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ABSTRACT

Introduction: Anaemiais aconditionmarked bylow Haemoglobin
(Hb) concentration and is an important risk factor for the poor
health and development of children and adolescents. Anaemia
is not a diagnosis, but merely an objective sign of disease. The
correct treatment requires an understanding of the pathogenesis
of the condition.

Aim: To identify disorders presenting as anaemia in paediatric
population. Also to analyse the data by grading of anaemia and
to calculate the proportion of anaemia in various paediatric age
groups.

Materials and Methods: This cross-sectional study was conducted
at Government Medical College, Ernakulum, Kerala, India, from
September 2017 to February 2018, on 211 paediatric patients of
age groups from newborn upto 18 years. After a detailed clinical
history and examination, Complete Blood Count (CBC), peripheral
smear preparation, reticulocyte count, renal function tests, liver
function tests, and if necessary, radiological and bone marrow
examination were done. The mean haemoglobin in the categories
were compared with Comprehensive National Nutritional Survey
Data. The data obtained were entered in Microsoft excel 365 and
further analysed. Categorical variables were analyzed by Fisher’s-
exact test and continuous variables by Analysis of Variance

INTRODUCTION

Anaemia is a condition in which the number of red blood cells or the
Haemoglobin (Hb) concentration within them is lower than normal [1].
The optimal Hb concentration needed to meet physiologic needs varies
by age and sex of individual [1]. The indicator anaemia has a wide variety
of causes. Iron deficiency is the most common cause of anaemia; other
causes include acute and chronic infections that result in inflammation
and blood loss; deficiencies of other vitamins and minerals, especially
folate, vitamin B12 and vitamin A; and genetically inherited traits,
such as thalassaemia [1,2]. Other conditions (e.g., malaria and other
infections, genetic disorders, and cancer) can also play a role in anaemia
[2]. Anaemia in India is a severe public health problem among young
children, adolescent girls and women. In addition to increased morbidity
and negative effects on physical well-being (weakness and/or fatigue)
[1,2]. Anaemia is associated with delayed mental and psychomotor
development. By the estimate of World Health Organisation (WHO),
42% of children less than 5 years of age and 40% of pregnant women
worldwide are found to be anaemic [1]. The global age-standardised
prevalence of anaemia was 27 % in 2013, down from 33.3% in 1990, a
decrease of approximately 21% [2].

Iron deficiency is an important cause of anaemia and of concern
at certain points in the life cycle (infancy and adolescence).
Micronutrient deficiencies are an important cause of morbidity and
mortality, especially in infants and preschool children [3,4]. Even
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(ANOVA) and Kruskal-Wallis test and the significance level was set
at p-value < 0.05.

Results: Of the 211 patients, 120 (56.87%) were males and
91 (43.13%) were females. The average haemoglobin level
varies across age groups and sex. In the case of newborns,
average Hb was 9.31 g/dL in males and 10.4 g/dL in females.
A total of 211 patients presented with 339 disease conditions,
with respiratory disorders in 98, followed by 83 nutritional
diseases, 49 infections and 35 systemic diseases. Total of
132 patients in age group of 6 months to 4 years, presented
with maximum disorders (206). A total of 186 (54.8%) cases
presented with Microcytic Hypochromic Anaemia (MHA), 149
(43.95%) with Normocytic Normochromic Anaemia (NNA) and
only 4 (1.18%) with Haemolytic Anaemia (HA). No cases of
macrocytic anaemia were noted.

Conclusion: Total of 76.8% cases of MHA (42.1% of total
anaemia cases) are associated with Nutritional, Respiratory
and Infectious conditions which can be managed by public
health measures. The haemoglobin levels in neonates and
less than 6 months age group were significantly less than
population mean which needs to be addressed. In similar
manner, girls in school going age group had significantly
lower Hb than boys.

mild to moderate micronutrient deficiencies can lead to impaired
cognitive development, poor physical growth, increased morbidity
and decreased work productivity in adulthood [4].

