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Aim: To explore the user experiences of pre-sleep alpha entrainment via a smartphone-enabled audio or
visual stimulation program for people with chronic pain and sleep disturbance. Materials & methods:
Semi-structured interviews were held with 27 participants completing a feasibility study of pre-sleep
entrainment use for 4 weeks. Transcriptions were subject to template analysis. Results: Five top-level
themes generated from this analysis are presented. These report on participants’ impressions of the pain–
sleep relationship, their previous experiences of strategies for these symptoms, their expectations and
their experience of use and perceived impact on symptoms of audiovisual alpha entrainment. Conclusion:
Pre-sleep audiovisual alpha entrainment was acceptable to individuals with chronic pain and sleep
disturbance and perceived to have symptomatic benefits.

Plain language summary: In this study, people who had used an experimental treatment for chronic pain
called alpha entrainment, which was delivered by audio (tones through headphones) or visual (flickering
light) stimulation just before sleep each night for 4 weeks, were interviewed about their experiences.
Analysis of the interview transcripts generated findings in five large areas: participants’ impressions of
the relationship between pain and sleep, previous strategies they had tried, expectations of using this
intervention and their experiences of using it and how it affected their symptoms. Overall, participants
found using this type of sensory stimulation last thing at night to be acceptable in a real-life setting,
consistent with prior understanding, and many felt it to have benefits for sleep and pain symptoms with
few side effects. Comfort of the equipment and having the choice of different types of stimulation were
important. Further development should be guided by these user experiences.
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Chronic pain conditions are among the greatest contributors to disability globally [1]. Prevalence rates of one-fifth of
adults in the USA [2] and between one-third and half of those in the UK [3] demonstrate that the current treatment
approach is ineffective. 40% of those living with chronic pain in Europe regard their pain as not adequately
controlled [4], and the poor efficacy and considerable side effect profile of conventional analgesic medications when
used for chronic pain are well known [5,6]. In the search for treatments for chronic pain that are safe, well tolerated,
effective and affordable and can also be personalized and self-managed by individuals without repeated healthcare
consultations, sleep may represent an important avenue for innovation.

Sleep problems are experienced by over 70% of those with chronic painful conditions [7,8], rising to 96%
of those with fibromyalgia, where the severity of sleep problems predicts the level of pain [9]. The relationship
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between chronic pain and sleep disturbance is bidirectional [10] and operates in terms of day-to-day symptom
fluctuation [11] and likelihood of new symptomatology developing over a period of years [12,13], with nonrestorative
sleep found to be a strong independent predictor of new-onset widespread pain [14]. Experimental sleep deprivation
and fragmentation increase pain [15], whereas nonpharmacological treatment for insomnia in those with chronic
pain improves not only insomnia but also pain, at least temporarily [16,17]. In recognition of this close relationship,
sleep problems have been highlighted in recent research prioritization exercises [18,19].

Brain entrainment has received interest in recent years as a potential neuromodulatory approach to chronic pain.
Entrainment refers to an oscillatory system becoming phase synchronized (falling in step) with an external input,
which could be anything from a repeated direct physical force to, as in this case, rhythmic sensory stimulation.
Alpha entrainment refers to modulation of cortical electrical oscillations (‘brainwaves’) in the alpha band (8–12 Hz)
and can be achieved with rhythmic stimulation, which can be sensory or direct electric or magnetic stimulation [20].
Since alpha rhythm is involved in pain expectation [21], attention to pain [22] and expectation of pain relief [23],
its modulation has been explored as a potential treatment for pain. Both healthy volunteers and individuals with
chronic pain have used alpha entrainment in laboratory settings [24–27] and in more realistic home-based settings [28].
Alpha entrainment has not previously been used pre-sleep in those with chronic pain, but other forms of noninvasive
brainwave entrainment have been investigated for this use. Audiovisual stimulation decreasing in frequency from
8 to 2 Hz was applied to participants with chronic pain and insomnia, aiming to aid sleep onset. In a pilot
randomized controlled trial, adherence to the intervention was 99% and participants reported high ease of use on
a Likert scale [29], but no more detailed qualitative exploration of user experience of this type of neuromodulation
is available in the current literature.

