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Background: For specialists in charge of Parkinson's disease (PD), one of the most time-consuming tasks of the consultations is the assessment of symptoms and motor fluctuations. This task is complex and is usually based on the information provided by the patients themselves, which in most cases is complex and biased. In recent times, different tools have appeared on the market that allow automatic ambulatory monitoring. The MoMoPa-EC clinical trial (NCT04176302) investigates the effect of one of these tools—Sense4Care's STAT-ON—can have on routine clinical practice. In this sub-analysis the agreement between the Hauser diaries and the STAT-ON sensor is analyzed.

Methods: Eighty four patients from MoMoPa-EC cohort were included in this sub-analysis. The intraclass correlation coefficient was calculated between the patient diary entries and the sensor data.

Results: The intraclass correlation coefficient of both methods was 0.57 (95% CI: 0.3–0.73) for the OFF time (%), 0.48 (95% CI: 0.17–0.68) for the time in ON (%), and 0.65 (95% CI%: 0.44–0.78) for the time with dyskinesias (%). Furthermore, the Spearman correlations with the UPDRS scale have been analyzed for different parameters of the two methods. The maximum correlation found was −0.63 (p < 0.001) between Mean Fluidity (one of the variables offered by the STAT-dON) and factor 1 of the UPDRS.

Conclusion: This sub-analysis shows a moderate concordance between the two tools, it is clearly appreciated that the correlation between the different UPDRS indices is better with the STAT-ON than with the Hauser diary.

Trial Registration: https://clinicaltrials.gov/show/NCT04176302 (NCT04176302).
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INTRODUCTION

Parkinson's disease (PD) is the second most prevalent neurodegenerative disease, after Alzheimer's disease (1), and is characterized by the onset of different motor symptoms, such as tremor, rigidity, and bradykinesia (2). PD has an overall prevalence of approximately 0.5%, which increases to 1% among people aged 65 to 69 years and 1–3% in people aged over 80 (3, 4). Although the neurodegeneration that causes PD affects different regions of the brain, it is pathologically characterized by the loss of nigrostriatal dopaminergic innervation (5).

The treatment of PD is symptomatic, that is, the goal is to alleviate the symptoms that appear throughout the progression of the disease through drugs that, broadly, aim to restore dopamine levels in the striatum (5). Patients generally respond well to treatment during the early stages of the disease, but as PD progresses, the medication lasts for a shorter and shorter time, and motor complications develop that necessitate frequent therapeutic adjustments to control the symptoms adequately (1). Approximately 90% of patients with PD present with motor fluctuations after 10 years (6). Motor fluctuations consists of alternating periods throughout the day when patients present with the symptoms of PD, as if the medication is not effective, and periods when these symptoms disappear to different degrees. The periods when motor symptoms appear are called OFF periods, whereas the periods when they disappear are called ON periods (7). During disease progression, patients tend to present with dyskinesias as an undesired side effect of the medication. Dyskinesias are involuntary movements of the head, trunk, or extremities that usually interfere with patient activity and severely lower the quality of life (8).

The entire spectrum of motor complications is hard to control since these complications typically have a highly variable appearance, fluctuating throughout the day and from day to day. A temporal map of the appearance of different symptoms is very useful for therapeutic adjustment; however, neurologists currently do not have this information and therefore encounter serious difficulties in obtaining good results with medication adjustments. As a general rule, the information neurologists work with on the appearance of symptoms comes from self-reports, either in the form of a diary, in which patients and/or caregivers record their motor state periodically (for ex: Hauser diary), or in retrospective form, in which patients and/or caregivers recount during a visit how they perceive their symptoms throughout the day. Although these methods are the current reference standard, they have biases and errors, since patients often forget to record the motor state, do not adequately recognize the motor state, or confuse the motor symptoms (9).

The recent development of wearable sensors that can monitor fluctuations in motor symptoms opens the door to improving the quantity and quality of this information and thus helps improve the effectiveness of treatments for PD. The objective of this sub-analysis is to study the agreement between the motor fluctuations recorded by patients in a Hauser diary and those detected by a wearable PD Holter monitor. As a secondary objective, this work analyses the correlation between the determinations made by each of these monitoring methods (Hauser diary and the wearable PD Holter monitor) and the score of the Unified Parkinson's Disease Rating Scale (UPDRS), which will be used as an external validation criterion.

