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ABSTRACT 
Background: Diabetic peripheral neuropathy (DPN) plays a key role in 

morbidity and mortality in patients with type 1 and type 2 diabetes 

mellitus. The study was designed to assess frequency of diabetic peripheral 

neuropathy among the diabetic children and to evaluate the role of nerve 

conduction study (NCS) in diagnosis of DPN in children with type 

1diabetes mellitus in comparison to neurological examination. 

Subjects and methods: A cross sectional study was conducted in Pediatrics 

Department, Zagazig University Hospitals. Forty type-1 diabetic children 

were subjected to complete history taking, complete general and full 

neurological examination, Michigan Neuropathy Screening Instrument 

(MNSI), laboratory investigations  and NCS. 

Results: The estimated frequency of diabetic peripheral neuropathy was 

42.5% among the diabetic children. We found a statistically significant 

moderate agreement between (NCS) and Michigan Neuropathy Screening 

Instrument, Kappa= 0.564(95% CI, 0.321 to 0.807), (P<.001). The percent 

of children with microalbuminuria, fairly and poorly controlled diabetes 

was statistically significantly higher in PN-children than non PN-children 

(P<.05).Duration of diabetes was the most important factor in prevalence 

of PNP (odds ratio=2.1 [95% CI 1.3 to 3.4]). 

Conclusion: NCS are the gold-standard method for the detection of 

subclinical DN which is frequent in diabetic children . 

Keywords :Type 1 diabetes, Childhood diabetes, Diabetic neuropathy, 

Nerve conduction studies 

INTRODUCTION 

hildhood diabetes has many forms 

including rare conditions, such as, 

neonatal diabetes, chronic disease associated 

(e.g. with cystic fibrosis) and monogenic 

diabetes (e.g. maturity onset diabetes of the 

young). The most common forms of diabetes 

are, Type 1 and Type 2 diabetes 
[1]

. 

Insulin-dependent diabetes mellitus 

(IDDM), type 1 diabetes (T1DM), is a classic 

example of a T cell-mediated autoimmune 

disease characterized by selective destruction 

of pancreatic β cells leads to increased blood 

sugar levels 
[2,3]. 

The reported incidence of childhood 

T1DM differs from 0.1 to 40.9 per 100,000 

annually worldwide and the rate is increasing 

over time. The majority of children with 

diabetes present between 10 and 20 years of 

age 
[4–6]. 

Diabetic neuropathy (DN) is a major 

complication of T1DM. This term usually 

points to polyneuropathy and can be 

categorized into two broad subclinical and 

clinical stages 
[7].

 

It is the commonest form of 

neuropathy and may affect about half of all 

patients with diabetes (DM), causing 

considerable morbidity and mortality and 

resulting in a giant economic burden 
[8].

 

Diabetic neuropathy refers to the 

presence of symptoms and/or signs of 

peripheral nerve dysfunction due to diabetes 
[9].

 

Other potential causes, such as 

vitamin deficiency, infection, inflammatory, 

toxic, metabolic, autoimmune, paraneoplastic, 

or inherited neuropathy, should be excluded 
[10].

 

Though evident diabetic neuropathy is 

seldom present in diabetic children and 

adolescents, subclinical diabetic neuropathy 

has been assessed to occur in about half of all 

children with T1DM with a duration of 5 

C 
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years or longer and up to 25% of pediatric 

patients with newly diagnosed diabetes have 

abnormal findings on nerve conduction 

studies 
[11].

 

Clinical assessment of DN is not 

sensitive enough to diagnose diabetic 

peripheral neuropathy and Nerve conduction 

velocity measurement is the gold standard for 

the assessment of diabetic peripheral 

neuropathy 
[12].

 

The objective of conducting this study 

was to assess frequency of diabetic peripheral 

neuropathy among the diabetic children and 

to evaluate the role of NCS in diagnosis of 

DPN in diabetic children with type 1 diabetes 

mellitus in comparison to neurological 

examination. 

SUBJECTS AND METHODS 

The present study was a cross-

sectional one. Patients were selected from 

inpatient and outpatient Clinics of Pediatrics 

Department, Zagazig University 

Hospitalsbetween January 2016 and January 

2018.The study was approved by the local 

ethics committee. Informed written consent 

was obtained from the parents.Forty children 

with clinically definite T1DM according to 

WHO classification 
[13]

 were enrolled in the 

study as a comprehensive sample.  

