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Background: People living with ME/CFS and LC frequently live with Received 15 April 2025
post-exertional malaise (PEM), which is associated with Accepted 19 September
impairments in aerobic metabolism. They often use pacing with a 2025
heart rate monitor (HRM) to minimize time spent above the
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future definitive study.
Methods: After informed consent and baseline measurements
(including 10 min stand test, 5 questionnaires, accelerometry,
heart rate variability, and lactate), participants were randomized
into a control or intervention group using simple randomization
and sealed envelopes. The intervention group used a heart rate
monitor with weekly online HRM pacing advice (how to use the
HRM, problem solving), and the control group received weekly
online pacing advice (how to pace, problem solving). Follow-up
measures were repeated, and semi-structured interviews were
conducted at two and six months post-enrolment.
Results: 47 participants were recruited; however, recruiting people
with LC was difficult due to wanting to use/already using HR
monitoring. The interviews identified that the procedure was
acceptable, and the majority of the participants completed the
outcome measures. There were some changes from baseline to
follow-up in all the outcome measures except the 10-minute
stand test and accelerometry. There were no serious adverse
events. Follow-up interviews identified 89% continued using HRM
at 8 weeks and 66% after 6 months.
Conclusions: Studies of HRM are feasible and acceptable for ME/CFS
and LC, although recruitment strategies should be reviewed for LC.
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Introduction

Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS) has been defined as a
profound dysfunction/dysregulation of the neurological control system, resulting in
faulty communication and interaction between the central nervous system and major
body systems [1]. Symptoms include Post-exertional malaise (PEM); Neurological abnorm-
alities, such as sleep, autonomic, and sensory disturbances, headaches, pain and cognitive
disturbances; Immune, Gastrointestinal, and Genitourinary impairments, such as flu-like
symptoms and sensitivities to food or medications and Energy metabolism/lon transpor-
tation impairments, such as orthostatic intolerances and temperature intolerances [1].
ME/CFS is identified based on clinical findings consistent with one of several established
contemporary case definition criteria [1-3]. The World Health Organization has classified
ME/CFS as a neurological health condition in 1969 [4], but the complex pathophysiology
of this disease process is known to affect multiple body systems. ME/CFS most frequently
occurs after an illness [5,6]. The most recent systematic review by Lim et al. [7] summar-
ized literature published before the beginning of the SARS-COV-2 global public health
emergency, establishing an average prevalence of 1.4% of the population worldwide. A
recent cohort study indicates approximately 5% of people with ‘Long COVID" meet con-
temporary clinical criteria for ME/CFS [8].

Long COVID (LC) is defined as ‘the presence of signs and symptoms that develop
during or following an infection consistent with SARS-COV-2, which continue for 12
weeks or more and are not explained by an alternative diagnosis [9]. Symptoms
include Respiratory symptoms; Cardiovascular symptoms; Fatigue; Fever; Pain; Neurologi-
cal symptoms, such as cognitive impairments, Headache, Sleep disturbance, Peripheral
neuropathy symptoms, Dizziness, Delirium, Mobility impairment, Visual disturbance; Gas-
trointestinal symptoms; Musculoskeletal symptoms; Ear, nose, and throat symptoms; Der-
matological symptoms; Psychological/psychiatric symptoms [9]. A subset of people with
LC develop post-exertional malaise (PEM) or post-exertional neuroimmune exhaustion
(PENE) [1], which is the defining feature of ME/CFS. This means that, like people with
ME/CFS, if they exert themselves physically, mentally, emotionally, or socially, they have
an exacerbation of symptoms or develop new symptoms immediately and delayed for
up to 24 and even 48 h [1].

Key commonalities in case definition criteria involving PEM include an inappropriate
loss of physical and/or mental stamina, rapid physical and/or mental fatiguability, a ten-
dency for other associated symptoms within the individual’s cluster of symptoms to
worsen, and progressive loss of functional baseline [3,10,11]. There also must be a patho-
logical length of time to recover of >24 h or more [3], and other conditions potentially
explaining the pattern of symptoms must be excluded [1,3,12-14]. PEM results in substan-
tially impaired health-related quality of life compared to normative data [15-19], healthy
matched control participants [20,21], and individuals with other fatigue-related health
conditions [17,21]. PEM-related signs, symptoms, and disablement appear related to
impaired aerobic metabolism [22-25], resulting in abnormalities in physiological recovery
from acute exertion [24,26-29].