Poor nutrition, leading to iron deficiency, is the principal underlying
factor in more than 60% of all anaemia cases [3]. Malnutrition
has been identified as one of the principal causes limiting India’s
global economic potential as depicted in Nutrition - Copenhagen
Consensus Center [3]. To provide robust data on the shifting
conditions of both undernutrition and overweight and obesity, the
Ministry of Health conducted the Comprehensive National Nutrition
Survey (CNNS) to collect a comprehensive set of data on nutritional
status of Indian children from 0-19 years of age. This survey was the
largest micronutrient survey ever implemented globally [4].

Anaemia prevalence among pregnant and non pregnant women are
included as primary outcome indicators in the core set of indicators
for the Global Nutrition Monitoring Framework [5]. These indicators
are used to monitor progress towards achieving Global Nutrition
Target 2, which is a 50% reduction in anaemia among women of
reproductive age by 2025 [5,6]. In 2019, global anaemia prevalence
was 39.8% (95% Uncertainty Interval 36.0%, 43.8%) in children aged
6-59 months, equivalent to 269 million children with anaemia [7,8].

To assess the prevalence as well as severity of anaemia in India, three

different datasets were utilized, viz, WHO dataset, National Family
Health Survey (NFHS) -5 data and CNNS data. According to NFHS
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-5 survey, there is a rise in 8.5 % of anaemic cases in the age group
of 6 months- 5 years (from 58.6% to 67.5%), whereas in the 15-19
age group there is a 5 % rise in girls (54.1% to 59.1%), and in boys
it was 1.9 % rise (29.2% to 31.1%). Data was not available for other
age groups in NFHS-5 survey. In India 41% of preschoolers aged
1-4 years, 24% of school-age children aged 5-9 years and 28% of
adolescents aged 10-19 years had some degree of anaemia [9].

The global burden of malnutrition is unacceptably high, with nearly
half of all deaths in children under five years linked to poor nutrition
[9]. Stunting in early life can have long-term effects on health, physical
and cognitive development, learning and earning potential, thereby
placing an immense human and economic toll at the individual,
household, community, and national level. Despite substantial
economic growth in India over most recent decades, chronic
malnutrition (stunting) in children under five years of age reduced
by only one-third between 1992 and 2016 and remains alarmingly
high, with 38.4% of children stunted in the country [10,11]. Hence,
the present study included children of age groups newborns to 18
years with the aim to understand clinical and diagnostic challenges
presented by anaemia in paediatric population with special emphasis
on its clinical spectrum, grading, variation in prevalence among
different age groups, and sex (males, females) thereby providing a
clinician with a detailed insight into the aetiology of anaemia.

MATERIALS AND METHODS

The study was a cross-sectional study conducted in the Clinical
Pathology Laboratory, Department of Pathology, Government
Medical College, Ernakulam, Kerala, India, from September 2017
to January 2018. Approval from Institutional Ethical Committee
was obtained (approval number IEC/33/17). Informed consent was
taken from the parents of study population.

Inclusion criteria: All the patients of paediatric age groups from
newborns to 18 years of age, who presented with anaemia and
were willing to participate were included in the study.

Exclusion criteria: Patients who had already received treatment for
anaemia were excluded.

Sample size calculation: Based on the prevalence of anaemia
reported by CNNS (prevalence= 41%) [4].

N= 3.84xpqg/d?,

Where

9=59%

Precision (d= 20% of 41%-= 8).

The optimal sample size calculated was 138. Sampling technique
was by consecutive sampling. A total of 211 patients who attended

the Outpatient Department (OPD) during the study time period were
included.

Procedure

A detailed history was taken regarding any associated disease or
conditions, including respiratory disorders, any infections, nutritious
disorders including protein energy malnutrition, stunting. If no
obvious disorders were noted, they were classified as Idiopathic [5].
Laboratory investigations including Complete Blood Count (CBC)
(with haematology analyser 5 part Model: BC6800/ Shenzhen
Mindray Biomedical Electronics), peripheral smear preparation,
Erythrocyte Sedimentation Rate (ESR), reticulocyte count, routine
urine examination, routine biochemical tests including renal function
tests, liver function tests and if necessary, bone marrow and
radiological examination were performed.

