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Abstract. Aim: This study aimed to analyze the association between
secondhand smoke exposure (ShSE) and the incidence of stunting in toddlers.
Methods: A case-control study was conducted in June 2021 at Suranenggala
Community Health Center, Cirebon, West Java, Indonesia. A total of 30 sub-
jects for cases and 30 subjects for controls were recruited. The case was stunted
toddlers and control was non-stunted toddlers. Stunting status was based on
WHO Child Growth Standards median. A validated questionnaire was used in
this study determining child characteristics, maternal and ShSE factors. A chi-
square test was performed in bivariate analysis.

Results: Most of the subjects were 13-24 months (86.67%). Parental smoking
was prevalent in both case (80.0%) and control (90.0%). Smoking exposure was
predominantly more than 2 hours a day (73.33%) and inside home (83.84%).
There was association between age of children and stunting (OR 7.429, 95%CI
2.078-26.550, p 0.002). There was association between duration of exposure
and stunting as well (OR 3.596, 95%CI 1.216-10.638, p 0.018).

Conclusions: Toddlers with ShSE duration >2 hours a day have an increased
3.5 times the risk of stunting.
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1 Introduction

Child health is one of The priority program of The Indonesia government in sustain-
able development goals (SDGs). It is stated that at the year of 2030, the goal of devel-
opment is the termination of malnutrition problem, including decreasing stunting and
wasting. Stunting is chronic malnutrition among children identified as stunted body.
The identification of stunting is based on the measurement of anthropometric status
using World Health Organization-Multicentre Growth Reference Study (WHO-
MGRS). [1,2]
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Recently, stunting is one of nutritional problem in children worldwide. Based on
WHO reports, Indonesia has ranked third position with high prevalence of stunting in
South East Asia Region. In the year of 2020, it was reported that the prevalence of
stunting in Cirebon Regency (a regency in West Java, Indonesia) was 24.49% and
Cirebon Regency has been listed into 100 regencies/cities with priority for national
stunting program. Known risk factors for stunting encompass child characteristic,
maternal factors, child care, quality of health care and environment. It is still limited
studies evaluating the association between exposure of cigarette smoking and stunt-
ing. [3,4,5]

Indonesian Ministry of Health reported that 85.4% smokers are active smokers
in the house with other member of family living together and there was at least one
smoker in more than half of family. Child bears the burden of secondhand smoke
exposure (ShSE) which smoking exposure leads to health problem for children. [6]
This study aimed to measure the association between smoking exposure and stunting
in Cirebon Regency.

2 Methods

2.1  Study design and study sample

This analytical study was using case-control study. It was held in Suranenggala
Community Health Center, Suranenggala District, Cirebon Regency, West Java, In-
donesia. This study was conducted from May until June 2021.

The population in the study was toddlers (under 2 years old children) in Suraneng-
gala District. The determination of sample size was based on the sample calculation
formula for case-control study. There were 30 subjects for cases and 30 subjects for
controls as well.

The cases were toddlers living in Suranenggala District, stunting and having
documented and complete Buku Kontrol Ibu dan Balita (book owned by every mother
and child containing maternal condition during and after pregnancy and child's pro-
gression regarding the profile of growth and development, nutritional status and im-
munization history). The controls were toddlers living in Suranenggala District, non-
stunting and having documented and complete Buku Kontrol Ibu dan Balita. The
stunting status was defined as more than two standard deviations below the WHO
Child Growth Standards median. The evaluation of stunting status was measured
during this study. The exclusion criteria were toddlers with congenital disor-
der/disease and toddlers attending Suranenggala Community Health Center for medi-
cation of illness, like tuberculosis.

