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ABSTRACT

الأهداف: لتقييم النمط الفيزيولوجي الكهربائية الاعتلال الأعصاب 
المصابين  والمراهقين  الأطفال  في  السريري  الغير   )DPN(السكري
بالنوع 1 من داء السكري )T1DM( بناء على دراسة حالة العصب.

الطريقة: في هذه الدراسة المقطعية، حضر 40 من الأطفال والمراهقين 
 T1DM مع  سنة(   0.43  ±  12.73 عمر  بمتوسط  إناث   62.5%(
لمدة 5 سنوات على الأقل عيادات طب الأطفال جامعة تبريز للعلوم 
النتائج  2015م. وسجلت  و  2014م  إيران بين عامي  تبريز،  الطبية، 
العصبي  الفحص  المرضى  جميع  وخضع  والمختبرات  الديموغرافية 

السريري والدراسات الفيزيولوجية الكهربية.

في   DPN على  العثور  تم  الكهربية،  للدراسات  ووفقا  النتائج: 
%57.5 من المرضى بما في ذلك المرحلة المبكرة من اعتلال الأعصاب 
 ،)25%( الخفيف  الحسية  المحواري  العصبي  الاعتلال   ،)15%(
والاعتلال  الحركي)10%(،  الحسي  المحواري  العصبي  والاعتلال 
فرق  المتوسط )%7.5(. لا يوجد  المحواري الحسي الحركي  العصبي 
كبير بين المرضى الذين يعانون من حيث العمر ومدة الإصابة بمرض 
الهيموغلوبين  ومستويات  الصيام،  بعد  المرض  دم  وتحليل  السكري 
المنعكسات  انخفاض  لوحظ  وقد   .DPN ودون   ، الغليكوزيلاتي 
السفلي  والطرف   ،)30%( العلوي  الطرف  في  العميقة  الوترية 
)%47.5( من المرضى، والتي كانت على حد سواء أعلى بكثير من 
والطرف   ]p=0.03[ العلوي  )الطرف   DPN يعانون  الذين  المرضى 
السفلي ]p=0.04[ .وكانت النتائج الفيزيولوجي الكهربائية الأكثر 
 ، low amplitude sural ، H-reflexشيوعاً لا يمكن الحصول عليه

واستجابات الحسية المتوسطة. 

في  وجدت  الشائعة  المضاعفات  من  السريري  تحت   DPN الخاتمة: 
المحواري  الحسي  العصبي  والاعتلال   TIM مع  والمراهقين  الأطفال 
العصبي  التوصيل  دراسة  المستحسن  فمن  شيوعاً.  الأكثر  النوع  هو 

للكشف المبكر عن DPN ومنع تقدمه.

Objectives: To evaluate electrophysiologic pattern of 
subclinical diabetic peripheral neuropathy (DPN) in 
children and adolescents with type 1 diabetes mellitus 
(T1DM) based on nerve conduction study. 

Methods: In this cross sectional study, 40 children and 
adolescents (62.5% female with mean age of 12.73 ± 
0.43 years) with T1DM for at least 5 years attending the 
Pediatrics Clinics، Tabriz University of Medical Sciences, 
Tabriz, Iran, between 2014 and 2015 were recruited. 
Demographic and laboratory findings were recorded and 
all patients underwent clinical neurological examination 
and electrophysiologic studies. 

Results: According to electrophysiologic studies, DPN 
was found in 57.5% of patients including early stage 
of neuropathy (15%), mild sensory axonal neuropathy 
(25%), mild sensory motor axonal neuropathy (10%), 
and moderate sensory motor axonal neuropathy 
(7.5%). Age, duration of diabetes, fasting blood sugar, 
and glycosylated hemoglobin levels had no significant 
difference between patients with and without DPN. 
Reduced deep tendon reflexes were observed in the upper 
limb (30%) and lower limb (47.5%) of patients, which 
were both significantly higher in DPN patients (upper 
limb [p=0.03] and lower limb [p=0.04]). The most 
frequent electrophysiologic findings were unobtainable 
H-reflex, low amplitude sural, and median sensory 
responses. 

