
the totals by response options. Therefore, the perfor-
mance scores from this study are not directly comparable
to other Agency for Healthcare Research and Quality
quality reports and should be interpreted with caution.
In summary, telehealth was effective, widely used,

and reported as satisfying by PwPD in the past year.
Although telehealth may not be appropriate for every
clinical service, the use of telehealth for PD appoint-
ments within a hybrid model of patient care should
remain an option for PwPD, especially for SLP and
mental health, and legislation should ensure the accessi-
bility of this option in the future.
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ABSTRACT: Background: ADCY5-related dys-
kinesia is characterized by early-onset movement dis-
orders. There is currently no validated treatment, but
anecdotal clinical reports and biological hypotheses
suggest efficacy of caffeine.
Objective: The aim is to obtain further insight into the
efficacy and safety of caffeine in patients with ADCY5-
related dyskinesia.
Methods: A retrospective study was conducted
worldwide in 30 patients with a proven ADCY5 muta-
tion who had tried or were taking caffeine for dyskine-
sia. Disease characteristics and treatment responses
were assessed through a questionnaire.
Results: Caffeine was overall well tolerated, even in
children, and 87% of patients reported a clear improve-
ment. Caffeine reduced the frequency and duration of
paroxysmal movement disorders but also improved

baseline movement disorders and some other motor
and nonmotor features, with consistent quality-of-life
improvement. Three patients reported worsening.
Conclusion: Our findings suggest that caffeine should be
considered as a first-line therapeutic option in ADCY5-
related dyskinesia. © 2022 International Parkinson and
Movement Disorder Society

Key Words: ADCY5; paroxysmal dyskinesia;
caffeine; dystonia; hyperkinetic

The ADCY5 gene codes for adenylate cyclase
type 5 (AC5), an enzyme converting ATP to cyclic
AMP, which is mainly localized in the striatum. Heterozy-
gous mutations in ADCY5 induce a rare and disabling dis-
ease characterized by early-onset hyperkinetic movement
disorders, comprising a variable association of chorea, dys-
tonia, myoclonus, and tremor. Frequent associated signs
include axial hypotonia, orofacial myoclonus, marked
motor fluctuations, and paroxysmal dyskinesia of various
types, with unusual occurrence during nighttime.1-5 There
is usually no intellectual deficiency, epilepsy, or cerebellar
syndrome. Numerous treatments have been tried without
notable efficacy so far, except for partial response to ben-
zodiazepines or improvement in paroxysmal movements
with deep brain stimulation (DBS) of the globus pallidus
internus (GPi) in some patients.6

In the setting of routine care, 2 patients from the same
family told us that caffeine had spectacular efficacy on
their paroxysmal episodes. Caffeine is known to be an
antagonist of A2A receptors, which activate AC5 and
are preferentially located in striatal neurons that express
dopamine receptors D2.7 Therefore, caffeine likely
induces AC5 inhibition. As most ADCY5 mutations are
considered to induce hyperactivity of this protein, clini-
cal improvement could reasonably be expected with this
drug.8,9 In addition, caffeine was shown to improve
hyperactivity and locomotion in Caenorhabditis elegans
mutants harboring mutations causing the closely related
disorder of GNAO1-related dyskinesia, which likely
result in AC5 activation.10 Caffeine was therefore tried in
other patients, with remarkable efficacy.11,12 Due to the
rarity of ADCY5-related dyskinesia and the fact that caf-
feine is an everyday consumer product, the conduct of a
regular randomized study is extremely challenging: first,
for most patients, stopping caffeine and possibly receiving
a placebo for weeks was unconceivable; second, there
was a risk of not achieving significance due to the high
variability in doses and intervals, irrespective of weight,
between patients. We thus opted for a real-life retrospec-
tive study to obtain further insight into the efficacy and
safety of caffeine in ADCY5-related dyskinesia.
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Patients and Methods

