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Abstract
Background  Neuropathic symptoms are commonly reported in Parkinson’s disease (PD), but robust data on the epidemiol-
ogy of such symptoms are lacking. The present study sought to investigate the prevalence and determinants of peripheral 
sensory neuropathic symptoms (PSNS) in idiopathic PD (IPD) and ascertain the effects of such symptoms on the patients’ 
quality of life (QoL).
Methods  Patients with IPD and age-matched and gender-matched controls were screened for neuropathic symptoms using 
the Michigan Neuropathy Screening Instrument. The impact of neuropathic symptoms on QoL was investigated using the 
36-Item Short Form Survey.
Results  Fifty-two patients and 52 age-matched and gender-matched controls were recruited. PSNS were reported more 
frequently in patients with IPD than in the control subjects (57.7 versus 28.8%, p = 0.003). No significant relationships were 
found between PD-related clinical characteristics (i.e. disease severity and duration, duration of exposure to levodopa) and 
the presence of PSNS. Significant correlations were found between the number of PSNS and physical functioning (Spear-
man’s Rho − 0.351), even after adjusting for age, gender and Hoehn and Yahr score.
Conclusion  Our results support the notion of a greater prevalence of PSNS in IPD patients as compared to the general 
population, which, at least in part, may be secondary to large and/or small fibre peripheral neuropathy. This warrants further 
investigation in larger studies that include detailed neurophysiological assessments.

Keywords  Idiopathic Parkinson’s disease · Neuropathic symptoms · Non-motor symptoms · Peripheral neuropathy · 
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Introduction

Peripheral neuropathic symptoms (PNS) usually arise from 
lesions of the peripheral nervous system. Peripheral nerve 
disorders can involve different types of nerve fibres and 
determine the type of neuropathic symptom experienced. 

For example, damage to small fibres (Aδ and C fibres) can 
give rise to burning pain, and/or dysautonomia [1, 2]. Large 
fibre (Aα and Aβ) involvement leads to tingling and loss 
of pinprick and vibration sensation. When motor fibres are 
affected, weakness may also manifest [3]. A particularly 
debilitating peripheral neuropathic symptom is pain, which 
can occur in both small and large fibre neuropathies. The 
pain is often described as burning and can be often accom-
panied by sharp, aching, lancinating sensations particularly 
of the limbs, most commonly distally [4].

Idiopathic Parkinson’s disease (IPD) has a range of car-
dinal motor and non-motor symptoms (NMS) that often 
progress in parallel [5–9]. Possible involvement of the 
small and large nerve fibres can lead to some of the NMS 
in IPD, such as orthostatic hypotension, urinary difficulties 
(autonomic dysfunction) and sensory abnormalities such 
as paraesthesias and pain. These symptoms compound the 
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disease burden in IPD and have been found to contribute 
substantially to quality of life (QoL) decline and perhaps to 
a greater extent than motor symptoms [10–13]. Such symp-
toms may receive scant attention in movement disorders 
clinics where treatment response concentrates primarily on 
motor symptoms.

This study aimed to describe the prevalence of the periph-
eral sensory neuropathic symptoms (PSNS) in IPD patients 
as compared with control subjects without IPD, to identify 
determinants of such symptoms and investigate their overall 
impact on patient QoL.

Methods

This was a prospective, single centre, case-controlled, cross-
sectional study of consecutive patients with IPD attending a 
dedicated movement disorders clinic.

Study group

Patients with clinically diagnosed Idiopathic Parkinson’s 
disease meeting the relevant diagnostic criteria [14] were 
identified and recruited from a tertiary Movement Disor-
der Clinic at the Sheffield Teaching Hospitals NHS Trust. 
Individuals without IPD were also invited to participate in 
the study to form an age-matched and sex-matched control 
group.

All patients and controls provided informed consent for 
participation. Ethical approval for the identification and 
recruitment of such patients was received from the NHS 
Health Research Authority (IRAS220562), and the Univer-
sity of Sheffield institutional ethics review board.

