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Parkinson’s disease (PD) is characterized by motor fluctuations, with alternating periods of good
(“ON”) and poor (“OFF”) motor function. Monitoring these fluctuations is crucial for optimizing
treatment, yet traditional methods rely on subjective patient reports. This multicenter, single-blind,
cluster-randomized trial evaluated the effectiveness of three monitoring approaches in real-world
clinical practice. Neurologists from 35 centers were randomized into three groups: one using clinical
visit data alone, another incorporating Hauser diary entries, and a third integrating Parkinson’s Holter
(STAT-ON®) reports. A total of 156 patients were recruited. Changes in ‘OFF time’ from baseline to 26
weeks were minimal and non-significant across groups. Secondary outcomes, including ‘ON time,’
dyskinesia, and quality-of-life scores, showed no significant differences. These findings suggest that
the choice of motor fluctuation monitoring method may not significantly impact clinical outcomes,
underscoring the need for a broader understanding of how these monitoring tools are integrated and
utilized in real-world settings. Trial registration: NCT04176302 (November 21, 2019 -
ClinicalTrials.gov).

Parkinson’s disease (PD) is a progressive neurological disorder character-
ized by the loss of dopamine-producing neurons in the brain’s substantia
nigra, leading to motor and non-motor symptoms that affect movement
control and daily activities1. The disease manifests with motor symptoms,
such as bradykinesia, tremor, rigidity, and impaired gait, alongside several
non-motor symptoms, encompassing cognitive impairment, psychiatric
disorders, and sensory disturbances2,3. According to the World Health
Organization (WHO), the global prevalence of PDhasdoubled in the last 25
years, with more than 8.5 million individuals worldwide living with the
disease in 20194. Disability and mortality rates due to PD are increasing
faster than for any other neurological disorder, with PD causing 5.8 million
disability-adjusted life years in 2019 (an 81% increase since 2000) and
329,000 deaths (over 100% increase since 20004.

PD treatment aims to alleviate symptoms using medications that
restore dopamine levels in the striatum5. While patients typically respond
well to dopaminergic drugs in the early PD stages, their effectiveness
diminishes as PD advances, requiring frequent adjustments to control
motor symptoms adequately6. Approximately 90% of PD patients experi-
encemotor fluctuations after ten years, characterized by alternating periods
of apparent medication ineffectiveness and reappearance of parkinsonian
features (OFF periods) and periods of symptom relief (ON periods)7,8. The
intensity and unpredictable nature of OFF periods significantly impact the
quality of life (QoL) of individuals with PD9. Therefore, the identification
and management of OFF-period symptoms are of utmost importance.
However, managing the various motor complications is challenging due to
their variable appearance and fluctuating nature10. A temporal profile of
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symptomappearancemay increase the accuracy of therapeutic adjustments,
but the availability of precise information for neurologists is limited, as they
have limited time during consultation, leading to difficulties in achieving
satisfactory medication outcomes. Moreover, patients do not always accu-
rately recognize or report the different motor symptoms.

Currently, motor fluctuation assessment is conducted in two ways:
retrospectively during clinical consultations, where information is gathered
by questioning the patient, or through patient-maintained written diaries,
such as the Hauser diary, in which patients record their motor state at
regular intervals (e.g., every 30min). However, both methods have sig-
nificant limitations. Patients often struggle to recognize, recall, and accu-
rately report their motor symptoms, and adherence to diary-keeping is
generally low, restricting its use to short periods11,12.

To overcome these limitations, wearable sensors have been developed
to automatically trackpatients’motormanifestations over extended periods
when needed. The Parkinson’s Holter (PH) (STAT-ON®) is a wearable
sensor, that can be comfortably worn on the waist and records data auto-
matically without requiring any action from the user. This sensor has
demonstrated the ability to accurately identify different motor states when
compared with patient diaries and effectively monitor the various motor
manifestations of the disease13–23.

The MoMoPa-EC (NCT04176302) trial aimed to compare the effec-
tiveness, measured as ‘OFF time’, of medication adjustments prescribed by
neurologists using three different sources of information to assess motor
fluctuations13,23: (1) PH (STAT-ON®) reports plus clinical information, (2)
patient diaries (Hauser diary, the gold-standard method) plus clinical
information, and (3) clinical information collected during routine con-
sultations. Secondary objectives included assessing associations between the

information source and other variables, measured using PH and the Hauser
diary. Other secondary outcomes were the overall effectiveness of the
interventions, including their impact on QoL and activities of daily living.