The two-day cardiopulmonary exercise test (CPET) serves as key objective evidence of
PEM in people with ME/CFS [30]. People with ME/CFS have an abnormal decrease in the
volume of oxygen consumed (VO,) and work rate, especially at the ventilatory anaerobic
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threshold (VAT), on the second day of a two-day CPET [28]. The ventilatory anaerobic
threshold (VAT) is the point at which ventilation starts to increase at a faster ratecompared
to oxygen consumption [22]. This observation in people with ME/CFS is different from
sedentary matched controls, who reproduce these values reliably between the two
days [22,24]. Ventilatory findings of early onset of anaerobiosis have been corroborated
by studies, indicating excess lactate production in people with ME/CFS but not
matched deconditioned controls on CPET [31] and during daily functional activities
[32]. These physiological findings align with an unfavourable response to traditional
exercise prescription in people with ME/CFS [33], suggesting the need for alternative
approaches that can optimize functioning with respect to signs and symptoms of PEM.

Pacing is the intentional act of balancing activity and rest, which is a managed
approach to avoid aerobic energy system impairments underlying PEM. A recent systema-
tic review [34] of five studies with 1317 people with ME/CFS found that there was insuffi-
cient evidence that pacing had a positive effect on physical function and pain, although it
may have an effect on fatigue. They concluded that further studies with larger sample
sizes and improved quality were needed. One method of pacing involves the use of a
person’s heart rate as a form of biofeedback. The theory and practice of pacing with a
heart rate monitor (HRM) was devised by the Workwell Foundation in the United States
[35]. Anecdotally, people living with ME/CFS and LC frequently use pacing with an
HRM, but it has been the subject of little formal scholarship [36]. An ME/CFS case study
showed improvement in oxygen consumption (VO,) after one year of pacing with an
HRM [37]. A large international survey documented that pacing with an HRM is beneficial
for most people with ME/CFS, leading to a better understanding of the condition and
even more activity for some individuals [36]. Interviews of participants with LC in a
pacing study indicated HRM can improve the sense of support, validation, and agency
or control in people living with PEM [38]. A case series with people with LC demonstrated
positive aspects of using pacing with an HRM, such as managing fatigue and knowing
when to rest [39]. A recent observational longitudinal study with people with complex
chronic illness indicated that an HRM can be used to predict PEM exacerbations and wor-
sening of fatigue and cognitive dysfunction [40]. However, to date, no controlled studies
of pacing with an HRM have been conducted in the ME/CFS population, and one ongoing
study associated with the interview study above [37] with the LC population is yet to be
published.

The literature is replete with promising preliminary findings of case studies and cross-
sectional research into pacing using an HRM, which now require verification through
larger randomized trials that are designed to establish causation. These large trials
often rest on the findings of earlier feasibility studies that begin to explore critical
issues in design, implementation, and analysis, such as recruitment, acceptability of clini-
cal measures, and adverse events. Therefore, the aim of this study was to determine the
feasibility of a randomized trial to establish clinical outcomes and satisfaction associated
with pacing using an HRM. Issues of interest in this study included acceptability of the
intervention and endpoint measures, rates of recruitment and retention, preliminary
data on outcomes, and potential adverse events. These data will be used to design a
more definitive future study to investigate the effectiveness of pacing with an HRM in
people with ME/CFS and LC.
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Method
Study design

This study was a mixed-methods approach as the aims required both quantitative and
qualitative methodologies. The recruitment strategy, incidence of adverse events, and
suitability of outcome measures were measured using quantitative measures, that is,
record of numbers screened and recruited; record of reported adverse events; successful
completion of all questionnaires; and physical outcome measures. Acceptability was
measured with qualitative methods, that is, via semi-structured interviews. As the inter-
view data were collected after the intervention, the mixed-method design is a sequential
explanatory design, meaning that the quantitative data were collected first and analysed,
followed by the collection and analysis of the qualitative data, leading to a holistic
interpretation of the entire dataset [41]. The study protocol was approved by the Univer-
sity of Liverpool ethics committee (Reference 11,373).