Data collection

For patients with IPD; demographic data, the age at PD 
symptom onset, age at diagnosis, and start date of levodopa 
therapy were obtained. Reviews of patient drug charts and 
clinical notes were conducted to calculate the total cumula-
tive levodopa dose each patient had received from initiation 
and the duration of use. The current medication regime for 
PD including dosage was also recorded. A levodopa equiva-
lent daily dose (LEDD) was calculated for each PD patient 
at the time of recruitment using standardised levodopa for-
mulae as described by Tomlinson et al. [15]. This comprised 
the patients’ daily dose of anti-parkinsonian drugs converted 
into a subtotal levodopa equivalent dose by the respective 
drug conversion factor. The individual subtotal levodopa 
equivalent doses were summed to give the total LEDD. A 
retrospective drug chart and clinical notes review was per-
formed in order to calculate the total cumulative levodopa 
each patient had over the years.

Hoehn and Yahr (H&Y) score was given for each IPD 
patient. The H&Y scale is an assessment scale validated for 
PD, used to compare groups of patients and provide gross 
assessment of disease progression [16, 17].

A history of possible risk factors and co-morbidities that 
could contribute to the presence or development of neuro-
pathic symptoms was elicited from both PD patients and 
healthy control participants. Subjects with personal and fam-
ily history of neuropathy, diabetes, thyroid disease, cancer, 
coeliac disease/gluten sensitivity and excessive alcohol con-
sumption were excluded from this study.

The 36-Item Short Form Survey (SF-36), a self-reported 
measure of health status and quality of life [18–20], was used 
to determine patient health-related quality of life by scoring 
across eight health and QoL concepts over the preceding 
4 weeks. These domains include physical functioning; role 
limitations due to physical health; role limitations due to 
emotional problems; energy/fatigue; emotional well-being; 
social functioning; pain; general health. Each item is meas-
ured using a Likert-type scale. Scores were converted and 
analysed according to the procedure for the SF-36 [21], such 
that higher scores (out of a total of 100 for each domain) 
constitute better health-related quality of life in this domain.

The 15-item medical history questionnaire of the Michi-
gan Neuropathy Screening Instrument (MNSI), self-com-
pleted by patients, was used to assess the presence and nature 
of PSNS [22]. The MNSI is used widely for the evaluation of 
distal symmetrical peripheral neuropathy and has two parts: 
a 15-item questionnaire and a lower extremity examination 
that includes inspection and assessment of vibratory sen-
sation and ankle reflexes [22]. The two parts can be used 
separately as they show similar abilities in predicting con-
firmed clinical neuropathy (area under the receiver operating 
characteristic curve is 0.73 for the questionnaire and 0.76 
for the examination) [23]. For the analysis we excluded the 
MNSI items that are not specific to peripheral nerve fibre 
involvement, such as Item 10 (Do your legs hurt when you 
walk?). We included the following six PSNS: numbness 
(Item 1, “Are your legs and/or feet numb?”), burning pain 
(Item 2, “Do you ever have any burning pain in your legs 
and/or feet?”), hypersensitivity (Item 3, “Are your feet too 
sensitive to touch?”), tingling (Item 5, “Do you ever have 
any prickling feelings in your legs or feet?”), allodynia (Item 
6, “Does it hurt when the bedcovers touch your skin?”) and 
temperature sensation (Item 7, “When you get into the bath 
or shower, are you able to tell the hot water from the cold 
water?”).

Statistical analyses

Data from individual participants were statistically analysed 
via the Statistical Package for the Social Sciences (SPSS 
Statistics, version 23).
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Frequencies and descriptive statistics were examined for 
each variable. Comparisons between PD patients and healthy 
controls were made using Mann–Whitney’s U test for non-
parametric continuous data, Student’s t test for parametric 
continuous data and Chi square or Fisher’s exact test for 
categorical data. Correlations between SF-36 domain scores, 
and total number of neuropathic symptoms were examined 
using Spearman’s correlations. Spearman’s Rho values 
below 0.30 were interpreted as showing a weak correlation, 
between 0.30 and 0.59 as showing a moderate correlation 
and values above 0.60 as showing a strong correlation [24].