Results
Characteristics of study patients
A total of 38 neurologists participated in the study: 13 were allocated to the
VG arm, 11 to the DG arm, and 14 to the SG arm. They recruited 156
patients of which none were lost to follow-up, and all were valid for analysis
(Fig. 1). The study populationwas divided into three arms: VG (n = 55),DG
(n = 51), and SG (n = 50), based on the allocation group of their neurolo-
gists.Detailed sociodemographic characteristics for eachgroupareprovided
in Table 1.

Mean (SD) age for VG, DG, and SG patients was 62.5 (9.05), 65.8
(10.9), and 65.9 (8.85) years, respectively. Gender distribution across groups
varied, with VG having a larger percentage of men (67.3%), whereas it was
more balanced inDG and SG (56.9% and 54.0% ofmen, respectively).Most
participants in all three groups were married (Table 1).

Regardingbaseline clinical variables (Table 1),DGpatients appeared to
experience a marginally elevated symptom burden in specific domains,
including ‘OFF time’ (as recorded in the Hauser diary) and UPDRS-II, -III,
and -IV scores.

Thirty-nine (25%) patients did not have any changes in medication
throughout the study.

Primary outcome
Table 2 illustrates changes in the ‘OFF time’ as recorded in theHauser diary
throughout this study. The mean (SD) ‘OFF time’ did not show statistically

Fig. 1 | Flowchart of participating neurologists and study patients.
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significant changes frombaseline to the endof the study in anyof the groups.
DG patients had themost notablemean reduction by 3.5%, followed by SG,
with ameandecreaseof 2.3%,whereasGhadaminimal change,with a slight
mean reduction of 0.2%. Comparison of both DG and SG methods to the
non-monitoring approach (VG) using a multivariate regression model did
not yield significant differences in changes in ‘OFF time’ (DG vs. VG:
p = 0.085; SG vs. VG: p = 0.689) (Table 2).

Secondary outcomes
Hauser Diary Variables: Throughout the study, DG experienced the largest
mean increase in percentage of ‘ON time’ by 6.0%, followed by SG (5.2%),
while inVG themeanpercentage of ‘ONtime’decreased (−2.3%) (Table 3).
DG’s increase was statistically significant compared to VG (p = 0.004).
Dyskinesia increased in both DG and VG and slightly decreased in SG, but

none of the changes were statistically significant in amultivariate regression
model when compared to VG (Table 3).

Parkinson Holter Variables: Table 4 shows data measured via PH
throughout the study. The ‘OFF time’ varied slightly across all groups,
whereas the ‘ON time’ increased by approximately a mean of 6% in DG,
with only amodest increase in SG. ‘Dyskinesia’ levels underwent slight shifts
in all groups as the study progressed. FOG-Q remained unchanged across
the board. Similarly, minimal changes were observed in ‘SMA’ and ‘Stride
fluidity’. Nevertheless, none of the changes in all the examined variables
showed statistical significance in a multivariate regression model when
compared to VG (Table 4).

Questionnaire Variables: The FOG-Q, PDQ-39, and UPDRS-II, -III,
and -IV questionnaire scores showed small changes throughout the study
and among study groups (Table 5). However, changes in DG and SG
compared to VG did not reach statistical significance in a multivariate
regression model.

Discussion
The results from this cluster-randomized clinical trial showed that the three
different follow-up methods to assess PD motor symptoms—a regular
consultation (VisitGroup,VG),Hauserdiary follow-up (DiaryGroup,DG),
and a PH follow-up (Sensor Group, SG)—yielded no significant differences
in clinical outcomes (i.e., motor fluctuations) for patients with PD. Speci-
fically, no differenceswere observed in the primary outcome (‘OFF time’) or
in secondary outcomes, encompassing both Hauser diary variables (‘ON
time’, dyskinesia), PH variables (‘OFF time’, ‘ON time’, dyskinesia, FOG-Q,
SMA, and stride fluidity), and questionnaire scores (FOG-Q, PDQ-39,
UPDRS-II, -II, and -IV).

