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Abstract

Aim The objective of our study was to investigate nerve con-
duction in normoglycemic obese children.

Methods A total of 60 children with obesity (30 female and 30
male) and 30 healthy children (15 female and 15 male) were
enrolled in the study. Insulin resistance (IR) and other meta-
bolic disturbances were investigated and nerve conduction
was measured in all participants. Obese children were divided
into groups according to the presence of IR. All results were
compared between these subgroups.

Results The nerve conduction velocity (NCV) of motor me-
dian nerves in the IR+ group was significantly higher than that
in the IR— group and lower than that in the control group. The
NCV of the motor peroneal nerve in the IR+ group was sig-
nificantly lower than that in the IR— group. The sensory nerve
action potential (SNAP) of the sensory median nerve was
significantly lower in the IR+ group compared to that in the
IR— group. The sensory sural nerve’s SNAP was significantly
lower in the IR+ group than that in the control group.
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Conclusion Nerve conduction tests may help to detect early
pathologies in peripheral nerves and to decrease morbidities in
obese children.
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Introduction

Obesity, one of the most important public health problems in
children, leads to abnormalities in the endocrine, cardiovascu-
lar, gastrointestinal, neurological, and other systems [1]. The
worldwide increasing prevalence of childhood obesity has
caused an increased prevalence of associated comorbidities
[2].

Insulin has a critical role in regulating and providing neu-
ronal function during the lifetime, starting in the intrauterine
period. It has many important functions in neuronal develop-
ment and differentiation, migration, synapse formation, mye-
lin and neurotransmitter production, neuronal plasticity, and
gene expression [3—6].

Earlier development of insulin resistance and type 2 diabetes
mellitus (T2DM), which are the most important complications
associated with obesity, leads to an earlier onset of progressive
neuropathy [7]. Recent studies have shown peripheral nerve
impairment, determined by electrophysiological studies, in both
adult and childhood obese patients with impaired glucose tol-
erance. Hyperglycemia, insulin resistance, and/or other compli-
cations of obesity may contribute to the pathophysiology of
peripheral neuropathy [8, 9]. The objective of this study was
to investigate nerve conduction and to determine the relation-
ship with insulin resistance in normoglycemic obese children.
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Methods

A total of 60 children with obesity (30 female and 30 male) be-
tween the ages of 8 and 18 years who were admitted to the pedi-
atric endocrinology department for obesity evaluation, and 30
healthy age-matched children (15 female and 15 male), as a con-
trol group, participated in the study. Obesity was defined as body
mass index (BMI) above the 95th percentile [10]. Healthy con-
trols were selected from voluntary children with BMI between the
10th and 85th percentiles who were admitted outpatient depart-
ment for various symptoms not related to obesity complications.
A detailed physical examination including the evaluation of sys-
temic, endocrinologic, and neurologic diseases were performed.
All patients were pubertal. Patients diagnosed with syndromes or
diseases which may lead to neuropathy including renal and he-
patic failure, endocrine disorders such as thyroid dysfunction,
vitamin deficiencies were excluded. Neurotoxic drugs and vita-
min preparations using toxin exposure story in the last 6 months
were another exclusion criteria. Anthropometric measurements
were performed by the same physician, with the patients wearing
only underclothes and without shoes. Weight was measured using
a digital weighing scale (SECA 841, Hamburg, Germany) to the
nearest 100 g, and height was measured using a stadiometer to the
nearest 0.1 cm. BMI was calculated as weight/height” and
expressed as kilogram per square meter. BMI standard deviation
score (BMI-SDS) was also calculated [10, 11]. Children defined
as prepubertal according to Tanner staging and those with any
neurological and systemic disorders such as neuromuscular dis-
ease or diabetes were excluded. A detailed systemic and neuro-
logical examination including the evaluation of motor functions,
muscle power, and senses was performed.

