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Abstract 

Background: Iron deficiency is the leading cause of anemia among Indian school children, 

largely due to poor dietary intake and low iron bioavailability, which impairs physical abilities 

and critically affects psychomotor development in children. This study was conducted to 

determine the intelligence quotient (IQ) and academic performance in school going children 

with ot without iron deficiency anemia (IDA). 

Materials and Methods: This Cross-sectional study was carried out for a period of 18 months 

in the department of Pediatrics. Study included children aged 6-12 years, with iron deficiency 

anemia (Case group) and without anemia (Control group). Study parameters included age, 

gender, mother’s education, and socioeconomic status, academic performance and IQ level 

of children.  Data thus collected was subjected to statistical analysis.  

Results: The mean age of children in Case group was 8.30±1.18 and in Control group was 

8.33±1.54 years, with majority being female (60%). Most of the anemic children were from 

lower or upper lower socioeconomic class (80%). Majority of children with IDA were low to 

moderate achievers (82.5%) with respect to academic performance. The mean IQ was 

significantly lower in children with IDA than the healthy controls (p<0.01).  
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Conclusion: This study confirms a strong association between IDA and reduced IQ and 

academic performance among school children, particularly those from lower socioeconomic 

backgrounds. 
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Introduction 

Children’s health is crucial to national development, with school-aged children 

forming about one-fifth of the population.[1] This period is key for building nutrient reserves 

needed for adolescent growth. Iron, vital for hemoglobin and oxygen transport, is often 

lacking, making iron deficiency anemia (IDA) the most common micronutrient deficiency 

worldwide. WHO defines anemia as insufficient red blood cells or oxygen-carrying capacity, 

with <11 g/dL hemoglobin in children considered anemic.[2] In India, iron deficiency, due to 

poor intake and low bioavailability, is the leading cause of anemia in school children.[3][4] 

Adolescents, especially girls, are more vulnerable due to growth demands and menstruation. 

Other causes include folate and B12 deficiencies, malaria, parasites, and hemoglobin 

disorders.[5,6] Hookworms in particular worsen iron deficiency. NFHS-5 (2019–21) showed 

anemia in children rose from 59% (NFHS-4) to 67%, with increases in all severity levels.[7] 

Anemia negatively affects children’s cognitive, emotional, and academic performance and 

may lower adult productivity.[8] Studies link IDA to lower IQ and impaired development.[9-

13] However, research in India on anemia’s impact on IQ and school performance is limited. 

This study aimed to determine the intelligence quotient (IQ) and academic performance in 

school going children, aged 6-12 years, with iron deficiency anemia, compared to healthy 

peers. 

Materials and Methods 

This hospital-based case control study was conducted in the Department of Pediatrics of a 

tertiary care teaching hospital from January 2023 to July 2024 after obtaining approval from 

Institutional Ethical Committee.  Study included total 80 school going children aged 6-12 years 

who attended Pediatric OPD during study period. A comprehensive history was obtained for 

all participants including age, gender, mother’s education, and socioeconomic status using a 
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structured proforma. Clinical examination focused on signs of IDA. All children underwent a 

complete hemogram, RBC indices, and iron studies including serum ferritin. Anemia was 

defined as hemoglobin <11.5 g/dL (WHO criteria), and iron deficiency as serum ferritin <15 

mcg/L (WHO criteria). Based on results, participants were divided into: Cases group (children 

with iron deficiency anemia, n=40) and Control group (40 childre n without anemia). School 

performance of study subjects was assessed using the previous year’s report cards and 

categorized into three groups: low achievers (Grades D <40% and C 40–60%), moderate 

achievers (Grade B 60–80%), and high achievers (Grade A >80%). Intelligence Quotient (IQ) 

testing was conducted for all children using Malin’s Intelligence Scale for Indian Children 

(MISIC), administered by a child psychologist. Data thus collected was subjected to statistical 

analysis. 

Statistical analysis: 

Association between qualitative variables was assessed by Chi-Square test. Analysis of 

Quantitative data between the two groups was done using unpaired t-test if data passed 

‘Normality test’ and by Mann-Whitney Test if data failed ‘Normality test’. p-value <0.05 was 

considered statistically significance. 

Results  

In this study, mean age of study subjects in Case group was 8.30±1.18 and in Control group 

was 8.33±1.54 years. Out of total 80 study subjects, 48 were female and 32 were male. No 

difference was observed between cases and controls with respect to mother’s education. 