This sparsity of user experience must be addressed for this field to move forward. Health systems (including in the
UK) are responding to the immense challenge presented by long-term conditions such as chronic pain by prioritizing
community- and home-based management and digitally enabled care [30]. Simultaneously, the medical technology
sector is seeing rapid growth [31]. However, medical devices for use in the home environment require particular
attention to usability [32], without which safety can be compromised and the benefits of the technology will fail to
be realized. Although research into neuromodulation for chronic pain has increased dramatically in recent years [33],
the detailed experiences of users are often neglected. Since chronic pain is a condition best understood through a
biopsychosocial perspective [34], these experiences are likely to be crucial to our understanding of how interventions
operate and why response differs between individuals. Furthermore, the Evidence Standards Framework for Digital
Health Technologies required by the UK’s National Institute for Health and Care Excellence states that user
acceptability must be incorporated into the design of digital health technologies [35]. Our feasibility study of
pre-sleep alpha entrainment for those with chronic pain and sleep disturbance found pre–post improvements in
participant-reported measures of pain and sleep parameters, which should stimulate the controlled studies needed
for further investigation [36]. This study builds on those results by providing rare detail regarding the experiences
of individuals interacting with this home-based technology, offering insights of relevance both within and beyond
this specific intervention.

The intervention used in this study, known as home-based Brainwave Entrainment Technology (hBET), uses
visual or auditory stimulation at 10 Hz to increase the power of alpha brainwave activity. The stimulation is delivered
via a smartphone application using either flickering light displayed in front of the user’s closed eyes or binaural
beats [37]. In the case of visual stimulation, the phone is placed over the eyes in a virtual reality phone-holding headset.
The user sees a flickering light effect through their closed eyelids. In the case of audio stimulation, headphones are
used and slightly different pure tones played in each ear, creating a humming effect. Screen brightness and volume
are under the user’s control. A 10-Hz repetitive stimulus is created in both cases. Applying alpha entrainment at
bedtime aims to improve night pain and interrupt the dysfunctional relationship between pain and sleep and is
a potential treatment for chronic pain and coexistent sleep disturbance. To be developed further following best
co-design practice, it requires in-depth investigation of acceptability and usability by the target population.

The aim of the present study was to explore user experiences of hBET to inform future development of the
technology and its evaluation. Specifically, we aimed to explore participants’ existing attitudes, behaviors and
expectations pertaining to sleep and pain; identify research feasibility and process issues; and elicit experiences of
using hBET in terms of acceptability, effect on symptoms and adverse effects.
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Materials & methods
Since pain is not a simple sensory experience, but rather a dynamic interaction between sensory and contextual
(affective, motivation, cognitive) factors [38], it is crucial that the exploration of novel treatments encompass the
perceptions and experiences of users. For this reason, qualitative methods were prioritized within the design of
this feasibility study of hBET and considered to be the primary outcome measure. This article reports on these
qualitative findings, whereas the results of before-and-after quantitative measures are published elsewhere [36].

Study design
Semi-structured interviews were conducted with individuals with chronic pain and sleep disturbance who had
used hBET alpha brainwave entrainment for 4 weeks in the context of a feasibility study. Paradigmatically, the
design was informed by a ‘subtle realist’ approach [39], in that the researcher’s influence was acknowledged while
still assuming the existence of a shared and accessible external reality. Specifically, the role of the primary researcher
(SJ Halpin) as a rehabilitation physician situated him in a particular way socially to the participants, which was
acknowledged as relevant to the findings and interpretation. However, the researcher had no role in the clinical
care of participants. Ethical and regulatory approval of the study was granted by the Health Research Authority
and National Health Service Research Ethics Committee (reference no. 19/YH/0313) and the procedures followed
were in accordance with the Helsinki Declaration. The parent study was preregistered at ClinicalTrials.gov with
the identifier NCT04176861.

