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Background: Diabetes mellitus (DM) is a common metabolic disorder that can cause various complications including, peripheral 
neuropathy (PNP). Some possible risk‑factors such as blood glucose level, hyperglycemia, duration of diabetes, and lipid profiles are 
assumed to be important in diabetic PNP incidence. The aim of this study is to evaluate the prevalence and possible risk‑factors of PNP 
in children with insulin dependent DM. Materials and Methods: Among diabetic children, 146 patients (up to 18‑years old) were 
evaluated in this cross‑sectional study. All patients were examined for signs and symptoms of neuropathy and nerve conduction studies 
were performed. Blood level of glucose and lipid profiles were also tested. The relation between variables was compared by independent 
t‑test and logistic regression test. Results: The mean age of diabetic children was 11.9 ± 3.3 years whereas mean diabetes duration was 
3.8 ± 2.9 years. PNP was detected in 40 patients (27.4%) that 62.5% of them have subclinical and 37.5% have clinical neuropathy. According 
to logistic regression analysis, duration of diabetes was the most important factor in prevalence of PNP (5.7 ± 3.5 and 3.1 ± 2.5 years in 
patients with and without neuropathy respectively, P < 0.001, 95% confidence interval [1.15‑1.54]). Conclusion: As most of the patients 
had subclinical PN, neurological assessment is recommended to detect subclinical neuropathy in asymptomatic type 1 diabetic children 
and it seems that the best way to prevent this complication is still rigid blood glucose control and periodic evaluations.
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neuropathy in these patients.[9] However, little is known 
about the prevalence of subclinical neuropathy in 
children with DM and studies are needed to evaluate 
the prevalence and incidence of neuropathy in children 
to make suitable decisions for decreasing the burden of 
the disease.

Some of the recent studies have addressed multiple 
risk-factors, which may affect the development or 
progression of DN such as age, disease duration, lipid 
profile, and Hemoglobin-A1c.[10-12] However, other 
studies reported controversial results.[6,13,14] The aim of 
this study was to evaluate the prevalence and possible 
risk-factors of PNP in children with insulin dependent 
DM.

MATERIALS AND METHODS

In this cross-sectional study (2008-2009) among 
500 diabetic patients who referred to Endocrinology 
and Metabolic Research Center (EMRC) of Isfahan 
University of Medical Sciences (IUMS), 150 children 
up to 18-year-old were enrolled of which 146 of 

INTRODUCTION

Diabetes mellitus (DM) is the most common metabolic 
disease with a prevalence of 1-4%.[1-3] Diabetic patients 
may experience various long-term complications 
including, neuropathy, retinopathy, nephropathy, 
and macrovascular disease. Diabetic neuropathy 
(DN) is a significant source of morbidity and decrease 
quality of life. The prevalence estimates of DN vary 
largely, depending on specific diagnostic criteria 
but ranges from 5% to 66% in the most conclusive 
epidemiological studies involving both adult and 
pediatric patients.[2,4,5]

DN is known as a set of varied clinical syndromes with 
sensory, motor, and/or autonomic nerve fiber dysfunction, 
although the most common type is symmetrical distal 
sensory polyneuropathy.[6,7] The signs and symptoms 
of peripheral neuropathy (PNP) infrequently occur in 
diabetic children[8] and clinical examination had less 
sensitivity and specificity than nerve conduction studies, 
which serves as a gold standard to detect subclinical 
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them completed our study. Patients who suffered from 
seizure, non-diabetic known neuropathy, uncontrolled 
hypothyroidism, and mental retardation were excluded 
from our study.

Data collection
In all the patients: Age, duration of diabetes, and other 
demographic characteristics were written, then subjective 
neuropathic symptoms, neurological assessment, and 
electrophysiological results were evaluated. The subjective 
symptoms which were asked included numbness, muscle 
weakness, and history of previously diagnosed retinopathy 
or nephropathy.

Each patient underwent clinical neurological examination 
including the conventional investigations of muscle 
weakness, fine touch, pinprick, pain, temperature, vibration, 
proprioception, and deep tendon reflexes.

Electrophysiological tests were done in recommended 
standard situations[15] for all patients by Synergy (Medelec) 
electromyograph machine, which included ulnar and 
median nerves (sensory and motor fibers) in upper 
extremities and sural (sensory), deep peroneal and tibial 
(motor) nerves in lower extremities. In motor nerves, the 
values for distal latencies and amplitude of compound 
muscle action potential, nerve conduction velocity (NCV) 
and F-waves were measured while in sensory nerves the 
parameters of distal latencies and amplitude of sensory 
nerve action potential and NCV were investigated. These 
electrophysiological tests were performed by a physiatrist 
who was blinded to clinical information and medical history 
of the subjects. The criteria for abnormal values of these tests 
were: Distal latency > mean + 2SD, amplitude < mean − 2SD, 
F-wave > mean + 2SD, NCV < mean − 2SD.[15] At least two 
abnormal independent neurophysiological nerve parameters 
were required as the criteria of peripheral nervous system 
involvement and therefore the subjects were divided 
into two groups: The patients with PNP and the patients 
without PNP. Then the mean level of three measurements 
for HbA1c index, fasting blood sugar (FBS), and lipid profile 
(cholesterol, low-density lipoprotein [LDL], high-density 
lipoprotein, and triglyceride) were evaluated during a period 
of 12 months.