Anaemias were classified as Microcytic Hypochromic, Normocytic
normochromic or Macrocytic based on the MCV and haemoglobin
values for the age and sex of the patient in comparison with normal
values [11]. If haemolysis was noted on peripheral smear study, the
cases were classified under haemolytic anaemias. The grading of
anaemia into Mild, Moderate and Severe was also done according to
World Health Organization (WHQO) criteria [12].

STATISTICAL ANALYSIS

The data obtained was statistically analysed using Microsoft Excel
365. Descriptive statistics like, number of cases, percentage,
concomitantinvolvement with other disorders, differentialinvolvement
with various age groups, male: female ratio, and grades of anaemia
were utilised to describe the spectrum of disorders presenting as
anaemia. Inferential statistics were performed and CNNS data [4]
was used for comparison as it provided a baseline for proportions
of severity in all age groups and Z test of proportions was done.
Analysis of Variance (ANOVA) / Kruskal-Wallis test. Student's t-test
used to analyse the p-value of mean Hb and age group of newborns
and upto 6 months. The grading of anaemia was done as grades 1,
2 and 3 [13]. The significance level being fixed at p value < 0.05. The
population mean was obtained from Wintrobe’s Clincal Hematology,
12 edition [14].

RESULTS

Of the total study population, 120 (56.87%) were males and 91
(43.13%) were females. The distribution of cases in paediatric
population is given in [Table/Fig-1].

Age group Male Female n, %
Newborn/Neonates 9 (4.26%) 8(3.79%) 17 (8.05%)
Upto 6 months of age 6 (2.84%) 4 (1.89%) 10 (4.74%)
6 months-4 years 82 (38.86%) 50 (23.69%) 132 (62.56%)
5 years-11 years 20 (9.48%) 23 (10.90%) 43 (20.38%)
12 years-18 years 3 (1.42%) 6 (2.84%) 9 (4.26%)
Total 120 (56.87%) 91 (43.13%) 211 (100%)

[Table/Fig-1]: Distribution of cases among various age groups.

Chi-square test was performed (age group vs sex), no significant
difference between sex across various age groups (p-value=0.236).
The 211 patients were associated with total 339 disorders
including 25 idiopathic cases (unknown aetiology). The distribution
according to disease conditions, categorised into 12 categories as
given in [Table/Fig-2].

Disease condition Males (n, %) Females (n, %) Total (n, %)
Nutritional 40 (11.79%) 43 (12.69% ) 83 (24.5%)
Neonatal 6 (1.77%) 4 (1.18%) 10 (2.95%)
Congenital 5(1.47%) 3(0.9%) 8 (2.36%)
Respiratory disorders 64 (18.88%) 34 (10.03%) 98 (28.91%)
Congenital heart defects 4(1.18%) 6 (1.77%) 10 (2.95%)
Infection 24 (7.08%) 25 (7.37%) 49 (14.45%)
Haematologic 2 (0.59%) 3(0.88%) 5(1.47%)
Systemic 22 (6.49%) 13 (3.83%) 35 (10.32%)
Metabolic 2 (0.59%) 5 (1.47%) 7 (2.06%)
Poisoning 4(1.18%) 3(0.88%) 7 (2.06%)
Trauma 1(0.29%) 1(0.29%) 2 (0.59%)
Idiopathic 16 (4.72%) 9 (2.65%) 25 (7.37%)
Total 190 (56.05%) 149 (43.95%) 339 (100%)

[Table/Fig-2]: Distribution of various diseases or conditions in males and females.

[Table/Fig-3] shows the distribution of types of anaemias amongst
various disorders of all study subjects. Respiratory disorders (n=98)
contributed to most number of cases followed by nutritional diseases
(n=83), infections(n=49), and systemic diseases (n=35). The
distribution of various disorders with age group criterias are shown
in [Table/Fig-4]. Amongst all the study participants, the distribution
of various types of anaemias with age groups and gender are shown
in [Table/Fig-5]. In the school going population (5-11 years), least
studied among the paediatric population, the average Hb levels were
significantly less in females (9.35 g/dL) compared to males (10.7 g/
dL) (p-value=0.005). The same age group had significant difference
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in Hb levels in respiratory disorders in males (11.1 g/dL) compared
to females (9.67 g/dL) (p-value=0.01; Welch'’s t test). Those having
Microcytic Hypochromic Anaemia (MHA) had significantly lower
Hb (9.23 g/dL) compared to Normocytic Normochromic Anaemia

Unnikrishnan Govindakurup et al., Disorders Presenting as Anaemia in Paediatric Population .I

Majority of cases included low birth weight patients (nine cases),
prematurity (nine cases) and respiratory disorders (nine cases),
with one patient presenting with many disorders or conditions
[Table/Fig-6].

