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Abstract

ated with greater neuropathy and disease severity.

Background Peripheral neuropathy (PN) is increasingly recognized in Parkinson’s disease (PD). This study aimed

to evaluate peripheral nerve and autonomic nervous system dysfunction in PD. Forty patients with PD (20 drug-
naive, 20 on treatment) and 20 controls underwent neurological examination, Toronto Clinical Neuropathy Score
(TCNS), nerve conduction studies, autonomic function tests including (heart rate variability, Blood pressure changes
with standing and sustained handgrip, and sudomotor pathways. The Ewing classification system scored each test
to quantify autonomic failure severity). Laboratory tests (B12, homocysteine, methylmalonic acid).

Results Treated patients with PD had higher MDS-UPDRS scores than drug-naive (p=0.001). TCNS indicated mild PN
in some drug-naive patients, and mild—moderate PN in treated patients. Nerve conduction studies showed significant
sensory and motor neuropathy in treated versus drug-naive PD and controls. Treated patients had lower B12, higher
homocysteine/methylmalonic acid than other groups. Across autonomic tests, controls had the most normal results,
followed by drug-naive patients, with treated patients being most abnormal. Autonomic dysfunction correlated

with disease duration, severity, L-dopa dose. Lower B12, higher homocysteine/methylmalonic acid levels were associ-

Conclusion Patients with PD show evidence of PN and autonomic dysfunction, which is milder in drug-naive
patients but worsens with disease progression and treatment. Peripheral nervous system assessments may help diag-
nose and monitor PD neuropathy and effects of interventions.
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Introduction

Parkinson’s disease (PD) is a progressive neurodegenera-
tive disorder characterized by the loss of dopamine-pro-
ducing neurons and manifested by motor and non-motor
symptoms including cognitive problems, dysfunction of
the autonomic nervous system, and sensory disturbance

[1].
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Among the features of PD, a growing number of studies
assessing peripheral nerve pathology have recognized the
increased prevalence of peripheral neuropathy (PN) in
the PD population [2]. Recently, there has been a discov-
ery of sensory disturbances in patients with PD during
the “off” medication state, suggesting a potential involve-
ment of peripheral nerves in the disease. Interest in PN
in PD has primarily arisen from observations in patients
treated with levodopa—carbidopa intestinal gel [3].

This emerging evidence indicates that those with PD
tend to develop PN at higher rates than the general pop-
ulation. Scientists now speculate that PN may explain
some PD symptoms like impaired balance and muscle
weakness. Thus, its presence can negatively affect the
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lives of patients with PD [4]. In patients with prolonged
L-dopa exposure who were diagnosed with PN, homo-
cysteine (Hcy) and methylmalonic acid (MMA) levels
were significantly elevated while vitamin B12 levels were
lower. Essentially, this rise in Hcy and MMA levels results
from the metabolism of L-dopa through the O-methyla-
tion pathway [3].

Autonomic nervous system impairment has emerged
as a significant non-motor feature PD. In recent years,
research has increasingly examined the potential of auto-
nomic dysfunction as a biomarker for early detection and
prognosis of PD, positioning it at the forefront of cur-
rent investigative efforts in PD [5]. While alpha-synuclein
accumulation has been extensively documented in the
sympathetic, parasympathetic, and enteric nervous sys-
tems of patients with PD, the precise pathological process
underlying autonomic dysfunction in PD remains unde-
termined [6]. This study aimed to evaluate the peripheral
and autonomic nervous system dysfunction PD.

Methods

This cross-sectional study was conducted on 40 patients
with PD diagnosed according to the United Kingdom
Parkinson’s disease Society Brain Bank diagnostic cri-
teria [7]. They were recruited from the 1st of March
2021 to the end of February 2023. PD severity was
evaluated by MDS-Unified Parkinson’s Disease Rating
Scale (MDS-UPDRS) [8] and Hoehn and Yahr scale [9].
Patients with Parkinson plus syndromes, secondary par-
kinsonism, other neurological disorders, or endocrinal
disorders were excluded from our study. Patients with
diabetes mellitus, renal disease or systemic diseases that
may cause neuropathy, were excluded from this study.

