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Abstract  :  Decreased t i ssue  oxygenat ion  resul t ing  f rom i ron  def ic iency
anaemia  p roduces  genera l i zed  weakness  and  fa t igue .  The  p rec i se
physiological mechanism underlying this weakness is unknown and studies
in this  regard have been scarce.  One possible underlying mechanism has
been suggested to be reduction of spinal motoneuron excitability. F waves
a re  low ampl i tude  motor  r e sponses  to  ne rve  s t imula t ion ,  p roduced  by
antidromic activation of the peripheral motor fibers, resulting in recurrent
discharge of motoneurons.  F waves have been established as an efficient
tool to assess spinal motoneuron excitability. 15 patients of iron deficiency
anaemia using inclusion cri ter ia  of  hemoglobin level  <9 g/dL and serum
ferrit in <15 µg/L were studied. 8 controls with hemoglobin levels >12 g/
dL were  a l so  inc luded .  Bi la te ra l  median  and  common peronea l  F  wave
studies were performed. F wave mean latency, chronodispersion, persistence
and  mean  ampl i tude  were  s tud ied .  They  were  wi th in  the  normal  range
and no significant differences between the patients and the controls were
found. We conclude that spinal motoneuron excitabili ty is  not reduced in
iron deficiency anaemia. A decreased tissue oxygenation leading to a change
in  the  bra in  neurot ransmit ters  may have a  ro le  to  p lay .
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I N T R O D U C T I O N

Anaemia produces general ized weakness
and  fa t igue .  These  symptoms a long  wi th
t i redness ,  poor  concen t ra t ion ,  i r r i t ab i l i ty ,
fa in tness  and  headache  a re  genera l ly
regarded  as  non-spec i f ic .  The  prec i se
phys io log ic  mechanism produc ing  such
symptoms has  rece ived  re la t ive ly  l i t t l e
a t t en t ion .  A case  repor t  by  Le is  e t  a l

sugges t s  tha t  weakness  and  fa t igue
associated with severe anaemia may be due
to relat ive depression of spinal  motoneuron
excitabil i ty (1) .

F-waves have been used as a “probe” for
changes  in  sp ina l  cord  exc i tab i l i ty  (2 ,  3 ) .
They  a re  low ampl i tude ,  ub iqu i tous ,
inheren t ly  var iab le ,  de layed  responses
el ici ted by supramaximal  shock to a  motor
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nerve .  They are  seen af ter  the  M-response
and  a re  caused  by  an t id romic  reac t iva t ion
of the motoneurons (4, 5, 6). F-waves have an
established niche in clinical neurophysiology
(7). F chronodispersion is  a measure of the
range of conduction in a series of F-waves.
F-wave’s  ampl i tude  and pers is tence  ref lec t
the  an t id romic  exc i tab i l i ty  o f  a  par t i cu la r
neuron pool (8).

Var ious  F-wave  parameters  such  as
F  wave  la tency  a re  wel l  es tab l i shed  in
the  d iagnos t ic  eva lua t ion  of  per iphera l
nerve  d i sorders .  They  a re  par t i cu la r ly
useful  in assessing peripheral  neuropathies.
I t  has  been  shown tha t  the  use  o f  o ther
parameters  such as  pers is tence  (percentage
of  t r i a l s  in  which F-waves occurred) or
chronodispersion (d i f fe rence  be tween  the
maximum and  min imum la tency) ,  fu r ther
increases  the  d iagnos t ic  y ie ld  o f  F-wave
studies  (9) .

The  presen t  s tudy  was  under taken  to
examine ,  us ing  var ious  F-wave  parameters
the effect of iron deficiency anaemia on the
exci tabi l i ty  of  spinal  motoneurons .

M E T H O D S

Subjects :  15  pa t ien t s ,  11  females  and  4
males,  aged 24–44 years (mean 34.47, S.D.
5.96), with iron deficiency anaemia of varied
e t io logy  and  sever i ty  were  s tud ied .  The
inclusion criteria were Hb < 9 g/dL (Sahli’s
method)  and  se rum fe r r i t in  < 15  f ig /L
(Enzyme Immunoassay)  (10) .  8  hea l thy
volunteers,  5 females and 3 males;  ranging
in  age  f rom 27  to  40  years  (mean  33 .38 ,
S .D.  4 .60) ,  were  a lso  s tudied .  Al l  hea l thy

volun teers  had  Hb > 12  g /d l .  In formed
consen t  was  ob ta ined  f rom each  sub jec t .
Pa t ien t s  wi th  d iabe t ic  neuropa thy ,
in f lammatory  demyel ina t ing  neuropa th ies
or  wi th  any  o ther  nerve  pa tho logy
or  neuro log ic  i l lness  which  cou ld
af fec t  per iphera l  nerve  conduc t ion  were
exc luded .