Participants
A convenience sample of individuals with chronic pain and sleep disturbance was recruited from across the north of
England. They primarily heard about the study through National Health Service musculoskeletal and rehabilitation
clinics. Details of the study were also available via online publicity such as the National Institute for Health and
Care Research website, which was the route for a minority of participants, but in both cases they were people who
had long-term contact with health services because of chronic pain. Study processes were entirely separate from
their usual clinical care, which continued in parallel. No stipulation was made on recency of medication changes
prior to the start of the study, but timing of involvement in the study was planned to avoid any periods where
significant interventions or medication regime changes were planned.

Inclusion criteria were age 18–80 years, chronic non-cancer pain (recurring pain of ≥3 months duration),
nocturnal pain (worst pain ≥4 on a numeric rating scale of 0–10) and self-reported sleep difficulties (trouble falling
asleep, difficulty staying asleep, waking up too early or waking up unrefreshed) three or more nights per week during
the past month. Exclusion criteria were having a planned pain intervention during the 4-week hBET use period,
seizure disorder, photosensitivity, hearing or sight problems causing inability to use hBET or cognitive problems
or dementia or a mental health condition causing inability to consent or participate in the study.

Initial contact with the research team was by either email or telephone. Eligibility screening against the afore-
mentioned inclusion and exclusion criteria was done by telephone. Participants were given the study information
sheet and had the opportunity to ask questions before providing written informed consent. The protocol for the
feasibility study involved participants being familiarized with the hBET application on a supplied smartphone
during a one-to-one session with the researcher followed by a 1-week baseline period during which their sleep and
pain levels were monitored. They then used hBET each evening just before sleep for 20–30 min and could choose
whether to use the audio or visual programs on any given night. The equipment used by participants is shown in
Figure 1.

Sleep and pain levels and hBET usage were monitored with daily diary and actigraphy, and standardized
questionnaires assessing pain, fatigue, mood, sleep quality and health-related quality of life were completed before
and after the hBET use period. The results of these quantitative measures are published separately [36]. EEG was
not measured in this study. Therefore, although the mechanism of action supported by previous studies is alpha
entrainment, we did not directly measure spectral power in the alpha band in this experiment.

Interviews
Within 5 days of completion of the hBET use period, a final meeting with the researcher was held, usually
remotely over a video link in light of the COVID-19 pandemic, at which a semi-structured interview was
conducted. Some participants had a family member present in the room, but only the participant contributed
to the interview. Interviews were conducted by one male researcher (SJ Halpin) with experience and training in
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Figure 1. Equipment used by participants. Headband with integrated Bluetooth speakers for audio stimulation
mode, headset to hold phone for visual stimulation mode, smartphone displaying home-based Brainwave
Entrainment Technology application menu and MotionWatch 8 actigraph watch.
Reproduced with permission from [36] Halpin C© (2023).

qualitative interviewing and a professional background in rehabilitation medicine. The interviewer had no prior
clinical relationship with any of the participants and was not known to them outside of the context of the study.
Participants’ knowledge of the interviewer was therefore primarily as a researcher motivated to investigate potential
novel treatments for pain and desiring to understand the real-life experience of users. The interview schedule was
designed to facilitate exploration of how participants approached hBET in the context of their experience of chronic
pain and sleep disturbance and previous treatments, their experience of using hBET, its effect on their symptoms
and usability. Interviews lasted between 30 and 60 min and were audio recorded and transcribed verbatim.

Data analysis
Transcripts were analyzed using template analysis, which is an approach to thematic analysis that emphasizes the
hierarchical arrangement of themes in a template [40]. Template analysis is compatible with a range of epistemological
stances and has been successfully used in combination with a subtle realist approach in the exploration of chronic
pain previously [41]. Template analysis allows the identification of a priori themes, which suited this study, in that
it helped structure the template to meet its several key aims. However, these a priori themes were tentative and
subject to reconsideration as the analysis progressed. Following reading and re-reading of the data, a subset of ten
interviews was coded to the initial template, which was then modified in discussion with the whole research team.
The remaining interviews were then coded by one researcher (SJ Halpin), with resultant codes scrutinized and
modified by a senior coauthor (RJ O’Connor), with divergences discussed to revise the template. The template was
then further refined to best represent the most relevant findings with critical input from all authors. The target
sample size was set in advance to meet the aims of all aspects of the feasibility study rather than by assessment of
data saturation. However, it is judged that analysis of this relatively large sample of 27 interviews has adequately
generated the themes of importance to the research question. Analysis was conducted using NVivo 12 Plus software
(QSR International, MA, USA).

