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Abstract

Our understanding of the neural mechanisms underlying the placebo effect has

increased exponentially in parallel with the advances in brain imaging. This is of

particular importance in the field of Parkinson’s disease, where clinicians have

described placebo effects in their patients for decades. Significant placebo

effects have been observed in clinical trials for medications as well as more

invasive surgical trials including deep-brain stimulation and stem-cell implanta-

tion. In addition to placebo effects occurring as a byproduct of randomized

controlled trials, investigation of the placebo effect itself in the laboratory setting

has further shown the capacity for strong placebo effects within this patient

population. Neuroimaging studies have demonstrated that placebos stimulate the

release of dopamine in the striatum of patients with Parkinson’s disease and can

alter the activity of dopamine neurons using single-cell recording. When taken

together with the findings from other medical conditions discussed elsewhere in

this publication, a unified mechanism for the placebo effect in Parkinson’s

disease is emerging that blends expectation-induced neurochemical changes

and disease-specific nigrostriatal dopamine release.
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1 Parkinson’s Disease as a Model for Studying the Placebo
Effect

The primary neuropathology of Parkinson’s disease is the selective loss of dopami-

nergic neurons in the midbrain that project to the motor areas of the striatum

(nigrostriatal pathway). It is diagnosed based on the presence of the classic motor

symptoms of tremor, cogwheel rigidity, slowness of movement (bradykinesia), and

postural instability. The goal of pharmacological therapy—either dopamine

replacement with levodopa or dopamine receptor agonists—is to alleviate the

disabling motor symptoms. Less well-recognized but equally disabling are the

autonomic, mood, sleep, and cognitive symptoms of Parkinson’s disease which

generally do not respond to dopamine replacement and are treated with adjunctive

therapies (Calne et al. 2008).

Parkinson’s disease is an excellent model to study the placebo effect. Firstly, and

most generally, it is a true patient population and thus clinical improvements

(whether they be attributable to active medication or placebo effects) have direct

relevance to the clinical realm and need not be extrapolated. This is in contrast to

studies using healthy control subjects, who cannot fully represent the myriad of

complex psychosocial factors underlying the experience of living with a chronic

disease, which strongly influences expectation. Unique to Parkinson’s disease is

that the deficits occur primarily in the motor system, thus the placebo effect is

represented by improvement in motor function (although any symptom patients

experience is subject to a placebo response, including mood, autonomic, or any

other aspect of their illness causing reduced quality of life). In an experimental

design, the patients’ neurological status can therefore be assessed objectively

following active treatment or placebo administration by a blinded examiner trained

to perform a neurological exam. This is in contrast to experimental placebo

analgesia or depression in which patients are often required to use visual analog

scales to quantify reductions in pain or changes in mood. This being said, it is

equally important to emphasize that the clinical scales used for measuring motor

function are subjective themselves. Also, patients may be less prone to report

clinical changes than the clinicians are to observe them (Freed et al. 2001). Finally,

in addition to the clinical placebo effect (i.e., improvement in motor symptoms), the

neurochemical/neurophysiological response to placebo can be measured directly.

Endogenous dopamine release can be quantified using [11C] raclopride positron

emission tomography, and the activity of dopaminergic neurons in the subthalamic

nucleus can be recorded intraoperatively during STN deep brain stimulation sur-

gery (Benedetti et al. 2004). Together, these techniques have provided valuable
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insights into the mechanisms of the placebo effect in Parkinson’s disease and have

extended to other conditions as well.

2 Evidence for the Placebo Effect in Parkinson’s Disease

Clinical trials for oral anti-Parkinson’s medications demonstrate significant clinical

improvement in 14–21 % of patients receiving placebo, which can be sustained to

6 months (Goetz et al. 2002a, b). In a double-blind trial of the dopamine agonist

pergolide, significant improvement was seen in both the pergolide-treated group

(30 % after 24 weeks) and the placebo group (23 % after 24 weeks) (Diamond

et al. 1985). Finally, a meta-review demonstrated that 12 of 36 articles reported a 9–

59 % improvement in patient motor symptoms following placebo (Shetty

et al. 1999). Surgical trials also demonstrate substantial placebo effects, consistent

with the observation that stronger interventions result in stronger placebo effects

