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Pain is a common non-motor symptom in Parkinson’s disease (PD) patients, and the incidence of fluctuating pain
may be improved by taking levodopa. There are only a few detailed reports regarding fluctuating pain. In this
study, 331 PD patients were classified into three groups: no-pain group (67.4%), non-fluctuating pain group
(22.1%), and fluctuating pain group (10.6%). We evaluated patients’ background and its impact on the quality of
life (QOL) of each group. The pain group exhibited higher levels of depression (p < 0.0001), had a higher fre-
quency of visual hallucinations (p = 0.007), and lower QOL (p < 0.0001) compared with the no-pain group. The
fluctuating pain group had a younger onset (p = 0.006), higher Hoehn & Yahr stage (p = 0.018), and higher
frequency of wearing-off (p < 0.001) and dyskinesia (p = 0.007) than the other groups. We compared the
Parkinson’s Disease Questionnaire-8 summary index (PDQ-8 SI) in each pain group to the no-pain group using
analysis of variance. As a result, PDQ-8 SI was significantly higher in both the non-fluctuating and fluctuating
pain groups (p < 0.0001). Pain is regarded as a non-negligible symptom that affects the QOL of PD patients, and
given the unique characteristics, fluctuating pain might be considered as an independent clinical subtype of PD.

1. Introduction

Pain is a common non-motor symptom in patients with Parkinson’s
disease (PD) and the impact of this pain on quality of life (QOL) in PD
patients is significant [1]. According to previous reports, the prevalence
of pain complications in PD patients varies from 40% to 85% [2-4].
Ford’s classification for PD-related pain entails the following five types:
musculoskeletal pain, radicular-neuropathic pain, dystonic pain, central
or primary neuropathic pain, and other pain [5]. Pain can antedate
motor symptoms by years and occur at any disease stage of PD [6];
however, as the disease progresses, the prevalence of pain increases due
to additional factors such as dyskinesia, dystonia, and postural
abnormalities.

Both motor and non-motor symptoms in PD patients fluctuate,
reflecting synaptic dopamine concentration, and pain can also be
exacerbated during an off period [7]. PD patients with fluctuating pain
have been reported to have a lower QOL than PD patients without
fluctuating pain [8]; however, little is known about the overall rate of
occurrence of fluctuating pain and its clinical characteristics. Therefore,

in this study, we evaluated the prevalence and clinical characteristics of
PD patients with fluctuating pain, we also estimated the impact of
fluctuating pain on QOL by adding other variables.

2. Materials and methods

This cross-sectional retrospective study was performed at the
Department of Neurology, Fukuoka University Hospital from December
14, 2016 to March 31, 2020. The study protocol was approved by the
ethics committee of our hospital (U20-04-001). The subjects included
331 PD patients. A diagnosis of PD was made according to the Movement
Disorder Society Clinical Diagnostic Criteria for PD [9] and those pa-
tients that met the diagnostic criteria for definite or probable PD were
included in the study. Exclusion criteria included dementia and
disagreement with this study. Dementia was defined by a Mini Mental
State Examination (MMSE) score of <23 points.

Patient information including age, sex, age at disease onset, disease
duration, as well as presence of wearing off, dyskinesia, REM sleep
behavior disorder, and visual hallucinations were extracted from each
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patient’s medical record. Disease severity of each patient was defined
according to the Hoehn & Yahr stage [10]. Motor symptoms were
evaluated using the Movement Disorder Society-Unified Parkinson’s
Disease Rating Scale (MDS-UPDRS) part III [11]. Cognitive function was
assessed with the Japanese version of The Montreal Cognitive Assess-
ment (MoCA) [12,13] and MMSE. The severity of depression was eval-
uated by the Zung self-rating depression scale (SDS) [14]. The
evaluation of wearing-off was performed using 9-symptom Wearing-off
Questionnaires (WOQ-9) [15,16]. We defined wearing-off as when anti-
Parkinson’s medication improved two or more symptoms according to a
previous report [17]. The patient’s QOL was evaluated by the Parkin-
son’s Disease Questionnaire-8 (PDQ-8) [18], and the total score (PDQ-8
SUM) and summary index (PDQ-8 SI) were calculated [19]. The patients
were classified into three groups: no-pain group, non-fluctuating pain
group, and fluctuating pain group according to Question 5 of WOQ-9; we
compared the backgrounds, the correlation with QOL, and the correla-
tion with other scales. We performed these evaluations during patients’
on state.

