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ABSTRACT:

Background: Pneumonia has been one of the leading causes of morbidity and mortality among 
children under five years of age for several decades. Pediatric patients with pneumonia often 
present with additional comorbidities that may delay recovery and increase overall morbidity. 
Therefore, we aimed to identify and analyze the risk factors and predictors associated with 
childhood pneumonia.

Objectives: To find out the association of different co-morbidities as predictors of outcome of 
pneumonia patients in under five children. 

Methods: A total of admitted 292 patients with severe or very severe pneumonia with radiologi-
cal findings were followed up and categorized into two groups, group A (n-178) with risk factors 
and the comorbidities and the other group B (n-122) without risk factors or co-morbidities. Both 
groups were compared prospectively to see the outcome. Probable predictors were found as 
prematurity, low-birth weight, absence of exclusive breast feeding, lack of immunization, 
episodes of respiratory disease in life time and comorbidities like congenital heart disease (VSD, 
ASD, PDA or other), Severe Acute Malnutrition (SAM), Down syndrome, Cerebral Palsy (CP), 
Nephrotic syndrome, Cystic Fibrosis, Duchene-Muscular Dystrophy (DMD), cleft lip or cleft 
palate. Out come or dependent variables were considered as duration of hospital stay (≥ 7days), 
use of 2nd line antibiotic, oxygen requirement\ (> 2 L), development of heart failure, use of 
digitalis and death if any. Study participants were provided standard treatment for pneumonia 
and both groups were compared prospectively to see the outcome.

Results: Overall comorbidities had more in group-A, compared to group-B (66.9% vs. 10.5%) 
and on the contrary, absent of comorbidities had more in group-B, compared to group-A (89.5% 
vs. 33.1%). Severe Acute Malnutrition (SAM), heart failure, cleft palate, Down syndrome, VSD, 
prematurity, low birth weight, ASD and PDA in terms of comorbidity had significantly more in 
group-A compared to group-B children. Out of them VSD, Heart Failure, SAM, Down syndrome, 
prematurity and low birth weight were found to be significantly associated with group-A patients 
compared to group-B patients with Odd Ratios being 8.49, 7.09, 4.42, 3.65, 3.20 and 2.92 
respectively by simple regression analysis.

Conclusion: Early identification and management of co-morbidities in childhood pneumonia 
can help to prevent serious complications and reduce morbidity, thereby may lessen the hospital 
burden in low-income countries such as Bangladesh.
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Introduction
Community-acquired pneumonia (CAP) is a major 
public health issue and a principal cause of morbidity and 
mortality in children under 5 years of age.1 Compared to 
deaths due to other childhood diseases, pneumonia 
related deaths are declining at a slower rate.2 Rudan et al. 
reported  every year 151.8 million incidences with 13.1 
million (8.7%) episodes progressing from pneumonia to 
severe pneumonia that require hospitalization5.3,4 Pneu-
monia incidence is high among children in South Asia 
and it is the leading cause of hospitalization among 
children under five years of age in Bangladesh and  is  
still the major killer (19%), accounting for approximately 
24,268 under-five deaths per-year.5  But the risks of 
death are high when children with pneumonia also have 
other  co-morbid condition.6

According to World Health Organization (WHO), United 
Nations Children’s Fund (UNICEF), the risk factors for 
severe childhood pneumonia in low and middle income 
countries include bacterial etiology, young age, low birth 
weight, malnutrition, lack of breast feeding, household 
crowding, exposure to indoor air pollution and low-level 
schooling of mothers.7

Approximately 50 conditions have been described in the 
literature that, if present, may increase the risk of devel-
oping severity of pneumonia.7 The WHO classifies the 
risk factors for pneumonia in children living in develop-
ing countries as definite, likely or possible.7A recent 
systematic review with meta-analysis evaluated the 
quality of evidence and the strength of the association 
between 19 risk factors and severe acute lower respirato-
ry tract infection in children under five.2,7 Most patients 
admitted to pediatric ward of this hospital are mainly of 
pneumonia. It is found that many of them have multiple 
risk factors and comorbidities that often predict the 
outcome in terms of morbidity and mortality. So, our 
study analyzed the association of different co-morbidities 
as predictors of outcome of  pneumonia patients in under 
five children. 

