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Abstract

Background

Pain is highly prevalent in patients with Parkinson’s disease (PD), but little is known about

the underlying pathophysiological mechanisms. The susceptibility to pain is known to

depend on ascending and descending pathways. Because parts of the descending pain

inhibitory system involve dopaminergic pathways, dysregulations in dopaminergic transmis-

sion might contribute to altered pain processing in PD. Deficits in endogenous pain inhibi-

tion can be assessed using conditioned pain modulation (CPM) paradigms.

Methods

Applying such a paradigm, we investigated i) whether CPM responses differ between PD

patients and healthy controls, ii) whether they are influenced by dopaminergic medication

and iii) whether there are effects of disease-specific factors. 25 patients with idiopathic PD

and 30 healthy age- and gender-matched controls underwent an established CPM para-

digm combining heat pain test stimuli at the forearm and the cold pressor task on the contra-

lateral foot as the conditioning stimulus. PD patients were tested under dopaminergic

medication and after at least 12 hours of medication withdrawal.

Results

No significant differences between CPM responses of PD patients and healthy controls or

between PD patients “on” and “off”medication were found. These findings suggest (i) that

CPM is insensitive to dopaminergic modulations and (ii) that PD is not related to general

deficits in descending pain inhibition beyond the known age-related decline. However, at a

trend level, we found differences between PD subtypes (akinetic-rigid, tremor-dominant,

mixed) with the strongest impairment of pain inhibition in the akinetic-rigid subtype.
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Conclusions

There were no significant differences between CPM responses of patients compared to

healthy controls or between patients “on” and “off”medication. Differences between PD

subtypes at a trend level point towards different pathophysiological mechanisms underlying

the three PD subtypes which warrant further investigation and potentially differential thera-

peutic strategies in the future.

Introduction
Pain is highly prevalent in patients with Parkinson’s disease (PD). It affects up to 83% of
patients [1], often precedes motor symptoms [2, 3] and impairs patients’ quality of life [4].
Although Charcot described pain in PD already in 1878 [5] only little is known about the
underlying neurophysiological mechanisms.

The susceptibility to pain is supposed to depend on the balance of activity in ascending and
descending pain pathways [6–8]. The descending pain control system modulates pain by inhib-
iting or facilitating nociceptive processing [6, 8]. Well-established tools to study this system in
humans are conditioned pain modulation (CPM) paradigms in which pain intensity ratings of
test stimuli are obtained in the presence and absence of a concomitantly, remotely applied con-
ditioning stimulus [9]. Positive CPM responses (= reduced pain intensity ratings under concur-
rent stimulation) are indicative of endogenous analgesia and are mediated by spino-bulbo-
spinal reflexes [10, 11] which are controlled by higher cortical brain areas [12–14].

To date, pathophysiological hypotheses regarding pain in PD mainly focus on basal ganglia
dysfunction [15, 16]. However, neurodegeneration in PD has been found to affect brain regions
other than the basal ganglia, progressing from the olfactory bulb and inferior brain stem to
midbrain and finally meso- and neo-cortical areas [17]. Given that neurodegeneration involves
both brainstem and cortical areas relevant for descending pain modulation [18], aberrant
descending pain inhibition might contribute to altered pain processing in PD.

To our knowledge only two studies have investigated descending pain control in PD so far.
Both reported no significant differences in CPMmagnitude in PD patients compared to controls
[19, 20]. Moreover, no effect of dopaminergic medication on CPM response [19] has been found.

Other studies investigating the influence of dopaminergic medication on pain processing in
PD yielded mixed results with a trend for anti-nociceptive properties of dopamine [18, 21–24].
Because parts of the descending pain inhibitory system involve dopaminergic pathways (i.e.,
rostral agranular insular cortex, dorsal horn neurons) [25, 26], dysregulations in dopaminergic
transmission might contribute to altered pain processing in PD.

We used a well-established CPM paradigm [12, 27] to investigate i) whether CPM responses
differ between PD patients and healthy controls and ii) whether CPM responses in PD are
influenced by dopaminergic medication (“on”) or a medication withdrawal of at least 12 hours
(“off”). Furthermore, the influence of expectation and PD-specific factors such as the presence
of chronic pain and the PD subtype were assessed which have not been evaluated previously.

