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Abstract

Background: Anemia is a major nutritional universal problem of im-
mense public health significance, affecting persons of all ages, sex 
and economic group. Acute lower respiratory tract infection (ALRTI) 
is a major cause of death in less than 5 years of age, and anemia is 
the commonest co-factor in pediatric patients seeking medical advice. 
There is little contemporary literature outlining the relationship be-
tween anemia and lower respiratory tract infection (LRTI) in children 
especially in our country Nepal. Hence, it was decided to conduct a 
study to determine the relationship between anemia and ALRTI. The 
study was to assess anemia as a risk factor for ALRTI in Nepalese 
children aged from 6 months to 5 years.

Methods: Two hundred children from 6 months to 5 years who at-
tended the outpatient department and those admitted to the ward were 
included in the study. One hundred children with ALRTI were taken 
as the study group, and another 100 age- and sex-matched children 
without ALRTI were taken as the control. The study period was from 
July 2013 to June 2014. Complete blood count and peripheral blood 
smear were done in all children. A child with hemoglobin below 11 
g% was considered anemic. Serum iron, serum ferritin level and total 
iron binding capacity were estimated for all anemic children. LRTI 
cases were diagnosed by WHO criteria. Chest radiographs were taken 
for all ALRTI cases.

Results: Anemia was found in 72% of cases and 34% of controls. 
Mean hemoglobin level was 9.2 g% and 11.4 g% in cases and con-
trols respectively with a significant P value of < 0.05. Iron deficiency 
was found in 86% of total anemic children of study group and 63% 
children of control group.

Conclusions: Anemic children were found to be 4.99 times more sus-
ceptible to ALRTI compared to the non-ALRTI control group, and 
iron deficiency anemia was predominating. Early diagnosis and man-
agement might prevent the occurrence of ALRTI.
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Introduction

Anemia is characterized by a decreased quantity of red blood 
cells, often accompanied by diminished hemoglobin levels 
or altered red blood cell morphology [1]. It is a major global 
nutritional problem of immense public health significance, af-
fecting people of all ages, sex and economic group [2]. Among 
various nutritional deficiency anemias, iron deficiency anemia 
(IDA) is the commonest [3].

Lower respiratory tract infection (LRTI) includes all in-
fections of the lungs and the large airways below the larynx 
[4]. Acute lower respiratory tract infections (ALRTIs) are re-
sponsible for 19% of all deaths in children less than 5 years 
of age and 8.2% of all disabilities and premature mortality 
as measured by disability-adjusted life years [5]. In ALRTI, 
pneumonia is the biggest cause of death under the age of 5 
years. Every year approximately 150 million episodes of 
childhood pneumonia and about 3 million deaths due to pneu-
monia are reported worldwide in children less than 5 years of 
age [6].

Low hemoglobin may also be a risk factor for ALRTI 
along with many other risk factors like low birth weight, lack 
of breast feeding, severe malnutrition, smoke, etc. IDA in chil-
dren occurs most frequently between the ages from 6 months 
to 3 years [2]. Both IDA and ALRTI are more common in de-
veloping countries than in developed countries. Simple inter-
vention with cheap, dependable and cost-effective prevention 
of LRTI with iron supplementation in children below 5 years 
of age may reduce incidence of morbidity and mortality.

There is little contemporary literature outlining the rela-
tionship between anemia and LRTI in children especially in 
our country Nepal. Against this backdrop, the present study 
was conducted with the aim to determine the relationship be-
tween anemia and ALRTI in Nepalese children.
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Materials and Methods

The research protocol for this study was reviewed and ap-
proved by the Institutional Review Board committee of Nepal-
gunj Medical College (NGMC), Banke, Nepal.

Study design

A case-control study was conducted at NGMC, Nepal for a 
period of 1 year from July 2013 to June 2014 in pediatric de-
partment.

Study population

The sample frame consisted of 200 children (100 cases and 

100 controls) aged between 6 months and 5 years attending the 
outpatient department and those hospitalized. Age- and sex-
matched 100 children, attending the pediatric outpatient de-
partment or hospitalized with complaints of illness other than 
ALRTI were randomly selected as controls.

