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Abstract

Background: Cannabis can alleviate pain of various etiologies. This

study assessed the effect of cannabis on motor symptoms and pain

parameters in patients with Parkinson’s disease (PD).

Methods: Twenty patients with PD who were licensed to use cannabis

underwent evaluation before and 30 min after cannabis consumption

and again after long-term use. Motor function was assessed with the

Unified PD Rating scale (UPDRS) by two raters, one blinded. Pain was

assessed with the Pain Rating Index (PRI) and Visual Analogue Scale

(VAS) of the short-form McGill Pain Questionnaire. Thermal

quantitative sensory testing (QST) was performed in 18 patients. The

two consecutive QST measurements were validated in 12 cannabis-na€ıve

patients with PD.

Results: There was a significant decrease from baseline to 30 min after

cannabis consumption in mean motor UPDRS score (38.1 � 18 to

30.4 � 15.6, p < 0.0001), total PRI (27 � 13.5 to 9.7 � 11, p = 0.001),

and VAS score (6.4 � 2.8 to 3.6 � 3.1, p = 0.0005). Mean cold pain

threshold decreased significantly in the more affected limb, but only

after exclusion of two patients who consumed cannabis by vaporizer

rather than smoking (19.5 � 5.2 to 15.6 � 8.7 °C, p = 0.02). After long-

term (median 14 weeks) exposure, mean heat pain threshold decreased

significantly in the more affected limb in all treated patients (43.6 � 3.5

to 40.9 � 3.3 °C, p = 0.05) and in cannabis smokers (43.7 � 3.6 to

40.3 � 2.5 °C, p = 0.008).

Conclusions: Cannabis improved motor scores and pain symptoms in

PD patients, together with a dissociate effect on heat and cold pain

thresholds. Peripheral and central pathways are probably modulated by

cannabis.

Significance: Quantitative sensory test results are significantly altered

following cannabis consumption in patients with PD. Cannabis probably

acts on pain in PD via peripheral and central pathways.

1. Introduction

Parkinson’s disease (PD) is characterized by motor

and non-motor symptoms. Pain is one of the most

common non-motor symptoms, with a prevalence of

40–80% (Ford, 2010; Ha and Jankovic, 2012). It

may appear either before or years after onset of

motor symptoms, and it does not always respond to

anti-Parkinson medications or conventional analgesic

agents. The pain in PD may be classified by type as

musculoskeletal pain, radicular pain, dystonia,

akathisia and central pain (Ford, 2010). Central

parkinsonian pain is the term used in clinical prac-

tice and in research, but it still lacks a proper defini-

tion and validated criteria.
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Quantitative sensory testing (QST) for thermal

thresholds (‘Marstock method’) was introduced in

1976 (Fruhstorfer et al., 1976). QST is used to assess

sensory function from receptor to cortex, and it may

indicate the competence of both peripheral and cen-

tral neuronal sensory pathways (Zaslansky and Yar-

nitsky, 1998). It provides information on the level

and underlying mechanism of pain of various etiolo-

gies. Studies of QST in patients with PD and primary

central pain reported impaired pain processing, with

lower heat pain thresholds than in patients with PD

without pain (Djaldetti et al., 2004; Schestatsky

et al., 2007). Heat pain thresholds were also lower

in the more affected than the less affected hand

(Djaldetti et al., 2004). Some noted no differences in

heat pain intensity between ‘on’ and ‘off’ states in

patients with motor fluctuations, suggesting that the

QST results were not affected by dopamine (Djaldetti

et al., 2004; Nandhagopal et al., 2010). Others, how-

ever, found that dopaminergic medications increased

the heat pain threshold in patients with PD and pri-

mary central pain (Schestatsky et al., 2007) and that

levodopa lessened nociceptive pain and normalized

the pain response in the ‘on’ state (Brefel-Courbon

et al., 2005; Gerdelat-Mas et al., 2007).

Cannabis has been used in some medical condi-

tions but its application as a medicine has not

been rigorously scientifically tested due to concerns

of psychiatric side effects. There is evidence that

supports an association between cannabis and psy-

chotic disorders, including schizophrenia (Radhakr-

ishnan et al., 2014). Chronic exposure might lead

to cognitive deficits, especially in young adults

(Zalesky et al., 2012). Studies that assess the clini-

cal effect and the mechanisms of action of canna-

bis are necessary to weigh its benefits against its

drawbacks.

