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Abstract :  Adolescent girls are at high risk of developing iron deficiency
because of  increased iron demands during puberty,  menstrual  losses,  and
limited dietary i ron intake.

This study was carried out to demonstrate the effects of Iron Deficiency
Anemia on Audiovisual reaction time in adolescent girls.  Adolescent girls
between 17-19 years of  age with similar  socioeconomic background were
recruited from college of nursing for the study. They were all screened and
categorized into two groups depending on their haemoglobin status. Students
having Hb > 12 gm/dl formed the control  group i .e .  Group I  (n=30).  All
students having Hb < 12 gm/dl and S.Ferritin < 12 μg/dl formed group II
i . e .  i ron  de f i c i en t  anemic  ( IDA)  g roup .  The  fo l lowing  haemato log ica l
pa ramete r s  were  s tud ied  Hemoglob in  (Hb) ,  MCV,  MCH,  MCHC (us ing
Sysmex  kx-21  Autoana lyse r ) ,  Se rum. I ron ,  TIBC (Spec t ropho tomet ry ) ,
Serum.Ferritin (ELISA). Auditory and Visual reaction time were measured
by reaction time instrument supplied by Medicaid system, chandigarh. The
mean Hb levels in Group I was 12.93 + 0.86 and Group II was 10.08±0.51
(P<0.001). The MCV, MCH, MCHC, S. Iron, S. Ferritin was also significantly
less in group II as compared to group I (P<0.001). TIBC was significantly
more in group II  as compared to group I (P<0.001).  Results showed that
both ART and VRT were significantly increased (P<0.001) in iron deficient
ado lescen t s  sugges t ing  a  de te r io ra t ion  in  sensor imotor  pe r fo rmance  in
anemics .
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INTRODUCTION

Iron def ic iency ( ID)  is  the  s ingle  most
common and highly  preventable  nutr i t ional
deficiency in the world. It is a major cause
of  anemia ,  a f fec t ing  more  than  2  b i l l ion
people world-wide (1). Studies in India show

that 65% infant and toddlers, 60% 1-6 yrs of
age, 88% adolescent’s girls and 85% pregnant
women are anemic.  The commonest form is
iron deficiency anemia (2).

Adolescen t  g i r l s  a re  a t  h ighes t  r i sk  of
developing iron deficiency and iron deficiency
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anemia  ( IDA)  because  of  the i r  g rea te r
phys io log ic  requ i rements ,  combined  wi th
increased menstrual  losses and poor dietary
i n t a k e .

Iron is  necessary for  many functions in
the  body  l ike  normal  myel ina t ion  (3) ,
neuronal metabolic activity (4) and synthesis
of  neuro t ransmi t te r s  (dopamine ,  se ro ton in ,
GABA).  Decreased  a t t en t iveness  has  been
repor ted  in  the  s tudy  on  i ron  def ic ien t
children (5) and adolescents (6).

Researchers  have  documented  a l t e red
transmission in auditory and visual systems
in  in fan ts  wi th  ID (7 ,  8 ) ,  s imi la r
measurements  a re  l ack ing  in  ado lescen ts
suffering from iron deficiency anemia.

The  presen t  s tudy  was  under taken  to
study the effects  of  iron deficiency anemia
on  audi to ry  and  v i sua l  reac t ion  t ime  in
adolescent  gir ls .  React ion t ime means t ime
taken by an individual  to  react  to  external
s t imulus .  I t  p rov ides  an  ind i rec t  index  of
processing capabili ty of the central  nervous
sys tem and  a l so  a  s imple  means  of
determining sensorimotor  performances (9) .

MATERIALS AND METHODS

The present study was carried out in the
Department of Physiology in association with
Depar tment  o f  Pa tho logy ,  Lady  Hard inge
Medical  Col lege  and Associa ted  Hospi ta ls ,
New Delhi .

Apparently healthy adolescent girls  (10)
between the ages of 17-19 years- belonging
to  s imi la r  soc ioeconomic  s ta tus  were
recruited for  the study from the college of

nurs ing .  They  were  a l l  sc reened  and
ca tegor ized  in to  two groups  depending  on
the i r  haemoglobin  s ta tus .  S tudents  hav ing
Hb > 12 gm/dl formed the control group i.e.
Group I (n=30). Students with Hb < 12 gm/
d l  were  fu r ther  sc reened  for  S .Fer r i t in
leve ls .  Al l  s tudents  having  Hb < 12 gm/dl
and S.Ferri t in < 12 μg/dl (11) formed group
II i .e. iron deficient anemic (IDA) group.