This study was approved by the Ethics’ Committee of 
EMRC affiliated to IUMS. Written informed consent from 
the parents and children was obtained prior to study.

Data analysis
All statistical analyses were done using SPSS software 
(version 16.0, Chicago, IL, USA) for Windows. All data 
were expressed as the mean ± SD and a P value < 0.05 were 
considered to be a significant meaningful. The independent 

t-test was used for quantitative variables (age, disease duration, 
glycated hemoglobin, FBS, and lipid profile) between two 
groups of PNP and without PNP. Association between the 
PNP and different variables was analyzed with logistic 
regression.

RESULTS

Among 146 diabetic children, 57.5% (84) were female and 
42.5% (62) were male with the mean age 11.9 ± 3.3 years 
(4.1-18.4).The mean diabetes duration was 3.8 ± 2.9 years 
(0.5-13).

Based on the above mentioned neurophysiological criteria, 
27.4% (40 patients) were classified as PNP group with 
62.5% (25) female and 37.5% (15) male. Twenty five patients 
(62.5%) were clinically asymptomatic which classified as 
subclinical neuropathy and 15 cases (37.5%) had at least 
one of the PNP signs or symptoms (17.1% and 10.3% of all 
subjects respectively) [Tables 1 and 2].

Mean HbA1c, FBS and other variables evaluated in patients 
are presented in Tables 3 and 4 classified in two groups of 
patients with and without PNP.

The mean duration of DM was 3.8 ± 2.9 years which were 
5.7 ± 3.5 and 3.1 ± 2.5 years in patients with and without 
PNP respectively. Based on comparing means between 
groups by independent t-test just the duration of disease 
plays a significant role in DN (P value = 0.000), and neither 
the HbA1c nor the age, lipid profile, and FBS of the subjects 
do not show significant correlation with nerve dysfunction 
[Tables 3 and 4]. Based on assessment with binary logistic 
regression test among different evaluated variables, in the 

Table 2: Frequency of clinical and subclinical 
neuropathy in relation to duration of diabetes mellitus
Duration 
Group

Less than 1 
year Number 

(%)

More than 
1 year 

Number (%)

More than 
5 year 

Number (%)
Without PNP 16 (84.2) 90 (70.9) 28 (54.9)
Subclinical PNP 2 (10.5) 23 (18.1) 15 (29.4)
Clinical PNP 1 (5.3) 14 (11) 8 (15.7)
Total 19 (13) 127 (87) 51 (35)
PNP=Peripheral nerve polyneuropathy

Table 1: Sign and symptoms of neuropathy in diabetic 
patients
 Groups variable Normal number 

(%)
Abnormal number 

(%)
Numbness 101 (69.2) 45 (30.8)
Muscle weakness 112 (76.7) 34 (23.3)
Fine touch/pinprick 131 (89.7) 15 (10.3)
Pain/temperature 144 (98.6) 2 (1.4)
Vibration/proprioception 135 (92.5) 11 (7.5)
Deep tendon reflexes 139 (95.2) 7 (4.8)
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patients with longer duration of disease, LDL level of serum 
can affect the developing of diabetic PNP.

DISCUSSION

PNP is a complication of DM observed in one-third of 
our patients. DN is the result of nerve ischemia from 
microvascular disease, direct effects of hyperglycemia 
on neurons, and intracellular metabolic changes that 
impair nerve function. The prevalence of PNP in children 
with DM has been reported between 10% and 68%.[10,16] 
A community-based study[1] revealed that 1.3% of the 
population had some form of clinically recognized DM 
(27%, type 1 DM; 73%, type 2 DM). Among the patients with 
type 1 DM, 66% had some form of neuropathy. However, 
the estimation of DN is not as accurate since it tends to be 
subclinical in this age group. In fact subclinical DN is not 
uncommon between young patients with type 1 DM, just 
about one-fourth of young patients with a recent diagnosis 
of this disease have been reported to have pathological 
findings in the distal nerves.[17] Ghorbani et al. in a study 
on type two diabetic patients in Isfahan city reported the 
prevalence of 77.4% for sensorimotor polyneuropathy in 
the patients.[18] We found DN in 27.4% of patients which 
62.5% were subclinical.

Many studies introduced the diabetes duration as a major 
factor in developing DN.[11,13,19,20] However, it is not confirmed 
in other studies.[14,21,22] Nelson et al. reported a prevalence of 
57% of subclinical neuropathy based on nerve conduction 
findings in Canadian children and adolescents with at least 
5 years duration of type 1 DM.[6] In our study, 51 patients 
(35%) had diabetes duration of 5 years or longer and 23 of 
them (45.1%) showed electrophysiological evidences of DN 
which 65% (15 in 23 patients) were clinically asymptomatic.