Patients with PD were classified into two groups:
Group 1; included 20 patients with PD who were recently
diagnosed and are drug naive (not receiving antiparkin-
sonian drugs). Group 2; included 20 patients with PD
and receiving antiparkinsonian drugs. The daily dose of
L-dopa equivalent dose was calculated by conversion for-
mula proposed by Tomlinson et al. [10]. Another 20 age
and sex-matched healthy subjects were recruited and
served as control group (Group 3).

All participants were subjected to the following: full
medical history, general and neurological examination,
laboratory studies including fasting and postprandial
blood glucose level, serum electrolytes, renal function
test, liver function test, thyroid hormonal profile.

All participants underwent special laboratory investi-
gation including, serum levels of B12 (normal value 200—
900 pcg/L), homocysteine (normal value 5-15 pmol/L)
which were done by tosoh analyzer through immuno-
fluorescence technique and methylmalonic acid (MMA)
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(normal value 0.4 pmol/L) which was done by liquid
chromatography/tandem mass spectrometry (LC/MS).

All participants were evaluated by the Scales for Out-
comes in Parkinson’s disease—Autonomic Dysfunction
(SCOPA-AUT) which is a self-administered question-
naire with 23 items used to evaluate autonomic dysfunc-
tion in PD patients. The items are organized into six areas
assessing gastrointestinal, urinary, cardiovascular, ther-
moregulatory, pupillomotor, and sexual functions. Each
item is scored on a 4-point scale from 0 to 3, with 0 indi-
cating no symptoms and 3 indicating frequent or severe
symptoms. The total score ranges from 0 to 69, with
higher scores suggesting worse autonomic impairment
[11, 12].

Screening for neuropathy by the Toronto Clinical Neu-
ropathy Score [13] (TCNS). The TCNS is a 19-point scale
used to categorize the severity of PN. It evaluates reflexes
at the knees and ankles, sensory function in the legs, and
sensory symptoms in both upper and lower extremi-
ties. Each aspect is scored as present (1 point) or absent
(0 points). The total TCNS score indicates the sever-
ity level: (0-5=no or minimal neuropathy; 6—8=mild
neuropathy; 9-11=moderate neuropathy; 12+ =severe
neuropathy).

All participants underwent a comprehensive neuro-
physiological evaluation including motor conduction
studies of the median, ulnar, common peroneal, and
posterior tibial nerves. Sensory conduction studies of
the median, ulnar, radial, and sural nerves. In addition,
F-wave latencies of the median, ulnar, common peroneal,
and posterior tibial nerves. This standardized electrodi-
agnostic protocol allowed characterization of peripheral
nerve function across upper and lower limbs in the study
cohort.

A comprehensive battery of cardiovascular autonomic
tests was performed to assess parasympathetic and sym-
pathetic nervous system function (the detailed tests are
explained in Additional file 1). Heart rate variability was
measured with deep breathing, the Valsalva maneuver,
and active standing to evaluate parasympathetic activity
[14-16]. Blood pressure changes with standing and sus-
tained handgrip were used to gauge sympathetic function
[16, 17]. Sudomotor pathways were tested by recording
electrodermal sympathetic skin responses to electrical
nerve stimuli [18]. To quantify autonomic failure severity,
the Ewing classification system scores each test as nor-
mal, borderline, or abnormal. Patients are then catego-
rized as having normal function or early, definite, severe,
or atypical dysfunction based on their total test score
profile. This system divides patients into minor dysfunc-
tion (normal or early categories) and severe dysfunction
(definite, severe, atypical categories) [19].
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A signed informed consent was obtained from all par-
ticipants. The collected data were statistically analyzed
using SPSS Prism version 20, 2013 (created by IBM,
Armonk, NY, USA). The Chi-square test is used for cat-
egorical data and the t-test is used for numerical data.
One-way ANOVA test used to compare the means of the
3 groups. This is a post hoc Tukey test to compare each
pair of group means. The F-test is used to evaluate the
regression model. Significance was adopted at p <0.05 for
the interpretation of results of tests of significance.

