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Abstract

Background: Diabetic neuropathy (DN) is a sensorimo-
tor polyneuropathy that is symmetrical and length-dependent
and is caused by metabolic and microvascular alterations due
to prolonged exposure to hyperglycemia and concomitant car-
diovascular risk factors. Diabetes is associated with cognitive
disorders, including reductions in cognitive function and an in-
creased risk of dementia.

Aim of Study: This study aims to investigate the relation-
ship between diabetic peripheral neuropathy and cognitive
functions.

Subjects and Methods: 50 patients with diabetic periph-
eral neuropathy were recruited from the National Institute of
diabetes and Endocrinology and outpatient clinic of Neurology,
Faculty of Physical Therapy, Cairo University. The recruitment
included both genders in the sample. Various assessments and
measurements were conducted, including the use of a general
and specific neurological evaluation sheet to gather compre-
hensive neurological information. Cognitive functions were
assessed using the Montreal Cognitive Assessment (MoCA).
Additionally, a neurophysiological study involving motor (Rt.
Ulnar and Rt. Common peroneal) and sensory (Rt. Sural and Rt.
Ulnar) conduction studies was performed to obtain objective
measurements of nerve conduction velocity, amplitude and dis-
tal latency, contributing to the assessment of neuropathy.

Results: The results revealed a significant positive strong
correlation between sensory nerve parameters, including am-
plitude and conduction velocity, and MoCA scortes. Aslo, there
was a negative strong correlation between sensory nerve peak
latency and MoCA scores. Additionally, a strong positive cor-
relation was observed between motor nerve parameters, such
as amplitude and conduction velocity, and MoCA scores. Also,
there was a negative strong correlation between motor nerve
distance latency and MoCA scores.
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Conclusion: Findings indicate that higher sensory and
motor nerve function, as measured by amplitude and conduc-
tion velocity, are associated with better cognitive performance,
while longer peak latency and distance latency are linked to
poorer cognitive function, Moreever the long duration of illness
of diabetic neuropathy is associated with the impairment of
cognitive function.

Key Words. Diabetic neuropathy — Electrophysiological study
— Cognitive functions.

Introduction

DIABETES is a long-term metabolic condition
characterized by high levels of blood glucose, which
can lead to serious damage to the heart, blood ves-
sels, eyes, kidneys, and nerves over time. The most
common form is type 2 diabetes, typically occurring
in adults, where the body either becomes resistant to
insulin or doesn't produce enough insulin [1].

Diabetic neuropathy (DN) is a type of nerve
damage that occurs as a result of prolonged expo-
sure to high blood sugar levels and associated car-
diovascular risks. It is described as a symmetric,
length-dependent sensorimotor polyneuropathy
caused by metabolic and microvascular changes [2].

DN primarily affects the feet and legs in a
chronic, progressive manner, typically presenting
as a distal, symmetrical, sensory polyneuropathy. It
affects up to 50% of diabetic patients and is consid-
ered the most common complication of diabetes it
is estimated that approximately 40% to 50% of in-
dividuals with diabetes will develop detectable DN
within 10 years of diagnosis [3].

Cognition refers to the mental process of ac-
quiring knowledge, and cognitive disorders (CDs)
encompass a range of mental health conditions that
primarily impact cognitive functions. This category
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includes disorders such as dementia, amnesia, and
motor skill impairments [4].

Diabetes mellitus is associated with a decline in
cognitive function and changes in brain structure.
Individuals with both type 1 and type 2 diabetes
have been found to exhibit mild to moderate reduc-
tions in cognitive function compared to those with-
out diabetes, as measured by neuropsychological
tests. Type 2 ‘diabetes (T2DM) has also been linked
to a 50% increased risk of developing dementia [5].

Electrodiagnostic (EDX) testing can be per-
formed to understand the etiology, severity, prog-
nosis, and possible treatment options for peripheral
neuropathy. It can identify the primary character-
istics of the neuropathy as axonal, demyelinating,
sensory, motor, multifocal, or diffuse; however,
there is often overlap [6].

Material and Methods

Sudy design:

This is a cross sectional observational study
conducted to investigate the relationship between
diabetic peripheral neuropathy and cognitive func-
tion. This study was carried out in national insti-
tute of diabetes and endocrinology Cairo, in the
period from December 2022 to May 2023. This
study protocol was approved by the Research Eth-
ics Committee of the Faculty of physical therapy,
Cairo University, Giza, Egypt (approval number:
No:P.T.REC/012/ 004385) this study was conducted
between December 2022 to May 2023. All partici-
pants were thoroughly explained the study's meth-
ods and objectives, and they were asked to provide
informed legal consent to participate in the study.

Sample size:

Sample size calculation was selected on the ba-
sis of a previous study of A sample size of 50 would
achieve 95% power and Correlation Coefﬁc1ent (9]
= 0.516 and Coefficient of Determination (r?): 0.266
with a significance level (a) of 0.05 using a two-tail
exact correlation bivariate normal model. Sample
size calculation was done using G Power and Sam-
ple Size Calculations software, version 3.0.11 for
MS Windows (William D. Dupont and Walton D.,
Vanderbilt University, Nashville, Tennessee, USA).

