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Abstract---Background: Pneumonia is an acute infection of the lung parenchyma and is a leading cause of death
among children under five worldwide. The World Health Organization (WHO) notes that 15% of all under-five
deaths are due to pneumonia, with a prevalence of 3.55% in Indonesia. Anemia, especially iron deficiency anemia, is
also a common health issue among children and is associated with increased morbidity and mortality. Anemia is
believed to increase the risk and worsen the severity of pneumonia due to hypoxia and impaired immune function.
Methods: This cross-sectional study was conducted at Waikabubak General Hospital, West Sumba, on children aged
29 days to 5 years who were hospitalized with pneumonia from January 2022 to December 2023. Pneumonia was
defined based on WHO criteria. Anemia was defined as blood hemoglobin levels <11 mg/dL. Exclusion criteria
included other conditions that might affect the study results. Data analysis was performed using the Chi-square test
to assess the relationship between anemia and pneumonia severity. Results: Of the 399 subjects meeting the criteria,
57.9% were male and 42.1% female. A total of 61.9% were diagnosed with mild to moderate pneumonia, and 38.1%
were diagnosed with severe pneumonia. Most subjects (55.8%) had anemia. The analysis showed a significant
correlation between hemoglobin levels and pneumonia severity (p=0.0125; OR=2.0043; CI 95%= 1.1542 - 3.4805).
Conclusion: This study reveals a significant relationship between anemia and pneumonia severity in children. Early
detection and management of anemia can be important interventions to reduce the incidence and severity of
pneumonia, thus improving clinical outcomes in the pediatric population.
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Introduction

Pneumonia is an acute infection of the lung parenchyma, involving the alveoli and interstitial tissue, characterized by
symptoms such as cough, shortness of breath, fever, wet rales, and infiltrates on chest X-rays. Pneumonia is the
leading cause of infectious death in children and remains a global health issue, especially among children under five.
According to the World Health Organization (WHO, 2022), 15% of all deaths in children under five are caused by
pneumonia.

Acute lower respiratory tract infections, including pneumonia in children under five, are the leading cause of
childhood illness and death globally, accounting for nearly 60% of hospitalizations due to infectious diseases in
infants. The Indonesian Health Profile 2019 reports that pneumonia is one of the causes of under-five mortality, with
277 cases or 9.5% of total under-five deaths in Indonesia. The prevalence of pneumonia in children under five in
Indonesia is 3.55% (Ministry of Health of the Republic of Indonesia, 2019).

Anemia is the most common hematologic disorder found in infants and children. About a quarter of the world's
population suffers from anemia. Recent findings from the World Health Organization (WHO) in 2019 show that the
overall prevalence of anemia is 39.8% among children globally. This condition is most prevalent in developing
countries such as those in Africa and Asia, particularly Southeast Asia, where anemia affects a significant portion of
individuals (Msinde, 2023; Islam et al., 2022). In Indonesia, according to the Basic Health Research (RISKESDAS)
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survey, more than 50% of Indonesian children and adolescents are anemic, including 28% of children under five and
26% of children aged 5-14 years (Juffrie et al., 2020). Microcytic, hypochromic anemia, as the name suggests, is a
type of anemia where circulating red blood cells are smaller than normal (microcytic) and have reduced red color
(hypochromic). The most common cause of this type of anemia is decreased iron reserves in the body (Chaudhry &
Kasarla, 2017). Anemia, especially iron deficiency anemia, is associated with increased morbidity and mortality rates
in children, especially in preschool children (Gallagher, 2022; Jayamanna & Jayaweera, 2023).
The interaction between these two conditions is very complex and varied, affecting morbidity and mortality rates in
the pediatric population. Children under five are particularly vulnerable to anemia (Jayamanna & Jayaweera, 2023).
Anemia is known to be a risk factor and an aggravating factor for pneumonia, especially in under under-five
population (Oktafia et al., 2021; Chisti et al., 2022). This may be because anemia creates a hypoxic environment in
the respiratory circulation, which can be a major contributor to lower respiratory tract infections (Gobinaath, 2020).
We hypothesize that anemia not only increases children's susceptibility to pneumonia but can also worsen the
severity of the condition (Wahyuni & Widyaningsih, 2021). This hypothesis is based on the physiological impacts of
anemia, which disrupts oxygen delivery to tissues and impairs immune function, potentially leading to increased
susceptibility to infections such as pneumonia (Morey et al., 2015; Yung, 2000). By exploring this relationship, this
study aims to uncover potential intervention pathways that could reduce the burden of this condition on child health.
The importance of this research is underscored by its potential to improve clinical outcomes through early
identification and treatment of anemia, ultimately reducing the incidence and severity of pneumonia in children
(Suci, 2020).

Methods

A cross-sectional study was conducted in the pediatric ward of Waikabubak General Hospital, West Sumba. The
study subjects were children aged 29 days to 5 years who were hospitalized with pneumonia from January 2022 to
December 2023. Pneumonia was defined based on WHO criteria: a respiratory rate of at least 50 breaths per minute
in children aged 2-11 months and at least 40 breaths per minute in children aged 1-5 years, along with chest wall
indrawing. Pneumonia severity was assessed based on WHO criteria: cough or difficulty breathing with oxygen
saturation below 90% or severe respiratory distress or the presence of danger signs (inability to drink, altered
consciousness, seizures). Anemia was defined as blood hemoglobin levels <11 mg/dL, with MCV <80 fl, MCH <27
pg, and MCHC <32 g/dL.