Where statistically significant correlations or differences 
were found, these variables were entered into a multiple lin-
ear regression model in order to examine the relationships 
between these independent variables and the SF-36 domain 
scores (set as the continuous dependent variable).

The level of statistical significance was set at 0.05.

Results

Study population

Fifty-two patients with IPD and 52 age-matched and gender-
matched controls were recruited. Table 1 summarises the 
demographic characteristics of the two groups.

For the clinical characteristics of the PD group, mean 
duration of disease was 8.6 ± 5.9 years (range 2–27 years). 
Both mean H&Y score was 2.0 ± 0.8 (median 2.0, inter-
quartile range 1.5–2.5). The mean duration of treatment 
with levodopa, was 6.4 ± 5.6 years (range 1–26 years). The 
mean current LEDD was measured at 839.0 ± 508.1 mg, 
while the mean cumulated levodopa dose for the group was 
1.02 ± 1.33 kg.

Neuropathic symptoms in IPD patients and healthy 
control participants

As shown in Table 1, IPD patients reported higher total 
number of neuropathic symptoms as compared to controls 
(1.1 ± 1.3 versus 0.5 ± 0.8, p = 0.003). In total, 57.7% of PD 
patients experienced at least 1 PSNS as compared to 28.8% 
in the control group (p = 0.003). PD patients experienced 

Table 1   Demographic data, the 
presence of PSNS and quality of 
life in PD patients and healthy 
control participants

PD Parkinson’s disease, PSNS peripheral sensory neuropathic symptoms, SD standard deviation

PD patients (n = 52) Healthy controls 
(n = 52)

p value*

Demographics
 Age, in years (SD) 68.1 (8.4) 66.8 (10.0) 0.480
 Male gender (%) 38 (73.1) 38 (73.1) 1.000

PSNS
 Numbness (%) 14 (26.9) 4 (7.7) 0.010
 Burning pain (%) 12 (23.1) 4 (7.7) 0.030
 Hypersensitivity (%) 8 (15.4) 1 (1.9) 0.031
 Tingling (%) 17 (32.7) 9 (17.3) 0.070
 Allodynia (%) 4 (7.7) 3 (5.8) 0.696
 Loss of temperature sensation (%) 2 (3.8) 3 (5.8) 0.647
 At least 1 PSNS (%) 30 (57.7) 15 (28.8) 0.003
 Total number of PSNS (%) 1.1 (1.3) 0.5 (0.8) 0.003

Quality of life
 Physical functioning, mean score (SD) 49.2 (26.6) 77.9 (23.2) < 0.001
 Physical role limitations, mean score (SD) 40.7 (31.2) 77.0 (25.9) < 0.001
 Emotional role limitations, mean score (SD) 61.2 (36.0) 83.0 (25.6) 0.001
 Energy/fatigue (vitality), mean score (SD) 42.2 (18.8) 56.3 (20.3) < 0.001
 Emotional well-being, mean score (SD) 63.2 (22.8) 73.8 (16.7) 0.008
 Social role, mean score (SD) 50.7 (28.8) 78.8 (26.0) < 0.001
 Bodily pain, mean score (SD) 48.1 (31.3) 68.5 (27.6) 0.001
 General health perceptions, mean score (SD) 35.7 (19.1) 64.0 (20.1) < 0.001
 Perceived health change, mean score (SD) 38.0 (21.9) 49.0 (18.5) 0.006
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numbness, burning pain and hypersensitivity more than con-
trols. The two groups, however, did not differ significantly 
in symptoms of allodynia, tingling and loss of temperature 
sensation. The total number of PSNS did not differ signifi-
cantly between male and female patients (1.2 ± 1.4 versus 
0.9 ± 0.9, respectively, p = 0.565). No significant correla-
tion between the total number of PSNS and the patient’s 
age was observed (Spearman’s Rho − 0.007, p = 0.963), or 
the total number of PSNS and the H&Y score (Spearman’s 
Rho 0.161, p = 0.254).