Inclusion criteria

The inclusion criteria for cases were children aged between 6 
months and 5 years with a diagnosis of ALRTI.

Exclusion criteria

Children with the following criteria were exempted from this 
study: 1) congenital malformations of chest wall; 2) having 
severe systemic illness; 3) protein energy malnutrition (PEM 
> grade III as per Indian Academy of Pediatrics classification) 
[7]; and 4) intake of iron supplements.

Study procedure

A written consent was taken from parents or guardians of 
children before they were subjected to investigations. After 
informed consent, detailed history was elicited and physical 
examination was done. Weight and height were recorded to 
all children in order to assess the nutritional status. History 
of relevant symptoms like fever, cough, rapid breathing, chest 
retractions, refusal of feeds, lethargy, wheeze, etc., was taken. 
Hospital records were also examined for relevant data.

The following investigations were done in all children at 
NGMC clinical laboratory: complete blood count (CBC) and 
peripheral blood smear (PBS). Hemoglobin level < 11 g% was 
considered low in this study [8]. Serum iron, serum ferritin and 
total iron binding capacity (TIBC) were done if hemoglobin 
level was below 11 g%. Chest radiograph was done in all AL-
RTI cases.

Blood sample were taken from antecubital vein of each 
child by a trained phlebotomist. Sterile, disposable syringes 
and needles, and proper tubes were used. Hemoglobin level 
was estimated in the blood samples using cyanmeth method by 
automatic blood cell analyzer. CBC was quantified using fully 
automatic complete analyzer. Serum iron level and TIBC were 
measured by using the ferrozine method without deproteiniza-
tion. Serum ferritin was assessed utilizing chemiluminescence 

Table 1.  Age and Gender Distribution of Cases and Controls

Age (months)
Cases Controls

7 - 24 25 - 42 43 - 60 Total 7 - 24 25 - 42 43 - 60 Total

Male 44 6 3 53 46 4 2 52
Female 35 8 4 47 36 9 3 48
Total 79 14 7 100 82 13 5 100

Table 2.  Clinical Features of Cases and Controls

Clinical features Cases 
(%)

Controls 
(%) P value

Symptoms
  Cough 100 3 0.00
  Fever 88 82 0.23
  Fast breathing 79 3 0.00
  Poor feeding 30 25 0.42
  Noisy breathing 21 0 0.00
  Convulsions 5 23 0.00
  Vomiting 9 21 0.17
  Loose stools 11 40 0.00
  Irritability 17 19 0.71
  Abdominal pain 3 18 0.01
  Sore throat 0 7 0.007
Signs
  Cyanosis 5 0 0.24
  Chest indrawings 63 0 0.00
  Rhonchi 29 0 0.00
  Crepitations 41 0 0.00
  Crepitations and rhonchi 13 0 0.00
  Dehydration 4 28 0.00
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immunoassay.

Statistical analysis

Data entry was done in Microsoft excel 2007 and analysis 
was done using statistical package for social sciences (SPSS 
20 version). Categorical variables were reported in terms of 
numbers and percentages. Association of each of the categori-
cal variable with response variable was assessed by Chi-square 
test. Bivariate analysis was done between demographic, clini-
cal variable and ALRTI using “t”-independent test and pre-
sented with P value.

Results

A total of 200 children (100 cases and 100 controls) aged be-
tween 6 months and 5 years were enrolled in the study. Among 
cases, 53% were males and 47% females whereas among con-

trols, 52% were males and 48% females. Among 100 cases, 
79 (44 males and 35 females) were in the age group of 7 - 24 
months, 14 (six males and eight females) were in between 25 
- 42 months and seven (three males and four females) were in 
the age group of 43 - 60 months. Similarly for control group 
the age distribution for 82 (46 males and 36 females), 13 (four 
males and nine females), and five (two males and three fe-
males) in the age group of 7 - 24 months, 25 - 42 months and 
43 - 60 months, respectively (Table 1). Among the demograph-
ic variables, age and sex, both were not statistically significant 
variables for ALRTI (P > 0.05).