The data were analyzed using IBM SPSS v.26 and SAS software v.9.4.
All data were presented as mean + standard deviation (SD) or as n (%).
Continuous variables were compared using analysis of variance
(ANOVA) while categorical variables were compared using the chi-
squared test. Age at the assessment, age at disease onset, disease dura-
tion, Hoehn & Yahr stage, MDS-UPDRS part III, PDQ-8 SUM, PDQ-8 SI,
MMSE, and MoCA among the three groups were analyzed by one-way
ANOVA with Tukey’s post hoc test. Sex, wearing-off, dyskinesia, RBD,
and hallucinations among the three groups were analyzed by chi-square
test. We compared PDQ-8 SI and PDQ-8 SUM according to the subtypes
of pain using ANOVA and analysis of covariance (ANCOVA) with
Tukey’s post hoc test including age, sex, duration, MDS-UPDRS Part III,
and SDS as covariates. In addition, we compared these clinical param-
eters between the two groups: the no pain group and pain group, and the
non-fluctuating pain group and fluctuating pain group, and analyzed
these using the Mann-Whitney test and the chi-square test.

Furthermore, the patient population that had wearing-off and
dyskinesia was also classified into three groups: no-pain group, non-
fluctuating pain group, and fluctuating pain group; the same analyses
were performed across these groups. Age, age of onset, disease duration,
Hoehn & Yahr stage, UPDRS part III, PDQ8-SUM, PDQ-8-SI, MMSE, and
MoCA were analyzed by one-way ANOVA. Sex, wearing-off, dyskinesia,
RBD, and hallucinations among the three groups were analyzed by chi-
square test. All p-values <0.05 were considered significant.

3. Results

In a total of 331 subjects (female: 208), 223 (67.4%) were classified
into the no-pain group, 73 (22.1%) into the non-fluctuating pain group,
and 35 (10.6%) into the fluctuating pain group. Table 1 shows the
clinical characteristics of the patients and comparisons among the three
groups. Fig. 1a summarizes the ratio of the patients, who had symptoms
and whether or not they had improved with anti-Parkinson’s medication
for each item of WOQ-9. Fig. 2b shows the same analysis among those
patients who experienced wearing-off. There was no significant differ-
ence among the groups regarding sex, age at the assessment, disease
duration, MDS-UPDRS part III, MMSE, MoCA, and presence of RBD. The
mean age at disease onset was lower in the fluctuating pain group (vs. no
pain: p = 0.004, vs. non fluctuating pain: p = 0.028 with Tukey’s post
hoc test). There was no significant difference in the mean disease
duration across the three groups after adjusting for multiple compari-
sons using Tukey’s post hoc test (fluctuating pain vs. no pain: p = 0.067,
fluctuating pain vs. non fluctuating pain: p = 0.120). The no pain group
had lower mean PDQ-8 SUM scores (vs. fluctuating pain: p = 0.003, vs.
non fluctuating pain: p < 0.0001 with Tukey’s post hoc test) and PDQ-8
SI (vs. fluctuating pain: p < 0.0001, vs. non fluctuating pain: p < 0.0001
with Tukey’s post hoc test), lower mean SDS scores (vs. fluctuating pain:
p = 0.0004, vs. non fluctuating pain: p < 0.0001 with Tukey’s post hoc
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Table 1
Baseline clinical characteristics and comparison among three groups.
Total (n No pain Non- Fluctuating p-value
=331) n= fluctuating pain (n =
223) pain (n = 35)
73)
Sex, male (n) 123 83 29 (39.7%) 11 (31.4%) 0.705
(37.2%) (37.2%)
Age (y) 68.2 69.0 67.8 (11.5) 63.4 (12.0) 0.057
(10.6) (10.0)
Age at onset 61.2 62.2 60.9 (12.2) 54.4 (13.3) 0.006
) (11.4) (10.6)
Duration (y) 7.1 6.9 6.9 (4.7) 9.1 (3.6) 0.008
(4.8) (4.9)
H&Y 2.6 2.6 2.6 (0.8) 3.0 (0.7) 0.018
(0.8) 0.7)
UPDRS Part 29.1 28.4 30.0 (14.4) 32.2(14.7) 0.257
111 (13.8) (13.6)
SDS 42.8 41.1 45.6 (10.8) 49.2 (10.2) <0.0001
(10.2) (9.5)
MMSE 28.0 27.9 27.9 (1.8) 28.6 (1.4) 0.523
(1.8) (1.9
MoCA 24.0 24.0 23.5(3.7) 25.5 (3.7) 0.095
(3.6) (3.5)
Wearing off 139 84 23 (31.5%) 32 (91.4%) <0.0001
(n) (42.0%) (37.7%)
Dyskinesia (n) 80 47 17 (23.3%) 16 (45.7%) 0.007
(24.2%) (21.1%)
RBD (n) 159 101 37 (50.7%) 21 (60%) 0.236
(48.0%) (45.3%)
Hallucination 74 40 26 (35.6%) 8 (22.9%) 0.007
(n) (22.4%) (17.9%)
PDQ-8 SI 20.7 16.0 29.3 (20.6) 35.8 (23.5) <0.0001
(19.0) (15.7)
PDQ-8 SUM 6.7 4.9 10.2 (6.6) 11.6 (7.3) <0.0001
(6.1) (4.9)