Measurements of fasting plasma glucose, serum triglyceride
(TG), total cholesterol (TC), and high-density lipoprotein choles-
terol (HDL-C) levels were performed enzymatically using an
autoanalyzer (Olympus 2700, Olympus Medical Systems Corp.
Tokyo, Japan). Low-density lipoprotein cholesterol (LDL-C) lev-
el was calculated using the Friedewald equation. Fasting plasma
insulin level was measured by the ELISA method using an auto-
mated immunoassay analyzer (E170; Roche Diagnostics, USA).
Insulin resistance (IR) was calculated by the formulation of ho-
meostasis model of assessment (HOMA): fasting glucose (mg/
dL) x fasting insulin (IU/mL)/405. A HOMA value >4 was con-
sidered as positive IR [12, 13].

Electrophysiological examinations were performed by the
same investigator in a quiet room with limb temperatures greater
than 32 °C. Nerve conduction studies were performed using a
Keypoint electromyography device (Dantec, Bristol, UK).

Unilateral right median nerve sensory and motor conduc-
tion, sural nerve sensory conduction, and peroneal nerve mo-
tor conduction studies were performed using supramaximal
percutaneous stimulation.

Median sensory action potentials were obtained from the
index finger with ring electrodes antidromically. The
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stimulation point was the middle of the wrist between the
tendons to the flexor carpi radialis and palmaris longus. The
compound muscle action potential (CMAP) of the median
nerve was obtained from the abductor pollicis brevis muscle
(APB) while the distal stimulation site was at the wrist and the
proximal stimulation site was at the antecubital fossa, over the
brachial artery pulse.

Sural nerve conduction studies were performed by stimu-
lating slightly lateral to the midline in the lower one third of
the back side of the leg and recording the sensory nerve action
potential (SNAP) from the posterior to the lateral malleolus.
The CMAP of the peroneal nerve was obtained from the ex-
tensor digitorum brevis muscle by stimulating the anterior
ankle slightly lateral to the tibialis anterior tendon and below
the fibular head.

CMAPs were measured from the baseline to the negative
peak. SNAPs were measured from the initial positive peak to
the negative peak, or from the isoelectric line to the negative
peak in case of initial positive peak absence. Latencies of
motor and sensory responses were measured from the stimu-
lation point to the wave onset.

Sensory nerve conduction velocities were calculated by
dividing the distance between stimulation and recording elec-
trodes by the first positive peak latency of action potential.
Motor conduction velocities were calculated by dividing the
distance between proximal and distal stimulation points by the
subtraction of proximal and distal latencies. The distance be-
tween the distal stimulation point and the recording point was
equal in all patients. F latency was determined by the mini-
mum F latency.

As descriptive statistics, number and percentage for cate-
gorical variables and mean + standard deviation values for
continuous variables were used. Obese and control groups
were compared using chi-square (y?) test for categorical var-
iables, and Student’s ¢ test for continuous variables. The mean
values of each group were analyzed using one-way analysis of
variance (ANOVA) test. Tukey’s post hoc test was performed
for two-group comparisons of significant values. The relation-
ship between variables was evaluated by Pearson’s correlation
analysis. Statistical Package for the Social Sciences (SPSS)
for Windows version 15.0 was used for all analyses, and dif-
ferences were considered significant at a level of significance
of p < 0.05.

Parents were provided informed consent and the study was
approved by the Institutional Review Board of the Gulhane
Military School of Medicine.

Results

Demographic and anthropometric features of the study popu-
lation were reported in Table 1. Age and sex did not show
significant differences between obese and non-obese children
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Table 1  Clinical and laboratory findings of the study groups

Obese group Control group p

IR+ IR—

n=27 n=233 n=30
Age (year) 126+19 11.8+22 115+1.7 0.11
Gender (F/M) 13/14 17/16 15/15 0.9
BMI-SDS 23+03 20+04 0.1+03 <0.001""
Fasting blood glucose (mg/dL) 95.5+8.8 86.8 £9.5 88 +10.5 0.001™*
Fasting plasma insulin (uIU/mL) 223+38.1 104 +2.1 6.1+£2.6 <0.001"™
HOMA-IR 53+2.1 23+05 14£06 <0.001"™
TG (mg/dL) 1332 +42.1 119.0 +38.5 99.8 +46.4 0.001"
LDL-C (mg/dL) 112.0 + 15.8 108.9 + 13.2 107.1 £ 9.0 0.379
HDL-C (mg/dL) 415462 448 +8.2 524+9.1 0.001°"

