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Abstract

Background: Pneumonia remains a health concern that is the most significant contributor to
the mortality of children under five years old in the world. The environment and immunization
history, exclusive breastfeeding, and nutritional status become risk factors for children's
pneumonia. This study aimed to analyze the risk factors for pneumonia in infants in the slum
and non-slum areas of Palembang City. Methods: This study used a case-control study design.
This population study was all children under five years old who lived in the slum and non-slum
Areas of Palembang City. The sample in this study was 84 samples with a ratio of 1:1. Analysis
data used univariate and bivariate with chi-square. Results: This study found that in slums
showed 5 independent variables related to the incidence of pneumonia in children under five
years old, those variables were immunization status (OR=5.2; Cl 95%= 1.367-19.774), exclusive
breastfeeding (OR= 5.667; Cl 95%= 1.411-22.761), humidity (OR= 7.125; CI 95%= 1.309-
38.771), ventilation area (OR=5.2; Cl 95%= 1.367-19.774) and occupancy density (OR=6,9; ClI
95%= 1,702-28,026). Whereas in the slums areas, there was a relationship between exclusive
breastfeeding (OR= 8; Cl 95%= 1.790-35.774), nutritional status(OR= 5.67; Cl 95%= 1.411-
22.761), humidity (OR= 6.9; Cl 95%= 1.702-28.026), and exposure to cigarette smoke (OR=
5.4; Cl 95%= 1.226-24.261) with the case of pneumonia in children under five years old.
Conclusion: Exclusive breastfeeding and humidity are risk factors for pneumonia in children
under five years old in the slum and non-slum areas of Palembang City.
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1. Introduction

Pneumonia remains a significant health problem in the whole world among children under
five years old. Pneumonia has killed more children than any other infectious disease, claiming
the lives of over 800,000 children under five every year, or around 2,200 every day [1]. World
Health Organization (WHO) reported that pneumonia is a forgotten disease of children due to
a lack of intention. Pneumonia is the most significant cause of death in children under the age
of five. Pneumonia is a disease that is still a problem in various countries, especially developing
countries, including Indonesia, and the leading cause of death among children under five years
aged [2-3].

In 2017, nationally, the estimated pneumonia cases were 3.55%. In 2017, the estimated
percentage of pneumonia cases in children under five in South Sumatra was 3.61%. In 2017,
there were 5,783 pneumonia cases in Palembang City, with the pneumonia coverage rate
found and treated rising to 91.02% [4]. Palembang City consists of 18 Districts [5,6]. Based on
Palembang Mayor Decree No. 488, in 2014, there are 59 slum areas spread across 13 sub-
districts in Palembang. One of the slums is Seberang Ulu | District. In 2017, in Seberang Ulu
I, 517 cases of pneumonia in infants were found and treated with 12,756 children (4%). Based
on Palembang Mayor Decree No. 488 of 2014, Sematang Borang District is one of the sub-
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districts in Palembang City that is not included as a slum area. Sematang Borang, a slum area,
has 3,875 children with 155 cases of pneumonia in toddlers found and treated (4%).

Environmental factors, primarily house physical conditions such as humidity, ventilation,
smoke exposure, and density, will influence respiratory tract health problems. Those poor
conditions will affect the existence of agents of pneumonia. Therefore people having poor
physical house conditions will be a vulnerable population [7]. A slum environment can escalate
respiratory health problems caused by limited housing eligibility [8]. The atmosphere inside
and outside the house is also a risk factor that children have a high case of pneumonia due to
the unhealthy home environment conditions. A run-down home environment is where viruses
or bacteria are nested, so bacteria and viruses can develop [9]. There are environmental
differences between slums and not slums but have the same prevalence value [9]. So it is
necessary to analyze pneumonia in children under five in slums and non-slums in Palembang.

Besides environmental factors, some studies found that nutritional status, immunization
history, exclusive breastfeeding were also significantly associated with pneumonia among
children [10]. This study would compare pneumonia risk factors in a slum and non-slum area
among children under five years old.