Materials and methods:
This prospective, analytical  study was carried out in the 
in-patient department of Pediatrics, Shaheed Suhrawardy 
Medical College Hospital over a period of 2 (two) years 
from January 2022 to December 2023 and the study 
population were the patients aged 2 month to 59 months 

admitted with very severe or severe pneumonia accord-
ing to WHO classification with radiological findings who 
were willing to participate.

According to WHO guideline (revised,2005) the pediatric 
patients  with cough and/or difficulty in breathing, plus 
danger signs (central cyanosis, difficulty breast-feed-
ing/drinking, vomiting everything, multiple or prolonged 
convulsions, lethargy/unconsciousness or head nodding) 
are considered as  “very severe pneumonia,” and only the 
patients with fast breathing and lower chest wall indrawing 
are considered as “severe pneumonia.”3,4 A total 292 
children aged 2-51 months were enrolled after taking the 
informed consent. X-rays were interpreted by the radiolo-
gists and radiological pneumonia was defined as the 
presence of end-point consolidation or other (non-end 
point) infiltrates in lungs according to WHO radiological 
classification of pneumonia.1,4 After admission, detail 
history and clinical examination were done and a written 
pretested questionnaire with check list was applied for data 
collection. Demographic and clinical data were collected 
in a pretested, semi-structured questionnaire including the 
probable predictors like prematurity, low-birth weight, 
absence of exclusive breast feeding, lack of immunization, 
episodes of respiratory disease in life time and comorbidi-
ties like congenital Heart Disease (VSD, ASD, PDA or 
other ), Severe Acute Malnutrition (SAM), Down  
syndrome, Cerebral Palsy (CP), Nephrotic syndrome, 
Cystic Fibrosis, Duchene -Muscular Dystrophy (DMD), 
cleft lip or cleft palate and any other condition (if any). Out 
come or dependent variables are considered as duration of 
hospital stay (≥ 7days), use of 2nd line antibiotic, oxygen 
requirement\ (> 2 L), development of heart failure, use of 
digitalis and death if any. Among total admitted 292 
patients with severe or very severe pneumonia with radio-
logical findings are followed up and categorized into two 
groups, group A (n-178) with risk factors and the comor-
bidities and the other group B (n-114) without above-men-
tioned risk factors or co-morbidities. Both groups were 
compared prospectively to see the outcome. Study partici-
pants were provided standard treatment for pneumonia. In 
addition, detection and management of hypoxemia, hypo-
glycemia, fluid management and nutritional support were 
given and followed up until discharge. Patients who did not 
respond after 72 hours of giving antibiotics are assessed 
clinically and by doing hematological tests and thereafter 
second line of antibiotics were given. The oxygen satura-
tion of <90% was the threshold to define hypoxia based on 
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WHO guideline.4 Heart failure was diagnosed with tachy-
pnea, tachycardia, enlarged-tender liver with or without 
edema or ascites. Pneumonia patients with heart failure 
were treated with oxygen, diuretic and digoxin (if needed). 
Severe Acute Malnutrition patients were treated according 
to WHO guideline. Once the patients were considered to 
have clinical improvement for pneumonia (normal respira-
tory rate, absence of chest indrawing) and stabilized then 
they were discharged.

Statistical Analysis/ Data analysis:
Quantitative variables were presented as mean±SD and 
comparison between two study groups were performed 
by means of Independent Sample t test. Qualitative 
variables were presented as percentages and compared 
by the Chi square/Fisher’s exact test. Simple regression 
analysis was performed to find out the predictors of the 
variables on pneumonia patients with co-morbidities 
(group-A). Differences with p values < 0.05 were consid-
ered statistically significant. All analysis was performed 
using SPSS V 16.0 for Windows.

Results 

The study consisted of 292 children aged 2-51 months in 
which 202 (69.2%) were male and 90 (30.8%) were 
female. Out of 292 children, 178 were assigned as pneu-
monia with co-morbidities (group-A) in which 
122(68.5%) were male and 56 (36.5%) were female and 
remaining 114 as pneumonia without co-morbidities 
(group-B) in which 80 (70.2%) were male and 34 
(29.8%) were female. (Table 1)

The mean age of study children was 11.4±9.6 months. 
The mean age of group-A patients was 10.9±7.3 months 
and mean age of group-B patients was 12.1±11.4 months 
with statistically no significant difference by independent 
sample t-test (p=0.24). The table.1 indicates that majority 
of the children were in the 2-11 months age group in both 
study groups (67.4% vs. 72.8%) respectively. Children in 
the 12-23 months age group were observed significantly 
higher in group-A, compared to group-B (26.4% vs. 
12.3%, p=0.003) with statistically significant difference. 
On the contrary, children in the 24-23 months age group 
were observed significantly higher in group-B, compared 
to group-A (14.9% vs. 6.2%, p=0.01) with statistically 
significant differences. Most of the children lived in 

urban area in both study groups 
(70.8% vs. 69.3%, p=0.78) with statis-
tically insignificant difference.