(Benedetti, et al. 2004; Benedetti 2012). Patients who underwent intrastriatal

implantation of fetal porcine ventral mesencephalic tissue had the same the degree

of improvement at 18 months as those in the sham group (Watts et al. 2001). In a

human fetal transplantation trial for Parkinson’s, there was no significant clinical

benefit of the transplant compared to sham surgery (Olanow et al. 2003). In another

study, at 18-month post-transplant, quality of life outcomes were better predicted

by which treatment the patient thought she/he was assigned to rather than the actual

treatment assignment (Freed et al. 2001; McRae et al. 2004).

Experiments aimed at studying the placebo effect itself have further

demonstrated clinical improvement following placebo administration. Patients

with subthalamic nucleus deep-brain stimulators as treatment for Parkinson’s

demonstrate improved motor performance when they believe their stimulators are

turned on and perform worse than baseline when they believe their stimulators are

turned off, compared to the conditions in which they were blind to stimulator

function (Mercado et al. 2006). In an elegant series of studies using an overt-

covert experimental design, Benedetti and colleagues demonstrated that sham

STN-DBS improves bradykinesia as measured by hand velocity (Benedetti

et al. 2003; Pollo et al. 2002).

Placebos have also been shown to stimulate the release of dopamine in the dorsal

and ventral striatum (de la Fuente-Fernandez et al. 2001, 2002; Lidstone et al. 2010;

Strafella et al. 2006). This is thought to represent the “disease-specific” component

of the placebo effect in Parkinson’s disease and is remarkable considering that

patients must lose upwards of 80 % of their dopamine-producing cells before their

symptoms become clinically apparent. Using [11C] raclopride positron emission

tomography, de la Fuente-Fernandez and colleagues demonstrated that a placebo

injection stimulates the robust release of endogenous dopamine, in quantities

comparable to the response to amphetamine in subjects with an intact dopamine

system (de la Fuente-Fernandez et al. 2001). Furthermore, the dopamine release

was greater in those patients who reported clinical improvement (i.e., placebo

responders). Dopamine release has also been shown in response to sham repetitive
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transcranial magnetic stimulation in Parkinson’s patients (Strafella et al. 2006).

These results suggest that the biochemical basis for the placebo effect in

Parkinson’s is to replace the depleted striatal dopamine. These results are

corroborated by an electrophysiology study performed in PD patients undergoing

STN-DBS surgery, in which it was shown that a placebo (saline injection) evoked

changes in neuronal firing in the subthalamic nucleus in placebo responders

(Benedetti et al. 2004; Lanotte et al. 2005). The neurons displayed a decrease in

mean discharge frequency and a shift from bursting to non-bursting activity in

response to placebo, which was correlated with a reduction in upper limb rigidity.

3 Placebos as Rewards

Dopamine is hypothesized to play a prominent role in all placebo effects through its

key involvement in reward processing (Lidstone and Stoessl 2007). Dopamine is a

neuromodulator of all thalamocortical-basal ganglia loops underlying cognitive,

motor, and emotional processing (Haber and Fudge 1997). It is synthesized by a

population of neurons localized in the ventral midbrain that project to the basal

ganglia and forebrain in a topographic distribution, thereby modulating excitatory

and inhibitory neural transmission. In the motor system, dopamine depletion such

as occurs in Parkinson’s disease results in overall hypoactivity of the circuit,

resulting in the clinical syndrome of bradykinesia and rigidity. The mesolimbic

projections to the ventral striatum (nucleus accumbens), ventral prefrontal cortex,

anterior cingulate cortex, and other limbic areas represent a major component of

motivation and reward processing.