2. Method

This study was an observational study using a case-control approach. This study was
conducted on March-May 2019 in Palembang, one of the big cities in South Sumatra,
Indonesia. There were two areas to compare. Major city decisions referred to slum area
determination, then non-slums were determined by the high prevalence of Pneumonia cases
in the area. The number of samples was 42 samples for each slum area and non-slum area,
consisting of 21 case samples and 21 control samples in a 1:1. All of the total numbers of
samples were 84 samples. Case data were obtained from the public health center in areas 1,
4, 7 Ulu, and Sematang Borang. The technique of sampling used simple random sampling for
cases data obtained from the public health center. Then, control data were neighbors of cases.
The independent variables studied consisted of immunization status, exclusive breastfeeding,
nutritional status, humidity, ventilation area, occupancy density, exposure to cigarette smoke,
household income, and maternal education. Data were collected by interviewing and
measuring the physical environment of the house.

Immunization status was measured to analyze whether the children had completed
primary immunization. It was proven by seeing their "Kartu Menuju Sehat" or toddler health
monitoring card: this card record immunization history and nutritional status. Then exclusive
breastfeeding was measured by interviewing the mother by asking whether the children only
consume breastmilk until six months old. The research also used the toddler health monitoring
card to see a nutritional status. House humidity was measured using a hygrometer at all rooms
in each house. To categorize this variable, the researcher used the Indonesia Ministry of
Health standard [11]. Humidity was inadequate if it was under 40%. Other variables, such as
household income and mother education, were obtained through interviews using a structured
guestionnaire. The researcher used chi-square to analyze the data.

3. Results and Discussion
3.1. Results
Demographic characteristics consisted of immunization status, exclusive breastfeeding,
nutritional status, house humidity, house ventilation, occupancy density, smoke exposure,
household income, and mother-level education. In the slum area, the immunization status
was deprived (57.14%), there were more who did not give exclusive breastfeeding (61.90%).
The nutritional status of children under five who have well nutritional status was 76.19%. The
humidity (73.81%) and ventilation (57.14%) of the house in this area have met the standard.
Occupancy density in slum areas was more houses that did not meet the standard for
occupancy density (59.52%). Children under five years old in slum areas were also more
exposed to cigarettes at home (73.81%). Household income in this area was also less than
the standard (76.19%). Mother's education was the same between those with high and low
education. More details can be seen in Table 1.
In the non-slum area, the immunization status was poor (52.38%). There were more who
gave exclusive breastfeeding (64.29%). The nutritional status of children under five who have
a well nutritional status was relatively less than in the slum areas (61.90%). The humidity
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(59.52%) and the house's ventilation (71.43%) were more where the house met the
standards. The density of occupancy in non-slum areas had more houses that met the
requirements of occupancy density (71.43%). Children under five years old in this area were
also more exposed to smoking at home (69.05%). Household income in this area was also
higher than the standard (69.05%). The education of mothers in this area was also more
highly educated. More details can be seen in Table 1.

Table 1. Demographic Characteristic

Variables Slum Non-slum
Poor Good Poor Good
n % n % n % n %
Immunization status 24 57.14 18 4286 22 5238 20 47.6
Exclusive breastfeeding 26 61.90 16 38.10 15 3571 27 64.29
Nutritional status 10 23.81 32 7619 16 38.10 26 61.90
House humidity 11 26.19 31 7381 17 4048 25 59.52
House ventilation 18 42.86 24 5714 12 2857 30 71.43
Occupancy density 25  59.52 17 4048 12 2857 30 71.43
Smoke exposure 31 73.81 11 26.19 13 3095 29 69.05
Household income 32 76.19 10 23.8 13 3095 29 69.05
Mother education level 21 50.00 21 5000 7 16.67 35 8333

Based on Table 2, immunization status (OR=5.2; Cl 95%= 1.37-19.77; p<0.05) exclusive
breastfeeding (OR=5.67; Cl 95%= 1.41-22.76; p<0.05), house humidity (OR= 7.12; Cl 95%=
1.31-38.77; p<0.05), house ventilation (OR= 5.2; Cl 95%= 1.37-19.77; p<0.05), occupancy
density (OR= 6.9; Cl 95%= 1.70-28.03; p<0.05), and smoke exposure (OR= 2.12; Cl 95%=
0.51-8.77; p<0.05) significantly had a relationship in slumareas. Meanwhile, exlusive
breastfeeding (OR= 8.00; Cl 95%= 1.79 - 35.77; p<0.05), nutritional status (OR= 5.67; ClI
95%= 1.41- 22.76; p<0.05), house humidity (OR= 6.9; Cl 95%= 1.70-28.03; p<0.05), and
smoke exposure (OR= 5.45; Cl 95%= 1.23-24.26; p<0.05) significantly had a relationship in
non-slum areas.