Their ages were 10 years or older. All 

diabetic children underwent detailed history 

taking and complete general and full 

neurological examination (mentality, 

coordination, cranial nerves, motor system 

(tone, power and reflexes), sensory system 

(superficial, deep, cortical and special 

sensation)) according to Meijer  et al. 
[14]

and 

Michigan Neuropathy Screening Instrument 

(MNSI)
[15].

Nerve conduction studies were 

performed using Nihon KohdenNeuropack 

MEB-9102 EP EMG machine. 

The following patients were excluded 

from the study; diabetic children with other 

causes of neuropathy such as uremia, collagen 

disease, nutritional, toxic, familial, etc….and 

diabetic children with evidence of other 

neuromuscular diseases such as myopathy or 

myasthenia Gravis. Routine laboratory 

investigations including (glycosylated 

hemoglobin (HBA1C), albumin creatinine 

ratio in urine and serum cholesterol) were 

carried out. 

STATISTICAL ANALYSIS 

Continuous data were presented as the 

Mean±SD (normally distributed). Normality 

was checked by Shapiro-Wilk test. 

Homogeneity of variances was checked by 

Leven's test. Categorical data were presented 

by the count and percentage. Cohen's Kappa 

is a measure of inter-rater agreement for 

categorical variables when there are two 

raters. Unpaired t-test is used to determine if a 

difference exists between the means of two 

independent groups on a continuous 

dependent variable. The chi-squared test or 

Fisher's Exact Test is used to discover if there 

is a relationship between two categorical 

variables as appropriate. The one-way 

analysis of variance (ANOVA) is used to 

determine whether there are any significant 

differences between the means of two or more 

independent (unrelated) groups on a 

continuous dependent variable. Games-

Howell's post hoc test: is used for multiple 

comparisons between groups following 

ANOVA test if equal variances are not 

assumed. Binary logistic regression analysis 

is a multifactorial regression model used with 

a binary outcome. The differences were 

considered significant at P<.05. All statistical 

comparisons were two-tailed. All statistical 

calculations were carried out using Statistical 

Package of Social Science (SPSS), software 

version 24.0 (SPSS Inc., 2016). 

RESULTS 

Forty type-1 diabetic children were 

enrolled in the current study. Baseline 

characteristics and laboratory data are shown 

in table 1 and table 2. The mean age was 

12.5±1.6 years, median age (12.5) and (range 

10–15). Whereas mean diabetes duration was 

4.8±2.2 years, median duration (4.7) and 

(range 1.08–10), 

The prevalence of diabetic peripheral 

neuropathy was 17(42.5%) among the studied 

diabetic children, while the frequency of 

subclinical peripheral nephropathy was in 

8/17 of  DN-children.  Regarding NCS , there 

was a highly statistically significant 

agreement between NCS and neurological 

assessment by (MNSI), κ = 0.564(95% CI, 

0.321 to 0.807), (P<.001). The strength of 

agreement was classified as moderate, as 

shown in table 3. 
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Subgroup analysis stratified according to 

diabetic peripheral neuropathy; PN) as 

diagnosed by nerve conduction studies 

Diabetic children with peripheral 

neuropathy showed a non-statistically 

significant difference in age (P>.05) but a 

statistically significantly longer duration of 

DM compared to non PN-children (P<.05), as 

shown in table 4. 

Regarding clinical evaluation of 

diabetic children, all diabetic children 

experienced pain, normal upper limb, and 

knee reflexes as well normal cranial nerves 

examination and no foot ulcers. The percent 

of sensory and autonomic dysfunction, 

hypotonia and ankle hyporeflexia was 

statistically significantly higher in PN-

children than non PN-children (P<.05) while 

the percent of PN-children with muscle 

weakness was statistically significantly 

similar to non PN-children (P>.05), as shown 

in table 5 and table 6. 

Regarding laboratory findings of 

diabetic children, all diabetic children had 

normal serum cholesterol level. The percent 

of microalbuminuria was statistically 

significantly higher in PN-children than non 

PN-children (P<.003). The percent of fairly 

and poorly controlled diabetic children was 

statistically significantly higher in PN-

children than non PN-children but the percent 

of diabetic children with good diabetic control 

was statistically significantly lower in PN-

children than non PN-children (P<.05), as 

shown in a table 7. 