Data are presented as mean = SD

BMI-SDS body mass index standard deviation score, HOMA-IR homeostasis model of assessment-insulin resistance, 7G triglyceride, LDL-C low-
density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol

*Statistically significant difference between IR+ group and control group
FStatistically significant difference between IR— group and control group

1Statistically significant difference between IR+ group and IR— group

(p > 0.05). There was also no difference between groups re-
garding LDL-C levels. On the other hand, fasting blood glu-
cose, TG, HOMA-IR, fasting plasma insulin levels, body
weight, BMI, and BMI-SDS were significantly higher in the
obese group (p = 0.05, p =0.01, and p < 0.001 for the others,
respectively), whereas HDL-C level was significantly higher

IR was determined in 27 of 60 obese children. Clinical and
laboratory findings of obese children regarding IR are indicat-
ed in Table 1. In addition to HOMA-IR values, fasting plasma

Table 3  Sensory nerve conduction parameters of the study groups

in the control group (p < 0.001). Obese group Control group p
IR+ IR—
n=27 n=33 n =30
Table 2 Motor nerve conduction parameters of the study groups .
Median nerve
Obese Control group p DSL (ms) 1.54 £0.23 1.66 £0.16 1.58+£045 0.216
NCV (ms) 57.76 +£6.63 59.57+429 58.01+491 0.220
LR:Zg;O‘lp LR;g"uP =30 SNAP (1V) 40.16+ 1329 5233 +16.59 45.53+21.55 0.046"
Ulnar nerve
Median nerve DSL (ms) 1.56 £ 0.63 1.64 £0.51 1.68 £0.42 0.420
CMAP (mV) 10.52+3.34 11.77+£3.10 10.85+3.54 0.32 NCV (ms) 61.36+5.78 63.27+526 6491541 0210
DML (ms) 2.76 £ 0.60 282+0.76 298+095 0.24 SNAP (uV) 24.46+5.71 2657+439 28.11+496 0.124
NCV (ms) 55.63+8.55 56.30+6.33 60.13+5.51 0.013"T Radial nerve
F latency (ms) 38.20 £4.60 38.70 £3.60 39.20+2.95 0.27 DSL (ms) 1.56 £ 0.24 1.58 £0.26 1.59+0.55 0.293
Peroneal nerve NCV (ms) 63.46+6.84 64.57+599 66.07+5.71 0.280
CMAP (uV)  6.06 +2.82 594+3.16 592+1.83 0.87 SNAP (uV) 18.63+£3.27 19.58+£3.66 19.93+329 0.373
DML (ms) 3.01 £0.53 322+0.66 344+0.75 0.12 Sural nerve
NCV (ms) 53.03 +3.87 55.53+3.86 56.03+3.96 0.033% DSL (ms) 146 +0.14 1.48 +£0.20 148+£0.25 0.293
F latency (ms) 41.42+5.60 41.80£4.90 41.92+495 037 NCV (ms) 5631+531 6090+6.14 60.25+5.15 0.170
SNAP (uV) 14.89+334 16.31+£3.19 18.08 +3.18 0.026"

IR insulin resistance, CMAP compound muscle activation potential, DML
distal motor latency, NCV nerve conduction velocity

*Statistically significant difference between IR+ group and control group
TStatistically significant difference between IR— group and control group
1Statistically significant difference between IR+ group and IR— group

IR insulin resistance, DSL distal sensory latency, NCV nerve conduction
velocity, SNAP sensory nerve activation potential

*Statistically significant difference between IR+ group and control group
TStatistically significant difference between IR— group and IR+ group
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Table 4  Correlation analysis of electrophysiological parameters indicated differences between groups according to IR and HOMA-IR, BMI, fasting

blood glucose, and fasting plasma insulin

HOMA-IR BMI-SDS Fasting blood Fasting plasma

glucose insulin
Median nerve r 0.037 -0.138 0.107 0.043
NCV (ms) P 0.777 0.292 0.414 0.746
Peroneal nerve r —0.354 -0.292 —0.035 —0.386
NCV (ms) P 0.006 0.024 0.789 0.002
Median sensory nerve r -0.320 —0.128 —0.131 -0.227
SNAP (1V) P 0.013 0.329 0.319 0.026
Sural sensory nerve r 0.192 —-0.101 0.279 0.157
SNAP (1V) P 0.142 0.441 0.310 0.231