Results
The study included 40 patients with PD—20 not on dopa-
minergic medication (11 males, 9 females, mean age 57.8
years) and 20 on dopaminergic medication (12 males, 8
females, mean age 59.2 years) as well as 20 healthy con-
trols (10 males, 10 females, mean age 57.5 years). There
were no significant differences between the groups in
terms of age and sex distribution. The patients with PD
on medication had significantly higher MDS-UPDRS,
Hoehn and Yahr and SCOPA-AUT scores compared to
drug-naive patients with PD. The medicated patients with
PD had a mean daily L-dopa equivalent dose of 325.73
mg. The detailed results are demonstrated in Table 1.

The assessment of neuropathy using the TCNS in the
studied groups showed that all subjects in the control
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group had scores below 5 points, indicating no or mini-
mal neuropathy. Among the drug-naive patients, 5
patients had scores between 6 and 8 points, indicating
mild neuropathy. In patients receiving dopaminergic
drugs, 6 patients showed mild neuropathy scores, while
3 patients showed moderate neuropathy scores. None of
the subjects in the study scored 12 or more points, indi-
cating severe neuropathy (Table 2).

The analysis of nerve conduction study data revealed a
significant impairment of sensory fibers in the median,
ulnar, radial, and sural nerves of patients with PD com-
pared to the healthy control group. Furthermore, one-
way ANOVA and post hoc Tukey tests were conducted to
compare the latency, amplitude, and conduction velocity
between the 3 groups for each nerve tested. The post hoc
analyses showed that group 2 had significantly abnormal
results compared to group 1 and controls for multiple
sensory and motor nerve parameters, indicating neurop-
athy. The detailed results are presented in Table 3.

Serum vitamin B12, homocysteine, and methylmalonic
acid levels were compared between the three groups
(Table 4). Group 2 had significantly lower serum vitamin
B12 levels compared to group 1 and control subjects. In
contrast, group 2 had significantly higher serum homo-
cysteine and methylmalonic acid levels compared to
group 1 and controls.

Table 1 Age, sex, disease duration, severity, and Scales for Outcomes in Parkinson’s disease—autonomic dysfunction among studied

groups
Control subjects Drug-naive patients  Patients with PD on p-value Tukey test
with PD dopaminergic drugs

Age in years 575+4.52 57.8+3.52 59.2+2.26 0.35 P1:0.77
P2:0.351
P3:0.354

Sex (male) M 12 10 0.12 P1:0.144
P2:0.122
P3:0.121

Disease duration (years) 1.2+0.32 37+17 0.001

MDS-UPDRS 50.78+14.12 70.71+18.87 0.001

Hoehn and Yahr 13405 24+07 0.01

SCOPA-AUT 63+15 9.5+0.98 12515 0.001 P1:0.001
P2:0.001
P3:0.001

MDS-UPDRS (MDS-Unified Parkinson’s Disease Rating Scale). SCOPA-AUT (Scales for Outcomes in Parkinson’s disease—Autonomic Dysfunction). P1 (control versus
drug-naive patients with PD). P2 (control versus patients on dopaminergic drugs). P3 (drug-naive patients with PD versus patients on dopaminergic drugs)

Table 2 Frequency of neuropathy (clinical and subclinical cases) among studied groups

Without neuropathy With neuropathy Total Neuropathy%
Control subjects 20 0 20 0%
Drug-naive patients with PD 17 20 15%
Patients with PD on dopaminergic drugs 11 9 20 45%




