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Abstract.  Objective : To determine the incidence of peripheral neuropathy in children suffering Insulin Dependent Diabetes 
Mellitus (IDDM) as well as to determine the relationship between other criteria of the disease and neuropathy. Methods : 40 
children (17 males, mean age 11.9 years) suffering IDDM and receiving insulin therapy involving two injections a day and 30 
healthy children (17 males, mean age 11.7 years) were included in the study. They were inquired about their demographical 
characteristics as well as the presence of neurological symptoms. Their detailed neurological examinations were conducted. 
Their glycemic control values (Hb A1C) were recorded, and their nerve conduction studies were performed from right upper and 
lower extremities. Results : All nerve conduction values of children with IDDM were found to be significantly lower (p<0.0001) 
as compared to the control group. 60% of diabetic children (n=24) were found to suffer peripheral neuropathy. Statistically 
significant relationships were found between the glycemic control values and the peroneal, sural, tibial, ulnar and median nerve 
conduction velocities, and also between the duration of disease and the peroneal, sural, tibial and median nerve conduction 
velocities. Conclus ion : The peripheral neuropathy is rather a frequently observed complication in diabetic children. The 
duration of disease and impaired glycemic control play an important role in the development of neuropathy. The introduction 
of new methods designed to ensure better glycemic control will reduce the incidence of the complication. 
[Indian J Pediatr 2003; 70 (12) : 945-951] E-marl : fundacenesiz@mynet.com 
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Diabetes Metlitus constitutes an important social health 
problem, About 10-15 % of cases of diabetes observed at 
all ages are represented by Insulin Dependent Diabetes 
Mellitus (IDDM). The insulin dependent diabetes mellitus 
is one of the most frequently observed chronic, metabolic 
endocrine diseases of childhood and early adult periods, 
and as a systemic disease, it exhibits significant levels of 
morbidity and mortality because of its complications 
observed during its acute and chronic periods. 1,2 In 
patients with impaired glycemic control, the chronic 
complications appear within 10 years, which have adverse 
effects on the quality and length of life. 

The diabetic neuropathy is a frequently observed 
chronic complication of diabetes in children suffering 
IDDM, whose significance as a complication leading to 
undesirable results if not controlled effectively is being 
better recognized in recent years. Exercising a good 
follow-up program and application of proper therapy can 
help to reduce to a minimum the degree of metabolic 
disorders and micro-vascular complications which might 
arise. 

The presnt study is aimed to determine the incidence 
of peripheral neuropathy (symptomatic or asymptomatic) 
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in children suffering IDDM by means of an electrophysio- 
logical method, and to investigate the relationship 
between neuropathy and the duration of disease, the 
glycemic control and some other complications of the 
disease. 

MATERIALS AND METHODS 

The present s tudy was carried out on 40 children 
suffering IDDM and receiving therapy at the 
Endocrinology outpatient  clinic of Dr. Sami Ulus 
Children's Health and Diseases Training and Research 
Hospital, and on 30 healthy children who were paired 
with diseased children according to age and sex. The 
children suffering IDDM who were included in this study 
were 4-18 years old, were receiving insulin therapy 
involving two injections a day, did not have any familial 
or hereditary neurological disease history, had normal 
thyroid function tests, did not suffer any collagen tissue 
diseases and did not exhibit any nutritional deficiencies. 
The following evaluations were made on the patients 
included in the present study. 

History : The patients were inquired about their 
demographical characteristics, whether or not they had an 
attack of ketoacidosis and the presence of neurological 
symptoms. 
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Physical Examination : The patients were subjected to 
a systemic examination, examination of eye (funduscopic 
evaluation) and examination of locomotor system with 
regard to other complications of diabetes. On neurological 
examination, the superficial somatic sensations (touch, 
superficial pain) and deep somatic sensations (vibration 
and joint-position sense) as well as the muscle strength 
and deep tendon reflexes were evaluated. The presence of 
any loss in sense of superficial pain was evaluated in 3 
different points lying in the direction from distal toward 
proximal  of each extremity.  The sense of touch was 
evaluated by the aid of a piece of cotton while the sense of 
superficial pain by means of careful pinprick evaluation. 
The sense of vibration was examined by placing a 256 Hz 
diapason on the malleolar in the lower extremity, and on 
the projecting bone of radius in the upper extremity. The 
joint-position sense was also tested. The deep tendon 
reflexes were obtained from the biceps brachi, triceps 
brachi, brachioradialis, quadriceps (patellar reflex) and 
gast rocnemius  (achilles reflex) muscles.  The muscle  
strength was evaluated in each extremity in the direction 
from distal toward proximal. 

