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Purpose: Fibromyalgia (FM) is a widespread pain condition, associated with other symptoms such as fatigue, sleep disorders,
stiffness, and mood disturbances. It significantly impacts patients’ quality of life (QoL) and poses a substantial challenge due to the
lack of a definitive cure. This study aimed to report real-world data on the long-term use (18 months) of a millimeter (MMW)-based
neuromodulation device and tracking application, and its effects on various health dimensions in a self-declared FM population.
Methods: This retrospective study was based on data including daily MMW wristband use and health parameters assessed at baseline
(D0) and tracked weekly (pain, stiffness and fatigue) or quarterly (QoL, quality of sleep and impression of change). The primary
inclusion criteria were a self-reported diagnosis of FM and consistent device usage for a minimum of 18 months.

Results: The inclusion criteria were met by 185 users. There was a reduction in the Fibromyalgia Impact Questionnaire (FIQ) scores,
with an average reduction of 27% after the first three months (M3), indicating improved QoL, and stabilization thereafter. Similar
improvements were observed in sleep quality, stiffness and fatigue. In contrast, pain intensity showed a continuous decline throughout
the 18-month period.

Conclusion: The significant improvements in QoL, pain intensity, and sleep quality, maintained over time, underline the MMW
device’s ability to provide sustained relief and enhance daily lives of people with FM.
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Introduction

Fibromyalgia (FM) is a widespread pain condition, associated with other symptoms such as fatigue, sleep disorders,
stiffness, mood disturbances, cognitive dysfunction, headaches, paresthesia, irritable bowel syndrome.'* FM arises from
altered nociception without clear evidence of tissue or somatosensory damage.® Based on the modified American College
Rheumatology (ACR) 2016 criteria, prevalence has been estimated to be 3.4%.*

Because there is currently no cure for FM,> the European Alliance of Associations for Rheumatology (EULAR)
advises to focus on symptom mitigation and quality of life (QoL) improvement,® and recommends non-pharmacological
interventions as first line treatments.

Non-pharmacological interventions are advised as the first line of treatments and combining these therapies appears to
be the most effective strategy for symptom management.” For example, physical activity,’ Cognitive Behavioral
Therapy,® spa therapy,®® acupuncture,'® and meditative movement therapies such as Tai Chi, Qigong, and Yoga'' are
recommended by the EULAR. Their benefits are thought to rely, at least in part, on the release of endogenous opioids.'*~
' Millimeter waves (MMW) are electromagnetic radiation with frequencies ranging from 30 to 300 GHz, which
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corresponds to Extremely High Frequency (EHF). Exposure of the peripheral nervous system to MMW has also been
shown to result in the central release of endorphins and other neurotransmitters,'> leading to hypoalgesic effects'® and
modulation of the parasympathetic activities.'” In addition to benefits in pain reduction observed in post-surgical,'®
neuropathic,'® and joint® pain, MMW could be used to improve dimensions such as sleep and stress regulation.”'

The field of digital health and wellness is rapidly expanding, fueled by ongoing technological advancements. Digital
approaches can provide knowledge and information to patients at any time and any place and thereby help bridge the gap
in program availability and practitioner follow-up for patients.?* In addition, digital solutions can help patients track their
use of a device, and monitor the evolution of their symptoms to appreciate the changes through time.>*> A Cochrane
review described the effects of digital interventions as “largely positive” in enhancing chronic patients’ knowledge, sense
of social support, and clinical outcomes, compared to those not using such methods.** In particular, technology-assisted
interventions have proven effective in improving self-management of chronic pain in adults.?’

On these grounds, a subscription package including a MMW emitting device and a smartphone application was put on
the market in an offer intended to improve the QoL of people suffering from bodily discomforts (pain, stiffness, fatigue)
and sleep difficulties. These symptoms being frequently reported in FM, a great number of users happened to be FM
patients seeking relief for their various symptoms. Prospects could subscribe online to this offer and pay a monthly fee
giving access to the use of a wristband and a smartphone application allowing users both to track their wristband use and
to record the evolution of their symptoms. Since the launch of the offer, numerous FM users kept using the MMW device
for more than 18 months. The longitudinal research on FM patients’ outcomes and/or prolonged use of a given therapy
being rather limited.”® The purpose of this retrospective study is to document the improvement in QoL and of FM
symptoms (pain, stiffness, fatigue, quality of sleep) in MMW-based neuromodulation users, and to analyze their long-
term (18 months) evolution through data collected in the course of their program.