Ragab et al. Egypt J Neurol Psychiatry Neurosurg (2024) 60:52 Page 4 of 12
Table 3 Mean values of nerve conduction study of studied groups and post hoc analysis
Controls Drug-naive patients Patients with PD on F-value p-value Tukey test
with PD dopaminergic drugs

Median motor

Latency (ms) 3.87+0.27 3.78+0.24 3.75+0.32 0.666 0.575 P1:0.579
P2:0.585
P3:0.572

Amplitude (mv) 5454061 594+052 5+0.85 2.26 0.097 P1:0.093
P2:0.081
P3:0.091

Conduction Velocity (m/s) 59.25+4.67 58.15+£4.97 5892+4.79 0.173 0.192 P1:0.180
P2:0.195
P3:0.193

F-wave latency (ms) 27.17+092 27.15£0.87 27.39+1.34 1.01 0.39 P1:0.38
P2:0.41
P3:0.37

Median sensory

Latency (ms) 22+0.16 2.81+0.11 34+0.32 64.2 0.001 P1:0.001
P2:0.001
P3:0.001

Amplitude (pv) 265+3 2255+45 18.21+8.14 4.55 0.008 P1:0.007
P2:0.001
P3:0.009

Conduction velocity (m/s) 56.1+3.51 52.65£6.16 49.29+3.03 26.57 0.01 P1:0.02
P2:0.001
P3:0.03

Ulnar motor

Latency (ms) 2.98+0.26 2.98+0.20 3.05+0.32 0.349 0.789 P1:0.768
p2:0.672
P3:0.732

Amplitude (mv) 835+0.79 844+0.71 7.83+1.32 1.58 0.199 P1:0.232
P2:0.192
P3:0.187

Conduction velocity (m/s) 535+325 5355+3.10 5442+422 233 0.08 P1:.0.082
P2:0.067
P3:0.079

F-wave latency (ms) 29.19+£1.14 29.08+0.73 29.87+£0.84 1.84 0.155 P1.0.192
P2:0.137
P3.0.142

Ulnar sensory

Latency (ms) 238+0.130 244+0.16 295+0.21 2544 0.025 P1:0.042
P2:0.012
P3.0.032

Amplitude (uv) 202+1.67 18+2.79 1542+4.99 742 0.015 P1.0.01
P2:0.01
P3.0.01

Conduction velocity (m/s) 62.35+5.04 58.8+5.81 4859+542 14.09 0.008 P1:0.009
P2:0.001
P3:0.001

Radial sensory

Latency (ms) 222+0.13 241+0.16 2.78+0.21 2322 0.033 P1:0.041
P2:0.032
P3:0.029

Amplitude (uv) 17.10£1.07 15.55+2.94 13.50£4.54 5.89 0.012 P1:0.013
P2:0.008
P3.0015

Conduction velocity (m/s) 69.4+4.16 56.75+£6.54 49.79+4.42 26.44 0.001 P1.0.001
P2:0.001

P3:0.001
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Table 3 (continued)
Controls Drug-naive patients Patients with PD on F-value p-value Tukey test
with PD dopaminergic drugs

Tibial nerve

Latency (ms) 5.16+0.23 5.03+0.14 515+0.58 1.262 0.293 P1:0.341
P2:0.272
P3:0.313

Amplitude (mv) 55+0.24 5624021 53+0.89 0.739 0.535 P1:0.512
P2:0.522
P3:0.519

Conduction velocity (m/s) 56.85+£7.90 5555+£595 57.73£8.20 0.39 0.759 P1:0.723
P2:0.562
P3:0.234

F-wave latency (ms) 47.25+1.94 4693+1.13 47374322 1.785 0.156 P1:0.097
P2:0.088
P3:0.123

