
INTRODUCTION
Around the world, Anemia is regarded to be the most common 

th nutrition related deciency that affects about 1/4 of the 
world's population, especially the children and women of the 
reproductive age group. Among children, anemia has 
negative effect on the cognitive development, performance in 

1school, physical growth and immune response.

Its etiology in developing countries is multifactorial thus, the 
most important risk factors need to be identied for prevention 
strategy. Anemia is commonly associated with nutritional 
deciencies such as iron deciency, the main factor 
responsible for microcytic anemia, while folate or vitamin B12 
deciency leads to the macrocytic anemia. In a similar way, 
the parasitic infections like malaria and ancylostomiasis have 
been reported to be responsible for the high level of 
prevalence of anemia during childhood. In sub-Saharan 
countries, sickle cell disease mainly leads to anemia. 
However, the relative contributions of these etiologies remain 

2unclear.

The causes of anemia are often multifactorial and are 
interrelated in a complex way. Anemia can also be chronic - for 
example, secondary to the iron deciency, human 
immunodeciency virus (HIV) infection, or due to the intestinal 
worms and might be acute, due to the sickle-cell crisis or 
plasmodium falciparum infection, or chronic anemia might be 
a acute exacerbation. The situation is complicated as anemia 
during the childhood can be due  to the iron deciency among 
mother and in association due to the impairment of the fetal 
development and iron-decient & anemic babies. 
Socioeconomic status might lead to the anemia by having an 
impact on the nutrition level, size of family, and interval in 
child birth, along with the aggravation of the affordability and 

3accessibility of preventive and curative measures .

Most children with anemia are asymptomatic, and the 
condition is detected onscreening laboratory evaluation. 
Anemia is a serious concern for young children because it can 
result in impaired cognitive performance, behavioral and 
motor development, coordination, language development, 
and scholastic achievement, as well as increased morbidity 

4from infectious diseases.  

As anemia accounts for signicant morbidity and mortality, 
and in view of no enough studies being done in school aged 
children in urban area, there is a need for study to know the 
prevalence of nutritional anemia as well as other types of 
anemias in my study population.

MATERIALS & METHODS
This cross-sectional observational study was carried out from 
1 January, 2019 to 30 June 2020 among 6 months to 60 months 
presenting at the pediatric department of School of medical 
science and research hospital, Greater Noida.

Sample Size
The sample size was calculated using the nMaster 2.0 
software. The power of the study was taken to be 80% and 
Condence Interval (C.I.) of 95% was taken. The sample size 
was estimated to be 250 cases of anemia.

Study population
The study population included the subjects satisfying the 
inclusion and exclusion criteria. The inclusion criteria were all 
children in the age group of 6-60 months with Hb  level < 11.0 
gm/dl. Children with known chronic diseases and severe 
illness requiring ICU admission. Hb level > 11 gm/dl were 
excluded.

Method of Collection of Data 
This study was being prospective hospital based study. The 
medical history of the patient was taken along with the dietary 
records, along with the detailed physical examination. 
Anthropometry was done along with the requisite 
investigations. Blood samples were collected from the patient 
after getting the informed consent of the parent.

After physical examination and anthropometry CBC was 
performed on day 1. All patients with microcytic hypochromic 
anemia was given iron daily for 2 weeks. Those with 
macrocytic and dimorphic anemia, Vitamin B12 and folate 
level was measured and treatment started accordingly. On 
day 1, oral therapy for vitamin B12 and folate was given for 3 
months and then reassessed. Cases showing aplastic 
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anemia, leukemia on peripheral smear on day 1, was 
managed according. Nutritional counseling was done on Day 
1. Albendazole was given to all children at the start of 
treatment at day 1. On day 14, CBC was repeated, if improving 
continued therapy for 3 months. If not improving, we also 
accessed for noncompliance and thalassemia /other type of 
anemia. Repeat Albendazole treatment on day 14. At 3 
months, general examination was done along with CBC and 
weight measurement.

Statistical Analysis
The data was entered into Microsoft Excel and analysed using 
SPSS (Statistical Package for Social Sciences) package 26.0 
for relevant statistical comparisons. Descriptive statistics like 
mean, percentage and standard deviations was used. 
Inferential statistics was done using the chi-square test for the 
categorical variables.