“Rewards” are defined as stimuli which, when administered to an organism

following a correct or desired response, produce repeated approach behaviors or

the repetition of responses (Bishop et al. 1963; Olds and Milner 1954). Thus, a

reward is an operational concept used to describe the positive value that an

organism attributes to an object, behavior, or internal physical state (Breiter and

Rosen 1999). The ability of an organism to detect, approach, and interact with (i.e.,

consume, in the case of food rewards) the rewarding stimuli in its environment is a

fundamental component of goal-directed behavior and requires the integration of

cognitive, motivational, and motor circuits, in which dopamine plays a crucial

modulatory role. The majority of dopamine neurons show phasic activation in

response to primary liquid and food rewards, visual, auditory, and somatosensory

reward-predicting stimuli, and intense, novel stimuli (Horvitz 2000; Schultz 2000;

Ljungberg et al. 1992). Rather than signaling the absolute presence of a reward,

dopamine neuron activity codes the discrepancy between the predicted reward and

the actual reward, which is termed the “prediction error.” (Mirenowicz and Schultz

1994; Schultz 1998) Thus, dopamine neurons are activated when rewards occur

without being predicted or are better than expected and are depressed when

predicted rewards are omitted or are worse than predicted. These responses of

dopamine neurons are stronger to either rewards or reward-predicting stimuli that

are associated with higher reward magnitude, probability, and expected reward
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value (Fiorillo et al. 2003; Schultz 1998, 2001; Tobler et al. 2005). In humans,

increases in striatal dopamine release have been demonstrated in response to

primary food reward (Small et al. 2003) and monetary rewards (Koepp

et al. 1998; Zald et al. 2004). Dopamine neurons also demonstrate sustained

activations during the interval between a reward-predicting cue and the delivery

of the reward, which is thought to encode the uncertainty associated with reward

expectation (Fiorillo et al. 2003). This represents the organism’s natural environ-

ment, in which rewards occur with some degree of uncertainty. If the reward value

is held constant, and if an animal is trained to associate certain conditioned stimuli

with discrete probabilities of reward delivery, more than one third of dopamine

neurons show a relatively slow, sustained, and moderate activation between the

onset of the reward-predicting stimulus and the delivery of the reward. These tonic

dopamine responses are maximally active at a probability of 0.5 ( p¼ 0.5), decline

both at p¼ 0.25 and p¼ 0.75, and are virtually zero at both extremes of the

probability distribution ( p¼ 0 and p¼ 1) (Fiorillo et al. 2003). This response

reflects the uncertainty associated with reward expectation, as uncertainty can be

expressed as the variance of the probability distribution, which is an inverted-U-

shaped function with a peak at p¼ 0.5 (intuitively, it can be understood that an

outcome is most uncertain when the likelihood of its occurrence is 50 %, and most

certain to occur or not occur, at 100 and 0 %, respectively). These findings have

been extended to humans using fMRI (Dreher et al. 2006).

The dopaminergic reward circuits are the same, fundamental neural pathways

that have been shown to be involved in the mechanism of the placebo effect. The

anticipation of therapeutic benefit in response to placebo can easily be

conceptualized as a form of reward expectation, particularly in patients suffering

from a chronic illness (de la Fuente-Fernandez et al. 2002, 2004; Lidstone

et al. 2010). The relief of discomfort from unpleasant symptoms (i.e., removal of

pain or suffering) is also a form of reward expectation, for potentially increasing or

prolonging survival. Unsurprisingly, placebos have been shown to activate reward

circuitry in both pain and Parkinson’s disease, including stimulation of dopamine

release in the ventral striatum (de la Fuente-Fernandez et al. 2002; Scott et al. 2008;

Strafella et al. 2006).

4 The Importance of Expectation

As previously mentioned, patients’ expectations play a central role in the mecha-

nism of the placebo effect. Expectation is now recognized as a major driving force

for the downstream physiological changes underlying placebo responses across

most medical conditions and experimental paradigms (Benedetti 2013). An expec-

tation can be loosely defined as a person’s subjective sense of the probability of

some future event. As it applies to the placebo effect, this can be conceptualized as

two distinct entities depending on the situation. In a clinical encounter, an expected

efficacy is produced when the patient believes that the treatment they are receiving

will alleviate their symptoms. In a clinical trial, an expectation of perceived
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treatment is generated depending on whether the patient believes they have been

assigned to active treatment or placebo. In both cases, the expectation of therapeutic

benefit and symptom alleviation is produced. Interestingly, a placebo effect is

absent in patient populations with frontal lobe pathology such as Alzheimer’s

disease (Benedetti et al. 2006), which is attributed to the inability to generate

and/or maintain cognitive expectations (Benedetti 2010).