Conclusion: Subclinical DPN is a common complication 
found in children and adolescents with TIDM and 
peripheral sensory axonal neuropathy is the most frequent 
type. Nerve conduction study is recommended for early 
detection of DPN and prevention of its progress. 
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Type 1 diabetes mellitus (T1DM) is the most 
common chronic endocrine disease in childhood, 

which is usually diagnosed among children, adolescents, 
and young adults.1 Children and adolescents are 
at higher risk of long term complications due to 
the longer period of T1DM.2 Diabetic peripheral 
neuropathy (DPN) is a major complication of T1DM 
with significant morbidity and mortality in adulthood. 
The DPN involves impairment of the large and/or 
small nerve fibers, and can be diagnosed by various 
methods.2,3 Sensory, motor, or autonomic nerves can 
be involved, often coexisting, but it is usually sensory 
dominant with eventual involvement of te\hemotor 
nerve fibers.4,5 Abnormalities of nerve conduction are 
common findings in children with diabetes and the 
highest prevalence for DPN is found in children and 
adolescents with poor glycemic control and longer 
duration of diabetes.5,6 Once symptoms appear, there 
are few effective therapeutic strategies;7 thus, early 
identification of DPN, especially in children and 
adolescents is crucial to prepare appropriate measures 
to prevent its development.8,9 Nerve conduction 
studies (NCS) are the most common method for the 
diagnosis of DPN and its sequelae.10 It is also possible 
that patients have subclinical neuropathy long before 
occurrence of clinically evident neuropathy.11 However, 
few studies have evaluated the subclinical neuropathy 
in these patients, and also the prevalence of early 
stages of DPN among children and adolescents is not 
well-known. In this study, we evaluated the frequency 
of different degrees of subclinical DPN in children and 
adolescents with T1DM and its possible related factors 
among children visiting the Tabriz Children Hospital. 
This hospital is the main referral center for disease of 
children in the north-west of Iran and our results can be 
applied to all the population. 

Methods. In this cross-sectional study, 40 children 
and adolescents with T1DM visiting the Pediatrics 
Clinics of Tabriz University of Medical Sciences، 
Tabriz, Iran between 2014 and 2015 were recruited. 
All patients under 18 years old with a diagnosis of 
T1DM for at least 5 years with no previous history of 
neuropathy due to other diseases, and no medications 
with possible complications of neuropathy were 
included. This study was conducted in compliance 

with the ethical principles of Helsinki Declaration. 
This study was approved by the ethics committee of 
Tabriz University of Medical Sciences, and informed 
consent was obtained from all study participants. 
Demographic and laboratory findings were recorded for 
all patients. All patients underwent electrodiagnostic 
studies. All subjects underwent detailed neurological 
examination and muscle force, vibration, temperature, 
pain, proprioception, and fine touch perceptions, as 
well as pinprick and deep tendon reflexes (DTR) were 
evaluated. Synergy electromyograph (EMG Medelec 
Synergy, Istanbul, Turkey) machine was used to perform 
electrophysiological tests for all patients. Standard motor 
and antidromic sensory NCS were performed in at least 
4 motor nerves (median, ulnar, tibial, and peroneal), and 
3 sensory nerves (median, ulnar, and sural). In the motor 
nerves, distal latency (DL), amplitude and duration of 
compound muscle action potential (CMAP), and nerve 
conduction velocity (NCV) were evaluated. The F-wave 
minimal latency was measured after supramaximal 
stimulation of motor nerves and identifying 10 F-waves. 
The H-reflex was recorded from the soleus after 
stimulation of the tibial nerve. Amplitude of sensory 
nerve action potential (SNAP), peak latency, and NCV 
was measured in sensory nerves.12,13 Findings were 
considered abnormal if the recorded values were beyond 
mean ± 2.5 standard deviation of our laboratory control. 
A physiatrist unaware of the patient’s information 
performed those electrophysiological tests. Peripheral 
nervous system involvement was indicated if there were 
at least 2 abnormal independent neurophysiological 
nerve parameters. According to these findings, subjects 
were divided into 2 groups: patients with DPN, and 
patients without DPN. Electrophysiologic findings 
were interpreted by a physician trained in clinical 
neurophysiology and regarding reference values. 
According to electrophysiologic changes patients 
were considered to have axonal sensory neuropathy if 
SNAP amplitude was reduced, sensory motor axonal 
neuropathy if SNAP and CMAP was reduced, and early 
stage of neuropathy if H-reflex was reduced or absent. 
Reduction in NCV more than 70% of the normal value 
was considered as demyelinating neuropathy. 

