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ABSTRACT

Introduction: Childhood malnutrition is common in low-income and middle-income countries and
increases the frequency and severity of pneumonia. The objective of this study was to determine the
association between nutritional status and severity of pneumonia in under five children.

Materials and Methods: This was a hospital based cross-sectional study of data of children
between 3 months to 5 years admitted in the Department of Pediatrics of Birat Medical College
Teaching Hospital with a clinical diagnosis of pneumonia from December 2023 to July 2024.

Results: One hundred seventy children were included in the study with a majority of age group 3 to
12 months (46.5 %) and male to female ratio of 3:1. There were 69 (40.6%) undernourished children
and 73 (42.9%) anemic. On applying bivariate analysis, undernourishment (p<0.001, unadjusted
OR=8.2, and 95% CI1,3.9-17.5) and anemia (p<0.001, unadjusted OR=6, and 95%Cl,2.9-12.6) were
statically significant for severe pneumonia.

Conclusion: The risk of having severe pneumonia was more in children with undernutrition and
anemia. Prevention and treatment of malnutrition in children should be prioritized to reduce severe
pneumonia as well pneumonia related mortality.
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INTRODUCTION

Pneumonia is a form of acute respiratory infection that affects the
lungs which makes difficulty to breathing and restricts oxygen
intake. It is the major cause of death in children worldwide.
Pneumonia killed 740180 children under the age of 5 in 2019
which account for 14% of all deaths of under 5 years old
children.! Highest mortality are seen in southern Asia and sub-
Saharan Africa.
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Globally in 2022, 149 million children under 5 were estimated to
be stunted and 45 million were estimated to be wasted. Nearly half
of the deaths among children under 5 years of age are associated
to undernutrition.”> The prevalence of stunting and wasting
among children under age 5 are 25% and 8%, respectively in
Nepal.> Undernutrition is usually associated with micro-nutrition
deficiency. Among them, iron deficiency anemia is the second
most common micro-nutrition deficiency worldwide. Nepal
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demographic health survey 2022 shows anemia in children aged
6-59 months is 43%.> Malnutrition increases the frequency and
severity of common childhood infections including pneumonia as
well as delays recovery and mortality.* Moreover, acute infections
also worsen nutritional status through higher catabolism, anorexia
and nutrient loss, contributing to a worsening cycle of infections
and malnutrition.>

Preventing pneumonia is a necessary component of a policy to
reduce mortality in under 5 years old children. Among various
modalities, identification of undernourished children and
providing adequate nutrition is the most effective way to prevent
pneumonia. Hence, this study was conducted to identify the
association between undernutrition and anemia to severity of
pneumonia.

MATERIALS AND METHODS

A hospital-based cross sectional study was conducted at Birat
Medical College Teaching Hospital located in Eastern Nepal
from December 2023 to July 2024 among children aged 3
months to 5 years admitted with a diagnosis of pneumonia.
Children with congenital anomalies, congenital heart disease,
immunodeficiency, history of low birth weight, prematurity,
asthma and refusal to give consent were excluded. Prior to the
study, permission was obtained from IRC, Birat Medical College
Teaching Hospital (IRC-PA-349/2023).

With a prevalence (p) of 26.8% (malnutrition in pneumonia),® a
95% confidence interval and an allowable error of 5% with the
calculated sample size was 314. We admitted around 350 cases of
pneumonia last year. So adjusted sample size for finite population
is 166.

A case of pneumonia was defined as cough, fever with or without
signs of respiratory distress. The severity of pneumonia was
classified based on criteria defined by World Health Organization
(WHO).” Severe pneumonia was pneumonia with any danger
sign. (Table 1) The nutritional status was assessed using the WHO
Z-Score weight for height. Weight for height <-2 SD of the WHO
Child Growth Standards median was taken as an undernourished
child.®* WHO defines anemia in children aged under 5 years as a
haemoglobin concentration <11 g/dL.°

Table 1: Classification of pneumonia according to WHO’

Classification Signs and symptoms

No pneumonia Cough or cold. No signs of pneumonia or very

severe disease.

Pneumonia Chest in-drawing in calm child* OR Fast

breathing**

Severe pneumonia Oxygen saturation < 90%; Stridor in calm

child***_; Central Cyanosis; AVPU =V, P or

U *x*%

Very severe disease  Any general danger sign. *****

*Chest in-drawing is present if the lower chest wall moves in during
inspiration.