H&Y: Hoehn & Yahr scale.

UPDRS: Unified Parkinson’s Disease Rating Scale.

PDQ-8 SI: The Parkinson’s Disease Questionnaire-8 summary index.
PDQ-8 SUM: The Parkinson’s Disease Questionnaire-8 sum score.
SDS: Self-rating Depression Scale.

MMSE: Mini-Mental State Examination.

MoCA: The Montreal Cognitive Assessment.

RBD: REM sleep behavior disorder.

All data are presented as mean (standard deviation) or n (%).

test), and lower prevalence of visual hallucination (p = 0.007) compared
to the other group. The fluctuating pain group had a higher Hoehn &
Yahr stage (vs. no pain: p = 0.017, vs. non fluctuating pain: p = 0.024
with Tukey’s post hoc test), and higher frequency of wearing-off (p <
0.0001) and dyskinesia (p < 0.0001) compared to the other groups. The
frequency of comorbid fluctuating pain according to the severity of PD
was 4.8% of the patients with Hoehn & Yahr stage <2.5, and 15.1% of
patients with Hoehn & Yahr stage >2.5 (Fig. 2). In addition, we
compared PDQ-8 SI and PDQ-8 SUM in each pain group to the no-pain
group by analysis of variance and analysis covariance using Tukey’s
post hoc test which was performed with age, sex, Hoehn & Yahr stage,
UPDRS Part III, SDS, and duration of illness as covariates. As a result,
PDQ-8 SI and PDQ-8 SUM were significantly higher in both the non-
fluctuating and fluctuating pain groups (Table 2). Among PD patients
with wearing-off, a longer disease duration, higher Hoehn & Yahr stage,
higher PDQ-8 SI and PDQ-8 SUM, and higher SDS were seen in the
fluctuating pain group (Supplementary Table 1). Among PD patients
with dyskinesia, a higher age, younger age of onset, higher PDQ-8 SI and
PDQ-8 SUM, and higher SDS were seen in the fluctuating pain group
(Supplementary Table 2). A comparison between the no pain group and
the pain group showed higher PDQ-8 SI and PDQ-8 SUM, higher SDS,
and a higher frequency of wearing-off and hallucination in the pain
group (Supplementary Table 3). A comparison between the non-
fluctuating pain group and the fluctuating pain group showed a
younger age at disease onset, longer disease duration, higher Hoehn &
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Fig. 2. Prevalence of pain by classification using the Hoehn & Yahr scale.