Participants

People living with ME/CFS and LC were recruited via the Stockport ME/CFS and LC
support group and online ME/CFS and LC forums (e.g. Twitter/X and Facebook). All the
participants with ME/CFS had to meet the International Consensus Criteria for Myalgic
Encephalomyelitis (ICC) for the diagnosis of ME/CFS [1]. People with different severities
of ME/CFS were recruited, ranging from mild to moderate/severe ME/CFS [42]. Partici-
pants with LC had to have PEM. All participants were over 18 years old (mean age (SD)
46.4 (10.9)), all ethnicities and both males (n =7) and females (n = 40) included. Exclusion
criteria were people with very severe ME/CFS and LC, people who were already using
pacing with an HRM and people with LC without PEM. As this was a feasibility study, a
power calculation was not completed. The aim was to recruit 25 people with ME/CFS
and 25 people with LC over eight months, as this was considered a large enough
sample to fulfil the study aims.

Materials

Outcome measures included:

(1) A 10-minute stand test [43,44], which involves lying supine for five minutes and then
standing still for ten minutes without leaning on any support. During this test, blood
pressure, heart rate, and oxygen levels are measured at baseline, after five minutes
lying, at two minutes, five minutes, and ten minutes of standing. All symptoms are
recorded during the test. Blood pressure is measured with a handheld automatic
sphygmomanometer cuff on the arm (OMRON M2Basic), and pulse and oxygen satur-
ation are measured with a finger pulse oximeter (OxiPro 2).

(2) Patient-Reported Outcomes Measurement Information System (PROMIS) Fatigue and
Physical Function Tools [45,46]. The PROMIS tools were designed by HealthMeasures
in the USA (funded by the National Institutes of Health) to provide free validated
measures for a number of variables, including fatigue and physical function. The
PROMIS Fatigue measure has been validated in the ME/CFS population and shown
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to be valid and reliable [47]. The Physical Function measure has not been validated in
the ME/CFS or LC populations, but has been shown to have strong construct validity
and test-retest reliability in a similar population of people with chronic heart failure
and back pain [48]. These measures were chosen to measure fatigue and physical
function in this study due to their ease of use and thorough process of development.
DePaul Symptom Questionnaire Short Form [49]. The Depaul Symptom Questionnaire
Short Form was designed to measure common symptoms of ME/CFS and was
adapted from the long version so that people with ME/CFS only had 14 questions to com-
plete rather than 99 questions. It is an effective screening tool for symptoms of ME/CFS
and was used in this study to determine the effectiveness of the screening process.
36-Item Short Form Survey (SF-36) [50]. The SF-36 is a quality of life (QOL) measure
that has been shown to be valid and reliable for people with ME/CFS [51] and, there-
fore, was chosen to be used in the present study to measure QOL before and after the
intervention.

Good Day/Bad Day Questionnaire [52]. The Good Day/Bad Day Questionnaire was
devised by the Bateman Horne Center in the USA, which is a specialist centre for
ME/CFS, LC, and fibromyalgia. The validity of the measure has not been tested in
these populations, but has been shown to be valid and sensitive for a population
with orthostatic intolerance [53]. As orthostatic intolerance is a particular issue for
many people with ME/CFS and LG, this instrument was used during the study.

The ActiGraph wGT3X-BT26 [54] accelerometer measures activity levels using a triaxial
device worn over the right hip during waking hours. The total activity recorded was
divided into percentage time in stationary behaviour, light, moderate, vigorous
activity, and moderate-to-vigorous activity (MVPA), indicating activity that could
provide a cardiovascular benefit.

