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Abstract:Iron deficiency is associated with impaired psychomotor and 

neurocognitive development as well as impaired immune function in children and 

often these consequences are irreversible. Identifying population groups at risk for 

nutritional iron deficiency at various stages of deficiency will enable proper 

allocation of resources and manpower.  

Aims: To determine the prevalence, risk factors (age, gender and nutrition status) of 

iron deficiency (iron deficient erythropoiesis and iron deficiency anaemia) in 

apparently healthy preschool children (6 to 59 months) belonging to affluent 

families.  

Settings and Design: A cross-sectional study conducted in a private teaching 

hospital.  

Methods and Material: 160 children aged 6 to 59 months, belonging to the upper 

middle class, who came to the pediatric outpatient department for routine visits 

over a period of 1 year were evaluated. Socio-Demographic data with hemoglobin, 

red cell indices and iron studies of blood samples were estimated.  

Statistical analysis used: Continuous data were described as mean and standard 

deviation. Odds ratio with 95% confidence interval was calculated using 

polytomous logistics regression.  



 

Results: Among the 160 children evaluated 48(30%) were anemic, of which 

41(85.4%) had IDA, however of the remaining non anemic 60 (53.6%) had IDE, 

making a total of 101(63.1%) children having ID.Both IDA (p=0.84) and IDE  

(p=0.32) were equally distributed among boys and girls. Similarly, IDA (p=0.75) & 

IDE (p=0.17) among the well-nourished was not significantly different from those 

moderately nourished. Compared to those who had no iron deficiency at all, those 

who had IDA were more likely to be children below the age of 2 years (OR 6.8 

95% CI 2.6-17.7), irrespective of gender and nutrition. However,IDE was spread-

out equally by age, gender and nutritional status. RDW is a good indicator for IDA 

when compared to TIBC, MCV, MCH and MCHC. Unfortunately, none of the 

above could differentiate IDE from normal subjects.  

  

Conclusions: Despite National Iron Plus Programme, a very high prevalence of iron 

deficiency even among apparently healthy children from affluent families is of 

great concern and further interventions need to be planned.There is an urgent need 

for an improved selection and standardization of iron status indicators which are 

cheaper and can differentiate all stages of iron deficiency.  
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School Children, Socioeconomic status, affluent families Introduction:  

Iron is the most common single-nutrient deficiency among children in the 

developing countries. In the state of Kerala the prevalence of anemia (Hb<11g/dl) 

is 35.5% among urban children aged 6-59 months, as per National Family Health 

Survey 2015-16 (NFHS-4).1 The most common cause of anemia in India among 

preschool children is nutritional iron deficiency (IDA). Iron deficiency (ID) causes 

changes to brain function and structure, which may be irreversible even with iron 

treatment, particularly if it happens during infancy when neurogenesis and 

differentiation of different brain regions are occurring.2The National Iron Plus 

Initiative which has existed since 2013 is aimed at providing universal iron 

supplementation for preschool children to overcome such deficiencies. However,  



 

identifying population groups at risk for nutritional iron deficiency at various stages 

of deficiency will enable proper allocation of resources and manpower. Although 

the prevalence of iron deficiency without anemia is expected to be equal to that of 

IDA3 no such study has been done in Kerala.  

Subjects and Methods:  

This was a cross-sectional study conducted in a private teaching hospital for a 

period of 1 year. To assess iron status in children aged 6 to 59 months, belonging to 

the upper middle class, we evaluated 160 patients who came to the pediatric 

outpatient department for routine visits over a period of 1 year. Children who had 

low birth weight or were preterm, were severely sick, required frequent blood 

transfusion, were on hematinics, had bleeding disorders, had malignancy or had a 

history of surgery within the last 2 months were excluded from the study. Only 

children whose parents were of upper middle class and above as per the  

mic status scale revised for 2018 using real-time update  

tool, were enrolled for the study.4 The parent/care taker of the child was well 

informed about the study and written, informed consent was taken from them prior 

to sampling. Ethical approval for the study was taken from our Institutional Review 

Board. Nutritional status was assessed through weight for height using an electronic 

weighing scale. WHO growth charts were used to determine the nutritional status as 



 

normal nutrition, moderate acute malnutrition or severe acute malnutrition. The 

data was compiled as per age group, gender and nutritional status (weight for 

height).  