Table 2
PDQ-8 SI and PDQ-8 SUM according to the subtypes of pain.

Univariable model

Multivariable model

No pain Non-fluctuating pain Fluctuating pain No pain Non-fluctuating pain Fluctuating pain
PDQ-8 SI
Difference (95% CI) reference 13.8 (9.1-18.5) 20.7 (14.4-27.9) reference 9.3 (5.3-13.3) 12.1 (6.3-17.8)
p-value <0.00001 <0.0001 <0.0001 0.0001
PDQ-8 SUM
Difference (95% CI) reference 3.3 (1.9-4.6) 3.1 (1.3-5.0) reference 2.5(1.1-3.9) 3.1 (1.1-5.0)
p-value <0.0001 0.0025 0.0011 0.0067

PDQ-8 SI: The Parkinson’s Disease Questionnaire-8 summary index.
PDQ-8 SUM: The Parkinson’s Disease Questionnaire-8 sum score.
CI: confidence interval.

For univariable analysis, mean differences, 95% confidence intervals and p values were estimated using one-way ANOVA with Tukey’s post hoc test.
For multivariable analysis, mean differences, 95% confidence intervals and p values were estimated using ANCOVA with Tukey’s post hoc test which included age, sex,

duration, MDS-UPDRS Part III and SDS as covariates.

database, overall prevalence of pain in PD patients was 32.6%, and
32.4% of the patients who experienced pain showed fluctuating pain.
The fluctuating pain group had a younger disease onset, greater disease
severity, and higher frequency of wearing-off and dyskinesia.

Wearing-off is more likely to occur in PD patients who have received
levodopa treatment for a longer period of time, have a younger disease
onset, and a greater disease severity [20-22]. In our study, the patient
characteristics of the fluctuating pain group were quite similar to those
of patients who had risk of developing wearing-off. Alternately, the no-
pain group and non-fluctuating pain group did not show a significant
difference between the groups related to the items. The fluctuating pain
of PD, as evaluated by the King’s Parkinson’s Disease Pain Scale, was
present in 41.3% of the patients with pain, and the results showed no
difference between the severity of PD and the prevalence of fluctuating
pain [23]. Of all the patients who experienced pain in our study, 32.4%
reported fluctuating pain. Of all the patients in our study, 10.6% re-
ported fluctuating pain. In addition, 4.8% of patients with Hoehn & Yahr
stage <2.5 had fluctuating pain, whereas 15.1% of the patients with
Hoehn & Yahr stage >2.5 had fluctuating pain. The fluctuating pain
group had a higher Hoehn & Yahr stage (p = 0.003). This result may
show that, although pain can develop at any PD stage, fluctuating pain
tends to occur in the advanced stage (Fig. 2). Fluctuating pain may have
a higher complication rate as the disease progresses, similar to wearing
off [24].

Longer duration of PD and younger onset have been reported to be a
risk for the development of dyskinesia [21] [25]. In our study, PD pa-
tients with fluctuating pain shared common characteristics such as early
disease onset and longer duration with dyskinesia patients. There is a
report demonstrating that PD patients with dyskinesia show increased

cold pain threshold and tolerance after levodopa administration [26].
Therefore, it is suggested that the pain could perhaps be the fluctuating
type, as opposed to the persistent type, in advanced PD patients due to a
change in pain threshold.

In this study, the overall proportion of patients with fluctuating pain
was 10.6%, but the proportion among patients with wearing-off and
dyskinesia increased to 23.0% and 20.0% (Supplementary Table 1 and
2), respectively. In conclusion, both wearing-off and dyskinesia are
important factors that cause fluctuating pain.

In the PRIAMO study, depression was seen in 23.6% and anxiety in
24.9% at the onset of PD [27]. As the stage progresses, the complication
rate of depression increases [28]. Depression sometimes causes hyper-
algesia and can be a major cause of chronic pain [29]. Pain can also be a
cause of depression [30]. In our study, the SDS was higher in the PD
patients with pain, indicating that pain and depression often coexist in
PD patients.