** Fast breathing: 2 months up to 12 months minute 50 breaths per or
more and 12 months to 5 years up 40 breaths per minute or more

**% Stridor: a harsh sound heard during inspiration.

****% AVPU: Alert, Voice, Pain and Unresponsive.

**%kx% Danger signs: Poor feeding, repeated vomiting, lethargic or
unconsciousness, convulsion
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Written consent from parents were taken before including in the
study. Data had been collected on a pre-designed questionnaire
which included basic demographics, and clinical and laboratory
information. An anthropometric assessment along with general
and systemic examination was conducted. Chest X-ray findings,
hemoglobin, oxygen saturation and other relevant examinations
were conducted as advised by the clinician. Weight for height was
calculated to assess the nutritional status.

Statistical program for Social Sciences (SPSS) 26.0 version
was used for collected data entry and statistical analysis. Data
was summarized by using frequency, mean and percentage for
qualitative variables. A bivariate analysis by chi squared statistic
was carried out to determine the association between nutritional
status and status of anemia on severe pneumonia. Variables which
has p<0.05 were taken as the significant factor of severe disease.

RESULTS

There were 170 children from 3 to 60 months old with pneumonia
admitted to Birat Medical Teaching Hospital, Nepal over the
period from December 2023 to July 2024 were included in
this study. The median age of study children was 2.1 years,
129 (75.9%) were male, and 79 (46.5 %) were in the 3 to 12
months’ age group. We found undernutrition in 69 (40.6%) and
anemia in 73 (42.9%). Regarding the severity of pneumonia,
51 (30%) of children suffered from severe pneumonia. (Table
2) The mean hemoglobin was 10.8gm/dl. In bivariate analysis,
factors significantly associated with severe pneumonia included
undernutrition (p<0.001, unadjusted OR=8.2, and 95%CI,3.9-
17.5) and anemia (p<0.001, unadjusted OR=6, and 95%CI,2.9-
12.6). (Table 3)

Table 2: Characteristics of children with pneumonia

Characteristics Frequency (n) Percentage (%)
Age group 3 - 12 months 79 46.5
12 -36 months 50 29.4
36 - 59 months 41 24.1
Gender Male 129 75.9
Female 41 24.1
Nutritional Normal 101 59.4
status Undernutrition 69 40.6
Anemia Absent 97 57.1
Present 73 429
Severity of Mild 119 70
pneumonia Severe 51 30
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Table 3: Association between nutritional status and anemia to severity of pneumonia

Variables Severity of pneumonia 95% CI
Mild pneumonia Severe Pneumonia  Un-adjusted Odds ratio Pvalue Lower Upper
Nutritional status Normal 88 13 Reference
Undernutrition 31 38 8.200 <0.001 3915 17.586
Anemia Absent 83 14 Reference
Present 36 37 6.000 <0.001  2.940 12.629
DISCUSSION A study done in 2021 showed the presence of anemia in children

A total of 170 cases of pneumonia were included in the study.
The majority of the patients were from the younger age
group in this study. A prospective cohort study done in India
showed young age a significant independent risk factor for
pneumonia.'” Similarly, another study also revealed younger
age group a significant factor for severe pneumonia." This
could be possibly because of underdeveloped immune system,
immature respiratory system and relatively narrow airway that
predisposes to developing severe disease among infants.,'>!
In this study, there was a predominance of male patients which
were 76%. Generally, pneumonia was reported more frequently
in males than females. A study conducted in Dhulikhel Hospital,
Kathmandu, Nepal identified a significant proportion of under-
five pneumonia burden with male and female ratio of 1.69:1.*
Moreover, some studies showed male gender as a significant risk
factor for severe pneumonia.,'>'® The role of male gender as a risk
factor for pneumonia remains unclear. The cause behind the high
susceptibility of male children could be either genetic or gender
bias, which might causes a higher attention to male children for
seeking health care much earlier than female children.!”

A significant association between undernutrition (low weight
for height/length) and severe pneumonia was observed. Among
69 children with undernutrition, 38 (55%) were having severe
pneumonia. There are various studies showed a significant
association between malnutrition and pneumonia in children.,'*!
A study by Srivastava et al also showed a statistically significant
association of severe pneumonia with the status of malnutrition (P
=0.001)."”Malnourished children are at a greater risk of developing
pneumonia due to their weakened immune systems, inability to
fight against infections, and impaired respiratory function.?® Tt
also leads to deficiencies of essential nutrients such as vitamin A,
zine, and iron, which are necessary for normal immune response
against pathogens.,,”!? This study also identified anemia as a
significant risk factor for severe pneumonia. Children under 5
years old are very susceptible to anemia, especially in low income
countries and was also associated with severe infection.?*

hospitalized for pneumonia increases the risk of severe disease
and also found to be one of the independent risk factors for deaths
during hospitalization.” Anemia can damage the immune system
of children which aggravate the infection. Evidence shows that
red blood cells are directly involved in the maintenance of innate
and adaptive immune systems as well as regulators of T-cell
proliferation. Therefore, children with anemia are more likely to
have severe infections.?* However, a study conducted in Vietnam
found no significant association between anemia and severe
pneumonia.?’