Methods

Participants
PD patients were recruited from our movement disorders outpatient clinic (head: Prof. Carsten
Buhmann) of our department of neurology of the University Medical Center Hamburg-
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Eppendorf and had to fulfill the following inclusion criteria: (1) diagnosis of idiopathic PD
according to the UK PD Society Brain Bank criteria, (2) Hoehn & Yahr scale< stage III [28],
(3) aged between 40 and 90 years, (4) no severe cognitive impairment (Parkinson Neuropsy-
chometric Dementia Assessment (PANDA) instrument>15 [29]), (5) no manifest depression
or anxiety (Hospital Anxiety and Depression Score (HADS); subscores�11 [30]), (6) no acute
pain or analgesic medication during the last 24 hours, (7) no history of chronic pain disorders
e.g. rheumatoid arthritis (PD specific chronic pain according to Ford [31] was allowed), (8) no
regular use of prescription analgesics, tranquilizers, antidepressants, pain modulating anticon-
vulsants (e.g. gapapentin or pregabaline), (9) no pregnancy and (10) no neuropathy (e.g. dia-
betic or post-chemotherapy).

Healthy controls were recruited locally and had to fulfill the same inclusion criteria except
for (1) and (2).

Ethics Statement
The study was conducted in accordance with the Declaration of Helsinki and approved by the
Ethics Committee in Hamburg. All participants gave written informed consent and were free
to withdraw from the study at any time.

Experimental Protocol
In this study we used a well-established CPM paradigm [12, 27] which combines painful heat
stimuli as test stimuli (TS) with a cold pressor task as the conditioning stimulus (CS). In brief,
the experimental procedures included an introductory session which consisted of a clinical
interview, assessment of Hoehn and Yahr stage, Unified Parkinson's Disease Rating Scale and
PD subtype, filling in of questionnaires and the calibration of stimulus intensities. This was fol-
lowed by the a priori assessment of expectation regarding possible changes of pain intensities
during the application of the cold pressor task. Finally, the actual CPM paradigm was per-
formed, that consisted of three blocks, in which six test stimuli each were applied to the right
volar forearm. Pain ratings to these stimuli were obtained before (= block I), during (= block
II) and after (= block III) a cold pressor task that was applied to the contralateral leg during the
second block. PD patients underwent the paradigm twice on two separate days in a counterbal-
anced order, once under their usual dopaminergic medication (= “on”) and again after at least
12 hours of medication withdrawal (= “off”). Controls were tested once as retest reliability of
conditioned pain modulation paradigms has been shown especially for paradigms applying the
cold pressor task [32]. The experimental protocol is summarized in Fig 1.

Instructions and calibration procedure
All participants were instructed using a standardized protocol. Participants were told that the
purpose of the study was to characterize possible differences in the perception of two simulta-
neously applied painful stimuli comparing PD patients with healthy participants of the same
age. First, participants were informed about the sequence of experimental procedures. These
general instructions were followed by a clinical interview (both groups) checking again all
inclusion criteria e.g. asking for any chronic pain disorders e.g. rheumatoid arthritis. In the PD
group an experienced clinician made a re-evaluation of PD diagnosis and then assessed the
individual Hoehn and Yahr stage [28], Unified Parkinson's Disease Rating Scale (UPDRS [33])
score (total and motor score (part III)) and PD subtype. UPDRS scores were determined with
and without medication to investigate the influence of medication withdrawal on motor perfor-
mance. PD subtypes were classified clinically according to the German AWMF Guidelines
(www.awmf.org) as tremor-dominant (n = 8), akinetic-rigid (n = 7) or mixed (n = 10)
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depending on the predominant motor symptom (tremor, bradykinesia/rigidity or an equal
manifestation of both) that had to be predominant at symptom onset and over the course of
disease.

Both groups completed the HADS [30] as depression and anxiety can modulate pain per-
ception [34, 35] and an assessment of acute pain was performed asking the patients for any
pain they might have experienced during the 24 hours prior to the experiment (in case they
experienced pain during the 24 hours prior to the experiment, they were excluded from the
study). The PANDA [29] tested for cognitive impairment. Subjects with scores<15 were
excluded to ensure a sufficient task comprehension and compliance. If they fulfilled all inclu-
sion criteria (see 2.1) a calibration procedure was performed to determine the individual tem-
peratures corresponding to a pain level of 50–60 on a 0–100 visual analogue scale [VAS,
endpoints 0–100]. To this end, we applied ten stimuli á six seconds each with different intensi-
ties ranging from 45.5–49.5°C in a pseudo-randomized order to the right volar forearm, every
temperature was presented once. Participants were asked to rate the intensity of each stimulus
on a VAS which was presented on a computer screen in front of the subjects and ranged from
0 = “no sensation” to 100 = “most intense pain imaginable”. Two vertical white lines repre-
sented the two endpoints 0 and 100 of the VAS, a third white line was set at 25 labeled as “pain
threshold” to assess non-painful sensations which might occur during the cold pressor task as a
result of an effective pain inhibition. Subjects indicated the pain intensity of each heat pain
stimulus by moving a red bar between the two endpoints using two buttons of a computer
mouse. Participants did have as much time as they needed to provide their ratings, the experi-
ment continued only once they had made their ratings. The maximum stimulation temperature
was restricted to 49.5°C in order to avoid any tissue damage. This calibration procedure