The final template contained six top-level themes: impressions of the pain and sleep relationship, previous
experiences of therapies and strategies tried, expectations of hBET, experience of use and impact of symptoms of
audio hBET, experience of use and impact of symptoms of visual hBET and research processes. The final template
is presented in Supplementary File 1. Here we report findings from the first five themes, which have the greatest
relevance for readers with regard to user experiences of hBET.
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S01 “The better
sleep that l have, then

the better mood that l’m in, then
the pain level is decreased, and

l’m not this angry like person,
shouting at the tele”.

S09 “if l’m not stressed and thinking about
worrying about the tiniest thing – as you do at
3 o’clock in the morning; l’ve found that if l’m
not worrying about that then l do sleep better,
and l’m more calm. And therefore my pain is
less. l find that stress equals pain for me.”

S07 “if l can’t sleep at all, l am more irritable
the day after. And l don’t function – l think
functionally – sometimes the simplest task
and l just can’t be bothered. l’m talking really
simple, l’m like Oh l just can’t do this.”

S05 “l’d find that if l’d had an
awful sleep it was a lot
harder to deal with the pain
that day. Like cause l’d be
feeling exhausted, you know
my body was exhausted with
the pain. So l’d kind of reflect
that, be grumpy, snappy,
moody”.

S02 “l recognise that if l’m tired l’m in more
pain. lt goes together, or if something
happens like a stressful event, for example
yesterday l was in more pain yesterday
because sadly we lost our cat yesterday”

S13 “The
pain for me seems

to come with activity as well. But if l
don’t do any activity l have trouble

sleeping. If l do do activity l can
probably get to sleep better, but then
l get pain as well. So it’s yeah l don’t

know. lt’s like a chicken and
egg thing.” S10 “l have notice that the nights l’ve gotten

better sleep generally l’m able to do more in
the day even if l’m in pain, so l do think the
two go hand in hand, very much.”

Pain

Mood

Sleep

Activity

Figure 2. Reported web of relationships between sleep, pain, mood and activity with illustrative quotes.

Results
Participants
Of the 28 participants who completed the hBET feasibility study [36], 27 took part in an interview, with one
choosing not to because of their personal time commitments. Participants had a mean age of 45 years (standard
deviation: 12.4) and 21 (78%) were female. 14 were unemployed and four were retired, with three of these being
under 60. The remaining nine were in full- or part-time work. These individuals had experienced chronic pain for
between 1.2 and 40 years (median: 8). In the majority, the onset of pain and sleep problems was simultaneous, with
reported sleep disturbance also having a median duration of 8 years. Diagnoses, as reported by the participants,
included fibromyalgia in 24 cases, chronic widespread pain in two and trigeminal neuralgia in one. This last case
represents a different category of chronic pain but was not excluded from the analysis, as retaining a range of
participants was felt to be beneficial for meeting the aims of the current study regarding user experiences. Three
participants were currently taking no pain medications, with others taking between one and five (median: two).
The classes of medications being taken for pain were the following: opioids (16), gabapentinoids (14), paracetamol
(14), NSAIDs (seven), tricyclic antidepressants (six), serotonin and norepinephrine reuptake inhibitors (four),
benzodiazepines (three), triptans (two) and others (two).

Impressions of the pain & sleep relationship
The close and complex interrelation of sleep and pain was endorsed and expanded on in many responses. The
concept of a bidirectional relationship was identified by many (often described as ‘cyclical’, ‘intertwined’, ‘hand-in-
hand’) and was embellished with personal examples.