Electrodiagnost ic  t echniques :  B i la te ra l  median
and common peroneal  F-wave s tudies  were
performed.  The invest igat ions  were  carr ied
out at  ambient  room temperature of  around
32°C and care was taken to ensure that the
subjec t  was  re laxed .  Al l  s tud ies  were
per formed wi th  sur face  e lec t rodes  us ing
s tandard ized  technique  (11) .  EB Neuro
machine  (MYTO sof tware)  was  used  for
recording. The nerves were stimulated using
supramaximal  (25% above  maximal )
cathodal  current  pulses  of  0 .1  ms durat ion
delivered at a frequency 1/sec. An amplifier
gain of 500 µv/div and a sweep speed of 10
ms/d iv  were  used .  F i l t e r  se t t ings  were  20
Hz to  5  kHz.  A ser ies  of  20 s t imul i  were
g iven  and  F-waves  were  recorded  f rom
abduc tor  po l l i c i s  b rev i s  and  ex tensor
d ig i to rum brev is  musc les .  An F-wave  was
defined as an action potential atleast 20 µv
in peak to peak amplitude.  For each set  of
20 st imuli  the fol lowing F wave data were
eva lua ted ;  mean  la tency ,  chronodispers ion
(CD) ,  pers i s tence  and  mean  ampl i tude .
Mean values for amplitude and latency were
chosen because a previous study has shown
tha t  these  parameters  a re  normal ly
dis t r ibuted  (12) .

Statist ical  analysis : Levene’s test  was applied
to  tes t  the  homogenei ty  of  var iances .
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For each parameter measured,  stat ist ical
ana lys i s  was  per formed us ing  a  2 - ta i l ed
student’s unpaired ‘t’ test.  Significance was
set  at  0.05 level .

R E S U L T S

Al l  the  15  pa t ien t s  had  Hb ranging
between 6–9 g/dL. The controls had Hb ≥ 12
g/dL.  Age  and  Hb leve l  showed no
cor re la t ion  wi th  F-wave  mean  la tency ,
chronodispers ion ,  mean  ampl i tude  and
p e r s i s t e n c e .

There were no significant differences in
the F-wave parameters  s tudied between the
right and left side and between the patients
and controls. The data from each nerve and
from both s ides in  summarized in Table I .
Represen ta t ive  F  responses  a re  shown in
Fig.  1.

(a) (b)

Fig. 1 : Recording of  F-responses from 20 successive
stimuli  in a 40 yr old female patient.
(a)  From abductor poll icis  brevis
(b)  From extensor  digi torum brevis
S = St imulus
M = Direct  M-response
F = F-response

TABLE I : Summary of  F-response  la tency,  ampl i tude ,  chronodispers ion  and pers is tence  da ta .

Abductor pollicis brevis Extensor digitorum brevis
F-response

Cases (n=15) Control (n=8) P value Cases (n=15) Control (n=8) P value

Amplitude (µv)
Mean±S .D. R 287.27± 100.3 257.38± 53.73 0.443 135.47± 32.48 155± 36.20 0.201

L 270.53± 70.78 253.75± 79.05 0.608 128.67± 28.53 154.13± 32.34 0.224

Latency (ms)

Mean±S .D. R 26.92± 2.578 26.613± 2.440 0.780 44.953± 3.679 44.350± 3.408 0.705

L 25.540± 1.981 27.263± 3.399 0.137 44.820± 3.595 43.78± 2.973 0.496

Chronodispers ion  (ms)

Mean±S .D. R 3.213± 0.955 3.250± 0.583 0.922 2.620± 0.890 2.475± 0.886 0.713

L 2.867± 0.867 2.988± 0.694 0.762 2.780± 1.574 2.500± 0.621 0.637

Pers is tence (%)

Mean±S .D. R 75.20± 12.29 82.13± 9.05 0.177 51.33± 14.92 55.13± 19.10 0.604

L 74.93± 9.16 77.50± 4.99 0.473 54.60± 17.07 54.40± 11.29 0.988
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D I S C U S S I O N

Using  WHO threshold  va lues  for  Hb
concent ra t ion ,  a  meta -ana lys i s  o f  a  l a rge
number of studies suggests that 30% of the
world’s population are anaemic (13). Studies
in India show that 65% infant and toddlers,
60% 1–6 yrs  of  age ,  88% adolescent  g i r l s
and 85% pregnant women are anaemic. The
commonest form is iron deficiency anaemia
(14).

Individuals  with  anaemia may complain
of  fa t igue  and  a re  unab le  to  to le ra te
significant exertion (15). Decreased physical
act ivi ty has been reported in i ron-deficient
anaemic  ch i ld ren  (16) .  Toy  e t  a l  in  2000
have reported that  hemoglobin levels <7 g/
d l  p resumably  resu l t  in  decreased  t i s sue
oxygena t ion ,  the  p rec i se  mechanism by
which  a l te red  t i s sue  oxygena t ion  produces
weakness  and  fa t igue  remains  to  be
e luc ida ted  (16) .  Whether  the  o r ig in  o f
fa t igue  i s  cen t ra l  (ce rebra l )  o r  per iphera l
(neuromuscula r )  i s  unknown (16) .  S tud ies
in  th i s  regard  have  been  scarce .  Kabakus
e t  a l  in  2002  have  used  nerve  conduct ion
s tud ies  to  sugges t  tha t  pe r iphera l
neuropa thy  may deve lop  in  ch i ld ren  wi th
i ron def ic iency anaemia  and the  symptoms
may improve  by  i ron  therapy  (17) .
Few studies  have supported these f indings.
Sobh  e t  a l  in  1992  have  shown tha t
neurofa t igue  improves  in  pa t ien t s  o f
anaemia af ter  t reatment  with erythropoiet in
(18).

