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ABSTRACT
Background

Pneumonia is a leading cause of mortality among children under-five years of age
globally. The WHO (2014) has reported that indoor air pollution caused by cooking
and heating with biomass fuel, living in crowed homes and parenting smoking are
risk factors of pneumonia.

Objectives

The objective of the study was to identify the risk factors for pneumonia among
children under-5 years of age.

Methods

A case control study was carried out among the mothers having under-5 years
children who were admitted in the paediatric ward of Dhulikhel Hospital in 2012/13.
A convenience sampling technique was used to select 50 children with pneumonia
and 150 children with non-pneumonia diseases matched on age, sex and setting.
A semi-structured interview consisting of questions related to risk factors for
pneumonia was used to collect data from mothers of both cases and controls.

Results

Sex of the child did not differ by case/control group whereas the children with
pneumonia were slightly older with 26% cases and 15% controls older than 3 years
of age. Mother’s education was similar in both groups as was family income. Living
in a household with a chulo with smoke increased the odds of having pneumonia
significantly, with the risk almost 4 times greater if the chulo was located within the
same building (OR: 3.76, 95% Cl: 1.20-11.82, p=0.02). Children who had diarrhea
in the past 3 months were protected from pneumonia (OR: 0.38, 95% Cl: 0.18-
0.82, p=0.01). An increasing trend of pneumonia was observed among children of
tobacco smoking parents with greater risk if both parents smoked; it was, however,
not statically significant (OR: 2.21, 95% Cl: 0.56-8.82, p=0.26).

Conclusion

The present study suggests that two factors related to smoke, presence of a smoky
chulo in a household and both parents smoking, are modifiable risk factors related
to pneumonia in young children. Reliable longitudinal studies, interventions, and
programs to educate parents in prevention are important for reducing mortality
and morbidities related to acute respiratory illnesses in Nepal.
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INTRODUCTION

Pneumonia is one of the major public health problems in
children under 5 years of age. According to the World Health
Organization (WHO), more than 150 million episodes of
pneumonia occur every year and these account for more
than 95% of all new cases worldwide.* According to another
report of WHO, nearly 2 million children under 5 years die
of pneumonia each year around the world. It is estimated
that 500 to 900 million acute respiratory infection (ARI)
episodes occur per year in developing countries.? Previous
research has shownthatin low resource settings, risk factors
for pneumonia in children have included malnutrition,
inadequate paternal education, bad ventilated living room,
and smoking habits of parents.?

Pneumonia is an important cause of morbidity and
mortality of children especially in developing countries. The
Nepal Department of Health Services reported that acute
respiratory illness (ARI) is the number one killer disease of
children in Nepal.* The Ministry of Health and Population
(MOHP) recognizes ARI as one of the major public health
problems in Nepal among children under 5 years of age.
The number of deaths due to ARl is around 28,000 children
in Nepal each year.®

This study was carried out to identify the risk factors for
pneumonia among children age 1 month to 5 years in
Nepal.

METHODS

A hospital-based case-control study was conducted in the
pediatric ward of Dhulikhel Hospital from June 2012 to
May 2013 after receiving approval from the Ethical Review
committee of Dhulikhel Hospital. Informed verbal consent
was obtained from each respondent prior to collecting
data. The subjects were assured of the confidentiality of
their information and they were assured that they would
be allowed to refuse to participate in the study at any
time if they wished. The mothers who attended with sick
children aged 1 month — 5 years were considered the study
population for this research.

Fifty children age 5 years and under who were admitted
into the pediatric ward of Dhulikhel Hospital with
pneumonia but with no under-lying chronic illnesses such
as Asthma, Heart disease, and Down’s Syndrome, were
enrolled in the study as cases. Controls included children
who were admitted to the ward during the study period
with other diseases but no pneumonia and no under-lying
chronicillnesses. Three controls per case were matched on
age, sex, and hospital setting. Mothers of each child were
identified for study participation to provide demographic
and other health information needed for this study.

