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Screening for iron deficiency in early childhood using serum

ferritin

Abstract

Introduction: The iron deficiency is an important public health problem widely prevalent in the early
childhood period. Iron is very important for various body processes like monoamine metabolism, synthesis of
myelin, and metabolic function of the brain. It has many detrimental effects on the cognition, emotional,
social, and motor development. Serum ferritin is an easily available, non invasive, inexpensive with high
specificity for iron deficiency.

Aim: The present study was conducted with the aim to estimate the levels of hemoglobin and serum ferritin
in young children in the age group of 1-5 years irrespective of their sex.

Materials and methods: Laboratory data of serum ferritin and hemoglobin levels were prospectively
collected of apparently healthy children, 1 to 5 years of age coming to Pediatrics OPD of Acharya Shri Chander
College of Medical Sciences, Jammu. The ferritin levels were estimated in roche chemiluminescent
immunoassay. The haemoglobin levels were estimated. Children with serum ferritin level < 12 pg/L was
considered as deficiency. The statistical analysis was conducted using SPSS version 20.

Results: A total of 100 children, 1 to 5 years of age were enrolled in the study. The mean hemoglobin level in
children is 12.2gm%. The mean serum ferritin level in children is 29.2ug/L. In our study, it was observed that
the mean Hb levels are higher in the reference age group, than decreases in the 2-3 year age group and then
again increases in the 3-5 years age group. It was further observed that the serum ferritin levels were higher
in the reference age group and then decreases in the 2-3 year age group. The serum ferritin levels further
rises in the 3-4 years, 4-5 years age group.

Conclusion: In our study, it was observed that serum ferritin is a more reliable test than hemoglobin for
screening iron deficiency in early childhood. The most favorable age group for screening for iron deficiency
appears to be 2 to 3 years of age in which maximum number of children with iron deficiency was observed,

but other associated conditions should also be kept in mind.
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Introduction

The deficiency of iron is one of the most common nutritional disorders that occur worldwide. Both in
developing and developed countries, it is one of the major public health concerns.1 It has been observed that
the prevalence of iron deficiency is more during the early childhood, which is a crucial time for the
developing brain development.2

The deficiency of iron has a negative brunt on neurodevelopmental outcomes.3Iron is very important for the
different processes occurring in the body like monoamine metabolism, synthesis of myelin, and metabolic
function of the brain.2It has been observed in various animal studies that the deficieney. of iron during the
early post natal period alters development of brain and cognition.# In the various;human studies, it was
observed that poor outcomes across multiple domains of child development are associated with the
deficiency of iron.5> Those children who had iron deficiency in early childhood period, may present with
impairments in cognitive, social, and emotional functioning during adolescence and young adulthood.6 The
American Academy of Pediatrics (AAP) recommends universal screening for.anemia in.children at the age of
12 months through measurement of hemoglobin. 7

Serum ferritin concentration is the most commonly deployed strategy used-in clinical and public health
settings, though many indexes are available.® Ferritin is an iron storage ‘protein; its post transcriptional
regulation is done by iron-responsive elements in its messenger RNA and depends on the cellular iron status.
The expression of ferritin depends on the iron goncentration in.the cell, higher iron concentration results in
increased ferritin expression, whereas deficiency of.iron inhibits its expression.® The ferritin that we measure
in the serum is mainly derived from macrophages,1° and.does not contain storage iron but it only reflects
overall storage form of iron and concentration of ferritin in the liver and other tissues.1!

In India, in primary health care centers, no recommendation is there for screening young children for iron
deficiency or anemia. Therefore, keeping these:things in mind, the present study was conducted with the aim
to estimate the levels of hemoglobin and serum ferritin in young children in the age group of 1-5 years

irrespective of theirisex.

Material and methods

The present.cross, sectional study was conducted in the Department of Pediatrics, Acharya Shri Chander
College of Medical Sciences, Jammu, in which the serum ferritin and hemoglobin was estimated in 100
apparently healthy children, 1-5 years of age coming to Pedriatics OPD. The sampling technique used is
random sample collection. The apparently healthy children in the age group of 1-5 years are included in the
study. Children with mild, severe or life threatening systemic diseases were not included in the study. Other
exclusion criteria included children with a history of chronic illnesses, autoimmune diseases or recurrent
fractures, children undergoing diagnostic biopsies, bronchoscopy or endoscopy and children on medication
known to affect serum iron or ferritin levels, children on iron supplementation. The study was approved by

the institutional ethics committee. Personal and demographic data of children were collected. Blood samples
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were collected in plain vacutainers and EDTA vacutainers. The ferritin levels were estimated in abbott

architect chemiluminescent microparticle immunoassay.12 The haemoglobin levels were estimated.

In the present study, children with serum ferritin level < 12 pg/L was considered as deficiency. The statistical
analysis was conducted using SPSS version 20. Descriptive statistics were used to present the clinical
characteristics of the participants. Continuous variables were described using the means and standard

deviation. All ‘p’ values were two sided and p>0.05 was considered to be statistically significant.
Results

A total of 100 children, 1 to 5 years of age were enrolled in the study. The mean hemoglobin level'in children
is 12.2gm%. We compared the mean hemoglobin levels in different age groups taking the 1 -2 years age group
as reference group. It was observed that the mean hemoglobin level in the reference age.group.i.e. 1-2 years is
11.9 gm%. Whereas in the 2-3 years age group, the mean Hb level was less than, the reference group and the
difference was statistically significant. The higher Hb levels were observed.in the 3-4 years but not
statistically significant. In the 4-5 years age group, the mean Hb'levels are higher than the reference group
and the difference was statistically significant. The 2-3 year age group:;had higher percentage of children with

deficient Hb levels.