B i o c h e m i c a l  D e t e r m i n a t i o n s  : The microprote inur ia  
values were determined quanti tat ively by means of a 
photometer using 3% trichloraacetic acid (TCA). 3 Normal 
values were taken to be 15-45 mg/dl .  The HbA1C values 
were de te rmined  by  immuno tu rb inomet r i c  method ,  
using Hitachi 911 autoanalyzer. The normal values for 
this method range between 4.3%-5.8% g/dl .  4 

E l e c t r o p h y s i o l o g i c a l  S t u d y  ( e l e c t r o n e u r o g r a p h y  - 
'ENG') : As a s tandard study,  the sensory and motor  
branches of median and ulnar nerves of the right upper  
extremity were examined, while an electrophysiological 
study was conducted on the peroneal, tibialis posterior 
and sural nerves of the right lower extremity. The values 
of distal latency, conduction velocities, and amplitudes of 
compound muscle action potential (CMAP) and sensory 
compound nerve action potential (CNAP), from peak to 
peak, for these nerves were recorded. Amplitudes were 
m e a s u r e d  by  "F rom peak  to peak"  me thod .  The 
measurements related to sensory branches of median and 
ulnar nerves were made by orthodromic method while 
the measurements related to sural nerve were made by 
antidromic method. The responses of motor and sensory 
nerves were measured by superficial electrodes. Care was 
taken to keep the room temperature constant during the 
measurements .  The electrophysiological  s tudies and 
neurological exan~inations of all patients and the control 
g roup  were  carr ied out  and comple ted  by  the same 
physician (B.S.). The Nihon-Kohden Neuropeck II ENMG 
apparatus was used in the measurements. 

Both the patient group and healthy children (control 
group) gave written consent to participate in the study. 

The statistical analyses were  pe r fo rmed  using the 
Statistical Package for the Social Science Program (SPSS 
Version 9.05). The results were expressed as mean-+ 2 

Standard Deviation. The comparisons between the two 
g roups  were  made  by  means  of t test, whi le  the 
relationships between the parameters were evaluated by 
correlation analyses. 

RESULTS 

The mean age of patient  group is 11.9 _+ 3.6 years (17 
males, 42.5%) while that of control group is 11.5_+2.3 years 
(17 males, 56.7%), and there was no statistically significant 
difference between the two groups with regard to age and 
sex (p=0.55, p=0.30 respectively). In the patient group, the 
mean durat ion of disease was 4.9_+3.2 years (ranging 
between 1-11 years). 

The mean HbA1C value obtained on the date of ENMG 
examination was 9.6-+3.0, while the mean HbAIC value of 
the last one year was 9.7+2.4. In two patients micropro- 
teinuria, while in 2 patients arthropathy were observed. 
During the last one year, only one patient was reported to 
have an attack of ketoacidosis once. The examination of 
eye revealed no presence of retinopathy in any one of our 
patients. 

Ten children complained of neurological symptoms 
and eleven children showed one or more neurological 
deficits. The neurological  examinat ion of 11 patients 
revealed the presence of loss of reflex in 9 patients ,  
impaired sense of vibration in 2 patients, loss in sense of 
superficial pain in 1 patient,  loss of touch sense in 4 
patients, paresthesia in 8 patients and weakness in muscle 
strength in 2 patients. (Table 1). 

TABLE 1. Incidence of Neurological Symptoms and Findings in the 
Group of Patients 

Neurological 
Symptoms / Findings N % 

Decrease or loss in DTR 9 22.5 
Weakness of muscle 2 5 
Paresthesia / pain/cramp 8 20 
Loss of touch sense 4 10 
Loss of sense superficial pain 1 2.5 
Impairment of sense of vibration 2 5 
Impairment of sense of 

joint-position 
Patients with one or several 11 27.5 

symptoms or findings 

The results of electrophysiological studies showed the 
presence of per ipheral  n eu ro p a th y  in 24 (60%) of 40 
patients. Sixteen of these patients were found to suffer 
sensory  and m o to r  n e u r o p a t h y ,  6 of them m o t o r  
neuropathy and 2 of them sensory neuropathy. 