A semi-structured interview with the mother of each child
was used for data collection. The first part of the research
instrument consisted of items related to socio-demographic

characteristics of the mother, the second part included
child-related data and the third part included home-
related factors. The content validity of the instrument was
established by seeking the opinion of pediatric consultants
and a pediatric nursing teacher. The instrument was then
translated into Nepali language and reviewed by a language
expert for comprehensibility and simplicity of language,
and for consistency of the content. The instrument was pre-
tested on 10 women from Dhulikhel Hospital, who were
excluded from the final study. The subjects were selected
by using a non-probability purposive sampling technique.

The collected data were reviewed daily for completeness
and accuracy. Edited data were entered into the Statistical
Package for Social Science Software (SPSS) version 16.0.
Data were analyzed using frequencies and percentages to
describe the sample. We used multiple logistic regressions
to evaluate the increased odds of having pneumonia by
specific risk factors collected in the interview. Odds rations
(ORs), 95% confidence intervals (Cls) and p-values for
unadjusted and adjusted models were estimated. Models
evaluating child characteristics and risk of pneumonia
were adjusted for child age and sex; those evaluating
factors related to the mother’s characteristics and home
environment were adjusted for mother’s age, education
and family income. A p-value of < 0.05 was considered
significant in discussions of factors related to the odds of
having pneumonia.

RESULTS

Result of the study are presented as descriptive statistics
shown by case/control status and results of regression
models. Table 1 provides maternal characteristics of
children with and without pneumonia. Table 2 presents
child-related characteristics, and Table 3 displays home
related factors. Tables 4, 5 and 6 present multivariate
analyses of logistic regression models investigating
associations between specific risk factors and odds of
having pneumonia.

As can be seen in Table 1, The majority of mothers of cases
(88.0%) and controls (76.7%) were young (less than 20
years) when their first child was born. In regard to education,
72% mothers of cases and 65.3% of controls had primary or
secondary levels of education. The majority of the mothers
of cases (76.0%) as well as controls (80.7%) belonged to
Hindu religion; and nearly half of the respondents (44.0%
mothers of cases and 45.3% mother of controls) were
from single family homes. In terms of income, about 18%
respondents did not have sufficient money beyond that
required for basic needs.

Table 2 shows that the majority of the case (46.0%) and
control children (44.7%) were in the 1-3 year age group.
Pneumonia was common in male children (55.5%) in both
groups; and the majority of the children (75.0%) were born
in health institutions at a normal weight (78.4%). Gestation
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Table 1. Socio-demographic Characteristics of Mothers of
Children with and without Pneumonia

Maternal Characteristic Pneumonia  No Pneumonia Total

n=50 n=150 n=200)*
No. (%) No. (%) No. (%)
Age in years
Less than 20 44 (88.0) 115 (76.7) 159 (79.5)
20- 29 1(2.0) 12 (6.5) 13 (6.5)
30 and above 5(10.0) 23(15.3) 28 (14.0)
Religion
Hindu 38 (76.0) 121 (80.7) 159 (79.5)
Buddhist 11 (22.0) 20 (13.3) 3115.5)
Other 1(2.0) 9(6.0) 10 (5.0)
Education of Mother
None/illiterate 6(12.0) 23 (15.3) 29 (14.5)
Primary 18 (36.0) 42 (28.0) 60 (30.0)
Secondary 18 (36.0) 56 (37.3) 74 (37.0)
College or more 8(16.0) 29 (19.3) 37 (18.5)
Economic status
Sufficient 44 (88.0) 119 (79.3) 163 (81.5)
Insufficient 6 (12.0) 31(20.7) 37 (18.5)
Type of Family
Single 22 (44.0) 68 (45.3) 90 (45.0)
Joint 20 (40.0) 58 (38.7) 78 (39.0)
Extended 8 (16.0) 24 (16.0) 32 (16.0)

*numbers may not sum to 200 due to missing data in some cells.