The results from our study showed no differences among the different
methods used to assess motor fluctuations. One possible explanation for
these results is that the complexity of PD management goes beyond motor
symptommonitoring24.Whilemotorfluctuations and their patterns play an
instrumental role in therapeutic adjustments, they represent only a fraction
of the entire clinical picture. The presence and characteristics of motor
fluctuations, including ‘ON-OFF’ phenomena and dyskinesias, may reflect
how the disease responds tomedication over time25. Therefore, neurologists
primarily consider the range and severity of motor symptoms, such as
tremors, bradykinesia, and rigidity, to gauge the baseline symptomatology26.
However, besides the obvious motor symptoms, neurologists base medi-
cation adjustments on other non-motor symptoms, including sleep issues,
cognitive shifts, mood disorders, daily activities, lifestyle, and the impact of
symptoms on QoL27,28. Finally, the treatment plan is influenced by con-
comitant medications due to potential drug interactions and their overall
effect, as well as the patient’s preferences and concerns29,30. Thus, the
numerous parameters guiding medication adjustments may have masked
the impact of motor fluctuations, measured using different methods, on
these adjustments and consequently, clinical outcomes.

Another possible explanation for the lack of differences is that neu-
rologists might not accurately integrate the data obtained from the Hauser
diary or the PH into their clinical decision-making processes. Instead, they
might prioritize information gathered from patients’ verbal accounts and

Table 1 | Baseline sociodemographic and clinical
characteristics of the study population

Visit
Group, n = 55

Diary
Group, n = 51

Sensor
Group, n = 50

Sociodemographic characteristics

Age, mean (SD), years 62.5 (9.05) 65.8 (10.9) 65.9 (8.85)

Age upon completing
education, mean
(SD), years

16.9 (4.51) 17.4 (5.60) 18.1 (6.63)

Gender, n (%)

Men 37 (67.3) 29 (56.9) 27 (54.0)

Women 18 (32.7) 22 (43.1) 23 (46.0)

Marital status, n (%)

Unmarried 13 (23.6) 5 (9.80) 13 (26.0)

Married 35 (63.6) 43 (84.3) 35 (70.0)

Widower 7 (12.7) 3 (5.88) 2 (4.00)

Clinical characteristics

Years of disease,mean (SD) 8.76 (4.55) 8.20 (4.64) 10.2 (5.46)

Need for assistance, n (%) 5 (9.09%) 13 (25.5%) 5 (10.0%)

Hoehn & Yahr, mean (SD) 2.36 (0.52) 2.52 (0.40) 2.51 (0.47)

Percentage of OFF time,
mean (SD)

29.3 (12.2) 26.9 (13.3) 31.7 (14.0)

FOG-Q (%), mean (SD) 10.1 (6.08) 10.8 (6.73) 10.8 (6.28)

PDQ-39 summary index,
mean (SD)

30.7 (15.4) 36.1 (18.4) 30.5 (16.4)

UPDRS-II, mean (SD) 10.2 (5.28) 12.9 (6.65) 12.7 (5.70)

UPDRS-III, mean (SD) 18.0 (10.4) 22.9 (12.4) 22.2 (10.0)

UPDRS-IV, mean (SD) 1.55 (1.76) 1.22 (1.76) 1.78 (1.81)

FOG-Q Freezing of Gait Questionnaire, PDQ-39 the 39-item PD Questionnaire, SD standard
deviation, UPDRS Unified PD Rating Scale.

Table 2 | Changes in ‘OFF’ time measured with the Hauser diary according to study group

Visit Group n = 55 Diary Group n = 51 Sensor
Group
n = 50

Regression analysis

Com-
parison

Esti-
mate

CI p-
valu-
e

Percentage OFF time, Mean (SD) Baseline 29.3 (12.2) 26.9 (13.3) 31.7 (14.0) DG vs. VGa −5.91 −12.63 to 0.82 0.085