RESULTS
The mean age of the study population was 2.60±1.47 (0.67-
5.00) years. The study population consisted of 185 (74.0%) 
males and 65 (26.0%) females.The mean Weight was 
11.01±3.47, mean Height/Length was 85.86±13.90 and mean 
Mid arm circumference was 12.64±0.89. The mean MCV was 
66.14±14.76, MCH was 22.92±5.43, MCHC was 33.48±27.46 
and Platelet count was 339.06±137.23. The mean Hb% was 
9.24±1.50, PCV was 32.15±5.03, Total Count was 10.02±4.42, 
RDW was 19.72±2.34 and RBC count was 4.51±0.62. (Table 1)

th The mean Hb% increased signicantly from baseline to at 14
th day to at 90 day. The mean Weight increased signicantly 

from Pre-treatment to at 90th day. (Table 2)

Mild anemia was found among 96 (38.4%), Moderate among 
131 (52.4%) and Severe among 23 (9.2%) subjects. Moderate 
and Severe anemia was more among 0-1 year age group 
whereas Mild Anemia was more among 1-3 years and 3-5 
years age groups with non- signicant difference among age 
groups. No signicant difference in the distribution of severity 
of anemia between males and females. (Table 3)

Dimorphic anemia was found among 50 (20.0%), Microcytic 
hypochromic anemia among 172 (68.8%) and Normocytic 
Hypochromic Anemia among 28 (11.2%) subjects. Non- 
signicant difference was found in the distribution of severity 
of anemia between Dimorphic Anemia, Microcytic 
hypochromic anemia and Normocytic hypochromic anemia. 
(Table 4)

The most common signs for anemia were Pallor (100.0%), 
followed by Dry tongue (2.8%), Lymphadenopathy (2.4%), Dry 
oral mucosa (1.2%), and Frontal bossing (1.2%). The most 
commonly reported symptoms were fever (54.0%), cough 
(29.6%), Vomiting (18.0%), Decreased appetite (11.6%) and 
Pain abdomen (5.2%). (Table 5)

ESM+ was found among 2.4%, Hepatomegaly among 14.8%, 
Splenomegaly among 1.2%, Hepatosplenomegaly and 
Tachycardia among 1.6%, Hypotonia among 3.2%, , 
Tachypnoea among 7.2%, Bronchial breath sound RUL 
among 2.8%, Bronchial breath sounds LLL among 2.0% and 
Crepts+ among 4.0% subjects). (Table 6)

Majority of the children had Iron deciency anemia (97.6%) 
followed by Bronchopneumonia (4.8%), Megaloblastic 
anemia (16.0%), AGE (3.2%), ADD (3.2%), Malaria (3.2%), 
Pulmonary TB (2.4%), Typhoid (2.0%) and URTI (1.6%). (Table 7)

P. vivax was found to be positive among 8 (3.2%), Montoux 
positive among 6 (2.4%), Urine-pus cells positive among 1 
(0.4%) and Widal positive among 5 (2.0%) subjects. (Table 8)

Stunting (low height for age) was reported among 8 (4.0%), 
Wasting (low weight for height) among 10 (5.0%) and 
Underweight (Low weight-for-age) among 4 (2.0%) patients.
(Table 9)

DISCUSSION
Nutritional anemia is a very common cause of morbidity in 
children in a developing country like India in the preschool 
age group. Despite the existence of an effective control 
measure since as early as 1970 (Nutritional Anemia 
Prophylaxis Programme) and constant updating by 
Government e.g. as in 1991 (National Nutritional Anemia 
Control Program) and later on as a part RCH programme, the 
prevalence of nutritional anemia is on the rise in the preschool 

2children, both in India and abroad.[ ]

Severity of Anemia
In our study, as per the severity of anemia, Mild anemia was 
found among 38.4%, Moderate among 52.4% and Severe 
among 9.2% subjects. Our research co-incided with the 

5ndings by Li et al,[ ] majority had mild anemia and then 
moderate grade of anemia and in similarity with the studies 

6 7done in Ethiopia [ ] and Haiti [ ]. There were two possible 
reasons for the fact. On the one hand, children with mild 
anemia were mostly asymptomatic and thus did not attract 
enough attention from their caregivers, so the caregivers 
might not seek medical intervention and did not give the 

6children prompt and effective treatment.[ ]

The higher prevalence of mild anemia among our study was 
8consistent with the ndings by Gebreegziabiher et al[ ], 

9 10Muchie[ ], and Ngnie-Teta et al.[ ]

11In a study done by Kapur D et al,[ ] it was found that only 7.8% 
of children had severe anemia which is slightly higher than 
our observation and they also concluded that parasitic 
infections were not related to prevalence or to severity of 
anaemia but nutritional deciency was the main cause. 45% 
of the babies were found to be taking the diet which was low in 
iron 18. Our study were also in agreement with the ndings by 

12Saba F et al.[ ]

In current study, moderate and severe anemia was more 
among 0-1 year age group whereas mild anemia was more 
among 1-3 years and 3-5 years age groups. The difference 
between the age groups was found to be non-signicant.