When the pa t ien t  g roup  was c o m p a r e d  wi th  the 
control group, a statistically significant reduction was 
found in the levels of all nerve  conduct ion velocities 
studied in the patient group (Table 2). The distal latency 
of tibial nerve was found to be longer in the patient group 
as compared to the control group, with a value of 3.73 _+ 
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0.83 m / s e c  in the control  g roup  and  4.28_+_1.19 m / s e c  in 
the pa t ien t  g roup  (p= 0.026). Similarly,  the dis ta l  la tency 
of sura l  nerve  was  also found  to be longer  in the pa t ien t  
g roup ,  w i th  va lues  of 2.46_+0.40 m / s e c  and  2.87_+0.86 m /  
sec  in  t he  c o n t r o l  a n d  p a t i e n t  g r o u p s ,  r e s p e c t i v e l y  
(p=0.01). N o  stat ist ically significant difference was  found 
b e t w e e n  the  d i s t a l  l a t e n c y  v a l u e s  a n d  a m p l i t u d e s  of  
C M A P s  and  C N A P s  of other  nerves  (Table 3). 

A s t a t i s t i ca l ly  s ign i f i can t  n e g a t i v e  r e l a t i onsh ip  was  
found be tween  the HbA1C concentrat ion measured  on the 

TABLE 2. The Means of Nerve Conduction Velocities Measured in 
the Patient and Control Groups and their Comparison 
with Each Other. 

Patient Group Control Group p 

mean _+ SD (m/sec} mean _+ SD (m/sec) 

MMvel 52.69 _+ 9.73 57.06 _+ 2.87 0.02 
MSvel 53.18 _+ 10.10 57.68 _+ 5.11 0.029 
UMvel 51.99 + 4.55 57.80 _+ 3.42 0.0001 
USvel 53.90 _+ 5.00 57.64 +_ 4.91 0.0003 
PMvel 47.9 + 5.99 53.56 +_ 2.99 0.0001 
TMvel 45.99 +_ 5.84 52.12 _+ 3.92 0.0001 
SSvel 48.13 _+ 10.45 55.25 +_ 4.43 0.0001 

MMveh Median motor conduction velocity, MSvel: Median sensory 
conduction velocity, UMvel: Ulnar motor conduction velocity, 
USvel: Ulnar sensory conduction velocity, PMvel: Peroneal motor 
conduction velocity, TMveh Tibial motor conduction velocity, 
SSveh Sural sensory conduction velocity 

TABLE 3. The Means of Distal Latencies and Amplitudes CMAPs 
and C N A P s  of Nerves  Measured  in the Patient  and 
Control Groups and their Comparison with Each Other 

Patient Group Control Group 
mean _+ SD mean _+ SD 

(m/sec) (m/sec) 
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MMdl 2.9 +_ 0.7 3.1 _+ 0.4 Non-significant 
MMamp 11.2 + 4.6 12.3 +_ 3.3 Non-significant 
MSdl 2.1 +_ 0.5 2.2 _+ 0.2 Non-significant 
MSamp 20.7 _+ 10.8 20.3 +_ 7.1 Non-significant 
UMdl 2.1 _+ 0.3 2.2 -+ 0.3 Non-significant 
UMamp 9.8 +_ 3.1 9.5 +_ 3.5 Non-significant 
USdl 1.9 + 0.3 1.9 _+ 0.2 Non-significant 
USamp 15.9 _+ 2.1 18.5 _+ 6.1 Non-significant 
PMdl 3.8 +_ 0.9 3.8 _+ 0.7 Non-significant 
PMamp 4.7 + 1.8 4.9 _+ 1.8 Non-significant 
TMdl 43 +_ 1.2 3.7 +_ 0.8 Non-significant 
TMamp 10.8 _+ 4.9 11.1 _+ 3.5 Non-significant 
SSdl 2.9 _+ 0.0 2.5 +- 0.4 Non-significant 
SSamp 16.2 + 7.8 19.1 _+ 5.7 Non-significant 

M M d h  distal latency of median motor, MMamp: amplitude of 
median compound motor action potential (CMAP), MSdh distal 
latency of median sensory, MSamp: amplitude of Median sensory 
compound nerve action potential (CNAP), UMdl" distal latency 
ulnar motor, UMamp: amplitude of Ulnar CMAP, USdh distal 
latency of ulnar sensory, USamp" amplitude of ulnar CNAP, PMdl: 
distal latency of peroneal motor, PMamp: amplitude of peroneal 
CMAP, TMdI" distal latency of tibial motor, TMamp: amplitude of 
tibial CMAP, SSdl: distal latency of sural sensory, SSamp: amplitude 
of sural CNAP. 

d a t e  of  E N M G  a n d  the  c o n d u c t i o n  v e l o c i t y  a n d  the  
a m p l i t u d e  of C M A P  of pe ronea l  nerve.  

