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ABSTRACT  
Background: Iron deficiency anaemia is a common health problem which affects overall body health and physical ability. Iron is an 
important key element for the brain function.  
Aims & Objective: To analyze the cognitive function in anaemic young adult women. 
Materials and Methods: A descriptive cross sectional study was conducted among normal and anaemic persons. Biochemical 
parameters such as haemoglobin, serum iron were assessed to identify the anaemia. Subjects were divided into two groups (n=30). 
Mini mental status examination (MMSE), Wechsler memory scale (WMS-IV), Digit symbol substitution test (DSST), Letter Digit 
Substitution Test (LDST) were used to assess the cognitive function. 
Results: Though there was no significant changes in mean scores of 3 cognitive function tests between the groups, MMSE has shown 
significant decrease score in anaemic group when compared to control.  
Conclusion: Mild iron deficiency anaemia in young adult women may have effect on cognitive function. 
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Introduction 

 
Anaemia is a global public health problem which affects 

both the developing as well as developed countries. It is 

an indicator of poor nutrition and poor health as well as 

for the social and economic development of a population. 

Worldwide,  at  any  given  moment,  more  individuals 

have  iron-deficiency  anaemia (IDA)  than  any  other  

health problem.[1]  

 

In the World Health Organization (WHO)/World Bank 

rankings, IDA is the third leading cause of Disability 

Adjusted Life Years (DALYs) for females aged 15–44 

years.[2] India is among the countries with high 

prevalence of anaemia. It is widely prevalent in all age 

groups, being particularly high among the most 

vulnerable nearly 58% among pregnant women, 50 % 

among non-pregnant non-lactating women, 56 % among 

adolescent girls.[3] Though anaemia is a major health 

problem for  adults, it affects only 24 per cent of men.[3] 

 

Iron deficiency anaemia is a consequence of decreased 

iron intake, increased iron loss from the body and 

increased iron requirement. Above all three might be the 

reason, why non-pregnant non-lactating women are the 

second risk population for iron deficiency anaemia. The 

adverse effects of Iron deficiency anaemia among young 

adult women is enormous it is not only producing poor 

reproductive capabilities and also reduce the physical 

capabilities. Iron is a microelement which has significant 

influences on dynamic properties and special features of 

central nervous system.[4] IDA produces major cognitive 

impairments and supplementation of iron in early age 

could reverse the CNS changes.  

 

Many studies have demonstrated the correlation 

between iron deficiency anaemia and cognitive 

dysfunction mainly in children. Prevalence  of mild  to 

moderate  anaemia  among  young  adult  female medical 

and  nursing  students  was found to be  high.[5] Hence 

this current study was undertaken in order to assess the 

effects of iron deficiency anaemia on cognitive function 

in young adult women. 

 

Materials and Methods 
 
After getting Institutional Ethical Committee clearance 

this study was conducted in the Department of 

Physiology, Sri Venkateshwaraa Medical College Hospital 

and Research Centre, Puducherry in South India. The 

targeted population was young adult women aging 

between 18-25 years. Students of paramedical sciences 

in Sri Venkateshwaraa Medical College were selected as 

subjects based on inclusion and exclusion criteria.  

 
Inclusion Criteria: Unmarried young adult women 
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 Exclusion Criteria: (i) Hearing and visual defects; (ii) 
Illiterate subjects; (iii) Known case of anemia already in 
treatment; (iv) Chronic disease like diabetes, 
hypertension, arthritis, renal disease  or  any  
gastrointestinal  disease  and  those who were  on some 
medication  
 
A written informed consent was obtained from all 

subjects and they were divided into two groups. Group 1: 

(n=30) Non Anemic young adult women acting as control 

(Hemoglobin ≥12 gm %) Group 2: (n=30) Anemic young 

adult women (Hb < 12 gm %)  

 
Procedure: Blood sample was collected by using aseptic 

technique uniformly from all the subjects at same time. 

Blood parameters like Hb, MCV, MCHC and serum iron 

were estimated to find out iron deficiency anemia. The 

following tests were used to assess the cognitive function 

– Mini mental status examination (MMSE), Wechsler 

Memory Scale 4th edition (WMS-IV), Letter Digit 

Substitution Test (LDST), Digit Symbol Substitution Test.  

Mini mental status examination (MMSE): It is an eleven 

question measure that tests the five areas of cognitive 

function: orientation, registration, attention, calculation, 

recall and language. The maximum score is 30. The 

MMSE takes only 5-10 minutes to administer and is 

therefore practical to use repeatedly and routinely.[6]  

 
Wechsler Memory Scale 4th edition (WMS-IV): The 

examinee is shown a series of designs of increasing 

length for 5 seconds and a page with correct designs and 

foils. They must select the correct designs in the correct 

order. The examinee was awarded 2 points for getting 

the correct designs in the proper order and 1 point if 

they get the correct designs but in an incorrect order. 

