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Introduction

Acute Respiratory Infection (ARI) is an acute infectious 
disease that attacks the upper respiratory tract and lower 
respiratory tract. ARI can cause mild symptoms such as 
coughing and runny nose, moderate symptoms such as 
shortness of breath and severe symptoms. ARI is severe 
if it attacks the lower respiratory tract, affecting lung tis-
sue and can cause pneumonia. Pneumonia diagnosis is 
made by looking at clinical symptoms, namely the pres-
ence of fast breathing which is characterized by a respi-
ratory frequency of 60 times or more/minute (for 
toddlers <2 months), 50 times or more/minute (for tod-
dlers 2 months-<1 year) 40 times or more/ minutes (for 
toddlers 1-<5  years), or a strong inward pull on the 
lower chest wall.1 Pneumonia is a major cause of mor-
bidity and mortality from infectious diseases globally, 
leading to 740 180 deaths among children under 5 years 
old in 2019.2 Most cases of death from respiratory 

infections are related to acute lower respiratory tract 
infections. However, upper respiratory infections, espe-
cially in children, are the most prevalent.3 Acute 
Respiratory Infection is one of the main causes of con-
sultation or hospitalization in healthcare facilities, espe-
cially in child care.4

The prevalence of pneumonia among toddlers in 
Indonesia is 2.1%.5 In 2020, South Kalimantan recorded 
1.8%, while Banjar district had a prevalence of 0.9% 
with the highest cases of toddler pneumonia deaths in 
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Introduction. The pneumonia pattern in young children may vary across different catchment areas. Therefore, this 
study aims to analyze the predictive factors for toddlers with an Acute Respiratory Infection (ARI) developing 
into pneumonia in the catchment area of Banjar Regency, Indonesia. Methods. A case-control design, with 300 
respondents, consisting of 106 cases and 194 controls. A questionnaire of interviews with mothers/caregivers 
of toddlers. Forty-one indicators data were analyzed using multiple logistic regression with backward stepwise 
regression to arrive at the final model. Results. The predictive factors for toddlers with pneumonia were the child’s 
age (P-value .070), child development (P-value .007), breastfeeding (P-value .051), family income (P-value .026), and 
location of houses along the river (P-value .025). Conclusion. A prediction index for toddler pneumonia has been 
compiled, which can be applied to improve the health of lower middle-class toddlers requiring more government 
attention.
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the province.6 Banjar Regency is a district in the 
Martapura catchment area,7 with a height ranging from 
0 to 1878 m above sea level. The low altitude causes the 
flow of rainwater to be less smooth, therefore, some 
areas are always inundated with water (29.93%) and 
others are periodically inundated with water (0.58%).7 
Since the catchment area collects, stores, and distributes 
water from rainfall to the lake or sea naturally,8 this area 
has the potential for a high level of humidity and water 
flow. The characteristics of Banjar Regency located in a 
catchment area allow a unique pattern of the incidence 
of ARI pneumonia among children under 5 years old.

The condition of Banjar district that contributes to 
the ARI risk factors includes a dense population of 
572 109 people and an increasing number of poor resi-
dents from 15 120 in 2020 to 18 070 in 2021, ranking 
third in South Kalimantan.9 As a catchment area, Banjar 
district has several riverside settlements along the 
Martaputa river, with high humidity levels. During the 
day, the strong sun radiation causes evaporation from 
the river and most houses on the banks of the river use 
wood materials, which conduct moisture quickly due to 
their porous nature. This creates a hot and humid living 
environment along with the direct heat radiation from 
the sun.10 Furthermore, residential areas along the river 
tend to be densely populated and the buildings are unin-
habitable, making ISPA a disease that is often found in 
areas with high density areas with families living at or 
below the poverty line.11,12 High population density 
accelerates the spread of respiratory viruses.13