Household income in the BDT <10000 
was observed higher in group -B, 
compared to group-A (64.9% vs. 
46.6%, p=0.002) with statistically 
significant difference. On the other 
hand, household income in the BDT 
10000-15000 was observed higher in 
group-A, compared to group-B (18.5% 
vs. 1.8%, p=0.001) with statistically 
significant difference.

Exclusive breast feeding was found 
almost identical in both study groups 
with statistically insignificant differ-
ence.

Recurrent attack of pneumonia and 
vaccination by EPI were found almost 
similar in both study groups with 
statistically insignificant differences.

Table 1. Demographic & baseline characteristics of the study patients (n=292)

p value reached from Chi Square test and its value <0.05 and >0.05 treated as significant(s) 
and non-significant(ns) respectively.
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p value reached from Chi Square/Fisher’s exact test and 
its value <0.05 and >0.05 treated as significant and 
non-significant respectively.

The table.2 depicts that Severe Acute Malnutrition 
(SAM), heart failure, cleft palate, Down syndrome, VSD, 
prematurity, low birth weight, ASD and PDA in terms of 
comorbidity had significantly more in group-A compared 
to group-B children.

FIG. 1. Existing of overall comorbidities among the 
study patients (n=292)

The figure shows that overall comorbidities had more in 
group-A, compared to group-B (66.9% vs. 10.5%) and 
on the contrary, absent of comorbidities had more in 
group-B, compared to group-A (89.5% vs. 33.1%).

p value reached from Chi Square test and its value <0.05 
and >0.05 treated as significant and non-significant 
respectively. 

The table.3 describes that prolonged hospitalization, 
oxygen and use of 2nd line antibiotics were needed more 
in group A patients compared to group-B patients with 
statistically significant differences. It was also observed 
that digoxin was applied almost identically in both study 
groups.

Table 4. Mortality among the study patients (n=292)

p value reached from Fisher’s exact test and its value 
<0.05 and >0.05 treated as significant and non-signifi-
cant respectively.

The table shows that 2 (1.1%) children of group-A died 
as a complication of VSD with heart failure with cardio-
genic shock and also from SAM but none in group-B 
with statistically no significant difference.

Rickets 2 1.1 0 0.0 0.25ns

Hurlers Syndrome 2 1.1 1 0.9 0.83ns

DMD 6 3.4 1 0.9 0.17ns

Achondroplasia 2 1.1 0 0.0 0.25ns

SAM 19 10.7 3 2.6 0.01s

Heart failure 20 11.2 2 1.8 0.003s

Cleft palate 12 6.7 0 0.0 0.005s

Down syndrome 16 9.0 3 2.6 0.03s

VSD 42 23.6 4 3.5 <0.001s

Prematurity 14 7.9 2 1.8 0.02s

Low birth weight 13 7.3 2 1.8 0.03s

ASD 17 9.6 0 0.0 0.001s

PDA 10 5.6 1 0.9 0.03s

Nephrotic syndrome 2 1.1 0 0.0 0.25ns

Pneumonia,
Group-A
(n=178)

No.        %

Pneumonia,
Group-B
(n=114)

No.        %

P valueComorbidities

Table 2. Comorbidities among the study patients (n=292) Table 3.  Interventions among the study patients due to
co-morbidities (n=292)
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Very serere pneumonia Serere Pneumonia

Study Patients
Comorbidities Present Comorbidities Absent

Digoxin

Given 28 15.7 14 12.3 0.41ns

Not given 150 84.3 100 87.7 

Duration of treatment/ Hospital stay

>7 days 95 53.4 46 40.4 0.03s

≤7 days 83 46.6 68 59.6 

Oxygen

Used 72 40.4 31 27.2 0.02s

Not used 106 59.6 83 72.8 

Use 2nd line antibiotics

Used 67 37.6 28 24.6 0.02s

Not used 111 62.4 86 75.4

Group-A
(n=178)