Exclusion criteria included subjects with a history of malignancy, undergoing antineoplastic therapy, a history of
thalassemia, malnutrition, other systemic conditions, and incomplete medical records. Eligible samples were taken
from hospital medical records using consecutive sampling methods and analyzed using SPSS version 27 with
univariate and bivariate Chi-square tests between anemia (hb<11.0) and severe pneumonia. We recorded sample
characteristics such as patient gender, pneumonia severity, and hemoglobin levels.

Results
Secondary data were obtained from patients admitted to Waikabubak General Hospital, West Sumba, from January

2022 to December 2023, recorded in the hospital medical records. A total of 399 samples met the inclusion and
exclusion criteria. The characteristics of the subjects included in this study are shown in Table 1.

Table 1
Study subject characteristics

Characteristics Frequency
Gender

Male 231 (57.9%)

Female 168 (42.1%)
Diagnosis

Mild-moderate Pneumonia 247 (61.9%)

Severe Pneumonia 152 (38.1%)
Hemoglobin level (mg/dL)

> 11 (non-anemia) 184 (46.1%)

<11 (anemia) 215 (53.8 %)
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This study had nearly equal numbers of male and female subjects (57.9% and 42.1%, respectively). The majority of
subjects were diagnosed with mild to moderate pneumonia (61.9%), while the remaining 38.1% were diagnosed with
severe pneumonia. Almost half of the subjects were anemic (55.8%), while the other half were not (46.1%). Our data
analysis revealed a significant correlation between hemoglobin levels and pneumonia severity (p=0.0125;
OR=2.0043; ClI 95%= 1.1542 - 3.4805), as shown in Table 2.

Table 2
Correlation between hemoglobin levels and pneumonia severity
Severe Mild-moderate 0
Status Hb pneumonia pneumonia Total P OR 95% ClI
215
. 46 (67,6%) 169 (51%) 0
Anemia (5?'884@ 0.012 2.004 1.1542 - 3.4805
0, 0,
Non-anemia 22 (32,3%) 162 (49%) (46,1%)

p significant if <0.05
Discussion

Anemia and pneumonia are two of the most common pathological conditions in the young population, and they often
occur simultaneously. Children under five and pregnant women are highly susceptible to anemia, especially in low-
income countries (Aksu & Unal, 2023). In Indonesia, more than 50% of children and adolescents are anemic,
including 28% of children under five and 26% of children aged 5-14 years (Juffrie et al., 2020). Various conditions
can cause anemia, such as micronutrient deficiencies, acute or chronic infections, low socioeconomic status,
demographics, genetics, and immunohematologic diseases (Michiels, 2004; Zhou et al., 2006). Microcytic,
hypochromic anemia, as the name suggests, is a type of anemia where circulating red blood cells are smaller than
normal (microcytic) and have reduced red color (hypochromic) (Solaini et al., 2010). The most common cause of this
type of anemia is decreased iron reserves in the body (Chaudhry & Kasarla, 2017). Our study did not investigate the
type of anemia, so the specific effects of anemia on pneumonia severity cannot be explained (Ito et al., 2020).
However, based on the data, iron deficiency is the most common cause of anemia (Gallagher, 2022; Juffrie et al.,
2020). Anemia, especially iron deficiency anemia, is known to be a risk factor and increase susceptibility to lower
respiratory tract infections, including pneumonia (Behairy et al., 2018; Saputra et al., 2022).

The findings of this study highlight a significant correlation between anemia and pneumonia severity in children
(p=0.0125; OR=2.0043; CI 95%= 1.1542 - 3.4805), consistent with the initial hypothesis and previous research
(Chisti et al., 2022; Cao et al., 2023). Oktafia et al. (2021), stated that anemia is associated with an increased risk of
complications in pneumonia. Children with anemia experience reduced hemoglobin capacity to carry oxygen,
exacerbating the abnormal ventilation-perfusion ratio, thereby increasing the risk of respiratory failure in children
with severe pneumonia. Therefore, anemia can significantly increase morbidity and mortality rates in children with
pneumonia (Cao et al., 2023; Reade et al., 2010). Low hemoglobin levels are known to cause hypoxemia, thus
alveolar macrophages have a lower capacity to acquire iron from red blood cells. This immune system imbalance
leads to worsened lung infections and triggers increased pneumonia severity (Wahyudi et al., 2020; Satici et al.,
2020).

The increased risk of pneumonia observed in anemic children indicates that anemia is not just a comorbid
condition but may contribute to the development of pneumonia. There are several limitations to this study. It did not
analyze the relationship of other variables with severe pneumonia occurrence. We also did not analyze the specific
causes of hypochromic, microcytic anemia. Measuring ferritin levels could confirm the specific cause of microcytic
hypochromic anemia (Shah et al., 2010; Accinelli & Leon-Abarca, 2017; Brabin et al., 2001).

Conclusion

There is a significant relationship between hemoglobin levels and the occurrence of severe pneumonia in children
aged 29 days to 5 years.
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