We recruited 17 patients in France and 13 patients from
other countries (Australia, Brazil, Canada, Germany, India,
Italy, Russia, Slovakia, and theUnited States). Patients with a
proven ADCY5mutation who had tried caffeine in the past
or were currently taking caffeine were invited to participate.
Patients aged 8 years or above in France (and their parents
for minors) were sent information regarding the protocol. If
they agreed to the study, they were contacted by phone to fill
a questionnaire. Patients younger than age 8 years or from
other countries were informed of the study according to their
country’s legislation but were not questioned. Their physi-
cianfilled the questionnaire according to information already
collected as part of their clinical care. Details are provided in
Supplementary Information.
The key exploratory end point was the percentage of

responders to caffeine, with response being defined as
improvement in overall involuntary movements of 40%
or more. Secondary objectives were to evaluate global
improvement in hyperkinetic involuntary movements
ranging from 0 to 10, and specific improvement in par-
oxysmal episodes of movement disorders with caffeine,
in terms of duration and frequency of episodes. Change
in quality of life was evaluated by the patients using the
Clinical Global Impression—Improvement Scale.

Results

Demographics

A total of 30 patients (16 females and 14 males) were
enrolled in the study. Ages ranged from 4 to 76 years
(median age: 14.5); 90% (27of 30) had baseline hyperkinetic
movement disorders (dystonia, chorea, myoclonus, tremor,
or various combinations), 93% (28 of 30) paroxysmalmove-
ment disorders (73%with nocturnal events), 60% (18 of 30)
gait disorders, 50% (15 of 30) hypotonia, 63% (19 of 30)
dysarthria, and 43% (13 of 30) attention deficits (Table 1).

Caffeine Efficacy

Twenty-six patients (87%) reported an improvement in
overall movement disorders of 40% or more and thus were
considered to be caffeine responders. Only 1 patient reported
low efficacy of caffeine (evaluated at 3/10 on the improve-
ment scale). The three remaining patients reportedworsening
of theirmovement disorders (either baseline or paroxysmal).
Mean improvement of movement disorders on a scale of

0 to 10 was 6.7 among all patients. Baseline movement
disorders were reported to be improved in 81% (22 of
27). Before treatment with caffeine, duration of paroxys-
mal episodes varied from a few seconds to hours, whereas
frequency ranged from a few per month to 40 per day.
Among the 25 patients who had paroxysmal episodes and
reported improvement, data on episode frequency were

available for 22 and on episode duration for 19. Frequency
reduction of 50% or more was reported by all 22 patients,
including 6 in whom episodes completely subsided.
Among patients who still had episodes, 7 patients reported
a duration reduction of 50% or more, 6 reported no
change, and 1 reported an increase from 1–2 to 5 minutes
(albeit with frequency improvement).
Some patients reported additional benefits: improve-

ment in gait (n = 10), pain (n = 9), dysarthria (n = 9),
attention and concentration (n = 8), sleep (n = 7), tone
(n = 6), fine motor skills (n = 6), mood/anxiety
(n = 5), drooling (n = 2), and reaching new milestones
like standing up or walking (n = 3).
Quality of life was reported to be improved by 87%

(26 of 30) of patients (mean Likert score 2.4/7): very
much improved in 7, much improved in 14, minimally
improved in 5, much worse in 3 (who rapidly discon-
tinued treatment), and unchanged in 1.

Caffeine Doses and Tolerance

Twenty-seven patients were still on caffeine when the
study was conducted. Doses and intervals varied greatly
between patients, ranging from 60 to 800 mg a day, in
one to five takes. Tolerance was very good, with 47%
of patients (14 of 30) reporting mild side effects, includ-
ing 4 patients only when they tried caffeine at higher
doses: worsening of movement disorders in 3 patients;
digestive issues in 5; sleep issues in 4; hyperactivity in
2; and tachycardia, dizziness, or irritability in 1 each.