The most straightforward facet of the relationship, and often the first identified, was the impact of pain on sleep,
which was experienced as the dominant direction by some respondents. One respondent related this to the greater
tendency to attend to pain at night: “I think, obviously I’ve got pain throughout the day, but at night, because there’s
nothing else to focus on, I feel it more. So when I’m actually trying to fall asleep I just feel it a lot more than throughout the
day, when I’m actually busy with something else” (P23). Another described this dominance of pain as making other
solutions less relevant: “I think because the pain was disturbing my sleep so much that the sleep hygiene routine would
never break through that” (P16).

Mood and activity levels were implicated by participants as factors in the sleep–pain relationship. Anxiety,
including anxiety about sleep itself, was a reason for poor sleep and, equally, low mood and motivation were also
experienced as consequences of poor sleep. Activity was implicated with a rich complexity of interactions proposed
by interviewees. This web of relationships is described with example quotes in Figure 2.
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Participants drew a distinction between pain ‘level’ and their ability to ‘cope’ or ‘deal’ with the pain. The benefits
of good sleep are considered not only in terms of reducing the pain level but also in terms of making the same level
more tolerable. This relates to insightful comments about the difficulties of judging pain in the context of a study
that included a daily pain diary using a simple numeric rating scale (0–10). One respondent described a day with
particularly upsetting and stressful circumstances: “I think if I were to just solely judge the pain, it probably would
have been similar to a different day. But if I were to judge everything else, I would give it a higher score” (P23). Similarly,
another reported that “the [pain] is just there anyway, but sometimes it’s amazing how it’s there but you can cope with
it. It’s kind of you can push it to the background sometimes” (P27). For multiple participants, sleep difficulties were
related to a sense of their bodily state being out of step with their mental state, with the body being tired but the
mind racing: “I can feel dog tired, body is aching, but I get in bed and my mind is just racing, going” (P08), and “As
much as you are desperate for sleep, you can’t do it. Your body’s sort of said no! Because you’re in so much pain or just not
tired enough or you’re restless or your mind’s working at a million miles an hour” (P09).

Previous experiences of therapies & strategies
All participants had tried medications for their symptoms, and all but three were currently taking pain medications.
The relationship with medications ranged from appreciative of the benefit some felt they had gained from medica-
tions to serious concern about tolerance, harm and side effects, and a common desire to reduce medications was
expressed. Several respondents indicated a change over time in their relationship with and reliance on medications,
captured in the subtheme of ‘journey of realization that medications alone won’t work’. Held alongside this was the
common reality that medications are in fact the mainstay of management offered.

Expectations of hBET
The dominant sentiment around expectations was positive, with many respondents understandably hopeful that
their symptoms would improve. This was often framed in terms of experience of comparable interventions or belief
that the rationale was credible or consistent with their prior understanding of their pain experience: “I was like
‘well, it makes sense!’ . . . All sorts of sensory stimuli affect the brain in certain ways, like you can have migraines triggered
by sounds. So if a migraine could be triggered by a sound, surely sounds that you purposefully input can do things as well”
(P16).

Despite this positivity, participants were also cautious about having overly high expectations and referred to
trying to keep an open mind: “I had an open mind because I didn’t want to have that in the back of my head that this
was going to work, you know?” (P09) and “I wasn’t expecting a cure or expecting it to be placebo either, just expecting to
see what happens” (P22). Others were more skeptical, having tried many things in the past unsuccessfully. Several
respondents expressed being ‘willing to try anything’ which, in context, was an expression of openness rather than
desperation: “I’ll try anything as long as it’s, like, not drug-related. You know, if it’s something that involves not taking
drugs, that’s better for you. So I’ll go into anything open-minded and try it” (P18). This narrative is in keeping with
participants who have been through many years of chronic pain refractory to previous treatment attempts and who
have learned from experience that pain may be something they have to manage long term rather than expecting a
‘cure’.