(NNA) with mean Hb level of 10.2 g/dL (p-value=0.02).

Haemoglobin | Haemoglobin in Total haemoglobin
Anaemia Type Age group in male (g/dL) female (g/dL) (9/dL)
(Mean+SD) (Mean=SD) (Mean=SD)
Disoder MHA NNA HA Total
Newborn 9.31+4.6 10.4+3.12 9.81+4
Nutritional 58 (17.11%) 25 (7.37%) 0 83 (24.48%)
Newborn- 6 months | 9.32+2.42 8.41+ 3.32 8.95+2.78
Neonatal 3(0.88%) 7 (2.06%) 0 10 (2.95%)
6 month-4 years 9.68+3.12 9.756+2.2 9.7+2.8
Congenital 4(1.18%) 4 (1.18%) 0 8 (2.36%)
5-11 years 10.7+2.56 9.35+3.3 9.97+3.24
Respiratory 54 (15.93%) | 43(12.68%) 1(0.29%) 98 (28.91%)
12-18 years 10.8+2.66 9.29+ 3.52 9.79+3.41
ital
gg;r‘?zg;(i‘cts 5(1.47%) 5(1.47%) 0 10 (2.95%) [Table/Fig-6]: Mean hasmoglobin levels in various age groups of the study
participants.
Infection 31(9.14%) 18 (5.31%) 0 49 (14.45%)
Hematologic 1(0.29%) 1(0.29%) 3(0.88%) 5 (1.47%) In patients with respiratory disorders, those having MHA had
Systemic 19 (5.60%) 16 (4.72%) 0 35 (10.32%) significantly lower Hb (92311 .32 g/dL) level than those with NNA
Motabollo 5 1.47%) 2 0.59%) o 7 2.06%) I(1O.2Ii1.56 g/diL (p—value:'O.OOZ;IStud.ents test). Iln the cqse of
— . . . infections other than respiratory infections, the difference in Hb
Poisoning S(.47%) | 2(0.59%) ° 7 (2.06%) levels between MHA (9.48+1.4 g/dL) and NNA (9.79+1.35 g/dL)
Trauma 1 (0.29%) 1 (0.29%) 0 2(0.59%) was not significant (p-value=0.483) as well as in systemic diseases,
Idiopathic 0 2 5(7.37%) 0 25 (7.37%) the difference in Hb between MHA (9.41 g/dL) and NNA (10.1 g/
Total 186 (54.87%) | 149 (43.95%) 4(1.18%) 339 (100%) dl) (p-value=0.255). In patients with nutritional disorders those

having MHA had significantly lower Hb (9.21+1.96 g/dL) level than
those with NNA (10.2+1.7 g/dL) with a p value of 0.044. In case
of 10 patients with stunting, seven had mild degrees of anaemia

[Table/Fig-3]: Distribution of anaemias in various disorders.

(MHA: Microcytic hypochromic anaemia; NNA: Normocytic normochromic anaemia;
HA: Haemolytic anaemia)