2.2 Study tool

A validated questionnaire was used in this study. The questionnaire contained
items determining child characteristics, maternal factors and ShSE factors. Child
characteristics consisted of age, gender and immunization status. Subjects' age was
divided into two categories, 6-12 months and 13-24 months. The immunization status
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was based on data in Buku Kontrol Ibu dan Balita and was categorized into 'complete’
if subjects had received all primary immunizations (in accordance with subjects' age)
and 'incomplete' if subjects had not received one or more than one primary immuniza-
tion (in accordance with subjects' age). Maternal factors encompassed maternal age
during pregnancy, level of education, body height, status of chronic energy deficiency
(CED), history of anemia during pregnancy and family income. The maternal age
during pregnancy was categorized into 'not at risk' (between 20-30 years old) and 'at-
risk' (less than 20 years old or more than 30 years old). Maternal level of education
was based on the highest level of formal education that the subjects had received.
Maternal body height was divided into >150 cm and <150 c¢cm. Status of CED in this
study was determined by maternal mid upper arm circumference (MUAC) measure-
ment. The CED was defined if MUAC <23.5 cm. History of anemia during pregnancy
was based on data in Buku Kontrol Ibu dan Balita. Anemia in this study was defined
as hemoglobin level under 11 g/dL. Family income was categorized as 'low income' if
the monthly income was <2 million rupiah and 'above standard' if the monthly income
was >2 million rupiah. The ShSE factors in this study were parental smoking status,
duration of Secondhand smoke exposure. Parental smoking status was based on the
history of smoking. Smoking was defined as current smoking. Duration of exposure
was divided into '<2 hours a day' and ">2 hours a day'. Source of exposure was catego-
rized into 'home' and 'public place'. The type of cigarettes was documented in this
study as well.

2.3 Statistical analysis

Bivariate analysis was performed using chi-square test with a=0.05 and 95% con-
fidence interval (CI). Variables with p value <0.005 was considered statistically sig-
nificant. Statistical analysis was performed using IBM SPSS Statistics 23.0 (IBM
Corp., Armonk, NY, USA).
2.4  Ethical consideration

This study was approved by the Medical Research Ethics Committee at the Faculty

of Medicine, Universitas Swadaya Gunung Jati, Cirebon, West Java, Indonesia (regis-
tration no. 12/EC/FKUGJ/X1/2020).

3 Results and Discussion
3.1 Results
Characteristics of subjects

Table 1. Characteristics of subjects in this study

Variabel Case Control
n(%) n(%)
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Child characteristics

Gender

Male 19 (63.33) 18 (60.00)
Female 11 (36.67) 12 (40.00)
Age of children

6-12 months 4 (13.34) 16 (53.33)
13-24 months 26 (86.66) 14 (46.67)
Status of immunization

Complete 10 (33.33) 12 (40.00)
Incomplete 20 (66.67) 18 (60.00)
Maternal factors

Maternal age during pregnancy

Not at risk 22 (73.33) 23 (76.67)
At risk 8(26.67) 7 (23.33)
Maternal level of education

Elementary school 9 (30.00) 7 (24.13)
High school 20 (66.67) 22 (75.86)
Graduate or post-graduate study 1(3.33) 0(0)
Status of CED

Yes 8 (26.67) 2 (6.67)
No 22 (73.33) 28 (93.33)
Maternal body height

>150cm 14 (46.67) 11 (36.67)
<150cm 16 (53.33) 19 (63.33)
History of anemia during pregnancy

No 24 (80.00) 20 (66.67)
Yes 6 (20.00) 10 (33.33)
Family income

Low income 17 (56.67) 14 (46.67)
Above-standard income 13 (43.33) 16 (53.33)

Abbrevation: CED —ehronic energy deficiency
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Based on the table 1, male was predominant in both case (63.33%) and control
(60.00%). Subjects with age of 13-24 months were frequent (86.67%). More than half
of subjects in both case (66.67%) and control (60.00%) were incompletely vaccinated.

Maternal age during pregnancy at risk was identified in 26.67% of case and
23.33% of control. Status of maternal CED was identified in 26.67% case and 6.67%
control. Maternal body height less than 150 cm was found in 53.33% case and
63.33% control. Anemia during pregnancy was detected in 20.00% case and 33.33%
control.