Table 3. Selected Home Environment Related Characteristics of
Children with and without Pneumonia

Home Characteristic Pneumonia  No Pneumonia Total
n=50 n=150 n=200)*
No. (%) No. (%) No. (%)

Ventilation

Well-ventilated 33 (66.0) 104 (69.3) 137 (68.5)

Poorly ventilated 17 (34.0) 46 (30.7) 63 (31.5)

Smoking Status of

Parents

Neither parent smokes 39 (78.0) 129 (86.0) 168 (84.0)

Father smokes 6(12.0) 11(7.3) 17 (8.5)

Mother smokes 1(2.0) 3(2.0) 4(2.0)

Both parent smoke 4 (8.0) 7(4.7) 11 (5.5)

Condition of Chulo

mokeless-separate 11 (22.0) 57 (38.0) 68 (34.0)

building

Smokeless - same 9(18.0) 22 (14.7) 31 (15.5)

building

Smoke — separate 20 (40.0) 50 (33.3) 70 (35.0)

building

Smoke — same building 10 (20.0) 21 (14.0) 31 (15.5)

*Numbers may not sum to 200 due to missing data in some cells.

for the majority of the case (80.0%) and control (76.7%)
children was greater than 37 weeks. About 90% of the
children were fed colostrum after birth; and 72.0%of the
case and 68.7% of control children were exclusively breast
fed until 4-6 months. Majority of the children (62.0% and
57.3%) were fully vaccinated in both groups. Among the
children 76.0% case and 56.0% control children did not
have diarrhea in the past 3 months; and more than 50%
had attended a child care center in both groups.

A majority of mothers of case (66.0%) and control (69.3%)
children lived in well ventilated houses (Table 3). Rates of
parental smoking overall was low with 78.0% of case and

Table 2. Selected Characteristics of Children with and without
Pneumonia

Characteristic Pneumonia No Pneumonia Total
n=50 n=150 n=200*
No. (%) No. (%) No. (%)

Age Group

Under 1 year 14 (28.0) 61 (40.7) 75 (37.5)

1-3 years 23 (46.0) 67 (44.7) 90 (45.0)

Above 3yrs 13 (26.0) 22 (14.6) 35(17.5)

Sex of Child

Male 30 (60.0) 81 (54.0) 111(55.5)

Female 20 (40.0) 69 (46.0) 89 (44.5)

Birthplace of Child

Home 14 (28.0) 36 (24.0) 50 (25.0)

Health Institution 36 (72.0) 114 (76.0) 150(75.0)

Birth Weight of Child

Normal (2.5 kg or more) 38 (76.0) 111 (79.3) 149(78.4)

Underweight (less than 12 (24.0) 29 (20.7) 41 (21.6)

2.5 kg)

Gestational Age of Child

37 weeks or less 10 (20.0) 35 (23.3) 45 (22.5)

Above 37 weeks 40 (80.0) 115 (76.7) 15 (77.5)

Colostrum Feeding given

Yes 47 (94.0) 133 (88.7) 180(90.0)

No 3(6.0) 17 (11.3) 20 (10.0)

Duration of Breast

feeding

4-6 month 36 (72.0) 103 (68.7) 139(69.5)

Less than 4 months 9(18.0) 33 (22.0) 42 (21.0)

Greater than 6 months 5(10.0) 14 (9.3) 19 (9.5)

Immunization Status of

Child

Fully vaccinated 31 (62.0) 86 (57.3) 117(58.5)

Not fully vaccinated 19 (38.0) 64 (42.7) 83 (41.5)

Diarrhoea within past 3

months

No 38(76.0) 82 (56.0) 122(61.0)

Yes 12 (24.0) 65 (44.0) 78 (39.0)

Attending Child Care

Center

Yes 32 (64.0) 118 (78.7) 150(75.0)

No 18 (36.0) 32 (21.3) 50 (25.0)

*Numbers may not sum to 200 due to missing data in some cells.

86.0% of control children’s parents reported not to smoke.
In terms of the chulo used in the household, case (40.0%)
and control (33.3%) children’s parents had used a smoky
chulo but lived in separate houses.

In unadjusted models (Table 4), mothers who were less
than 20 years and more than 30 years old were less likely to
have children with pneumonia compared to mothers age
20-29 but the relationship was not significant. A borderline
significant association was found showing women 30
years and older to be 63% less likely to have children with
pneumonia present at the hospital (p=0.09). Similarly,
religion and education status of mothers and economic
status of family did not have any significant effect on the
pneumonia status of their children. While the children
who lived in joint and extended families had an increased
odds of having pneumonia than did the children living in
single family households, these associations were also not
significant.
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Table 4. Associations between Maternal Characteristics and Odds of
Children Having Pneumonia

Maternal Pneu- Unadjusted Adjusted for

Characteristics monia Demographics
Yes/No OR (95% ClI) P OR (95% CI) p

Age of Mother

(years)