For serum collection, blood (3 mL) was collected into trace mineral free SST 

(Vacutainer; Becton Dickinson, Plymouth, United Kingdom) and allowed to 

coagulate (25 min) at room temperature. The coagulated blood was centrifuged at 

1315 x g for 15 min at 25 °C. Serum was divided into aliquots for the measurement 

of Iron, ferritin, and transferrin saturation. Venous whole blood (3 mL) was 

collected into EDTA-containing tubes (Vacutainer) for automated blood analysis.  

Samples were run on the DXH 600 (Beckman coulter) within 1 h of collection. 

Complete blood count which includes hemoglobin, red blood cell count, white 

blood cell count, platelet count and red cell indices, i.e. MCV, MCH, MCHC and 

RDW was obtained. Serum Iron & UIBC with spectrophotometry in Beckman 

Coulter AU 680. TIBC is calculated by adding Iron and UIBC. The percentage of 

transferrin saturation was subsequently calculated as (serum iron/TIBC) x 100.5  

Laboratory test results help stage iron deficiency anemia.Stage 1 is characterized by 

decreased bone marrow iron stores; hemoglobin (Hb) and serum iron remain  

Ferritin levels, as it is an  



 

acute phase reactant and expensive, was not done.During stage 2, erythropoiesis is 

impaired.Erythropoiesis is impaired when serum iron falls to < 50 

transferrin saturation to < 16% (Iron Deficient Erythropoiesis - IDE).Patients were 

considered to have iron deficient anemia if the following criteria were fulfilled 

serum iron less than 50 , transferrin saturation less than 16 % and hemoglobin 

less than 11 gm%6. Severity of anemia was classified based on WHO classification 

of anemia. Mild 10 - 10.9 mg/dL, moderate 7 - 9.9 mg/dL, severe < 7 mg/dL.7  

  

Statistical Analysis:  

Data was analyzed using SAS University Edition. Data were summarized in 

frequency tables and a pie chart. Continuous data were described as mean and 

standard deviation. Tests of proportion were done. Odds ratio with 95% confidence 

interval was calculated using polytomous logistics regression.  

Results:  

Among the 160 children evaluated 48(30%) were anemic, of which 41(85.4%) had  

IDA, however of the remaining non-anemic60 (53.6%) had IDE, making a total of  



 

101(63.1%) children having low iron status. This is shown in Figure 1.The 

demographic profile and nutritional status of the study population is described in 

Table 1.   

The prevalence of IDA and IDE among children under 2 years was 40.7% and 

33.3% respectively. The study population had an equal number of those below 2 

years of age and those above. However, proportion of IDA among 2-yearchildren 

was significantly much more than among the older children (p<0.0001) but this 

concentration in a younger age group was not seen for IDE (p=0.27).   

There were more boys (55.0%) than girls in the study population. However, both 

IDA with 26.4% of the girls vs. 25% of the boys (p=0.84) and IDE with 33.3% of 

the girls vs 40.9% of the boys (p=0.32) were equally distributed among boys and 

girls. Similarly, although a majority (81.2%) of the children belonged to normal 

nutritional category and a few to moderate acute malnutrition category with no 

cases of severe acute malnutrition, those with IDA among the well-nourished was 

not significantly different from those moderately nourished (p=0.75). This was the 

case with IDE too, (p=0.17).  



 

Severity of IDA and its relationship to age, gender and nutrition is described in 

Table 2. There were 51.2% mild, 43.9% moderate and only 4.9% severe iron 

deficient anemics.  

As shown in Table 3, compared to those who had no iron deficiency at all, those 

who had IDA were more likely to be children below the age of 2 years (OR 6.8 

95% CI 2.6-17.7), irrespective of gender and nutrition. However, IDE was 

spreadout equally by age, gender and nutritional status.When the two were 

combined as ID, the likelihood of being below the age of 2 decreased but remained 

significant at (OR 2.4 95% CI 1.2-4.8).  

As seen in Table 4, the mean (SD) of RDW showed a clear separation between IDA 

and normal children when compared to TIBC, MCV, MCH and MCHC.  

Unfortunately, none of the above could differentiate IDE from normal subjects.  