CONCLUSIONS

There are various risk factors for severe pneumonia among which
undernutrition and anemia are the major factor responsible for
it. Identifying undernourished and anemic children and work
for its prevention and treatment will lower the cost as well as
avoid mortality. This study identified malnutrition and anemia as
the significant risk factors for severe pneumonia. These findings
provided valuable information to identify factors associated
with severe disease. However, it is important to identify other
considerable risk factors in our region by conducting multi-center
studies.
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pediatrics who helped me to conduct this study.

Recommendation: We recommend to conduct more multi-
center research to clearly identify other risk factors associated
with severe pneumonia in our region so that the government can
develop policies and programs for its prevention.

Limitation of the study: The sample size is small and only
focused on nutritional cause of severe pneumonia. We need large
scale study to understand the other factors associated with severe
pneumonia in the pediatric age group.

REFERENCES

1. Factsheet of Pneumonia (2022) [online] [ cited 2024 Aug 03].
Available from: URL: Website

2. Factsheet of Malnutrition (2022) [online] [ cited 2024 Aug 03].
Available from: URL: Website

3. Ministry of Health & Population, New ERA ICF International Inc.
Nepal demographic health survey 2022. [online][cited 2024 Aug
03]. Available from: URL: Website

Association between nutritional status and severity of pneumonia

4.  Caulfield LE, de Onis M, Blossner M, Black RE. Undernutrition
as an underlying cause of child deaths associated with diarrhea,
pneumonia, malaria, and measles. Am J Clin Nutr. 2004;80(1):193-
8. Crossref

5. Walson JL, Berkley JA. The impact of malnutrition on childhood
infections. Curr Opin Infect Dis. 2018;31(3):231-6. Crossref

6.  Susila INW, Suryawan IWB, Widiasa AAM. Association between
Nutritional Status and Severity of Pneumonia among Children

Yadav et al.



https:// www.who.int/news-room/fact-sheets/detail/pneumonia
https:// www.who.int/news-room/fact-sheets/detail/malnutrition
https://dhsprogram.com /pubs/pdf/ FR379/FR379.pdf
doi: 10.1093/ajcn/80.1.193.
doi: 10.1097/QCO.0000000000000448.

11.

12.

14.

15.

17.

NEPALESE MEDICAL JOURNAL

issue 11 |

645

vol 6 | 2024

under Five Years attending Wangaya District Hospital. Warmadewa
Medical Journal. 2021;6(1):30-6. DOI: Crossref

WHO. Revised WHO classification and treatment for childhood
pneumonia at health facilities: evidence summaries. Geneva: WHO;
2014. [online][cited 2024 Aug 03]. Available from: URL: Website

Guideline: Assessing and managing children at primary health-
care facilities to prevent overweight and obesity in the context
of the double burden of malnutrition: Updates for the Integrated
Management of Childhood Illness (IMCI) World Health
Organization; 2017. [online] [ cited 2024 Aug 03]. Available from:
URL: Website

Factsheet of Anemia (2022) [online] [ cited 2024 Aug 03]. Available
from: URL: Website

Goyal JP, Kumar P, Mukherjee A, Das RR, Bhat JI, Ratageri V,
Vyas B, Lodha R; Acute Respiratory Infection Treatment Unit
Study Group. Risk Factors for the Development of Pneumonia and
Severe Pneumonia in Children. Indian Pediatr. 2021;58(11):1036-
39. Website

Chen L, Miao C, Chen Y, Han X, Lin Z, Ye H, et al. Age-specific
risk factors of severe pneumonia among pediatric patients
hospitalized with community-acquired pneumonia. Ital J Pediatr.
2021;47(1):100. Website

Smith LJ, McKay KO, van Asperen PP, Selvadurai H, Fitzgerald
DA. Normal development of the lung and premature birth. Paediatr
Respir Rev. 2010;11(3):135-42. Crossref

Kisworini P. Setyati A. Sutaryo. Mortality Predictors of Pneumonia
in Children. Paediatrica Indonesiana. 2010; 50(3): 149-53. Crossref

Singh DS, Shrestha NC, Joshi A. Clinical Profile, Radiological
Resolution and Risk

Factors Associated with Community Acquired Pneumonia. J Nepal
Paediatr Soc 2018;38(1):8-13. doi: Crossref

Nair H, Simdes EA, Rudan I, Gessner BD, Azziz-Baumgartner
E, Zhang JSF, et al. Global and regional burden of hospital
admissions for severe acute lower respiratory infections in young
children in 2010: a systematic analysis. Lancet (London, England).
2013;381(9875):1380-90. Crossref

Barsam FJ, Borges GS, Severino AB, de Mello LM, da Silva AS,
Nunes AA. Factors associated with community-acquired pneumonia
in hospitalised children and adolescents aged 6 months to 13 years
old. European journal of pediatrics. 2013;172(4):493-9. Crossref
doi: 10.1007/s00431-012-1909-z .