Participants:

This study involved fifty adult patients of both
genders, aged between 40 and 60 years, who had
een diagnosed with diabetic peripheral neuropathy
and had had diabetes for more than 10 years. The
patients were assessed using a Montreal Cognitive
Assessment (MoCA) Scale and Neurophysiological
study, and only those who were independently am-
bulant and medically stable with controlled diabetes
mellitus were included in the study. The patients

were excluded if they have Patients <10 years hav-
ing diabetes, musculoskeletal deformities, psychi-
atric disorders or seizures. Patients with visual and
auditory impairment, Patients with Radiculopathy
Additionally, all patients provided their consent by
sigaling a consent form before participating in the
study.

Assessment procedures:

The age of the patients, duration of illness of di-
abetic neuropathy and BMI were recorded. Cogni-
tive impairment was assessed by using the Montreal
Cognitive Assessment. Additionally, a Neurophysi-
ological studies involving motor (Rt. Ulnar and Rt.
Common peroneal) and sensory (Rt. Sural and Rt.
Ulnar) conduction studies was performed to obtain
objective measurements of nerve conduction veloc-
ity, amplitude and distal latency were conducted by
using Surpass LT EMG / EP device.

The Montreal Cognitive Assessment (MoCA)
was developed as a brief screening instrument
to detect Mild Cognitive Impairment. It is a pa-
per-and-pencil tool that requires approximately 10
min to administer, and is scored out of 30 points.
The MoCA assesses multiple cognitive domains
including attention, concentration, executive func-
tions, memory, language, visuospatial skills, ab-
straction, calculation and otientation [7].

Satistical analysis:

The statistical analysis involved using descrip-
tive statistics to calculate the mean, standard de-
viation, and percentage of change in the collected
data. Quantitative variables were summarized us-
ing mean and standard deviation, while categorical
variables were summarized using frequencies and
percentages. Pearson Correlation Coefficient was
conducted to determine the correlation between the
findings of electrophysiological studies and cogni-
tive functions. p-value equal or less than 0 05 indi-
cated non-significant results, while p-value greater
than 0 05 1n§1cated 51gn1ﬁcant results. All statistical
measures were performed using R, a language and
environment for statistical computing anfgirraphms

Results

All demographic data including age, %ender,
weight, height, and BMI and the duration of illness
are presented in Table (1).

The relationship between baseline characteris-
tics and the MoCA score was examined.

The results showed a low, non-significant nega-
tive correlation between age and MoCAscore Sim-
ilarly, there was a low, non-significant positive cot-
relation between BMI and MoCA score. However,
a significant and strong negative correlation was
found between the duration of illness and MoCA
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score, indicating that patients with longer illness
durations had more severe cognitive impairments
as measured by the MoCA score. The relationship
between age, BMI, duration of illness, and MoCa
score using Pearson's product-moment correlation.
Results indicated a negative, statistically non-signif-
icant, and small correigation between age and MoCa
score (r=-0.15, 95% CI [-0.41, 0.14], p:O.302f.
Additionally, there was a positive, statistical
non-significant, and small correlation between BM}I]
and MoCa score (r=0.20, 95% CI [-0.09, 0.45],
5320.169). However, a significant negative and very
arge cortelation was observed between the duration
of illness and MoCa score (r=-0.77, 95% CI [-0.80,
-0.63], p<.001). The negative correlation implies
that patients with longer illness durations are more
likely to exhibit more severe cognitive impairments
as measured by the MoCa score.

Table (1): Descriptive statistics of patients baseline character-
istics including their age, sex, weight, height, BMI,
and duration of illness.

Characteristic N =150

Age (Years):

Range 46.0-59.0

Mean (£SD) 51.6 (£3.9)

Median (IQR) 52.0 (48.0, 53.8)
Sex:

Female 26 (52.0%)

Male 24 (48.0%)
Weight (Kg):

Range 60-107

Mean (£SD) 88 (£10)

Median (IQR) 89 (83, 94)
Height (Cm):

Range 154-180

Mean (£SD) 167 (£8)

Median (IQR) 168 (162, 174)
BMI (Kgim?):

Range 23.90-34.70

Mean (£SD) 31.07 (£2.34)

Duration of illness (Years):

Range 10.00-24.00
Mean (+SD) 15.54 (£3.095)
Median (IQR) 15.00 (13.00, 18.00)
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The relationship between Right sensory ulnar
nerve and MoCA score was examined:

The results showed that there was a positive but
not statistically significant correlation between ul-
nar nerve amplitude and MoCA score. Similatly, the
correlation between ulnar nerve conduction velocity
and MoCA score was positive but not statistically
significant. However, there was a significant neg-
ative correlation between ulnar nerve peak latency
and MoCA score, indicating that longer peak laten-
cies were associated with %ower cognitive scores.