S t a t i s t i c a l l y  s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n s  w e r e  
found  be tween  the annua l ly  mean  HbA1C values  and  the 
c o n d u c t i o n  v e l o c i t i e s  of  p e r o n e a l ,  su ra l ,  t ib ia l ,  u l n a r  
m o t o r  a n d  s e n s o r y ,  m e d i a n  m o t o r  n e r v e  a n d  the  
a m p l i t u d e  of C M A P  of t ibial  nerve  mo to r  branch.  There 
we re  a lso  s ign i f ican t  pos i t i ve  cor re la t ions  b e t w e e n  the 
a n n u a l l y  m e a n  HbA1C va lue  a n d  the d is ta l  la tencies  of 
u lnar  sensory,  tibial, pe ronea l  mo to r  branch.  

A s t a t i s t i ca l ly  s ign i f i can t  n e g a t i v e  r e l a t i o n s h i p  w a s  
found  be tw e e n  the du ra t i on  of d isease  and  the peroneal ,  
sural ,  t ibial  and  m e d i a n  nerve  m o t o r  branch  conduc t ion  
velocit ies,  a m p l i t u d e s  of C N A P  m e d i a n  and  u lnar  nerve  
and  also a pos i t ive  re la t ionship  was  found  dis ta l  la tency 
of tibial and  sural  nerve. These rela t ionships  are shown in 
Tables 4-5 and  Fig. 1-3. 
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Fig. 3. Relationship between duration of disease and sural nerve 
conduction velocity 

DISCUSSION 

IDDM constitutes a universal health problem. Diabetes 
mellitus is reported to cause illness in more than 5 million 
people each year in USA, with an average increase of 5 % 
per year observed in its incidence. 5 The diabetic 
neuropathy is observed in 5-91% of diabetic patients, s-12 
This wide range observed in its prevalence is due to the 
inadequacy of epidemiological researches based on actual 
population, the different methods used in the evaluation 
and the differences in defining the cases. 

In the present study, we have found peripheral 
neuropathy in 24 (60 %) of our 40 IDDM patients, based 
on the results of electrophysiological studies. A similar 
study was conducted by RJ. Young et al on 79 IDDM 
patients whose ages ranged between 16-19 years. Their 
mean duration of disease was 5 years. A control group 
consisting of children of matched sex and age was chosen. 
The results of electrophysiological method used in that 
study showed peripheral neuropathy in 72 % of patients? 
F3;c3~c3~o5lu et al. investigated the presence of peripheral 
neuropathy in 38 IDDM patients with average age of 10.5 
_+ 3.2 years and average duration of disease of 3.1 _+ 2.8 
years, and in a control group consisting of 31 children of 
matched age, sex and the results of EN~ showed 
impaired peripheral nerve function in 13 (34.2 %) 
patients, l~ 

The classical symptoms of diabetic neuropathy are not 
widespread in children suffering IDDM. 1113 Electrophy- 
siological studies help in early diagnosis of neuropathy 
before the appearance of clinical symptoms of the 
disease? In the present study, we established the presence 
of diabetic neuropathy in 11 of our patients by means of 
subclinical ENG studies, without  any neurological 
symptoms and findings. Furthermore, in 3 of the IDDM 
patients, included in the present study, we did not fiund 
any peripheral neuropathy based on ENG results, 
although they showed neurological symptoms. The 

standard classical measurement of peripheral nerve 
conduction velocities involves primarily the testing of 
functions of largest and fastest myelinated fibres. An 
early change in the largest myelinated fibres is not an 
expected characteristic in diabetes. This explains why the 
results of ENG did not show neuropathy in 3 of our 
patients although they had neuropathy clinically. 1~ 

In diabetic neuropathy, the lower extremities are 
affected more frequently than the upper extremities. 8 In 
general, neuropathy is a form of polyneuropathy starting 
from the lower extremities and progressing slowly. 13 In 
the present study, we found neuropathy in the lower 
extremity in 21 (52.5 %) of our patients. 