There is only a forward condition as previous research 

indicated that examinees would study the stimuli from 

right to left.[7] 
 

The Letter Digit Substitution Test (LDST): It is based 

on earlier developed substitution tests (e.g., Digit Symbol 

Substitution Test; Wechsler) but uses over-learned signs 

instead of the symbols used in other substitution tests. In 

this test sheet, the key gives the numbers 1 to 9, each 

paired with a different letter, the test items are printed 

beneath the key. Participants are required to replace the 

randomized letters with appropriate digits indicated by 

the key. The first 10 items are used as practice items, to 

ensure that participants understand the test instructions. 

After completion of these items, participants were 

instructed to replace the remaining items as quickly as 

possible. The numbers of correct substitutions made in 

60 seconds were counted.[8]  

 

Digit Symbol Substitution Test (DSST): It is same as 

Letter Digit Substitution Test but here the numbers are 

paired with different symbols.  

 

After administration of above 4 cognitive tests scoring 

was done and compared between two groups. 

 

Statistical Analysis: Data are presented as mean ± 

standard deviation. Analysis was done by using graph 

pad prism 6th version. Students unpaired t test was used 

to compare the two groups. 

 

Results 
 

Following observations was found:  
 
Table-1: Blood parameters of control and anaemic groups 

Blood 
Parameters 

Non anaemic 
Group I 

Anaemic 
Group II 

t 
value 

p 
value 

Hb (gm%) 12.61 ± 0.10 10.37 ± 0.12 14.27 <0.0001**** 
MCV (fl) 90.39 ± 0.78 81.15 ± 0.96 7.48 <0.0001**** 

MCH (pgm) 28.78 ± 0.34 25.76 ± 0.50 5.16 <0.0001**** 
MCHC (%) 31.74 ± 0.19 30.29 ± 0.40 3.24 0.002 *** 

Serum Iron (ug/dl) 169.7 ± 10.08 124.4 ± 6.68 3.75 0.004*** 
**** p < 0.0001: highly significant; *** p < 0.001: significant 
 
Table-2: Scores of cognitive function tests in control and anaemic 
groups 

Test 
Non anaemic 

Group I 
Anaemic 
Group II 

t 
value 

p 
value 

MMSV 27.83 ± 0.43 26.23 ± 0.54 2.31 0.02* 
LDST 43.70 ± 3.65 38.80 ± 2.55 1.10 0.26 
DSST 41.40 ± 1.90 41.60 ± 1.63 0.08 0.94 

WMS - IV 4.80 ± 0.25 4.73 ± 0.18 0.02 0.83 
* p < 0.05: significant 
 

Discussion 
 

In this study mean haemoglobin in anaemic population 

was 10.37 ± 0.12 i.e. means they were mild anaemic. 

Blood parameters like Hb, MCV, MCHC, serum iron were 

significantly lower in anaemic group when compared to 

normal group.  

 
Iron deficiency anaemia is a common health problem 

which produces bad consequences in overall body health. 

Iron is the key component of the main enzymes that 

involve essential oxidation and reduction reactions, 

synthesis of neurotransmitters, catabolism of 

neurotransmitters and synthetic processes such as the 

production of myelin. By discussing the functions of iron 

on CNS we surely can expect the cognitive dysfunction in 

IDA. Iron needs of the brain vary with the stage of the life 

cycle. Iron uptake into the brain is maximal during the 

period of rapid brain growth, which coincides with the 
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peak of myelinogenesis.[9] Jean- Luc Jougleux et al. 

(2011) mentioned that mild maternal IDA during 

gestation and altered the nervous system development of 

offspring.[10] Previous research showed that iron 

deficiency can exert a direct deleterious effect on 

learning and on the brain. Effects of iron deficiency in 

infancy lay ground for the problems in cognitive and 

behavioural functioning9. Longitudinal studies have 

found that children who were anaemic in the first 2 years 

of life continued to function poorly in later childhood.[11]  

 
Our question to start this study was whether the need of 

iron is important only for the young developing brain? In 

current study mean scores of all 4 cognitive function 

tests were less in anaemic group then normal individuals 

though they were not significant but MMSE showed 

significant decrease of cognitive score in anaemic group 

this finding concurs with the study done by Khedr E et al. 

He demonstrated low score of cognitive function test 

(MMSE, WMS) in anaemic adults when compared to 

control group (2008).[12] Halterman JS et al. 

demonstrated lower standardized math scores not only 

among iron deficient school aged children and also in 

adolescents, with iron deficiency anaemia.[13] 

 
Correlation of cognitive impairment with IDA can be 

explained by three main mechanisms. Systemic effects of 

anemia lead to low oxygen delivery to the brain-cerebral 

hypoxia (Lena Hulthen et al. (2003).[8] Iron dependant 

enzyme aldehyde oxidase activity is reduced which may 

interfere with the degradation of serotonin (Lozoff B et 

al. (1996).[12] Decreased iron content resulting from IDA 

may decrease the activity of neurotransmitors such as 

dopamine, serotonin and noradrenalin by interfering 

with the iron dependant enzymes (Youdim MB et al. 