Table 2. Bivariate Analysis Research

Variables Slum Non-Slum
P-value OR (CI 95%) P-value OR (Cl 95%)
Immunization status 0.03 5.2 (1.37-19.77) 1.00 1.00 (0.29-3.36)
Exclusive breastfeeding 0.03 5.67 (1.41-22.76) 0.01 8.00 (1.79 - 35.77)
Nutritional status 0.07 5.85 (1.06-32.08) 0.03 5.67 (1.41- 22.76)
House humidity 0.03 7.12 (1.31-38.77) 0.01 6.90 (1.70-28.03)
House ventilation 0.03 5.20 (1.37-19.77) 1.00 1.00 (0.26-3.81)
Occupancy density 0.01 6.90 (1.70-28.03) 0.09 4.50 (1.01-20.11)
Smoke exposure 0.48 2.12 (0.51-8.77) 0.04 5.45 (1.23-24.26)
Household income 1.00 1.00 (0.24-4.14) 1.00 1.25 (0.34-4.64)
Mother education level 0.53 0.56 (0.17-1.91) 0.40 0.34 (0.06-1.98)

OR= Odds ratio, Cl= Confident Interval

3.2.Discussion

Socio-demographic variables are shown by immunization status, exclusive
breastfeeding, nutritional status, house humidity, house ventilation, occupancy density,
cigarette exposure, household income, and mother's education level. The researcher can
compare both of those areas. Among the nine variables studied, the distribution frequency of
variables immunization status between those areas was not significantly different. The result
is shown in Table 1. Immunization status in slums was worse than in non-slum as many as
5%. Slum-dwellers also had less ratio of exclusive breastfeeding. The difference was around
26%. On the contrary, slum children had a ratio with a functional nutritional status higher than
non-slum children.

The physical environment between both areas was also measured by variables of house
humidity and adequate house ventilation. Slums had a higher distribution frequency of
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standard house humidity. On the contrary, house ventilation in the non-slum was more
appropriate than in a slum. Slum-dwellers were more crowded than non-slum. As the
researcher can see, the difference in occupancy density was more than 30%. People living
in the slum area had low income, have more frequent to be exposed to smoke. Mother
education was also observed in this study. Mothers in the slum area had a lower education
level than non-slum.

Immunization is a specific prevention strategy. One way to prevent pneumonia can be
conducted by increasing primary vaccination for children under five, especially DPT and
Measles [12]. Pneumonia will be easier to attack toddlers who have not gotten an
immunization, especially measles immunization [13]. Therefore, one of the efforts to reduce
the high mortality rate in children under five due to pneumonia is to give measles
immunization [14]. This study found a relationship of immunization status with Pneumonia
incidence in children aged 0-59 months in the slum areas of Palembang City, where the p-
value was 0.029; whereas, for toddlers in the slum areas of Palembang City, the p-value was
1,000, which indicated that there was no relationship between complete immunization and
the incidence of pneumonia in children under five. Statistically, data variance in non-slum
areas was the same where most children under five have received full immunization. This
study's results are in line with previous research, which found a significant relationship
between immunization status and pneumonia cases in children under five. This study's
results were also comparable to the previous study, which explained that under-five who did
not receive complete immunization had a 3.2 times greater risk of developing pneumonia than
under-five who received full immunization [15].

The composition of breast milk is ideal because it is a perfect blend of protein, vitamins,
and fats that all babies need to continue to grow and develop [16]. Besides nutrients, breast
milk also contains substances that function as the body's defense system against various
diseases. Therefore, the most appropriate preventive effort to prevent toddlers from
pneumonia is exclusive breastfeeding [17]. Exclusive breastfeeding for infants aged 0-6
months, in particular, possibly obviates from diseases of the respiratory and digestive
systems since substances found in colostrum provide direct protection against attacks from
infections, including pneumonia in toddlers [18]. This study found that statistically, there was
a relationship between exclusive breastfeeding and pneumonia among children aged 0-59
months in the slum areas of Palembang City where the p-value was 0.026 with an OR value
of 5.667, which means that children who did not receive exclusive breastfeeding have a risk
of pneumonia. Of 5,667 times compared to toddlers who were exclusively breastfed. Whereas
for toddlers in non-slum areas, the p-value was 0.010, which indicated a relationship between
exclusive breastfeeding and pneumonia among children aged 0-59 months with an OR value
of 8.00, which means that children who do not receive exclusive breastfeeding have a risk of
incidence. Pneumonia by eight times compared to toddlers who were exclusively breastfed.