13Ncogo et al,[ ] reported higher prevalence of severe anemia 
among 2±12 months old and over 5 years old. The increased 
risk of anemia in children below the age of 12 months is 

14,15consistent with ndings from other countries.[ ] This 
vulnerability could be related to more requirement for iron 
during this stage of the child's development and insufcient 

16supplementation of the iron-rich foods after weaning.[ ] Age 
of the child is known to be a signicant factor associated with 
nutritional anemia in children. Many authors from all over the 
world have shown that younger age is associated with 

17,18nutritional anemia.[ ]

In our study also, majority (75%) of the children were lesser 
than 2 years age. The possible explanation for this may be, as 
age increases, the decient child on account of inappropriate 
feeding practices becomes more and more deprived of 

2micronutrients making him severely anemic.[ ]

6 Melku et al also reported that younger aged children were 
more likely to be anemic.

The likelihood of being anemic among children aged 6-11 
months was higher as compared to those who were within the 
age of 48-59 months. This is in agreement with other 

9,19studies.[ ] There were more chances of anemia among 
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children which were 6-23 months old, that is consistent with 
20-22other studies as well.[ ] The prevalence of anemia reduced 

from 22.3% (in the age group of 6-11 months) to 6.2% (in the 
age group of 60–71 months) which meant that children at 
younger age were the most vulnerable group for anemia. The 
chances for anemia among 6-11, 12-23 and 36-47 months age 
group was 4.71, 1.68 and 1.59 times compared to 60–71 
months. Since the age group of 6-23 months is considered to 
be the main age group for introducing the complementary 
food and nurturing of the eating habits, the inappropriate 
introduction of the complementary food or poor eating habits 
among this age group would lead to the insufcient amount 
of iron intake and responsible for the iron-deciency 

[23,24]anemia. 

Etiology
The relationship between anemia and infection remains 
controversial. However, it is generally accepted that excess or 
deciency of iron result in changes in immune response. 
Anemia occurs most commonly among the children having 
respiratory tract infections, followed by gastrointestinal 
diseases. Respiratory tract diseases need more hemoglobin 
due to both infectious disease process and need for more 
respiratory effort, whereas the gastro- intestinal diseases is 
responsible for the blood loss in feces and vomit or due to the 

25degradation by parasites.[ ]

In current study, P. vivax was found to be positive among 8 
(3.2%), Montoux positive among 6 (2.4%), Urine-pus cells 
positive among 1 (0.4%) and Widal positive among 5 (2.0%) 
subjects.

Lima et al. fund much more frequency of anemia among the 
26infants having infectious diarrhea.[ ] Ramkrishna K et al 

found that children with anemia was 5.75 times more 
susceptible to LRTI compared to the control group. Prevention 
of anemia due to whatever etiology will reduce the incidence 

27of LRTI.[ ]

Although malaria has a wide range of clinical outcomes, 
malaria-related anemia is one of the leading causes of death, 

28 29particularly in children.[ ] Righetti et al[ ] found that infection 
with P. falciparum was the only risk factor signicantly 
associated with anemia in infants. Our data also suggest that 
anemia of chronic disease (ACD), also phrased anemia of 
inammation, plays a role in the process of anemia for 
children aged 6-8 years. This result may be explained by other 
illnesses that can increase inammatory markers in children 
during their rst years of life. Intestinal and urinary tract 
infections, respiratory diseases, hepatitis, measles, HIV, and 
small injuries are among factors that affect the young child 

[29]and could increase inammatory markers.

Symptoms
Cough was reported among 29.6%, Passing hard stools 
among 1.2%, Burning micturition  among  4  (1.6%),  
Decreased  appetite  among  29  (11.6%),  Fever  among  135
(54.0%), Vomiting  among  45  (18.0%), Weakness  in  UL and  
LL   among  4  (1.6%),  Pain abdomen among 13 (5.2%), 
Repeated blood transfusion among 3 (1.2%), Seizure disorder 
among 3 (1.2%), Decreased appetite among 3 (1.2%), 
Generalized weakness among 4 (1.6%) and Global 
developmental delay among 4 (1.6%) subjects.

30Sahana et al[ ] stated that majority of subjects was 
asymptomatic, mild to moderate anemia among Hospitalized 
infants (96%), thus emphasizing the importance of nutritional 
anemia in these infants. Detail assessment of birth history, 
feeding history and nutritional status of all ad-mitted infants 
should be done, so that early intervention can be done.
 