All statistical tests were performed using the 
Statistical Package for Social Sciences for Windows 
version 17 (SPSS Inc., Chicago, IL, USA). Quantitative 
data were presented as mean ± standard deviation (SD), 
while qualitative data were demonstrated as frequency 
and percent (%). Independent t test for quantitative date 
and chi-square test or Fisher’s exact tests, as appropriate 
were used to compare data between groups of patients. 
A p<0.05 was considered statistically significant.

Disclosure. Authors have no conflict of interest, and the 
work was not supported or funded by any drug company.
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Results. In this study, 40 T1DM patients including 
15 (37.5%) males and 25 (62.5%) females with mean 
age of 12.73 ± 0.43 years were included. Mean duration 
of diabetes was 6.63 ± 0.25 years. Electrophysiologic 
studies showed neuropathy in 23 patients (57.5%) 
including early stage of neuropathy in 6 patients (15%), 
mild sensory axonal neuropathy in 10 patients (25%), 
mild sensory motor axonal neuropathy in 4 cases (10%), 
and moderate sensory motor axonal neuropathy in 3 
cases (7.5%). Table 1 demonstrates demographic and 
laboratory findings between normal and neuropathic 
patients. Although patients with peripheral neuropathy 
had higher duration of diabetes, higher fasting blood sugar 
(FBS) and glycated hemoglobin (HbA1C) compared 
with patients without neuropathy, the difference was 
not significant. Due to the insignificant findings, none 
of them were included in the regression analysis. Signs 
and symptoms of neuropathy were evaluated in diabetic 
patients. Muscle force was 5/5 in both upper and lower 
limbs in both groups. There were no cases of numbness, 
muscle weakness, abnormalities of fine touch/pinprick, 
pain/temperature, and vibration/proprioception. Deep 
tendon reflexes were reduced in 12 patients (30%) in 
the upper limb and in 19 patients (47.5%) in the lower 
limb. Neuropathic group had significantly more cases of 
reduced DTR in both upper and lower limbs (Table 2). 
Electrodiagnostic findings in patients are demonstrated 
in Table 3. Unobtainable H-reflex and low amplitude sural and median sensory responses were most frequent 

electrophysiologic findings. Abnormal NCV was mostly 
observed in sensory sural and sensory median nerves.

Discussion. Peripheral neuropathy is a common 
complication of both type I and type II diabetes 
that predisposes to patients to foot ulceration and 
amputation.4,14 Early diagnosis of DPN is essential 
to identify patients at risk for latent complications 
(especially ulcer and amputation). Previous studies 
have reported DPN between 25% and 66%.6,15 In this 
study, we evaluated the frequency of DPN in children 
and adolescents with T1DM and found subclinical 
peripheral nephropathy in 57.5% of patients. We did 
not found any factors predicting DPN. It was reported 
that it is possible that patients with DN have variable 
degrees of sensory loss in their physical examination,16 
or even present with normal findings. Baba and Ozaki17 
found polyneuropathy using neurologic examinations 
in 43% and using electrodiagnostic studies in 63% of 
children and adolescents without clinical neuropathy.

In our study, although electrophysiological studies 
were indicative of neuropathy, physical examination 

Table 1 -	 Demographic and laboratory findings between normal and 
neuropathic patients.

Variables Normal Neuropathic P-value
Age, years 13.00 ± 0.68   12.52 ± 0.56 0.59
Gender, n (%) 0.28

Male 8 (47.1)   7 (30.4)
Female 9 (52.9) 16 (69.6)

Diabetes duration, years   6.40 ± 0.39     6.78 ± 0.34 0.51
Fasting blood sugar, mg/dl 156.76 ± 26.81   192.60 ± 22.50 0.31
Glycated hemoglobin, %   7.98 ± 0.49     8.94 ± 0.27 0.64

Values are expressed as mean ± standard error

Table 2 -	 Deep tendon reflexes (DTR) in limbs of patients with and 
without diabetic peripheral neuropathy. 