Methods

Data Source and Study Population

The source for this retrospective study was a database belonging to the MMW wristband manufacturer (Remedee Well,
Remedee Labs, Montbonnot-Saint-Martin, FRANCE) and collecting users’ device logs and self-reported clinical para-
meters. Data are uploaded to the database through the smartphone application “Rewell” (available on AppleStore and
Playstore only in France). Wristband data require synchronization from the device to the application and clinical
parameters require users to voluntarily fill in questionnaires. The analyses were run on an anonymized copy of the
data collected between the 1° of October 2021 and the 20th of March 2024 and extracted on the 23™ of April 2024. This
corresponds to the data of users who subscribed between the 1% of October 2021 and the 20™ of September 2022.

To be included in this study, users had to (1) be adults aged >18 years old, (2) self-declared as FM patient, (3) be
subscribed to the offer for at least 18-months, (4) still be subscribed to the offer at the time of data extraction (to inform
users and collect their consent) and (5) were given the opportunity to answer the quarterly questionnaires throughout the
18 months (if users took part in an additional program, they followed a different assessment regimen). At the offer
subscription and in the documentation provided in the app, it is mentioned to the users to not stop actual medication
without the advice of their doctor.

The present study complies with the Declaration of Helsinki and with French law on studies not involving the human
person. It is part of a simplified procedure with 1) compliance with the “Reference Methodology for the processing of
personal data in the context of research not involving the human person, studies and evaluations in the field of health
(MR-004)” and 2) registration on the Health Data Hub under reference 17121115 (https://www.health-data-hub.fr/
projets). The approval of the Scientific and Ethical Committee for Health Research, Studies and Assessments (In

French: Comité Ethique et Scientifique pour les Recherches, les Etudes et les Evaluations dans le domaine de la Santé
(CESREEY)) is not required for this simplified procedure. In compliance with MR004, prior to data extraction, users
were individually sent a letter informing them about the study, with details of how they could object to the use of their
data if necessary. After this information letter was sent, they were given a period of one month in which to express their
opposition if necessary.
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Description of the Device and Device Functioning

The MMW emitting wristband contains two microelectronic components that can generate and amplify 61.2 GHz
radiations. Its technology has been tested for innocuity in a clinical trial.'” It can be activated for sessions that last
30 minutes and during which radiations are transmitted through the antennas towards the inner part of the patient’s wrist.
The waves penetrate the superficial layer of the skin and stimulate its nerve endings. The wave emission automatically
stops at the end of a session.

Standard recommendation to users is to perform 3 sessions per day, every day, including one in the hour before
bedtime to facilitate sleep onset and increase sleep quality. Additional sessions, up to a total of 6 sessions/per day, may be
added if desired. Sessions are recorded in an internal memory and their logs can be synchronized with the smartphone
application.

Description of the Application

At subscription, users were asked the main reason(s) for which they wanted to use MM W-based neuromodulation and if
they had any identified pathologies that could deteriorate the evolution of their QoL. Through a smartphone application,
users had the possibility to track both the use of their device and the evolution of their discomforts. To track the evolution
of their discomforts, users had the possibility to fill in questionnaires measuring their QoL, quality of sleep and intensity
of various common bodily discomforts (pain intensity and diffusion, stiffness, fatigue) just after the app onboarding and
then periodically (ie weekly and quarterly). After completion, their received a report summarizing their answers. The
smartphone application also included educative information about the device’s principle of action and training to use the
device correctly. Users could ask for assistance in case of lack of understanding or technical issues.

Outcome Measures

Primary Outcomes: QoL Evolution

When users declared having FM, their QoL was measured with a French version of the Fibromyalgia Impact
Questionnaire.”” Tt assesses the impact of FM on the current overall health status. Its total score ranges from 0 to 100,
with higher scores indicating greater impact. Bennett et al*® identified scores <39 as representing a mild impact; > 39 to <
59 a moderate impact, and > 59 to 100 a severe impact of FM on QoL. Moreover, a reduction of the FIQ total score
>14% from baseline measure (DO0) is considered as the minimal clinically important difference (MCID).*® Users could fill
in a FIQ at day 0 of their program (D0) and then every 3 months (M3, M6, M9, M12, M15 and M18).