20-29 years 44/115 1.00(reference) 0.21 1.00(reference) 0.11

Under 20 years  1/12
30 and older 5/23

0.22(0.03-1.73) 0.5 0.23(0.03-1.89) 0.18
0.57(0.20-1.59) 0.28 0.37(0.12-1.14) 0.09

Religion

Hindu 38/121 1.0(reference) 0.23  1.00(reference) 0.19
Buddhist 11/20  1.75(0.77-3.98) 0.18 1.97(0.82-4.73) 0.13
Other 1/9 0.35(0.04-2.88) 0.33 0.38(0.04-3.32) 0.38
Education of

Mother

Secondary 18/56  1.0(reference) 0.72 1.00(reference) 0.86
None/illiterate  6/23 0.81(0.29-2.30) 0.70 1.03(0.32-3.29) 0.96
Primary 18/42  1.33(0.62-2.87) 0.46 1.37(0.60-3.14) 0.45
College or 8/29 0.86(0.33-2.21) 0.75 0.96(0.36-2.54) 0.93
more

Economic

status

Sufficient 44/119 1.0 (reference) 0.18 1.00(reference) 0.17
Insufficient 6/31 0.52(0.20-1.34) 0.48(0.17-1.36)

Type of Family

Single 22/68 1.0 (reference)  0.98 1.00(reference) 0.88
Joint 20/58  1.07(0.53-2.14) 0.85 1.21(0.57-2.56) 0.62
Extended 8/24 1.03(0.40-2.62) 0.95 1.16(0.43-3.11) 0.77

*Adjusted for mother’s age, education, and income.

Table 6. Associations between Home Related Characteristics and
Children with and without Pneumonia

Characteris- Pneu- Unadjusted Adjusted for

tics of Home monia Demographics
Yes/No OR (95% Cl) P OR (95% CI) P

Ventilation 0.77

Well-venti- 33/104 1.00(reference) 0.66 1.00(reference)

lated

Poorly venti- 17/46 1.16(0.59-2.30) 1.11(0.54-2.28)

lated

Smoking

Status of

Parents

Neither par- 39/129 1.00(reference)  0.58 1.00(reference) (.48
ent smokes

Mother 1/3
smokes

Father 6/11
smokes

Both parents  4/7
smoke

1.10(0.11-10.90) 0.93 1.51(0.14-16.67) .73
1.80(0.63-5.19)  0.27 1.98(0.63-6.25) .24

1.89(0.53-6.80)  0.33 2.21(0.56-8.82) 0.6

Condition of

Chulo

Smokeless- 11/57
separate

Smokeless - 9/22
same

Smoke — 20/50
separate

Smoke - same  10/21

1.00(reference)  0.23 1.00(reference)  0.10
2.12(0.77-5.81)  0.14 2.34(0.80-6.90)  0.12
2.07(0.91-4.74) 0.08 2.76(1.07-7.15)  0.04

2.50(0.91-6.65)  0.07 3.76(1.20-11.82) 0.02

*Adjusted for mother’s age, education, and income.

Table 5 shows that children older than 3 years of age were
significantly more likely to present at the pediatric ward
with pneumonia than younger children. The association
remained significant when adjusted for child’s sex. Sex of

Table 5. Associations between Child Related Characteristics and Odds of
Children Having Pneumonia

Child Pneu- Unadjusted Adjusted for

Characteristics  monia Demographics
Yes/No  OR (95% ClI) P OR(95% Cl) P

Age of Child

Under 1 year 14/61 1.00(reference) - 1.00(reference) ---

1-3 years 23/67 1.50(0.71-3.16) 0.29 1.51(0.71-3.20) 0.28

Above 3 years 13/22 2.58(1.05-6.32) 0.04 2.60(1.06-6.41) 0.04

Sex of Child

Male 30/81 1.00(reference) 0.46 1.00(reference) 0.43

Female 20/69 0.78(0.41-1.50) 0.77(0.40-1.48)

Birthplace of

Child

Home 14/36  1.00(reference) 0.57 1.00(reference) 0.73

Health Institu-  36/114 0.81(0.39-1.67) 0.87(0.38-1.96)

tion

Birth Weight of

Child

Normal (GE 38/111 1.00(reference) 1.00(reference)