MoMoPa-EC is a clinical trial that starts in 2019 and aims to compare the clinical outcomes of PD patients whose motor fluctuations are measured by different methods: a wearable device, patient diary, and information collected during the consultation. In the literature, we can find many published works with Holter monitors for PD, but all of them have been carried out in controlled or laboratory environments and many of them with short evaluation times (10–20). The difference with these studies is that MoMoPa-EC is developed in an environment of routine clinical practice, without controlling the use of the sensor or diary by the researchers but rather letting the patients use them autonomously and without supervision at home after receiving instructions in the doctor's office.



METHODS AND ANALYSIS


Study Design

The present study is a subanalysis of the MoMoPa-EC clinical trial, whose protocol has been published (21). This study was approved by the Research Ethics Committee of Bellvitge Hospital under reference AC012/19. MoMoPa-EC is a randomized, controlled, single-blind clinical trial that aims to compare the clinical outcomes of patients with PD whose motor fluctuations are measured by different methods: wearable (Parkinson's Holter monitor), patient diary (Hauser diary), and information collected during consultation (21). The MoMoPa-EC clinical trial plans to recruit 164 patients with moderate to severe PD and at least 2 h a day in the OFF state. In this trial, after enrolment, all patients fill out a diary of motor fluctuations for 7 days in their homes while wearing a Parkinson's Holter. Then, at the baseline visit, which can take place between 2 and 12 weeks after recruitment, the neurologists participating in the trial administer the UPDRS to all patients.

As detailed in the published protocol, the main objective of MoMoPa-Ec is to evaluate the efficacy of using a Parkinson's Holter compared with traditional clinical practice in terms of Off time reduction with respect to the baseline (recorded through a diary of motor fluctuations). As secondary outcomes, changes in variables related to other motor complications (dyskinesia and FoG), quality of life, autonomy in activities of daily living, adherence to the monitoring system and number of doctor-patient contacts will be analyzed (21). The work presented now is a sub-analysis that make a comparison between the Hauser diary and the sensor output. This analysis was not previously carried out within the objectives of MoMoPa-EC.

In the present subanalysis, the data collected during the monitoring of the patients since enrolment (Parkinson's Holter and Hauser diary) and the scores of the UPDRS administered at the baseline visit were used. Symptom monitoring is repeated during the follow-up of the patients in MoMoPa-EC, but the follow-up data were left out of this subanalysis since they may be influenced by a learning effect through which, with each repetition of symptom monitoring, patients learn to fill out the Hauser diary better, which would have a secondary effect on the agreement between the two monitoring methods.

The neurologists participating in the study explained to all patients how to fill out the Hauser diary. To do this, the neurologists followed a common procedure that consisted of showing instructional videos to patients, which showed examples of motor fluctuations. All baseline Hauser diaries were reviewed by a team of researchers, and the entries that presented problems (lack of information, confusing information, or inconsistencies) were discarded. It was then discussed with the researcher in charge whether the patient would be asked to fill out a diary again (after retraining) or would be excluded. Additionally, patients whose baseline Hauser diaries did not report 2 or more hours on the OFF state per day were excluded (21).

In the MoMoPa-EC trial, the commercial device STAT-ON, manufactured by Sense4Care SL (www.sense4care.com), was the Parkinson's Holter used. This medical device is designed to monitor motor fluctuations and activity in Parkinson's patients on an outpatient basis. The Holter records motor fluctuations during activities of daily living (11), in addition to dyskinesia, bradykinesia, and freezing-of-gait episodes (11, 12, 16, 20). Holter data are stored in the device's internal memory, and users (patients or neurologists) can download them to any mobile phone that has the application provided by the manufacturer installed. This application produces portable document format (PDF) reports that show the data obtained from the patient during the monitored time, including the number of freezing-of-gait episodes detected and the percentages of time in the ON state, the OFF state, and an INTERMEDIATE state. The STAT-ON device is based on the gait bradykinesia for the determination of motor states, the INTERMEDIATE state is when, based on self-adjusted thresholds, the bradykinesia is being detected but not enough to determine an OFF state. For a more in-depth definition of the motor states go to the reference (10). The Parkinson's Holter should be used for at least 3 days for calibration reasons and does not have an upper limit of use (it can be used indefinitely). The manufacturer recommends using the Holter device for 7 days to capture specific changes in motor manifestations and the daily routine, which often occur on weekends.