 



 

Table 1. Demographic Profile & Nutritional  

Status of the Study Population by Iron  

Deficiency  

 Gender   

   Male  Female  p Value  

Study  

Population  

88  

(55.0%)  

72  

(45.0%)  
   

IDA  22(25.0%)  19(26.4%)  0.84  

Table 2. Classification according to Severity of Anemia  

IDE  36(40.9%)  24(33.3%)  0.32  

ID  58(65.9%)  43(59.7%)  0.42  

 Age in months  

   6-23  24-59  p Value  

Study  

Population  

81  

(50.6%)  

79  

(49.4%)  

  

IDA  33(40.7%)  8(10.1%)  <0.0001  

IDE  27(33.3%)  33(41.8%)  0.27  



 

ID  60(74.0%)  41(51.9%)  0.003  

 Nutrition  

   Normal  MAM  p Value  

Study  

Population  

130  

(81.3%)  

30 (18.8 

%)  
   

IDA  34(26.2%)  7(23.3%)  0.75  

IDE  52(40.0%)  8(26.7%)  0.17  

ID  86(66.2%)  15(50.0%)  0.10  

  

  

Variabl 

es  

WHO Grading of Anemia  

(mg/dL)  

 IDA   IDE  

  

ID  

(IDA+ID 

E)  

Tota 

l  Mild  

(10 - 

10.9)  

Modera 
te  

(7.0 -  

9.9)  

Severe  

(<7.0)  

Age in months    

6-11  30.30%  18.18%  3.03%  
17(51.5 

%)  

12(36.4 

%)  

29  

(87.9%)  
33  

12-23  19.15%  12.77%  2.13%  
16(34.0 

%)  

15(31.9 

%)  

31  

(66.0%)  
47  

24-35  3.57%  14.29%  0.00%  
5(17.9% 

)  

9(32.1% 

)  

14  

(50.0%)  
28  

36-59  5.56%  11.11%  0.00%  3(6.7%)  
24(53.3 

%)  

27  

(60.0%)  
45  

Total  21  18  2  41  60  101   153  

Gender    



 

Male  13.95%  10.47%  1.16%  
22(25.6 

%)  

36(41.9 

%)  

58  

(86.6%)  
67  

Female  13.43%  13.43%  1.49%  
19(28.4 

%)  

24(35.8 

%)  

43  

(50.0%)  
86  

Total  21  18  2  41  60  101   153  

Nutrition    

Normal  14.52%  12.10%  0.81%  
34(27.4 

%)  

52(41.9 

%)  

86  

(69.4%)  
124  

MAM  10.34%  10.34%  3.45%  
7(24.1% 

)  

8(27.6% 

)  

15  

(51.7%)  
29  

Total  21  18  2  41  60  101   153  

  

  

  

  

Table 3. Factors associated with Iron Deficiency Status  

Model#  Parameter  

Odds 

Ratio  95% CI  p value  

IDA         AGE  6.8  (2.6- <.0001  

vs  

NORMAL*  

  17.7)   

SEX  1.2  (0.5-2.9)  0.68  

NUTRITION  0.4  (0.2-1.1)  0.08  

IDE       
vs  

NORMAL*  

  AGE  1.3  (0.6-2.8)  0.50  

SEX  0.8  (0.4-1.8)  0.66  

NUTRITION  0.4  (0.2-1.1)  0.08  

ID           vs  

NORMAL*  

AGE  2.4  (1.2-4.8)  0.01  

SEX  1.0  (0.5-1.9)  0.91  

NUTRITION  0.5  (0.2-1.1)  0.07  



 

# After excluding Other Anemia    * Normal: Neither Anemic nor 
Iron Deficient  

  

Table 4. Mean (SD) of lab parameters of the studied cases  

Indices  

IDA  

(n=41)  

IDE  

(n=60)  

Normal  

(n=52)  

Hb  9.7 + 1.1  12.1 + 0.7  12.3 + 0.7  

MCV  65.1 + 11.1  74.9 + 5.0  76.3 + 3.1  

MCHC  31.8 + 1.7  33.5 + 0.7  33.6 + 0.6  

MCH  21.2+3.4  25.2+1.6  25.6 + 1.1  

RDW  17.1 + 2.2  14.2 + 1.2  13.8 + 0.9  

Total Serum Iron  20.3 + 8.3  31.7 + 13.0  83.3 + 23.0  

Transferrin  

Saturation  

5.7 + 2.9  9.1 + 3.5  24.3 + 6.3  

TIBC  376.0 + 

96.0  

351.5 + 

60.5  

342.5 + 40.6  

  

  