Duration of diabetes was the most 

important factor in prevalence of PNP (odds 

ratio=2.1 [95% CI 1.3 to 3.4]).A logistic 

regression was performed to determine the 

effects of duration of DM on the likelihood 

that diabetic children have peripheral 

neuropathy. The logistic regression model 

was statistically significant, χ
2
(1) = 16.2, 

P<.001.The model explained 45% 

(NagelkerkeR
2
) of the variance and correctly 

classified 75% of cases. Increasing duration 

of DM was associated with an increased 

likelihood of having peripheral neuropathy. 

For every one year increase in the duration of 

DM, the risk of peripheral neuropathy 

increases by 2.1 times among the diabetic 

children, as shown in a table 8. 

DISCUSSION 

Type 1 diabetes mellitus (T1DM) is 

the most common chronic endocrine disorder 

in childhood, which is usually discovered 

among children, adolescents and young adults 
[16].

 

Diabetic neuropathy is the main cause 

of neuropathy all over the world. It plays a 

key role in morbidity and mortality in patients 

with type 1 and type 2 diabetes mellitus 
[17].

 

Children and adolescents are at higher 

risk of long term complications due to the 

longer duration of T1DM 
[18]

. However, DPN 

is often undiagnosed through the evaluation 

of clinical symptoms, clinical examination, 

electrodiagnostic studies, sensory testing and 

autonomic testing 
[19]. 

The present study revealed that the 

frequency of neuropathy in children with 

T1DM was 42.5% (17/40) as diagnosed by 

Nerve conduction studies (NCS) at Zagazig 

University Hospitals. 

A study  conducted by Moser and 

coworkers 
[20]

 reported that of 151 youth with 

type 1 diabetes who were screened for 

peripheral neuropathy by  (NCS), 11% were 

diagnosed with diabetic peripheral neuropathy 

(DPN). 

The EURODIAB study (European 

Diabetes Prospective Complications Study) 

reported that the neuropathy prevalence was 

28% at baseline 
[21].

 

In the present study, the results 

showed for every one year increase in the 

duration of DM, the risk of peripheral 

neuropathy increases by 2.1 times. 

Additionally, 60% of our patients developed 

DP had DM more than five years. 

Similarly, the present results are 

corroborated by findings of Hasani and 

coworkers 
[22]

 who conducted a cross-

sectional Iranian study on 500 diabetic 

children to  evaluate the prevalence and 

possible risk-factors of PNP in children with 

T1DM, their observation revealed that 

duration of diabetes was the most important 

factor in prevalence of PNP (odds 

ratio=1.33[95% CI 1.15 to 1.5]). 

Likewise, a lot of studies introduced 

the diabetes duration as a chief factor in 

developing PN
[23–25].
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According to the results of the present 

work, the agreement between NCS and the 

clinical assessment based on MNSI was 

moderate. The frequency of subclinical cases 

among the truly DN-children was 47% (8/17). 

NCS picked up eight subclinical cases that 

were missed from the clinical diagnosis. 

These findings were supported by Ghaemi et 

al. [7]in their prospective study on 50 diabetic 

children and young adults, reported that the 

agreement between NCS and the clinical 

signs was fair (Kappa coefficients=0.29). 

The currenet results are in agreement 

with Hirschfeld et al. 
[26]

 in their a prospective 

phase III diagnostic study  on a total of 88 

children with Type 1 diabetes mellitus who 

informed that 49% of  children had abnormal 

nerve conduction study.  

Nerve conduction studies (NCS) are 

widely considered the gold standard and most 

reliable method in the diagnosis of DN, where 

abnormalities in the nerve conduction 

velocities (NCV) may be noted even in the 

early asymptomatic stage of DN. NCS are 

electrophysiological studies with excellent 

reproducibility, and are the first objective 

quantitative indication of DN 
[18,27,28].  

Clinical neuropathy is relatively 

uncommon in pediatric populations, although 

subclinical neuropathy is commonly seen, 

particularly in adolescents. Peripheral DN 

involves impairment of the large and/or small 

nerve fibers, and can be diagnosed by various 

methods 
[18].

 

In the present research, the frequency 

of subclinical peripheral nephropathy was in 

47% (8/17) of DN-children. Similarly, 

Toopchizadeh et al. [29] evaluated the 

frequency of PN in children and adolescents 

with T1DM in their cross-section study and 

found subclinical peripheral nephropathy was 

in 57.5% (23/40) of patients. 