Participants

The target population of the MoMoPa-EC study is PD patients with motor fluctuations that are difficult to control. The neurologists participating in the study, who belong to 40 different health centers in Spain, select the participating patients from among those who are being followed up at their outpatient clinics. According to the intended clinical use of the Parkinson's Holter, neurologists are advised to offer the device to patients who could benefit from daily monitoring of their motor symptoms to better control them. It is planned for the trial to include 164 patients who meet all the following inclusion criteria: (1) idiopathic PD according to the clinical criteria of the Brain Bank of the United Kingdom (22), (2) moderate to severe disease (Hoehn & Yahr stage ≥2 in the OFF state) (23), and (3) presence of motor fluctuations, with at least 2 h/day in the OFF state. To be included in the study, patients who have been informed about its objectives have to agree to participate voluntarily and sign a written consent form. Patients who cannot walk independently or who have Hoehn & Yahr stage 5, patients participating in another clinical trial, patients with acute intercurrent disease, patients with psychiatric or cognitive disorders that prevent them from participating in the trial (Mini-Mental State Examination score <24) (24), and patients who have difficulty understanding the study processes (including the ability to correctly fill out the Hauser diary) are excluded. Patient recruitment for the trial began in November 2019 and is ongoing.

Data from 177 patients were available for this sub-analysis, of which 34 were excluded because they did not meet the MoMoPa-EC inclusion criteria. In this subanalysis, only those patients in whom the difference between the baseline visit (where the UPDRS was administered) and the monitoring with STAT-ON were not greater than 45 days were included. This condition was not contemplated in the MoMoPa-EC design but it is necessary for this sub-analysis and, for this reason, 13 patients had to be excluded. Finally, in this sub-analysis it only makes sense to compare those records in which the Hauser diaries and sensor were applied at the same time. This was not a condition in the MoMoPa-EC study either, and it was the main cause of exclusion for this sub-analysis, since monitoring with the Hauser diary and the sensor were not coincident in time in the case of 46 patients. This study was finally carried out in a total of 84 patients who fulfilled all the conditions. Figure 1 shows a diagram illustrating the patient selection process.
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FIGURE 1. Diagram of the patient selection process for the subanalysis.




Data Analysis

Only the periods of time when the patients were simultaneously monitored by the two instruments (Parkinson's Holter and Hauser diary) were compared. The Parkinson's Holter, similarly to the Hauser diary, collects data with a temporal frequency of half an hour. In the Hauser diary, the patient can mark four motor states (OFF, ON without dyskinesias, ON with non-problematic dyskinesias, and ON with problematic dyskinesias) and sleeping. The Holter, in addition to identifying the times when the patient experiences dyskinesias, offers three motor states: OFF, ON, and INTERMEDIATE. The INTERMEDIATE state is a state in which the patient has a decrease in stride fluidity, but not as severely as in the OFF state. The Holter also collects different data on other PD symptoms, such as stride fluidity (associated with gait bradykinesia) and the number of freezing-of-gait events, in addition to physical activity parameters, such as the number and length of steps and the accelerometer signal magnitude area (SMA). The Holter bases the detection of motor states on the analysis of gait and, more specifically, on the analysis of stride fluidity; this measurement, which is a continuous variable, is the basis for the detection of OFF states (17–19).

The disparity in detectable states between the two instruments makes it necessary to modify their measurements to be able to compare them. In the STAT ON, the variables of the ON and OFF motor states are presented on the one hand and the dyskinesia as independent variable on the other hand. In order to make an adequate comparison, two analogous variables have been generated with the data from Hauser's diaries, separating the consideration of motor status and the appearance of dyskinesia in Hauser's diary. On the one hand, in Hauser's diary all the ON states have been aggregated together, regardless of whether they presented dyskinesias or not. On the other hand, we have consider as dyskinesia any hour of the Hauser diary marked as dyskinesia in order to compare them with the STAT-ON variable of dyskinesia. In the Holter data, any state that is not ON was considered an OFF state; in other words, the intermediate state was added to the OFF state. In this way, three comparable variables were obtained between the two instruments: OFF, ON, and dyskinesia.