Final 29.1 (19.3) 23.4 (15.2) 29.4 (17.4) SG vs. VGa −1.36 −8.03 to 5.32 0.689

p-value (Baseline vs. Final) 0.962 0.227 0.4707

CI confidence interval, DG Diary Group, SD standard deviation, SG Sensor Group, VG Visit Group.
aObservations = 148, R2/R2 adjusted=0.181/0.146, AIC = 1259.514.
Model adjusted by equivalent dopaminergic dose, UPRS-II, UPDRS-III, and ‘OFF time’ at baseline.
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their own observations during visits, available to all three neurologists’
groups. The integration of new technological tools and patient-recorded
data requires a learning curve and a shift in traditional clinical practice.
Despite the availability of comprehensive data for motor fluctuations
obtained from monitoring instruments, neurologists may still rely on tra-
ditional methods. Moreover, there may be a level of skepticism or uncer-
tainty about the validity or reliability of the data collected through these
tools. Additionally, time constraints during consultations, as well as a
potential lack of training or familiarity with the technology, could further
limit the degree to which this data is considered. In essence, while tools like
PH present an innovative approach to capture the motor manifestation of
PD, integrating this data into the routine clinical practice may not be
seamless, and could explain the absence of differences observed within the
three groups with respect to medical adjustments.

Moreover, the lack of differences betweenmonitoringmethodsmay be
explained by the neurologists’ caution when adjusting medication. For
instance, higher doses of PD medications may cause dyskinesias related to
levodopa31. It is likely that neurologists perceive that changes inmedication,
especially frequent adjustments, could lead to a greater destabilization in the
patient’s condition31, and therefore, might be reluctant to changes. Hence,
even when faced with motor fluctuations or other symptoms, neurologists
may prefer stability and predictability over introducing potential uncer-
tainties by changing themedication. In this regard, 25% of study patients in
each group did not have any medication adjustments throughout the six-
month follow-up period, which may explain, at least in part, the lack of
significant changes in motor fluctuations across study groups.

Finally, the study’s infrequent visit schedule (one visit every three
months)may contribute to the observed lack of impact on ‘OFF time.’Given
that medication effects occur within hours32, more frequent visits may be
necessary to implement and assess changes effectively. However, although
neurologists were allowed to schedule consultations as needed in this study,
they completed only two, theminimum required to complete the study. An
explanation for this could be the hesitancy to modify medication regimens
despite the presence ofmotorfluctuations; therefore, neurologistsmight not
need additional consultationswith patients. Another possible explanation is
that neurologists have a high workload that may not allow schedulingmore
visits. This draws attention to the real-world challenges faced by neurolo-
gists in balancing optimal patient care with resource limitations, shedding
light on potential barriers to achieving desired clinical outcomes in the
context of PD management.

One of the key contributions of this study is that it successfully inte-
grated the studied technology into real-world neurology consultations in
hospital settings. This demonstrates that wearable sensors can be incorpo-
rated into routine clinical practice. However, their impact on symptom
management did not meet expectations, likely due, at least in part, to the
previously discussed barriers.

Although these technologies may not provide significant advantages
within the current clinical practice model, they enable a potential shift in
care delivery—allowing for more frequent, and not necessarily in-person,
patient assessments, which could lead to a more efficient use of time. This
new approach could reveal their true value in improving disease manage-
ment. Therefore, an important avenue for future research in the field of
wearables for Parkinson’s disease is exploring how these devices can be
effectively integrated into different healthcare models to maximize their
potential benefits.

The results from this study should be interpreted considering certain
limitations associated with sample size and follow-up. The sample size for
this study was initially calculated with the assumption of a 1.25-h reduction
in ‘OFF time’ as an outcome, likely representing an unrealistic clinical
benefit. However, increasing the sample size would unlikely alter the overall
results and conclusions of the study.

Additionally, this study lacked a quality control mechanism to assess
howneurologists interpreted andutilized thedata fromboth the sensors and
theHauser diary.While objectivemeasurements ofmotor fluctuationswere
provided to the neurologists in the Sensor and Diary groups, the study didT
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not track to what extent this information influenced their clinical decision-
making. Neurologists may have prioritized subjective patient reports and
their own clinical assessment over these objective data sources, which could
have diluted the potential impact of these monitoring tools on treatment
adjustments. A longer study with more frequent visits could have provided
neurologists with additional time to familiarize themselves with the tech-
nology and progressively integrate it into their decision-making process.
This learning curve could be critical in determining the real impact of
objective monitoring on clinical outcomes, as adaptation to new tools often
requires sustained exposure and iterative feedback. Future studies should
explore whether extended follow-up periods and structured training pro-
grams enhance the adoption and clinical utility of wearable monitoring
devices in Parkinson’s disease management.