Fig 1. Experimental protocol. This figure shows the experimental sequences of the conditioned pain
modulation (CPM) paradigm used in this study (A = whole experiment, B = temporal components of trials).
During block 1 and 3, the test stimulus (TS) was applied alone whereas during block 2 the TS and a
conditioning stimulus (= cold pressor task using ice water; CS) were applied concurrently. Patients had to rate
the pain intensity of TS and CS on a visual analogue scale (VAS).

doi:10.1371/journal.pone.0135287.g001
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ensured that all participants perceived the phasic heat pain stimuli (= test stimuli, TS) as
equally painful (VAS 50–60).

The application of the thermal stimuli, the presentation of the VAS and the recording of
behavioral data was performed using the software “Presentation” (www.neurobs.com).

Test stimulus. We used phasic heat pain stimuli as test stimuli (TS). The test stimuli were
applied to the right volar forearm (~ 10 cm proximally from the wrist) of the participants using
a 30x30mm Peltier-Thermode (TSAII, Medoc, Israel). Each stimulus had a duration of six sec-
onds (baseline temperature 35°C, ramp up and down 10°C/second, destination temperature
individually calibrated between 45.5 and 49.5°C, interstimulus-interval ~45 seconds). Pain rat-
ings on the VAS were obtained immediately after each stimulus. A total of 18 test stimuli were
applied. The first (= block I, stimulus one to six) and the last six stimuli (= block III, stimulus
13–18) were applied without any other concomitant procedures. During the application of test
stimuli seven to twelve (= block II), the conditioning stimulus was applied.

Conditioning stimulus. A cold pressor task was used as the conditioning stimulus (CS).
After completion of the first block of six heat pain stimuli (block I), a message on the computer
screen prompted the participants to immerse their left foot into a bath with ice water (~0°C).
The intensity of the conditioning stimulus was rated once in the middle of the cold pressor task
(= after TS 9, block II) using a VAS presented on a computer screen with the same endpoint
labels 0 = “no sensation” and 100 = “most intense pain imaginable” and a third white line set at
25 labeled as “pain threshold”. At the end of block II another message on the computer screen
instructed the participants to take their foot out of the ice water. After taking their foot out of
the ice water participants positioned their foot in a towel on the floor next to the tub with ice
water. Prior to the experiment subjects were asked to focus their attention on the heat stimuli
applied to the arm while having their foot immersed into the ice water and it was pointed out
again that they could withdraw from the experiment at any time by telling the supervising
experimenter. Finally heat pain stimuli 13–18 (block III) were applied without concomitant
painful stimulation to the foot.

Assessment of individual expectation. Many cognitive and affective processes could
influence CPM responses. However, expectations which are known to modulate pain have pre-
viously been suggested to affect CPM responses [36–39]. Following the calibration procedure,
immediately prior to the actual experiment, patients were presented the following question on
the computer screen: “How do you expect the pain applied to your arm to change while you
have your foot immersed into the ice water?” Participants were asked to indicate their expecta-
tions on a computerized VAS with the verbal anchors -1 = “no sensation” (= pain at the arm
would be completely abolished during the cold pressor task), 0 = “no change” (= no change of
heat pain at the arm during the cold pressor task), and 1 = “maximum pain” (= pain applied to
the arm would get worse during the cold pressor task). Two vertical white lines represented the
two endpoints -1 (“no sensation”) and 1 (“maximum pain”) of the VAS, a third white line was
set at 0 labeled as “no change”. Subjects indicated their expectation by moving a red bar
between the two endpoints using two buttons of a computer mouse. Participants did have as
much time as they needed to provide their ratings, the experiment continued only once they
had made their ratings. As in previous studies no specific suggestions regarding the direction
of possible changes were divulged [36].

Assessment of anxiety and depression. The Hospital Anxiety and Depression Scale
(HADS) [30] is a self-report questionnaire to assess anxiety and depression with 7 items per
subscale. Each item is scored from 0–3 points so that scores of 21 points for each subscale
depression and anxiety can be reached, higher scores indicating higher symptom severity. Both
subscales have been validated to have good sensitivity and specificity [40].
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Data analysis
Data analysis was performed using IBM SPSS 20.0. Non-parametric tests were used in case the
assumptions of variance homogeneity (Levene´s test) and normal distribution (Kolmogorov-
Smirnov test) were violated.