Discussion:  

ID and IDA are associated with impaired psychomotor and neurocognitive 

development as well as impaired immune function in children and often these  



 

consequences are irreversible.8,9ID affects neuronal energy metabolism, the 

metabolism of neurotransmitters, myelination, and memory function. These would  

 

ID.10,11Many studies have demonstrated an association between IDA in infancy and  

later cognitive deficits. Lozoff et al12,13 have reported detecting cognitive deficits 1 

to 2 decades after the iron deficient insult during infancy. A Cochrane systematic 

review, in which the question of whether treatment of IDA improved psychomotor 

development was examined, stated that there was inconclusive but plausible 

evidence (only 2 randomized controlled trials) demonstrating improvement, if the 

treatment extended for more than 30 days.14Thus, considering that iron is the  

 

and ID especially among infants and toddlers.  

Anemia has been used as a proxy for iron deficiency because hemoglobin is the 

only indicator that is measured in most developing countries. A recent systematic 

review of 10 studies and 2 national reports, on prevalence of anemia that ranged 

from 12% to 95%  in children of Kerala, over 25 years,15did not include any study 

specifically on IDA or ID in young children of Kerala. Moreover, a recent national 

survey reported that despite a substantial declining trend over the last few decades, 

 



 

the current prevalence of anemia in Kerala is still high, affecting one in every three 

children under five years of age.1  

A clearer picture of the ID scenario can be revealed by iron studies and can be 

classified by severity. The mildest form is characterized by a reduced  

 

delivery to the functional compartment. The next stage, mild functional ID (also 

called iron-deficient erythropoiesis, IDE) is characterized by a difference between 

the rate of delivery of absorbed iron and iron released from the stores and the 

cellular requirements (reduced serum iron (SI)), increased total iron binding 

capacity (TIBC), reduced percentage saturation of transferrin (% Sat), increased 

plasma transferrin receptor concentration (TfR) and increased red blood cell zinc 

protoporphyrin. In the final stage there is evidence of a deficiency in the major 

functional compartment, the circulating red blood cell mass, established functional 

ID, also called iron deficiency anemia (IDA). Iron-deficient red blood cells reveal 

evidence of inadequate hemoglobin synthesis (reduced red blood cell size measured 

as mean corpuscular volume (MCV) and hemoglobin content, measured as mean 

corpuscular hemoglobin (MCH)).16  



 

Surprisingly, our study, though comprising only of apparently healthy children of 

high socioeconomic status who have access to healthcare and nutritious food, 

showed that ID is a major public health problem affecting101(63.1%) children, 

wherein 41(25.6%) children had IDA and the remaining had IDE. Mild ID, also 

known as reduced iron store was not studied because of the cost involved. 

Including this category would have increased the proportion of iron deficiency even 

more.Such high proportion of IDA and IDE even among children from affluent 

families is of great concern.   

Apart from theincreased requirement during the rapid growth stage of infancy and 

early childhood, between six and twenty-three months, inadequate intake of iron 

when compared to the need is the major cause of this deficiency. In Kerala, a cereal 

based diet is consumed regularly which unfortunately, decreases iron 

bioavailability because the phytates in grains sequester iron to a poorly absorbable 

complex.17Meat, fish and poultry are rich sources of bio available iron. Plant 

sources of iron are generally less well absorbed.  

such as the organic acids citric, malic or ascorbic acid (i.e. vitamin C) may improve 

the absorption of iron from these foods.18 In addition, adding heme iron from 

animal-source foods (especially from beef, but also from lamb, pork, liver and 

chicken) to foods containing non-heme iron will also increase the overall 



 

bioavailability and absorption of iron from a meal.19 Methods of food processing  

such as soaking, fermentation, germination or thermal or mechanical processing  

can also improve the bioavailability and absorption of iron.20 Finally, avoiding 

combination of known inhibitors of non-heme iron  such as tea or coffee  with 

meals will improve iron absorption.19 A combination of strategies  increasing iron

exploiting 

beneficial processing techniques  will be the best approach for improving iron 

status. At the population level, however, it would be much easier to reduce iron 

deficiency by food fortification salt and rice, 

especially in developing countries. However, universal food  

en the possible adverse effects of iron in  

certain subsets of older children and adults.  