Con-
genital
Total Nutri- Neona- Con- Respira- heart Haema- Poison- Idio- Total
Age patients tional tal genital tory defects | Infection | tologic Systemic | Metabolic ing Trauma pathic Disorders
Group (n, %) (n, %) (n,%) (n, %) (n,%) (n, %) (n, %) (n,%) (n,%) (n, %) (n, %) (n,%) (n, %) (n,%)
11 9 3 3 2
Newborn 17 (8.05%) (3.24%) | (2.65%) | (0.88%) | 9(2.65%) | (0.88%) | 4 (1.18%) 0 0 0 0 0 (0.59%) | 41 (12.09%)
Upto 6 " 2
months 10 (4.74%) | 2 (0.59%) 0 0 (3.24%) | (0.59%) | 3(0.88%) 0 3(0.88%) 1(0.29%) 0 0 0 22 (6.49%)
6 months- 132 54 1 3 64 4 27 3 1 15 206
4 years (62.56%) (15.93%) | (0.29%) | (0.88%) | (18.88%) | (1.18%) | (7.96%) (0.88%) | 22 (6.49%) | 6 (1.77%) 6 (0.29%) | (4.42%) (60.76%)
5-11 43 14 2 13 1 1Al 2 1 1 1
years (20.38%) (4.13%) 0 (0.59%) | (3.83%) | (0.29%) | (3.24%) (0.59%) | 9 (2.65%) 0 (0.29%) | (0.29%) | (0.29%) | 59 (17.40%)
12-18 3
years 9 (4.26%) | 2(0.59%) 0 0 1(0.29%) 0 4 (1.18%) 0 1(0.29%) 0 0 0 (0.88%) | 11(3.24%)
83 10 8 98 10 49 5 35 7 2 25
Total 211 (100%) | (24.48%) | (2.95%) | (2.36%) | (28.91%) | (2.95%) | (14.45%) | (1.47%) (10.32%) 7 (2.06%) | (2.06%) | (0.59%) | (7.37%) | 339 (100%)

[Table/Fig-4]: Distribution of disorders among various age groups vs disease categories.

Total patients=211; Total disorders=339

[Table/Fig-5]: Distribution of various types of Anaemia with age group criterias

and gender.

Mean haemoglobin levels of all study participants are shown in
[Table/Fig-6]. The mean haemoglobin in male was 9.31 g/dl (95%
Cl: 7.81-10.8 g/dL and in female was 10.4 g/dL (95% CI: 9.28-
11.4 g/dl) difference was insignificant (p-value=0.3; Independent
samples t-test). Of the 17 newborns, four were having MHA (mean
Hb was 8.39 g/dL) and 13 had NNA (mean Hb was 10.2 g/dL).
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Age group and three had moderate degrees of anaemia. No patient with

B stunting had severe anaemia. As in the case of Protein Energy

New <6 month- | 5-11 | 12-18 Malnutrition (PEM), as the grade of stunting increases, severity also

Gender Anaemia born | month | 4year | year | year | Total seems to rise, though a statistically insignificant. There were seven
MHA 22% | 50% 66% 30% | 33% | 55% cases with metabolic disorders, 5 (71%) with MHA and two cases

NNA 78% | 50% 23% 70% | 67% | 44% (29%) had NNA. The metabolic disorders as diagnosed included

Male A - i % i - o hypothyroidism (n=3 cases), rickets (n=2 cases), Tay Sachs disease
(n=1 case) and alpha ketonuria (n=1 case). There were seven cases

Totalmale | 100% | 100% | 100% | 100% | 100% | 100% of poisoning, five cases of chemical poisoning (kerosene and copper

MHA 25% - 72% 69% | 67% | 64% sulphate) and one case each of snake bite and insect bite. All five

NNA 75% | 100% | 28% 22% | 33% | 34% cases of chemical poisoning were having MHA, whereas snake

Female HA } : ) 9% : 2% bite and insect bite had NNA. The average age in case of chemical
o male | 100% | 100% | 100% | 100% | 100% | 100% poisoning is 1.4 years, snake bite -11 years and insect bite -3 years.

The average Hb was 9.38+1.02 g/dL in chemical poisoning while it
was 10.7 g/dL and 11.1 g/dL in snake bite and insect bite. [Table/
Fig-7] Only 2 cases of trauma were noted with mean Hb of 7.63+0.6
g/dL. One was a male with MHA and the second a female with
NNA. One case was a fracture and second one was of epistaxis. In
23 cases of anaemia of unknown aetiology, all presented with NNA
with a mean Hb of 11+1.03 g/dL.