Medical cannabis is long known for its antinoci-

ceptive and anti-hyperalgesic effects in the periph-

eral and central nervous system. It acts via various

mechanisms, such as inhibition of primary afferent

nerve activity, decrease in neuronal response to a

noxious stimulus, and inhibition of mast cell degran-

ulation (Richardson, 2000). The effect of cannabi-

noid-related drugs on PD symptoms is still

controversial (Sieradzan et al., 2001; Carroll et al.,

2004; Venderov�a et al., 2004; Chagas et al., 2014). A

study from our Movement Disorders Clinic showed

that treatment with medical cannabis was associated

with a decrease in motor and pain scores as well as

an improvement in sleep quality (Lotan et al.,

2014). The aim of the present study was to deter-

mine whether the cannabis-induced decrease in pain

scores is also manifested in physiological pain param-

eters, as measured by QST.

2. Patients and methods

2.1 Design and setting

An open-label, uncontrolled, observational study

design was used. Participants included 20 patients

with PD attending the Movement Disorders Clinic of

Rabin Medical Center, a tertiary, university-affiliated

hospital. All were licensed by the Israel Ministry of

Health to use medical cannabis as an add-on therapy

to anti-Parkinson medications for indications of pain

and/or tremor. Cannabis was consumed by smoking

in 18 patients and with the use of a vaporizer in 2.

Patients with diabetes (n = 2), which may cause sen-

sory impairment, completed the motor evaluations

and pain questionnaires but did not undergo QST.

The study was approved by the local ethics com-

mittee, and all patients signed a written informed

consent form.

2.2 Procedure

Background data (age and gender, disease duration,

Hoehn and Yahr score) were derived from the medi-

cal files. On the day of the study, patients were

instructed that they were to take their anti-Parkinson

medications at home as usual and to consume 1 g of

their prescribed cannabis at the clinic. The dose of

the active compound was an approximation, as the

patients were receiving different strains of cannabis

from different crops, and the active compound is not

monitored by pharmaceutical quality control.

At the clinic, patients were assessed before canna-

bis consumption and 30 min after. Motor function

was evaluated with the motor part of the Unified

Parkinson’s Disease Rating Scale (UPDRS). The

examination was recorded on video, and findings

were rated independently by the physician who

examined the patients (R.D.) and a second physician

who watched the video (N.R.) and was blinded to

the treatment. Pain level was evaluated with the

total Pain Rating Index (PRI) and the Visual Ana-

logue Scale (VAS) of the short-form McGill Pain

Questionnaire (Melzack, 1987) (first and second sec-

tions) and by a thermal QST device (Medoc TSA-

2001, Ramat Yishai, Israel).

For sensory testing, a contact thermode was

attached to the thenar eminence, with slight modifi-

cations in placement according to the anatomy of

the individual subject to ensure optimal contact. The
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method of limits was applied, starting with a stimu-

lus of 32 °C which was then decreased/increased

successively at a rate of 1 °C/s. Minimal temperature

was 0 °C, and maximal, 50 °C. Four categories of

stimuli were generated: sensation of warmth and

sensation of cold (four successive stimuli each) and

noxious heat pain and noxious cold pain (three suc-

cessive stimuli each). Patients were instructed to

press a button with their untested hand at the point

at which warm/cold sensation/pain was reached,

and the result was recorded. The final threshold was

calculated as the average value of all tests for every

category for each hand. For the present study, the

results were arranged according to the more and less

affected limb. The more affected limb was defined as

the side of disease onset.

To validate the two consecutive QST measure-

ments, two sets of the test were performed at a

30-min interval in 12 patients with PD who had

never been treated with cannabis.

The pain questionnaires and QST were repeated in

the study group after at least 10 weeks of continued

cannabis use to evaluate the longer term effect of

cannabis exposure. During this time, patients were

requested to take a daily dose of 1 g cannabis, either

by smoking or inhalation.

Fig. 1 presents a flowchart of the study protocol.