Audio hBET: experience of use & impact on symptoms
The dominant sentiment expressed regarding the impact of audio hBET was that it had a positive effect on
sleep difficulties. This was most often described as helping with sleep onset, being quicker and easier and giving
confidence that the participant would be able to get to sleep, thereby reducing anxiety about sleep. Sleep onset
improvement was closely followed by comments about improvement in consolidation of sleep, waking fewer times
and perceiving sleep to have been deeper: “I found the audio really, really helpful! I found that I was going to sleep a lot
faster. I was waking up less during the night. And I just felt generally better rested” (P15); “There’s more nights when I’ve
slept through than I would have normally. It’s a long time since I’ve not had broken sleep . . . so, for me, that’s a positive, a
big positive” (P29); “It was nice! My partner commented as well and said I’ve not tossed around anywhere near as much
as usual. And I’ve been a lot more settled and, like, I’ve been in a lot deeper sleep than usual” (P18); and “All the anxiety
around going to sleep seems to have been taken away because for some reason I do manage to get to sleep quite easily”
(P27).

Four participants gave potentially convergent opinions on how they felt the audio stimulation achieved this
perceived positive effect, which relates to the aforementioned theme of the body being tired but the mind racing.
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They described it blocking out other thoughts: “For me, it blocks everything going on in my head. It blocks me thinking
‘oh, God, what are we going to have for tea tomorrow?’ and things like that. So it concentrated my mind and stopped me
thinking about other things” (P02), and “If you relax and listen, it does kind of clear your mind ‘cause you can’t think
about anything else. You can’t think ‘oh, we need bread’ or ‘oh, that bill needs paying’; you can’t do any of that. Which is
reminiscent to me of riding my motorbike – you can’t be thinking about other things because you’ve got to concentrate on
the mechanics of riding” (P08).

Other benefits were described as being more refreshed in the morning, experiencing increased total sleep time
and requiring less of other treatments to aid sleep, including alcohol and strong opiates. There were no negative
effects on sleep reported, although two participants felt it offered no discernible benefit to their sleep.

Improvement in pain was also a common theme, though not affirmed by as many participants as reported a
benefit to sleep. As well as generally reduced pain, this was put in terms of reduced pain compared with what would
have been expected in stressful circumstances or around a symptom flare, reflecting the day-to-day fluctuation of
fibromyalgia-type pain: “There’s days where, if my little boy’s played all day, I’ll think I’m going to suffer for it tomorrow.
[But] I’ve had a really good sleep and then been fine” (P18), and “The thing that I noticed most that’s different is that
even if I’ve had a pain flare during the day, my night time pain was a lot less than it would have been previously” (P16).

Some insights from users also distinguished a specific effect on widespread ‘fibro’ pain: “Most of the time you get
like the all-over pain. . . . But then, over the weeks [of using hBET], although I’ve still had pain, it’s almost been isolated,
so you can kind of deal with it” (P21), and “The fibro pain, after a couple of weeks, had lessened, like the shoulder pain
and the upper back pain – those sort of went, pretty much. I mean, my shoulder was still giving a sort of niggle, but for
the most part, after a couple of weeks, they sort of disappeared” (P02). Other, wider effects were being able to be more
active during the day (hitting the ‘fibro wall’ later in the day or not at all) and experiencing a positive psychological
impact, with hBET frequently being described as relaxing, specifically despite stressful circumstances.

Audio hBET was described as easy to use and incorporate into the pre-sleep routine, with no major usability
issues identified. Eight participants found the audio tones unpleasant or distracting: “I only used it a few nights
because I found it irritating! I just didn’t like it” (P07), and “It’s just this annoying buzz, and I just wanted it gone,
the sooner the better!” (P22). When asked about side effects, only four participants reported any, and these were
all occasional or transient (occasional increase in pre-existing tinnitus, transient dizziness, transient restlessness,
transient sick feeling).