Most of the cases of anemia were from lower or upper lower class (80%) as compared to non-

anemics (80% vs 27.5%; p<0.01). (Table 1) 

Table 1: Characteristics of Study Subjects 

Parameters  Groups  Total p-value 

Cases Controls 

Mean Age (years) 8.30±1.18 8.33±1.54  0.94 

Gender  Female 21 (52.5%) 27 (67.5%) 48 (60%) 0.171 

Male 19 (47.5%) 13 (32.5%) 32 (40%)  

Mother's 
Education 

Illiterate  10 (25%) 11 (27.5%) 21 (26.3%) 0.696 

Primary 13 (32.5%) 10 (25%) 23 (28.8%) 
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Sec./ Higher 
Sec. 

10 (25%) 14 (35%) 24 (30%) 

Graduation 7 (17.5%) 5 (12.5%) 12 (15%) 

Socioeconomic 
Status 

Upper Middle 1 (2.5%) 9 (22.5%) 10 (12.5%) <0.01 

Lower Middle 7 (17.5%) 20 (50%) 27 (33.8%) 

Upper Lower 20 (50%) 0 (0%) 20 (25%) 

Lower 12 (30%) 11 (27.5%) 23 (28.7%) 

 

Low to moderate achievers were 30% and 52.5% in cases of anemia as compared to 22.5% 

and 47.5% in controls. High academic achievers were only 17.5% in cases as compared to 30% 

among controls. Mean IQ score was 104.82 among anemia cases which was significantly lower 

than controls where it was 110.63 (p<0.01). (Table 2) 

Table 2: Academic Performance and IQ score in Study Subjects 

Study Parameters Group Total p-value 

Cases Controls 

Academic 
Performance 

High 
Achievers 

7 12 19 0.04 

17.5% 30.0% 23.8% 

Moderate 
Achievers 

21 19 40 

52.5% 47.5% 50.0% 

Low 
Achievers 

12 9 21 

30.0% 22.5% 26.3% 

Mean IQ Score 104.82±5.35 110.63±3.05 <0.01 

 

The anemic subjects in Case group were further analysed to evaluate association of academic 

performance and IQ score with socio-demographic profile of study subjects.  There was no 

association of Academic performance with age, gender, socioeconomic status, and mother’s 

education (p>0.05). (Table 3) 

Table 3: Association of Academic Performance with Characteristic of Anemic subjects  

Parameters Academic Performance Total p-
value High Moderate Low 

Mean Age (years) 7.71±0.49 8.38±1.16 8.50±1.45 0.348 
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Gender Female  3 (14.3%) 13 (61.9%) 5 (23.8%) 21 (100%) 0.456 

Male 4 (21.1%) 8 (42.1%) (7 (36.8%) 19 (100%) 

Socioeconomic 
Status 

Upper 
Middle 

0 (0%) 1 (100%) 0 (0%) 1 (100%) 0.512 

Lower 
Middle 

0 (0%) 4 (57.1%) 3 (42.9%) 7 (100%) 

Upper 
Lower 

3 (15%) 10 (50%) 7 (35%) 20 (100%) 

Lower 4 (33.3%) 6 (50%) 2 (16.7%) 12 (100%) 

Mother's 
Education 

Illiterate  1 (10%) 7 (70%) 2 (20%) 10 (!00%)  

Primary 1 (7.7%) 8 (61.5%) 4 (30.8%) 13 (100%) 

Sec./ 
Higher Sec. 

2 (20%) 4 (40%) 4 (40%) 10 (100%) 

Graduation 3 (42.9%) 2 (28.6%) 2 (28.6%) 7 (100%) 

      

No correlation was observed between mean IQ score and age of anemia subjects in this study. 