The findings of the current research 

showed that all patients with DN 

symptomatizing pain and 41% showed 

weakness; about 82, 88 and 29% showed 

numbness, tingling and autonomic 

dysfunction respectively but their sensory 

examination revealed that deep sensations 

were mostly affected as position and 

movement and vibration sensations were 

reduced in approximately 70% of patients. 

In the current research, the sensory 

manifestations are the most common 

presentation of neuropathy in diabetic 

patients. Sensory nerve damage occurs earlier 

than motor nerve damage, perhaps due to 

thinner and longer nerves in sensory nerves, 

which could be more vulnerable to metabolic 

insults 
[30,31]

. 

Similar to the present results, a study 

of Boulton et al. 
[9]

informed that sensorimotor 

neuropathy, particularly distal sensory 

diabetic polyneuropathy is the most common 

presentation of neuropathy in diabetes, and 

more than 50% of patients may experience 

symptoms most frequently burning pain, 

electrical or stabbing sensations, paresthesia, 

hyperesthesia, and deep aching pain. 

This study corroborates the fact that 

"ankle reflex is a powerful screening tool with 

high sensitivity and negative predictive value, 

but a combination of ankle reflex and 

vibration sense has superior sensitivity and 

specificity compared with either of them done 

alone for the detection of DPN in clinical 

settings"
[32].

The present results showed that 

ankle hyporeflexia was the most frequent sign 

as well as vibration sensations were reduced 

in approximately 70% of DPN-children 

patients. 

The present results revealed that all 

DPN diabetic children were free from cranial 

nerves affection. Geloneck et al. 
[33]

 

conducted a retrospective, consecutive cohort 

study on a total of 370 children to assess 

ocular complications of diabetes in children 

and young adults and they noted that only one 

patient had a paralytic strabismus from an 

abducent nerve palsy, which resolved 

spontaneously.  

In the current research, about 59% of 

children with DN, as diagnosed by NCS, had 

poor glycemic control according to HbA1C 

while 9% of children without DN had poor 

glycemic control.  Ghaemi et al. 
[7]

 in their 

prospective study on 50 diabetic children and 

young adults reported that poor glycemic 

control is one of the most important risk 

factors for the development of PN. 

Diabetic kidney disease (DKD) is the 

leading cause of end-stage renal disease 

world-wide. Microalbuminuria has been 
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recommended as the first clinical sign of 

DKD 
[34,35].

 

According to the findings of the 

current work, all non-PN diabetic children 

were free from microalbuminuria, whereas 

approximately 65% of PN diabetic children 

had microalbuminuria. This could be 

explained by the mutual mechanisms and the 

common risk factors of the diabetic 

neuropathy and nephropathy, exactly;  poor 

diabetic control and duration of diabetes 
[36–

38].
 

The findings of the current work, all 

non-PN diabetic children had normal serum 

cholesterol level. Ghaemi et al. study 
[7]

 

informed no association between 

hyperlipidemia and DPN, however; a 

previous studies have suggested an 

association between hyperlipidemia and DPN 
[39,40].

 
 

Table 1 Baseline characteristics of type 1 diabetic children 

Baseline characteristics  

Age (years)  

Mean±SD 12.5±1.6 

Median(Range) 12.5 (10-15) 

Duration of DM (years)  

Mean±SD 4.8±2.2 

Median(Range) 4.7(1.08-10) 

Total number=40 

 

 

 

Table 2 Laboratory findings of type 1 diabetic children  

Laboratory findings  

Serum cholesterol, n, (%)  

Normal  40(100%) 

Abnormal  0(0.0%) 

Urine albumin/creatinine ratio, n, (%)  

Normal (<30 mg/g) 34(85%) 

Microalbuminuria (30-300 mg/g) 6(15%) 

HbA1c, n, (%)  

Good (<6.5%) 19(47.5%) 

Fair (6.5-7.5%) 13(32.5%) 

Poor (>7.5%) 8(20%) 

Total number=40 
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Table 3 Inter-rater agreement (kappa) between Nerve conduction study (NCS) and Michigan 

Neuropathy Screening Instrument (MNSI) 

Michigan Neuropathy 

Screening Instrument 

(MNSI) 

Nerve conduction study (NCS) n,% 

DN Non-DN 

DN 9 0 9 (22.5%) 

Non-DN 8 

(subclinical DN) 

23 31 (77.5%) 

n,% 17(42.5%) 23(57.5%) 40 

Cohen
'
s Kappa  0.564 

95% CI 0.321 to 0.807 

   