2.3 Statistical analysis

Variables are expressed as mean and standard devia-

tion (SD). Statistical analysis was conducted using

the SAS 9.4. UPDRS World Headquarters SAS Insti-

tute Inc., Cary, NC, USA inter-rater reliability was

assessed by the intra-class correlation coefficient

(ICC). Variables were compared by two-tailed t-test;

significance (p level) was set at 5%.

For each study subject, findings were compared

between baseline (before cannabis consumption) and

30 min after cannabis consumption (immediate

exposure), and between baseline and end of follow-

up (long-term exposure). In addition, within the

study group, findings were compared by indication

for cannabis (pain with/without tremor or tremor

only) and by route of cannabis consumption (smok-

ing with/without vaporizer).

In the patients who were not treated with canna-

bis, sensory measurements were compared between

the two quantitative tests performed 30 min apart.

Pearson correlation analysis was used to assess cor-

relation between UPDRS, VAS, pain scores and QST

measurements after acute cannabis use in the more

and less affected hand.

3. Results

3.1 Background characteristics

Mean age of the cannabis-treated patients was

62.4 � 9 years (range 43–78). Mean disease dura-

tion was 6.8 � 3.5 years (range 2–14), and mean

Hoehn and Yahr score, 2.2 � 0.8 (range 1–4). Four-
teen of the 20 patients were treated with levodopa

preparations, with a mean levodopa equivalent dose

of 608 � 410 mg (range 250–1000). Five patients

were treated with anticholinergic agents, six with

dopamine agonists, three with amantadine and five

with rasagiline. Six patients had motor fluctuations.

None of the patients had a score of <24 on the

Mini-Mental State Examination during the year

prior to the study. In the control group, mean

patient age was 70 � 7.2 years (range 59–82), and

mean disease duration, 6 � 2.6 years (range 2–12).
Eleven of the 12 patients were treated with levo-

dopa, with a mean levodopa equivalent dose of

477 � 143 mg (range 300–625). Two patients had

motor fluctuations.

All cannabis-treated patients met the criteria for

central parkinsonian pain (Ford, 1998), as follows:

emergence of pain before the onset of motor symp-

toms; first appearance of pain on the side in which

the motor symptoms appeared; unexplained abdomi-

nal or genital pain; pain that could not be explained

by other causes, either related or unrelated to PD

(arthritis, musculoskeletal or dystonic pain). Eight

patients also had musculoskeletal pain, and two

patients had dystonic pain.

All patients completed the motor symptom assess-

ment and pain questionnaires at entry to the study,

and 18 also underwent QST, in accordance with the

inclusion criteria. Fifteen patients completed the fol-

low-up evaluation. The remainder were either

unwilling to continue the study or had discontinued

cannabis therapy in the interim. The follow-up eval-

uation was performed 10–40 weeks after the initial

evaluation (median 14 weeks). The wide range was

mainly due to technical difficulties in scheduling the

second appointment.

3.2 Subjective scales

Analysis of motor function in the study group

yielded a significant decrease in UPDRS score, from

38.1 � 18 before cannabis consumption to

30.4 � 15.6 at 30 min after cannabis consumption

(p < 0.0001). Findings were consistent between the

two raters, with an intra-class correlation coefficient

of 0.91.
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11 patients treated for an
indication of pain (+/– tremor)
for QST analysis

13 patients smoking cannabis 
for QST analysis

2nd visit: Cannabis chronic effect (n = 15)

15 completed QST 

12 patients with pain designated for pain questionnaires; 
9 completed before and after exposure

14 patients treated for an 
indication of pain (+/ – tremor)
for QST analysis

16 patients smoking cannabis
for QST analysis

14 patients for final QST analysis

Excluding 1 patient with 
sensory impairment from QST 
analysis

Excluding 3 patients treated  
for an indication of tremor

Excluding 1 patient who 
consumed cannabis by a 
vaporizer

18 patients for final QST analysis

Excluding 2 patients with 
sensory impairment from QST 
analysis

Excluding 4 patients treated  
for an indication of tremor

Excluding 2 patients who 
consumed cannabis by a 
vaporizer

20 patients with PD considered eligible for cannabis 
treatment by the Israeli Ministry of Health for an  
indication of tremor (n = 4), pain (n = 4), or both (n = 12)

1st visit: Immediate cannabis effect (n = 20)

20 patients evaluated for motor function by UPDRS score 
and sensory thresholds by thermal QST