(1990).[14] In this study above mechanisms would be 

taken as reason for less cognitive performance in 

anaemic group when compared to control group.  

 

Conclusion 
 
Iron deficiency anaemia even in young adult can affect 

the cognitive performance. So screening of anaemia and 

early treatment is needed not only to reduce maternal 

mortality, physical health and also to improve mental 

capacity. Limitations behind this study are only mild 

anaemia was taken for analysis and inadequate sample 

size. Further studies are needed to compare cognitive 

performance with severity of anaemia.  

 
ACKNOWLEDGEMENT 
 
We acknowledge Indirani College of Nursing and Sri 

Venkateshwaraa College of Paramedical Sciences for 

their valuable support to involve their students for the 

study. 

  

References 
 

1. World Health Organization. Global Burdon of Diseases 2004 
update. WHO, Geneva. 2008. Available from: URL: 
http://www.who.int/healthinfo/global_burden_disease/GBD_repo
rt_2004update_full.pdf  

2. World Health Organization. Iron defciency anaemia:  assessment, 
prevention,  and  control: A guide for programme managers.  WHO, 
Geneva. 2001. Available from: URL: 
http://www.who.int/nutrition/publications/micronutrients/anae
mia_iron_deficiency/WHO_NHD_01.3/en/   

3. National rural health mission. Guidelines for control of iron 
deficiency Anemia.       Ministry of Health and Family Welfare, 
Government of India. 2013. Available from: URL: 
http://www.unicef.org/india/10._National_Iron_Plus_Initiative_Gui
delines_for_Control_of_IDA.pdf  

4. Petranovic D, Batinac T, Ruzic A, Ruzic T. Iron defiency anemia 
influcences the cognitive functions. Med Hypotheses 2008;70:70-2.  

5. Saratha A, Singh Z, Datta SS, Boratne AV, Senthilvel V, Joice S. 
Prevalence  of  Anaemia  among  Young  Adult  Female Students in a 
Medical Teaching Institution in Pondicherry. Indian journal of 
maternal and child health 2010;12:1-8. 

6. Kasper DL, Braunwald E, Fauci AS, Hauser SL, Longo DL, Jameson 
JL, Loscalzo J. Harrison's principles of internal medicine, 17th edi. 
New York: McGraw-Hill Medical Publishing Division. 2008. 

7. Holdnack JA, Drozdick LW, Pearson. Clinical and Psychometric 
Properties of the new WMS-IV Design Memory Subtest. 2010. 
Available from: URL: 
http://images.pearsonclinical.com/images/products/wms-
iv/WMS-IV_Ins_Posters.pdf  

8. van der Elst W, van Boxtel MP, van Breukelen GJ, Jolles J. The Letter 
Digit Substitution Test: Normative data for 1,858 Healthy 
Participants Aged 24–81 from the Maastricht Aging Study (MAAS): 
Influence of Age, Education, and Sex. J Clin Exp Neuropsychol 
2006;28:998-1009.  

9.  Hulthén L.  Iron deficiency and cognition.  Scand J Nutr 
2003;47:152-6. 

10. Jougleux JL, Rioux FM, Church MW, Fiset S, Surette ME. Mild 
maternal iron deficiency anemia during pregnancy and lactation in 
guinea pigs causes abnormal auditory function in the offspring. J 
Nutr 2011;141:1390-5.    

11. Lozoff B, Jimenez E, Wolf AW. Long-term developmental outcome 
of infants with iron deficiency. N Engl J Med 1991;325:687-94. 

12. Khedr E, Hamed SA, Elbeih E, EI- Shereef H, Ahmad Y, Ahmed S. 
Iron states and cognitive abilities in young adults: 
neuropsychological and neurophysiological assessment. Eur Arch 
Psychiatry Cli Neurosci 2008;258:489-96. 

13. Halterman JS. iron deficiency and cognitive function in school aged 
children and adolescents in the United States, Am J pediatrics 
2001;107:1381-6. 

14.  Youdim MBH. Neuropharmacological and neurochemical aspects 
of iron deficiency. Springer-Verlag 1990;83-106. 

 
Cite this article as: Ukkirapandian K, Natarajan N, Prassanaraghavan K, Mohan P, Selvam L. A clinical study on effects of iron deficiency anaemia on 
cognitive function among undergraduate paramedical students. Int J Med Sci Public Health 2014;3:948-950. 
Source of Support: Nil 
Conflict of interest: None declared 

 