Table 2. The profile of secondhand smoke exposure

Variabel Case Control
n(%) n(%)

Parental smoking
Yes 24 (80.00) 27 (90.00)
No 6 (20.00) 3 (10.00)
Duration of exposure
<2 hours a day 8 (26.67) 17 (56.67)
> 2 hours a day 22 (73.33) 13 (43.33)
Source of exposure
Home 25 (83.34) 24 (80.00)
Public places 5 (16.66) 6 (20.00)
Type of cigarettes
Kretek cigarette 10 (33.34) 9 (30.0)
Filter cigarette 11 (36.67) 14 (46.67)
Kretek and filter cigarette 3(10.0) 4(13.33)
Electric cigarette 6 (20.00) 3 (10.00)

Secondhand smoke exposure was shown at Table 2. Parental smoking was identified
in 80.0% case and 90.0% control. Duration of ShSE >2 hour a day was predominant
(73.33%) in case. More than 80% of subjects got ShSE from home in both case and
control. Type of cigarettes among case was filter cigarette (36,37 %), kretek cigarette
(33.34%) and both filter-kretek cigarette (10 %), respectively.

The association between variables and stunting

The association between some variables and stunting is available at Table 3. There
were two variables associated with stunting in this study. Age of children was
associated with stunting (OR 7.429, 95%CI 2.078-26.550, p 0.002). Duration of
exposure was associated with stunting as well (OR 3.596, 95% CI 1.216-10.638, p
0.018).
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Table 3. The association between variables and stunting

143

Variable p value OR (95% CI)
Child characteristics
Gender
Male 0.5 0.87
Female (0.306-2.461)
Age of children
6-12 Months 0.002 7.43
13-24 Months (2.078-26.55)
Status of immunization
Complete 0.395 1.33
Incomplete (0.465-3.823)
Maternal factors
Maternal age during pregnancy
Not at risk 0.5 1.19
At risk (0.371-3.852)
Maternal level of education
Elementary school 0.68 NA
High school
Graduate or post-graduate study
Status of CED
Yes 0.065 4.455
No (0.840-23.610)
Maternal body height
>150cm 0.15 0.5
<150cm (0.18-1.422)
History of anemia during pregnancy
No 0.191 0.5

Yes

(0.155-1.616)
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Family income

Low-income 0.303 0.609
Above-standard income (0.242-1.852)
ShSE

Parental smoking

Yes 0.236 2.25

No (0.507-9.993)
Duration of exposure

<2 hours a day 0.018 3.596

= 2 hours a day (1.216-10.638)
Source of exposure

Home 0.50 0.80
Public places (0.215-2.972)
Type of cigarettes

Kretek cigarette 0.60 NA

Filter cigarette
Kretek and filter cigarette

Electric cigarette

3.2 Discussion

3.2.1 Characteristics of children and mother related to stunting

Child characteristics, including gender, age, and immunization status, may influ-
ence the incidence of stunting. In this study, gender was not associated with stunting.
This finding is in accordance with study by Rahayu (2020). This result may be associ-
ated with no significant difference on growth between under 5-year-old boys and
girls. It implicates that both boys and girls have risk of stunting. [7]

In this study, child with age of 13-24 is associated with increased risk of stunting.
Another study by Sujianti (2021) showed similar result. At such age, children are
active and starting to eat independently. In the condition of parental ignorance about
the importance of clean environment, toddlers become prone to infection. Intake inad-
equacy is other condition to consider among them. Infection and intake inadequacy
may cause malnourished and further stunting. [8,9,10,11]

The Indonesian Ministry of Health formulates maternal age-related risk factor, re-
garding its impact on the process of pregnancy, into 2 categories, those are at-risk and
not at-risk. Based on this category, at-risk pregnancy is defined as maternal age dur-
ing pregnancy <20 years old or >35 years old. Women <20 years old is physiological-
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ly still in growth process. Pregnancy in this age may decelerate this phase and further
deteriorates the growth of both mother and fetus. Women >35 years old indicates the
incompetent physical condition for pregnancy.

This study revealed that maternal age during pregnancy was not associated with
stunting. Study by Stefanus (2021) emphasized similar result as well. The at-risk ma-
ternal age of pregnancy may complicate low birth weight as short-term post-partum
impact. If it is not managed earlier, it may further cause stunting as long-term impact.
In this study, 86% of toddlers were aged 12-59 months. In this study group, it is pos-
sible that low birth weight has been resolved well so that it does not cause long-term
negative impacts such as stunting.