As in previous studies [41, 42] the CPM response was calculated as the difference between
mean pain ratings before and after the cold pressor task and mean pain ratings during the cold
pressor task (CPM response = mean pain ratings block (I+III) - blockII). A positive CPM
response indicates a reduction in pain perception during the cold pressor task and therefore
signifies analgesia symbolizing effective descending pain inhibition mechanisms, whereas a
negative CPM response shows an increase of pain ratings in block II.

To test for significant CPM responses in healthy controls and patients (including the on and
off condition) separate one sample t-tests on CPM responses were performed for the PD group
in both the “on” and “off” condition and the control group.

For between-group comparisons between PD patients and controls we used two-sample t-
tests and non-parametric Mann-Whitney U tests. For comparisons within the PD group (“on”
vs. “off”) paired t-tests and non-parametric Wilcoxon tests were used. Kruskal-Wallis tests
were used for PD subtype analyses. Correlations were calculated using Pearson’s or non-
parametric Spearman’s coefficients. P-values<0.05 were considered statistically significant.
Test results were corrected for multiple comparisons using Bonferroni correction.

Results

Clinical and neuropsychiatric assessment
10 PD patients and 2 controls did not fulfill the inclusion criteria or complete the study and
were excluded: Four patients and two controls withdrew from the study during the cold pressor
task (it was too painful for them), four patients did not attend the second session, one patient
did not take any dopaminergic medication and one patient had H & Y score� 3. The final data
analysis is therefore based on 25 PD patients (67.2 years+/-7.6 [50–86], 16 male) and 30 healthy
controls (67.2+/-8.0 [51–79], 16 male) matched in age (t(53) = -0.019, p = 0.985) and gender (χ²
= 0.638, p = 0.425). Due to the exclusion of 10 PD patients, 16 patients were first tested “on”
and 9 patients “off”medication. Patient characteristics are shown in Table 1.

As expected, in PD patients total and motor UPDRS scores were significantly lower under
medication compared to the “off” condition (p<0.001). Mean PANDA and HADS scores were
comparable between PD patients and controls (Table 2).

Experimental parameters and expectation ratings
Mean stimulation temperatures, pain intensity ratings of TS in block 1, cold pain and expecta-
tion ratings were comparable between PD patients and controls and also between patients “on”
and “off”medication. Both groups expected the pain intensity not to change considerably dur-
ing the cold pressor task (Table 2).

CPM responses
CPM responses did not differ between controls and PD patients or between patients “on” and
“off”medication (Table 2).

Analyses of group-specific CPM responses using one sample t-tests revealed no significant
CPM responses in controls (t(29) = 0.139, p = 0.890) and PD patients “off”medication (t(24) =
0.538, p = 0.596), whereas patients “on”medication exhibited a trend for a significant CPM
response (t(24) = 1.856, p = 0.076). A frequency analyses about the number of "inhibitors"
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(= CPM response> 0) and "facilitators" (= CPM response< 0) revealed that in the “on” condi-
tion 15 patients could be classified as “inhibitors” and 10 as “facilitators” (40% facilitators). In
the off condition, 13 patients were “inhibitors” and 12 “facilitators” (48% “facilitators”). In the
group of healthy controls there were 14 inhibitors and 16 facilitators (53% “facilitators”). The
proportion of inhibitors and facilitators was not different between the on and off conditions,
nor between patients and healthy controls (χ² = 0.973, p = 0.324).

PD subtypes and chronic pain. Kruskal-Wallis tests revealed no significant differences
between the three subtypes regarding stimulation temperatures, mean pain intensity ratings in
block 1 or “cold pain ratings” in both the “on” and “off” condition (all p>0.1).

Given that there were no significant statistical differences in CPM responses between the
“on” and “off” condition we decided to pool data of conditions using the mean CPM response
of the “on” and “off” condition of each patient to assess potential subtype differences in CPM
magnitude entering one value per subject into the statistical analysis. Kruskal-Wallis tests
revealed subtype differences at a trend level (H(2) = 5.596, p = 0.061). The tremor-dominant
(CPM: “pooled” = 1.5+/-4.6; “on” = 2.6+/-6.9; “off” = 0.5+/-5.6) and mixed type (“pooled” =
3.6+/-6.0; “on” = 4.8+/-6.7; “off” = 2.5+/-8.3) showed positive CPM responses whereas

Table 1. Characteristics of PD patients.