Only data corresponding to periods of time when the two instruments were capturing data were used. For example, on a day in which there were readings from the two instruments, only the time since the second instrument was started (in the case of the Hauser diary, the time of the first reading) until the first instrument stops was considered. Any day that did not have at least 8 h monitored by both instruments was discarded from the analysis. For the analysis, the hours in ON, OFF, and dyskinesias of each day were added and divided by the time monitored that day, yielding the percentage of time in each of the states per monitoring time. Last, the mean of this percentage over all valid monitoring days was calculated. The rest of the continuous variables are expressed as the mean of all the values collected on the valid days.

In the statistical analysis, the parameters obtained by both methods were compared using the intraclass correlation coefficient (ICC) to determine the degree of agreement between the different instruments. For this calculation, the mean mixed-effects model was selected, given that the patient population was a random sample of the total population, whereas the evaluators (in this case the Hauser diary and the Holter) were the totality of the evaluators.

To find correlates of the different parameters of the UPDRS, all possible parameters of the Hauser diary and the Holter were analyzed separately through Spearman correlation. The different UPDRS scores used were the sum of the dyskinesia section of part IV of the UPDRS, the sum of part III of the UPDRS, the sum of part II of the UPDRS, and factor I (bradykinesia/gait). Factor I, described by Stebbins et al. (25) include the sum of: (i) Speech, (ii) Facial expression, (iii) Arise from chair, (iv) Posture, (v) Gait, (vi) Postural stability and (vii) Body bradykinesia.

The ICC calculations were performed in Python (v3.7.1) using the programming library Pingouin 0.3.12. The Spearman correlations were calculated in Python (v3.7.1) using the programming library SciPy 1.5.2.




RESULTS

Of the 84 patients selected for this analysis, 48 were men and 36 were women. Table 1 shows the mean and median of age, Hoehn & Yahr stage, UPDRS-II and UPDRS-III overall scores, the dyskinesia score of UPDRS-IV and finally OFF, ON and dyskinesia hours from Hauser Diary of the participating patients.


Table 1. Patient data.

[image: Table 1]

The ICC between the recordings of the Parkinson's Holter and Hauser diary was 0.57 (0.3–0.73) for the percentage of daily time in the OFF state, 0.48 (0.17–0.68) for the percentage of daily time in the ON state, and 0.65 (0.44–0.78) for daily time with dyskinesias. Table 2 shows the Spearman correlations of the different parameters.


Table 2. Spearman correlations.

[image: Table 2]



DISCUSSION

A moderate ICC was found between the Hauser diary and the Holter data. The correlation of these methods with the UPDRS was low, although it was higher in the case of the Holter than the diary.

In previous studies using the STAT-ON, much higher correspondence was reported between the motor state identified by the Holter and that reported in patient diaries. Previous studies have found, for example, that the sensitivity and specificity of the Holter in detecting the motor state recorded in patient diaries were higher than 90% (10, 11), and the correlation between the Holter data and the UPDRS-III was greater than 0.7 (n = 75), even reaching 0.8 in the case of factor I of the UPDRS-III (n = 12). The notable differences between our results and previous ones are mainly due to the form and time of implementation of the validation instruments. In previous studies in which the patient diary was used, it was filled out after the patients had received exhaustive specific training by the researchers, while MoMoPa-EC aims to reflect normal clinical practice, so the training is not as rigorous. In addition, patients who completed diaries in the previous studies had a telephone follow-up every 2 h to encourage the use of the diary and clear up any doubts, in addition to a daily face-to-face visit to review the diary entries; none of this is done in the MoMoPa-EC trial. Additionally, in the present study, 45 calendar days could pass between the monitoring of symptoms by Holter or diary and the administration of the UPDRS (although there were no changes in medication between the two times). In contrast, previous studies administered the UPDRS at the same time as the monitoring, which lasted a maximum of 4 h, so this is another substantial methodological difference. On the other hand, in another study carried out with the STAT-ON under real conditions, correlations with the UPDRS were presented practically the same as those obtained in this sub-analysis. Specifically, in this work, a correlation of −0.67 (p < 0.001) of Fluidity with factor I of the UPDRS is presented, while in our correlations a −0.63 (p < 0.001) was reached (13).

