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Abstract
Background: Pneumonia in children was significant cause of death in world.(1, 2) About 150 million cases of 
pneumonia in under 5 years old children, 20 million cases include severe pneumonia with a high mortality 
rate.(3, 4) Based on the 2012 Indonesian Demographic Health Survey, infant mortality rate due to pneumonia 
was 40/1000 live births.(5) But there are no data describing factors that contribute to pneumonia mortality in 
Indonesian children.

Objective: To analyze relationship between predisposition, hypoxia and chest radiographs on mortality of 
2-59 months old children with pneumonia.

Methods: Retrospective case control study by taking secondary data through medical records for the period 
2016-2018 in the  Dr. Soetomo Hospital 

Results: one hundred and four patients were enrolled, 52 patients were died (case group) and 52 patients 
were cured (control group). Bivariate analysis show that factor of pneumonia mortality in children were 
age under 12 months, non-exclusive breastfeeding, overcrowding, incomplete immunization, malnutrition, 
comorbidities, hypoxia and extensive infiltrates, consolidation, pleural effusions on chest radiographs. 
Logistic regression analysis show factors that most influenced the pneumonia mortality in children were 
age under 12 months, malnutrition, overcrowding and extensive infiltrates, consolidation, pleural effusion 
on plain chest radiographs

Conclusion: Age under 12 months, malnutrition, overcrowding and extensive infiltrate, consolidation, 
pleural effusion on chest radiographs were the factors that most influence the pneumonia mortality.
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Introduction

Pneumonia in children is a significant cause of 
death and illness in the world, especially in developing 
countries(1, 2)  About 150 million cases of pneumonia in 

under 5 years of children, 20 million cases include severe 
pneumonia with a high mortality rate.(3, 4)  According to 
the WHO, pneumonia is the biggest cause of death in 
children worldwide, which is around 1.2 million under 
5 years per year.(6) In poor and developing countries, 
about 11.5% incidences of severe pneumonia with a 
high risk of death.(1, 4) Based on the 2012 Indonesian 
Demographic Health Survey (SDKI), infant mortality 
rate due to pneumonia was 40 / 1,000 live births.
(5)  However until now, there are no data describing 
the factors that contribute to pneumonia mortality in 
Indonesian children. 
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Some study showed that factors related to 
pneumonia mortality included predisposing factors, 
hypoxia, chest radiographs and organ dysfunction, 
young age ≤ 6 month, malnutrition, present of comorbid 
and sign severe infection (consolidation on chest x ray).
(7-10) Identifying factors associated with pneumonia 
mortality in children are important, because there are 
many child suffered pneumonia often present with life-
threatening complications. This is the reason  to analysis 
of the relationship of predisposing factors, hypoxia and  
chest radiographs on pneumonia mortality in children 
aged 2-59 months. By understanding the factors related 
to pneumonia mortality, it may help health workers 
diagnose quickly and appropriately provide treatment 
and evaluation of pneumonia and finally reduce mortality 
due to pneumonia.

Material and Methods

This was retrospective case-control study. All 
children diagnosed with pneumonia and treated at 
the Child Health Department of Dr Soetomo Hospital 
Surabaya from January 2016 until December 2018. 
Data were obtained from medical records of children 
under 2-59 old months treated at Dr Soetomo Hospital 
due to pneumonia from January 2016 until December 
2018. Samples were taken from children with a clinical 
diagnosis of pneumonia who met the inclusion criteria at 
the time of the study. 

Inclusion criteria in this study is children aged 2 
to 59 months with diagnosis of pneumonia. Inclusion 
criteria for case group is children who died while 
being treated. Inclusion criteria for control group is 
children with a diagnosis of pneumonia who cured or 
recovered. Patients with hospital-acquired pneumonia 
and incomplete medical record data were excluded from 
the study.

Various pneumonia predisposing factors, presence 
of hypoxia, and chest radiographs related to pneumonia 
were obtained from medical record. Premature 
was defined as a baby born with a gestational age 
<37 weeks. Low Birth Weight was baby with birth 
weight <2500 grams. Exclusive breastfeeding was 

defined if the children  only breast milk for 6 months 
without supplementary feeding. Exposure to cigarette 
smoke if the family members have smoking habits. 
Overcrowding was declared if there are more than 7 
people in one house. Comorbidities was defined if one 
of the cerebral palsy, congenital heart disease, HIV, 
GERD and Down syndrome were found. The nutritional 
status cathegorized as malnutrition or well nourished 
based on the 2006 WHO curve. Immunization status was 
declared complete if the child has received mandatory 
immunization against Measles, DPT and Hib according 
to the age of the patient. Hypoxia was defined with SpO2 
or SaO2 below 90%. Radiological features of pneumonia 
was evaluated by chest radiological examination. 