Other Treatments

A total of 114 therapeutic trials were performed with
30 different drugs in this cohort. Twenty-nine (25%) of
these trials were reported to have an efficacy of 40% or
more on movement disorders. Treatments most often con-
sidered to be effective were DBS of the GPi (3/4), clonaze-
pam (5/15), diazepam (4/6), tetrabenazine (3/9), baclofen
(2/4), levetiracetam (2/5), and trihexyphenidyl (3/13). Side
effects such as drowsiness were frequent with benzodiaze-
pines. Of note, tetrabenazine was reported toworsenmove-
ment disorders in 2 patients, levodopa was ineffective or
worsened episodes in 13 of 14 trials, and acetazolamide
was ineffective or worsened episodes in all eight trials.

Discussion

This retrospective real-life study indicates that caffeine is
efficacious and well-tolerated in most patients with
ADCY5-related dyskinesia, as 87% of our cohort reported
improvement in their hyperkinetic involuntary movements
of at least 40%. Improvement was noted in frequency and
duration of paroxysmal movement disorders but also in
baseline movement disorders and other features such as gait
disorder, hypotonia, dysarthria, pain, attention and concen-
tration, sleep quality, mood, fine motor skills, and drooling.
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Quality of life was reported to be improved by 87% of
patients. Caffeine was overall well tolerated, even in chil-
dren. Notably, caffeine rarely induced sleep disorders, even
when taken in the evening. Considering its remarkable toler-
ance profile and ease of use, we thus state that caffeine
should be considered as a first-line therapeutic option,
regardless of age, in all patients with ADCY5-related dyski-
nesia. Physicians should however be aware of the possibility
of reversible worsening in a small subset of patients (10% in
our study). Besides, our findings further support the possibil-
ity of targeting striatal cyclic adenosine monophosphate
metabolic pathways to find new treatments for hyperkinetic
disorders.13

The principal limitation of this study is its retrospective
and nonrandomized design, which leaves the possibility that
the result we observed could merely be due to a placebo
effect. However, no comparable and generalized results
were found with other treatments in our cohort, which
strongly suggests that this is not the case. Of 114 therapeutic
trials conducted with 30 different drugs (including DBS),
only 25%were reported to have an efficacy of 40%ormore
on movement disorders, with low reproducibility. Best
results were obtained with benzodiazepines, frequently at
the cost of debilitating side effects, or DBS, which is an inva-
sive procedure. Coadministration of other drugs could be a
confounding factor, but doses were unchanged during the
caffeine titration period. Another limitation to the study is
its sample size, of 30 patients. However, this is a relatively
high number considering the rarity of the disease, which
could be achieved only by including patients from multiple
centers in various countries. In addition, even though we
specifically aimed to include any patient who had previously
tried caffeine, we cannot exclude a possible recruitment bias
toward responders. Finally, due to the retrospective nature
of the study and its focus on caffeine response, there were
some missing data and no detailed phenotypic description
of all patients. As chorea, myoclonus, tremor, and dystonia
are oftenmixed anddifficult to differentiate in these patients,
we chose to use the broad term “hyperkinetic movement
disorders.”
Of the 3 patients who reported worsening with caffeine,

1 had the common R418W mutation. The fact that he
tried only very small doses (25 mg) raises the possibility of
a threshold effect. In our experience, trying doses too low
for a particular patient may lead to falsely conclude
regarding caffeine inefficacy, whereas doses too high may
worsen movements in others. The other 2, who presented
with much clearer and reproducible worsening of their
movement disorders, shared the same mutation (L720P),
which was not found in any other patient. This suggests
that the L720P mutation could have different conse-
quences, possibly through a loss of function phenomenon.
A parallel could be made withGNAO1-related disorders,
which may be due to either loss- or gain-of-function
mechanisms, suggesting contrary effects of a given drug
depending on the underlying mutation.14,15 FurtherT
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pharmacogenomics investigations should be conducted in
these disorders, opening the door for personalized
medicine.
This study further supports the empirical- and

pathogenesis-driven hypothesis that caffeine could be
beneficial in patients with ADCY5-related dyskinesia.
The large disparity in effective doses (60–800 mg a
day) and intervals (one to five times daily) of caffeine
among patients, regardless of weight, indicates that
(1) self-tailored treatment regimens with close monitor-
ing are mandatory and (2) flexible doses should be pre-
ferred in the prospect of a future clinical trial.
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