Peroneal nerve

Latency (ms) 4.86+0.28 5.04+03 6.06+0.79 18.82 0.024 P1:0.059
P2:0.027
P3:0.018

Amplitude (mv) 348+042 3.92+044 2.87+0.65 14.67 0.001 P1:0.001
P2:0.001
P3:0.001

Conduction velocity (m/s) 67.25+892 6547+873 524+8.62 7.85 0.001 P1:0.001
P2:0.001
P3:0.001

F-wave latency (ms) 46.25+1.06 45.85+1.07 46.23+1.35 1.35 0.27 P1:0.137
P2:0.279
P3:0.152

Sural nerve

latency (ms) 292+0.13 322+0.14 3.71+£0.24 40.71 0.001 P1:0.001
P2:0.001
P3:0.001

Amplitude (pv) 16.5+1.9 12.33+£7.06 531£157 9.28 0.001 P1:0.001
P2:0.001
P3:0.001

Conduction velocity (m/s) 62.33+4.08 57.8+3.79 49.13£253 28.72 0.001 P1:0.001
P2:0.001
P3:.0.001

(ms) millisecond; (mv) microvolt; (m/s) meter per second; (uv) microvot; P1 (control versus drug-naive patients with PD). P2 (control versus patients on dopaminergic

drugs). P3 (drug-naive patients with PD versus patients on dopaminergic drugs)

Table 4 Serum vitamin B12, homocysteine, and methylmalonic acid levels between the studied groups

Control group Drug-naive PDon F-value p-value Tukey test
patients with PD  dopaminergic
drugs
Vitamin B12 (pcg/ L) Mean+SD 799+48.86 745+55.03 257.5+76.26 1335 0.001 P1:0.015
P2:0.001
P3:0.001
Homocysteine (umol/L) Mean+SD 13+1.33 205+£1.17 3558+11.34 20.36 0.001 P1:0.001
P2:0.001
P3:0.001
Methylmalonic acid (umol/L) Mean+SD 0394001 0.98+0.02 1.14£0.26 4281 0.001 P1:0.001
P2:0.001
P3:0.001

P1 (control versus drug-naive patients with PD). P2 (control versus patients on dopaminergic drugs). P3 (drug-naive patients with PD versus patients on dopaminergic

drugs)
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Regarding the autonomic function test results of the
studied groups, the ANOVA test shows significant dif-
ferences between the 3 groups for all tests (p<0.05).
Post hoc Tukey tests reveal significant differences.
Across tests, the controls tended to have the most nor-
mal results, followed by drug-naive patients, with treated
patients showing the most abnormal autonomic test
results. The table provides quantified evidence of auto-
nomic dysfunction in patients with PD compared to con-
trols (Table 5).

Our study revealed a significant correlation between
serum levels of vitamin B12, homocysteine, methyl-
malonic acid, and the calculated equivalent L-dopa
dose per day with the duration, severity of disease, and
frequency of neuropathy. We found that lower levels of
serum vitamin B12, higher levels of serum homocyst-
eine and methylmalonic acid, and higher L-dopa doses
were associated with higher TCNS scores, indicating
increased neuropathy. Furthermore, we observed that as
the duration and severity (MDS-UPDRS) of the disease
progressed, there were lower levels of serum vitamin B12,
higher levels of serum homocysteine, methylmalonic
acid, and higher calculated equivalent L-dopa doses.
The Ewing score has positive significant correlation with
MDS-UPDRS, PD duration and calculated equivalent
L-dopa dose per day. These findings are illustrated in
Figs. 1, 2, 3, 4 and Additional file 2.

Multiple linear regression models predicting the Ewing
score and TCN score based on studied variables revealed
that disease duration and MDS-UPDRS have positive
coefficients, suggesting higher scores on Ewing and TCN
are associated with longer disease duration and more
severe PD. These effects were statistically significant
(p>0.05).

