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EFFECTS OF PROTEIN ENERGY MALNUTRITION ON PERIPHERAL NERVE
CONDUCTION IN CHILDREN

Rubha S1, Vinodha R2

INTRODUCTION

WHO defines protein energy malnutrition as a range of
pathological conditions arising from coincidental lack in
varying proportions of proteins and calories, frequently
occurring in infants and young children usually
associated with infection. About   60 – 70% of children
have mild to moderate malnutrition and the remaining
are severely malnourished.[1]

Protein energy malnutrition  is  known  to  be  a  major
health  and  nutrition  problem in  India. [2] Children
having birth  order  greater  than  or  equal  to  3  and
those  not immunized had   higher  prevalence  of
protein energy malnutrition.[3,4] A marginally adequate
diet, as weaning diets in developing countries does not
meet these increased needs. Protein energy malnutrition
is observed even in industrialized countries, associated
with  the  presence  of  clinical  conditions  that  decrease
food  intake  or  absorption of food. Dietary proteins are
the source of brain enzymes and neurotransmitters. The
quality of dietary proteins determines the quantity of
cerebral proteins and neurotransmitters. Thus the amino
acid profile of cerebral extracellular milieu is a function of
dietary proteins.[5,6] Malnutrition does not only risk the
population for anemia and repeated infection,  but it
affects the developmental milestones and intellectual
development. This persistent influence will lead to
devastating effects in future. This burden continues in
generations, as  malnourished young girls become

mother, deliver a malnourished young offspring.[7]

Undernutrition can cause developmental delays among
the children and adolescents,  leads  to  poor  school
performance  and  cause  school dropouts.[8] Iron
deficiency alters myelination, Hippocampal energy
metabolism during neonatal period.  Zinc deficiency
alters autonomic nervous system regulation,
Hippocampal & Cerebellar development.  Long chain
fatty acids are essential for synaptogenesis, membrane
function and myelination.[9] Malnutrition causes
structural  and  functional  pathology of  brain. Effect of
chronic protein energy malnutrition causes stunting and
wasting in children. It can also affect higher cognitive
processes during childhood (> 5 yrs of age) [10]. Kinds of
behaviours  &  cognitive functions are impaired by
malnutrition which  is  related  to  altered  emotional
response  to  a stressful events. [11] Measuring Nerve
Conduction Velocity is a method of evaluation of status
of peripheral nerves. Nerve conduction studies examines
Peripheral motor & sensory nerve function by recording
the evoked potential in nerve or muscle in response to
electrical stimulation of a peripheral nerve[12,13]. Kumar et
al observed delayed motor nerve conduction velocities in
children with protein energy malnutrition. Delayed nerve
conduction velocity in malnutrition is due to slowing or
arrest of myelination that results from deprivation of
nutrition [14]. Hence with the help of electrophysiological
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ABSTRACT
Background: Peripheral nerve conduction changes caused by malnutrition
can be shown clinically and electrophysiologically. They are produced
mainly due to deficiency of micro and macronutrients like vitamins,
minerals, protein, fat & Carbohydrate Aim  : Protein  energy  malnutrition
(PEM)  affects  the  myelination  and  growth  of  the  nervous system.  The
aim  of  this  study  was  to  assess the  effects  of PEM on peripheral
nerve conduction  in children. Materials & Methods: Study group includes
40 malnourished children of 5 – 10 years of age from Raja Mirasudar
Hospital, Thanjavur based on Indian Academy of Paediatrics & WHO
classification for malnutrition. Control  group  consists  of  40  normal
children  of  same  age  group. Nerve conduction study for median nerve
was performed using eight channel digital polygraph. Nerve conduction
velocity was evaluated. Results   were   analysed   statistically   using
unpaired student ‘t’ test. Results : Nerve conduction  study (NCS)  showed
reduced  motor  and  sensory  nerve  conduction  velocity ( p < 0.05 ) in
children with  Grade III  malnutrition. Children  with  Grade I, II  malnutrition
showed   reduced  sensory   nerve  conduction  velocity ( p < 0.05 ).
Conclusion: The  present  study  shows  significant reduction  in  nerve
conducion velocity  in  children  with  malnutrition  which  may be  due  to
nutritional  deficiency  affecting  myelination  of  peripheral nerves which
depends  on  duration  and  severity  of  malnutrition. So  nerve conduction
study   can  be used  to  detect  malnutrition  at  its  early  stage.
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study we can find the peripheral nerve conduction
alterations in children with malnutrition.

MATERIALS AND METHODS:

Study design: Case control study
Place of research: This  study  was  conducted  in
Research  Laboratory , Department  of  Physiology,
Thanjavur  Medical  College  &  Hospital,  Thanjavur.
Study period: August 2013 to July 2014.
Ethics approval: Ethical committee approval was
obtained from   Institution before   commencing the
study. The aim, nature of the study was explained to the
subjects & Parents / Guardians. An  informed  written
consent was  obtained  from  the  Parent / Guardian of
the  child  prior  to   the  test.
Inclusion criteria: Study group consists of 40
malnourished children. Out of 40, 20 children (13
males, 7 females) had Grade III (Severe) malnutrition
according to IAP & WHO classification [15] for
malnutrition. They had Weight for age, 51 - 60% of
expected  weight  &  Height for age < 85% of expected
height. Remaining  20  children ( 10 males, 10 females)
had  Grade I & II ( mild to moderate) malnutrition  as
they  had  weight  of 61 – 80 %  of  expected  weight
with  normal  height  appropriate  for  their  age. Control
group consists  of  40  normal  children ( 20 males , 20
females )  with weight > 80 %  of  expected  with  normal
height  for  their  age. Malnourished children with the
age group of 5 – 10 years according to IAP
classification & WHO Classification for malnutrition were
included in this study.
Exclusion criteria: Children with genetic & endocrine
causes for short stature were excluded from the study.
Sample size: Eighty
Procedure: Nerve conduction study (NCS) was
performed using eight channel digital polygraph, model -
IT 173SB ( Neuro perfectplus)
Motor nerve conduction velocity (MNCV) was recorded
by placing active electrode over muscle belly (Abductor
pollicis brevis ) & reference electrode at 3cm distal to
active electrode at 1st metacarpophalangeal  joint.
Ground electrode  was placed  between stimulating &
recording electrodes Median  nerve  was stimulated at
wrist  ( 3cm proximal to the distal wrist crease) & at
elbow  (near  the  volar  crease  of  brachial pulse).
Distance between the wrist & the elbow point of
stimulation was measured in mm & conduction velocity
(m / sec) was calculated by dividing the distance (mm)
with latency difference. Sensory nerve conduction study
was performed by placing ring electrodes at the index
finger with the help of conducting gel. Ground electrode
was placed over the forearm. Median nerve was
stimulated at wrist. Sensory nerve action potential was
recorded using antidromic conduction. The distance
between the recording electrode & the stimulation site
was measured. Sensory nerve conduction velocity
(SNCV) was measured by dividing the distance by
onset of latency. [16]

RESULTS

Statistical  analysis  was  done  by  using  SPSS  version
20.The  results  were  analysed  using  unpaired  student
‘t’ test. Values were expressed as mean  with  standard
deviation. The  control  group  was  compared  with
grade III  &  grade I,II malnourished  group. p value <
0.05 was considered as statistically significant.
Table 1: Anthropometric measurements of case &
control group

Group
Height for
age (cm)

Weight for
age (kg)

Age (years)
Mean ± SD

GradeI&II 123.0±  9.67 21.51±3.76
8.45±1.82

Grade III 103.4±  7.56 15.32±2.96
Control 124.1±  1.58 26.75±4.50 7.57±1.74
Table 2: Nerve conduction study results in study
group

Parameter
(m/sec)

Control
group

Study group
(Grade III)

Study group
(Grade I& II)

MNCV 46.58± 17 33.81±17.9* 40.66±20.0
SNCV 46.78±

12.1
30.75± 9.3* 38.96±17.5*

*p < 0.05 Significant, MNCV= Motor nerve conduction
velocity, SNCV = Sensory nerve conduction velocity

DISCUSSION

Malnutrition is widely prevalent in all developing
countries and children are the worst sufferers. Early
development of malnutrition during the critical period of
brain development has devasating effect on brain
growth. This period extends from prenatal to early
postnatal life. Active synthesis of myelin occurs in this
period. Myelin is composed  of  protein & phospholipid
derived  from  cell membrane of oligodendrocytes in
central nervous system and from Schwann cells in
peripheral nervous system. Malnutrition in this period
results in physical, chemical, & functional changes in
brain. All changes occurring in this period are likely to be
irreversible that has a long lasting effect mainly due to
delay in myelination. Malnutrition  results  in  poor
learning  abilities,  impaired cognitive functions  and
school dropouts [17].
This study has shown significant reduction in nerve
conduction velocity in children with malnutrition. Motor &
sensory nerve conduction velocity is significantly
reduced in children with Grade III Malnutrition. Sensory
nerve conduction velocity is significantly reduced in
Grade I & II group.Sensory nerve conduction studies are
more sensitive than motor nerve conduction study in
detecting early or mild demyelinating diseases[18] .

Shanthi ghosh et al[19] conducted nerve conduction
study  in 67 children to assess the effect of malnutrition
on peripheral nervous system. Significant reduction in
nerve conduction velocity was observed in children with
severe protein energy malnutrition and ongoing longterm
malnutrition .They found that undernutrition produces
permanent molecular errors in brain membrane
composition  and  affects  biochemical  maturity  of
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brain. This result is consistent with the present study
result.
Kumar et al[14] measured nerve conduction velocity in
children with protein calorie malnutrition. 38 marasmus,
13 kwashiorkor children were studied. They found that
conduction velocity were reduced in each type of
malnutrition suggested that PEM when it occurs during
the development of nervous system affects myelination
of peripheral nerves. Result of the present study agreed
with this result.
The present study results agreed with results of Nimet
kabakus et al [20]. They did peripheral nerve conduction
study in children with iron deficiency anemia. Children
with iron deficiency anemia  were tested against  healthy
children . Median motor & sensory nerve conduction
velocity were significantly lower than control group .
The  result  of  present  study is similar with research
done by Jagjit S.Chopra [21]. Reduction in nerve
conduction velocity was observed in children with protein
calorie malnutrition.

CONCLUSION

This study shows  significant  reduction  in nerve
conduction velocity which  may be  due  to  nutritional
deficiency affecting  myelination  of  peripheral  nerves .
Severe  and  chronic  malnutrition  affects motor &
sensory  nerve conduction velocity. Mild  to  moderate
malnutrition  alters sensory nerve conduction velocity
which is more sensitive than motor nerve conduction
study in detecting early or mild demyelinating diseases.
Thus  there  is  strong  association  between  duration
and  severity of malnutrition with  NCS . So  this
electrophysiological tests  can  be used  for early
detection of malnutrition. But  whether these changes
are reversible  or  irreversible after  nutritional
rehabilitation  needs  to  be evaluated.
Limitation of the study: This study doesnot eveluate
the effect of nutritional supplementation on nerve
conduction velocity in malnourished children.
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