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ABSTRACT: BackgroundBackground: Clinical, neurophysiological, and pathological evidence suggest an association
between Parkinson’s disease (PD) and peripheral neuropathy (PNP), with a possible causative role of levodopa
metabolic products, such as homocysteine and methylmalonic acid.
MethodsMethods: We conducted a systematic review of studies reporting cases of PNP in L-dopa-treated PD patients
indexed in PubMed between January 1990 and March 2018.
ResultsResults: We identified 38 articles reporting cases of PNP in PD patients treated with oral L-dopa or with L-dopa/
carbidopa intestinal gel infusion (LCIG). Prevalence of PNP was 30.2% in the former group and 42.1% in the
latter. Oral L-dopa was mostly associated with slowly progressive PNP, whereas LCIG showed an acute or
subacute onset in 35.7% of cases. In both groups, there was an association between PNP and higher L-dopa
doses, as well as with the following biochemical alterations: increased homocysteine; reduced vitamin B12;
increased methylmalonic acid; and reduced vitamin B6. A skin biopsy was performed in 181 patients, showing
signs of small fibers neuropathy in 169 (93.4%). Positive, yet preliminary, results were observed in patients
receiving periodic vitamin supplementation.
ConclusionsConclusions: Over one third of PD patients in treatment with L-dopa may develop PNP, with a significantly higher
prevalence of acute and subacute forms in those receiving LCIG. Pathogenic mechanisms remain unclear,
but possibly related to a complex interplay between peripheral neurodegenerative processes and L-dopa
neurotoxic metabolites. Prospective, randomized, clinical trials are required to identify factors associated with the
onset and progression of PD-associated PNP and clarify the protective role of B-group vitamin supplementation.

In 2008, Toth and colleagues described, for the first time, an
unexpectedly high prevalence of peripheral neuropathy (PNP) in
patients with Parkinson’s disease (PD).1,2 Since then, several
studies confirmed a pathological association between PNP, PD,
and dopamine-replacement therapies, estimating that up to 55%
of patients treated with oral levodopa, and 75% of those treated
with L-dopa/carbidopa intestinal gel (LCIG) infusion, may
develop clinical or subclinical signs of PNP during the course of
the disease.2,3

Although the pathogenesis of PD-related PNP remains uncer-
tain, at least two separate mechanisms seem to be involved: the iat-
rogenic effect of dopaminergic therapies, in particular L-dopa, and
the neurodegeneration of selected components of the peripheral

nervous system, which frequently remain subclinical. Mechanisms
linking L-dopa intake and PNP are unclear,4–6 but potentially
related to the metabolic pathway of L-dopa, which may result in
the accumulation of neurotoxins such as homocysteine (Hcy) and
methylmalonic acid (MMA; Fig. 1). The complex interplay
between L-dopa catabolic pathways and PD-specific neurodegener-
ative processes, also occurring in L-dopa-naïve patients,7 remains to
be clarified.

In this systematic review, we sought to critically analyze the
association between PNP and L-dopa, with particular attention
to oral versus infusion L-dopa therapy. In addition, we aimed to
review pharmacological strategies for the prevention and treat-
ment of L-dopa-associated PNP.
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Materials and Methods
Literature Search Strategy
We systematically searched PubMed for human studies published
in English between January 1990 and March 2018 using a

combination of the following search terms: “levodopa,” “duodenal
levodopa infusion,” “levodopa/carbidopa intestinal gel,” “LCIG,”
“neuropathy,” “peripheral neuropathy,” “polyneuropathy,”
“peripheral nervous system disease,” “vitamin B12,” “cobalamin,”
“vitamin B6,” “pyridoxine,” “vitamin B9,” “folate,” “methylmalo-
nic acid,” and “homocysteine.” No restrictions were applied to