Risk factors that are broadly related to ARI are demo-
graphic, socioeconomic, environmental, and nutritional 
factors.14 In various countries, the risk factors include the 
characteristics of the child, mother, and father, exposure 
to cooking fuel, cigarettes, exclusive breastfeeding, child 
nutrition, school children, contact with someone who 
coughs, separate kitchen, number of family members, 
construction houses, mosquito coils, types of latrines, 
and sources of drinking water.11,15-21 Research states that 
the risk factor for pneumonia in children under 5 is fam-
ily income, occupancy density, mother’s age, child’s age, 
complimentary food, immunization, cooking fuel, living 
room ventilation, defecation habits, mixed breastfeeding, 
malnutrition, and parental education.22-27

Investigations of risk factors for pneumonia in tod-
dlers have used the case-control method, where toddlers 
without symptoms of ARI/pneumonia serve as con-
trols.22 Meanwhile, other studies used cross-sectional 
methods, this is to ensure that the negative pneumonia 
group comparison is likely to be healthy toddlers or 
those with ARI non-pneumonia.24-27 This makes it nec-
essary to determine the predictors of pneumonia in ARI 
toddlers by using a control and a group of pneumonia 

cases. There is limited information on pneumonia in tod-
dlers under 5 years old in the catchment area community. 
Therefore, this study aims to analyze the predictive fac-
tors for toddlers with ARI developing into pneumonia in 
the catchment area of Banjar Regency. The variable 
characteristics considered include child characteristics, 
psychomotor, health, and mother’s characteristics, 
behavior, family’s economic status, contact between 
individuals, house air pollution, sanitation, and physical 
condition.

Method and Material

This is an observational analytic study using a case-con-
trol design, comparing the case group (toddlers with 
pneumonia) to controls (toddlers with non-pneumonia 
ARI). It was conducted in the Martapura catchment 
area, Banjar district, Indonesia, in a unitary river with 
tributaries of 30 km from the main river. The sample size 
was 300 respondents, consisting of 106 cases and 194 
controls, which were selected using a simple random 
sampling technique. The primary data were taken retro-
spectively regarding the risk factors for the occurrence 
of ARI pneumonia in children under 5 years old, which 
was taken in November 2022 to January 2023. Written 
informed consent from respondents was obtained prior 
to data collection, the data were collected using a ques-
tionnaire filled out by enumerators from the results of 
interviews with mothers/caregivers of toddlers. The tod-
dler development questionnaire has obtained permission 
to use the questionnaire from the public health center in 
the research area, while the other questionnaires are 
instruments designed by the researchers themselves. 
The questionnaire included general data, child charac-
teristics, psychomotor, health, as well as mother’s char-
acteristics, behavior, contact between individuals, 
family’s economic status, house air pollution, sanitation, 
and physical condition. The physical conditions were 
measured directly from the respondent’s house in form 
of temperature, humidity, airflow, lighting, and ventila-
tion sizes of the toddler’s bedroom. Subsequently, the 
bedroom and ventilation areas were measured using a 
measuring meter, lighting using a luxmeter, temperature 
and humidity were estimated with a thermohygrometer, 
while the wind speed was measured using an anemom-
eter. In this study, a total of 41 indicators were collected 
and measured. All questionnaires have gone through 
content validity and criterion related validity tests.

The case population was selected before that of the 
control, based on the diagnosis of pneumonia by doctors 
at the Banjar district health center. Inclusion criteria 
were toddler patients diagnosed with pneumonia by a 
doctor at the Banjar district health center. The exclusion 
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criteria were those who refused or did not participate in 
part or all of the procedures. The control population was 
all toddlers who were diagnosed with non-pneumonic 
ARI. Meanwhile, the exclusion criteria were toddler 
patients diagnosed with non-pneumonic ARI but devel-
oped pneumonia.