(Table 4)  

Table 4: Correlation between IQ score and age of children of anaemia cases 

Pearson co-relation 

IQ Score r- value p- value 

Age in years -0.06 0.70 

 

No association was observed between IQ score and socio-demographic profile of study 

subjects (age, gender, socioeconomic status, and mother’s education) (p>0.05). (Table 5) 

Table 5: Association of IQ score with Characteristic of Anemic subjects in case group 

Parameters n Mean IQ score p-value 

Gender Female  21 105.33±5.58 0.57 

Male 19 104.37±5.20 

Socioeconomic 
Status 

Upper Middle 1 112.00 0.368 

Lower Middle 7 105.57±5.29 

Upper Lower 20 105.30±5.71 

Lower 12 103.17±4.65 
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Mother's 
Education 

Illiterate  10 103.30±4.85 0.303 

Primary 13 103.69±5.63 

Sec./ Higher Sec. 10 106.20±4.83 

Graduation 7 107.43±5.91 

 

Discussion  

Iron deficiency is the leading cause of anemia among Indian school children, largely due to 

poor dietary intake and low iron bioavailability.[5,6] This condition impairs physical abilities 

and critically affects psychomotor development in children and adolescents. Studies have 

linked iron deficiency anemia (IDA) to poorer intellectual performance in school-aged 

children.[9-11]. However, limited research specifically explores how anemia influences IQ and 

academic outcomes. This study compared the IQ and academic performance of children aged 

6–12 with IDA against age- and gender-matched non-anemic peers. 

We included 40 anemic children and 40 non-anemic controls in our study. We 

observed that females were more prevalent in both anemic (52.5%) and non-anemic (67.5%) 

children in our study (p=0.171). (Table 1) Mean age of children with (8.30 years) or without 

anemia (8.33 years) were comparable in our study (p=0.94). Similar observation made in the 

study by Khan N et al[14], who observed female dominance (56.9%) among 7-11 years 

children, with a mean age of  8.7 years. Similarly, Ramana Sastry CPV et al[15] included 110 

children aged 4–12, with 7–8 years being the most affected age group (54.5%) and a female 

majority (63.6%). Other studies have also noted a female predominance.[80–82]. In contrast, 

Choudhary P et al[16] found more male cases (66.7%) in their cohort of children aged 6 

months to 12 years, with the 1–5 age group being most commonly affected (37.7%).  

In our study, no significant differences were found between cases and controls 

regarding maternal education (p=0.696). Previous literature has linked socioeconomic status 

(SES) with anemia risk.[17,18] In accordance with these findings, in our study, 80% of anemia 

cases were from lower or upper-lower socioeconomic classes compared to only 27.5% in 

controls (p<0.01). In a similar study, Islam GR et al[17] found that children from low- and 

middle-SES backgrounds were nearly three times more likely to have anemia than those from 
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high SES families. Castro IPS et al[19]  also noted a significant relationship between SES and 

hemoglobin levels. 

Our findings show a clear trend: lower academic performance was more frequent 

among anemic children, with 30% being low achievers and 52.5% moderate, versus 22.5% 

and 47.5% in control group, respectively. Only 17.5% of anemia cases were high achievers, 

compared to 30% in the control group. The mean IQ of anemic children (104.82) was 

significantly lower than control group (110.63) in our study (p<0.01). No significant 

associations were found between academic performance/IQ score and variables like age, 

gender, socioeconomic status, and maternal education (p>0.05) in our study, indicating iron 

deficiency as the likely influencing factor. A meta-analysis by Tee J et al[20] found that anemic 

children had significantly lower IQ scores (p=0.01). Castro IPS et al[19] also reported lower 

total, verbal, and performance IQs in anemic children compared to controls (p<0.001). Similar 

observations were made in previous studies.[14,21] However, Ezenwosu O et al[22] found 

comparable academic scores between children with sickle cell anemia and controls, though 

more anemic children scored below 50% (32.2% vs. 16.7%, p=0.015). In contrast to these 

findings, Youssef MAM et al[23] and Sadeghzadeh M et al[24] found no significant difference 

in IQ between anemic and non-anemic children. Ezenwosu O et al[22] also reported no 

significant difference in overall academic performance, though poor performance was more 

prevalent among the anemic group. These inconsistencies suggest the need for further large-

scale, multi-center research, including longitudinal studies on the effects of iron 

supplementation. 

Conclusion 

This study found a higher prevalence of IDA among school-aged children from lower 

socioeconomic backgrounds. A significant association was observed between IDA and 

reduced IQ levels, along with poorer academic performance. However, univariate analysis of 

the IDA subgroup indicated that socioeconomic status did not significantly affect these 

outcomes, suggesting that IDA itself was the primary factor. These results are consistent with 

earlier studies linking iron deficiency to psychological and developmental impairments. 
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