Each subject  underwent  detai led his tory
tak ing  and  thorough  c l in ica l  assessment .
Gi r l s  wi th  h i s to ry  o f  any  acu te /chron ic
d isease / in fec t ion ,  phys ica l /menta l  i l lness ,
genet ic  disease,  hearing or  visual  disorder ,
haemoly t ic  anemia ,  h i s to ry  of  b lood
transfusion,  receiving i ron supplementat ion
wi th in  1  month  were  exc luded  f rom the
s tudy .

The subjects were briefed about the study
pro toco l  and  in formed consen t  was  taken .
The clearance from the ethical committee of
the  ins t i tu t ion was taken for  the  s tudy.

Age and anthropometric parameters were
no ted .

The  s tudy  was  done  dur ing  the  Pos t
mens t rua l  phase  of  the  mens t rua l  cyc le  to
avoid any al terat ion in  their  values due to
premenstrual phase (9). The recordings were
conducted  a t  the  same t ime of  the  day  in
the  morn ing ,  about  2  h rs  a f te r  l igh t
b reak fa s t .

Haematological  Parameters :

The haematological parameters that were
inves t iga ted  were  Haemoglobin  con ten t ,
MCV, MCH, MCHC, peripheral Blood smear,
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la te ra l i sed  s t imulus ,  v i sua l  and  aud i to ry
s igna ls  were  g iven  f rom the  f ron t  o f  the
subject.  From the auto-display reaction time
was noted. Three readings of each stimulus
were noted after giving three practical trials
and  the  lowes t  was  t aken  as  the  reac t ion
time (9).

Stat i s t i ca l  ana lys i s

Resul t s  were  expressed  as  mean±S.D.
Students ‘ t ’  t e s t  was  used  to  compare  the
values between the two groups.  Correlat ion
be tween  haemato log ica l  parameters  and
reac t ion  t ime  was  done  us ing  Pearson’s
Corre la t ion .  Adherence  to  ‘P’  va lues  was
followed.

RESULTS

There  was  no  s ta t i s t i ca l  d i f fe rence
between the age, height, weight and BMI of
the  two groups  and  hence  they  were
comparable for the study (Table I) .

Table II shows haematological values of
the two groups. The mean haemoglobin level
was  12.93±0.86 g/dL in  control  group and
was 10.08±0.51 g/dL in group II. All the blood
indices (MCV, MCH, and MCHC) were lower

S. Ferrit in,  S. Iron, and Total Iron Binding
Capacity (TIBC).  The Hb,  MCV, MCH and
MCHC were done by the coulter (Sysmex KX-
21)  Auto  ana lyser .  Serum Fer r i t in  was
determined by using direct immunoenzymatic
co lor imet r ic  de te rmina t ion  (Biomeda ,  REF
DKO039), S. Iron (Bio Systems-Spain), COD
11509 and S. Total Iron Binding Capacity (Bio
Systems-Spain), COD 11554) were measured
by Spect rophotometry .

Recording of  Sensory Motor Functions :

Each subject was made familiar with the
apparatus and the procedure to alleviate any
fear  o r  apprehens ion .  ART and  VRT were
measured in a quiet room of Department of
Phys io logy  a t  LHMC,  New Delh i .  The
ambien t  t empera ture  main ta ined  was
26±1°C.  The  tes t s  were  done  wi th  the
subject  si t t ing comfortably in a chair .

