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ABSTRACT Exposure to household air pollution is an environmental risk factor associated with respiratory
disease, especially in children in developing countries. The primary sources of indoor air pollution in households
are cooking fuels and cigarette smoke. The purpose of this study was to systematically review scientific articles
related to the risk factors of biomass cooking fuel and smoking family members on the incidence of Acute
Respiratory Infections in children under five years in developing countries. This systematic search was carried out
following the Prisma protocol by collecting research data found in the Pubmed, Scielo, Lilacs and Google Scholar
databases. The data are categorised by country name, the number of children under five years studied, data design,
analytical method, and odds ratio (95% CI) of biomass cooking fuel and family smoking. As a result, 17 articles
were selected for review, and all studies applied logistic regression to estimate the risk, except for one study that
used the Poisson regression model. The range of risk factors for cooking fuel biomass Odds Ratio (95% CI) was 1.10
(1.01–1.20) to 4.348 (1.632, 11.580), the risk factor for family members smoking was 1.06 (1.00–1.12) to 3.58
(1.45-8.84). Research conclusions were that risk factors for biomass fuel for cooking and family members smoking
tobacco are determinants of Acute Respiratory Infections or ARI in children under five years in developing
countries. The risk factor for biomass fuel has a higher probability of causing ARI than family members who smoke
tobacco. Suggestions for parents included, to pay special attention to children by keeping children away from
cooking fuel fumes and not smoking indoors. Governments in developing countries should pursue effective strategies
to increase access to clean fuels to reduce exposure to indoor air pollution.

INTRODUCTION

The purpose of this study was to systemati-
cally review scientific articles related to the risk
factors of biomass cooking fuel and smoking fam-
ily members on the incidence of ARI in children
under five in developing countries

Acute Respiratory Infection (ARI) is one of
the most common and harmful diseases in children
under five years old, and this disease mainly af-
fects children with high exposure to air pollutants
(Sly and Flack 2008). WHO explains that respirato-
ry infections due to indoor air pollution cause death
globally in 7 million people (WHO 2018). While in
South Asia, indoor air pollution is the third leading

cause of respiratory disease (Devakumar et al.
2014). Sources of indoor air pollution can come
from the combustion process for cooking, human
activities such as smoking, biological agents, and
the use of chemicals in ingredients used to build
buildings (Pérez-Padilla et al. 2010). Respiratory
diseases in children such as rhinitis, asthma, and
respiratory tract infections have an increased inci-
dence of disease when exposed to indoor tobacco
smoke (Zhuge et al. 2020). In developing coun-
tries, cases of lower respiratory infections in chil-
dren have been associated with exposure to in-
door air pollution (Barnes et al. 2005; Savitha et al.
2007). Exposure to household air pollution is an
environmental risk factor associated with respira-
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tory disease, especially in children, in developing
countries (Liu F et al. 2014; Taylor and Nakai  2012).

The primary source of indoor air pollution is
biomass fuel, which can cause illness and death
from acute respiratory infections in children (Azad
et al. 2014; Taksande and Yeole 2015). It is estimat-
ed that half of the world’s population uses biom-
ass as an energy source, as they are mainly in rural
areas of poor or developing countries (Laumbach
and Kipen 2012). Biomass material is a low-effi-
ciency fuel (Chakraborty et al. 2014). Biomass ma-
terials produce incomplete combustion products
with relatively high harmful health effects (Fuller-
ton et al. 2008). It is a significant risk factor for
acute respiratory infections (Desalegn et al. 2011).
The results of this meta-analysis showed that chil-
dren were three times more likely to develop ARI
when exposed to biomass fuels compared to alter-
native fuels (OR 3.53, 95% CI 1.94-6.43) (Po et al.
2011).