Visual hBET: experience of use & impact on symptoms
During the study, participants could choose whether to use audio or visual stimulation on any given night. Across
all participants, fewer chose to use the visual option, and there were two and a half times as many nights recorded
in total using audio hBET compared with visual hBET. The prevailing reason for this was clearly expressed by
participants as relating to usability issues. Those who struggled with the visual option chiefly found wearing the
headset uncomfortable and cumbersome. The headset itself is not integral to visual hBET use but simply holds
the smartphone in the required position to display visual flicker stimulation through closed eyelids. Thus, several
participants suggested alternative delivery methods, such as a screen or light suspended above their head, to avoid
the need for a headset. Although this was the dominant reason for visual stimulation being less popular, visual
stimulation was also less commonly preferred in itself, with some users finding it unpleasant or not relaxing: “How
can I describe it? Like strobe lights, just there pulsing away . . . I didn’t like it at all” (P06). By contrast, others liked
the ‘trance-like’ feeling of using visual stimulation, as one user vividly described: “It was relaxing to use it. It was
like being a passenger in a car and driving through a woodland or something like that, where you get the light coming
through the trees and the shadow is flashing over the car the whole time and you end up nodding off in the back of the
car. It reminded me of being a kid and, you know, sleeping on long journeys. That’s what it reminded me of” (P26).

Thus, there is an element of personal preference to the choice of stimulation modality. More side effects involving
headaches were described with visual stimulation, with headaches being reported by five participants, two of whom
experienced a severe migrainous type of headache. This did not require medical intervention but did result in these
participants preferring to use the audio option.

Participants who used the visual hBET option reported improvement in sleep more readily than improvement
in pain. With regard to audio hBET, improvement in sleep onset was most often commented on, as were fewer
awakenings during the night: “My sleep pattern is still all over the place, but at least I was getting some sleep with it! A
couple of times I woke up and I still had the equipment on my head after 4 or 5 hours’ sleep . . . that’s really unusual. I’m
normally waking up, tossing and turning or shaking to try to get rid of the pain or I just give up on it altogether. . . . But
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a few nights of using the visual stuff, it was just great. And even my partner noticed. In fact, they said this morning it’s a
shame that equipment’s going back ’cause you’ve had better sleep with that equipment than you have for years!” (P26).

Less predominant but still important was the report of some participants noting no marked effect on sleep
despite tolerating the equipment. The overall sentiment of the visual experience varied quite widely between users,
from very positive to immediately rejecting. As one participant put it, “It’s trial and error, I think” (P08).

Reports on effect on pain were more balanced, with participants finding it more difficult to discern whether
changes were attributable to visual hBET or other circumstantial factors, even when they had experienced improved
sleep: “I didn’t seem to wake up half as much compared to normal. Pain-wise, [my scores] were still quite high” (P19),
and “It has been a little bit different, but part of me wonders whether that was ’cause, with my husband being home, I
don’t do as much” (P07). Wider effects described were improvement in mood, including a sense of hope that their
chronic symptoms can be modulated, and a desire to keep using the equipment.

Discussion
Individuals with chronic pain and sleep disturbance who had used noninvasive alpha entrainment by audio or visual
stimulation for 4 weeks took part in semi-structured interviews to elicit their experiences, which were transcribed
and subjected to template analysis. This demonstrated that audiovisual stimulation at bedtime was acceptable to
this cohort and its rationale was consistent with prior understanding of their pain experience. The comfort and
practicality of equipment were a key consideration. Positive impacts on chronic sleep and pain symptoms were
described, and there were few side effects. The audio modality was more popular in terms of both usability and
impact on symptoms, but having a choice of options available accommodated individual preferences.

Pain and sleep were interrelated in a web of interactions that included mood and activity, endorsing the premise
that sleep is important in the experience of chronic pain. The concept of a bidirectional link between chronic pain
and sleep disturbance is core to the rationale of the feasibility study and therefore was a known idea introduced
in discussions about participating in the study. Nevertheless, it was notable that the concept was easily recognized
and endorsed by participants with colorful personal examples. The fact that the influence of pain on sleep was the
strongest identified relationship by this group supports the rationale for an intervention on pain at night to intervene
in this web of symptoms. Although neither mood nor activity levels featured in the interview schedule, respondents
frequently detailed the role of these factors in the sleep–pain relationship, and they were incorporated into the
model. An implication of this is that measurement of sleep, pain, mood and activity should be considered when
hoping to intervene with respect to these related symptoms. Relatedly, participants engaged with the complexity
of assessing pain, which is an inherently subjective experience [42]. By highlighting the relevance of fluctuating
disease-related factors (e.g., fibromyalgia flares), activity levels and contextual factors, this analysis points to the
value of measuring outcomes across the dimensions of impairment, activity, participation and context, as modeled
by the International Classification of Functioning, Disability and Health [43].