ART and VRT were measured by reaction
t ime  ins t rument  suppl ied  by  Medica id
Sys tems  (Chandigarh) .  Th is  ins t rument  i s
equipped with sensi t ive quartz  clock which
measures up to 1/10th of a msec. Accuracy of
th i s  ins t rument  i s  ±  one  d ig i t .  Al l  the
subjects  were  r ight  handers  and used thei r
r ight  hand to  press  the  swi tch  to  s top the
quar tz  c lock  of  the  appara tus .  Before
measuring VRT, each subject  was asked to
identify the flashing of yellow light. She was
ins t ruc ted  to  p ress  the  swi tch  as  soon  as
she saw the light. For VRT a soothing yellow
l igh t  incorpora ted  on  the  ins t rument  was
given. For measuring ART she was asked to
concentrate on the sound signal produced and
press  the  swi tch  immedia te ly .  The  sound
signal was a continuous beep of 1 KHz on
speaker .  The intensi ty  of  the  s t imulus  was
same for both groups. To avoid the effect of

TABLE I : Age ,  Anth ropomet r i c  da ta  & Body
mass  index  (BMI)  o f  the  con t ro l
and  IDA group  (mean±SD) .

Parameters Group I (control) Group II (IDA)
(n=30) (n=30)

Age  (y r s ) 18 .07± 0 . 5 8 18 .07± 0 . 5 2
Heigh t  ( cm) 154 .88± 3 . 9 0 154 .87± 3 . 8 0
Weigh t  (kg) 49 .77± 6 . 2 3 49 .90± 4 . 1 8
BMI (kg/m 2) 20 .70± 2 . 1 5 20 .79± 1 . 6 1

The  d i f fe rences  be tween  the  two  g roups  were
no t  s t a t i s t i ca l ly  s ign i f i can t .
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Fur ther ,  a  s ign i f ican t  nega t ive
correlation (Table IV, V) of haemoglobin was
observed  wi th  bo th  aud i to ry  and  v i sua l
react ion t ime.  There was also a  s ignif icant
nega t ive  cor re la t ion  of  S .Fer r i t in  wi th
auditory reaction t ime (Table IV).

T A B L E I I : Comparison of Haematological parameters
and I ron s ta tus  between the  contro l  and
IDA group  (mean±SD) .

Parameters Group I (control) Group II (IDA)
(n=30) (n=30)

H e m a t o l o g i c a l
Hb (gm/dl) 12.93± 0.86 10.08± 0.51**
MCV (fl) 86.98± 4.09 76.89± 3.07**
MCH (pg) 28.09± 1.96 24.29± 2.38**
MCHC (g/dl) 34.61± 0.57 29.37± 1.14**

Iron status
S. Iron (μg/dl) 88.70± 9.37 47.74± 1.93**
S. Ferritin (ng/ml) 37.90± 6.04 10.27± 0.70**
TIBC (μg/dl) 256.30± 2.49 478.20± 48.57**

**P<0.001  -  High ly  s ign i f i can t .

in  Group  I I  thus  conf i rming  the i r  anemic
sta tus .  Table  I I  a lso depicts  i ron s ta tus  of
both  groups .  Decreased  S .Fer r i t in ,  S .  I ron
and  increase  in  TIBC conf i rms  tha t  i ron
def ic iency was the  cause  of  the  anemia in
iron deficient  anemic group.

In  the  p resen t  s tudy ,  g roup  I I  i ron
def ic ien t  anemic  ado lescen ts  showed a
s igni f icant  increase  in  ART (225.97±20.26
msec) when compared to control iron replete
group  I  (164 .96±26 .11  msec)  –  Table  I I I .
S imi lar ly  VRT was  a lso  more  in  Group I I
IDA (236 .84±30.24  msec)  as  compared  to
the  Group  I  con t ro l  (209 .08±12 .00  msec)
and  the  d i f fe rence  was  h igh ly  s ign i f ican t
P<0.001.

T A B L E I I I : Showing  compar i son  in  the  Audi to ry
and Visual  reaction t ime between Group
I  and  Group  I I  sub jec t s  (mean±SD) .

Parameters Group I (control) Group II (IDA)
(n=30) (n=30)

ART (msecs ) 164 .96±26 .11 225 .97±2 0 . 2 6 * *
VRT (msecs ) 209 .08±12 .00 236 .84±3 0 . 2 4 * *

**P<0 .001 - High ly  s ign i f i can t .

T A B L E I V : Showing correlat ion of  haemoglobin and
se rum fe r r i t in  wi th  aud i to ry  reac t ion
t ime  be tween  the  two  g roups  (n=30) .