In addition to biomass fuel, cigarette smoke is
another source of indoor air pollution. Indoor cig-
arette smoke increases ARI risk in toddlers and is
statistically significant (Hidayanti et al. 2019). The
results showed that smoking behaviour was relat-
ed to ARI incidence in toddlers (Mahendrayasa
and Farapti 2018). Research by Tazinya et al. (2018)
concluded that toddlers whose families smoke are
at greater risk of developing ARI than those who
do not smoke. The research of Choube et al. (2014)
stated that family members who smoke indoors
significantly affect the incidence of ARI in tod-
dlers. Toddlers as passive smokers are even three
times more likely to experience ARI (OR: 3.58, 95%
Cl: 1.45–8.84) (Tazinya et al. 2018). The possibility
of exposure to cigarette smoke is at greater risk for
children because they are still weak with their immune
system.

Research on environmental risk factors for the
incidence of ARI in toddlers has been done a lot,
but the research that collects two important risk
factors for the occurrence of ARI in toddlers, name-
ly, the cooking fuel factor and smoking family mem-
bers are rarely found, even though this is an es-
sential factor that has very dominant influence on
the occurrence of ARI in children under five. The
purpose of this study was to systematically re-
view scientific articles related to the risk factors of
biomass cooking fuel and smoking family mem-
bers on the incidence of ARI in children under five
in developing countries.

MATERIAL  AND  METHODS

A systematic review was conducted through-
out October, November and December 2021. This
systematic search was carried out following the
Prisma protocol (Moher et al. 2009) by collecting
research data found in the Pubmed, Scielo, Lilacs,
and Google Scholar databases, published until 23/
12/2021. The elements that focus on this review
included children, acute respiratory infections,
solid cooking fuels/biomass and smoking.

Selection Criteria

Eligible studies must measure the association
of environmental risk factors with respiratory in-
fections in children under five years, including risk
factors of cooking fuel and family members smok-
ing. Articles have been published in the last ten
years from peer-reviewed journals.

Exclusion Criteria Review

Literature reviews, and articles other than En-
glish or Indonesian (author’s language proficiency)
were excluded from the systematic review.

Synthesis Analysis

Data were categorised by country name, the
number of children under five years studied, data
design, analytical method, and odds ratio (95% CI)
of biomass cooking fuel and family smoking.

Two independent researchers conducted a lit-
erature search and article selection process. Dif-
ferences were discussed with the third and fourth
investigators until consensus was reached. Data
extraction and synthesis were carried out between
December 2021 and January 2022.

RESULTS  AND  DISCUSSION

A total of 2,482 articles were identified in the
systematic search. After excluding duplicates and
screening of titles and abstracts, 137 articles were
eligible for full-text reading. A total of 17 articles
were selected for review after eliminating some ar-
ticles that did not include environmental risk fac-
tors, cooking fuels, and smoking family members,
as well as studies in children not in developing
countries (Fig.1).
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All selected articles (Table 1) were published
between 2013 and 2021, with the last publication
date of 23rd December 2021. Two studies were con-
ducted in Cameroon (Tazinya et al. 2018; Marius et
al. 2019), two studies in Nigeria (Adesanya and
Chiao 2017; Akinyemi and Morakinyo 2018), two
studies in Afghanistan (Rayhan et al. 2019; Rana
et al. 2019), three studies in Ethiopia (Sanbata et al.
2014; Admasie et al. 2018; Addisu et al. 2021), four
studies in India (Sharma et al. 2013; Ashwani and
Kalosona 2016; Mondal and Paul 2020; Mandal et
al. 2020), and one study each was in Zambia (Mu-
lambya et al. 2020), Bangladesh (Hasan et al. 2019),
Nepal (Acharya et al. 2015) and Brazil (Cardoso et
al. 2013). All studies applies logistic regression to
estimate the magnitude of risk, except for one study
that uses the Poisson regression model (Rana et
al. 2019).