The Child Development Pre-screening Questionnaire 
is used to measure child development indicators. This 
questionnaire was translated and modified from the 
Denver Prescreening Developmental Questionnaire by 
the Indonesian Ministry of Health team. Children’s 
development monitored is language development, cog-
nitive abilities, social-emotional skills and motor skills. 
The questionnaire is designed for initial examination of 
babies aged 3 months to children aged 6 years. At each 
particular age, there are 10 questions about the child’s 
developmental abilities. If the answer ≤6 points is 
“yes,” it means that the child’s growth and development 
is hampered in the variable range of language develop-
ment, cognitive abilities, social-emotional skills and 
motor skills.28 The residential density indicator is evalu-
ated based on: 1 person/4 m2 (qualify) versus >1 per-
son/4 m2 (not eligible). House floors are made from: 
parquet/vinyl/ceramic/ tile/cement/brick and carpet 
(qualify) versus earth/sand/wood/board/bamboo/fronds 
(not eligible). House walls are made of: stone with 
cement/brick/plastered brick (qualify) vs bamboo/logs/
boards and soil (not eligible). Room ventilation by area: 
≥10% of floor area (qualify) vs <10% of floor area (not 
eligible). Room lighting: 60-120 lux (qualify) vs <60 
lux/>120 lux (not eligible), room temperature: 18-30°C 
(qualify) versus <18°C/>30°C. Room humidity is evalu-
ated based on: 40% to 70% (qualify) versus <40%/>70% 
(not eligible).29

Data processing was carried out using SPSS version 
26. Simple logistic regression was used for inferential 
analysis to determine the effect of candidate indicators 
for pneumonia children under 5 years old with a 
P-value < .25. A predictive index model was constructed 
using multiple logistics regression for the incidence of 
pneumonia in children under 5 years old with a signifi-
cance confidence level of 0.1 and backward stepwise 
regression to arrive at the final model. Receiver 
Operating Characteristic (ROC) analysis was carried out 
to determine the cut-off point value based on the 
obtained ROC curve.

Ethical Approval

This study has received ethical approval from the 
Research Ethics Committee of the Faculty of Public 
Health, Airlangga University with certificate number: 
140/EA/KEPK/2022. The manuscript received written 

approval from all authors before starting the study and 
written informed consent from respondents was obtained 
prior to data collection.

Results

Table 1 showed that only 13 out of the 41 indicators 
tested using simple logistic regression had a 
P-value < .25. This revealed that they can be used as 
candidates for inclusion in the multiple logistic regres-
sion test. These indicators were the child’s age 
(P-value = .070), child development (P-value = .002), 
breastfeeding (P-value = .058), occupancy density 
(P-value = .033), family income (P-value = .000), own-
ership of goods electronics (P-value = .032), house elec-
tricity capacity (P-value = .084), cooking fuel 
(P-value = .200), the distance between the house and 
main road (P-value = .135), toilet facilities 
(P-value = .041), walls the house (P-value = .431), the 
ceiling of the house (P-value = .074), the location of the 
house on the river bank (P-value = .032).

The results of the stage 1 multiple logistic regression 
test were presented in Table 2. It was discovered that 
indicators of child age have a P-value = .112, child devel-
opment P-value = .022, breastfeeding P-value = .063, 
occupancy density P-value = .142, family income 
P-value = .003, ownership of electronic goods 
P-value = .900, house electricity capacity P-value = .665, 
cooking fuel P-value = .252, the distance between the 
house and main road P-value = .139, toilet facilities 
P-value = .453, walls of the house P-value = .643, house 
ceiling P-value = .830, house location on the river bank 
P-value = .147.

Table 3 showed the final results of the multiple logis-
tic regression test, which obtained 5 indicators with 
P-value < .1. This included the child’s age with a 
P-value = .076, child development P-value = .010, breast-
feeding P-value = .056, family income P-value = .001,  
and the location of the house along the river has a 
P-value = .037. Based on the results of the double logistic 
regression test, a prediction index formula for the inci-
dence of ARI pneumonia in toddlers can be prepared, 
namely the beta coefficient value at constant is added to 
the beta coefficient value for each prediction variable 
(Table 3), so that it can be formulated as follows: 
−1.610 + 0.517 × child’s age (12-59 months) + 1.505 × child 
development (delayed) + 0.628 × breastfeeding (predomi-
nance of infant formula) + 1.198 × family income (<wages 
minimum) + 0.576 × home location in river banks (dis-
tance < 15 m from the river banks). The ROC analysis also 
obtained a sensitivity value of 78.3%, 42.3% specificity, an 
area under the curve of 0.673 with a significance value of 
.000, and a cut-off point value of −0.7275.
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Discussion