Group I (control) Group II (IDA)
Parameters

r value p value r value p value

H a e m o g l o b i n –0 .084 0 .658 –0 .841** 0 .000
S .  Fer r i t in –0 .126 0 .505 – 0 . 4 5 8 * 0 .011

**P<0 .001 - High ly  s ign i f i can t .
* P < 0 . 0 5 - S i g n i f i c a n t .

T A B L E V : Showing  cor re la t ion  o f  haemoglob in
and  S .  Fe r r i t in  wi th  v i sua l  r eac t ion
t ime  be tween  the  two  g roups  (n=30) .

Group I (control) Group II (IDA)
Parameters

r value p value r value p value

H a e m o g l o b i n –0 .248 0 .186 –0 .543** 0 .002
S .  Fer r i t in –0 .050 0 .794 – 0 . 3 6 4 0 .047

**P<0 .001 - High ly  s ign i f i can t .

DISCUSSION

Reaction time (RT) means time taken by
an individual  to react  to external  s t imulus.
The  increase  in  RT ind ica tes  an  impai red
sensory-motor  per formance  (9) .  RT
measurement is a sensitive and reproducible
test and it can be done with simple apparatus
and set  up.  I t  is  an inexpensive means for
determination of sensory motor performance
of an individual (9).

Both Auditory and Visual  react ion t ime
were found to  be prolonged in  the  present
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s tudy  in  i ron  def ic ien t  ado lescen ts  as
compared to iron replete adolescents. Similar
resu l t s  have  been  der ived  in  many  of  the
ear l i e r  s tud ies .

Web and Oski (12) found that ID anemic
ch i ld ren  had  a  longer  l a tency  per iod  than
non-anemic subjects  on visual izat ion of  an
af te r  image .  In  one  of  the  s tud ies ,  the
au thors  sugges ted  tha t  i t  was  spec i f ica l ly
v isua l  a t t en t ion  tha t  was  a f fec ted  in  IDA
(13).

Kabakus  e t  a l  (14)  have  used  nerve
conduction studies to suggest that peripheral
neuropathy may develop in children having
i ron  def ic iency  anemia  and  the  symptoms
may improve  by  i ron  therapy .  In  a  s tudy
done on infants (13) i t  was seen that those
infan ts  who d id  no t  rece ive  i ron  had  less
efficient information processing. Information
process ing  tasks  involve  a  number  o f
processes including speed and discrimination.
Many significant findings have suggested that
more  spec i f ic  cogni t ive  p rocess  such  as
a t ten t ion  which  can  in f luence  speed  of
menta l  p rocess ing ,  response  t imes  and
learn ing  under  ce r ta in  condi t ions ,  a re
affected by IDA (13). Based on data in a study
(13) ,  a  hypothes i s  i s  tha t  the  ab i l i ty  to
d i sc r imina te  may  be  sens i t ive  to  i ron
deficiency anemia.

S ign i f ican t  improvement  in  IQ,
concentration, speed of information processing
and  memory  was  no t iced  a f te r  par t i a l
correction of anemia in patients treated with
recombinant  human e ry thropoie t in  (15) .
Yehuda  e t  a l  (16)  found  tha t  people  who
rece ived  i ron  for  IDA repor ted  improved
memory, at tention,  mood and energy before
any improvement  in  Hb indices .

Shivani et  al  (17) concluded that  spinal
motoneuron excitability is not reduced in iron
deficiency anaemia as depicted by bi lateral
median and common peroneal F wave studies
where F wave mean latency, chronodispersion,
persistence and mean amplitude were within
the  normal  range  be tween  anemics  and
control  group.

Leis et  al  (18) in a case report  suggest
one possible  mechanism for  the underlying
weakness  in  severe  anaemia-  a  re la t ive
depress ion  of  the  sp ina l  motoneuron
exc i tab i l i ty ,  p rec ip i ta ted  by  sp ina l  cord
i schaemia .

Murray  e t  a l  (19)  found  tha t
admin is t ra t ion  of  i ron  resu l ted  in  an
improvement  in  bo th  per formance  and  the
t ime  taken  to  comple te  the  reac t ion  t ime
task ,  in  a  recen t  s tudy  done  on  young
women.  Whether  the impact  of  anaemia on
reaction time is peripheral or central is still
unknown.  Studies  in  this  regard have been
sca rce .