Patient characteristics (n = 25)

Hoehn & Yahr Scale -

H & Y stage I: 6 patients (24%)

H & Y stage II: 19 patients (76%)

Clinically most affected half of the body

right: 19 patients

left: 6 patients

Disease duration (time since first time
occurrence of symptoms prior to study)

3.7 years +/- SD 2.7 [0–12 years]

Mean age at time of symptom onset 62.1 years +/- SD 6.6 [48–73 years] (data of 1 patient is
missing because he did not recognize onset)

Mean age at time of receiving PD diagnosis 63.3 years +/- SD 6.5 [48–75 years] (data of 1 patient is
missing)

Number of patients with medication (n = 25)

DA agonist & MAO-B inhibitor: n = 9 (36%)

DA agonist: n = 6 (24%)

Levodopa: n = 4 (16%)

Levodopa & MAO-B inhibitor: n = 2 (8%)

MAO-B inhibitor: n = 2 (8%)

>1 dopamine agonist: n = 1 (4%)

Levodopa & DA agonist: n = 1 (4%)

UPDRS total score (data of 1 patient is
missing)

UPDRS “on”: 29.4 +/- SD 13.0 [7–57]

UPDRS “off”: 33.8 +/- SD 14.2 [10–61]

UPDRS motor score (data of 1 patient is
missing)

UPDRS motor “on”: 20.7 +/- SD 8.9 [3–43]

UPDRS motor “off”: 24.1 +/- SD 9.7 [6–43]

Patient characteristics regarding disease classification, symptom onset, medication and clinical scores

such as UPDRS are shown for PD patients.

doi:10.1371/journal.pone.0135287.t001
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Table 2. Main results for healthy subjects and Parkinson patients (PD).

Parameter (mean, standard
deviation, [Min-Max])

Healthy
subjects (n = 30)

Parkinson patients (n = 25) Group comparison
Healthy subjects vs. Parkinson

Inner group comparison
on vs. off

With
medication (on)

Without
medication (off)

PANDA Score 25.1 +/- 3.3 25.9 +/- 3.0 t(53) = 0.935, -

[17–30] [19–30] p = 0.354

HADS subscale depression 1.9 +/- 1.8 3.0 +/- 2.3 U = 270.50,

[0–6] [0–7] z = -1.792, -

p = 0.073

HADS subscale anxiety 2.4 +/- 2.0 3.5 +/- 2.9 U = 308.00, -

[0–6] [0–11] z = -1.145,

p = 0.252

UPDRS Total Score * - 29.4 +/- 12.9 33.8 +/- 14.2 - t(23) = -5.463,

[7–57] [10–61] p < 0.001

UPDRS Motor Score * - 20.7 +/- 8.9 24.1 +/- 9.7 - t(23) = -4.605,

[3–43] [6–43] p < 0.001

Mean stimulation temperature on: U = 247.00,

z = -1.295,

48.1°C +/- 0.7°C 48.2°C +/- 1.0°C 48.2°C +/- 0.8°C p = 0.195 T = 29.00,

[47.0–49.5°C] [46.0–49.0°C] [46.0–49.0°C] off: U = 253.00, p = 0.875

z = -0.962,

p = 0.336

Mean pain intensity Block 1
[VAS 0–100]

on: t(53) = 1.080,

55.1 +/- 9.3 58.1 +/- 11.4 56.1 +/- 11.8 p = 0.285 t(24) = 0.805,

[37.0–68.3] [30.7–75.3] [34.5–84.5] off: t(53) = 0.355, p = 0.429

p = 0.724

Cold pain rating Block 2 [VAS
0–100]

on: t(53) = -1.413,

71.9 +/- 21.5 63.2 +/- 24.3 59.3 +/- 23.5 p = 0.163 t(24) = 1.226,

[23–97] [22–99] [14–97] off: t(53) = -2.081, p = 0.232

p = 0.042†

Expectation Rating Day 1 [-1
to +1]

PD total:

(0.002 +/- SD 0.16):

U = 316.50,

30 controls: 16 patients: 9 patients: z = -1.039, U = 107.50,

-0.04 +/- 0.18 0.05 +/- 0.15 -0.08 +/- 0.13 p = 0.299 z = 2.131,

[-0.40–0.33] [-0.19–0.40] [-0.29–0.14] on: U = 162.50, p = 0.043†

z = -1.894,

p = 0.058†

Pain better: 12 Pain better: 2 Pain better: 5 off: U = 154.00,

No change: 13 No change: 9 No change: 3 z = 0.657,

Pain worse: 5 Pain worse: 5 Pain worse: 1 p = 0.544

CPM response on: t(53) = 1.326,

0.15 +/- 6.01 2.38 +/- 6.40 0.72 +/- 6.72 p = 0.190 t(24) = 1.075,

[-13.3–13.3] [-10.6–14.4] [-18.0–13.9] off: t(53) = 0.332, p = 0.293

p = 0.741

Results of group comparisons (healthy subjects vs. Parkinson patients(PD) with (on) and without medication (off) and inner group comparisons (on vs.