Cough, fever and fast breathing were main symptoms ob-
served in 100%, 88% and 79% cases, respectively, whereas 
fever, loose stools and poor feeding were main symptoms ob-
served in 82%, 40% and 25% controls, respectively. Among 
signs, chest indrawing was present in 63% cases and cyanosis 
in 5% cases. Auscultatory chest findings revealed crepitations 
in 41%, rhonchi in 29%, and both crepitations and rhonchi in 
13% patients. Dehydration was the main sign found in 28% 
controls (Table 2).

Among cases, radiological evidence of pneumonia was 
present in 59% patients, hyperinflated lungs suggestive of 
bronchiolitis in 18% patients and chest radiograph was normal 
in 23% patients (Fig. 1).

The mean hemoglobin level was 9.2 g% for study group 
and 11.4 g% for control group (Fig. 2). The 72% of study 
group and 34% of control group had anemia. Categorical vari-
able anemia was statistically significant with odds ratio (OR) 
of 4.99, 95% CI (2.73 - 9.1) shows presence of anemia which 
increases the risk of ALRTI by 4.99 times as compared to non-

Table 3.  Hemoglobin Level Among Anemic and Non-Anemic 
Patients

OR (95% CI) P value
Hb ≤ 11 g/dL 72 34 4.99 (2.73 - 9.1) 0.00
Hb > 11 g/dL 28 66 - -

Figure 1. Radiographic findings of cases. 

Figure 2. Range of hemoglobin of cases and controls. 
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anemic patient (Table 3). Among the anemic children, maxi-
mum children belonged to the age group of 7 - 24 months for 
both the groups (Table 4).

Among the anemic children, 62 (86%) in study group 
had iron deficiency, with mean MCV 64.49 fL, mean MCH 
19.92 pg, mean MCHC 31.13 g/dL, mean RDW 17.07%, mean 
serum iron 36 μg/dL, mean serum ferritin 40.21 ng/mL and 
mean TIBC 396 μg/dL. For the control group, the values were 
21 (63%) with iron deficiency, having mean MCV 78.36 fL, 
mean MCH 25.97 pg, mean MCHC 32.52 g/dL, mean RDW 
13.82%, mean serum iron 71 μg/dL, mean serum ferritin 85.15 
ng/mL and mean TIBC 328 μg/dL.

All the clinical parameters of anemia including hemo-
globin, MCV, MCH, MCHC, RDW, serum iron, serum ferritin 
and TIBC were statistically significant for ALRTI with P value 
< 0.01 (Table 5).

Discussion

The prevalence of anemia varies between developed and de-
veloping countries being more prevalent in developing coun-
tries with prevalence of 44-74% in children [4]. IDA is the 
most common cause of anemia [9]. The 46% of children in 
Nepal are anemic, 27% are mildly anemic, 18% are moder-
ately anemic and less than 1% is severely anemic [10]. ALRTI 
is a leading cause of mortality in children below 5 years of age 
in developing countries [5]. Hence it is important to control the 
risk factors to prevent deaths from ALRTI. Thus, the present 

study was conducted to prove the fact that anemia may be a 
risk factor for ALRTI.

Hemoglobin level less than 11 g% [8] was considered low 
in our study subjects. In the present study, anemic group was 
mainly below 2 years of age with no significant difference be-
tween males and females, which is quite comparable with the 
study conducted by Sheikh et al (2014) [6] and Malla et al 
(2010) [2]. The common involvement of this age group could 
be caused by the fact that inadequate and inappropriate sup-
plementary and complementary feeding practices are practiced 
and advocated widely in this age, due to which hemoglobin 
could touch the nadir [6].