Moderate degree of anaemias (n=151) were seen predominantly in
all classes of disorders except idiopathic cases, where mild grade
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Anaemia |\ +ivonal | Neonatal | SO0 Respira- | 14 | Infection | Haemato- S ey Poisoning et Idiopathic | Total
severity genital tory logic temic bolic ma

Mild 32 0 2 29 1 12 - 12 3 2 - 19 112

Moderate 30 1 3 47 4 30 5 18 3 5 2 3 151

Severe 8 - - 2 - - - 2 - - - 1 13

Total 70 1 5 78 5 42 5 32 6 7 2 23 276

[Table/Fig-7]: Distribution of anaemia among various diseases according to WHO criteria (6 Months-18 years).

WHO: World Health Organisation

predominated. [Table/Fig-7] shows distribution of anaemic cases on
basis of severity amongst various age groups from 6 months to
18 years. For newborn, the analysis by one sample t-test denoted
the p-value for the difference between means of sample and
population was highly significant (p-value<0.001). The mean value
9.81+4 g/dL and the difference from population mean (u=16.5 g/
dL) was highly significant. One sample t-test highly significant for
less than 6 months (p-value<0.001) category and the mean value
was significantly different from population mean (u=11.5 g/dL). One
sample t-test highly significant for 2 months old (p-value=0.001)
and 2- 6 months (p-value=0.009) categories and the mean values
were significantly different from population means (u=11.5 g/
dL). Grading of the severity of anaemia was done for nutritional
disorders. Of the total 83 cases of nutritional disorders, 70 cases
of belonged to age group 6 months and above and were graded
by World Health Organization criteria. A 32 cases had mild anaemia
(males -22, females-10), 30 cases had moderate anaemia (males-
18 and females-12) and eight cases had severe anaemia (males-3
and females -5). A Chi-square test of independence showed that
there was no significant association between gender and severity of
anaemia with p-value = 0.26.

Other than Iron deficiency, Protein Energy Malnutrition (PEM),
stunting, low birth weight and acute diarrhoeal diseases were
included under nutritional disorders. As the grade of PEM increases
from 1 to 4, the severity of anemia seems increasing , though
there was no statistically significant relation on doing Fisher's-
exact test (p-value=0.119). As in the case of PEM, as the grade of
stunting increases, severity also seems to rise, though a statistically
significant relation could not be proved on doing Fisher-exact test
(p-value=0.183). The haemoglobin levels in neonates and less than
6 months age group were significantly less than population mean
which needs to be addressed. [Table/Fig-8] shows distribution of
anaemias in various age groups.

80%
Age group vs Severity of Anemia
70%
60%
50%

40%

30%

Percentage of cases

20%

10%

12-18 Years

0%
6Month—4 Years 5-11 Years
Age Group

M Mild ™ Moderate M Severe

[Table/Fig-8]: Distribution of anaemias in various age groups cases from 6 months

to 18 years.

In the present study, among preschoolers (6 months-4 years of age),
32% had mild anaemia, 37% had moderate anaemia and 3% had
severe anaemia. Among school-age children (5 years-11 years), 6%
had mild anaemia, 15% had moderate anaemia, and 3% had severe

anaemia. Among adolescents (12 years-18 years), 2% had mild
anaemia, 3% had moderate anaemia and 1% had severe anaemia.

The results of Z-test and p-values of study subjects of 6 months-18
years of age, as compared with the CNNS data are summarised in
[Table/Fig-8]. In the preschool age group (6 months- 4 years), on doing
Z-test for proportions to compare with CNNS data, difference was highly
significant in patients with mild and moderate anaemia, whereas the
difference was not significant in those with severe anaemia. In the 5-11
years age group, the difference in proportions was not significant in mild
(p-value=0.059) and moderate anaemia (p-value=0.395), whereas it
was highly significant in severe anaemia (p-value=0.001). In adolescent
category (12 years-18 years), the difference in proportion was significantly
lower in the study group in mild and moderate anaemias [Table/Fig-9].

Severity of Anaemia
Mild Moderate Severe
Age group V4 z p-
distribution Z score | p-value score p-value score | value
6 months-4years 3.48 <0.0005 6.82 | <0.00001 1.89 | 0.059
5-11 years -1.89 0.059 0.85 0.395 3.27 | 0.001
12-18Years -5.64 | <0.00001 | -3.32 0.0009 -0.51 0.61

[Table/Fig-9]: Comparison of various grades of anaemia with the CNNS data;

Bold p-values are significant.