In a study carried out by Kaar et al in Oulu University 
on 161 children suffering from IDDM, the median sensory 
and peroneal motor nerve conduction velocities were 
measured. Forty-nine (30%) of these children with an 
average age of 12.5 _+ 3.6 years and average duration of 
disease of 5.3 _+ 3.9 years showed impaired peroneal nerve 
functions. 13 In the present study too, we have most 
frequently found a reduction in the peroneal nerve 
conduction velocity in 17 (42.5 %) children. We also 
showed the presence of reduction in tibial nerve 
conduction velocity in 12 (30%), and in sural nerve 
conduction velocity in 11 (27.5 %) patients. 

In many of the studies reported, the presence of a 
directly proportional correlation between the duration of 
diabetes disease and the frequency of peripheral 
neuropathy is s tated) ~ 12-21 This correlation is more 
manifest in adult populations. Eng et al. followed up 190 
diabetic children for a period of 8 years and showed that, 
while the electrodiagnostic anomalies represented a 
figure of 14 % at the beginning, this proportion increased 
to 48 % at the end of 8 years. 11 So, the findings of that 
study also supported the presence of a relationship 
between neuropathy and duration of disease in diabetic 
children. In a study reported in 1997, Solders et al. 
determined the nerve conduction values and autonomic 
nerve functions of IDDM patients by following them up 
for a period of 10 years. 2~ 164 patients with an average age 
of 10.7 _ 3.7 years and having their disease diagnosed 
newly were included in the study. The condition of the 
patients was checked by ENG at the beginning of the 
study and then on the 2 nd, 5 th and 10 'h years. During the 
diagnosis stage, most patients were found to have 
impaired nerve conduction values. This impairment, 
which was more manifest particularly in the sensory 
nerves, showed some improvement within 2 years, but in 
the later follow-up studies, the impairment in nerve 
junctions was again observed. As also supported by the 
study carried out by Solders et al. the metabolic events 
occurring at the beginning of diabetic neuropathy may be 
reversible. The sorbitol produced during the acute 
hyperglycemic attacks accumulates in the Schwan cells, 
causing edema and degeneration-regeneration cycle 
develops in the nerves as a result of frequent 
hyperglycemic attacks, the axonal degeneration produced 
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b e c o m e s  p e r m a n e n t  over  time. As a resul t  of chronic  
hyperglycemia,  structural impairment of peripheral nerve 
occurs  due  to a b n o r m a l  g lycolos is  of  axonal  and  cell 
proteins, in addit ion to glycolysis of hemoglobin,  and the 
endo-neura l  hypoxia  caused by  hyperg lycemia  inhibits 
a x o n a l  t r a n s p o r t  b y  m e a n s  of  the  m i c r o v a s c u l a r  

mechanisms, thereby causing axonal a t rophy and the start 
of irreversible period of the disease. 22 

Gallai et al investigated the median,  tibialis posterior, 
radial and sural nerve conduct ion  velocities in 50 IDDM 
patients with an average age of 13 + 1.3 years and average 
d i a b e t e s  d u r a t i o n  of  2.3 _+ 1.4 yea r s ,  a n d  f o u n d  no  

TABLE 4. Relationship Between Duration of Disease, Annual Mean HbA1C and HbA~C on the Date of ENG, and Nerve Conduction 
Velocities and Neuropathy 

HbA1C on the date of ENMG Annual Mean HbA1C Duration of Disease 

Neuropathy p=0.01 p=0.0001 
Non-significant 0=0.38 r=0.56 

MMvel p=0.01 p=0.037 
Non-significant r=-0.40 r=-0.33 

MSvel 
Non-significant Non-significant Non-significant 

UMvel p=0.07 
Non-significant r=-0.41 Non-significant 

USvel p=0.03 
Non-significant r=-0.34 Non-significant 

PMvel p=0.002 p=0.0001 p=0.003 
r=0.47 r=-0.61 r=-0.45 

TMvel p=0.002 p=0.0001 
Non-significant r=--0.47 r=-0.55 

SSvel p=0.002 p=0.037 
Non-significant r=-0.47 r=-0.33 

MMvel: Median motor conduction velocity, MSveh Median sensory conduction velocity, UMvel: Ulnar motor conduction velocity, USveh 
Ulnar sensory conduction velocity, PMvel: Peroneal motor conduction velocity, TMveh Tibial motor conduction velocity, SSvpI: Sural sensory 
conduction velocity 