16 patients with pain designated for pain questionnaires; 
12 completed before and after exposure 

Figure 1 Patient distribution in the cannabis-treated group.
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Mean total PRI was 27 � 13.5 at baseline and

9.7 � 11 at 30 min after cannabis consumption

(p = 0.001); corresponding mean VAS scores were

6.4 � 2.8 and 3.6 � 3.1 (p = 0.0005). At the follow-

up evaluation, mean total PRI measured 15.6 �
15.9, and mean VAS score, 3.2 � 3.2. The difference

from baseline to long-term exposure was statistically

significant for the VAS (p = 0.05) and reached trend

level for the total PRI (p = 0.1).

3.3 QST measurements

The cannabis-treated patients showed no significant

change in sensation and pain thresholds from before

cannabis consumption to 30 min after, in either the

more or less affected limb. There were also no signif-

icant differences in sensation or pain measures after

exclusion of patients who were treated with canna-

bis for an indication of tremor only (with no pain)

(Table 1). On separate analysis of cannabis smokers

only (n = 16), there was a significant decrease in

mean cold pain threshold in the more affected limb,

from 19.5 � 5.2 °C before cannabis consumption to

15.6 � 8.7 °C after (p = 0.02).

In the patients who did not use cannabis, there was

no significant difference inQSTmeasurements between

the first and the second test, performed 30 min later, in

either themore and the less affected hand.

On follow-up evaluation of the study patients,

there was a significant decrease between baseline

and long-term exposure in mean heat pain threshold

in the more affected limb, both in the whole group

(from 43.6 � 3.5 °C to 40.9 � 3.3 °C; p = 0.05) and

in the cannabis smokers separately (43.7 � 3.6 °C to

40.3 � 2.5 °C; p = 0.008) (Table 2).

There was no correlation between QST measure-

ments and UPDRS score, total PRI or VAS score

(Supporting Information Table S1).

4. Discussion

The present study suggests that treatment with can-

nabis may lessen motor symptoms and subjective

pain in patients with PD and central parkinsonian

pain. The improvement in the UPDRS motor score

might be explained by the abundance of cannabi-

noid (CB1) receptors in the globus pallidum and

substantia nigra (Sanudo-Pena et al., 1999; Di Marzo

et al., 2000). Tremor was also improved, perhaps

because cannabinoids induce a decrease in acetyl-

choline, at least in animal models (Domino, 1981)

These findings are in line with a previous study of

patients with PD wherein UPDRS and pain scores

(PPI and VAS) decreased following treatment with

cannabis (Lotan et al., 2014). Quantitative analysis

showed a decrease in cold pain threshold in the

more affected limb following immediate cannabis

exposure (in cannabis smokers only) and decrease in

heat pain threshold in the more affected limb follow-

ing long-term exposure. An inconsistency in the

tests was ruled out as the reason for the difference

in QST results before and after treatment by the

absence of such a difference between the two con-

secutive tests performed in the patients with PD who

were not treated with cannabis.

Pain regulation occurs through ascending and

descending pathways at the level of the spinal cord,

periaqueductal gray, thalamus and cortex (Baron

et al., 2010; Kuner, 2010; Cury et al., 2016). Imme-

diate pain and cold sensation are transmitted to the

Table 1 Effect of immediate cannabis consumption on thermal sensory thresholds.a

Thermal sensory

thresholds, °C

All patients (n = 18)

Treatment indication of pain

with/without tremor (n = 14) Cannabis smokers only (n = 16)

Before After p Value Before After p Value Before After p Value

Cold sensation, MAS 28.26 � 2.99 27.57 � 2.4 0.31 27.92 � 3.25 27.38 � 2.55 0.51 28.65 � 2.21 27.64 � 2.54 0.08

Cold sensation, LAS 28.41 � 2.02 27.13 � 3.03 0.09 28.14 � 2.19 27.53 � 2.49 0.41 28.45 � 2.12 27.31 � 3.17 0.18

Hot sensation, MAS 35.84 � 2.73 35.8 � 2.04 0.94 35.31 � 2.33 36.03 � 2.22 0.21 35.62 � 2.45 35.57 � 2.03 0.93

Hot sensation, LAS 35.43 � 1.7 35.69 � 1.81 0.66 35.36 � 1.7 35.4 � 1.47 0.94 35.43 � 1.76 35.53 � 1.8 0.87