Bivariate analysis was used to see the relationship 
between independent variables and dependent variables 
using the analysis of the Chi square test, Fisher’s exact test 
and Mann Whitney test. Multivariate logistic regression 
test was used to find out the most apropriate factors that 
influence the mortality. The Level of significant was 
expressed at 95% confidence interval. 

Result

This study was an retrospective case-control study 
design using secondary data through medical records for 
the period of 2016-2018. A total of 775 patients were 
diagnosed with pneumonia during the 2016-2018 period. 

Table 1 showed The basic characteristics of our 
study. The proportion of gender and age of two groups 
were equal. Table 2 showed results of univariate 
analysis, the mortality significant factor for children 
with pneumonia include the age less than 12 months , the 
presence of comorbidities, non-exclusive breastfeeding, 
overcrowding, incomplete immunization, malnutrition 
and hypoxia also chest x rays. 

In Table 3, Multivariate logistic regression methode 
showed that under 12 months of age, high number of 
people in the family, malnutrition, extensive infiltrates, 
consolidation and pleural effusion in chest radiographs 
had significant results in child mortality pneumonia.
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Table 1. Subject characteristics.

Karakteristik Number %

Gender
· Male
· Female

54
50

52
48

Age
· 2 - <12 months
· 12 – 59 months 

50
54

48,1
51,9

Gestasional Age
· Premature
· Term Infant

24
80

23,1
76,9

Birth Weight 
· < 2500 gram
· ≥ 2500 gram

29
75

27,9
72,1

Exclusive breastfeeding
· No 
· Yes

51
53

49,0
51,0

Exposure Cigarette smoke 
· Yes
· No

56
48

53,8
46,2

Overcrowding
· Yes
· No

23
81

22,1
77,9

Immunization
· Incomplete
· Complete

64
40

61,5
38,5

Comorbidities
· Present
· Non-present

53
51

51
49

Nutritional Status
· With Malnutrition
· Well nourished

42
62

40,4
59,6

Hypoxia
· < 90 %
· > 90 %

21
83

20,2
79,8

Chest Radiography Finding 
· Minimal Infiltrate
· Extensive Infiltrate
· consolidation
· Pleural Efussion
· Empyema
· Pneumothorax
· Lung Abscess

67
12
15
10
0
0
0

64,4
11,5
14,4
9,6
0
0
0
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Table 2. Mortality factor for children with pneumonia using bivariate analysis

 Risk  Factor
Outcome 

P
Odds
Ratio

95% CI
Died Cured

Age
· 2 - <12 months
· 12 – 59 months 

33
19

17
35

0,003 3,576 1,593-8,029

Gestasional Age
· Premature
· Term Infant

15
37

9
43

0,245 1,937 0,760-4,939

Birth Weight 
· < 2500 gram
· ≥ 2500 gram

15
37

14
38

1,00 1,100 0,467-2,594

Exclusive breastfeeding
· No 
· Yes

36
16

15
37

<0,001 5,550 2,394-12,864

Exposure Cigarette smoke
· Yes
· No

31
21

25
27

0,325 1,594 0,733-3,465

Overcrowding
· Yes
· No

17
35

6
46

0,018 3,724 1,330-10,423

Immunization
· Incomplete
· Complete

39
13

25
27

0,009 3,240 1,412-7,435

Nutritional Status
· With Malnutrition
· Well nourished

34
18

8
44

<0,001
10,389 4,036-26,741

Comorbidities
· Present
· Non-present

40
12

13
39

<0,001 10,000
4,065-24,598

Hypoxia
· < 90 %
· > 90 %

19
33

2
50

<0,001 14,394 3,142-65,937

Chest Radiography Finding* 
· Minimal Infiltrate
· Extensive Infiltrate
· consolidation
· Pleural Efussion
· Empyema
· Pneumothorax
· Lung Abscess

19
11
13
9
0
0
0

48
1
2
1
0
0
0

<0,001 0,000-0,028

*use Mann Whiney test
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Table 3. Mortality factor for children with pneumonia using multivariate analysis 

Risk Factor P
Odds
Ratio

95% CI

Age
· 2 - <12 months
· 12 – 59 months 

0,010 11,789 1,820-76,357

Gestasional Age
· Premature
· Term Infant

0,106 0,147 0,014-1,504

Exclusive breastfeeding
· No 
· Yes

0,403 2,440 0.301-19,782

Overcrowding
· Yes
· No

0,048 10,155 1,025-100,625

Immunization
· Incomplete
· Complete

0,467 0,386 0,030-5,028

Nutritional Status
· Malnutrition
· Well nourished

0,003 20,201 2,842-143,593

Comorbidities
· Present
· Non present

0,066 5,125 0,898-29,233

Hypoxia
· < 90 %
· > 90 %

0,765 1,476 0,115-18,931

Chest Radiography Finding
· Extensive Infiltrate
· Consolidation
· Pleural Effusion 
· Minimal Infiltrate  (reference)

0,005
0,034
0,001

107,409
56,926
219,511

4,121-2799,601
1,351-2399,193
8,812-5468,058

*Logistic regression, significant if p<0.05



356       Indian Journal of Public Health Research & Development, August 2020, Vol. 11, No. 8

Discussion

In this study, mortality significant factor for  
pneumonia were age less than twelve months, 
overcrowding, incomplete immunization, non-exclusive 
breastfeeding, malnutrition, comorbidities, hypoxia, 
chest radiographs findings.