Association between nutritional status and severity of pneumonia

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Vlassoff C. Gender differences in determinants and consequences
of health and illness. Journal of health, population, and nutrition.
2007;25(1):47-61. Website

Sutriana VN, Sitaresmi MN, Wahab A. Risk factors for childhood
pneumonia: a case-control study in a high prevalence area in
Indonesia. Clin Exp Pediatr. 2021;64(11):588-595. Crossref

Srivastava AD, Awasthi S, Jauhari S. Prevalence of persistent
pneumonia among severe pneumonia and nutritional status as its
associated risk factor: A prospective observational study among
under-five children. J Family Med Prim Care. 2024;13(5):1911-
1916. Crossref

Rytter MJ, Kolte L, Briend A, Friis H, Christensen VB. The immune
system in children with malnutrition--a systematic review. PLoS
One. 2014 ;9(8):¢105017. Crossref

Kirolos A, Blacow RM, Parajuli A, Welton NJ, Khanna A, Allen
SJ, et al. The impact of childhood malnutrition on mortality from
pneumonia: a systematic review and network meta-analysis. BMJ
Glob Health. 2021;6(11):¢007411. Crossref

El-Koofy NM, El-Shabrawi MH, Abd El-Alim BA, Zein MM,
Badawi NE. Patterns of respiratory tract infections in children under
5 years of age in a low-middle-income country. J Egypt Public
Health Assoc. 2022 ;97(1):22. Crossref

Fadl N, Ashour A, Yousry Muhammad Y. Pneumonia among under-
five children in Alexandria, Egypt: a case-control study. J Egypt
Public Health Assoc. 2020 ;95(1):14. Crossref

Salami A, Bahmad HF, Ghssein G, Salloum L, Fakih H. Prevalence
of anemia among Lebanese hospitalized children: Risk and
protective factors. PLoS One. 2018 ;13(8):¢0201806. Crossref

Gelaw Y, Getaneh Z, Melku M. Anemia as a risk factor for
tuberculosis: a systematic review and meta-analysis. Environ Health
Prev Med. 2021 ;26(1):13. Crossref

Odeyemi AO, Odeyemi AO, Musa TL. Determinants of Outcome
among Under-Five Children Hospitalized with Pneumonia at a
Tertiary Health Facility in South-West Nigeria. West Afr J Med.
2021;38(2):114-119. PMID: 33641144.

Hoang VT, Dao TL, Minodier P, Nguyen DC, Hoang NT, Dang VN,
Gautret P. Risk Factors for Severe Pneumonia According to WHO
2005 Criteria Definition Among Children <5 Years of Age in Thai
Binh, Vietnam: A Case-Control Study. J Epidemiol Glob Health.
2019;9(4):274-280. Crossref

Yadav et al.



https://doi.org/10.22225/wmj.6.1.1964.30-36
https://www.who.int/publications/i/item/9789241507813
https://www. who.int/publications/i/item/ 9789241550 123
https:// www.who.int/news-room/fact-sheets/detail/anemia
https://pubmed.ncbi.nlm.nih.gov/34837363
doi: 10.1186/s13052-021-01042-3.
doi: 10.1016/j.prrv.2009. 12.006.
DOI: 10.14238/pi50.3.2010.149-53
http://dx.doi.org/10.3126/jnps.v38i1.18854
doi: 10.1016/S0140-6736(12)61901-1.
https://pmc.ncbi.nlm.nih.gov/articles/PMC3013263/.
doi: 10.3345/cep.2020.00339.
doi: 10.4103/jfmpc.jfmpc_1480_23.
doi: 10.1371/journal.pone.0105017.
doi: 10.1136/bmjgh-2021-007411.
doi: 10.1186/s42506-022-00118-0.
doi: 10.1186/s42506-020-00043-0.
doi: 10.1371/journal.pone.0201806.
doi: 10.1186/s12199-020-00931-z.
doi: 10.2991/jegh.k.191009.001.