Based on Table 1, only 13 out of the 41 indicators used 
met the requirements as candidates. The indicators were 
selected according to the conditions of the respondents 
in the Banjar district catchment area. Previous studies 
have produced different risk factors for the incidence of 
toddler pneumonia, such as maternal age by Cardoso 

et al22 and immunization with house ventilation by 
Kasundriya et al.25 However, these indicators were not 
found to be significant risk factors According to 
Rodriguez,30 the risk factors for childhood infection are 
unique in each region due to individual demographic 
and socioeconomic patterns.30

In this study, ownership of electronic goods, home 
electricity capacity, cooking fuel, distance from the 

Table 1. Indicators of Risk Factors for Toddlers With Pneumonia.

No. Indicators P-value

1 Child age .070*
2 Child gender .754
3 Order of birth of children .553
4 Child development .002*
5 Motor activity .807
6 Breastfeeding .058*
7 Intake of vitamin A .500
8 Nutritional status .278
9 Basic immunization .325
10 Mother’s age .464
11 Mother’s job .653
12 Mother’s education .618
13 Mother’s knowledge .882
14 Mother’s attitude .899
15 Mother’s actions .896
16 Occupancy density .033*
17 History of close contact with sufferers of ARI before .437
18 Family history of respiratory tract disease .304
19 Family income .000*
20 Home ownership status .854
21 Ownership of electronic goods .032*
22 House electricity capacity .084*
23 Cooking fuel .200*
24 Family members smoke in the house .717
25 Use of mosquito coils/electric .764
26 The distance between the house and the road .135*
27 Smoke burning garbage/household industry .714
28 Clean water source .488
29 Toilet facilities .041*
30 Waste water disposal facilities .646
31 Waste disposal .967
32 House floor .431
33 House wall .070*
34 Roof .692
35 House ceiling .024*
36 Ventilation .875
37 Temperature .459
38 Humidity .803
39 Lighting .599
40 Airflow .862
41 Location of the house from the river bank .032*

*P-value < .25, can be used as a candidate for inclusion in the multiple logistic regression test.
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Table 2. Results of the Multiple Logistic Regression Test Stage 1 of the Risk Factors for Pneumonia Children Under 5 Years Old.

Prediction indicators

ARI not 
Pneumonia Pneumonia Total

OR (95%Cl)
P-

value βn % n % n %

Child age
 <12 months 65 33.5 25 23.6 90 30.0 References .112 .476
 12-59 months 129 66.5 81 76.4 210 70.0 1.610 (0.894-2.899)  
 Amount 194 100 106 100 300 100  
Child development
 Well developed 189 97.4 94 88.7 283 94.3 References .022 1.383
 Stunted 5 2.6 12 11.3 17 5.7 3.986 (1.225-12.975)  
 Amount 194 100 106 100 300 100  
Breastfeeding
 Breastfeeding dominance 164 84.5 80 75.5 244 81.3 References .063 .625
 Infant formula dominance 30 15.5 26 24.5 56 18.7 1.868 (0.966-3.610)  
 Amount 194 100 106 100 300 100  
Occupancy density
 Qualify 45 23.2 14 13.2 59 19.7 References .142 .523
 Not eligible 149 76.8 92 86.8 241 80.3 1.688 (0.840-3.392)  
 Amount 194 100 106 100 300 100  
Family income*
 >Wages minimum 61 31.4 12 11.3 73 24.3 References .003 1.104
 <Wages minimum 133 68.6 94 88.7 227 75.7 3.015 (1.445-6.290)  
 Amount 194 100 106 100 300 100  
Ownership of electronic goods
 Has a fridge/washing machine 134 69.1 60 56.6 194 64.7 References .900 .037
 Have TV/radio/none 60 30.9 46 43.4 106 35.3 1.037 (0.586-1.836)  
 Amount 194 100 106 100 300 100  
Household electricity capacity
 Electrical power900 watts/more 97 50.0 42 39.6 139 46.3 References .665 .121
 There is no electricity/electricity from 

neighbors/450 W
97 50.0 64 60.4 161 53.7 1.129 (0.652-1.955)  