HOMA-IR homeostasis model of assessment-insulin resistance, BMI-SDS body mass index standard deviation score, NCV nerve conduction velocity,

SNAP sensory nerve activation potential

glucose and fasting plasma insulin were significantly higher in
the IR+ group. There was no statistically significant difference
between IR+ and IR— groups with respect to other metabolic
and anthropometric variables.

Nerve conduction velocity (NCV) of the median nerve and
SNAP of the sural nerve were significantly lower in obese
children than that in non-obese children.

Obese children with IR and those without IR were com-
pared according to electrophysiological parameters (Table 2
and Table 3). The NCV of motor peroneal nerve of the IR+
group was significantly lower than that in the IR— group and
control group. The NCV of the motor median nerve was sig-
nificantly lower in the IR+ group than that in the control
group. The SNAP of the sensory median nerve was signifi-
cantly lower in the IR+ group compared to that in the IR—
group. In addition, the sensory sural nerve’s SNAP was sig-
nificantly lower in the IR+ group than that in the control
group.

Correlation analysis between the electrophysiological pa-
rameters was statistically different in the IR+ and IR— groups,

Insulin effect Glucose + Insulin effect

Glucose intolerance

Insulin resistance or
Diabetes

Fig. 1 Process of neuropathy in diabetic patients
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and HOMA-IR, fasting blood glucose, BMI-SDS, and insulin
levels were also compared (Table 4). There was a statistically
significant negative correlation between the NCV of the motor
peroneal nerve and HOMA-IR, insulin and BMI-SDS. The
SNAP of the sensory median nerve was also negatively cor-
related with HOMA-IR and insulin.

Discussion

In the current study, subclinical peripheral nerve abnormalities,
including decelerations in NCV of the motor nerves and de-
creases in SNAP of sensory nerves, were found in obese chil-
dren compared to healthy subjects. These abnormalities were
more significant in obese children with IR. Nerve conduction
abnormalities in obese children may arise from metabolic dis-
orders or an entrapment effect of subcutaneous fat tissue.
Decreases in amplitudes and slowing of velocities in nerve
conduction studies are findings of chronic axonal neuropathies.
Metabolic deteriorations, mainly diabetes mellitus, are the most
frequent etiologic factors for axonal neuropathies [14].
Neuropathy has also been detected in patients with im-
paired glucose tolerance. It was suggested that episodic hy-
perglycemia is the most important reason for neuropathy in
patients with prediabetes [8, 15]. However, nerve abnormali-
ties in normoglycemic patients with hyperinsulinism were al-
so reported [16]. In the current study, glycemic levels of all
participants were normal. However, we found lower SNAP
values in patients with IR compared to the IR— group. There
was also a difference between the IR+ group and the IR—
group in terms of sural nerve SNAP, but this was not statisti-
cally significant. The sural motor nerve conduction velocity
was also decreased in the IR+ group compared to that in the
control group. However, there was no difference between the
IR— group and healthy subjects. In addition, significant corre-
lations between HOMA-IR, plasma insulin level, and
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electrophysiological parameters were detected. All these re-
sults suggest that hyperinsulinism and IR may affect nerve
function regardless of glycemic levels.

Previous evoked potential studies of obese patients in
which superficial cutaneous electrodes were used suggested
that decreased amplitudes and subcutaneous fat tissue were
reasons for decelerations in amplitudes [17—19]. In the present
study, superficial cutaneous electrodes were used; however,
apart from the sural nerve, none of the nerves indicated low
SNAP in obese patients compared to healthy subjects. The
sural nerve was previously reported to be affected by meta-
bolic disorders [20]. Therefore, we can speculate that a de-
crease in sural nerve SNAP is the result of metabolic compli-
cations of obesity rather than subcutaneous fat tissue.
Moreover, there was no difference between the control group
and obese children without IR. Therefore, the difference in
SNAP results could be associated with IR.