Of the 17 research articles reviewed; as many
as 7 studies using primary data (direct data collec-
tion) on children. The range of the number of re-
spondents is 101-512 children, the research design
is cross sectional (4 studies), and case controls (3
studies). A total of 10 other studies used second-
ary data, namely Demographic and Health (DHS)

data; 6, National Family Health Survey (NFHS); 3,
and the Urban Health Survey; 1. The range of risk
factors for cooking fuel biomass Odds Ratio (95%
CI) is 1.10 (1.01–1.20) to 4.348 (1.632, 11.580), while
the risk factor for smoking family members is 1.06
(1.00–1.12) to 3.58 (1.45-8.84).

The risk factor for biomass cooking fuel with
the highest odds ratio (95% CI) (4,348; 95% CI:
1,632, 11,580) was found in the study of Addisu et
al. (2021). This study involved 265 Ethiopian chil-
dren under five, with 67.5 percent living in house-
holds that use biomass fuel. Meanwhile, the risk
factor for family members smoking with the high-
est odds ratio (95% CI) (3.58; 95% Cl: 1.45–8.84)
was found in the study of Tazinya et al. (2018).
This study involved 512 Cameroonian toddlers,
with 83.78 percent living in households where family
members smoke.

The risk factor for biomass cooking fuel has a
higher Odds Ratio than the risk factor for smoking
family members in all studies, except in the study
of Admasie et al. (2018), namely biomass cooking
fuel with 2.09 (1.29-3.39), family members smoke
with 3.08 (1.32-7.18), and research Mandal et al.
(2020) biomass cooking fuel with 1.03 (0.86-1.08),
and smoking family members with 1.42 (1.18-1.70).

Fig. 1. Retrieval flowchart and selection of articles
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Based on the findings of this study, there is a
strong relationship between biomass fuel and smok-
ing family members on the prevalence of ARI in
children under five. Combustion of biomass and
cigarette smoke can cause high particulates in the
room’s air where toddlers live. Research shows a
significantly higher concentration of particulates
among households using biomass fuels (Addisu
et al. 2021). Studies in India show that biomass
fuels result in higher indoor particulate concentra-
tions than clean fuels (Balakrishnan et al. 2014).
Meanwhile, research in Sri Lanka showed that houses
using biomass fuel for cooking had higher concentra-
tions of PM (p < 0.001) compared to homes using LPG
and electricity (Ranathunga et al. 2019). Biomass fuel
has a low combustion rate but causes significant emis-
sions of air pollution that is detrimental to health
(Sanbata et al. 2014).

Households in developing countries often
choose solid fuels such as wood, crop residues,
and charcoal compared to developed countries that
use clean fuels (Toole 2015). Biomass fuel is used
to meet the energy needs of households in sub-
Saharan Africa as much as seventy-seven percent,
as this fuel is used primarily for cooking and household
heating (Fakunle et al. 2017).

Exposure to biomass fuels is associated with
many respiratory tract diseases such as acute res-
piratory infections, chronic obstructive pulmonary
disease, lung cancer, pulmonary tuberculosis, and
asthma (Prasad et al. 2012). Exposure to biomass
smoke from traditional stoves is one of the factors
causing acute respiratory infections in young chil-
dren (Admasie et al. 2018). Acute respiratory infec-
tions are the most common cause of illness and
death in children under five, with 2 million deaths
worldwide (Ranathunga et al. 2019). In developing
countries, exposure to burning biomass fuels has
increased the incidence of acute respiratory infec-
tions in children under five years of age (Balakrishnan
et al. 2014).

Research conducted in southern Ethiopia
shows that sixty-six percent of households de-
pend on biomass fuels in the form of charcoal,
firewood and kerosene (Admasie et al. 2018). Re-
search results from the Ethiopian Demographic and
Health Survey found that ninety-three percent of
households in Ethiopia use some solid fuel for
cooking with wood (EDHS 2016). The high use of
biomass may be an implication of its ease of avail-
ability and lower costs compared to cleaner fuels

(Buba et al. 2017). Large households prefer cheap-
er fuels than clean fuels, which are rarely afford-
able for their household energy sources (Soltani et
al. 2019).