Nutritional status is vital for children under five, which is essential for forming better
immunity [19]. The state of malnutrition will emerge as an important causative factor for
pneumonia so that children who are malnourished are more susceptible to pneumonia.
Malnutrition caused thinness, weak, and susceptibility to various infectious diseases caused
by epithelial integrity and inflammation. Toddlers with poor nutrition will be more sensitive to
developing pneumonia than children with regular food due to the lack of an immune system
[20]. This study found that there was no relationship between nutritional 0-59 months in the
not slum areas of Palembang City status and the incidence of pneumonia in children aged 0-
59 months, with a p-value of 0.070 and OR 5.846 for the Palembang slum areas. The results
also showed a relationship between nutritional status and cases of pneumonia in toddlers
aged with a p-value of 0.026 with an OR value of 5.667 means that children with low nutritional
status have a risk of pneumonia incidence of 5.667 times compared to toddlers with good
nutritional status. This study result agreed with the research conducted, which proved that
nutritional status was related to the high case of pneumonia in children under five [21]. There
was a relationship between nutritional status and pneumonia in children under five years.

Air humidity is a representation of the water vapor content in the air. The higher the
humidity level, the higher the moisture content in the air. High amounts of humidity can cause
the mucous membrane to become dry so that it is less effective to block microorganisms and
will increase bacterial growth because water vapor becomes a medium for bacteria to survive
in the air and will be easier to attack respiratory infections. Higher humidity will affect the
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replication rate of pathogenic bacteria and protozoa and their survival in the environment [22-
23]. Statistically, the researcher found a relationship between humidity and pneumonia
among toddlers aged 0-59 months in the slum areas of Palembang with a p-value was 0.035
and an OR value of 7.125. Those means that under-fives who live at home with humidity
levels do not meet the requirements of having the risk of pneumonia is 7.1 times than children
under five who live at home with good humidity.

In contrast, the relationship between humidity and the cases of pneumonia in children
aged 0-59 months in the non-slum areas of Palembang City shows that there was a
relationship between humidity and the incidence of pneumonia in children aged 0-59 months.
The result showed the p-value was 0.012 with an OR value of 6.906, which means toddlers
who live in houses with non-fulfilling humidity levels have a risk of pneumonia incidence of
6.9 times compared to toddlers who live in homes with good humidity. This study agrees with
previous research from the previous study with the results of statistical tests, which state a
significant relationship between humidity and the incidence of pneumonia in toddlers [24].
This study's results were also comparable to Sari in the Pati Regency, which explains that
toddlers who live at home with humidity levels that do not meet the requirements had a risk
of 8.7 times compared with children under five who live at home with adequate humidity level.

Based on the standard good ventilation is 10% of the floor area [11]. Suppose the
ventilation area does not meet the requirements, and the ventilation is also not opened
throughout the day. In that case, it will cause air pollution to increase because air pollution
and various microorganisms in the house cannot come out correctly. It can be dangerous for
every occupant of the house who is susceptible to disease, especially in toddlers caused by
these microorganisms [25]. Statistically, there was a relationship between the extent of
ventilation and pneumonia among children aged 0-59 months in the slum areas (p= 0.029;
OR=5.2). Children with poor ventilation have a risk of pneumonia as much as 5.2 as others.

In contrast, the relationship between the area of ventilation and the incidence of
pneumonia in children aged 0-59 months in the not slum areas of Palembang showed that
there was no relationship between the area of ventilation and the case of pneumonia in
children aged 0-59 months where the p-value was 1.0 with an OR value. The results agreed
with previous research conducted by the previous study that toddlers who live in a house with
a ventilation area of less than 10% of the floor area are at risk of suffering from pneumonia
by 5.99 times greater than toddlers who live in homes with a larger ventilation area 10 % floor
area [15It was supported by research that showed a relationship between the state of home
ventilation and the incidence of pneumonia in children under five.