In conclusion, while our study suggests that themethod ofmonitoring
PDmay not significantly influence its clinical outcomes, it also underscores
the importance of understanding the broader context in which these tools
are employed. Future research should delve deeper into the barriers pre-
venting the effective integration of these monitoring tools into clinical
practice and explore how they can be effectively combined with other
clinical indicators to enhance patient outcomes.

Methods
Trial design
TheMoMoPa-EC trial was amulticenter, single-blind, cluster-randomized,
controlled clinical trial, including patients with moderate-to-severe PD.
Patients were consecutively recruited between November 2019 and
December 2021 during routine visits to participating neurologists at the 44
participating centers (listed in Supplementary Table 1). Patients’ motor
fluctuations were assessed using three different methods: a wearable device
(Parkinson’sHolter, PH), a patient diary (Hauser diary), and during routine
patient visits. Neurologists participating in the study were randomly
assigned to one of the three groups, each receiving different sets of data for
review: clinical information from patient visits along with PH readings
(SensorGroup, SG), data frompatient visits alongwithHauser diary entries
(Diary Group, DG), and data from patient visits alone (Visit Group, VG).

Consequently, the neurologists’ clinical decisions were informed by the
specificdata set available to eachgroup.Adetailed descriptionof this clinical
trial protocol has been previously published13.

The study protocol received approval from the independent research
ethics committee of Bellvitge Hospital (Hospitalet de Llobregat, Spain)
under reference AC012/19. This study’s conduct adhered to the principles
outlined in theHelsinkiDeclarationandcompliedwith theEUGeneralData
Protection Regulation (GDPR). As per GDPR guidelines, all personal data
were appropriately anonymized and kept separate from the research results.

Participating Neurologists and Patients
Participating neurologists were required to visit at least 10 patients with PD
permonth andhave the potential to recruit patientswith difficult-to-control
motor fluctuations during the recruitment period. All investigators and
collaborators at the study sites attended a one-day training session on study
procedures and instruments before recruitment started.

Patients’ inclusion criteria were an idiopathic PD diagnosis based on
the UK Brain Bank’s PD Society criteria33, hard-to-control motor fluctua-
tions, a Hoehn & Yahr score between 2 and 5 (excluding 5)34, and motor
challenges, including daily ‘OFF time’ or dyskinesia. Exclusion criteria were
inability to walk independently, participation in other clinical trials, acute
intercurrent diseases, presence of psychiatric or cognitive disorders hin-
dering participation (Mini-Mental State Examination score <24), and dif-
ficulty understanding the study processes (including proper completion of
the Hauser diary). Additionally, those whose baseline Hauser diaries
recorded less than 2h ofOFF-period state dailywere excluded13. All patients
provided written informed consent.

Interventions
Patients were classified into three groups based on the allocation of the
correspondingneurologist intooneof three studyarms: (1) theSensorGroup
(SG), including neurologists with access to data from PH (STAT-ON®) in
addition to information collected during the regular consultation; (2) the
Diary Group (DG), including neurologists with access to data from amotor
fluctuations diary (i.e., theHauser diary) in addition to information collected

Table 5 | Changes in FOG-Q, PDQ 39, and UPDRS scores throughout the study

Variable Visit
Group, n = 54

Diary
Group, n = 50

Sensor
Group, n = 50

Regression analysis

Comparison Estimate CI p-value

FOG-Q scores,
Mean (SD)

Baseline 10.1 (6.08) 10.8 (6.73) 10.8 (6.28) DG vs. VGa −1.20 −2.72 to 0.33 0.123

Final 11.3 (6.12) 10.9 (6.63) 11.0 (5.62) SG vs. VGa −1.13 −2.64 to 0.38 0.140

p-value (Baseline vs. Final) 0.3701 0.9269 0.9992

PDQ-39 scores,
Mean (SD)

Baseline 30.7 (15.4) 36.1 (18.4) 30.5 (16.4) DG vs. VGb −2.94 −7.09 to 1.21 0.163