No.        %

Group-B
(n=114)

No.        %

P valueInterventions

Yes 2 1.1 0 0.0 0.25ns

No 176 98.9 114 100.0

Group-A
(n=178)

No.        %

Group-B
(n=114)

No.        %

P valueMortality
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All significant comorbidities mentioned in table 2 were 
entered into the simple regression analysis. Out of them 
VSD, Heart Failure, SAM, Down Syndrome, Prematuri-
ty and Low birth weight were found to be significantly 
associated to predict group-A patients compared to 
group-B patients with Odd Ratios being 8.49, 7.09, 4.42, 
3.65, 3.20 and 2.92 respectively by simple regression 
analysis.

Discussion
This study highlights the significant role of co-morbidi-
ties in determining the severity of pneumonia among 
children under five. The findings revealed that children 
who had a higher prevalence of comorbid conditions 
such as ventricular septal defect (VSD), heart failure, 
severe acute malnutrition (SAM), Down syndrome, 
prematurity, and low birth weight experienced a slow 
recovery when compared to those with pneumonia 
having no associated comorbidities. Among these, VSD 
showed the highest odds ratio (OR: 8.49), indicating a 
strong predictive value, followed by heart failure (OR: 
7.09) and SAM (OR: 4.42).

Congenital heart diseases, including VSD, are well-doc-
umented risk factors for lower respiratory tract infections 
in children due to impaired pulmonary circulation and 
reduced immune competence. Studies have shown that 
children with congenital heart defects are more prone to 
develop pneumonia and often require prolonged hospi-
talization and other supportive management. 8,9 Similar-
ly, children with heart failure exhibit decreased oxygen-
ation and pulmonary congestion, which may aggravate 
respiratory infections and increase the likelihood of 
severe presentations. 10

Severe Acute Malnutrition (SAM) compromises both 
innate and adaptive immunity, making children more 
susceptible to infections and increasing the severity of 
common illnesses like pneumonia. 11.12 Our findings 
are consistent with previous studies that have demon-
strated that SAM is strongly associated with increased 
mortality and morbidity from pneumonia in under-five 
children.13

Prematurity and low birth weight are also known risk 
factors for severe pneumonia due to underdeveloped 
lungs and immature immune responses.14,15 Premature 
infants are at increased risk for respiratory distress 
syndrome and bronchopulmonary dysplasia, which 
predispose them to recurrent and severe infections.16 
Furthermore, children with genetic disorders such as 
Down syndrome often present with immunodeficiencies 
and structural airway anomalies, contributing to recur-
rent and severe respiratory infections that is compatible 
with other studies.17

Socio-economic status showed to influence disease 
outcomes, with lower household income being more 
prevalent among severe pneumonia cases. This is similar 
with global findings that poverty contributes to delayed 
health-seeking behavior, undernutrition, and limited 
access to quality healthcare.18 In contrast, exclusive 
breastfeeding and vaccination status did not show statis-
tically significant differences between the groups, 
although they are known to offer protective effects 
against pneumonia in general populations.19,20

The need for more aggressive treatment modali-
ties—such as oxygen therapy, second-line antibiotics, 
and longer hospital stays—was significantly higher 
among children with pneumonia cases with co-morbidi-
ties. This underscores the additional healthcare burden 
associated with managing high-risk pediatric patients 
and reflects the complexity of treatment in the presence 
of comorbid conditions.21

Conclusion: Finally, this study showed the importance of 
early identification and management of comorbidities in 
children who present with pneumonia. Targeted interven-
tions focusing on high-risk groups—such as those with 
congenital heart disease, malnutrition, or preterm 
birth—can help in reducing disease severity, complica-
tions, and hospital load in low-resource settings.

Table 5. Comorbidities associated with group -A patients
compared to group-B among the study patients (n=292)

Comorbidities OR 95% CI p value

VSD 8.49 2.954 – 24.413 <0.001s

Heart failure 7.09 1.624 – 30.940 0.009s

SAM 4.42 1.278 – 15.302 0.01s

Down syndrome 3.65 1.040 – 12.839 0.04s

Prematurity 3.20 1.033 – 14.640 0.04s

Low birth weight 2.92 1.020 – 19.931 0.04s
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