Maternal education regarding Maternal Anemia, breast 

feeding and complementary feeds along with proper 
explanation of the nutritive value of weaning foods is essential 
and is of prime importance.

Type of anemia
Dimorphic Anemia was found among 20.0%, Microcytic 
hypochromic anemia among 68.8% and Normocytic 
hypochromic anemia among 28 (11.2%) subjects. There was 
no signicant difference in the distribution of severity of 
anemia between Dimorphic Anemia, Microcytic hypochromic 
anemia and Normocytic hypochromic anemia.

Iron deciency anemia is the most common type of nutritional 
anemia in children of less than ve year age group, 

31,32cobalamin deciency being the next most common.[ ] ray et 
al reported that 37.5% had only iron deciency, whereas this 
gure for VitB12 and folate deciency are 15% and 4.5% 
respectively. Combined Iron and VitB12 deciency was seen in 

3323% of the children.[ ]

Low intake of iron has emerged as a signicant determinant 
34,35for nutritional anemia in several studies around the world.[ ] 

This factor remains to be signicant, suggesting, 
improvement in intake of iron via nutrition will denitely 

2improve the hemoglobin level of the child.[ ]

35Thorne et al[ ] reported that males were more susceptible to 
stunting than their female counterparts. This tendency is well 

36-38recognised in the literature,[ ] although it is interesting that 
this disparity was not seen in the nationwide data from the 

392006 MICS.[ ] Physiological explanations include males 
being more predisposed to symptomatic and asymptomatic 

40 morbidity, which ultimately results in stunting. A further 
possible explanation is linked to the propensity of males to 
have lower haemoglobin concentrations than females 
(median Hb 9.7 g/dl vs 10.1 g/dl).

There are conicting reports in the literature: a body of 
41-44research corroborates this gender disparity[ ] while others 

45 refute it. It has been proposed that males display faster 
growth velocity accompanied by an increased demand for 

46 iron. This, in turn, has the potential to exacerbate levels of 
anaemia and contribute to stunted growth. 

This study supports the idea that anaemia is more prevalent in 
males, although the implications for this population are 
negligible as the difference in haemoglobin concentrations is 

35of biochemical but not clinical signicance.[ ]

Several published studies have conrmed that childhood 
47,48malnutrition is closely related to anemia.[ ] Malnutrition 

often coexists with other micronutrient deciencies (e.g. iron, 
zinc, folate, vitamin A, vitamin B12), which may increase the 
development of anemia by a synergistic association. 

One of the studies in China showed that stunting, 
underweight, and wasting are the major risk factors for 

47suffering from anemia.[ ] One of the studies showed 
association between anemia and malnutrition with lesser 
level of average hemoglobin among under-weight and 

48stunted children.[ ] Siegal EH et al have noted that stunting 
(30.8%) and wasting (18.1%) were prevalent in anemic 
children studied be-tween 4-17 months where as in our study 

4939% had PEM with majority having grade 1-2 PEM.[ ]

This study has some limitations. Firstly, cause-and-effect 
relationship is difcult to establish with the cross-sectional 
study design. Secondly, all the modiable risk factors were not 
considered for the infectious diseases that potentially affect 
the hematopoiesis.

CONCLUSION
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Mild anemia was found among 38.4%, Moderate among 
52.4% and Severe among 9.2% subjects. Dimorphic anemia 
was found among 20.0%, Microcytic hypochromic anemia 
among 68.8% and Normocytic Hypochromic Anemia among 
11.2% subjects.

Anemia is still a public health problem in our country. Iron 
deciency state was signicantly present as detected by low 
serum hemoglobin levels. Therefore, appropriate and tailored 
interventional strategies are required to reduce the 
prevalence of childhood anemia. These include improving 
women’s access to education; providing health education on 
child feeding practices; and strengthening nutritional and 
social supports.

Tables
Table 1: Mean weight, height and mid-arm circumference of 
the study population

Table 2: Comparison of mean Hb% between Baseline, at 
14th day and at 90th day

Table 3: Distribution of severity of anemia among age 
groups and gender

Table 4: Distribution of severity of anemia between DA, 
MHA and Normocytic Hypochromic Anemia

Table 5: Distribution of Systemic examination among the 
study population

Table 6: Distribution of Systemic examination among the 
study population

Table 7: Distribution of diagnosis among study population

Table 8: Distribution of tests among study population

Table 9: Nutritional status division according to height, 
weight and age
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