A study with a device much like the STAT-ON, such as the Parkinson's KinetiGraph (PKG; Global Kinetics Corporation), reported a moderate correlation (0.64) in 34 patients with longer monitoring, but in a controlled environment (14). In a study with Kinesia motion sensor units (Great Lakes NeuroTechnologies), Pulliam et al. (15) reported a correlation of 0.81 with the UPDRS-III score, but in a laboratory environment, with a short evaluation time and coincident with the administration of the UPDRS. Again, the difference from these studies is found in the environment in which the MoMoPa-EC clinical trial is developed, an environment of routine clinical practice, without controlling the use of the sensor or diary by the researchers but rather letting the patients use them autonomously and without supervision at home after receiving instructions in the doctor's office. Under these conditions, we interpret the ICC values obtained between both monitoring methods, which in another context would be considered moderate, as a very positive result.

The lack of supervision of MoMoPa-EC study can be interpreted as a limitation when assessing the correlation of STAT-ON with patient diaries. However, in previous publications we have extensively analyzed the correlation of the sensor with the diaries, in a much more controlled situation. This controlled situation is not the one that occurs in clinical practice, and in this study we have had the opportunity to analyze the correlation in real conditions, which is a novel approach and, as expected, the correlation is lower.

It is also worth mentioning that the detection of motor states in the Holter is associated with walking and/or the appearance of dyskinesias. This scheme, which results in a more robust detection, is unable to deliver a diagnostic on the motor status during those periods of time when the patient is not walking and does not have dyskinesias. The diary instead requires frequent manual entry by the patient, and therefore there are many times when the patient does not make records. Thus, the two methods lack data at different times and for different reasons, which limits the degree of agreement between them. On the other hand, the non-motor off states, which are reflected in Hauser's diary, do not always have a correspondence with the motor symptoms, which are what the Holter detects. This fact is another clear limitation for the comparison between these two instruments (26, 27).

In general, the correlation sensor data with the UPDRS scores were better than those of the diary. This was probably because the UPDRS evaluates symptoms in terms of frequency of their appearance and severity, as does the Holter, but in the Hauser diary, only the frequency, not the intensity, of symptoms is recorded.

In contrast, the UPDRS-IV score had a greater correlation with the hours of dyskinesia recorded in the diary than with the hours of dyskinesia recorded by the Holter. This might be explained by the fact that both in the UPDRS-IV and in the diary, it is the patient who reports the symptom, and this symptom is an involuntary movement that often goes unnoticed by the patient. This opens the possibility that there are dyskinesias detected by the Holter that are not reported by the patient when the UPDRS-IV is administered or that are not recorded in the Hauser diary.

In the case of UPDRS-II, the correlation with the diary was very low, the time in the ON state without dyskinesia being the parameter that best correlated. The correlation with the mean fluidity, a Holter parameter, was much higher. This parameter is clearly indicative of the ability of the patient to move and therefore their ability to perform tasks of daily living.

The correlations for UPDRS-III indicate that the parameter that was best correlated with the diary is the hours in the ON state; the fewer the hours in ON, the worse the UPDRS-III score. This correlation is much lower than that between the UPDRS and the gait fluidity parameter of the Holter (16), which is a parameter that analyses the variations in the fluidity of the stride, throughout the monitoring period. The better correlation of this parameter with the UPDRS is consistent with the study by the creators of the Holter, which reported that this parameter has a high correlation with factor I of the UPDRS-III (language, facial expression, arising from a chair, posture, gait, postural stability, bradykinesia, and hypokinesia) and more specifically with gait (16).

Given that the intraclass correlation and the correlations found were moderate or low, a larger sample size would have been necessary to obtain narrower confidence intervals of the estimates. The study of the correlations was also limited by the time elapsed between the monitoring measurements and the administration of the UPDRS. Although medication changes were not allowed during this time according to the clinical trial protocol, it is enough time for the motor manifestations to change spontaneously, making it more difficult to see a good correlation between the measurements performed. Additionally, we do not consider it a limitation but rather a strength that the data for the primary comparison were collected autonomously by the patients, without any supervision. The use of the Holter and the diary was similar to that of daily clinical practice, so the moderate ICCs found reflect the agreement of these instruments under real conditions of use.

The new wearable tools for monitoring motor symptoms in PD that are becoming available on the market are very promising and have great potential to change the way in which patients with PD are evaluated. One of the great barriers to the implementation of these tools is professionals' lack of confidence in them. They lack confidence because there is no standard reference of quality with which to compare them: the Hauser diary has many biases and errors and a completely different time frequency than the new tools. We hope studies such as MoMoPa-EC will help us move past the Hauser diary and will impart confidence in professionals to use these new tools.
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