Cold pain, MAS 18.12 � 6.79 15.41 � 8.32 0.12 17.3 � 7.13 15.82 � 8.13 0.45 19.51 � 5.22 15.65 � 8.77 0.02

Cold pain, LAS 16.58 � 5.75 14.92 � 8.57 0.36 16.87 � 4.45 16.14 � 7.13 0.64 17.05 � 5.77 15.07 � 9.1 0.33

Hot pain, MAS 43.89 � 3.64 44.53 � 3.95 0.53 43.83 � 3.18 44.56 � 4.02 0.49 43.66 � 3.54 44.19 � 4.01 0.64

Hot pain, LAS 43.51 � 3.68 43.39 � 4.14 0.91 43.76 � 3.26 42.83 � 3.92 0.46 43.33 � 3.85 43.32 � 4.36 0.99

MAS, more affected side; LAS, less affected side.

All values are displayed as mean � SD.
aValues measured at baseline and 30 min after cannabis consumption.

Bold values are statistically significant
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spinal cord via small myelinated Ad fibres, whereas

delayed pain and heat sensation are transmitted to

the spinal cord via small unmyelinated C-fibres

(Santiago et al., 2000). Cannabinoid receptors are

spread throughout all pain pathways, including

axons of the Ad and C-fibres, more excessively in

the former (Bridges et al., 2003; Manzanares et al.,

2006). Given these data, there are two possible

explanations for our findings: 1) Heat and cold pain

are regulated differently following immediate or

chronic use of cannabis. There is rapid activation of

Ad receptors, hence the immediate effect on cold

sensation causing cold hypoalgesia, and a late effect

on C-fibre receptors, which are responsible for heat

pain. 2) Different receptors are involved in heat and

cold pain: CB1 receptors are responsible for the

transduction of cold pain, and TRPV1 receptors are

responsible for the transduction of heat pain (Cater-

ina et al., 1997; McKemy et al., 2001). It may be

that after chronic use, cannabis causes a TRPV1-

mediated release of substance P and calcitonin gene-

related protein (CGRP), leading to the excitation of

central root ganglion neurons (Tognetto et al., 2001)

and, possibly, heat hyperalgesia.

Pain is a complex sensation, affected by physiolog-

ical, psychological, environmental and genetic fac-

tors. Studies have demonstrated a correlation

between certain single nucleotide polymorphisms

(SNPs) associated with cannabinoid-related mole-

cules and pain variables. For example, the presence

of SNP rs2295633 on the gene coding FAAH, an

endocannabinoid-degrading enzyme, was found to

play a role in short-term pain sensitivity to cold in a

cohort of European-American men (Kim et al.,

2006). In the present study, 10 of the 18 cannabis-

treated patients who underwent QST were examined

for SNPs in the FAAH gene; five had SNP rs2295633.

(The patients’ genetic results were reported in our

previous study by Greenbaum et al., 2012.) It is

noteworthy that our separate analysis of the canna-

bis smokers, which yielded a significant decrease in

cold pain threshold in the more affected arm after

treatment, excluded two of the patients with this

SNP. This might suggest that genetic variables rather

than the route of cannabis administration were

responsible for the finding. We were unable to anal-

yse the QST responses to cannabis treatment by SNP

variability owing to the limited number of patients

in each category. Further exploration of this issue is

definitely warranted.

To the best of our knowledge, QST following can-

nabis treatment has been performed so far only in

patients with neuropathic pain (Abrams et al., 2007;

Wilsey et al., 2008). The studies found that cannabis

had a remarkable beneficial effect on several pain

measures, but it had no effect on the response to

noxious heat stimuli shortly after treatment. In the

present study, all cannabis-treated patients had cen-

tral parkinsonian pain. This might also account for

the discrepancy between the decrease in pain after

cannabis exposure according to the questionnaire

responses and the dissociate changes in heat and

cold pain sensation according to the QST results.