Final 30.4 (17.8) 31.5 (17.5) 29.9 (14.8) SG vs. VGb 0.02 −4.07 to 4.10 0.993

p-value (Baseline vs. Final) 0.9168 0.2111 0.8641

UPDRS-II scores,
Mean (SD)

Baseline 10.2 (5.28) 12.9 (6.65) 12.7 (5.70) DG vs. VGc −0.74 −2.50 to 1.01 0.403

Final 9.74 (6.11) 11.2 (7.47) 13.0 (6.00) SG vs. VGc 0.93 −0.82 to 2.68 0.295

p-value (Baseline vs. Final) 0.6606 0.2493 0.7983

UPDRS-III scores,
Mean (SD)

Baseline 18.0 (10.4) 22.9 (12.4) 22.2 (10.0) DG vs. VGd 0.70 −2.33 to 3.73 0.647

Final 16.4 (11.1) 21.5 (13.9) 22.1 (10.9) SG vs. VGd 2.16 −0.86 to 5.18 0.159

p-value (Baseline vs. Final) 0.4456 0.6122 0.962

UPDRS-IV scores,
Mean (SD)

Baseline 1.55 (1.76) 1.22 (1.76) 1.78 (1.81) DG vs. VGe 0.01 −0.56 to 0.59 0.963

Final 1.36 (1.67) 1.25 (1.57) 1.80 (2.02) SG vs. VGe 0.22 −0.35 to 0.79 0.441

p-value (Baseline vs. Final) 0.5798 0.9058 0.9585

CI confidence interval, DG Diary Group, FOG-Q Freezing of Gait Questionnaire, PDQ39 the 39-item PD Questionnaire, SG Sensor Group, UPDRS unified PD rating scale, VG Visit Group.
aObservations = 142, R2/R2 adjusted=0.646/0.630, AIC = 782.103.
bObservations = 141, R2/R2 adjusted=0.622/0.605, AIC = 1054.381.
cObservations = 146, R2/R2 adjusted=0.604/0.590, AIC = 848.489.
dObservations = 147, R2/R2 adjusted=0.633/0.620, AIC = 1016.022.
eObservations = 148, R2/R2 adjusted=0.350/0.322, AIC = 530.809.
Model adjusted by equivalent dopaminergic dose, UPRS-II, UPDRS-III, and the corresponding variable at baseline, where applicable.
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during the regular consultation; and (3) the Visit Group (VG), including
neurologists with access only to information collected during the regular
consultation. The diary version used in this study, along with an example of
the sensor recording, can be found in the study protocol publication13.

Neurologists were randomly allocated to one of three designated
groups and assessed patient eligibility during an inclusion visit. Patients
meeting the inclusion criteria were invited to participate in the study and
those who accepted were scheduled for the baseline visit. Neurologists were
allowed to schedule follow-up visits as needed according to their criteria.

Throughout the study, all participants received standardized guidelines
from neurologists on Hauser diary completion, enriched with instructional
videos showcasing motor fluctuation examples. A dedicated research team
thoroughly examined the baseline Hauser diaries, and entries with incom-
plete details, ambiguous data, or discrepancies were omitted.

Data collection and visits
Studydatawere collected during three visits: a baseline visit, a follow-up visit
at week 12 ( ± 2 weeks) after the baseline visit, and a final visit at week 26
( ± 2weeks) after the baseline visit. All patients used the diary for sevendays
before the baseline andfinal visits and thePH for seven days before the three
visits. DG patients additionally used the Hauser diary before the follow-up
visits. However, SG andVGpatients were not providedwith the diary in the
intermediate visits to prevent bias originated from the use of a recording
instrument (the diary), which may have improved symptoms’ self-
perception and possibly enhanced the accuracy of the information pro-
vided to neurologists.

Outcomes and variables
The primary outcome of this study was to compare the changes in daily
‘OFF time’, measured as a percentage of hours in ‘OFF’ using the Hauser
diary, from baseline to the final visit among the three study groups. The
Hauser diary allows reporting of four motor phases (OFF, ON minus
dyskinesias, On with non-troublesome dyskinesias, and ON with trouble-
some dyskinesias). For each patient, the daily time percentages in each
motor phase were calculated by dividing the total daily time (hours) in the
phase by the total day’s tracking time. An average daily percentage of ‘OFF
time’, ‘ON time’, and dyskinesia were calculated.