The standard states that one of the criteria for a house with occupancy density meets the
requirements for having a house area of at least 10 m?[11]. The vent's location that does not
meet the needs will cause polluted air not to escape and the air will feel stuffy. Toddlers who
are longer at home with their mothers to breathe more polluted air will be more prone to
respiratory diseases. The researcher found a significant relationship between occupancy
density and the incidence of pneumonia among children aged 0-59 months in the slum areas
of Palembang. Children under five years old who live at home with occupancy density levels
that do not meet the requirements have a risk of pneumonia incidence of 6.9 times compared
to children under five who live at home with good occupancy density. Contrary, the
relationship between occupancy density and the incidence of pneumonia in children aged 0O-
59 months in the not slum areas of Palembang City showed that there was no relationship
between occupancy density and the incidence of pneumonia in children aged 0-59 months
where the p-value was 0.088 with an OR value of 4.5. This result is in line with research,
where there is a relationship between occupancy density and the case of pneumonia in
children under five (p = 0.001) [26]. It can be concluded that children under five who live in
the densely populated house have a risk of 3.98 times the incidence of pneumonia. This
study's results align with previous research, which explains a relationship between the
incidence of pneumonia in children under five and home occupancy density [27]. This study
said that children under five who live in densely populated houses have a risk of 3.143 times
to suffer pneumonia compared to toddlers living in less congested houses.

Cigarettes are hazardous and poisonous; cigarette smoke contains thousands of toxic
chemicals and carcinogens. The harmful ingredients in cigarettes harm active smokers and
endanger those around them, called passive smokers. Smokers' side smoke has a higher
concentration because it does not go through a good filtering process. Thus passive smoking
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has a higher risk of suffering from health problems [28]. Cigarettes contain Polycyclic
Aromatic Hydrocarbons (PAHS), which are harmful to human health due to burning tobacco
products, usually in tobacco smoke (ETS). Cigarette smoke contains toxic and carcinogenic
substances and can cause airway irritation by sulfur dioxide, ammonia, and formaldehyde
[29]. The statistical test results showed no relationship between cigarette smoke exposure
and the cases of pneumonia in children aged 0-59 months in the slum areas of Palembang
City, where the p-value was 0.483 with an OR value of 2.125.

Meanwhile, exposure to cigarette smoke and pneumonia among children aged 0-59
months in the not slum areas obtained a p-value of 0.045, and those meant a relationship
between exposure to cigarette smoke and pneumonia with an OR value of 5.455, which
meant that toddlers who were exposed to cigarette smoke had a p-value of 0.045. the risk of
pneumonia incidence was 5.455 times compared to toddlers who were not exposed to
cigarette smoke. This study's results were in line with research, which explained that toddlers
who lived at home with family members who smoked in the house had a 1.269 times chance
of suffering from pneumonia compared to toddlers who live at home who did not smoke at
home [16]. This research was also confirmed by research stating that toddlers who live
indoors with exposure to cigarette smoke have a 4.96 times greater risk of developing
pneumonia than toddlers without exposure to cigarette smoke [18]. According to research,
children who live with family members who smoke have a 6.37 times higher risk of developing
pneumonia than those with non-smoking family members. In contrast to the slum areas, there
was no significant relationship between cigarette smoke exposure and pneumonia incidence
in children under five [30].

Conclusion

Immunization status, exclusive breastfeeding, house humidity, house ventilation, and
occupancy density are risk factors of pneumonia in slums areas. Then, exclusive
breastfeeding, national status, house humidity, and smoke exposure are the risk factors of
pneumonia in Non-slums areas. Exclusive breastfeeding and house humidity are risk factors
for pneumonia in children under five in slum and non-slum areas of Palembang City.
Suggestions for the community are to provide education to the surrounding community about
the need to implement a healthy lifestyle every day to prevent pneumonia in children under
five years old by always opening windows in the morning to evening so that sunlight can enter
and air circulation occurs so that the quality of air humidity in the room does not increase and
adequate lighting in the room. Provide education about the dangers of cigarette smoke on
health, especially for toddlers, so that the surrounding community is better off not smoking
inside or outside the house.
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