Our study showed that female children are no different than male children in their 

susceptibility to IDA(p=0.84) or IDE(p=0.32), unlike other studies of anemia such 

as the one by George et al, 8 where females (12.6%) were significantly more 

susceptible to anemia than males (10.25%); and the one by Manoj et al where male 

(17.27%) children were more susceptible than female (32.5%) children.  



 

Majority of the children in our study had a normal nutritional status (81.2%) based 

on weight for height. 83% of IDA and 86.7% of IDE belonged to the normal 

category and only 17% of IDA and 13.3% of IDE had moderate acute malnutrition. 

Though a lower nutritional status has been associated with a higher incidence of 

anemia,21-23 we did not find any such association in our study group for either for 

IDA(p=0.75) or for IDE(p=0.17).  

Majority (74.0%) of the children below 2 years had ID. This was even higher 

among infants (87.9%). The prevalence of IDA and IDE among children under 2 

years was 40.7% and 33.3% respectively. Among children aged 2-5 years only 

10.1% had IDA, while 41.8% had IDE. The most affected age group with IDA is 

infants (51.5%) and the least affected is between age group of 36 - 60 months 

(6.7%) similar to the studies like Arlappa et al, Manoj et al.21,23Children across all 

ages had IDE and though IDA was less among 36 - 60 months, 53.3%of them had 

IDE. Children below the age of 2 years were more likely to have IDA (OR 2.4  

95% CI 1.2-4.8) for any given gender or nutritional status, when compared to those 

above the age of 2 years. However, IDE was equally distributed, irrespective of 

age, gender or nutritional status.  

 



 

public health concern. A high prevalence among apparently healthy children from 

affluent families is an indicator that the general population rates will be even 

higher.   

As per the WHO/UNICEF guidelines of 2016 recommendations, a universal 

supplementation is required and it is not cost-effective to screen children for 

anemia, when the prevalence of anemia is above 40%.24AAP recommends that 

exclusively breastfed term infants receive an iron supplementation of 1 mg/kg per 

day, starting at 4months of age and continued until appropriate iron-containing 

complementary foods have been introduced. Children from 1 to 3 years of age 

should have an iron intake of 7mg/ day. For children not receiving this iron intake, 

liquid supplements can be used for children 12 through 36 months of age, and 

chewable multivitamins that include an iron component for children 3 years and 

older. Other options include, iron supplements in the form of iron sulphate drops or 

Iron sprinkles with or without additional zinc. AAP recommends universal 

screening for anemia at approximately at 12 months of age with determination of  

Hb concentration and an assessment of risk factors associated with ID/IDA.25  

Barriers to adequate iron supplementation are lack of education for care providers 

and patients, poor compliance made worse by the perception of adverse effects, 



 

including nausea, vomiting, constipation, stomach upset, and teeth staining, cost, 

poor acceptance of supplemental nutrition programs and risk of iron overload.  

Although the present study is not a population-based study, the chosen study 

population can be considered as representative of a high socioeconomic group.  

Moreover, althoug y to study all the risk factors for  

iron deficiency, it clearly shows that children under 2 years are at highest risk for 

IDA and all children are at risk for IDE irrespective of age, gender and nutritional 

status. This highlights the need to plan further intervention trials with either iron 

rich or iron fortified foods or iron supplementation, especially among children 

below the age of two. Under National Iron Plus Initiative launched in 2013, 

biweekly 20 mg elemental iron and 100 microgram (mcg) folic acid per ml of 

liquid formulation and age appropriate de-worming for preschool children of 6-59 

months is given. Despite such national programs, a high prevalence of ID is 

alarming. The efficacy of any program for minimizing ID and IDA can be tracked  

 evaluated through well planned surveillance programs.  

There is an urgent need for an improved selection and standardization of iron status 

indicators which are cheap and can differentiate all stages of iron deficiency. The 

mean (SD) of RDW showed a clear separation between IDA and normal children 



 

when compared to TIBC, MCV, MCH and MCHC. Similar studies in other settings 

support the usage of RDW as a screening tool for identifying iron  

deficiency anemia.26,27The sensitivity of RDW in detecting iron deficiency anemia 

is very high (96 -100%).28Unfortunately, none of the above could differentiate IDE 

from normal subjects.  

Key Messages: The prevalence of iron deficiency among preschool children was 

very high (63.1%), even among affluent families.IDA among 2-yearold children 

was significantly much more than among the older ones while IDE was spread-out 

equally among all ages.   
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