off). The symbol “†” characterizes significant p-values that did not survive Bonferroni correction for multiple testing. UPDRS = Unified Parkinson's Disease

Rating Scale; HADS = Hospital Anxiety and Depression Score;

* = data of one patient is missing.

doi:10.1371/journal.pone.0135287.t002
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akinetic-rigid patients showed negative CPM results (“pooled” = -1.4+/-4.0; “on” = -1.2+/-4.0;
“off”:-1.6+/-5.4; Fig 2).

18 PD patients suffered from pain (5 tremor-dominant, 6 akinetic-rigid, 7 mixed). 10 had
chronic pain lasting at least 3 months (4 tremor-dominant, 4 akinetic-rigid, 2 mixed) and 8
reported remittent, but no acute pain (1 tremor-dominant, 2 akinetic-rigid, 5 mixed).

Data of the remaining 7 patients without and 10 patients with chronic pain were compared
using Mann-Whitney U tests. Stimulation temperatures, pain intensity ratings in block 1, ice
ratings and CPMmagnitudes did not differ between both groups in either of the two conditions
(“on” and “off”; all p>0.5). As revealed by one sample t-tests both, patients with chronic pain
and without pain, showed no significant CPM responses “on” or “off”medication at all (all
p>0.1). Comparing all patients who reported pain (chronic and remittent n = 18) with those
without pain (n = 7) using Mann-Whitney U tests regarding stimulation temperatures, pain
intensity ratings in block 1, ice ratings and CPMmagnitudes, we could not detect any differ-
ences between both groups in any of the two conditions, either (“on” and “off”; all p>0.5). As
revealed by one sample t-tests both, patients with pain (chronic and remittent) and patients
without pain showed no significant CPM responses “on” or “off”medication (all p>0.1).

Correlations of clinical parameters and CPM
There were no significant correlations between CPM responses and clinical or neuropsychiatric
tests in controls or PD patients (Table 3).

Discussion
In this study we investigated (i) whether CPM responses differ between PD patients and age
and gender-matched controls, (ii) whether they are influenced by dopaminergic medication in
PD and (iii) whether other PD-specific factors affect CPM responses.

Fig 2. Mean CPM results of PD subtype.Mixed type (left), akinetic-rigid type (middle) and tremor-dominant
type (left) in the “on” (light gray) and “off”(dark gray) condition (with standard errors of mean).

doi:10.1371/journal.pone.0135287.g002
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Several important findings derived from this study:

1. No difference in CPM responses was observed between patients and controls.

2. There was no significant effect of dopaminergic medication (“on” vs.”off”) on CPM
responses in PD.

3. PD subtype analysis suggests potential CPM differences, with strongest impairment of
descending pain inhibition in akinetic-rigid patients.

To our knowledge, only two studies have examined CPM responses of PD patients so far
[19, 20] and only one tested the influence of dopaminergic medication on CPM [19]. Both
studies did not find significant differences in CPM responses compared to controls.

Table 3. Correlations for Parkinson patients and healthy subjects.

Parameter Conditioned pain modulation Conditioned pain modulation
On (under medication) Off (without medication)

PARKINSON PATIENTS

Age Pearson´s r = -0.303, Pearson´s r = 0.000,

p = 0.141 p = 0.999

Age at symptom onset Pearson´s r = 0.049, Pearson´s r = 0.360,

p = 0.828 p = 0.099

UPDRS Total On * Pearson´s r = -0.168, -

p = 0.423

UPDRS Total Off * - Pearson´s r = -0.124,

p = 0.556

UPDRS Motor On * Pearson´s r = -0.152, -

p = 0.469

UPDRS Motor Off * - Pearson´s r = -0.119,

p = 0.570

HADS subscale anxiety Spearman = -0.255, Spearman = -0.098,

p = 0.218 p = 0.642

HADS subscale depression Spearman = -0.018, Spearman = 0.011,

p = 0.934 p = 0.957

Expectation Pearson´s r = -0.155, Pearson´s r = -0.429,

p = 0.460 p = 0.032†

HEALTHY SUBJECTS

Age Pearson´s r = 0.101, -

p = 0.596

HADS subscale anxiety Spearman = 0.052, -

p = 0.897

HADS subscale depression Spearman = -0.254, -

p = 0.176

Expectation Pearson´s r = 0.033, -

p = 0.863

Results of correlations of study results and clinical and neuropsychiatric parameters for PD patients (upper part) and healthy subjects (lower part). Boxes

marked with “-” signify calculations that are not applicable. The symbol “†” characterizes significant p-values that did not survive Bonferroni correction for

multiple testing. UPDRS = Unified Parkinson's Disease Rating Scale; HADS = Hospital Anxiety and Depression Score;