Intriguingly, the pain group showed a higher rate of visual halluci-
nation compared to the no pain group. Visual hallucinations in patients
with PD probably result from a complex interaction of many variables,
including cognitive, affective, medication, sensory, and even personality
and environmental factors [31]. Dopaminergic, serotonergic, and
cholinergic dysfunctions are indicated as the cause of visual hallucina-
tion [32]. Dopamine can also modulate pain threshold at several levels
of the nervous system, including the spinal cord, thalamus, peri-
aqueductal grey, basal ganglia, and cingulate cortex [33]. No studies
have shown an association between visual hallucinations and pain in PD,
and further studies are needed to search for a link between these two
non-motor symptoms in the future.

Previous studies have shown that pain in PD patients is an
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independent factor in lowering QOL [8] [34] [35]. Musculoskeletal
pain, radial-neuropathic pain, dystonic pain, and central pain all affect
patient’s QOL [36]. In our study, the PDQ-8 SI and PDQ-8 SUM were
significantly lower in the no pain group in comparisons made among the
three groups, indicating that the group with pain had a lower QOL. The
fluctuating pain group showed a higher PDQ-8 SI and PDQ-8 SUM
compared to the non-fluctuating pain group, but this finding was not
statistically significant. Our results also revealed that the characteristics
of the fluctuating pain group were: a younger age at disease onset,
higher Hoehn & Yahr stage, and higher frequency of wearing-off and
dyskinesia.

In our consecutive database, the number of females was as high as
208/331 (68.8%). Unlike the incidence in Europe and the United States,
it has been reported that the prevalence of PD is higher in females in
Japan [37]. Therefore, in our study, the trend reflected a larger number
of females, and there was no sex-related difference among the no pain
group, non-fluctuating pain group, and fluctuating pain group.

PD is a clinically heterogeneous disease, which can be classified into
subtypes of mild motor predominant, intermediate form, and diffuse
malignant form [38]. Classification of clinical subtypes with these
characteristics may lead to the greater use of personalized medicine. In
this study, it was shown that the fluctuating pain group had a charac-
teristic background, which may be considered to be a PD clinical sub-
type. Because patients in the fluctuating pain group were able to
improve pain in response to dopaminergic medication, they are sug-
gested to be a population that requires more aggressive treatment
intervention. In addition to oral medication, device-assisted therapies
such as deep brain stimulation and levodopa-carbidopa intestinal gel
can relieve pain or pain fluctuation and improve the patient’s QOL
[39,40]. It is necessary to evaluate pain before and after the treatment
and consider the evidence.

The limitations of our study include it being a single-center retro-
spective evaluation and having a small number of participants in the
fluctuating pain group. In addition, we did not evaluate data regarding
therapeutic drugs which may have affected pain, hallucinations, motor
complications, and QOL or levodopa equivalent doses. Other factors that
may affect QOL such as fatigue, anxiety, insomnia, urgency, and noc-
turia [41] were not evaluated. In a previous study, patients with postural
instability and gait difficulty (PIGD) subtypes have also been reported to
have higher KPPS scores compared to other subtypes [42]. In our study,
we found a strong association between fluctuating pain and disease
severity; however, we did not classify or analyze the PD subtypes.
Therefore, it is necessary to clarify whether fluctuating pain is also
associated with clinical subtypes in the future. We also showed that the
fluctuating pain group had a higher frequency of dyskinesia; however,
we did not examine whether the pain appeared at the same time as the
dyskinesia. In the future, an examination of the relationship between the
appearance of dyskinesia and pain and the pain threshold during
dyskinesia should be considered.

5. Conclusion

In this study, we demonstrated the characteristics of patients who
experienced fluctuating pain and their QOL. Given that pain is a factor
affecting their QOL, it is suggested that appropriate levodopa supple-
mentation may be actively considered for the fluctuating pain group.
Pain is regarded as a non-negligible symptom that affects the QOL of PD
patients; therefore, fluctuating pain might be considered as an inde-
pendent clinical subtype of PD. Although the symptoms of PD are
diverse, we suggest that understanding each characteristic can lead to
individually tailored treatment.
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