2.5 kg) 0.63 0.41
Underweight 12/29  0.52(0.20-1.34) 1.41(0.62-3.22)

(LT 2.5 kg)

Gestational Age

of Child

<37 weeks 10/35  1.00(reference) 0.63 1.00(reference) 0.66
>37 weeks 40/115 1.22(0.55-2.68) 1.20(0.52-2.76)
Colostrum

Feeding

Yes 47/133 1.00(reference) 0.28 1.00(reference) 0.21
No 3/17 0.50(0.14-1.78) 0.43(0.12-1.61)

Duration of ex-
clusive Breast

feeding
4-6 month 36/103 1.00(reference) 0.83 1.00(reference) 0.87
Less than 4 9/33 0.78(0.34-1.79) 0.56 0.79(0.33-1.89) 0.60
months
Greaterthan6  5/14 1.02(0.34-3.04) 0.97 0.97(0.30-3.13) 0.96
months.

Immunization

Status

Fully vaccinated  31/86 1.00(reference) 0.56 1.00(reference) 0.42
Not fully vac- 19/64  0.82(0.43-1.59) 1.52(0.55-4.22)
cinated

Diarrhoea in

past 3 months

No 38/82 1.00(reference) 0.01 1.00(reference) 0.01
Yes 12/65  0.40(0.19-0.82) 0.38(0.18-0.82)
Attending Child

Care Center

No 32/118 1.00(reference) 0.04 1.00(reference) 0.25

Yes 18/32  2.07(1.03-4.16) 1.66(0.70-3.97)

*Adjusted for child’s age and gender

the child was not related to case/control status. Children
who were delivered in health institutions had 19% and
13% less chance to have pneumonia in both models,
but it was statistically insignificant. The children whose
birth weight was less than 2.5 kg had 21% and 41% more
chance to have pneumonia in unadjusted and adjusted
model, respectively; but it was statistically not significant.
Similarly gestational age of child at birth and practice
of colostrum feeding were not significantly associated
with the occurrence of pneumonia. While breast feeding
did not appear to be associated with risk of pneumonia,
children who were not fully vaccinated had a non-
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significant increased odds of 52% for having pneumonia
than fully vaccinated children in the adjusted model. While
attending a child care center was significantly associated
with a two-fold increased odds of having pneumonia in
the unadjusted model, this association was not significant
when the model was adjusted for child’s age and sex. The
only significant association found among childhood factors
was a protective effect of a child having diarrhea in the past
three months (p=.01). Children whose mothers reported
they had diarrhea in the past three months were 62% less
likely to have presented with pneumonia in the pediatric
ward.

Characteristics related to the home that were evaluated
included ventilation, parents’ smoking habits, and type
of chulo used at home (Table 6). In adjusted models,
associations with poor ventilation and smoking were not
significant. Although not significant, the large odds ratio
calculated for both parents smoking is noteworthy as this
more than doubled the odds of a child presenting with
pneumonia. Significant associations were found for the
type of chulo used in the household. Children living in a
household with a chulo that produced smoke were at a
higher risk of pneumonia than children living in a home
using a smokeless chulo in a separate building. The odds of
having pneumonia were almost 4 times greater if the chulo
was located within the same building (OR: 3.76, 95% Cl:
1.20-11.82, p=0.02).

DISCUSSION

This study was designed to investigate risk factors
for pneumonia presenting at a pediatric ward in a
major teaching hospital of Nepal. In general, we found
no significant associations between the mother’s
demographics and risk of her child having pneumonia,
although age of the mother approached significance
(p=0.09). Women 30 years of age and older were less likely
to bring in children with pneumonia than were women age
20-29 who made up the majority of study participants.
This may be related to the better awareness of this age
group about better outcome of early home treatment
for respiratory symptoms preventing the progression to
pneumonia needing medical care. In terms of the child,
older children (age 3 or more years) were more than twice
as likely to have pneumonia than were children less than
1 year. While in unadjusted models, attending a child
care center increased the odds of having pneumonia, the
association was attenuated when the model was adjusted
for child’s age and gender. An unexpected finding was that
children whose mothers reported their having diarrhea
in the past few 3 months were less likely to present with
pneumonia. A possible explanation for this may be that
these children were perhaps treated with zinc or antibiotics
that simultaneously retained a protective effect against
pneumonia, similar to the findings of Lassi ZS, Haider BA,