Discussion

Peripheral neuropathy is increasingly being recognized
as a common problem in PD patients. Prolonged L-dopa
exposure may contribute to neuropathy via increased
homocysteine and methylmalonic acid levels. How-
ever, PD patients without L-dopa exposure may have
underlying genetic mutations or separate mitochon-
drial disorders driving their neuropathy. Vitamin B12
and cobalamin deficiencies have also been implicated as
causal factors, as has accumulation of phosphorylated
a-synuclein [3].

Aiming to investigate PN in PD patients, we designed
the current study including both drug-naive patients
and patients receiving dopaminergic drugs. We tried
to exclude patients with comorbid disorders that could
also cause neuropathy. Nerve conduction studies were
used to assess large fiber neuropathy. Autonomic func-
tion tests were utilized to evaluate autonomic and small
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fiber neuropathy, as our center lacks experience with skin
biopsy which is used to assess intraepidermal nerve fiber
density, quantitative sudomotor axon reflex testing or
laser evoked potentials.

Screening for neuropathy using the TCNS revealed
that 15% of drug-naive patients had mild neuropathy,
while 45% of patients receiving dopaminergic drugs had
mild to moderate neuropathy. This result was like Corra
et al. [2], who reported PN in about 40% of PD patients,
with the majority being small fiber neuropathy. Another
study by Grambalova et al. [20] conducted electromyo-
graphy examinations on 49 patients with PD with asymp-
tomatic polyneuropathy and 40 controls. They found that
polyneuropathy was significantly higher in patients with
PD compared to controls (45% versus 2%). However, they
did not find a relationship in the PD group according to
long-term L-dopa usage, PD duration, or age.

A previous study by Notermans and colleagues [21]
looked at the relationship between L-dopa therapy and
PN prevalence in PD patients. They found PN in only
12.1% of L-dopa-naive patients, compared to 36.1% of
L-dopa-treated patients. This significant increase in PN
prevalence with L-dopa treatment suggests that dopa-
minergic therapy and disease progression both play an
important role in the development of PN in PD patients.

Ramachandran and colleagues [4] conducted their
study on a cohort of early-stage PD patients. They found
PN in 49 patients (31.8%), with large fiber neuropathy
present in 18.2% and small fiber neuropathy in 30.5%.
There was an overlap of large and small fiber neuropathy
in 16.9% of the patients.

In the current study, analysis of nerve conduction stud-
ies showed significant impairment of sensory fibers in
the median, ulnar, radial, and sural nerves of PD patients
compared to healthy subjects. This agrees with findings
from Ramachandran and colleagues [4], who reported
mild axonal sensory neuropathy in 53% of patients,
severe sensory neuropathy in 29%, and sensorimotor
neuropathy in 18%. Our results confirm previous findings
that large-fiber polyneuropathy in PD is typically distal
and symmetrical, predominantly axonal, sensory-motor
in nature, and affects sensory fibers primarily [22].

Our results revealed that serum vitamin B12 levels
were significantly lower in PD patients on dopaminergic
drugs compared to both drug-naive patients and healthy
subjects. In contrast, PD patients on dopaminergic drugs
had significantly higher serum homocysteine and meth-
ylmalonic acid levels compared to the other groups.

Low levels of serum vitamin B12 have been increas-
ingly associated with PN in patients with PD. A major
study by Ceravolo and colleagues [23] found significantly
decreased serum B12 levels in patients with PD with
neuropathy compared to those without neuropathy and
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Table 5 The autonomic function test results of the studied groups
Mean Std.Dev F Sig Tukey test

E/l ratio Control 12660  0.06073 4724 0013  P1:0.661
Drug-naive patients with PD 12385 008087 Eggg;l
Patients with PD on dopaminergic drugs 1.1705 0.14307

Valsalva ratio Control 12805  0.03804 6.518 0.003 P1:0.603
Drug-naive patients with PD 12480  0.09197 E;%%O;
Patients with PD on dopaminergic drugs 1.1625  0.15586

30:15 ratio Control 1.0795 0.02350 8294 0001 P1:0.748
Drug-naive 10585  0.04603 P2:0.008