DTR Normal Neuropathic P-value
Upper limb, n (%) 0.008*

0-1+   2 (11.8) 12 (52.2)
2+ 15 (88.2)   11 (47.85)

Lower limb, n (%) 0.001*
0-1+   5 (29.4) 19 (82.6)
2+ 12 (70.6)  4  (17.4)

*2-sided significant

Table 3 -	 Abnormal electrodiagnostic findings in 40 
patients with type I diabetes mellitus. 

Variables n (%)
Tibial nerve CMAP 

Amplitude 5 (12.5)
Nerve conduction velocity 4 (10.0)

Peroneal nerve CMAP
Amplitude 7 (17.5)
Nerve conduction velocity 6 (15.0)

Median nerve CMAP
Amplitude 3 (7.5)
Nerve conduction velocity 0

Ulnar nerve CMAP
Amplitude 3 (7.5)
Nerve conduction velocity 0

Sural nerve SNAP
Amplitude 17 (42.5)
Nerve conduction velocity 15 (37.5)

Median nerve SNAP
Amplitude 11 (27.5)
Nerve conduction velocity 8 (20.0)

Ulnar nerve SNAP
Amplitude 6 (15.0)
Nerve conduction velocity 3 (7.5)

F wave (tibial nerve) 0
F wave (ulnar nerve) 0
H-reflex (tibial nerve)

Unobtainable or prolonged 23 (57.5)
CMAP - compound muscle action potential, 

SNAP - sensory nerve action potential
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did not show any significant findings. Only reduced 
DTR was observed in less than 50% of cases. It could 
be regarded as subclinical neuropathy. Similar to our 
findings, Nelson et al18 found subclinical neuropathy 
based on nerve conduction findings in 57% of Canadian 
children and adolescents with at least 5 years duration of 
T1DM. The most prevalent abnormal electrodiagnostic 
findings were related to H-reflex and sural and median 
sensory nerves. Similar findings are reported in previous 
studies.19,20 Following an axonal injury, nerve fibers 
involved in action potential are reduced, which causes 
reduced CMAP or SNAP.

Sensory axonal neuropathies were the most 
common peripheral neuropathies among our patients. 
Sensory polyneuropathy is regarded as the most 
common presentation of neuropathy in diabetic 
patients.21 Symptoms and findings regarding sensory 
nerve damage occur earlier than motor nerve damage, 
possibly due to thinner and longer nerves in sensory 
nerves, which could be more vulnerable to metabolic 
alterations.3,7 Many different factors are introduced 
to have a role in developing DPN, such as age, male 
gender, duration of diabetes, and glycemic control. 
However, different studies have reported conflicting 
results in this regard. Diabetes duration is considered 
as the most important factor in developing DPN,5,22-24 
while others did not confirm these findings.25-27 In our 
study, DPN patients had higher duration of diabetes 
but the difference was not significant. We also observed 
insignificantly higher FBS and HbA1C in diabetic 
patients with neuropathy. Similar to our findings, 
other studies found no association between DPN and 
HbA1C values,23,27 while others have indicated HbA1c 
as a risk factor for DPN.28 Although hyperglycemia is 
recommended as the primary risk factor for DPN,5,29 
but it is also reported that neuropathy can occur in the 
absence of hyperglycemia.30,31 

This study suffers from some limitations, such as 
small sample size and age matched control group; 
however, each value of nerve conduction was compared 
with age matched normal data reported by Parano et 
al.32

In conclusion, as subclinical peripheral neuropathy 
is frequent in diabetic children and adolescents, this 
complication can be diagnosed by exact evaluation of 
signs and symptoms of neuropathy, comprehensive 
neurologic examination, and proper electrodiagnostic 
studies. Overall duration of the disease, levels of FBS 
and HbA1c were increased in DPN, although not 
significant and considering the previous studies, it 
seems that better glycemic control in long time could 

well prevent diabetic neuropathy. However, due to poor 
cooperation of children for neurologic examination, 
NCS is needed for early detection of peripheral 
neuropathy with increase in duration of the disease. 
Further studies considering an age matched group and 
long-term follow up of these patients with NCS could 
yield newer information in this regard.
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