The FirstBeat bodyguard 2 [55] uses heart rate, breathing frequency, heart rate varia-
bility, and oxygen uptake to identify periods of ‘physiological stress’ (suggesting sym-
pathetic nervous system dominance), ‘recovery’ (parasympathetic nervous system
dominance), and physical activity. The FirstBeat bodyguard 2 calculates the percen-
tage of time the user is in ‘physiological stress’ and the percentage of time the user
is in ‘recovery’. The FirstBeat bodyguard 2 has demonstrated validity for healthy par-
ticipants when compared with electrocardiogram recordings during everyday activity
[56]; however, the validity of the measure has not been documented in people with
ME/CFS or LC.

The Cosmed Lactate Pro 2 [57] measures the presence of lactate, and levels above 4
are an indication of higher levels of anaerobic metabolism, that is, energy produced
without oxygen [58]. Normal lactate values range between 0.5 and 2.2 mmol/L during
submaximal activities [58].

Interview schedule included questions related to Your life with ME/CFS or Long COVID,
If you were part of the control group what were your experiences of the study or If you
were part of the intervention group what were your experiences of the study.

Procedure

An invitation post was advertised on Physios for ME Twitter/X page, website and Face-
book page, Long COVID Physio Twitter/X page, and the ME Association Twitter/X pages
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and Facebook pages. An invitation email was sent to the Stockport support group admin-
istration team, who then sent the email out to the support group. If a potential participant
was interested in the study, they emailed the principal investigator (Pl), who then sent the
information sheet and asked them to email if they were still interested after reading the
information sheet. At least 48 h were provided to consider participation. The potential
participants were then followed up with a screening phone call or Zoom chat, depending
on the preference of the person with ME/CFS or LC, to discuss the study and identify suit-
ability for the study.

On the day of assessment, the Pl arranged to complete the assessment in the partici-
pants’ homes. After obtaining written consent, the following information was recorded
from the participant: details about their ME/CFS or LC; past medical history, drug, and
social history. The following baseline assessments were also undertaken: all participants
undertook the ten-minute stand test [43,44], and then the participants filled out five ques-
tionnaires, including the Patient-Reported Outcomes Measurement Information System
(PROMIS) Fatigue and Physical function tools [45,46], DePaul Symptom Questionnaire
Short Form [49], 36-Item Short Form Survey (SF-36) [50], and Good Day/Bad Day Question-
naire [52]. These questionnaires were left with the participants to complete over the fol-
lowing five days, so they did not over-exert themselves on the day of testing. Also, over
the following five days, all the participants were asked to wear an accelerometer, Acti-
Graph wGT3X-BT (ActiGraph, Pensacola, FL, USA) [54], to measure their activity levels
for a week before starting the programme.

In addition, some participants in each group wore a first-beat heart rate variability
(HRV) monitor (FirstBeat) [55], and some participants in each group took their lactate
using a handheld device (Cosmed Lactate Pro 2) [57] to analyse a finger prick blood
sample on waking, once during the day and before going to bed. Not all participants
wore an HRV monitor (FirstBeat) or measured their lactate levels due to the limitations
of funding. During this follow-up week, they were asked to record their activity levels
and any PEM they had during that week. At the end of that week, the Pl returned, allo-
cated them to their randomized group and took the diary, questionnaires, and equipment
away.

After the five days of baseline measures, the Pl allocated the participants into a control
group or an intervention group. Randomization was achieved using simple randomization
using random number tables and sealed envelopes, separate randomization and sealed
envelopes for those with ME/CFS and those with LC. Those in the intervention group
received either a Garmin® wrist-based device (Garmin® Vivosmart 3) or a Polar® Verity
Sense arm band paired with the Visible software app. The PI provided the HRM and
written and video instructions about how to set up the device and how to calculate
their heart rate limit. They were then advised to keep their heart rate below that level
during everyday activity.

For the Garmin® device, instructions were given and advice was provided about calcu-
lating the heart rate limit by either (i) (208-70% of age) x 0.55 or (ii) Resting HR plus 15
bpm based on the Workwell Foundation advice [35]. The second method provides a
lower, more restrictive limit, so participants had the choice of either this lower limit or
the higher limit provided by the first calculation. For the Visible device, separate instruc-
tions were provided. Once the participant entered their age into the Visible device, it
automatically calculated their limit based on the following calculation: (220-Age) x 0.6.
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Both devices allowed an alarm or alert to be set to notify participants when they went
over their chosen HR limit.