FIG. 1. L-dopa metabolic pathway. L-dopa is methylated by COMT through donation of a methyl group by S-adenosylmethionine (SAM).
This reaction results in production of SAH and, then, Hcy, which is catabolized through two possible metabolic pathways: (1) remethylation
to methionine, which requires 5-methyltetrahydrofolate (5-CH3-THF) as a methyl donor and vitamin B12 (B12) as enzymatic cofactor;
(2) trans-sulfuration to cysteine, which requires vitamin B6 (B6) as a cofactor. This latter pathway results in the formation of L-
methylmalonyl-CoA, which is metabolized to succinyl-CoA or, in case of vitB12 deficiency, to MMA. As a final result, chronic intake of
L-dopa can lead to accumulation of Hcy and MMA, as well as to depletion of vitB6, vitB12, and folate. Abbreviations: 3-OMD,
3-O-methyldopa; 5,10-CH2-THF, 5,10-methylenetetrahydrofolate.
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sex, age, disease duration, disease severity, or diagnostic criteria used
for the diagnosis of PNP. Previously published literature reviews
were excluded, as well as book chapters, letters to the editor, edito-
rials not providing new data, and studies referring only to auto-
nomic neuropathy.

Study selection
We reviewed abstracts for relevance and searched the reference
lists for relevant articles not captured by the original searching
strategy. Included studies were checked for duplicates or studies
reporting data from the same population. In the latter case, the
longer follow-up available was used.

Data Extraction
The following data were extracted using a standardized form:
study design, study sample, length of follow-up (when present),
clinical and electrophysiological methodology used for the diag-
nosis of PNP, prevalence of PNP, PNP type (large fiber vs. small
fiber PNP), age, duration of L-dopa treatment, L-dopa equivalent
daily dose, measures of statistical association between L-dopa
dose/duration and PNP, measures of statistical association
between laboratory data (vitamin [vit]B6, vitB12, folate, MMA,
and Hcy), and PNP.

Data Analysis
Results were summarized as follows: prevalence of PNP; clinical/
demographic characteristics; association between L-dopa expo-
sure and PNP; association between biochemical alterations and
PNP; therapeutic strategies used for the management of PD-
associated PNP. Data from large vs. small fibers neuropathy
were reported separately. Studies reporting data from patients
receiving oral versus infusion dopaminergic therapies were
reported separately.

Results
Search Results
Of the 138 studies initially identified, 35 met the inclusion and
not one of the exclusion criteria and were included in the ana-
lyses; three additional studies were identified through the screen-
ing of the reference lists. Thus, a total of 38 studies underwent
data extraction (Supporting Information Table S1). Sixteen stud-
ies reported data from patients treated with oral L-dopa, 14 from
patients treated with LCIG, and three from both groups. Overall,
1,348 patients were considered, 451 of whom (33.5%) met the
diagnostic criteria for PNP. Five studies (four from patients trea-
ted with oral L-dopa and one from patients treated with LCIG),
for a total of 181 patients, used skin biopsies to analyze the
involvement of small unmyelinated peripheral nerve fibers, find-
ing significant alterations in 93.4% (169 of 181) of patients.

PNP and Oral L-dopa
The association between PNP and oral L-dopa was evaluated in
19 studies,1–3,8–23 including a total of 1,137 patients. A total of
353 PNPs were described, with a large predominance of slowly
progressive axonal neuropathy selectively involving the sensory
fibers. Estimated PNP prevalence, after excluding case series, was
30.2% (339 of 1,123). All studies used nerve conduction studies
in association with clinical symptoms and/or clinical validated
scales for the diagnosis of PNP. The only exception was repre-
sented by the study from Andreasson and colleagues,10 who
relied only on clinical scales for the diagnosis of PNP. After
removing the results from this study, estimated prevalence of
PNP decreased from 30.2% to 29.6% (323 of 1,090). Only
10 cases were classified as subacute15 (Supporting Information
Table S1).

Association With the Dose of L-dopa

The association between PNP and L-dopa dosage was evaluated
in 16 studies: 12 found an association between PNP and higher
doses of L-dopa,1–3,8,9,13–16,18,19,23 whereas four showed negative
results.10,12,17,20 Three studies did not provide any measures of
association between PNP and L-dopa dosage.11,21,22

The association between PNP and duration of L-dopa therapy
was evaluated in eight studies, with positive results in
4 cases.1,13,15,18 Ceravolo and colleagues18 described a 3.08-fold
increased risk of PNP in patients with long (more than 3 years)
versus short (less than 3 years) exposure to L-dopa.