Mother’s height <150 cm is associated with genetic, CED, or chronic infection.
Maternal body height related genetic disorder may cause risk of delayed child growth
and development and further stunting. Studies by Hanum (2019) and Wiwid Andari
(2020) emphasized this. The studies showed that maternal body height is associated
with three-times increased risk for stunting. On the contrary, our study indicated that
maternal body height was not associated with stunting. Similar result was also pro-
nounced by Erfince (2020). This result may be due to the role of CED and/or chronic
infection as predominant risk factors for maternal body height <150cm in this study.
[15,18,19,20,21]

The CED during pregnancy is associated with low birth weight and further stunt-
ing, if it is not treated. The measurement of MUAC was used as screening method for
CED in this study. This study showed that CED was not associated with stunting.
Study by L steenkamp (2016) also revealed similar result. It may be due to the screen-
ing method used in this study. L steenkamp (2016) stated that MUAC was associated
with wasting, not stunting. [22,23]

The economic status, defined by monthly family income in this study, was also
documented in this study. This study indicated that economic status was not associat-
ed with stunting. Study by Hasbiah (21) stated similar finding as well. This research
was conducted in Suranenggala District which is located along the north coast of Java
Island. Most of the population are fishermen where people access protein intake ade-
quately. Further, high family income is not associated with the availability of bal-
anced food. [23,29]

3.2.2 Secondhand smoke exposure and stunting

Parental smoking is a tremendous burden in public health, especially stunting.
Child in the house with parental smoking is identified as secondhand smoker. This
condition facilitates not only the smoke exposure but also the risk of health problem
caused by smoking. This study showed that parental smoking was not statistically
associated with stunting but seemingly it was clinically important (OR 2.25). This
study also revealed that duration of exposure was associated with stunting. A study by
Nadhiroh (2020) stated similar finding. More than 2 hours a day of smoke exposure
had 3.5 times increased risk for stunting in this study. [25]

Study by Astuti (2020) on families with children under five in Surakarta Regency
stated that the source of Secondhand Smoke exposure at home mostly came from
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father’s cigarette smoke. Prolonged exposure to cigarette smoke leads to increased
levels of nicotine in the body. Nicotine can reduce 30-40% of oxygen supply and
interfere with the absorption of nutrients such as calcium, minerals, and vitamin C
that are important for children's height growth. Secondhand Smoke exposure in con-
stant and long term, especially in the first 1000 days of a child's increases the risk of
stunting by 2.04 times. [28]

A study by Shah et al (2019) reported that 79% of children living in households
with only partial or no smoking restrictions., and children living with smokers had
higher nicotine levels of 0.36 ng/mL than those who did not live with smokers. in
vitro and in vivo preclinical studies strongly indicate that nicotine exposure alone can
adversely affect the nervous, respiratory, immune, and cardiovascular systems, partic-
ularly when exposure occurs during critical developmental periods. Nicotine is a wa-
ter-soluble bioactive alkaloid with strong parasympathomimetic properties. Mild
acute nicotine intoxication can cause nausea, vomiting, respiratory symptoms, and
cardiovascular instability, whereas high levels of systemic nicotine can lead to sei-
zures and cardiorespiratory arrest. The severity of nicotine intoxication depends on
dose, duration, frequency of exposure, route of exposure, and formulation. Nicotine
also affects the immune system in children, Secondhand smoke exposure can alter
immune responses by inducing T helper 2 cytokine productionl113 and attenuating
interferon-g responses in children. Children with secondhand smoke exposure had a
higher risk of lower respiratory tract infections. [30,31]

There was a relationship between recurrent respiratory infections and stunting in

children. Recurrent respiratory infections cause inflammatory processes and fever,
which increase nutritional requirements for metabolism, and the child experiences a
decrease in appetite. If this condition is not treated properly, the body will experience
continuous nutritional deficiencies and child becoming stunted. [28]
This study found that source of smoking exposure was mostly from home. It indicated
that the awareness of parents concerning the risk of ShSE was still lacking. It is high-
ly needed to advocate the government to regulate free-smoking area not only in public
place, but also at home.

4 Conclusions

Toddlers with ShSE duration >2 hours a day increased 3.5 times the risk of stunt-
ing. It is urged to increase the awareness of the SsHE risk through parental engage-
ment and government regulation for smoking area restriction in both public place and
home.
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