Quality of life in IPD patients and healthy control 
participants

Table  1 also summarises the quality of life measures 
assessed with the SF-36 survey in both groups. As expected, 
there was a significant difference between the control group 
and the IPD group across all QOL measures. PD patients 
had lower scores, reflecting an impaired quality of life in 
PD patients.

PD‑related clinical characteristics and neuropathic 
symptoms

IPD patients with and without neuropathic symptoms did 
not differ significantly regarding the mean disease duration, 
disease severity, current LEDD, years of levodopa exposure 
and cumulated levodopa (Table 2).

Impact of neuropathic symptoms on IPD QoL

Table 3 summarises the correlations between the number 
of PSNS and the different QoL aspects. Significant correla-
tions were found in physical functioning (Spearman’s Rho 
− 0.351).

After adjusting for age, gender and H&Y score, the total 
number of PSNS was still correlated significantly with the 
physical functioning score (beta − 0.282, p = 0.034).

Table 2   Clinical characteristics 
of PD patients with and without 
peripheral sensory neuropathic 
symptoms

PD Parkinson’s disease, PSNS peripheral sensory neuropathic symptoms, SD standard deviation, LEDD 
levodopa equivalent daily dose

Patients with PSNS 
(n = 30)

Patients without PSNS 
(n = 22)

p value*

Age, in years (SD) 68.3 (8.8) 67.8 (8.1) 0.830
Male gender (%) 21 (70.0) 17 (77.3) 0.550
PD duration, in years (SD) 9.7 (6.2) 7.2 (5.4) 0.137
H&Y score (SD) 2.2 (0.9) 1.9 (0.6) 0.235
Duration on levodopa, in years (SD) 7.2 (5.7) 5.4 (5.4) 0.259
Current LEDD, in mg (SD) 845.0 (429.7) 830.8 (609.9) 0.922
Cumulated levodopa, in kg (SD) 1.16 (1.11) 0.8 (1.6) 0.406

Table 3   Correlations between the burden of PSNS and QοL in PD 
patients

PSNS peripheral sensory neuropathic symptoms, QoL quality of life, 
PD Parkinson’s disease

QοL measures Total 
number of 
PSNS

Physical functioning
 Spearman’s Rho − 0.351
 p value 0.011

Physical role limitations
 Spearman’s Rho − 0.189
 p value 0.180

Emotional role limitations
 Spearman’s Rho − 0.226
 p value 0.108

Energy/fatigue
 Spearman’s Rho − 0.126
 p value 0.374

Mental health/emotional well-being
 Spearman’s Rho − 0.104
 p value 0.463

Social role
 Spearman’s Rho − 0.121
 p value 0.392

Bodily pain
 Spearman’s Rho − 0.069
 p value 0.627

General health perceptions
 Spearman’s Rho − 0.223
 p value 0.112

Reported change
 Spearman’s Rho − 0.236
 p value 0.093
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Discussion

Our study aimed to establish the prevalence of PSNS in a 
cohort of IPD patients and compare this with age-matched 
and gender-matched controls without IPD. We also aimed 
to investigate the effect of such symptoms on the QOL in 
IPD patients.