Association With Biochemical Alterations

There were 15 studies testing the association between PNP and
vitB12, five of which (33.3%) showed a correlation between low
levels of vitB12 and PNP1,18,20–22 (Supporting Information
Table S1); 13 studies tested the association between PNP and
Hcy, 10 of which (77.0%) showed a correlation between high
levels of Hcy and PNP1–3,9,10,13,15,18,21,22 (Supporting Informa-
tion Table S1); nine studies tested the association between PNP
and folate, one of which (11.1%) showed a correlation between
low levels of folate and PNP19 (Supporting Information
Table S1); six studies tested the association between PNP and
MMA, four of which (66.7%) showed a correlation between
high levels of MMA and PNP1,2,8,21 (Supporting Information
Table S1); and one study tested the association between PNP
and vitB6, reporting low vitB6 plasma levels in patients with
PNP, as well as an association between low vitB6 plasma levels
and high doses of L-dopa.3

Small Fibers Neuropathy in PD Patients
Treated With Oral L-dopa

The association between oral L-dopa and small fiber neuropathy
was tested in four studies using skin biopsies, and assessing a total
of 164 patients, 62 of whom (37.8%) L-dopa-naïve.7,24–26 The
researchers found a reduction in the density of Meissner
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corpuscles, myelinated fibers, and intraepidermal nerve fiber
(IENFD) in the majority of cases. Two studies7,24 described an
association between higher L-dopa doses and reduced density in
the large fibers, but no significant differences in small fibers
pathology related to L-dopa intake. One study25 found an inverse
correlation between the cumulative dose of L-dopa and intraepi-
dermal fiber density, whereas another study26 did not find any
correlations between skin denervation and L-dopa cumulative
dose, but an inverse correlation between IENFD and disease
duration, possibly reflecting an association between small fibers
pathology and duration of L-dopa treatment.

Clinical Management of PNP in Patients
Receiving Oral L-dopa Therapy

There was only one 3-year prospective study1 analyzing the
management of PNP in patients receiving oral L-dopa therapy.
The researchers found that a therapeutic regimen based on
monthly vitB12 intramuscular injections might normalize plasma
levels of Hcy and MMA and stabilize peripheral nervous
system electrophysiological parameters in patients with cobalamin
deficiency.

PNP and LCIG
The association between PNP and LCIG was evaluated in
17 studies,3,5,15,16,27–39 including a total of 211 patients. A total
of 98 PNPs were described, with an acute or subacute onset in
35.7% of cases (n = 35). The vast majority of cases (90.8%;
n = 89) showed a sensory axonal PNP, whereas 9.2% (n = 9)
showed demyelinating features15,28,32,39 (Supporting Information
Table S1). Estimated PNP prevalence, after excluding case
reports and case series, was 42.1% (82 of 195).

Association With the Dose of LCIG

The association between PNP and LCIG dose was evaluated in
five studies: four found an association between PNP and higher
doses of LCIG.3,15,16,28 The only study that did not find any cor-
relations between PNP and LCIG dosage27 included participants
that preventively received supplementation with vitB2, vitB6,
vitB12, and folate. Twelve studies did not provide any measures
of association between PNP and LCIG doses.5,29–39

Association With Biochemical Alterations

There were 14 studies testing the association between PNP and
vitB12, 10 of which (71.4%) showed a correlation between low
levels of vitB12 and PNP3,5,29,31–36,38 (Supporting Information
Table S1); 11 studies tested the association between PNP and
Hcy, nine of which (81.8%) showed a correlation between high
Hcy and PNP3,15,28,31–34,36,38 (Supporting Information Table S1);
eight studies tested the association between PNP and folate, four
of which (50.0%) showed a correlation between low levels of
folate and PNP3,31,33,34 (Supporting Information Table S1); six
studies tested the association between PNP and vitB6 reporting,

in all cases, a correlation between low levels of vitB6 and
PNP3,15,29,32,34,36 (Supporting Information Table S1); and two
studies tested the association between PNP and MMA, reporting
high levels of MMA in patients with PNP36,38 (Supporting Infor-
mation Table S1).