Sleep Quality

Sleep quality was assessed with a custom-made questionnaire including perceived sleep quality, sleep onset, sleep
duration, sleep efficiency, sleep disturbances, sleep medicine, and difficulties to stay awake during daytime. Scores
ranged from 0 to 21 with higher scores indicating worse sleep quality. Users could fill in this questionnaire at DO and then
every 3 months (M3, M6, M9, M12, M15 and M18).

Impression of Change

The impression of change was assessed with the Patient Global Impression of Change (PGIC?®). It involves 7 categories
to qualify one’s perception of change since initiation of a treatment (1-very much worse, 2-much worse, 3-little worse,
4-unchanged, 5-little improved, 6-much improved, 7-very much improved). Users were offered to fill in this question-
naire every 3 months, from 3 months after initiation of use (M3, M6, M9, M12, M15 and M18).

Pain

At DO and every week from the 4™ week of device use, users could report their pain intensity on a Visual Analogical
Scale (VAS, 0: no pain, 100: maximal pain) for 19 body parts (right and left jaws, neck, right and left shoulders, right and
left arms, right and left forearms/hands, right and left hips/buttocks, right and left tights, right and left shin/foot, high
back, low back, chest, abdomen). The Pain intensity value was average across the body parts with non-null values (ie
painful body parts) and pain intensity improvement relative to baseline was computed for each user. Dworkin et al*° ‘s
consensus defines improvements of 10-20% decrease as minimally important, >30% decrease as moderately important
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and >50% as substantial. A percentage of Pain diffusion was also computed, such that: pain diffusion = (number of the
body parts with a non-null value/19)*100.

Stiffness and Fatigue
At DO and every week from the 4™ week of device use, users could report their level of stiffness and fatigue on two VAS
(0: no stiffness or fatigue, 100: maximal stiffness or fatigue).

Adherence
Sessions performed by users could be synchronized from their device to their smartphone application. User were
described as “adherent” if they performed >2 sessions per day, for 80% of a given period (ex: per trimester).

Seasonal Effect
It is commonly reported by patients that symptoms are worse during winter as opposed to summer, but results from the

literature are rather incongruent on the matter (see, for example Abeler et al*'). Here, taking advantage of our long-term
data recording and in order to feed the literature on the topic, we investigated the so-called seasonal effect by testing the

difference between FIQ total scores at DO, depending on the season of reporting.

Statistical Analyses

Demographics at DO, evolution in QoL, quality of sleep, bodily discomforts (pain, fatigue, stiffness) and device usage
were described using means and standard deviations, medians and quartiles, proportions (effectives and percentages)
when appropriate. A one-way ANOVA was used to test for seasonality effect on FIQ total scores at DO (summer vs fall vs
winter vs spring).

Results
Amongst the 1125 FM users aged >18 years old (criteria 1-2) who started using the MMW device (initiation of
subscription) in the study period, 388 (34.5%) were still subscribed 18 months after initialization (criterion 3). Amongst
those, users who unsubscribed after 18 months of subscription but before data extraction (lack of consent, criterion 4) or
chose to follow a digital educational program in addition to using their MMW device and followed a different assessment
regimen (criterion 5) were excluded from the sample. Finally, the study was composed of 185 users.

Table 1 displays the baseline demographics of the cohort of users. The population was mostly constituted of women
(94.6%), of a mean age of 52.1 (SD= 12.1) years old. The duration of pathology ranged from 0 to 64 years, with median

Table | Baseline Characteristics

Characteristics
Female gender, N(%) 175 (94.6%)
Age, mean (SD) 52.1 (12.1)
Duration of FM pathology, N(%)
<5 years 16 (8.6%)
6—10 years 46 (24.9%)
I11-15 years 52 (28.1%)
16-20 years 24 (13%)
>20 years 45 (24.3%)
missing 2 (1.1%)
Pain-related comorbidities, N(%)
none 97 (52.4%)
| 43 (23.2%)
2 23 (12.4%)
(Continued)
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Table | (Continued).