Manipulation of expectation has been shown to affect the clinical motor perfor-

mance of patients with Parkinson’s disease (Benedetti et al. 2003, 2004; Colloca

et al. 2004; Mercado et al. 2006; Pollo et al. 2002). The relationship between the

strength of expectation of improvement generated by a placebo and the resulting

placebo effect was studied in Parkinson’s disease (Lidstone et al. 2010). The

outcome measures were dopamine release (“biochemical” placebo effect), the

objective clinical symptoms, and the patients’ subjective feeling of improvement/

worsening. Patients were given a specific numeric probability that they were

receiving active medication, in order to capture the distribution of the probability

curve: 25, 50, 75, or 100 %, but in all cases they received placebo. Dopamine

release was measured using [11C] raclopride positron emission tomography and

results compared to the response to active medication. Striatal dopamine release

was significantly increased when the stated probability of receiving active medica-

tion was 75 %, i.e., some degree of uncertainty but reasonable sure they would

receive medication and hence symptom relief. Those patients also demonstrated the

greatest clinical benefit as measured by a modified version of the Unified

Parkinson’s Disease Rating Scale, motor component (tremor, rigidity, and

bradykinesia in the supine position). Importantly, patients who had a more robust

dopaminergic response to active treatment also had stronger placebo-induced

dopamine release, indicating that prior treatment experience was the major deter-

minant of dopamine release in the dorsal striatum. However, expectation of clinical

improvement (i.e., the probability) was additionally required to drive dopamine

release in the ventral striatum, indicating the involvement of reward expectation

pathways in the placebo response (Lidstone et al. 2010). We concluded that these

results illustrated a dissociation between the different dopamine circuits involved in

the placebo effect in Parkinson’s disease: a permissive, or reward-expectation

component, driven by expectation and mesolimbic dopamine release, and a

disease-specific component, represented by nigrostriatal dopamine release in the

motor striatum, aimed at replenishing the depleted dopamine that occurs in the

disease state.

5 Implications and Future Directions

This two-component model of the mechanism of the placebo effect could

conceptually extend to other disease states and be used as a framework for further

investigation and hypothesis generation. In this view, we have proposed that all

placebo effects are created by (at least) two separate but related components: a

generalized, fundamental reward-expectation component, driven by mesolimbic
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dopaminergic systems, and a disease-specific component responsible for the spe-

cific physiologic improvement (Lidstone and Stoessl 2007). This disease-specific

component is unique to the medical condition experienced by the patient and is

responsible for the clinical improvement, and can be conceptualized as an “effec-

tor” physiological response, such as the release of endogenous opioids in placebo

analgesia, or serotonin in depression and so forth. In support of this view, dopamine

release in the ventral striatum has been demonstrated in experimental placebo

analgesia, in addition to endogenous opioid release (Scott et al. 2007, 2008). That

both components are mediated by dopamine in Parkinson’s disease (i.e. the reward

expectation and physiological dopamine depletion in the motor striatum) and can be

measured by PET further illustrates how powerful this patient population is as a

model for studying the mechanism of the placebo effect. Future studies should be

directed towards applying these results to the clinical context, particularly in a

disease population such as Parkinson’s disease where patients take multiple doses

of medication per day that are associated with long-term side effects, such as

disabling dyskinesias. Elucidating the factors responsible for maximizing endoge-

nous dopamine release, such as the expectation of benefit, could serve as another

avenue of potential adjunctive treatment in the management of this chronic disease.

Conclusion

A growing body of literature supports the existence and beneficial effects of

placebo effects in Parkinson’s disease. What was previously noted anecdotally

in clinics, or obscuring the results of clinical trials, has evolved as a legitimate

area of study and possibly future treatment in its own right. Studying the placebo

effect enables researchers and clinicians to work together to understand the

neural mechanisms at the core of the physician–patient relationship, bridging

the laboratory and the clinic in order to explore new avenues for patient-centered

care. Equally as important are the contributions that research in this area provide

to the knowledge of basic neuroscience. The concept of adding scientific rigor to

understanding the intricacies of human relationships and their impact on health

outcomes is an exciting and compelling area of future study.
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