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Nerve conduction study(NCS) is considered the gold stand-
ard to detect diabetic sensorimotor peripheral neuropathy
(DSPN) in children with type 1 diabetes (T1IDM) [1]. NCS
abnormalities range from 22 to 97% in children depending
on the criterion used, ethnicity, and clinical profile [1]. NCS
data in the paediatric population in India is scarce. This sin-
gle-centre cross-sectional study aimed to explore patterns of
DSPN in Indian children/adolescents with TIDM.

This was a single-centre observational cross-sectional
study approved by the institutional ethics committee. We
recruited TIDM children/adolescents aged 5—-18 years
without a history of systemic illness and healthy siblings
as controls. Abbreviated NCS protocol was performed
with Neuropack X1 instrument on sensory sural and motor
common peroneal nerves (CPN) of the right lower limb to
record amplitudes (Amp) and nerve conduction velocities
(NCV) [2], as these two nerves are most sensitive indica-
tors of DSPN [1]. Sample size calculation based on nerve
conduction velocity (NCV) data was done to determine the
significant difference in NCS parameters between T1DM
versus controls. Allowing a margin of error of 2 m/sec on
either side of the mean [3] and power of 90%, type 1 error
of 5%, the calculated sample size was required to be 25 in
each group [4].

Fifty-one T1DM subjects (19 males) and 50 age and
gender-matched healthy children (21 males) were recruited.
NCS parameters of 50 healthy children (mean + SD) were
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sural nerve (amplitude (21.4+5.7 pV), sural nerve conduc-
tion velocity (50.8 +3.4 m/s)), common peroneal nerve
(amplitude (6.0 +2.4 mV), CPN-nerve conduction velocity
(52.2+4.6 m/s)). Abnormal nerve conduction values were
taken as values below 2.5 SD of normal, and these cut-off
values were applied to the TIDM cohort to identify children
with subclinical neuropathy.

Children with TIDM (age 12.8 +3 years, TIDM duration
6.03 +£2.9 years, HbAlc 9+ 1.5%) had no or minimal evi-
dence of clinical neuropathy as per Toronto clinical neuropa-
thy score. The most common nerve conduction abnormality
in TIDM children was in sural nerve conduction velocity
(n=15,29.4%) followed by sural-amplitude (n=7, 13.7%),
peroneal nerve conduction velocity (n=6, 11.7%). Patterns
of involvement were pure sensory (n=12), sensorimotor
(n=4), and pure motor (n=2). Subclinical DSPN defined
by abnormalities in any one of these parameters (with no
or minimal signs/symptoms of neuropathy) was present
in 18/51 (35.2%). Majority of them were post-pubertal
(n=16/18). HbAlc was significantly higher in the TIDM
subgroup with abnormal NCS versus normal NCS (Table 1).
However, there was no significant difference in age, gender,
diabetes duration, and urine albumin-creatinine ratio (ACR)
between the two groups (Table 1).

None of the children with TIDM had retinopathy. Five
children had microalbuminuria (urine ACR > 30 pg/g creati-
nine on 2 occasions in the past 3 months). All five children
having microalbuminuria also had subclinical neuropathy.
NCS was abnormal in 13 out of 46 children with TIDM and
no microalbuminuria.

Subclinical DSPN was found in a significant proportion
(35%) of TIDM children. This study generated cut-offs
to define subclinical DSPN from nerve conduction study
data of a healthy cohort aged 5-18 years. This adds to the
strength of the study as opposed to a previous study which
might have overestimated the burden [5]. Using different
criterion, Singh et al. reported subclinical DSPN in 56% of
T1DM children, and CPN was most commonly affected [5].
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Table 1 Clinical and
biochemical profile in TIDM

T1DM with normal NCS ~ T1DM with abnormal NCS  p value

with or without abnormal NCS (n=33) (n=18)
Age (years) 125+34 13.3+2.3 NS
Gender (male/female) 13/20 6/12 NS
Body mass index (kg/m?) 17.8+1.7 18.5+0.9 NS
Diabetes duration (years) 5.8+24 6.1+3.1 NS
HbAlc (%) 8.3(7.7-8.9) * 9.5 (8.9-10.1) * 0.01°%*
Creatinine (mg/dl) 0.5 (0.4-0.6) 0.5 (0.4-0.6) NS
Urine ACR (pg/g creatinine) 8.2 (3.2-13.2) 10.1 (3-17.8) NS

“p value <0.05 is considered significant. Data with normal distribution was presented as mean standard
deviation, and nonparametric data was presented as median (inter-quartile range). Differences of continu-
ous data between the two groups were assessed using the Student #-test or Mann—Whitney test as applica-
ble. Difference in the proportion of categorical variable was assessed using the chi-square test. Statistical
analysis was performed using SPSS version 22

Abbreviations: TIDM, type 1 diabetes mellitus; NCS, nerve conduction studies; ACR, albumin-creatinine

ratio

However, the present study found that the sural nerve was
the most common nerve affected, thereby suggesting that
sensory neuropathy precedes motor neuropathy in agreement
with previous studies [6, 7]. The findings further suggested
that subclinical neuropathy is common in T1DM children
even in absence of microalbuminuria or retinopathy.

Author contribution MB and MB extracted relevant clinical data and
wrote the first draft. PM and SG edited the manuscript. SG is the cor-
responding author. All the authors approved the final version of the
manuscript.

Funding Research Society for the Study of Diabetes in India, West
Bengal Chapter; Recipient: Mainak Banerjee.

Endocrine Society of India: Grant number TG 2,018,005; Recipient:
Mainak Banerjee.

Data Availability The authors confirm that the data supporting the

findings of this study are available within the article [and/or] its sup-
plementary materials.

Declarations

Conflict of interest The authors declare no competing interests.

References

1. Mah JK, Pacaud D. Diabetic neuropathy in children. Handb Clin
Neurol. 2014;126:123-43. Elsevier. https://doi.org/10.1016/B978-
0-444-53480-4.00010-2.

Nelson D, Mah JK, Adams C, Hui S, Crawford S, Darwish H,
et al. Comparison of conventional and non-invasive techniques for
the early identification of diabetic neuropathy in children and ado-
lescents with type 1 diabetes. Pediatr Diabetes. 2006;7:305-10.
https://doi.org/10.1111/j.1399-5448.2006.00208.x.

Ryan CS, Conlee EM, Sharma R, Sorenson EJ, Boon AJ, Laughlin
RS. Nerve conduction normal values for electrodiagnosis in pedi-
atric patients. Muscle Nerve. 2019;60:155-60. https://doi.org/10.
1002/mus.26499.

Power and Sample Size Determination. Accessed August 29,
2021. https://sphweb.bumc.bu.edu/otlt/mph-modules/bs/bs704_
power/.

Singh DP, Singh P, Sharma S, Aneja S, Seth A. Point prevalence
of peripheral neuropathy in children and adolescents with type 1
diabetes mellitus. Indian J Pediatr 2022;89:220-5. https://doi.org/
hyllien.

Toopchizadeh V, Shiva S, Khiabani N-Y, Ghergherechi R. Elec-
trophysiologic pattern and prevalence of subclinical peripheral
neuropathy in children and adolescents with type I diabetes mel-
litus in Iran. Saudi Med J 2016;37:299-303. https://doi.org/10.
15537/smj.2016.3.13625.

Talib SH, Punde G, Dase RK. Nerve conduction abnormalities
in pre-diabetics and asymptomatic diabetics. J Assoc Physicians
India. 2018;66:29-32.

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2250
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


		2023-05-16T03:35:00+0000
	Preflight Ticket Signature