TABLE 5. Relationship Between Duration of Disease, Annual Average HbAzC and HbA1C on the Date of ENG, and Distal Latency and 
Amplitudes of Compound Muscle Action Potential (CMAP) or Sensory Nerve Action Potential (CNAP) of nerves 

HbA~C on the date of Annual Average Duration of Disease 
ENMG HbA1C 

MMdl Non-significant Non-significant Non-significant 
MMamp Non-significant Non-significant Non-significant 
MSdl Non-significant Non-significant Non-significant 
MSamp Non-significant Non-significant p=0.003 

r= -0.45 
UMdl Non-significant Non-significant Non-significant 
UMamp Non-significant Non-significant Non-significant 
USdl Non-significant p= 0.036 

r= 0.32 Non-significant 
USamp Non-significant Non-significant p= 0.001 

r= -0.52 
PMdl Non-significant p= 0.016 

r= 0.38 Non-significant 
PMamp p= 0.044 

r= -0.32 Non-significant Non-significant 
TMdl p=0.045 p=0.014 

Non-significant r= 0.32 r= -0.39 
p=0.05 

TMamp Non-significant p=0.31 Non-significant 

SSdl Non-significant Non-significant p= 0.011 
r= 0.40 

SSamp Non-significant Non-significant Non-significant 

MMdh distal latency of median motor, MMamp: amplitude of median compound motor action potential (CMAP), MSdhdistal latency of 
median sensory, MSamp: amplitude of Median sensory compound nerve action potential (CNAP), MDdh distal latency ulnar motor, UMamp: 
amplitue of Ulnar CMAP, PMdI: distal latency of peroneal motor, PMamp: amplitude of peroneal CMAP, TMdl : distal latency of tibial motor, 
TMamp : amplitude of tibial CMAP, SSdl : distal latency of sural sensory, SSamp: amplitude of sural CNAP. 
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relationship between the duration of diabetes and nerve 
conduction velocitiesr This discrepancy was explained by 
the shor t  d iabe tes  d u r a t i o n  of the IDDM pa t i en t  
population selected for the study, which did not allow the 
verification of expected correlation. 

A good  cont ro l  of g lycemia  r educes  the risk of 
occurrence of diabetic neuropathy. 9,10,12,13,15,17,19, 23. 24 I n  the 
present s tudy too, a statistically significant relationship 
was found between the mean HbA1C concentration, an 
ind ica to r  of g lycemic  cont ro l ,  and inc idence  of 
neuropathy (p=0.01, r=0.38). 

In several studies conducted,  '9, 25 improvement  was 
shown to be achieved during the metabolic impairment 
period of neuropathy as a result of glycemic control by 
intensive Insulin therapy, injection of multidose insulin or 
subcu taneous  insul in  infus ion  ( insulin pump) .  In a 
follow-up s tudy carried out by application of frequent 
injections according to the results of blood glucose tests 
performed at home, Holman showed that the condition of 
sensory nerve functions was better maintained after a 
period of 2 years, as compared to the other group. In a 
DCCT (Diabetes Control and Complications Trial) group 
study, it was shown that 1441 patients, subjected to an 
intensive therapy  exhibited bet ter  nerve  conduct ion,  
autonomic  test and clinical f indings after 5 years,  as 
compared to the conventional group, z5 

Amthor  et al published, in 1994, the results of their 
s tudy  in which  they inves t iga ted  the effect of strict 
glycemic control for a period of 8 years on peripheral  
nerve functions. 19 45 IDDM patients ranging between 18- 
42 years in age were included in the study. The duration 
of diabetes ranged between 7-23 years. The patients were 
divided into groups  of conventional  therapy (2 times 
injection a day), multiple injections (4-6 times a day) and 
c o n t i n u o u s  insu l in  in fus ion .  As c o m p a r e d  to the 
conventional therapy, the therapy involving continuous 
s ubcu t a ne ous  insu l in  in fus ion  was found  to cause 
s ta t is t ical ly  s igni f icant  i m p r o v e m e n t  on the ne rve  
conduct ion velocity of all nerves (ulnar, peroneal and 
tibial) studied. In the same study, the reduction in the 
nerve conduction velocities was shown to be more in the 
pa t ien ts  wi th  an average  HbA1C value  over  10% as 
compared to those with an HbAIC value less than 10%. 