(Fig. 1).

The relationship between Right sural nerve and
MoCA score was examined:

For the right sural nerve, there were 8 cases that
showed no response in the neurophysiological stud-
ies indicating pathological conduction block. There
were l;j)ositive and statistically significant correla-
tions between sural nerve amplitude and conduction
velocity with MoCA score. Also, a negative and sta-
tistically significant correlation was found between
sural nerve peak latency and MoCA score. These
results suggest that higher amplitude and conduc-
tion velocity in the sural nerve are associated with
better cognitive function, while longer peak latency
is associated with poorer cognitive %unction.

The relationship between Right motor common
peroneal nerve and MoCA score was examined:

the right common peroneal nerve analysis re-
vealed a non-significant negative correlation be-
tween nerve amplitude and MoCA score. However,
there was a significant positive correlation between
common peroneal nerve conduction velocity and
MoCA score, indicating that higher conduction ve-
locity was associated with better cognitive function.
Additionally, a significant negative correlation was
found between common peroneal nerve distance la-
tency and MoCA score, indicating that longer dis-
tance latencies were associated with lower cogni-
tive scores. (Fig. 2).

The relationship between Right motor ulnar
nerve and MoCA score was examined:

For the right ulnar nerve, significant positive
correlations were observed between ulnar nerve
an(liplitude, conduction velocity, and MoCA score,
indicating that higher amplitude and conduction
velocity were associated with better cognitive func-
tion. Conversely, a significant negative correlation
was found between ulnar nerve distance latency and
MoCA score, indicating that longer distance laten-
cies were associated with lower cognitive scores.
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Fig. (1): Demonstrates the correlation between the neurophysiological measurements of the right sural nerve (Amplitude, conduction

velocity (CV), And distal latency ) and MoCA score.
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Fig. (2): Demonstrates the correlation between the neurophysiological measurements of the right common peroneal nerve (Ampli-
tude, conduction velocity (CV), And distal latency ) and MoCA score.

Discussion

Alterations in cognition with DPN and the as-
sociations of neuropathy parameters with cogni-
tion and olfaction found that memory had a posi-
tive association with the motor conduction ve%city
(MCV) and sensory conduction velocity (SCV) of
the ulnar nerve.

Hamid, et al., [8] found a weak and non-signifi-
cant correlation between age and MoCA score, in-
dicating that age may not have a strong influence on
cognitive function in individuals with DPN. How-
ever, the sample size and other factors may have
affected the results. On the other hand, a significant
and negative correlation was observed between the
duration of illness and MoCA score, suggesting that
longer illness durations are associated with more
severe cognitive impairments. This finding aligns
with previous studies demonstrating the negative
impact of diabetes duration on nerve conduction ve-
locity and neuropathy severity.

The underlying mechanisms linking DPN, and
cognitive function are not fully understood. Oxida-
tive stress and vascular factors may contribute to
this association, as oxidative stress can lead to neu-
ronal damage and vascular complications are com-
mon in diabetes Igbal et al., Hamid et al., [8,9]. our
result supported by the study explored the relation-
ship between neuropathy parameters and cognitive
function. Positive but statistically non-significant
correlations were found between ulnar nerve ampli-
tude and conduction velocity, as well as sural nerve
amplitude and conduction velocity, and MoCA
score. However, a negative and significant correla-
tion was observed between sural nerve peak latency
and MoCA score.

The study examined the relationship between
common peroneal and ulnar nerve parameters and
MoCA score. Common peroneal nerve amplitude
showed a non-significant negative correlation, while
conduction velocity exhibited a significant positive
correlation with MoCA score. Ulnar nerve param-
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eters showed significant positive correlations with
MoCA score, except for ulnar nerve distal latency,
which had a significant negative correlation. These
findings were consistent with previous studies on
cognitive function and neuropathy in individuals
with diabetes.

Diabetic peripheral neuropathy is one form of
diabetic neuropathy that affects almost half of all
adults with diabetes over the course of their life-
time. This type of neuropathy can result in signifi-
cant morbidity, including foot ulcers, pain, and even
lower limb amputation.

Conclusion:

Our results indicated that age may not have a
significant influence on cognitive function in indi-
viduals with DPN, while longer illness duration was
associated with more severe cognitive impairments.
Nerve findings indicate that higher sensory and mo-
tor nerve function, as measured by amplitude and
conduction velocity, are associated with better cog-
nitive performance, while longer peak latency and
distance latency are linked to poorer cognitive func-
tion.
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The duration of illness and MoCA score, sug-
gesting that longer illness durations are associated
with more severe cognitive impairments. This find-
ing aligns with previous studies demonstrating the
negative impact of diabetes duration on nerve con-
duction velocity and neuropathy severity.
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The underlying mechanisms linking DPN, and
cognitive function are not fully understood. Oxida-
tive stress and vascular factors may contribute to
this association, as oxidative stress can lead to neu-
ronal damage and vascular.
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