 28.97%, then increased again in
2017 by 29.25% and in the end in 2018 it
was 32.20% (BPS, 2018). Meanwhile, the
minister of health had set a target of reduc-
ing the prevalence of smokers in 2015-2019
by 1% per year (Kemenkes RI, 2013).
Certainly, it did not meet the target that
had been set. Therefore, the problem of
cigarette consumption still becomes a nati-
onal problem which is being pursued until
now.

The problem of cigarette consumption
not only causes a health burden for the
smoker himself (active smokers) but also
for other people around them who do not
smoke (passive smokers). Health experts
stated that because there is a filter on the
tip of the cigarette, from 100% of the
dangers of cigarette smoke, only 25% is felt
by active smokers, while the remaining 75%
is obtained by passive smokers, due to
direct exposure to secondhand smoke
(Kemenkes RI, 2018).

Secondhand smoke inhaled by passive
smokers had at least 4000 chemical com-
pounds and 250 harmful substances such
as cyanide, tar, arsenic, benzene, and vari-
ous other harmful substances (WHO, 2011).
Certainly, the most susceptible to becoming
passive smokers are children under five. It
is because children under five spend more
time at home and their immune systems
have not been fully formed so that if there
are family members who are active smo-
kers, the child will automatically become
passive smokers (CDC, 2018). Therefore,
children under five are very susceptible
affected by viruses and bacteria that can
cause disease, one of which is pneumonia.

Pneumonia is an acute respiratory
infection in which the alveoli are filled with
pus and fluids that cause painful respira-
tion and limit oxygen intake (WHO, 2019).
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Pneumonia was an infectious disease that
became the main cause of death among
children under five in the world, killing
more than 800,000 children under five
every year or about 2,200 per day. Pneu-
monia is also the main cause of death for
children under five in Indonesia. In 2018,
an estimated 19,000 children died from
pneumonia and global estimates indicated
that every hour 71 children in Indonesia
contracted pneumonia (UNICEF, 2019).
One of the main factors causing the
incidence of pneumonia in children under
five is frequent exposure to secondhand
smoke. Based on a study conducted by
Suzuki et al. (2009), having family mem-
bers who were active smokers had a 1.53
times risk for children under five of experi-
encing pneumonia compared to the family
without active smokers. Likewise, a study
conducted by Adane et al. (2020) showed
that children under five who were passive
smokers had a 2.11 times risk of developing
pneumonia compared to toddlers who were
not passive smokers. From the two primary
studies above, it is understood that expo-
sure to secondhand smoke increases the
risk of pneumonia in children under five.
Many primary studies examining the
effect of secondhand smoke exposure on
the incidence of pneumonia in children un-
der five had encouraged the researchers to
conduct more comprehensive studies of
these primary studies. The data obtained
will be analyzed using a systematic review
and meta-analysis by synthesizing the
results of studies conducted to reduce bias.

SUBJECTS AND METHOD

1. Study Design

This was a systematic review and meta-ana-
lysis study. The articles used in this study
were obtained from several databases inclu-
ding PubMed, Google Scholar, and Science
Direct. The keywords for finding articles
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were risk factors OR passive smoking OR
secondhand smoking) AND (pneumonia)
AND (children under five).

2. Inclusion Criteria

The Articles included in this study should
be full paper, used cross-sectional and case-
control study, and used English. The article
should be appropriate in which the inde-
pendent variable exposure to secondhand
smoke was tested on the dependent
variable pneumonia in children under five
years, the test was based on multivariate
analysis of adjusted Odss Ratio.

3. Exclusion Criteria

The articles published in this study were
not in English and the results were not
adjusted Odss Ratio. The number of study
samples was (n <100).

4. Operational Definition of Variables
The article search was carried out by consi-
dering the eligibility criteria defined using
the PICO model. The population in the
study was children under five with inter-

Articles identified via database search
(n= 3420)

vention in the form of exposure to second-
hand smoke, the comparison was not
exposed to secondhand smoke and the out-
come was pneumonia.

Secondhand smoke exposure was the
presence of family members who become
active smokers and smoked in the house.
Pneumonia is an acute respiratory infection
in which the alveoli are filled with pus and
fluids that make painful respiration and
limit oxygen intake.