P3:0.001

Patients with PD on dopaminergic drugs 11690  0.14913

CSP (median sensory n) onset latency Control 762000 233057 7843 0001 P1:0.542
Drug-naive patients with PD 785500 546255 ngg-g%
Patients with PD on dopaminergic drugs ~ 84.7000  10.58847

CSP (median sensory n) duration Control 44,2500 297135 1862 0.165 P1:1.00
Drug-naive patients with PD 443000 484605 gf%?z%
Patients with PD on dopaminergic drugs ~ 41.3000  7.92132

CSP (sural nerve) onset latency Control 94.7500 246822 12034 0001 P1:0.853
Drug-naive patients with PD 96.1500  7.69330 Eé(%)OO]W
Patients with PD on dopaminergic drugs 1064500  11.75842

CSP (sural n) duration control 46.8500 2.79614 4443 0016 P1:.0.275
Drug-naive patients with PD 438000 553078 55500'303152
Patients with PD on dopaminergic drugs ~ 41.0000  8.80191

SSR (Palm)sec Control 1.2250 .08507 4313 0018 P1:0.528
Drug-naive patients with PD 1.3350 21343 E§§1O7]34
Patients with PD on dopaminergic drugs 1.5200 50638

SSR (Sole) sec Control 1.5500 14327 13.646  0.001 P1:0.001
Drug-naive patients with PD 20050 36631 Eg;géogo;
Patients with PD on dopaminergic drugs 2.1650 54122

Systolic blood pressure to active standing(mmHg)  Control 9.4000 1.09545 152879 0.001 P1.0415
Drug-naive patients with PD 11.1500 743587 ﬁggggl
Patients with PD on dopaminergic drugs 31.0000  0.00000

Diastolic blood pressure response to sustained Control 18.0000  0.000 5980 0.004 P1:0.039

hand grip (mmHg) Drug-naive patients with PD 153550  4.32672 Eéooéo;);
Patients with PD on dopaminergic drugs 145000  3.83200

SSR amplitude (mv) palm Control 1.2000 0.000 10.750 0.001 P1:0.945
Drug-naive patients with PD 1.1800  0.15079 Eg%oo%
Patients with PD on dopaminergic drugs 09400 030677

SSR amplitude (mv) sole Control 03550  0.06863 52916 0.001 P1:0.001
Drug-naive patients with PD 02260 004988 Egj%oﬂg
Patients with PD on dopaminergic drugs 0.1920  0.03443

Ewing score Control 0.1000  0.20520 2784 0071 P1:0.760
Drug-naive patients with PD 0.5000 1.53897 E;gggg
Patients with PD on dopaminergic drugs 12500 222131

E/I expiratory/inspiratory, CSP cutaneous silent period, SSR sympathetic skin response, P1 control versus drug-naive patients. P2: control versus patients with PD on
dopaminergic drugs. P3: drug-naive patients versus patients with PD on dopaminergic drugs

healthy controls. This effect was independent of levodopa

therapy duration.

The mechanisms linking B12 deficiency and neu-
ropathy in PD are not fully elucidated. However, it is

known that B12 is an essential cofactor in single-carbon

metabolism, and deficiency can lead to accumulation

of neurotoxic intermediates like methylmalonic acid
and homocysteine [3]. Elevated homocysteine has been
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significantly associated with PN in patients with PD.
Hyperhomocysteinemia triggers the development and
progression of PD by different mechanisms, including
oxidative stress, mitochondrial dysfunction, apoptosis,
and endothelial dysfunction [24]. Particularly, the pro-
gression of PD is linked with high inflammatory changes
and systemic inflammatory disorders [25].

To evaluate small fiber neuropathy in early PD,
Podgorny and colleagues [26] studied a group of newly
diagnosed patients with PD with no or minimal previous
exposure to levodopa. Using corneal confocal micros-
copy, they found abnormalities in the small corneal
nerve fibers of patients with PD compared to controls.