 Amount 194 100 106 100 300 100  
Cooking fuel
 Electricity/LPG/kerosene 182 93.8 95 89.6 277 92.3 References .252 .552
 Wood/twigs/straw 12 6.2 11 10.4 23 7.7 1.737 (0.675-4.467)  
 Amount 194 100 106 100 300 100  
The distance of the house from the road
 >100 m 118 60.8 55 51.9 173 57.7 References .139 .396
 <100 m 76 39.2 51 48.1 127 42.3 1.485 (0.880-2.508)  
Amount 194 100 106 100 100  
 Toilet facilities
 Private toilet 174 89.7 86 81.1 260 86.7 References .453 .292
 Public toilet 20 10.3 20 18.9 40 13.3 1.338 (0.625-2.868)  
 Amount 194 100 106 100 300 100  
House wall
 Qualify 65 33.5 28 26.4 93 31.0 References .643 .149
 Not eligible 129 66.5 78 73.6 207 69.0 1.160 (0.619-2.175)  
 Amount 194 100 106 100 300 100  
House ceiling
 There is a ceiling 116 59.8 52 49.1 168 56.0 References .830 .063
 No ceiling 78 40.2 54 50.9 132 44.0 1.065 (0.0602-1.882)  
 Amount 194 100 106 100 300 100  

(continued)
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house to the main road, toilet facilities, house walls, and 
house ceilings are indicators that are included in the can-
didate risk factors for pneumonia children under 5 years 
old. Although these 8 indicators were not included in the 
final model, they were in the pneumonia ARI group with 
the highest percentage in the category that supports the 
incidence of pneumonia (category 2) compared to the 
non-pneumonia ARI group, as presented in Table 2. 
According to some literature, these indicators have been 
linked to increased risk factors for the incidence of ARI 
in children under 5 years old. These included the posses-
sion of valuable (electronic) items is an indicator of the 
family’s economic level,31 the use of electricity has an 
impact on children’s ARI,32 cooking fuel,33 distance 
from the house to the main road,34 toilet facilities,35 
house walls, and roof of the house.36

The results in the final model showed that the child’s 
age, child development, breastfeeding, family income, 
and the location of the house on the banks of the river 
were predictive indicators for toddlers with ARI pneu-
monia in the catchment area, as presented in Table 3. 
The pneumonia predictive index formula can be used to 
predict ARI in toddlers that may develop into pneumo-
nia. Indicators for children aged 12 to 59 months have a 
beta coefficient of 0.517, P-value .076, OR (95%Cl) 
1.678 (0.948-2.970). This indicated that children aged 

12 to 59 months have the possibility of pneumonia 1.684 
times compared to children aged <1 year. Acharya 
et al21 and Sulistyorini et al37 stated that ARI symptoms 
appear most frequently in children aged 1 to 2 years.21,37 
However, Dagne et al34 reported that children under 
1 year have higher ARI. According to Harerimana et al,23 
children aged 24 to 59 months compared to 0 to 
11 months were associated with a lower risk of develop-
ing pneumonia, namely 0.53 times (OR: 0.53, 95% CI: 
0.40-0.69). Abebaw and Damtie26 showed that toddler 
pneumonia was highest in children under 1 year of age 
with a proportion of 33.6%. Children under 1 year are 
less likely to be at risk of infection because they are 
more protected from air pollution, as parents generally 
place them in a room safe from pollution.38 Breastfeeding 
also supplies babies with immunoglobulin, which pro-
tects them from ARI.39

The development of stunted children had a beta coef-
ficient of 1.505, P-value .010, OR (95% Cl) 4.503 
(1.435-14.135). This indicated that stunted children had 
4.709 times the possibility of pneumonia 4 compared to 
those with normal development. Ramani et al40 also dis-
covered that child development at a rate of 34.82% was 
a significant risk factor for developing ARI in children 
under 5 years old. Child development can be related to 
nutrient intakes such as protein, energy, certain fats, 

Table 3. Final Results of the Multiple Logistic Regression Test on the Risk Factors for Pneumonia in Children Under 
5 Years Old.