Studies conducted in infants have led us
to assume that ID disrupts brain functioning
only  dur ing  deve lopment .  However ,  newer
evidence from animal models and in humans
with  res t less  leg  syndrome (RLS)  suggests
that brain ID at any time in life is likely to
d is rup t  metabol ic  p rocesses  and  to  be
fo l lowed  by  changes  in  cogni t ive  and
behavioural  functioning (19).

The chief  cel ls  involved in myelinat ion
are ol igodendrocytes  which depend on i ron
ava i lab i l i ty  fo r  normal  func t ion .  The
formation of fully mature myelin is a process
that takes months or even years (7),  and it
i s  thus  p laus ib le  tha t  the  e f fec t s  o f  a
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developmental insult might be observed later
on  i . e .  dur ing  ado lescence ,  even  i f  the
apparen t  cause  were  t rea ted .

In animal models, there is evidence that
ear ly  IDA ef fec t s  on  myel ina t ion  a re  no t
reversed  wi th  i ron  therapy  (7) .  Las t ing
behavioural effects in rats, with a history of
IDA in infancy, were observed in both motor
and  sensory  func t ions  in  adu l thood  (20) .
Neuro  func t iona l  s tud ies  have  shown tha t
even after iron therapy in IDA infants slower
transmission was seen in both the auditory
and visual systems at preschool age (21). In
a follow up study (22) done on adolescents
who had iron deficiency anemia in infancy,
i t  was  seen  tha t  they  per formed worse  on
tests of overall mental, motor and in specific
Neuro cognitive tests at adolescence age also
when compared to their peers who had good
iron status in infancy.

S t rong  ev idence  a l so  ex i s t s  fo r  i ron
deficiency impact upon cell  metabolism and
morphology ,  in  par t i cu la r ,  fo r  the
hippocampal formation.  There is  a decrease
in neuronal metabolism, dendritic growth and
arborization and synapse formation which is
not recovered by iron repletion (21, 22).

S tud ies  document  the  a l t e ra t ion  of
dopaminergic functioning in iron deficiency
(7) .  Dopaminerg ic  neuro t ransmiss ion  has
spec i f ic  ro les  in  c i rcu i t s  invo lved  in
transmitting visual and auditory information
(7).  I t  is  well  established that  dopamine is
implicated in memory, learning and attention
as  wel l  as  in  motor  con t ro l ,  hormonal
regulation, stress responsivity, addiction and
emotional affect (23).

Serotonin  a lso  seems to  p lay  a  ro le  in
neurot ransmiss ion in  audi tory  pathway and
i t  has  been  seen  tha t  subs tances  which

deplete serotonin increase the ampli tude of
some BAEP components (24).  In our study,
a  s ign i f ican t  nega t ive  cor re la t ion  of
haemoglobin was observed with both auditory
and visual  react ion t ime.  S.Ferr i t in showed
a  s ign i f ican t  nega t ive  cor re la t ion  wi th
auditory reaction time. In a recent study (8),
haemoglobin  leve l  and  i ron  parameters
showed a  corre la t ion  wi th  the  la tencies  of
VEP waves .  The  au thors  sugges ted  tha t
anemic  hypoxia  and/or  i ron  def ic iency per
se could possibly cause the latencies to be
inc reased .

Decreased  t i s sue  oxygena t ion  resu l t ing
from IDA produces generalized weakness and
fa t igue .  These  symptoms a long  wi th  o ther
symptoms of  anemia  v iz  t i redness ,  poor
concentration, poor attention and irri tabili ty
could be the reason for prolongation of ART
and VRT. Ball in and colleagues found that
i ron  t rea ted  ado lescen t  g roup  repor ted
decreased  lass i tude ,  improved  mood and
abili ty to concentrate (6).

C o n c l u s i o n

Hypomyel ina t ion  of  aud i to ry  and
visua l  sensory  pa thways ,  a l t e ra t ion  of
neuro t ransmiss ion  sys tems ,  de layed  and/or
asynchronous  matura t ion  of  neura l
in te rac t ions  among d i f fe ren t  sensory
modalities, and decreased neuronal metabolic
activity might be responsible for prolongation
in ART and VRT in IDA. Moreover ,  these
mechanisms are not  mutually exclusive and
might  ac t  synergis t ica l ly  to  induce  a l te red
funct ion.
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