Small Fibers Neuropathy in PD Patients
Treated With LCIG

The association between LCIG and small fiber neuropathy was
tested in one study using skin biopsies40 (Supporting Informa-
tion Table S1). Five LCIG patients were evaluated during a
12-months follow-up, showing a severe IENFD reduction after
3, 6, and 12 months of treatment. The researchers did not pro-
vide any measures of association between small fiber neuropa-
thy and LCIG doses.

Clinical Management of PNP in Patients
Receiving LCIG

No cases of LCIG discontinuation were reported in patients
developing slowly progressive, chronic PNP (n = 63). In 38 cases
(60.3%), the therapeutic approach was based on vitamin supple-
mentation, in particular vitB12. No data were reported in the
remaining 25 cases (39.7%).

LCIG was discontinued in 22 of the 35 cases (62.9%) develop-
ing an acute or subacute PNP. In addition, 6 cases (17.1%)
underwent intravenous immunoglobulin (IVIg) therapy, 3 (8.6%)
intravenous high dose steroids, 2 (5.7%) plasma exchange (PE),
and 1 (2.9%) received a treatment with IVIg, steroids, and
PE. All patients developing an acute or subacute PNP received
multivitamin supplementation. Interestingly, Rispoli and col-
leagues27 found that patients preventively treated with high-doses
multivitamin supplementation had a low incidence of LCIG-
induced PNP.

Discussion
This systematic review showed a 30.2% prevalence of PNP in
the population of PD patients treated with oral L-dopa and
42.1% in those treated with LCIG. Cases of PNP associated with
oral L-dopa were mostly characterized by a slowly progressive
axonal neuropathy selectively involving the sensory fibers,
whereas PNP cases associated with LCIG showed an acute or
subacute onset in 35.7% of cases, and frequently involved both
the motor and the sensory components of the peripheral nervous
system. The definition of PNP was based on different methodol-
ogies, in all but 1 case relying on electrophysiological criteria in
combination with neurological symptoms and/or validated clini-
cal scales. The majority of studies found an association between
PNP and L-dopa doses, as well as with selected biochemical
alterations, namely reduced vitB12 plasma levels and increased
Hcy and MMA plasma levels. Less data were reported on the
association between low vitB6 plasma levels and PNP. A
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multivitamin supplementation was empirically tried both in
patients treated with oral L-dopa and in those treated with LCIG,
showing positive yet preliminary results. No studies tested the
efficacy of B-group vitamin supplementation versus placebo for
the prevention of L-dopa-associated PNP.

Role of Aging: Prevalence of PNP
in PD Versus Age-Matched
Controls
Although 4.9% of the population between the ages of 65 and
69 might present with clinical or subclinical signs of PNP, with a
prevalence that reaches 6.4% between 70 and 74 years old,41,42

aging seems to only partially explain the increased risk of PNP
observed in PD patients treated with L-dopa. Rajabally and col-
leagues20 found a 4.7 higher prevalence of PNP in PD versus
age-matched controls, and Ceravolo and colleagues18 estimated
that age accounts for a 1.08-fold higher risk (i.e., 8% of annual
risk) of PNP in PD, whereas a long history of L-dopa exposure
might increase the risk of PNP by 2.38- to 3.08-folds.

L-dopa Iatrogenic Effect:
Biochemical Considerations
Data from our systematic review confirm the association between
increased Hcy plasma levels and PNP. Hcy may directly cause
neurotoxicity through an increased vulnerability to mitochondrial
toxins, induction of inflammatory reactions, glutamatergic excito-
toxicity, and impairment of DNA repairing mechanisms.4,5,43,44

Multiple evidence supports the notion that Hcy has a neurotoxic
effect not only in PD,45 but also in diabetes,46 and in the general
population of elderly subjects.47 A possible neuroprotective effect
of COMT inhibitors has been postulated in human subjects48 and
supported by animal studies.49 Cossu and colleagues11 recently
found that PD patients treated with COMT inhibitors had a
lower incidence of PNP, lower plasma levels of Hcy, and higher
vitB12 plasma levels.