* = data of one patient is missing.

doi:10.1371/journal.pone.0135287.t003
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Both patients and controls showed relatively small CPM responses which is consistent with
the known age-dependent decline in CPM response [27, 38, 43, 44]. For the paradigm used in
this study we could show in a previous study strong CPM responses in young healthy adults
but no significant CPM responses in middle-aged and older adults [27]. The assessment of
CPM responses might still be a valuable tool to assess pain modulatory activity in this age
group as the cold pressure provocation can also increase (instead of decrease) the sensitivity to
the test stimuli as a sign of an increased tendency for sensitization, as for instance shown in
[42]. To differentiate such a physiological age-dependent decline from a malfunctioning
descending pain inhibition in PD we compared CPM responses of PD patients and healthy
subjects. Consistent with previous studies [19, 20], we found no significant differences, indicat-
ing no substantial additional impairment of descending inhibition in PD. Furthermore, there is
evidence that the CPM effect also depends on the paradigm used as mentioned for example by
Yarnitsky and colleagues [45]. CPM effects observed in paradigms using the cold pressor task
as conditioning stimulus result in different CPM effects than other paradigms using e.g. tonic
heat or electrical stimulation as conditioning stimulus [46]. In one of the few studies investigat-
ing CPM effects in PD, Mylius and colleagues used a paradigm combining tonic heat and elec-
trical stimulation. In contrast to our results, they could show significant CPM effects in both
the PD group (mean age 63.4) and the control group (mean age 67.1) but no significant differ-
ences of CPM effects between the both groups. One possible explanation for this difference
CPM effects in their study and our study could presumably be the use of different CPM para-
digms. In our study we decided to apply a well-established CPM paradigm combinig tonic heat
stimuli as test stimuli with the cold pressor task, as the cold pressor task is one of the most com-
monly used methods as conditioning stimulus in CPM paradigms. Interestingly, although anti-
nociceptive properties of dopamine [22, 41, 47] and dopamine agonists [48] have been
reported, no significant dopaminergic effect on CPM responses could be found in our PD sam-
ple which is congruent with a recent study [19]. Yet, the tendency for a CPM effect in PD dur-
ing on condition might point towards an antinociceptive effect of the dopaminergic treatment.
The literature on the influence of dopaminergic treatment on CPM responses is sparse. To the
best of our knowledge only one study has investigated the influence of dopaminergic treatment
of PD patients on CPM responses revealing no differences between patients on and off medica-
tion [19]. In contrast, the application of apomorphine, a non-specific dopamine agonist,
increased CPM responses in healthy volunteers [48].

The effect of dopamine on other experimental pain parameters is rather heterogenous with
a tendency towards an analgesic effect of dopamine on pain thresholds [21, 49, 50]. In a study
by Treister and colleague no associations were found between dopamine-related genes and
endogenous pain modulation measured by both painful and non-painful conditioned pain
modulation, whereas serotonin transporter gene polymorphism (5-HTTLPR) was related to
pain modulation induced by non-painful conditioned pain modulation [51].

The tendency for a CPM effect during the ‘on’ condition in our study may support the
notion that dopamine might have some analgesic effects on experimental pain. However, fur-
ther studies are needed to specify the influence of dopamine on experimental and clinical pain
in larger sample sizes.

Because treatments varied considerably between patients (e.g. levodopa, agonists or drug
combinations) it was not feasible to analyze the influence of a dopaminergic treatment alone or
to compare the effect of different types of PD drugs on CPM responses. A recent study sug-
gested concentration-depending effects of dopamine: Low concentrations induced anti-noci-
ceptive (D2 receptors) and higher levels pro-nociceptive effects (D1 receptors) [26]. It would
thus be interesting to examine whether pain scales with the dopamine level or whether drug-
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naïve de-novo PD patients at an earlier disease stage exhibiting less degeneration in dopami-
nergic pathways show different CPM responses compared to long-term PD patients.

The lack of CPM differences in PD could also be explained by an insufficient withdrawal
from dopaminergic medication. We used a withdrawal period of at least 12 hours, similarly to
Mylius et al. [20] who obtained comparable results. Although the plasma half-life period of
dopamine agonists is short (usually several hours) [52] and that of levodopa is generally esti-
mated as 0.7 to 1.4 hours [53], it can last up to 7.9 days [54]. The residual dopaminergic con-
centration could therefore have induced anti-nociceptive effects and normalized the
hypothesized pathologically reduced CPM response in PD patients. Future studies should
therefore investigate CPM responses in drug-naïve de-novo patients.