According to Kruskal-Wallis test, a significant relation was observed
between age group and anaemia grade with (p-value=0.035) [Table/
Fig-10]. Bonferroni correction for multiple comparisons analysis
of the differences between age groups was performed and the
significant difference was found between age groups of 6 months-
4 years and 5-11 years (p-value=0.034).

e

=

=

-

6month 12

4 years

5-11 years

18 years

[Table/Fig-10]: Bar chart depicting Age group with counts plotted against sever-
ity; Grade 1: mild anaemia; Grade 2: moderate anaemia; Grade 3: severe anaemia;
By Kruskal Wallis test, age group and anaemia grade p value = 0.035.

X axis represents Age groups, with three stacked bars, 6 month-4 years, 5-11 years, 12 - 18
years; Y axis represents severity of anemia according to WHO, with the legend 1- mild (blue
color), 2- moderate (red color) and 3- severe (green color)

The proportion of moderate and severe cases are more in the age
group of 5-11 years (75%) compared to other age groups, 67%
in preschool category (6 months-4 years) and 56% in adolescents
(12-18 years) [Table/Fig-9]. Indeed, the values are from present
study. inadvertently omitted from results. Request you to kindly add
the Contingency table given below as [Table/Fig-11].
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Age group
<6 6 month- 5-11 12-18
Anaemia | New born month 4 year year year Total
MHA 4 (24%) 3(30%) | 90(68.18%) | 22 (561%) | 5(656%) | 124
NNA 13 (76%) 7(70%) | 41(31.06%) | 19 (44%) | 4 (44%) | 84
HA - - 1(0.76%) 2 (5%) - 3
Total 17 10 132 (100%) | 43 9 211

[Table/Fig-11]: Distribution of various subtypes of Anemias across the age groups.

MHA: Microcytic hypochromic anemia; NNA: Normocytic normochromic anemia;
HA: Hemolytic anemia

DISCUSSION

Present study was conducted on 211 patients presenting with 339
disorders, single patient presenting with multiple disorders. The WHO
has devised criteria for grading of anaemia based on age and sex
[1]. Individual cases are analysed based on the variables including
age, sex, grade along with category of disease, several patterns
emerge which aids the clinician in management and prognostication.
Since, its nearly impossible to describe the characters associated
with all the 72 disorders in one study, it was categorised into
12 different entities including idiopathic category, observations
specified in paediatric population and neonates. Maximum number
of cases were seen in the age group of 6 months to 4 years (132
patients with 206 disorders). Most common disorders, associated
with anaemia in the present study included respiratory disorders,
nutritional diseases, infections and systemic diseases. Onyeneho
NG et al., in their study observed that common causative factors of
anaemia in India were nutritional causes [15].

In the present study, amongst patients with respiratory and nutritional
disorders, those having MHA had significantly lower Hb level than
those with NNA. Hussain SQ et al., in their study observed that
iron deficiency anaemia was commonly associated with acute lower
respiratory tract infection as in the present study [16]. According to
CNNS data, among preschoolers (6 months-4 years) mild anaemia
was found to be more common. Among school-age children
(5 years-11 years), moderate anaemia while among adolescents
(12-18 years) mild anaemia was more common as compared to
other types [4]. In the case of infections other than respiratory
infections, the difference in Hb levels between MHA (9.48+1.4 g/dL)
and NNA (9.79+1.35 g/dL) was not significant when compared in
the present study, just as other study observing similar findings [17].
There had been past studies depicting, the percentage of severity
of anaemia increases with increase in the grade of Protein Energy
Malnutrition (PEM). Arya AK et al., in their study observed that 95%
of children with severe acute malnutrition had anaemia of which
52% had severe anaemia and 28% had moderate anaemia [18].
As in the case of PEM, as the grade of stunting increases, severity
also seems to rise, though a statistically insignificant relation. No
case of severe anaemia were observed in this study. In case of
grade 1 stunting, 86% cases were having mild anaemia whereas
in grade 2 stunting, 33% cases had mild anaemia whereas 67%
had severe anaemia as per study by Gosdin L et al., observed that
there is a positive association between anaemia and stunting [19].
All cases of prematurity had moderate grade of anaemia, just as in
study by Cibulskis CC et al., observed that anaemia of prematurity
is normocytic normochromic type [20].