Characteristics

3 10 (5.4%)
>3 12 (6.9%)
Type of comorbidities, N (%)
Migraine 57 (30.8%)
Osteoarthritis 43 (23.2%)
Lombalgia 15 (8.1%)
Sciatalgy 15 (8.1%)
Pelvic pain 12 (6.5%)

Others (rhumatisms, tendinitis, Ehler-Danlos syndrome) 32 (17.3%)
Job status, N (%)

Work full time 45 (24.3%)
Work part time 46 (24.9%)
Unemployed 12 (6.5%)
Retired 31 (16.8%)
Sick leave 17 (9.2%)
Invalidity 21 (11.4%)
Student/ Trainee 7 (3.8%)
Other 6 (3.2%)

duration of 14 years. Most users did not declare having another pathology than FM. When they did, migraine and
osteoarthritis were the most common comorbidities reported.

Primary Outcomes

The primary outcome of our study was the quarterly improvements in QoL during the 18 months of use of the MMW
device. The completion rate of the quarterly FIQ questionnaires decreased throughout time, such that D0=100% (185/
185), M3=93% (172/185), M6=83.8% (155/185), M9=74.1% (137/185), M12=74.6% (138/185), M15=72.4% (134/185)
and M18=64.3% (119/185). We analyzed the evolution of the mean FIQ total scores along the time (M3, M6, M9, M12,
M15, M18). Amongst the 185 users in our cohort, 9 users completed the FIQ only at DO, and were therefore removed
from the analyses regarding QoL. Figure 1A represents the evolution of the mean FIQ total scores from DO to M18.
While the mean FIQ total score at DO was 63.2 (SD=14.6), it reduced by 27% after 3 months (M3) and then stayed stable
along the time, up to 18 months. Figure 1B represents the evolution of the distributions of users into FIQ severity
categories “mild” “moderate”, and “severe” from DO to M18. At D0, 62.5% of the users were in the “severe” category,
while only 5.7% were in the mild category. After 3 months, a minority of users (22.1%) remained in the severe category,
while the rest is shared out equivalently in the moderate and mild categories. Figure 1C displays the proportion of users
reaching the MCID compared to DO for each of the trimesters up to M18. It shows that in between M3 and M18,
a minimum of 65.2% (M6) to a maximum of 73.7% (M9) reached the MCID (ie a reduction of the FIQ total score from
D0 >14%).

Secondary Outcomes

Quality of Sleep

Completion rates of the sleep questionnaire were similar to those of the FIQ: D0=100% (185/185), M3=91.4% (169/185),
M6=83.8% (155/185), M9=74.1% (137/185), M12=73.5% (136/185), M15=72.4% (134/185) and M18=64.3% (119/
185). Ten users filled in the DO questionnaire only and therefore were removed from the analyses. Figure 2 displays the
mean sleep score evolution across the 175 remaining users. In a way analogous to the QoL, the quality of sleep reduced
by 21% from DO (m=12.15, SD=3.89) to M3 (m=9.64, SD=3.92) and then remained stable up to 18 months.
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Figure 3 Impression of change evolution with time.

Impression of Change

Impression of change was measured every quarter from M3. Completion rates were M3=98.4% (182/185), M6=89.2%
(165/185), M9=78.9% (146/185), M12=80% (148/185), M15=77.8% (144/185) and M18=70.3% (130/185). Figure 3
displays the evolution of the quarterly distributions across the 7 categories of the PGIC.?° Proportions of much and very
much improved progressed such that: M3: 32.7%, M6: 35.7%, M9: 43.7%, M12: 42.3%, M15: 40.6%, M18: 37%.

Bodily Discomforts (Pain Intensity, Pain Diffusion, Fatigue, Stiffness)
Every week, from week 4, users could fill in a questionnaire assessing the intensity of their pain, fatigue and stiffness.
Figure 4 displays the numbers of questionnaires that were filled out depending on users’ program week.

Figure 5A represents the evolution of mean pain intensity as reported by users who filled out the weekly ques-
tionnaire, for every week between week 4 and week 72. At DO the mean pain intensity across users was 56.7 (SD=15.6)
and declined steadily up to week 72 to reach a mean of 35.4 (SD=16.6). For each user, a weekly improvement relative to
their baseline pain intensity was also computed. Figure 5B represents the percentage of users with relative pain intensity
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Figure 4 Number of users answering the weekly questionnaire.

improvement >20% (minimally important), >30% (moderately important) and >50% (substantial). There were 47.6%,
31% and 7.1% of users at week 4 and 68.8%, 58.4% and 29.9% of users at week 72, with a pain intensity improvement
>20%, >30% and >50%, respectively.