On the other hand, one of the published series reported 
a prevalence of 7.5% for DN at the time of diagnosis of 
diabetes, which the prevalence increasing constantly 
thereafter with no apparent plateau.[23] Also other studies 
suggested that the most rapid worsening of nerve function 
occurs soon after the onset of type 1 diabetes, and within 
2-3 year, there is a slowing of the progress.[9,24] In another 
study, it was found that 25% of pediatric patients with newly 
diagnosed diabetes already have abnormal findings on nerve 
conduction studies.[13] In our study, 3 cases of 19 (15.8%) 
patients with diabetes duration less than one year had DN.

Although, patients with DN have few complications but 
their physical examination may reveal variable degrees 
of sensory loss.[11] In our study, 30.8% of subjects had 
numbness, about 7-10% showed large myelinated nerve 

Table 4: Results of logistic regression analysis in diabetic patients 
Parameter variables B SE Wald df Significant Exp (B) 95.0% CI for exp (B)

Lower Upper
Step 1a

Age −0.014 0.041 0.121 1 0.728 0.986 0.910 1.068
DU 0.286 0.075 14.732 1 0.000 1.331 1.150 1.540
TG −0.001 0.006 0.033 1 0.855 0.999 0.987 1.011
HbA1c 0.021 0.025 0.753 1 0.385 1.022 0.974 1.072
LDL −0.015 0.012 1.359 1 0.244 0.986 0.962 1.010
Cholesterol −0.002 0.011 0.028 1 0.868 0.998 0.977 1.020
HDL −0.013 0.015 0.826 1 0.364 0.987 0.958 1.016
Constant −0.006 1.446 0.000 1 0.997 0.994

aVariable(s) entered on step 1: Age; (duration)DU; (triglyceride)TG; (hemoglobin) HbA1c; (low density lipoprotein)LDL; cholesterol; (high density lipoprotein)HDL. DU=Duration; 
TG=Triglyceride; HbA1c=Hemoglobin‑A1c; LDL=Low‑density lipoprotein; HDL=High‑density lipoprotein; CI=Confidence interval; SE=Standard error; df=Degree of freedom

Table 3: The comparison between patients with and without neuropathy based on age, duration, lipid profile, blood 
sugar, and HbA1c
Groups variable Without PNP PNP P value Logistic regression 

P valueMean±SD range Mean±SD range
Age (years) 11.7±3.3 4.1‑18.4 12.4±3.3 4.5‑18 0.869 0.808
Duration (years) 3.1±2.5 1‑10 5.7±3.5 0.5‑13 0.000*** 0.000
Mean of HbA1c 8.43±2.1 4.5‑15.3 12.62±1.8 5.6‑14.3 0.096 0.079
Mean triglyceride (mg/dl) 86.7±40.5 35‑277 85.2±38.6 35‑250 0.848 0.841
Mean low‑density lipoprotein (mg/dl) 94.5±26.5 20‑174 84.9±22.6 25‑131 0.085 0.041

Mean high‑density lipoprotein (mg/dl) 50.6±17.1 23‑149 48.1±15.0 30‑98 0.424 0.412
Mean cholesterol (mg/dl) 162.6±30.1 47‑251 151.2±42.4 75‑227 0.125 0.121
Mean of fasting blood sugar (mg/dl) 151.1±70.8 63‑450 171.0±85.5 79‑466 0.169 0.325
***P<000; PNP=Peripheral nerve polyneuropathy; SD=Standard deviation; HbA1c=Hemoglobin‑A1c
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fiber dysfunction while only 1.4% had impairment in pain 
or temperature sensation.

Among the studied nerves, deep peroneal and then sural 
were the most common affected nerves. Meh et al. also 
reported the same result,[21] but some other studies reported 
sural nerve as the most affected nerve.[14,20]

Hyperglycemia plays a main role in progression of the DN 
but it is now obvious that neuropathy can occur with the 
absence of hyperglycemia.[25,26] In most studies, HbA1c is 
used as an index of glycemic control and the role of it as 
a risk-factor for DN is proved in some studies,[10,13] but it 
is not confirmed by other studies[6,21] just like our study. 
However, in our study 70% of children with DN had a mean 
of HbA1c more than 7, it seems that good blood glucose 
control may play a significant role in DN prevention and/
or postponement.[27-29]

CONCLUSION

Regarding to the point that duration of diabetes is the 
most important factor in causing peripheral neuropathy, 
and a considerable number of patients had not shown any 
symptoms of neuropathy (prevalence of DN was 27.4% of 
all patients which 62.5% were subclinical), so neurological 
assessment including nerve conduction studies as well 
as meticulous physical examination for evaluating the 
function of large sensory and motor fibers is recommended, 
to detect subclinical neuropathy in asymptomatic type 1 
diabetic children. It seems that, the best way to prevent 
this complication is still rigid blood glucose control and 
periodic evaluations.
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