This suggests small fiber neuropathy may be present in
PD prior to initiation of levodopa treatment. Our find-
ings support these results, as we have also reported auto-
nomic dysfunction in both drug-naive and patients with
PD on dopaminergic medication. Together, these results
indicate that small fiber neuropathy and autonomic
abnormalities may manifest in early PD, even before
dopaminergic treatment.

In agreement with our findings, another longitudi-
nal study in PD patients found associations between
abnormalities in cardiac electrical activity and PD pro-
gression. Specifically, they reported that prolonged
QT intervals and decreased heart rate variability
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were associated with greater PD severity and progres-
sion over 5 years. These changes in cardiac autonomic
function may serve as useful biomarkers to monitor
PD progression [27]. Our results align with this study,
demonstrating that autonomic dysfunction, evidenced
by altered cardiac activity, correlates with disease status
in PD. Cardiac autonomic abnormalities may prove to
be helpful objective measures to track PD severity and
progression over time.

Further supporting our findings, a recently published
study reported that assessment of small autonomic
nerve fiber function using the quantitative pilomo-
tor axon-reflex test could serve as a noninvasive tool
for detecting PD-related autonomic neuropathy and

monitoring disease progression [28]. Our findings align
with this study, and together they suggest that measures
of small fiber autonomic function may have diagnostic
and prognostic value as accessible biomarkers in PD.
Autonomic neuropathology in patients with PD
includes both neuronal damage and a-synuclein pathol-
ogy affecting the central and peripheral autonomic nerv-
ous systems, as we summarized. Peripheral a-synuclein
changes can even predate central pathology [5]. Addi-
tionally, Brumberg and colleagues [29] suggested that
alpha-synuclein contributes to peripheral neurode-
generation and impairs cardiac sympathetic neurons
in patients with synucleinopathies like PD. Their find-
ings further support a role for a-synuclein-mediated
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peripheral autonomic pathology in PD, including early
cardiac sympathetic denervation.

While PD has historically been characterized as a cen-
tral nervous system neurodegenerative disorder, accu-
mulating research now recognizes intrinsic involvement

of the peripheral and autonomic nervous systems. Con-
sequently, quantitative indices of parasympathetic and
sympathetic nervous system function may have utility
as accessible biomarkers for early diagnosis and tracking
progression of PD [30].



Ragab et al. Egypt J Neurol Psychiatry Neurosurg (2024) 60:52

The main challenge in determining the intrinsic role
of PD in PN is that most patients start treatment right
after diagnosis. Therefore, epidemiological data have only
been gathered on small groups of early stage, drug-naive
PD patients [31]. No large prospective case—control study
has been conducted to compare the prevalence of PN in
untreated PD patients versus healthy controls. This point
favors our study, as we enrolled drug-naive patients,
despite the limitations of our methodology.

The study has several limitations that should be
addressed in future research. Firstly, the relatively small
sample size of 40 patients with PD and 20 controls war-
rants larger studies to confirm the findings with greater
statistical power. Additionally, the cross-sectional design
provides only a snapshot of the participants’ condi-
tion, whereas longitudinal studies tracking PN over time
would give more insight into its evolution with disease
progression. Furthermore, the nerve conduction studies
employed in this research assess only large fibers, while
incorporating assessments of small fibers, such as skin
biopsy, could provide a more comprehensive understand-
ing of the PN in PD.

Conclusion

Our study demonstrates evidence of PN and autonomic
nervous system dysfunction in patients with PD com-
pared to healthy controls. Our results reveal that periph-
eral nervous system involvement occurs in early PD,
prior to treatment. However, PN and autonomic dysfunc-
tion appear to worsen with advancing PD severity and
duration. Lower vitamin B12 levels and higher homocyst-
eine/methylmalonic acid levels correlated with greater
neuropathy and PD severity.
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