The mean serum ferritin level in children is"29.2ug/L."We compared the mean serum ferritin levels in
different age groups taking the 1 -2 years age group as reference group. It was observed that the mean serum
ferritin level in the reference age groupi:e. 1-2 years is 36.8 ug/L, whereas, in the 2-3 years age group, the
mean serum ferritin Hb level was less as compared to'the reference group and the difference was statistically
significant. The higher serum ferritin levels were observed in the 3-4 years and 4-5 years age group than the
reference group and the difference was statistically significant. The 2-3 year age group had higher percentage

of children with deficient:serum ferritin levels.

Discussion

In our study, it was observed that the mean Hb levels are higher in the reference age group, than decreases in
the 2-3:year age group and then again increases in the 3-5 years age group. It was further observed that the
serum ferritin levels were higher in the reference age group and then decreases in the 2-3 year age group.
The serum ferritin levels further rises in the 3-4 years, 4-5 years age group. The deficiency of iron is an
important public health problem and with higher prevalence in the early childhood period. Iron deficiency
has many detrimental effects on the cognition, emotional, social, and motor development.13 The deficiency of
iron due to non-anemic reasons usually identified at the latent stage, and should be identified before its
progression to iron deficiency anemia. Serum ferritin is an easily available, non invasive, inexpensive with
high specificity for iron deficiency.4 Our results are similar with a study done by Oatley, in which screening
strategy for iron deficiency in young children was evaluated, and it was found that serum ferritin levels

decreases at the age from 12 to 15 months whereas in the children above 2 years of age, serum ferritin level



increases. The rate of change in Hb levels upto 2 years of age were not significant, while in children above 2
years of age, with increase in age, there was increase in Hb levels. At 12 months of age, Hemoglobin may be
more reflective of an infant’s budding capacity for iron homeostasis, rather than any pathological state, which
may further improve with increase in age. The detection of anemia only by measurement of hemoglobin, lacks
specificity to detect iron deficiency, as there are other causes of decrease in hemoglobin like
hemoglobinopathies and other nutritional deficiencies. Though acute inflammation is one of the cause of
raised ferritin levels but it is uncommon among healthy young children attending health care centre for
routine check ups.1s

As per the recommendation of The American Academy of Pediatrics (AAP), universal screening of children for
anemia by measuring Hb levels should be done at 12 months of age. As AAP, when the Hb levels <110g/L , itis
defined as Anemia, or when serum ferritin level is <12pg/L, it is known as Iron deficiercy.16

In our study, out of total 100 children, 14% had Hb levels below normal whereas 13% had serum ferritin
below 12ug/l. For each of the 4 age categories, the mean ferritin (SD) as well as the proportion of children
with ferritin <12pg/L are shown in Table 2 for the total sample and the mean hemoglobin (SD) as well as the
proportion of children with hemoglobin <11gm% are shownin Table 1 for the total sample.

Out of 4 age categories, the age category between 2 to 3 years had the highest proportion of children with
hemoglobin values <11gm% whereas the age category between 1 to;2 years had the highest proportion of
children with hemoglobin values >11gm% (table 1) .The highest proportion of children in the age group
between 2 to 3 years were having low levels of serum ferritin below 12pg/L whereas highest proportion of
children having high levels were seen in.age group between 1 to 2 years (table 2).

Above obtained findings suggest that for diagnosing iron deficiency in children; hemoglobin is not an ideal
investigation and its cutoff limit.for anemia may require to be reconsidered. At 12 months of age, Hb may be
more insightful of an infant’s capacity to develop homeostasis of iron, rather than pathological conditions,
which may get better with increase in age.16 Also, only measurement of Hb levels to determine anemia in iron
deficient children lacks. specificity, as there are many other causes of decreased hemoglobin levels such as
hemoglobinopathies and nutritional disorders.”

Given our-finding. that.iron deficiency peaks between 2 to 3 years, this would allow most cases to be
identified. The World Health Organization recommends that serum ferritin should be used to measure the
iron status in population surveys and for program evaluation.l” In the principles that was published by the
World Health Organization in the year 1968, it was suggested that in primary care settings, serum ferritin
was used for screening of iron deficiencyl8 To effectively correct iron deficiency, various oral iron
supplements are available in the market.1® The professional organizations such as AAP finally recommended

the policy to screen for iron deficiency. 7

Conclusions
It was concluded from our study that serum ferritin is a more reliable test than hemoglobin for screening iron

deficiency in early childhood. The most favorable age for screening for iron deficiency using serum ferritin
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appears to be 2 to 3 years of age in which maximum number of children with iron deficiency was observed.

While evaluating a child for iron deficiency, the other acute inflammatory conditions which affect the serum

ferritin levels should also be taken into consideration. Hence, a screening strategy is needed for evaluation of

a child presenting with iron deficiency.
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Table 1: Haemoglobin levels in different age groups and proportion of children with haemoglobin
levels less than 11 gm%

Age (in years) N Mean+SD Percentage below p.value
11gm%

Total Samples 100 12.2+1.1 14

1-2 years 31 11.9+18 9.6

2-3 24 10.8+1.1 12,5 0.01*

34 19 12.3£15 10.5 04

4-5 26 12.8+1.3 115 0.03*

*p-value <0.05, is considered significant

Table 2: Serum ferritin levels in different age groups and proportion of children with ferritin levels

less than 12 pg/L

Age N MeanSD Percentage p value
(In years) below12 pg/L

Total Samples 100 29.2+114 13

1-2 year, 31 36.8+14.6 6.4

2-3 24 24.8+6.2 16.6 0.001*
34 19 273181 15.7 0.006*
4-5 26 28.4+9.7 7.6 0.01*

*p-value <0.05, is considered significant