VitB12 and vitB6 are two other major players in the iatro-
genic effect of L-dopa metabolism, mostly investigated in studies
from PD patients treated with LCIG. It has been suggested that a
continuous delivery of the viscous enteral gel might hamper the
functionality of the intestinal mucosa, eventually resulting in
malabsorption of vitamins that are critical for the peripheral ner-
vous system, such as vitB12 and vitB6.50 Deficiency of these two
critical cofactors may cause neuronal damage through multiple
pathogenic mechanisms, including elevation of Hcy plasma
levels, reduction of succinyl-CoA availability, and alteration of
vitB12-dependent RNA methylation, which may result in a
reduction of carbohydrate and fat metabolism, and in the impair-
ment of axonal protein production.5,51,52

MMA levels were found to be increased in almost all patients
with PD-associated PNP, but its pathogenic role in the complex
cascade of events associated with L-dopa-associated PNP remains
unclear.2 Some researchers suggested that MMA might represent
an early marker of cobalamin “functional” insufficiency, in

particular considering that up to 50% of patients with clinically
significant cobalamin deficiency have vitB12 plasma levels still
comprised within the normal range.2,53,54

L-dopa-Independent Peripheral
Nervous System Degeneration in
PD: Neuropathological
Considerations
There is evidence that PNP might result from a direct involve-
ment of the peripheral nervous system in PD.4 Skin biopsies
showed an increased prevalence of pathological alterations in
patients with PD compared to controls, as well as a reduction in
density of myelinated fibers, Meissner corpuscles, and intraepi-
dermal nerve fibers, regardless of L-dopa exposure. In particular,
all neuropathological studies demonstrated signs of small fiber
pathology also in L-dopa-naïve PD patients (i.e., reduced
IENFD), whereas only two studies25,40 found a correlation
between small fibers neuropathy and L-dopa doses. Aggregates of
ubiquitin, 14–3-3 protein, and peripheral alpha-synuclein were
also documented in peripheral axons,55 as well as in the skin,26

even in the prodromal phases of PD.7,24,56,57 In a cohort of over
5,000 L-dopa-naïve PD patients and 20,000 nonparkinsonian
controls, Conradt and colleagues58 found that PD is associated
with a 2.4-fold higher prevalence of PNP. Moreover, the preva-
lence of EMG-confirmed PNP, mostly asymptomatic, ranged
from 4.8% to 24.0%, in the revised studies that investigated also
L-dopa-naïve PD patients.15,17–19 Finally, a recent study from
our group9 found significant differences in the clinical phenotype
of PD patients with and without PNP, suggesting that peripheral
nervous system involvement represents a clinical endophenotype
of a more-aggressive form of PD, characterized by greater cogni-
tive impairment, nonmotor symptoms burden, and daily living
functional disability.

Acute, Subacute, and Chronic
PNP: A Different Pathogenesis?
Except for one study,15 the majority of cases of PNP associated
with oral L-dopa showed a chronic onset, with predominant sen-
sory axonal impairment. On the contrary, 35.7% of PNP cases
associated with LCIG showed an acute or subacute onset, which
might suggest immune medicated inflammatory mechanisms,
possibly triggered by the PEG-J tube or by the gel formulation.39

There are factors suggesting that neurodegenerative, toxic, or
carential factors rather than inflammatory mechanisms might be
involved in the pathogenesis of acute PNP in PD patients treated
with LCIG,5 including a neurophysiological pattern predomi-
nantly characterized by axonal rather than demyelinating
features,59 and the frequent association with vitB12 deficiency
and increased Hcy plasma levels. It has been estimated that one
third of vitB12 deficiency–induced PNP60 presents with a sub-
acute onset and a nonspecific albumin-cytological dissociation at
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the cerebrospinal fluid analysis,5 characteristics that have both
been described in LCIG-associated PNP.