Out of total cases with metabolic disorders, 71 % had MHA and 29%
cases had NNA. The metabolic disorders included hypothyroidism,
rickets, Tay Sachs disease and alpha ketonuria. A total of 42.85%
had mild anaemia while 42.86% had moderate anaemia when
grading of severity was performed. Similarly, in previous study
by Tavil B et al., reported that 54.3% had anaemia of chronic
disease associated with metabolic disorders and only 19.6%, rest
contributed by macrocytic anaemia and haemolytic anaemia and the
mean age of the children with metabolic diseases was 55.2+64.8
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months [21]. The nature of anaemia in cases of insect and snake
bites was observed as NNA in the present study, in contrast with
previous experiences in which hemolytic anaemia was seen. Also,
the average age group affected was lower in chemical poisoning
(1.4 years) compared to the average paediatric age group (3.2 years)
which highlights need to be careful with toddlers [22-24]. Only two
cases of trauma were noted with mean Hb of 7.63+0.6 g/dL, male
with fracture presented with MHA and the second, a female with
epistaxis, with NNA. In 23 cases of anaemia of unknown aetiology,
all presented with NNA with a mean Hb of 11+1.03 g/dL. Neonatal
anaemia is defined by a haemoglobin or haematocrit concentration
of greater than 2 standard deviations below the mean for postnatal
age [4]. The mean value of Hb of neonates in the present study
(9.81 g/dL). The mean Hb amongst males and females showed
statistically insignificant p-value on independent samples t-test (p
value = 0.3) of the 17 neonates, majority presented with conditions
of low birth weight, prematurity and respiratory disorders and were
diagnosed with NNA (n=13 cases). Li N et al., and Aher S et al., in
their study concluded that premature infants had increased risk of
anaemia, as in the present study [22,23]. No cases of macrocytic
anaemia were encountered during present study.

Among the preschool population (6 months - 4 years), iron deficiency
anaemia constituted 68.18%, anaemia of chronic inflammation in
31.06% and haemolytic anaemia in 0.76%. The proportion of iron
deficiency anaemia is higher compared to study by Sarna A et al., in
which it was 36.5% [24]. The proportion of anaemia of inflammation
was 31.06%,14.4% and 66.7% among, preschool, school going
category and adolescents respectively compared to 6.5%, 5.4%
and 3.4% in the study [25].

In the school going population,the average Hb levels were
significantly less in females (9.35 g/dL) compared to males (10.7 g/
dL), with significant difference in Hb levels in respiratory disorders
cases in males compared to females with a p-value of 0.01 on
doing Welch’s t test. The present study analysis observed the
importance of controlling MHA in the 5-11 year category with main
cause as nutritional disorders specifically iron deficiency. Anaemia
was associated with lower respiratory tract infection as in the study
by Hussain SQ et al., [25]. In the 12-18 years category, there was
no significant difference in mean haemoglobin levels between males
and females. In the present study, only 3% of total males and 7%
of females of paediatric population were there in contrast to males
31.1% and females 59.1% in the adolescent age group in contrast
to National Family Health Survey (NFHS-5) data [9]. This highlights
need to take screening to the public to bring more anaemic patients
from adolescent age group as it is highly likely that the health system
is missing a lot of patients from the age group.

Limitation(s)

Present study being a hospital-based study, may not truly reflect the
frequency of anaemic patients in community at large. The sample
size of adolescents age group (12 years-18 years) was small.

CONCLUSION(S)

The present study observed 54.8% of disorders associated with
MHA, 43.9% with NNA and 1.18% cases with haemolytic anaemia.
Most common diseases associated with anaemia were respiratory
infections, nutritious disorders, infections and systemic diseases.
Hence, a control of these diseases can help in reducing the
incidence of most cases of anaemia. The mean Hb level in neonates
as well as those under 6 months were significantly less than the
population mean. This age group needs a closer attention by the
clinicians. The mean Hb in females in school going category was
significantly less than males which need to be addressed carefully.
For adolescent category, future studies with greater sample size
need to be conducted.
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