The analysis brought out intriguing descriptions of a feeling of dyssynchrony between the body and mind,
with a breakdown of the easy, natural sequence of sleep onset, and correspondingly, a suggestion that the benefit
of hBET with regard to sleep onset was via calming the mind to align with the body’s tiredness. This could be
conceived to support the notion that thoughts were calmer in line with alpha entrainment, corresponding to the
proposed inhibitory function the alpha rhythm on attention and other cognitive processes [44,45]. Indeed, increased
occipital and parietal alpha power has been found in response to meditation [46]. However, this is speculative,
as EEG was not measured in this study. It also opens an avenue of inquiry regarding the role of interoception
and metacognition in the generation of symptoms that could respond to alpha entrainment and the selection of
individuals most likely to benefit. This requires further careful research.

In terms of the impact of hBET on symptoms of pain and sleep disturbance, key findings were that although
both improved, the positive sentiment around sleep improvement surpassed that around pain, which is interesting
in light of the hypothesis that alpha entrainment improves pain and thereby sleep. Possible explanations are that
pain improvement was sufficient to benefit sleep but not to impact the retrospective assessment of pain, which
is known to be affected by recency, salience and assimilation effects [47] and is further complicated by impaired
memory of the period immediately pre-sleep. Another possibility is that hBET benefits sleep via an independent
mechanism, such as inhibiting attention to stimuli or perceptions other than pain. Future research should seek to
understand the immediate and accumulating impacts of this intervention from the user’s perspective to refine how
it might best be incorporated into real-life use.
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A limitation of this study is the possibility of reporting bias resulting from the interviewer being the researcher
who guided the participants into the study, potentially leading to participants feeling a preference for reporting
positively on the experience. This was mitigated against by encouragement to be honest and framing the value of
their experience, whether positive or negative. The finding that many negative impressions were reported – for
example, about the comfort of particular equipment – indicates that the participants did feel able to share these
experiences. This aligns with participants’ descriptions of their own expectations, which were open-minded and
informed by previous experiences of diverse treatment modalities, many of which had been ineffective (potentially
even to the point of inducing a nocebo effect). The cohort in this study had a mean age of 45 and was majority
female, which mirrors population-level studies of chronic pain prevalence [3]. The cohort consisted of a majority
with fibromyalgia and chronic widespread pain and one outlying participant with neuropathic pain (trigeminal
neuralgia). This reflects the broad eligibility criteria chosen for this early stage of exploration of the treatment
modality, but future studies with a more mechanistic focus will benefit from a less heterogeneous population.

This study demonstrated that use of a noninvasive sensory stimulation technology pre-sleep was acceptable to
users with chronic pain and sleep disturbance, with encouraging reports of benefit to symptoms for many and few
side effects. This should stimulate further rigorous investigation into this treatment modality, incorporating user
insights, especially regarding comfort and ease of equipment use and further modification, particularly of the visual
stimulation headset design.

Conclusion
Pre-sleep alpha entrainment by audio or visual stimulation was an acceptable intervention to people with chronic
pain and sleep disturbance and was perceived to be associated with improvements in sleep and pain symptoms.

Summary points

• Alpha entrainment is a promising neuromodulatory treatment for chronic pain, and the perspectives of users are
crucial to its development.

• This study reports on the experiences of 27 individuals with chronic pain who used alpha entrainment by audio or
visual stimulation pre-sleep for 4 weeks.

• Using alpha entrainment pre-sleep at home was found to be acceptable and relevant from the perspective of
users. Comfort was a key factor and having a choice of sensory modalities helped account for individual
preferences.

• Participants vividly described a close relationship between sleep problems and pain experience, and the
interaction also involved mood and activity levels.

• Overall, a positive impact on pain and sleep symptoms was described, with variation between participants and a
preference for audio stimulation.

• These user perspectives should guide and stimulate development of noninvasive neuromodulatory approaches
for chronic pain and sleep disturbance.
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