Table 4 Baseline characteristics in PN-children and non PN-children 

Variables PN-children  Non PN-children Significance test P-value 

n=17 n=23 

Age (years)   Unpaired t-

test=1.6 

.12 

Mean±SD 12.9±1.3 12.1±1.7 

Duration of DM 

(years) 

  Unpaired t-

test=3.6 

.001*** 

Mean±SD 2.7±0.5 1.9±0.9 

non-significant (P>.05), **highly significant (P≤.01), ***very highly significant (P≤.001) 

 

Table 5 Sensory and autonomic symptoms in PN-children and non PN-children 

Variables PN-children  Non PN-children Significance 

test 

P-value 

n=17 n=23 
Weakness, n, (%)   Fisher's 

Exact Test 

.001*** 

Present 7 (41.2%)  0(0.0%) 

Absent 10(58.8%)  23(100%)  

Numbness, n, (%)   
2
=8.9 .003** 

Present 14(82.4%) 8(34.8%) 

Absent 3(17.6%) 15(65.2%) 

Tingling, n, (%)   
2
=11.4 .001*** 

Present 15(88.2%) 8(34.8%) 

Absent 2(11.8%) 16(65.2%) 

Autonomic dysfunction, n, 

(%) 

  Fisher's 

Exact Test 

.009** 

Present 5 (29.4%) 0(0.0%) 

Absent 12(70.6%) 23(100.0%) 


2
:Chi-squared test ,**highly significant (P≤.01), ***very highly significant (P≤.001) 
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Table 6 Sensory examination (superficial and deep sensation) of PN-children and non PN-children 

Variables PN-children  Non PN-children Significance 

test 

P-value 

n=17 n=23 

Pain, n, (%)   
2
=15.7 <.001*** 

Normal 8(47.1%) 23(100%) 

Reduced 9(52.9%) 0(0.0%) 

Touch, n, (%)   Fisher's 

Exact Test 

.001*** 

Normal 9(52.9%) 23(100.0%) 

Reduced 8(47.1%) 0(0.0%) 

Temperature, n, (%)   Fisher's 

Exact Test 

.001*** 

Normal 10(58.8%) 23(100.0%) 

Reduced 7(41.2%) 0(0.0%) 

Vibration, n, (%)   
2
=16.5 <.001*** 

Normal 5(29.4%) 21(91.3%) 

Reduced 12(70.6%) 2(8.7%) 

Position and movement, n, 

(%) 

  
2
=11.5 .001*** 

Normal 5(29.4%) 19(82.6%) 

Lost 12(70.6%) 4(17.4%) 


2
:Chi-squared test ,**highly significant (P≤.01), ***very highly significant (P≤.001) 

  

 

Table 7 Laboratory findings of PN-children and non PN-children 

Variables PN-children  Non PN-

children 

Fisher's Exact 

Test 

P-value 

n=17 n=23 
Urine albumin/creatinine ratio, n, 

(%) 

  Fisher's Exact 

Test 

.003** 

Normal (<30 mg/g) 11(64.7%) 23(100.0%) 

Microalbuminuria  

(30-300 mg/g) 

6(35.3%) 0(0.0%) 

HbA1c, n, (%)   21.8 <.001*** 

Good (<6.5%) 1(5.9%) 18(78.3%) 

Fair (6.5-7.5%) 10(58.8%) 3(13%) 

Poor (>7.5%) 6(35.3) 2(8.7%) 

**highly significant (P≤.01), ***very highly significant (P≤.001) 
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Table 8  Logistic regression predicting likelihood of peripheral neuropathy based on duration of 

DM in type 1 diabetic children 

Variable  S.E Wald Odds ratio (95% 

CI) 

P-value 

Duration of DM 

(years)  

0.76 0.24 9.9 2.1(1.3-3.4) .002** 

Constant -4.1 1.3 10.2   

**highly-significant (P<.01), , Regression coefficients, S.E, standard error 

 

CONCLUSION 

In conclusion, as subclinical 

peripheral neuropathy is frequent in diabetic 

children and young adult. There is a critical 

need for further expanding the use of NCS to 

detect subclinical DN earlier.  

Nerve conduction studies (NCS) are 

the gold-standard method for the detection of 

subclinical DN. 

Firm blood glucose control and 

periodic neurological examinations are the 

best approaches to prevent PN. 
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