In m a n y  o the r  s tud ies ,  s ta t is t ica l ly  s igni f icant  
correlations were obtained between nerve conduction 
velocit ies and HbA,C concentrat ions .  A statistically 
significant correlation was shown to exist between sural 
ne rve  c o n d u c t i o n  ve loc i ty  and  HbA~C, 8-1~ b e t w e e n  
peronea l  nerve  conduc t ion  veloci ty and HbA1C, 9'n'13 
between median motor  nerve conduction velocity and 
HbAIC 9 and between median sensory nerve conduction 
velocity and HbA1C2' 

The findings of our  s tudy suppor t  the statistically 
significant negative correlations between peroneal motor, 
tibial motor, ulnar motor and sensory nerve conduction 
velocities and the mean HbA,C value. 

The statistically significant relationship (p=0.01, r=0.38) 

found  be tween  the annua l  mean  HbAIC va lue  and 
neuropathy points out to the important  role played by 
glycemic  cont ro l  in the d e v e l o p m e n t  of d iabet ic  
neuropathy in children suffering DM. 

We have diagnosed microproteinuria in two of our 
patients. These patients suffering from microproteinuria, 
an indicator of nephropathy, also exhibited neuropathy, 
and one of them arthropathy in addition. The combined 
presence of these 3 late complicat ions suppor ted  the 
hypothesis related to the microvascular system discussed 
in the pathogenesis section. 26 The statistically significant 
relationship (p=0.002, r= 0.47) found between arthropathy 
and microproteinuria confirms the above argument. 

In conclusion, in the present s tudy the incidence of 
peripheral neuropathy in children suffering IDDM was 
found  to be 60 %. Sixteen of the total  n u m b e r  of 24 
children suffering peripheral  neuropa thy  had sensory 
and motor, 6 had motor and 2 had sensorial peripheral 
neuropathy. In patients with poor glycemic control, the 
incidence of neuropathy increases with increase in the 
duration of disease. Eleven of 24 (45.8 %) patients, found 
to exhibit neuropathy,  were at the sub-clinical stage as 
de te rmir ied  by  e l ec t rophys io log ica l  s tudies .  This 
p r o p o r t i o n  sugges t s  the i m p o r t a n c e  of 
electrophysiological studies in investigating the presence 
of neuropathy in children with IDDM. 

REFERENCES 

1. Gortmaker SL, Sappenfield W. Chronic childhood disorders. 
Prevalence and impact. Pediatr Clin North Am 1984; 31 : 3-18. 

2. Vinicor F. Is diabetes a public health disorder? Diabetes Care 
1994; 17 (suppl) 1 : 22-27. 

3. Tietz NW, Finley PR, Pruden EL, eds. Clinical Guide to 
Laboratory Tests (2nd ed). Philadelphia, W.B. Saunders 
Company, 1990; 468-475. 

4. Jarausch J, Lotz J, Hafner G Altri. Reference values for the 
Tinaquant HbA1C Assay. Clin Chem 1996; 42 : 116 (Abstract 
094). 

5. Bosch EP, Smith BE. Disorders of Peripheral Nerves. In 
Bradley WG, Daroff RB, Fenichel GM, Marsden CD, ed. 
Neurology in Clinical Practice The Neurological Disorders. Boston, 
Butterworth-Heinemann 2000; 2097-2103. 

6. Waiters DP, Gatling W, Mullee MA, Hill RD. The Prevalence 
of diabetic distal sensory neuropathy in an English 
community. Diabet Med 1992; 9(4) : 349-353. 

7. Boa XH, Wong V, Wang Q, Low LC. Prevalence of peripheral 
neuropathy with insulin-dependent diabetes mellitus. Pediatr 
Neurol 1999; 20(3) : 204-209. 

8. Gallai V, Firenze C, IViazzotta, Del Gatto F. Neuropathy in 
children and adolescents with diabetes mellitus. Acta Neurol 
Scand, 1988; 78 - 136-140. 

9. Young RJ, Ewing D, Clarke BF. Nerve function and metabolic 
control in teenage diabetics. Diabetes 1983; 32 : 142-147. 