Prediction indicators OR (95%Cl) P-value Beta coefficient (β)*

Child age (12-59 months) 1.678 (0.948-2.970) .076 0.517
Child development (stunted) 4.503 (1.435-14.135) .010 1.505
Breastfeeding (predominance of infant formula) 1.874 (0.985-3.567) .056 0.628
Family income (<wages minimum) 3.313 (1.664-6.594) .001 1.198
Location of the house on the river bank (distance <15 m from 

the river bank)
1.779 (1.034-3.059) .037 0.576

Constant 0.098 .000 −1.610

*The beta coefficient value is used to compile the prediction index formula.

Prediction indicators

ARI not 
Pneumonia Pneumonia Total

OR (95%Cl)
P-

value βn % n % n %

Location of the house from the river bank
 Distance >15 m from the river bank 144 74.2 66 62.3 210 70.0 references .147 .436
 Distance <15 m from the river bank 50 25.8 40 37.7 90 30.0 1.547 (0.858-2.791)  
 Amount 194 100 106 100 300 100  
Constant 0.047 .000 −3.066

*Family income with regional minimum wage = 2 906 473 rupiah.

Table 2. (continued)
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iron, zinc, copper, iodine, selenium, vitamin A, choline, 
and folate, which have a significant influence on brain, 
cognitive, and social-emotional development.41,42 
Malnutrition in childhood can affect the function of the 
Central Nervous System (CNS) and the Structural devel-
opment of the CNS41 as well as neurotransmitter sys-
tems.42 In this study, it was discovered that the risk 
factors for nutritional status were only not related to 
pneumonia in children under 5 years old but also 
included child development, as illustrated in Tables 1 
and 3, respectively. This was due to the influence of 
nutritional factors and other conditions of the develop-
ment of children. According to Walker et al,43 child 
development is influenced by the development and 
function of the central nervous system, as well as psy-
chosocial risk factors and biological factors. Psychosocial 
and biological factors can involve parenting patterns, 
maternal depression, and an unhealthy environment.43 
Therefore, the interaction between these factors can lead 
to stunted child development and significantly affect the 
incidence of toddler pneumonia.

Breastfeeding (predominance of infant formula) had 
a beta coefficient of 0.628, a P-value of .056, OR (95% 
Cl) 1.874 (0.985-3.567). Children who are given infant 
formula have the possibility of pneumonia 1.877 times 
compared to those given breast milk. In line with 
Abebaw and Damtie26 who stated that children who 
were given mixed breast milk were associated with a 
5.229 times higher risk of developing pneumonia (AOR 
5.229; P .001). Fakih et al27 reported that the duration of 
breastfeeding had a significant effect on the incidence of 
toddler pneumonia. Other studies showed that children 
who are not exclusively breastfed had the possibility of 
developing ARI (OR = 2.18; CI 0.96-4.97 P = .06).44 
This is because breastfeeding plays a very significant 
role in protection against infection. The main nutrients 
needed for an efficient immune response include vita-
mins A and Fe, which are present in breast milk.45 Breast 
milk is the best nutrition for babies as it contains the 
microbiota and biologically active components that aid 
mucosal immune system. The mother’s gut bacteria can 
also be transferred to the baby through breast milk, 
which protects against several respiratory and diarrheal 
diseases.46