5. Data Analysis

The data processing was carried out by the
Review Manager (RevMan 5.3) by calcula-
ting the effect size and heterogeneity to
determine which research models were
combined and formed the final meta-ana-
lysis result.

RESULTS

The article review process can be seen in
the PRISMA flow diagram in Figure 1.

e Pubmed= 71
e Science direct= 99
e Google scholar= 3250

A 4

Filtered articles

A 4

Deleting the duplicate data (n = 27)

(n=3393)

A 4

A 4

Published articles (n = 2735)
e Irrelevant title = 2700

¢ Non-English articles= 28

e Non-full text article= 7

Eligible full-text (n= 658)

A 4

The study included in a systematic
review and meta-analysis (n= 12)

A 4

Full-text article published with reasons

(n= 646)

e Non-pneumonia outcome=450

¢ Non-exposure to secondhand smoke
independent variable=106

e Non-aOR Effect measure =75

¢ Non-children under 5 Population = 13

e Samples in articles n <100 =1

e Article publication year <2009 = 1

Figure 1. PRISMA Flow Diagram

www.jepublichealth.com

412



Riestiyowati et al./ The Effects of Secondhand Smoke Exposure on Pneumonia

This meta-analysis analyzed 12 pri-
mary studies conducted on 4 continents,
namely the African Continent (Tanzania,
Ethiopia, and Morocco), the South Ameri-
can Continent (Brazil), the Asian Continent
(Indonesia, Bangladesh, Nepal, and Viet-
nam), and the Australian Continent (New

Assessment of the quality of primary
studies was carried out quantitatively and
qualitatively which can be seen in Table 1
and Table 2. This study used the Critical
Appraisal Checklist for Cross-Sectional
Study and the Critical Appraisal Checklist
for Case-Control Study from the Center for

Zealand). Evidence-Based Management (CEBMa,
2014).
Table 1. Quality Assessment of Pneumonia Articles: Cross-Sectional
Primary Studies Criteria Total
i 2 3 4 5 6 7 8 9 10 11 12

Adane et al. (2020) 1 1 1 o 1 1 1 1 1 1 1 1 11
Jroundi et al. (2014) 1 1 0o 1 1 1 1 1 1 1 1 1 11
Suzuki et al. (2015) 1 1 i o 1 o 1 1 1 1 1 1 10

Answer : 1= Yes and o= No

Table 2. Quality Assessment of Pneumonia Articles: Case-Control

Primary Studies Criteria Total
1 2 3 4 5 6 7 8 9 10 11 12

Geleta et al. (2016) 1 1 1 1 1 1 1 1 1 1 o) 1 11
Grant et al. (2012) 1 1 1 1 1 o 1 1 1 1 o) 1 10
Hoang et al. (2019) 1 1 1 1 1 1 1 1 1 1 o) 1 11
Karki et al. (2014) 1 1 1 1 1 o 1 1 1 1 o) 1 10
Lima et al. (2016) 1 1 i 1 1 1 1 1 1 1 0 1 11
Luthfiyana et al. (2018) 1 1 1 1 1 1 1 1 1 1 0 1 11
Ngocho et al. (2019) 1 1 1 1 1 o 1 1 1 1 o) 1 10
Uddin et al. (2013) 1 1 1 1 1 o 1 1 1 1 o) 1 10
Yunita et al. (2016) 1 1 1 1 1 o 1 1 1 1 0 1 10

Answer: 1= Yes and o= No

Based on the assessment of the qua-
lity of the primary articles above, the score
for the quality of the articles was 10 to 11.
This indicated that the articles had a good
quality for meta-analysis (CEBMa, 2014).

www.jepublichealth.com

A summary of the primary articles
used for the meta-analysis of the effect of
exposure to tobacco smoke on the incidence
of pneumonia can be seen in Table 3.
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Table 3. The descriptions of the Primary study that were included in the meta-