The prevalence of neuropathic symptoms in patients 
with IPD was two times higher when compared to controls. 
This finding is concordant with a recent meta-analysis that 
showed the prevalence of PN in IPD to be double that 
found in the general population [25, 26]. The range of 
PSNS within our IPD population was wide, however sig-
nificant differences were found in the specific symptoms of 
numbness, burning pain and hypersensitivity. The last two 
symptoms in particular are suggestive of underlying small 
fibre neuropathy (SFN). It is therefore possible that SFN 
may be more prevalent in IPD. Such pain is not captured 
by the King’s Parkinson’s disease Pain Scale (KPPS), a 
novel validated questionnaire for pain in PD [27]. The 
most relevant to SFN question in the KPPS is this of 
“burning pain associated with oedema or dopaminergic 
treatment” (domain 6, item 12). However, patients with 
IPD report burning pain even in the absence of oedema 
and pain not related to their treatment. Therefore, addi-
tion of an 8th domain to the KPPS that will be addressing 
peripheral neuropathic pain is recommended so to capture 
patients with SFN, which seems to be prevalent in IPD.

There is no robust evidence supporting any direct asso-
ciation between the development of PN (confirmed neu-
rophysiologically) in IPD and demographic or PD-related 
characteristics including intrinsic effects of PD treatment. 
Ceravolo et al. described age and duration of exposure 
to levodopa as main risk factors for the development of 
neuropathy in IPD, in a PD population stratified by levo-
dopa exposure [28]. Contrary to this study, several stud-
ies found levodopa does not influence the development or 
progression of PN in IPD. Nolano et al. reported no differ-
ence in the fibre density (measured through skin biopsies) 
between treated and untreated patients [29]. Shahrizaila 
et al. showed that electro-diagnostic criteria for distal sym-
metric polyneuropathy were fulfilled in similar proportions 
of treated and treatment-naïve patients [30] while Raja-
bally and Martey reported that only age and serum folate 
concentration correlated with PN in IPD [31].

The present study did not confirm any previously 
described associations between neuropathy and PD-related 
characteristics [28–31] as no correlations between the 
presence of PSNS and the duration of levodopa exposure 
(years), the duration of disease, the age and the PD sever-
ity were found. One of the novelties of our study was that 
we calculated the cumulative levodopa dose for each of the 

IPD subjects, which was also found not to correlate with 
the presence of neuropathic symptoms. The contradicting 
existing literature is consistent with multifactorial deter-
minants of neuropathic symptoms in PD.

Lower scores on the SF-36 reflect poorer health status 
and QoL. In our IPD population, the presence of PSNS had a 
significant impact on the physical functioning as assessed by 
the SF-36, even after adjusting for age, gender and disease 
duration. The correlation between QoL measures and physi-
cal disability in IPD has been shown previously [32] but the 
demonstration that PSNS represent a significant burden to 
patients with IPD is new.

Our findings should be interpreted with some caution 
given the limitations of our study design. Firstly, the results 
of the study may be subject to selection bias as it was a 
single-centre hospital-based study rather than a community 
based or a multi-centre study. Also some of the measure-
ments (such as the cumulative levodopa) were based on a ret-
rospective review of clinical notes and drug charts and there-
fore a bias is possible. Although we used a validated tool 
for capturing a wide range of PSNS, some of the symptoms 
reported may still not be the result of underlying peripheral 
neuropathy but of central origin, for example central neuro-
pathic pain due to thalamic impairment. Therefore, we could 
not provide firm evidence about the presence of a large fibre 
or a small fibre neuropathy. For this, a further study that 
incorporates conclusive diagnosis of neuropathy is needed. 
Such a study should include full neurophysiological assess-
ment for the presence of large fibre peripheral neuropathy 
and quantitative sensory testing, sudo-motor examination, 
corneal confocal microscopy and/or a skin biopsy for the 
assessment of small fibre dysfunction.

In conclusion, our findings suggest a higher prevalence 
of peripheral sensory neuropathy symptoms in IPD with a 
significant impact on patients QoL. Precise determinants of 
such symptoms and possible underlying pathophysiological 
mechanisms have been suggested, but remain debated in the 
current literature. No evidence for PD-related risk associa-
tions was obtained in this study, highlighting the need for 
larger scale cohort studies and carefully planned prospective 
studies with full neurophysiological assessments for periph-
eral neuropathy.
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