Family income below the minimum wages had a beta 
coefficient of 1.198, P-value 0.001, OR (95% Cl) 3.313 
(1.664-6.594). This indicated that children in families 
with income below the minimum wage (<2 906 473 
rupiah) had 1.989 times the likelihood of pneumonia 
compared to those with higher income. Another study 
stated that children with a monthly income of less than 
1000 Ethiopian Birr (<19.03 USD) (27.8%)26 had a 
potential for pneumonia. Low and stable monthly per 

capita household income (<US$30.00 = OR: 2.77, 95% 
CI: 1.51-5.10; no income = OR: 1.88, IC95%: 1.02-3.47) 
was associated with a higher risk of developing pneu-
monia (Cardoso et al.22 It was also reported that family 
income affected the susceptibility to infection and trans-
mission of ARI among toddlers.44 Generally, income 
determines the strength of resources over some time. 
This showed that families with high incomes are more 
likely to have the means to pay for health care and afford 
better nutrition, such as fresh fruit and vegetables of 
more quality and variety, as well as choosing homes, 
schools, and recreation.47

The location of the house on the banks of the river 
had a beta coefficient of 0.576, P-value .037, OR (95% 
Cl) 1.779 (1.034-3.059). This showed that children with 
a house location <15 m from the riverbank with high 
humidity had 1.846 times the likelihood of pneumonia 
compared to those with >15 m from the riverbank. The 
strong sun radiation during the day causes evaporation 
from the river and most of the houses on the river banks 
use wood materials, which quickly become moisture 
conductors.10 Humidity is an environmental factor that 
can influence transmission by supporting the survival 
and persistence of respiratory viruses in droplets or 
fomites.48,49 Other studies also showed that the tempera-
ture and humidity of the area around rivers in China cor-
related with the distance of the river. It was discovered 
that with increasing distance, the temperature gradually 
increases but the humidity decreases significantly.50 The 
width of urban rivers is the main factor affecting tem-
perature and humidity in the nearest area.51 Riverside 
areas with a distance of <15 m will have a high level of 
humidity compared to those farther away. Therefore, 
this study proves that houses along river banks are asso-
ciated with a higher risk of developing pneumonia in 
toddlers.

Besides potential flooding and landslides, the 
Indonesian government has stipulated regulations pro-
hibiting the construction of buildings on riverbanks in 
Article 157 of the 2011 State Gazette Law and 
Supplement to State Gazette Number 1 concerning 
Housing and Settlements. This prohibitions construction 
in the area that may cause environmental damage. This 
is supported by Government Regulation Number 35 of 
1991 concerning Rivers in Article 7 paragraph (2) and 
Law Number 32 of 2009 on Environmental Protection 
and Management in Article 69 paragraph (1) letter a, 
prohibiting any activity in rivers that can harm the 
environment.

The discovery of the pneumonia predictive index in 
this study can help health workers to screen toddlers 
with ARI against the possibility of developing pneumo-
nia. The sensitivity value is 78.3%, the specificity value 
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is 42.3% as shown in Figure 1. This shows that the pre-
diction index can predict toddlers who really have pneu-
monia among the sick population, which is 78.3%. The 
limitations of this study include the retroactive nature of 
the interview data collected from mothers/caregivers of 
toddlers, which can lead to subjectivity in the respon-
dents’ answers. The physical conditions of the house, 
namely temperature, humidity, lighting, and airflow 
were measured once at the time of observation of the 
respondent’s house. Meanwhile, the strength of this 
study is the predictions for toddlers with ARI develop-
ing pneumonia in catchment area settlements. The 
results also showed that 75.7% of the community 
belonged to the lower middle class with a monthly fam-
ily income below the minimum wage, as shown in Table 
2. Therefore, these results are relevant and valuable in 
improving the health of lower middle class communities 
which require more attention from the government in 
terms of improving toddler nutrition and improving san-
itation facilities such as toilet facilities.

Conclusion

The predictive factors for children with ARI devel-
oping into pneumonia in the catchment area are the 
child’s age, child development, breastfeeding, fam-
ily income, and the location of the house on the  
riverbank. The predictive index formula for toddler 
pneumonia is expressed as −1.610 + 0.517 × child’s 
age (12-59 months) + 1.505 × child development 

(delayed) + 0.628 × breastfeeding (predominance of 
infant formula) + 1.198 × family income (<wages 
minimum) + 0.576 × home location in river banks 
(distance <15 m from the river banks). This predic-
tion model can be applied to improve the health of 
toddlers in the lower middle class, who require more 
attention from the government.
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