10. F);~)~@o61u C, Aydf, n A, Haktan M, K)~z))ltan M. Peripheral 
Neuropathy in Children with ~'nsulin-Dependent Diabetes 
Mellitus. The Turkish Journal of Pediatrics 1994; 36:97-104. 

11. Comi G, Canal N, Lozza L e t  al. Peripheral Nerve 
Abnormalities in Newly-Diagnosed Diabetic Children. Acta 
Diabetol Lat 1986; 23 : 69-75. 

12. Tesfaye S, Stevens LK, Stephenson JM et al. Prevalence of 
diabetic peripheral neuropathy and its relation to glycaemic 

950 Indian Journal of Pediatrics, Volume 70---December, 2003 



Nerve Conduction in Children Suffering Insulin Dependent Diabetes Mellitus 

control and potential risk factors. Diabetoloy, ia 1996; 39: 1377- 
1384. 

13. Kaar ML, Saukkonen AL, Pitkanen M, Akerblom HK 
Peripheral neuropathy in diabetic children and adolescents. 
Acta Pediatr Scand 1983; 72 : 373-378. 

14. Eng GD, Hung  W, Augus t  GP, Smokvina MD. Nerve 
conduction velocity determinations in juvenile diabetes: 
Continuing study of 190 patients. Arch Phys Med Rehabil 1976; 
57 (1): 1-5. 

15. Moglia A, Lorini R, D'Annunz3)o G, Lanzi G, Berardinelli A, 
Zandrini C. Clinical and neurophysiological study in diabetic 
children and adolescents. Funct Neurol 1994; 9 (2): 75-82. 

16. Allen C, Shen G, Palta M, Lotz B, Jacobson R, D'Alessio D. 
Long-term hyperglycemia is related to peripheral  nerve 
changes at a diabetes duration of 4 years. The Wisconsin 
Diabetes Registry. Diabetes Care 1997; 20 (7) : 1154-1 158. 

17. Ludvigsson J, Johonnesson G, Heding L, Hager A, Larsson Y. 
Sensory Nerve Conduction velocity and Vibratory Sensibility 
in Juvenile Diabetics. Acta Pediatr Scand 1979; 68 : 739-743. 

18. Porte D, Graf RJ, Halter JB, Pfeifer MA, Halar E Diabetic 
Neuropathy and Plasma Glucose Control. Am ] Med 1981; 70 : 
195-200. 

19. Amthor KF, Jorgensen KD, Berg TJ et al. The effect of 8 years of 
strict glycaemic control on peripheral nerve function in IDDM 
patients: The Oslo Study. Diabetologia 1994; 37 : 579-584. 

20. Solders G, Thalme B, Aquino MA, Brandt L, Berg U, Persson 

A. Nerve conduction and autonomic nerve function in diabetic 
children. A 10-year follow-up study. Acta Paediatr 1997; 86: 361- 
366. 

21. Gregersen G. Diabetic neuropathy: Influence of age, sex, 
metabolic  control ,  and dura t ion  of diabetes  on motor  
conduction velocity. Neurology 1967; 17 : 972-980. 

22. Bertelsmann FW, Heimans JJ, Van Rooy JC, Popp-Snijders C, 
Van der Veen EA. Peripheral nerve function in relation to 
quality of metabolic control in diabetes. Neurology 1987; 234(5): 
334-336. 

23. Barkai L, Kempler  P, Vamosi I, Lukacs , K, Marton A, 
Keresztes K. Peripheral Sensory nerve dysfunction in children 
and adolescants with type I diabetes mellitus. Diabet Med 1998; 
15 (3) : 228-233. 

24. Reichard P, Britz A, Carlsson Pet  al. Metabolic control and 
complications over 3 years in patients with insulin dependent 
diabetes (IDDM): the Stockholm Diabetes Intervention Study 
(SDIS). J Intern Med 1990; 228 (5) : 511-517. 

25. The Diabetes Control and Complicat ions Trial Research 
Group. The effect of intensive treatment of diabetes on the 
development and progression of longterm complications in 
insiilin-dependent diabetes mellitus. N Engl J Med 1993; 329 
(14) : 977-986. 

26. Verrotti A, Catino M, Ricco L, Casani A, Chiarelli F, Prevention 
of microvasctiler complications in diabetic children and 
adolescents. Acta Pediatr (Suppl.) 1999; 427: 35-38. 

Indian Journal of Pediatrics, Volume 70~December, 2003 951 