For the secondary objectives, we analyzed ‘ON time’ and dyskinesia
measured with the Hauser diary and parameters obtained by the PH,
including ‘OFF time,’ ‘ON time,’ and dyskinesia, expressed as daily time
percentages. Additional PH parameters considered were the frequency of
freezing of gait (FOG), expressed as the number of FOGs over the total
monitoring time inhours, stridefluidity (m/s2), and the accelerometer signal
magnitude area (SMA) (m/s2), calculated as previously described14,35–37.
Stride fluidity is derived from a hierarchical algorithm that analyzes the
patient’s walking14, while SMA is an algorithm that estimates calorie
expenditure during physical activities35,36.

Furthermore, we assessed the changes in the scores of the Freezing of
Gait Questionnaire (FOG-Q), the 39-item PD Questionnaire (PDQ-39),
self-administered by the patients or their caregivers, and the Unified PD
Rating Scale (UPDRS), parts II, III, and IV (dyskinesia items), administered
by the neurologists. FOG-Q was designed as a 6-item questionnaire to
quantify FOG, a common parkinsonian symptom interfering with daily
functioning and QoL38. Higher FOG-Q scores indicate a greater severity of
freezing of gait. PDQ-39measures the frequency of challenges encountered
by patients in eight daily living dimensions and is the predominant disease-
specific, patient self-administered rating scale in PD research39,40. Higher
PDQ-39 scores indicate a more significant impact of PD on daily living.
UPDRS is a widely used instrument thatmonitors PD-related disability and
impairment41. Of the four components included in the scale41, the ‘Activities
of Daily Living’ (part II), ‘Motor’ (part III), and ‘Complications’ (part IV -
dyskinesia items) were used in the present study. Higher UPDRS scores
indicate more severe impairment or disability.

Dopaminergic drug dose data were also collected during the study and
were expressed as levodopa equivalent dose42. Sociodemographic variables

considered at baseline included age, gender, marital status, and years of
education age upon completing education.

Sample size
To determine the sample size, we assumed an average reduction of
75 min (SD 130) in daily OFF time between Group A and Group C.
Based on this assumption, a sample size of 49 patients per group was
calculated to achieve 80% power at a significance level of α = 5% (two-
tailed). To compensate for potential dropouts and non-evaluable
patients, the sample size was increased by 10%, resulting in a total of 162
patients (54 per group). To complete the study, it was estimated that 30
to 40 neurologists would be needed, with each expected to recruit an
average of four patients.

Randomization and blinding
Neurologists, and by extension all their patients, were randomly
assigned to one of the three study arms. The randomization sequence
was generated by the coordinating team using a balanced block design.
The team responsible for implementing the allocation was blinded to
the composition and size of the randomization blocks. This team
received patient data and, before each consultation, securely sent the
corresponding neurologist the information they were assigned to access
based on their randomization group: Holter data, diary data, or no
additional information.

The neurologists were blinded to the outcomes self-administered by
patients, the data analysts were blinded to the interventions, and patients
were blinded to the allocation group.

Statistical methods
Categorical variables were presented in terms of frequencies and percen-
tages, while continuous variables were expressed using the mean and
standard deviation (SD).

The primary outcome of the study was OFF time at the final visit. To
compare this outcome across the different study groups, a linear regression
model was fitted, with OFF time at the final visit as the dependent variable.
The study armandOFF time at thebaseline visitwere includedas covariates.
Additionally, the model was adjusted for UPDRS-II and UPDRS-III scores,
as well as the levodopa equivalent dose at baseline, calculated as previously
described42. The study group coefficients for study groupwere reportedwith
a 95%confidence interval and p-value. For all tests, a two-sided alpha of less
than 0.05 was considered significant. Statistical evaluations were conducted
using the R 4.1.2 software.

This clinical trial was registered at ClinicalTrials.gov onNovember 21,
2019 (NCT04176302).

Data availability
The datasets generated and/or analyzed during the current study are
available from the corresponding author on reasonable request.
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