During the study, all participants recorded PEM symptoms and episodes of PEM and
activity in a written diary. The control group did not have an HRM for eight weeks. All
groups attended 30-minute online pacing sessions every week for four weeks, moder-
ated by the research team. Those using an HRM had sessions related to pacing with
an HRM, and those not using an HRM had sessions related to general pacing advice.
These sessions were at the same time and on the same day each week, based on the
availability of the research team. They were informal discussion sessions that provided
additional support and answered any questions about pacing. At the end of the eight
weeks, the Pl returned to repeat the baseline measures. The control group then received
an HRM to try, and the intervention group had the choice of continuing to use the HRM
or to stop using it.

Finally, the participants were asked to take part in an online interview to discuss their
experiences of the study and of using the HRM if they had used them after the eight-week
intervention. If they had not used the HRM, they were asked their thoughts on the pacing
advice. Interviews were conducted online by the Pl and audio-recorded. In addition, inter-
views were conducted six months after the initial interviews to discuss all participants’
experiences of pacing with an HRM.

Data analysis

All quantitative data were analysed using descriptive statistics. As this was a pilot feasi-
bility study, no inferential tests were performed on the data, but trends in the data
were noted qualitatively. The size of the study limits the power of the study to infer
a significant statistical difference. If inferential tests were conducted on these data,
there would be a risk of a Type | or Type Il error. The record of the number of partici-
pants screened and recruited provided the feasibility of recruitment. The record of
adverse events identified the incidence of adverse events, and the ability to complete
all of the questionnaires and physical outcome measures identified the suitability
and acceptability of the outcome measures. Acceptability of the outcome measures
and procedures was also discussed during the semi-structured interviews. All qualitat-
ive data from the interviews were analysed by the Pl and a master’s student using a
phenomenological approach and interpretive thematic analysis[59]. Themes were
identified related to using pacing with an HRM and will be reported in a separate
article. Data related to acceptability and ongoing use of the HRMs are reported in
this article.

Results

Forty-seven participants (40 female) were recruited, including 32 people living with ME/
CFS and 15 people living with LC (see Table 1 and Figure 1). In total, 22 (15 ME/CFS and 7
LC) participants were randomized into the control group and 25 (17 ME/CFS and 8 LC) into
the intervention group. The mean age (standard deviation; SD) of people with ME/CFS
was 46.7 (11.7), and LC 45.7 (9.6) and 98% of all participants were white Caucasian. The
average length of time with ME/CFS was 13.7 (10.7) years, and LC was 2.1 (0.9) years.
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Table 1. Participant demographics.

Total =47 ME/CFS =32 LC=15
Randomized group allocation C:22 1225 C15 1117 C718
Age, mean (SD) 46.4 (10.9) 46.7 (11.7) 45.7 (9.6)
Gender M:F 7:40 5:27 2:13
Ethnicity CA* Ca: 46, A1 Ca:31, A:1 Ca:15, A0
Length of time with ME/LC in years, mean (SD) 9.9 (10.3) 13.7 (10.7) 2.1 (0.9)
Severity CFIDS disability scale [18]**
Median (range) 40 (20-80) 35 (20-80) (moderate to 45 (30-60)

(moderate) severe) (Moderate)
Severity grouped
Mild no. (%) 1(2) 103) 0(0)
Moderate no. (%) 24 (51) 14 (44) 10 (67)
Moderate to severe no. (%) 22 (47) 17 (53) 5(33)
No. of co-morbidities
Median (range) 3 (0-5) 3 (0-5) 2 (1-3)
Type of co-morbidities
Cardiovascular 6 5 1
Respiratory 8 8 0
Neurological (including dysautonomias) 21 18 3
Musculoskeletal (including fibro and 23 18 5

hypermobility)

Gynaecological 8 6 2
Cancer 2 2 0
Gastrointestinal 15 11 4
Endocrine (including hypothyroid and diabetes) 9 8 1
Urinary 2 2 0
Allergies (including skin, hayfever, sinuses) 7 6 1
Sleep apnoea 5 4 1
Mental health (including anxiety, depression) 15 12 3
Autism 2 1 1
Total 123 101 22

Note: Key: M: Male, F: Female. C: Control, I: Intervention. Ca: Caucasian, A: Asian. ME: Myalgic Encephalomyelitis, LC: Long
COoVvID.
**CFIDS - lower score = greater disability.