analysis
Author Country Study Sam- (Pog)ulati (Inier- (C01(1:1pa- (0]
(year) (Continent) Design ple on) vention) rison) (Outcome)
Grant et New Zealand Case 856 Children Tobacco Non-tobacco Pneumonia
al. (2011) (Australia) Control under five smoking smoking
family family
members  members
Lima et Brazil (South Case 814  Children Smoking  Non- Pneumonia
al. America) Control under five mothers smoking
(2016) mothers
(active or
passive)
Ngoco et Tanzania Case 463 Children Smoking  Non- Pneumonia
al. (Africa) Control under five  parents smoking
(2019) parents
Geleta et Ethiopia Case 382  Children Smoking  Non- Pneumonia
al. (Africa) Control under five  parents smoking
(2016) parents
Yunita et Indonesia Case 140  Children Smoking  Non- Pneumonia
al. (Asia) Control under five  parents smoking
(2016) parents
Uddin et Bangladesh Case 192  Children Smoking  Non- Pneumonia
al. (Asia) Control aged 2-12 parents in  smoking
(2013) months the house parents in
the house
Luthfiya Indonesia Case 200  Children Exposed  Not exposed Pneumonia
na et al. (Asia) Control under five to to second-
(2018) secondha hand smoke
nd smoke
Karki et Nepal (Asia) Case 200  Children Smoking  Non- Pneumonia
al. (2014 Control under five  fathers smoking
fathers
Hoang et Vietnam Case 166  Children Tobacco Non-tobacco ~ Pneumonia
al. (Asia) Control under five ~ smoking  smoking
(2019) family family
members  members
Jroundi Morocco Cross 689  Children Smoking  Non- Pneumonia
et al. (Africa) Sectional under five  parentsin smoking
(2014) the house parents in
the house
Adane et Ethiopia Cross 5830  Children Passive Free second- Pneumonia
al. (Africa) Sectional under four  smokers hand smoke
(2020)
Suzuki et Vietnam Cross 24781  Children Smoking  Non- Pneumonia
al. (Asia) Sectional under five parents smoking
(2015) parents
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A.Forest Plot
Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Case Control
Geleta et al 2016 0.6419 02789 10.0% 1.90 [1.10, 3.28) —
Grant et al 2011 06881 03262 9.0% 1.99 [1.05, 3.77) —
Hoang et al 2018 1.3533 04443  68% 3.87 [1.62, 9.25) I —
Karki et al 2014 06831 05843 50% 1.98 [0.63, 6.22) -
Lima et al 2016 0.4253 03917 T7.7% 1.53[0.71, 3.30) -
Luthfiyana et al 2018 18516 08228 3.0% 6.37 [1.27, 31.95)
Ngoco et al 2019 09163 03537  84% 0.40 [0.20, 0.80) —_—
Uddin et al 2013 16174 03764 B8.0% 5.04 [2.41, 10.54] e
Yunita et al 2016 1.16 04464  6.8% 3.19[1.33, 7.65) —_—
Subtotal (35% CI) 64.7% 2.15 [1.25, 3.68] -

Heterogeneity: Tau® = 0.49; Chi? = 32.49, df = 8 (P < 0.0001); I* = 75%
Test for overall effect: Z = 2.78 (P = 0.005)

1.1.2 Cross Sectional

Adane et al 2020 0.7467 0.2393 10.8% 2.11[1.32, 3.37) —
Jroundi et al 2014 05822 02126 11.4% 1.79[1.18, 2.72) -
Suzuki et al 2015 0.4253 01197 13.1% 1.53[1.21, 1.93] -
Subtotal (95% CI) 35.3% 1.66 [1.38, 2.01] L 3

Heterogeneity: Tau® = 0.00; Chi* = 1.59, df =2 (P = 0.45); = 0%
Test for overall effect: Z = 5.32 (P < 0.00001)

Total {95% CI) 100.0% 1.96 [1.43, 2.69] <
it 2 = u iT= = = s |E= ' ' ' '
?elﬁ.;:;ﬂ-genmlyl.l T.:fu : 20184 '13;1| - {SS.EE&GH 11 (P = 0.0002); I* = 89% 0.01 o 10 100
estlor overall & E'? Z=4.18 o ) tidak terpapar asap rokok terpapar asap rokok
Test for subgroup differences: Chi* = 0.78, df =1 (F=0.38). I*=0%

=

Figure 2. Forest plot the effect of secondhand smoke exposure
on the incidence of pneumonia in children under 5

B. Funnel Plot
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Figure 3. Funnel plot of the effect of exposure to tobacco smoke
toward the incidence of pneumonia in children under 5
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Based on the results of the forest plot
(Figure 2) in a cross-sectional study, chil-
dren under five who were exposed to
tobacco smoke had a 1.66 times risk of
developing pneumonia compared to chil-
dren under five who were not exposed to
tobacco smoke and it was statistically signi-
ficant (p <0.001) . The heterogeneity of the
research data showed 12=0%. Whereas in a
case control study children under five who
were exposed to tobacco smoke had a risk
of developing pneumonia 2.15 times com-
pared to children under five who were not
exposed to tobacco smoke and it was statis-
tically significant (p= 0.005). The hetero-
geneity of the research data showed I2=
75%. So that the distribution of data was
declared as heterogeneous (random effect
model).