The patients in the present study had usual clinical pres-
entation of ALRTI, and these findings were consistent with the 
study conducted by Malla et al (2010) [2]. In our study, 106 
of the total number of patients had hemoglobin level below 11 
g%, with 72% of ALRTI cases and 34% of non-ALRTI con-
trols. This finding was consistent with the studies conducted 
by Sheikh et al (2014) [6] and Malla et al (2010) [2]. In com-
parison to the few other studies done on anemia and ALRTI, 
Ramakrishnan et al (2006) [11] found that in a study of 200 
infants and children between 9 months and 16 years, 74% of 
cases and 33% of controls were anemic (with 80% and 82 % 
IDA, respectively). In our study the percentage of anemic chil-
dren was found to be much higher as compared to the study 
conducted by Mourad et al (2010) [4], indicating a high preva-
lence of anemia in Nepal.

Mean serum iron level was 36 μg/dL in the anemic and 71 
μg/dL in the non-anemic ALTRI cases (P value < 0.01), point-
ing an association of low serum iron in ALTRI, a hypothesis 
needs consolidation of the previously held research, although 
the early prospective interventional studies conducted derived 
the support from the value of iron supplements in reducing 
rates of respiratory infections in infants. In our study anemic 
patients had 4.99 OR for developing ALRTI, while it was 3.2, 
5.78 and 2.08, as shown in a result that is showing consistent 
strength of association of anemia and ALTRI.

Few reports are available in literature regarding the role 
of low hemoglobin level per se, as a risk factor for develop-
ing ALRTI. It is feasible to recollect the normal functions of 
hemoglobin. It facilitates oxygen and carbon dioxide transport. 
It carries and inactivates nitric oxide and also plays the role 
of a buffer [12]. Quantitative and/or qualitative reduction in 
hemoglobin, may adversely affect the normal functions [13]. 

Table 4.  Age and Gender Distribution of Anemic Cases and Controls

Cases Controls
Anemia
  Age (months) 7 - 24 25 - 42 43 - 60 Total 7 - 24 25 - 42 43 - 60 Total
  Gender M F M F M F M F M F M F
  n 29 25 6 5 3 4 72 16 13 2 1 1 1 34
IDA
  Age (months) 7 - 24 25 - 42 43 - 60 Total 7 - 24 25 - 42 43 - 60 Total
  Gender M F M F M F M F M F M F
  n 24 23 5 5 3 2 62 11 8 1 0 0 1 21

Table 5.  Clinical Parameters of Anemia in Cases and Controls

Parameter Cases Controls P value
Mean hemoglobin (g%) 9.2 11.4 0.00
Mean MCV (fL) 64.49 78.36 0.00
Mean MCH (pg) 19.92 25.97 0.00
Mean MCHC (g/dL) 31.13 32.52 0.00
RDW (% age) 17.07 13.82 0.00
Serum iron (µg/dL) 36 71 0.03
Mean serum ferritin (ng/mL) 40.21 85.15 0.00
Mean TIBC (µg/dL) 396 328 0.001
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Probably it may be the reason for low hemoglobin level found 
to be as a serious risk factor for developing ALRTI as found in 
the present study where anemic children were found to be 4.99 
times more susceptible to ALRTI compared to the non-ALRTI 
control group. Ramakrishnan et al (2006) [11] in their study 
found that anemic children were 5.75 times more susceptible 
to ALRTI, which was consistent with our study. Similarly, 
Savitha et al (2006) [14] did a study on modifiable risk fac-
tors for ALTRIs and concluded that anemia was a significant 
risk factor for ALRTI. As for Broor et al (2001) [15], anemia 
was not found to be a risk factor for ALRTI in 512 infants and 
children below 5 years of age.

Limitation of the study

This study has some limitations, viz. 1) Prevalence of expo-
sure and outcome variables may be different in a community 
setting as our study was hospital-based. 2) Serum ferritin, a 
non-specific acute phase reactant can rise in any inflammatory 
conditions, although both cases and controls were having fever 
at the time of enrolment. 3) As the sample size was small, a 
definite conclusion cannot be made on this study alone.

Conclusions

In the present study, anemia was found to be a risk factor for 
ALRTI in Nepalese children aged from 6 months to 5 years; 
hence, early detection and timely correction of anemia may be 
helpful for prevention of ALRTI in children of this age group.
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