Thirty (94%) people with ME/CFS stated their trigger was viral. The participants with ME/
CFS were screened at the beginning using the ICC criteria. The DSQ-SF also uses the
Fukuda [60], Canadian [61], and IOM criteria [62], and this is self-reported. 24 out of 32
participants with ME/CFS fitted all criteria at baseline and follow-up. Two people with
ME/CFS met all criteria at baseline but did not meet the Canadian or IOM criteria at
follow-up. One person with ME/CFS was screened as fitting the ICC but did not meet
the Canadian and IOM criteria when they filled out the form independently. Four forms
had incomplete data. Of the participants with LC, eight met the ME/CFS criteria at baseline
and on follow-up, three met the criteria at baseline but not at follow-up, and one did not
meet the criteria at baseline or follow-up. Other baseline demographic data are shown in
Table 1.

Participant recruitment

One hundred and seven participants were screened, and 81 were eligible for recruitment;
47 (44%) consented over a six-month period, providing an actual recruitment rate of 7 per
month (Figure 1). There was a relative over-recruitment of people with ME/CFS and a
relative under-recruitment of people with LC compared to initial targets. Reasons for
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Screened prior to eligibility

Screenin|
¢ (n=107, ME =76, LC=31)

* Excluded (n = 26)
+ Lived too far away (n = 26)

Assessed for eligibility (n = 81) * Excluded (n = 34)

+ Did not fit ICC criteria or no ME diagnosis (n = 2)

* Using HRM or want to use one (n = 9)
Enrollment * Toosevere (n=2)

* Dropped out for no reason/medical reason (n = 6)
* Didn't reply to emails (n = 4)

* Tooyoung(n=1)
Recruited (n = 47; ME = 32, LC = 15) * Too many people with ME volunteered (n = 10)
Control group (n = 22) Intervention group (n = 25)
(ME=15,LC=7) (ME=17,1C=8)
Allocation "
Received allocated treatment (n = 19) Received allocated treatment (n = 25)
Did not receive allocated treatment (n = 3; 1ME, 2LC) Did not receive allocated treatment (n = 1; 1 LC)
Lost to follow-up — Lost to follow-up =
Follow up Control group (n = 3; 1 ME, 2 LC) Intervention group (n=1; 11C)
Medically unwell not associated with ME/LC (n=3) Wanted to use own HRM
Control group (n = 19) Intervention group (n = 24)
Assessment
(ME=14,1LC=5) (ME=17,1C=7)
Interviews after Control group (n = 15) Intervention group (n = 24)
intervention (ME=13,LC=2) (ME=17,1C=7)
Interviews after Control group (n = 15) Intervention group (n = 24)
another 6 months (ME=13,1C=2) (ME=17,1C=7)

Figure 1. CONSORT diagram.

non-participation were people with ME/CFS did not fit the ICC criteria or no ME/CFS diag-
nosis (n = 2), people with LC already using HRM or wanted to use one (so did not want to
be in the control group) (n = 9), too severe (n = 2) (after discussion they felt they could not
manage the requirements of the study), dropped out before recruitment due to medical
reason or not providing a reason (n=6), didn’t reply to emails (n =4), too young (n=1)
and too many people with ME/CFS volunteered (n=10). Ethical approval did not
permit recruitment from National Health Service ME/CFS or LC clinics, but recruitment
of people with LC was snowballed through word of mouth via support groups and
online forums.

Acceptability of the testing procedure

All participants found the outcome measure testing procedure acceptable, although five
participants (5 ME/CFS) could not complete the ten-minute stand test due to severe
symptoms. The follow-up measurements with the accelerometer, lactate measurements,
and/or heart rate variability were all acceptable to the participants. Filling out the ques-
tionnaires was acceptable, and having the questionnaires over a week made it easier for
them to fill out.
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Acceptability of the intervention

All participants reported struggling to fill out a written diary for the two months during
the intervention period. Participants who were in the intervention group chose which
HRM they wanted to wear, either a wrist-based Garmin® device or an arm-based strap
with the Visible app. Among those who used the Garmin® device, some found it
difficult to read due to the screen being small, and some found it hard to set up. Those
using the arm-based device found it difficult to always have the mobile phone with
them. The personal support they received from members of the study team was
viewed positively by all participants.