Study in India, it was found that the relationship 
between age and children with pneumonia had died, 
especially in children aged 2-12 months with p <0.005. 
There are fewer children who die in the older age groups. 
This shows that as age increased, the respiratory tract 
will become wider and the defense mechanism of the 
respiratory tract more mature.(11)

Non-exclusive breastfeeding was an risk factor 
associated with the pneumonia mortality in our study. 
In previous study also showed significant relationship 
between non-exclusive breastfeeding and the mortality 
of children suffering from pneumonia with a p value 
<0.001.(11) Breast milk have effect on systemic 
immune system with multiple mechanisms including 
maturational, antimicrobial actions, immuno-modulatory 
and anti-inflammatory.(12) Malnutrition also as mortality 
factor has showed in previous study.(13, 14)  In our study 
it was risk factor for determining mortality pneumonia. 
It is seems malnutrition cause an imbalance production 
of antibody, decreasing of lymphocytes, complement 
production, immunoglobulin A, interferon, T cells, and 
interleukin receptors.(15) This conditions can influence 
body response against the infection.

Overcrowding at home cause prolonged exposure to 
pathogen. In our study it was risk factor for determining 
mortality pneumonia. A study showed a significant 
relationship between the number of people in the family 
and the mortality of children suffering from pneumonia 
with a p value <0.022.(11)  Immunizations provide 
protection againts childhood pneumonia. An study in 
India, an relationship was found between immunization 
and the mortality of children suffering from pneumonia 
with value of p=0.057. (11)

In this study, fifty children with comorbidities, 
most of them have congenital heart disease. Cardiac 
complications was also a direct or fundamental cause 
of death in 27% of pneumonia-related deaths.(16) In our 
study  hypoxia was risk factor for determining mortality 

pneumonia. A previous study showed significant 
relationship between hypoxia and the mortality of 
children suffering from pneumonia with p value 
<0.001.(11) Mechanism of hypoxia in pneumonia was 
ventilation and perfusion mismatch in the pulmonary 
consolidation region. Hypoxia and dehydration caused 
hemoconcentration, lack of peripheral perfusion, 
increased metabolic acidosis will worsen general 
conditions and increase mortality.(17)

In this study showed a significant relationship 
between mortality with extensive infiltrates (p=0.007) 
and consolidation (p=0.012) and pleural effusion 
(p=0.005). An other study found association between 
abnormal chest radiographs (infiltrates, consolidation) 
and the pneumonia mortality with a value of p=0.001.(11) 

Mortality has a statistically significant relationship with 
bilateral consolidation (p = 0.00) and bilateral pleural 
effusion (p = 0.01).(18)

Low birth weight, gestational age, exposure to 
cigarette smoke were not significantly associated with 
pneumonia mortality in this study. Prematurity and 
early term have significant relationship with the death 
of children aged 29 - 364 days, especially deaths caused 
by infections, respiratory disorders, and other disorders, 
whereas in 1-5 years old children mortality did not 
show significant results.(19) Prematurity has significant 
relationship with child mortality in the first year of age 
(all cause mortality). Whereas at the age of 1-4 years 
there was insignificant results and insufficient evidence 
was found for deaths over the age of 4 years.(20)

Previous study showed low birth weight was 
associated with mortality in under 1 year old children 
(HR 0.28; CI 0.27-0.29; p <0.001) and over 15 years 
old children (HR 0.88; CI 0.78-0.99; p=0.03). While 
low birth weight was not associated with mortality in 
1-14 years old children (HR 0.98; CI 0.82-1.12; p=0.84).
(21) There was no significant relationship between 
pneumonia and exposure to cigarette smoke because 
the majority of smokers in the family are fathers and the 
relatively longer time spent by fathers outside the home.
(22)

Conclusion

Factors affecting pneumonia mortality were 
age under 12 months, non-exclusive breastfeeding, 
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overcrowding, incomplete immunization, malnutrition, 
the presence of comorbidities, hypoxia, extensive 
infiltrates, consolidation, pleural effusion on  chest 
radiograph. 

Age under 12 months, overcrowding, malnutrition 
and chest radiographs (extensive infiltration, 
consolidation, pleural effusion) were the factors that 
most influence the pneumonia mortality. 
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