The funnel plot (Figure 3) shows a
publication bias which is characterized by
the asymmetry of the right and left plots
where 4 plots are on the right side and 3
plots are on the left side. The plot on the
right side of the graph appears to have a
standard error between 0.2 and 0.8, while
the plot on the left has a standard error bet-
ween 0 and 0.4.

DISCUSSION

This systematic review and meta-analysis
study raised the theme of the effect of
secondhand smoke exposure on the inci-
dence of pneumonia in children under five
years. This meta-analysis study used the
research sources that controlled for con-
founding factors or confounding factors
which could be seen from the study inclu-
sion requirements namely multivariate ana-
lysis, and the statistical results reported
were adjusted odds ratio (aOR). The com-
bined results of the effect of secondhand
smoke exposure on the incidence of pneu-
monia in children under five years were
processed using the RevMan 5.3 applica-

www.jepublichealth.com

tion, while the results of a systematic study
and meta-analysis were presented in the
form of a forest plot and a funnel plot.
Secondhand smoke exposure to the
incidence of pneumonia in children
under 5

The results of the forest plot in this
meta-analysis used subgroup analysis based
on the study design. The results of the
meta-analysis of cross-sectional studies
showed that children under five who were
exposed to secondhand smoke had a 1.66
times risk of having pneumonia than chil-
dren under five who were not exposed to
secondhand smoke. The results of the
meta-analysis of a case-control study sho-
wed that children under five who were
exposed to secondhand smoke had a 2.15
times risk of having pneumonia compared
to children under five who were not expo-
sed to secondhand smoke.

This study is in line with a study con-
ducted by Mustikarini et al. (2019) that
children under five whose family members
were smokers had a 1.39 risk of experien-
cing pneumonia compared to children un-
der five whose family members were not
smokers (b=1.39; 95% CI=0.46 to 2.32;
p=0.003).

Alnur et al. (2017), also stated that
children under five years who had family
members as smokers had a 2.35 times risk
of having pneumonia compared to children
under five years whose family members
were not smokers (aOR=2.35; 95% CI= 1.15
to 4.79; p=0.019).

Too often exposed to secondhand
smoke is understood to decrease the ability
of macrophages to kill bacteria. The process
of macrophages in killing bacteria is called
phagocytosis. Macrophages are mostly
found in the alveoli and will be mobilized to
other places when there is an infection.
There was a study that tested cells exposed
to cigarette smoke extracts with glucocor-
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ticoids, an anti-inflammatory that is com-
monly used to treat respiratory conditions.
The results showed that the drug did not
guarantee recovery from the inhibition of
the phagocytosis process of alveolar macro-
phages caused by cigarette smoke so that if
exposed for too long could cause the inci-
dence of pneumonia (Kusumawati, 2010).

As what have known, because there is
a filter at the end of the cigarette, from
100% of the dangers of cigarette smoke,
only 25% is felt by active smokers, while the
remaining 75% is obtained by passive
smokers due to direct exposure to second-
hand smoke (Kemenkes RI, 2018).

Secondhand smoke inhaled by passive
smokers had at least 4000 chemical com-
pounds and 250 harmful substances such
as cyanide, tar, arsenic, benzene, and
various other harmful substances (WHO,
2011).

Children under five automatically be-
came passive smokers if there were family
members who smoked in the house. Be-
cause children under five had not fully
developed their immune system so that if
the child was often exposed to secondhand
smoke, it was certain that the children were
very susceptible to suffer from viruses or
bacteria that caused pneumonia.

The limitation in this study was a
publication bias that was shown in the
funnel plot, language bias occurred because
this study only selected articles published
in English so itignored articles that used
other languages, and search bias because in
this study the researchers only used 3 data-
bases (PubMed, Science Direct and Google
Scholar) thus ignoring other search sources.
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