Exposure to cigarette smoke and cigarette
smoke is very harmful to human health. Tobacco
smoke contains more than 7000 chemical compo-
nents, among which several are toxic, such as al-
dehydes nitrides that irritate the respiratory tract,
nicotine that causes tobacco addiction, benz-
pyrene, arsenic and cadmium have a carcinogenic
effect, and nitric oxide reduces oxygen transport
by erythrocytes (Jiang et al. 2020).

Harmful substances in cigarette smoke can fa-
cilitate the invasion of pathogenic organisms and
increase susceptibility to infection by disrupting
the structure and function of the respiratory tract,
oral environment, and digestive tract (Jiang et al.
2020). The epithelium of the respiratory tract is the
first line of defence against inhaled pollutants and
pathogens. Cigarette smoke can directly damage
the airway epithelial barrier, damage ciliated cells,
goblet cells, basal cells, and sub-mucosal secreto-
ry glands (Aghapour et al. 2018). Toxic substances
in cigarette smoke can interfere with causing mu-
cus hyper-secretion (Maestrelli et al. 2001). Ciga-
rette smoke interferes with the metabolism of hu-
man respiratory basal tract stem cells (Deeb et al.
2016), impairing the integrity of the airway epithe-
lium, especially by impaired cell-to-cell contact
(Heijink et al. 2012).

Reactive Oxygen Species (ROS) in cigarette
smoke interferes with mitochondrial function in air-
way epithelial cells by decreasing the ability of
mitochondria to synthesise ATP. Mitochondrial
dysfunction causes cellular necrosis and progres-
sive inflammation in the lung, promoting tissue
remodelling and susceptibility to infection (Lerner
et al. 2016; Zhang et al. 2017). Free radicals in large
quantities in cigarette smoke can damage the in-
tegrity of the respiratory tract and alveolar epithe-
lial cells, thereby increasing the likelihood of infec-
tion. Lee et al. (2010) found that rats exposed to
cigarette smoke had faster influenza virus prolifer-
ation and higher viral loads. Smoking in the mother
can cause fatigue of foetal respiratory movements
in the womb, interfere with foetal respiratory func-
tion, and decrease respiratory defence function
(Jiang et al. 2020). The fact that smoking impairs
the natural protective mechanisms of the respira-
tory tract makes it easier for pathogens to over-
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come first-line defence of the respiratory system
(Valencia-Gattas et al. 2016). Anti-smoking cam-
paigns are needed to help make people aware of
the dangers of cigarette smoke for health, especially
for children (Tazinya et al. 2018).

The risk factor for biomass cooking fuel has a
higher Odds Ratio than the risk factor for smoking
family members (Table 1), so this shows that the
risk factor for biomass cooking fuel plays a more
important role in causing ARI in toddlers. Accord-
ing to Addisu et al. (2021), the concentration of
particulates the highest percentage is found in
households using biomass fuel. When compared
with particulates from cigarette smoke, the possi-
bility is less so that the effect of using biomass as
a cooking fuel is more significant.

 CONCLUSION

Risk factors for using biomass fuel for cooking
and family members smoking tobacco are determi-
nants of ARI in children under five years of age in
developing countries. The risk factor of using bio-
mass fuel for cooking has a higher probability of
causing ARI than the factor of family members
smoking tobacco.

RECOMMENDATIONS

Particular attention should be paid to children
in developing countries so that parents keep their
children away from cooking fuel fumes and do not
smoke indoors. The government should pursue
effective strategies to increase access to clean fuels
to reduce exposure to indoor air pollution.

LIMITATIONS

The limitation of this study is the variation in
the number of children under five in each study.
Studies with primary data only amounted to hun-
dreds. Still, research with secondary data, the num-
ber of under-fives studied amounted to tens of
thousands, thus affecting the validity of the re-
sults of each study. In addition, the sampling meth-
od of the analysis was not all case-control, making
it impossible to make a critical assessment of the
risk of bias using the Newcastle Ottawa Scale
(NOS).
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