Although the description of inflammatory infiltrates in the
nerve biopsies of PD patients with LCIG-associated PNP does
not permit to completely exclude the hypothesis of an inflamma-
tory mechanism underlying these unusual types of PNP, an
increased production of proinflammatory cytokines has also been
described in patients with vitB12 deficiency.61 Finally, acute
PNPs have been reported in patients undergoing bariatric
surgery,62 suggesting the possibility that any interactions with the
gastric and enteric mucosa can trigger a cascade of events eventu-
ally resulting in an acute or subacute PNP.

The Role of Genetic Factors
The possibility exists that genetic factors might play a role in the
susceptibility to L-dopa-related PNP. In particular, quantitative or
functional deficiency of 5,10-methylenetetrahydrofolate reductase
(MTHFR)63–66 could lead to an elevation of Hcy levels through
the decreased availability of 5-methyltetrahydrofolate and conse-
quent impairment of Hcy re-methylation in methionine. A
“low-activity” catechol-O-methyltransferase (COMT) genotype
(i.e., methionine homozygosis in the single-nucleotide polymor-
phisms A158G rs4680) has also been described10 and associated
with a greater risk of L-dopa-related PNP. Carriers of this specific
genetic variant might present with a particular susceptibility to
the S-adenosylhomocysteine (SAH)-mediated inhibition, with a
consequent peripheral cytotoxic effect.

Clinical Management of L-dopa-
Induced PNP
A strong level of evidence supports a role, at least partial, for
vitamins of the group B and related cofactors in the patho-
genesis of L-dopa-related PNP. Monitoring the plasma levels
of vitB6, vitB12, MMA, and Hcy is of utmost importance in
patients starting and continuing LCIG therapy, as well as in
patients with high oral L-dopa intake or at higher risk of PNP
(e.g., elderly, diabetic, known vitamin deficiency, and previ-
ous gastroenteric surgery). Some researchers suggested a peri-
odic clinical, electrophysiological, and biochemical assessment
in patients undergoing LCIG. A basic screening should
include regular monitoring of vitB12 and folate since the
beginning of the treatment, plus a determination of Hcy and
MMA in cases of borderline vitamin levels. Vitamin supple-
mentation should be started in all patients showing biochemi-
cal alterations or symptoms of PNP.6,33 Other empirical
approaches include a prophylactic supplementation with high
doses of vitB12 and folate since the beginning of LCIG.4

Rispoli and colleagues27 found a very low incidence of sub-
clinical PNP in 30 patients undergoing supramaximal supple-
mentation with vitB12, folic acid, vitB6, and vitB2 since the
early onset of LCIG treatment. Although extensive vitB6
supplementation is scarcely recommended because of the
interference with decarboxylase inhibitor and the potential

neurotoxic effect of pyridoxine megadoses,67 preliminary evi-
dence suggests that COMT inhibitors might be beneficial to
prevent the development of PNP in patients receiving L-
dopa treatment.11

The management of acute/subacute cases of PNP is more
controversial. In these researchers’ opinion, LCIG should be
discontinued in patients developing acute PNP. A clinical, elec-
trophysiological, and biochemical extensive workup is recom-
mended to exclude alternative causes of PNP and identify
possible specific causative factors such as vitamin deficiencies.
The choice of whether to restart LCIG should be taken only
after vitamin supplementation and careful analysis of the risk/
benefit profile associated with LCIG. Still, one third of the
cases reported in the literature opted for continuing
LCIG.3,15,29,34,36,37

Conclusions
L-dopa-induced PNP might result from a complex interlink
between peripheral nervous system neurodegenerative processes,
genetic predisposition, and pathogenic mechanisms associated
with the L-dopa metabolic pathway, which may result in Hcy
accumulation and vitamin deficiency. Prospective studies are
required to estimate the incidence of PNP in patients receiving
different dopamine-replacement therapies, stratify risk factors for
developing PNP, and clarify the protective role of vitamin
supplementations.
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