Central pain perception might be influenced by the

psychotropic effect of cannabis, which is known to

improve self-perception of overall well-being and

pain experience. Thus, it is possible that the QST

parameters do not reflect the varied central psy-

chotropic effects of cannabis. Additionally, the possi-

bility that cannabis might cause cognitive

dysfunction, as shown in patients with other neuro-

logical diseases (Ghaffar and Feinstein, 2008;

Table 2 Effect of long-term cannabis consumption on thermal sensory thresholds.a

Thermal sensory

thresholds, °C

All patients (n = 14)

Treatment indication of pain with/

without tremor (n = 11) Cannabis smokers only (n = 13)

Before After p Value Before After p Value Before After p Value

Cold sensation, MAS 28.52 � 2.35 28.97 � 2.24 0.55 28.3 � 2.49 29.2 � 1.65 0.14 28.37 � 2.37 29.06 � 2.31 0.37

Cold sensation, LAS 28.39 � 2.18 28.83 � 2.93 0.6 28.18 � 2.41 29.03 � 3.2 0.42 28.48 � 2.25 29.54 � 1.29 0.1

Hot sensation, MAS 35.69 � 2.51 35.28 � 1.47 0.64 35.08 � 1.6 35.26 � 1.37 0.77 35.84 � 2.55 35.05 � 1.25 0.37

Hot sensation, LAS 35.51 � 1.78 35.58 � 3.24 0.93 35.63 � 1.84 35.29 � 3.58 0.76 35.42 � 1.82 34.78 � 1.29 0.34

Cold pain, MAS 19.73 � 4.4 19.9 � 6.9 0.92 19.83 � 4.5 20.22 � 7.77 0.85 20.17 � 4.25 20.96 � 5.89 0.64

Cold pain, LAS 17.28 � 5.95 19.26 � 9.96 0.47 18.15 � 3.83 18.84 � 11.18 0.83 17.32 � 6.19 20.59 � 8.99 0.22

Hot pain, MAS 43.64 � 3.52 40.94 � 3.35 0.05 43.06 � 2.91 40.63 � 3.66 0.14 43.79 � 3.62 40.33 � 2.56 0.008

Hot pain, LAS 43.41 � 4.11 42.1 � 5.33 0.36 43.65 � 3.58 41.15 � 5.19 0.12 43.4 � 4.27 41.49 � 5.02 0.18

MAS, more affected side; LAS, less affected side.

All values are displayed as mean � SD.
aValues measured at baseline and a median of 14 weeks after cannabis consumption.

Bold values are statistically significant
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Honarmand et al., 2011), should also be considered.

Therefore, the benefits of its use should be weighed

against its potential harm.

This study has several limitations. First, owing to

the relatively small number of cases, we cannot rule

out the possibility that some of the results were fal-

sely negative because of a lack of statistical power.

However, it was difficult to obtain a large number of

patients with central pain with a license to smoke

cannabis. Second, open-label uncontrolled designs

harbour a risk of assessor bias and a possible placebo

effect of treatment. Blinded randomization of

patients was unfeasible for this study because pla-

cebo cannabis cigarettes lack the distinctive odour of

cannabis. However, the high concordance of UPDRS

scores between the blinded and unblinded rater sup-

ports an effect of cannabis on motor symptoms.

Third, the results may have been confounded by the

uneven treatment doses consumed by the patients.

We are aware that patients receive different strains

of cannabis, each containing a different amount of

the active compound. Fourth, the method of limits

used to examine sensory thresholds in our patients is

reaction-time dependent. It is possible that cannabis-

induced cognitive changes influenced the reaction

time and affected the results. Fifth, patients were

receiving medications during the trial. Dopamine

might modulate sensory thresholds in patients with

PD by an antinociceptive effect or pain modulation

(Brefel-Courbon et al., 2005; Gerdelat-Mas et al.,

2007; Cury et al., 2016). At the same time, examin-

ing all patients while on medication made it possible

to isolate the effect of cannabis on pain threshold.

Moreover, patients on medication may have better

global cognitive ability and motivational drive during

the tests. It is also noteworthy that the importance

of this factor is lessened due to the long-duration

response to levodopa in patients with PD (Anderson

and Nutt, 2011).

In conclusion, this study suggests that cannabis

improves motor function and lessens the subjective

perception of pain in patients with PD. There is an

association of cannabis use with pain thresholds,

possibly explained by peripheral, central and genetic

factors. Future placebo-controlled studies are needed

to verify the role of cannabis in the therapeutic

armamentarium of PD.
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