A case  repor t  by  Le is  e t  a l  in  2003
sugges t s  one  poss ib le  mechanism for  the
underlying weakness in severe anaemia – a
relative depression of the spinal motoneuron
exc i tab i l i ty ,  p rec ip i ta ted  by  sp ina l  cord

ischaemia (1) .  This  depress ion is  ref lected
physiologically by a reduction of F-wave and
H-ref lex  ac t iv i ty .  Thei r  pa t ient  had an  Hb
concentration of 4.1 g/dl.  Nerve conduction
s tud ies  showed absen t  o r  decreased
persistence of F-waves in all limbs. F-waves
are low ampli tude motor  response to nerve
stimulation, and are widely used for clinical
purposes  (7 ) .  The  neurophys io log ica l
mechanism underlying the production of  F-
wave responses  is  ant idromic act ivat ion of
the  per iphera l  motor  f ib res ,  resu l t ing  in
recurrent discharge of motoneurons (19, 20).
F-waves are usually inhibited in condit ions
caus ing  a  reduc t ion  of  sp ina l  exc i tab i l i ty ,
such  as  f l acc id i ty  assoc ia ted  wi th  acu te
upper  motor  neuron  syndromes  (21) .
Conversely, F-waves are found more readily
and  a re  usua l ly  o f  g rea te r  ampl i tude  in
condit ions causing increased exci tabi l i ty of
the  sp ina l  motoneurona l  pools ,  such  as
voluntary  cont rac t ion  of  the  ta rge t  muscle
(22)  and  spas t ic i ty  (23) .  Thus ,  as  the
generat ion of  F-waves is  influenced by the
ba lance  of  exc i ta to ry  and  inh ib i to ry  pos t
synapt ic  potent ia ls  on  spinal  motoneurons ,
s tudy  of  the  F-wave  ampl i tude  has  been
proposed as a method for measuring changes
in motoneuron exci tabi l i ty  (24,  8) .

In the present  s tudy we have at tempted
to  show the  e f fec t  o f  i ron  def ic iency
anaemia on spinal  motoneuron exci tabi l i ty .
We have  s tud ied  F-wave  mean  la tency ,
chronodispers ion ,  pers i s tence  and  mean
ampli tude bi la tera l  in  median and common
peroneal  nerves.  There were 15 pat ients  of
i ron  def ic iency  anaemia  and  8  con t ro l s .
Al l  the  15  pa t ien t s  had  Hb ranging  f rom
6–9 g/dl  and serum ferri t in < 15 µg/L. The
cont ro l s  had  Hb ≥ 12 g /d l .  Al l  the  F-wave
parameters  were  wi th in  the  normal  range
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and  there  were  no  s ign i f ican t  d i f fe rences
be tween  the  two s ides  and  be tween  the
pa t ien t s  and  the  con t ro l s .  Akyol  e t  a l  in
2003 have conducted a study on patients of
i ron  def ic iency  anaemia  wi th  res t l ess  l eg
syndrome and have reported similar  resul ts
as that of our study (25).  They have found
no  e lec t rophys io log ica l  changes  in  the
per iphera l  nerves ,  sp ina l  cord  and
brainstem in the 34 cases they studied. We
have  used  F-waves  as  an  index  of  sp ina l
motoneuron  exc i tab i l i ty  as  i t  has  been
shown to  be  a  more  sens i t ive  t es t  fo r
motoneuron excitabili ty assessment than the
well known T and H-reflexes (26). Our data,
us ing  F-waves ,  sugges t s  tha t  motoneuron

exc i tab i l i ty  i s  no t  depressed  in  i ron
def ic iency  anaemia  when  the  Hb
concentra t ion  ranges  between 6-9  g /d l  and
serum fe r r i t in  i s  < 15  µg/L .  The
consequences  o f  i ron  def ic iency  a re
numerous  as  i ron  p lays  a  cen t ra l  par t  in
the transport  of  oxygen in the body and is
also essential in many enzyme systems. Iron
deficiency anaemia is  also known to affect
neuro t ransmi t te r  sys tems  in  the  b ra in ,
which may produce its symptomatology (27).

S tudies  wi th  la rger  number  of  subjec ts
us ing more  e lect rophysiological  parameters
l ike  T,  M and H ref lexes  may be  done to
fur ther  the  p resen t  da tabase .
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