Participants in the control group accepted that they would not use an HRM because
they knew they would receive a device when the intervention period ended. All partici-
pants took part in online pacing sessions. These were well-received, although not every-
one was able to attend the sessions due to the timing of synchronous sessions or energy
levels.

Adherence and drop-outs

Adherence was not formally recorded but based on self-report, five people with ME/CFS in
the intervention group did not use the HRM for the whole eight weeks of the intervention
due to difficulties with the HRM (n = 1), unable to stay under the heart rate limit due to
POTS (n=1), medically unwell (n=1), and found it too difficult/did not find it helpful
(n=2). In relation to drop-outs, of the 47 who were recruited, three in the control
group (1 ME/CFS and 2 LC - due to medical issues unrelated to the study) and one in
the intervention group (1 LC - due to wanting to use own HRM) dropped out after the
two-month intervention phase and therefore had no follow-up data included in the inten-
tion-to-treat analysis.

Ten-minute stand test/active stand test (10MST)

All but five participants (n =5 with ME/CFS) completed the ten-minute stand test. Two of
these five participants had a significant reaction indicating POTS, that is, they had a sus-
tained increase in heart rate over 30 bpm within 10 min of standing [63]. This had not
been previously diagnosed in these participants; in addition, these two participants
had significant postural hypertension. Their general practitioner was informed. There
were no discernible changes in the blood pressure, heart rate, and oxygen saturation
measures before and after the intervention.

Accelerometry

All participants were able to wear the accelerometer around their waist during the day
between four and six days at baseline and at follow-up. The results are shown in Table
2. Both groups showed no discernible change in stationary behaviour or light behaviour
from baseline to post-intervention. However, both groups had a slight increase in mod-
erate activity behaviour and moderate to vigorous physical activity from baseline to
post-intervention.



Table 2. Accelerometer and FirstBeat data.

Accelerometer data

% time in % time in % time in % time in % time in mod % time in mod % time in vig % time in vig % time in MVPA % time in MVPA
stat base stat after light base light after base after base after base after
| (n=25) 824 824 15.2 15.3 23 2.6 0.03 0.04 24 2.7
C(h=22) 80.2 80.0 17.4 17.4 23 2.6 0.07 0.07 24 27
FirstBeat data
% recovery % recovery % stress % stress
baseline follow-up baseline follow-up
Intervention (n = 16) 10 10 73 66
Control (n=14) 14 15 64 65

Note: Key: I: Intervention, C: Control. Stat: stationary behaviour, base: baseline, after: after intervention, light: light activity, mod: moderate activity, vig: vigorous activity, MVPA: moderate-to-

vigorous activity.
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Lactate measurements

Twenty-two participants (n =14 control group and n =8 intervention group) measured
their lactate levels between four and six days. All participants had measures over 4.0 at
baseline. One person in each group recorded all lactate levels below 4.0 at the follow-
up measurements. Two intervention participants (n =1 with ME/CFS and n=1 with LC)
and one control participant (LC) had an average lactate score over 6.0 at baseline,
which dropped to 3.9 and 2.6, respectively, at follow-up. Both the control (3.7-2.7) and
intervention groups (3.7-2.9) demonstrated qualitative decreases in their average
lactate levels from baseline to follow-up.