At DO the mean pain diffusion across users was 75.1% (SD=20.6), in other words, users suffered from 14 body parts
over 19 assessed on average. The mean pain diffusion score decreased to 67.4% (SD =22.2) at week 4 and 57.7% (SD
=28.5) at week 72. For each user, a weekly improvement relative to their baseline pain diffusion was computed. Figure 6.
The grey area represents the 1% and 3rd quartiles represents the evolution of median relative pain diffusion improvement
as reported by users who filled out the weekly questionnaire, for every week between week 4 and week 72.

Stiffness was measured with a VAS-100. At DO the mean stiffness level across users was 71.2 (SD=22.7). Figure 7
represents the evolution of median relative stiffness improvement as reported by users who filled out the weekly
questionnaire, for every week between week 4 and week 72.

Fatigue was measured with a VAS-100. At DO the mean stiffness level across users was 80.3 (SD=18.6). Figure 8
represents the evolution of median relative fatigue improvement as reported by users who filled out the weekly
questionnaire, for every week between week 4 and week 72.

Adherence

Data collection on device use was dependent on wristbands synchronization with their smartphone application. Table 2.
displays the number of available data set for each trimester of the 18-month study period and the percentages of adherent
users per trimester. A set includes all sessions recorded and synchronized by a user during a trimester. A user was
categorized as “adherent” for a given trimester if they had performed at least 2 sessions/day for at least 80% of the
trimester duration. Figure 9 displays the mean number of sessions/day performed across users, every day of the 18
months of the study period.

Seasonal Effect
The effect of seasons on FIQ recorded at DO was not statistically significant. Figure 10 displays the boxplots of the FIQ-
DO total scores depending on seasons.
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Discussion

The goal of this study was twofold. The first was to report, for the first time, real-life data on the use of a MMW-based
neuromodulation device and its impact on several health dimensions in a self-declared FM population. The second was to
describe the long-term evolution in QoL of a population of FM users, by reporting 18 months of data tracking.

Over a 12-month inclusion period, 1125 users of the MMW-based neuromodulation device presented with FM and
their persistence rate 18 months after initiation was 34.5%. Here, we analyzed the data of 185 users meeting our inclusion
criteria Their device use was recorded continuously during the 18 months and several health dimensions were tracked
weekly or quarterly. Data analysis showed that three months after the starting use, participants’ QoL and quality of sleep
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were improved by 27% and 21% respectively, compared to DO and these improvements remained stable up to M18.
Based on Bennett et al’s (2009) FIQ severity categorization, the majority of users (62.5%) were in the severe category at
DO but most moved to the moderate (35.5%-43%) or mild (34.9%-43.8%) categories between M3 and M18. Compared to
their FIQ total score at DO, between 65.2% and 73.7% of users improved their score by >14%, MCID defined by Bennet

et al?®

between M3 and M18. These benefits were also perceived by users who, for at least a third between M3 and M18,
assessed their QoL as much or very much improved compared to DO. Looking at weekly data, we found that the median
relative improvement in pain intensity compared to baseline was 17.9% at week 4 and that this median relative
improvement went up to 37.1% at week 72. On the other hand, if stiffness and fatigue also improved quickly (median
relative improvements at week 4 compared to baseline were 29.8% and 24.5% respectively), their evolution remained
rather stable over time (median relative improvements at week 72 were 30.4% and 28.2% respectively).

The results presented in the present article corroborate and extend those of a randomized clinical study, showing that
use of a MMW device combined with coaching improves the QoL of patients with FM, as compared to standard care.*?
In the clinical trial, patients were included and followed for 9 months. The Immediate group used the MMW device from
DO to M6, the Delayed group used the device from M3 to M9. The results showed significant improvement in QoL for

the Immediate group compared to the Delayed group at M3, with a mean FIQ reduction of 21.7% and 7.2%, respectively.