Bhutta ZA.% In terms of the family household, a greater
than two-fold odds of having pneumonia was found when
both parents smoked, although this association was not
significant and may reflect the small number of smokers we
had in our sample. An important finding of this study was
the increased risk of pneumonia found in children whose
homes used a smoky chulo. The odds were almost three-
fold if the chulo was in a separate building and almost four-
fold when it was in the same building as the main house.
Both of these associations were significant. This finding
is supported by other studies investigating the home
environment. 1011141819 The present study did not show
relationships with religion, education status of mothers,or
economic status of family on the occurrence of pneumonia
in children. While these findings are similar to one study,’
many others have found low education and other measures
of low socioeconomic status to be associated with risk of
pneumonia in children.#** We believe that small sample
size, misclassification, or other methodological issues may
explain the differences found among studies.

This study found no associations between place of child’s
delivery or joint/extended families living in one household
to be related to pneumonia status. The study done by
MR Savitha found overcrowding significantly associated
with acute respiratory illness (ARI).}* In our study, low
birth weight, partial immunization and partially breast
fed showed insignificant but increased odds of getting
pneumonia. While similarly to us, a study reported no
associations,” most studies have reported an increased
risk of these factors.®?1* These differences, once again,
may be due to small sample size or other issues related
to methodology of the negative studies. The lack of
association between day care attendance and pneumonia
in the adjusted model and pneumonia may be attributed
to improvement of day care center now days. This report
supports the study by Darkwa AG and Igor Rudan, Cynthia
Boschi-Pinto but is in contrast to the results of FA Ujunwa
and CT Ezeonu .1

The finding that children who had diarrhea in the past 3
months were 60% less likely to present with pneumonia
warrants additional discussion. This contrasts with results
of studies in Kenya and other low resource settings where
co-morbid diarrhea was correlated with increased rates of
pneumonia.”*!® Although we acknowledge that children
with concomitant illness may have their immunity lowered
making them more susceptible to severe disease, our
results could have been due to treatment for the diarrhea.
Since the mothers had access to good health care at
Dhulikhel Hospital, it is very possible that antibiotics and
zinc were provided which would have protected them
from subsequent pneumonia. Another reason that this
result occurred may be due to the design of the study
and selection of controls. As diarrhea remains a common
child illness in Nepal, more children with diarrhea but not
pneumonia may have been matched to cases producing
results found here.
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The presence of smoke in the home as a risk factor for
respiratory illnesses in children was reinforced in this study.
Although not significant, children’s exposure to parents’
smoking showed about a two-fold increased odds when
fathers or both parents smoked, considered a large risk
in epidemiologic studies. Statistical significance may have
been limited due to low numbers of smokers in this study
or the relatively greater time spent by children outside the
home. The present study also showed that children living
in homes with a smoky chulo in the same building had an
almost four-fold significant increased odds of pneumonia.
This finding was supported by studies conducted by Dherani
M, Pope D. et al.'8, Bruce N, Weber M, Arana B, et al'°; M.R.
Savitha'l; IgorRudan, Cynthia Boschi-Pinto,'* and Shah N,
Ramankutty V.1 Provision of clean fuels, householder’s
education about effects of smoke on children, and
modification of stoves are potential measures to decrease
this risk. But, as the present study was hospital-based,these
finding may not be representative of all pneumonia cases
in the community. These results would benefit from
additional population-based research.
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CONCLUSION

As acute respiratory illnesses (ARI) are preventable, family
members and trained specialists can play significant roles
to reduce their occurrence through health promotion,
preventive activities and effective child health programs5.
In this study, our most important finding involved the
home environment, specifically the presence of smoke
in the home due to use of a smoky chulo or (suggested)
smoking by parents — both modifiable risk factors. Having
endorsed the Millennium Declaration, the Government of
Nepal is committed to the millennium development goals
(MDGs) which are targeting under 5 mortality. Reliable and
comparable analysis of risks to respiratory health along
with programs to educate parents in prevention of ARI is
essential for reaching these goals.
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