Besides dopamine, the impact of other neurotransmitters (e.g. serotonin and norepineph-
rine) on descending pain inhibition has been investigated [26, 51]. In a recent study CPM
responses were found to predict duloxetine (serotonin-norepinephrine reuptake inhibitor) effi-
cacy in patients with painful diabetic neuropathy which highlights the role of serotonin in
descending pain inhibition [55]. It is well-known that neurodegeneration in PD also strongly
involves neurotransmitters such as serotonin [56], noradrenalin and glutamate [57] which also
affect pain perception. Thus, mechanisms other than dopaminergic transmission might explain
the high pain prevalence in PD.

Eventually, the anti-nociceptive effect of dopamine especially on descending inhibition
could be very minimal and instead dopamine might principally operate via other—perhaps
more cognitive—pain modulating mechanisms such as reward, salience or motivation [58, 59]
which were not targeted here.

To our knowledge, this is the first study investigating CPM responses in different PD sub-
types. Although no statistical difference was observed between PD patients (pooled across sub-
types) and controls, we found differences of CPM response differences between the three
subtypes at a trend level. Our data suggests akinetic-rigid patients may differ from other sub-
types. While tremor-dominant and mixed type patients showed slight CPM responses indicat-
ing a pain inhibitory “reserve”, akinetic-rigid patients exhibited negative CPM responses
pointing towards pain sensitization during the cold pressor task. This finding suggests potential
pain processing differences in different PD subtypes and importantly, might explain the lack of
statistical effects when pooling across subtypes. To our knowledge, there is so far no study com-
paring pain perception and processing between PD subtypes. As musculoskeletal pain, the
most common painful sensation in PD [60] with prevalences up to 70% [1, 61], is frequently
associated with rigidity [18, 60], akinetic-rigid patients might be more likely to suffer from
chronic pain than other subtypes. Given that these patients are also more impaired due to faster
disease progression, higher frequency of motor fluctuations and a greater risk of cognitive dys-
function [62] and depression [63] compared to other PD subtypes, it appears conceivable that
the more extensive neurodegeneration in this subtype [64] also involves brain areas relevant
for pain processing and modulation. Unfortunately, there is no gold standard for the subtype
classification [65]. Future studies should include larger patient samples and define PD subtypes
optimally using an internationally accepted standardized method (e.g. differentiating between
tremor- and non-tremor-dominant subtypes [66] or using UPDRS-based scores as imple-
mented recently [67–69]) that does not exist so far [65].

Other factors potentially influencing CPM (e.g. expectation [in accordance with previous
findings [27]] or chronic pain) did not show significant effects on CPM response.

There are some limitations regarding the results of our study: The sample size analyzing dif-
ferences in CPM responses between PD subtypes is rather small. Although the study was not
powered to detect significant subgroup differences, we feel that this first evidence for potential
differences in CPM responses between PD subtypes helps to draw attention to this interesting

Conditioned Pain Modulation in Parkinson's Disease

PLOS ONE | DOI:10.1371/journal.pone.0135287 August 13, 2015 12 / 16



observation and to motivate investigations in larger samples in the future. As in a previous
study with PD patients studying the endogenous pain modulation [21], we decided to use the
same side (right) for the test stimulus as the literature on differences in pain processing in PD
depending on the more affected body side is very sparse [19]. To our knowledge only one study
by Granovsky et al. [19] has provided first evidence of asymmetric pain processing in PD
according to the more affected side: PD patients with predominantly left-sided PD showed an
increased sensory response causing hyperalgesia (e.g. an increase of pain ratings for noxious
heat 49°C from VAS 70.6 to 77.6) after dopaminergic medication which was not seen in pre-
dominantly right-sided PD patients. Regarding CPM effects, no influence of the more affected
side could be observed. In another study by Mylius et al. no significant differences of CPM
effects between PD patients and healthy controls were found [20] applying the CS always on
the less affected side.

Conclusion
Taken together, our study speaks against the assumption that PD is associated with general def-
icits in endogenous pain inhibition beyond the known age-related decline. However, we
observed descriptive subtype differences in pain inhibitory capacities of PD patients which
may explain the absence of statistical differences between controls and patients in our and pre-
vious studies. Further studies are needed to explore the role of dopamine in pain modulation in
general and the underlying mechanisms of the high prevalence of pain in Parkinson´s disease
in particular.
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