Table 2 MMW Use

Trimester | Number of User Sets | Percentages of Adherent Users
Do0-M3 185 87.6%
M3-Mé 185 75.1%
Mé6-M9 183 70.5%
M9-12 177 68.4%
MI2-MI5 175 70.3%
MI5-MI8 172 66.3%
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In addition, the FIQ reduction from D0 to M3 found in the Immediate group was maintained at M6 but FIQ scores tended
to rise again between M6 and M9 when patients were not using the device. Here, data from people with 18 months
history of use showed that benefits were preserved with a continuous use of the device.

The improvements shown in this study cannot be explained by seasonal effects since users did not all start using the
device at the same time of year and the effect of season on FIQ scores at DO was found not significant. This long-term
study offers an opportunity to contribute valuable data to the literature regarding the so-called seasonality effect,* or, in
this particular case, the absence of such an effect.

The mechanism assumed behind the MMW neuromodulation is the central release of neurotransmitters following the
peripheral stimulation on nerve endings.'>'® This activates the descending pain inhibitory pathway, deactivates the
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salience network, and changes functional connectivity, thereby leading to pain relief.” A study on healthy patients
showed that exposure to MMW raises the pain perception threshold,'” which could potentially explain the benefits found
in patients with central sensitization syndromes, like FM. Neuromodulation techniques were found to be effective in
reducing FM symptoms and are generally appropriate for nociplastic pain syndromes.*® In long-term user profiles
described in the present paper, we found that pain intensity reduced steadily over the course of the 18-month investiga-
tion, a result difficult to achieve with pharmacological treatments.*>-°

Devices such that the wristband used in this study present various advantages for people with nociplastic pain. First,
patients can use them autonomously, which gives them a sense of empowerment and control over their pain.*” Second,
devices often come with digital tracking tools (here, a smartphone app) that provide feedback on device use and can
improve adherence and therefore outcomes.*® The data presented here showed that, on average, users performed 2.8 (SD
= 1.8) sessions per day after 18 months, compared to the 3 sessions per day recommended initially. Additionally, 2/3 of
the users maintained at least 2 sessions per day for at least 4 out of every 5 days, adherence threshold defined in Maindet
et al*® ‘s clinical trial. These results stand out from the common treatment non-adherence reported in chronic pain
patients.*® Third, neuromodulation devices are accessible. As opposed to other non-pharmacological treatments that rely
on significant resources (for example, spa therapy, acupuncture, cryotherapy, cognitive-behavioral therapies, etc).,
neuromodulation devices are a viable option for a broader population, especially those with limited access to healthcare
resources. Finally, physical activity remains the most desirable approach to managing chronic pain. It should be
encouraged not only for its pain modulation benefits but also for its broader health preventive and curative
actions.***! However, it can be challenging to implement for patients with severe chronic pain,** and the synergy
between a neuromodulation device and physical activity could be promising for overall outcomes.

This study presents the typical challenges and limits of real-world investigations. First, it was an open label, single-
arm retrospective study, meaning that users chose to use the device and were not randomized into using the device
(introducing selection bias). Furthermore, unlike in a clinical trial, the FM diagnoses reported in our studies rely on users’
self-declarations rather than those of medical practitioners. In addition, data were those of users who kept using the
product and services for as long as 18 months and do not include users who dropped out before (introducing
ascertainment bias). Second, the quality of sleep and pain diffusion were assessed through custom questionnaires.
Consequently, direct comparisons with other studies should be made with caution. Third, medication intake or any
other interventions that could have influenced the evolution of the users’ health parameters were not analyzed, because
they were not recorded. Therefore, the reader must consider that the data presented may not result solely from the use of
the MMW device and application solution. Despite those limitations, real world data are valuable to represent treatments
usage and benefits in patients’ daily life and in the long-term, and complement data from randomized, controlled clinical
trials.

Conclusion

The significant improvements in QoL, pain intensity, and sleep quality, maintained over time, underscore the MMW
device’s ability to provide sustained relief and enhance daily lives of people with FM. As digital health technologies
continue to evolve, the integration of such innovative solutions into chronic pain management protocols presents
a valuable opportunity for improving patient care. Future studies should aim to further validate these findings in larger
and more diverse populations. The use of companion apps helping to track both device use and health parameters should
allow the generation of large and valuable real-world data.
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