Miscio et al. [19] reported nerve conduction abnormalities
in non-diabetic obese adults related to IR. Another study in-
cluding 2035 adult subjects with metabolic syndrome sug-
gested that IR might play an important role in the development
of peripheral neuropathy [21]. In another study comparing
patients with carpal tunnel syndrome and healthy control sub-
jects, a relation between idiopathic carpal tunnel syndrome
and IR was indicated [22]. Lee et al. [23] found an indepen-
dent association between IR and peripheral neuropathy in
subjects with type 2 diabetes. Several animal studies also re-
ported a relationship between peripheral neuropathies and IR
[24, 25]. Due to application difficulties, studies of peripheral
neuropathies in children are rare. ince et al. [9] revealed that
the amplitude of the medial plantar nerve was significantly
lower in obese children with impaired glucose tolerance and
insulin resistance. Our study did not examine the medial plan-
tar nerve. In another study performed in children, an associa-
tion between IR and BAEP abnormalities was shown, and it
was also detected that abnormalities originated mainly from
the peripheral part of the auditory nerve. Therefore, it was
suggested that the effects of insulin resistance on neural trans-
mission may be starting from peripheral tissues [26].

Insulin receptors have been detected on peripheral
nerves. It is thought that these receptors act in nerve re-
generation [27]. High insulin levels in patients with IR
may lead to downregulation of insulin receptors [28].
Therefore, the regenerative function of nerves could be
impaired [16]. In addition, hyperinsulinism and IR may
increase basal membrane thickness and cause vascular en-
dothelial dysfunction. Over time, these changes may lead
to vasa nervorum ischemia, endoneuronal perfusion dis-
turbances, and eventually axonal degeneration. A study
performed in mice proposed the reduction in peripheral
nervous system (PNS) insulin signaling as a mechanism
that may contribute to sensory neuron dysfunction [25].
All these pathologies can result in decreased nerve

conduction velocities in obese patients with insulin resis-
tance [14, 29]. Obese children have increased risk for
insulin resistance and T2DM [30]. Earlier development
of insulin resistance and T2DM lead to an earlier onset
of neuropathy.

Glucotoxicity was stated as a major factor in the path-
ogenesis of neuropathy in diabetic patients [20, 31, 32].
However, it may be suggested that not only glucotoxicity
but also insulin deficiency may play a role in the devel-
opment of neuropathy. Indeed, in the current study, insu-
lin resistance was found to be related to nerve conduction
abnormalities in normoglycemic obese children.
Therefore, we can speculate that IR and insulin deficiency
may lead to these subclinical early abnormalities, and lat-
er on hyperglycemia then accelerates the process of neu-
ropathy in diabetic patients (Fig. 1).

All these results suggest that the pathological process
may begin in the periphery due to IR in patients in whom
diabetes has not begun. It was reported that thin unmy-
elinated nerve fibers are affected first in impaired glucose
tolerance and early diabetic neuropathy [33]. Nerve con-
duction studies are used to detect the involvement of thick
fibers. Therefore, it can also be suggested that thick fibers
can be affected by IR, and nerve conduction tests may be
helpful in early detection of neuropathy in non-diabetic
obese patients with IR.

There are some limitations of our study. The present
study had a cross-sectional design and a small sample of
patients. Therefore, our data may represent a “snapshot”
of the nerve conduction values in our patients.
Longitudinal studies with larger samples of patients and
including sequential measurements of anthropometric and
biochemical markers related to the pathogenesis of neu-
ropathies may elucidate the underlying relationships.
HOMA-IR was used to measure IR instead of the glu-
cose clamp technique, which is the gold standard meth-
od. Besides, studies could not be performed for all
nerves and extremities because of compliance difficulties
in pediatric patients. On the other hand, this study had a
controlled design and a classification of obese patients
according to IR that could help to explain the possible
physiopathological mechanisms relating obesity to
neuropathy.

In conclusion, we identified peripheral nerve pathologies
present in obese children compared to healthy subjects. The
pathological results were more significant in obese children
with IR. Nerve conduction tests may help to detect early pa-
thologies in peripheral nerves and to decrease morbidities in
obese children.
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