Heart rate variability/physiological stress and recovery

Thirty participants (n =14 control group and n =16 intervention group) wore an HRV/First-
Beat monitor on average 4.7 days at baseline and 4.4 days after the intervention period.
Three participants had incomplete data due to the monitor not recording the data, possibly
due to problems with the chest attachments. The control group demonstrated a 1% (14-15%)
increase in per cent recovery from baseline to post-intervention compared to 0% (10-10%)
per cent recovery in the intervention group. However, the intervention group saw a 7%
(73-66%) decrease in physiological stress compared to a 1% (64-65%) increase in physiologi-
cal stress in the control group. Two people in the intervention group (n =2 with ME/CFS) and
two people in the control group (n = 2 with ME/CFS) always had over 90% physiological stress
at baseline and follow-up and one person in the intervention group (n =1 with ME/CFS) and
two people (n =2 with ME/CFS) in the control group had 0% recovery at all times at baseline
and follow-up.

36-item short form survey (SF-36)

The participants reported that the SF-36 [50] took a long time to complete and that the data
were incomplete. For the control group, eight forms were incomplete, as well as the three
dropouts, and for the intervention group, seven forms were incomplete, as well as one
dropout. Table 3 shows a decrease in physical function from baseline to follow-up for both
groups; however, both groups showed a positive increase in physical health, emotional
health, and energy levels, with the intervention group showing greater changes. Both
groups showed a positive increase in emotional well-being, with the control group greater
than the intervention and the control group had a greater reduction in pain. The intervention
group demonstrated a positive change in social functioning compared to the control group.
Both groups showed a positive change in general health.

PROMIS - physical function and fatigue (PPF and PF)

The PROMIS physical function and fatigue questionnaires were the quickest and easiest of
the questionnaires to complete, although there were four missing values in addition to
the dropout missing data. The intervention group showed no change in physical function
but a decrease in fatigue, whereas the control group showed an increase in physical func-
tion but no change in fatigue (see Table 4).
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Table 3. SF36 results.

Intervention (n = 25) Control (n=22)

Physical Functioning (PF) baseline 275 292
Physical Functioning (PF) follow-up 270 269
Change -5 -23
Role limitations due to PH (PH) baseline 8 10
Role limitations due to PH (PH) follow-up 41 15
Change +33 +5

Role limitations due to EmP (EmP) baseline 158 150
Role limitations due to EmP (EmP) follow-up 173 156
Change +15 +6

Fatigue/energy (E) baseline 47 43
Fatigue/energy (E) follow-up 67 44
Change +20 +1

Emotional well-being (EmW) baseline 299 280
Emotional well-being (EmW) follow-up 310 300
Change +11 +20
Social functioning (SF) baseline 50 50
Social functioning (SF) follow-up 75 43
Change +25 -7
Pain (P) baseline 84 81
Pain (P) follow-up 87 64
Change +3 -17
General Health (GH) baseline 108 90
General Health (GH) follow-up 139 121
Change +31 +31

Note: PF — higher score better; PH - higher score better; EmP — higher score better; E — higher score better; EmW — higher
score better; SF — higher score better; P — higher score worse; GH — higher score better.

Good day/bad day questionnaire (GDBDQ)

The participants reported that this measure was difficult to quantify as it relies on self-
report and recall over the last month, that is, how many good days do you average in
a month, how many bad days in a month. Also, the instrument asks how many hours
of upright activity on a good day and how many hours of non-upright activity in 24 h
on a bad day, which proved to be difficult for the participants to calculate. As a result,
data were missing on eight control questionnaires and six intervention questionnaires.
The results can be seen in Table 4, showing variable responses. The intervention group
showed a reduction in good days but an increase in upright hours on good days, com-
pared to the control group which reported an increase in good days but a reduction in
upright hours on good days. Both groups showed a reduction in bad days, but a decrease
in upright hours on bad days.

Adverse events

No serious adverse events were reported over the course of the study. The five ME/CFS
participants who did not complete the ten-minute stand test reported PEM immediately
after the test as well as delayed symptoms.

Participant perspectives from the interview

A separate article will be published outlining the in-depth thematic analysis from the
interviews immediately after the intervention and six months after the end of the



Table 4. PROMIS and Good Day/Bad Day questionnaire results.

PROMIS data
Physical Function  Physical Function Fatigue Fatigue

baseline follow-up baseline follow-up
Intervention (n = 25) 25 25 32 30
Control (n=22) 24 25 34 34

Good Day/Bad Day data
Good days Good days Bad days Bad days Hours upright before  Hours upright after Hours upright Hours upright after

before after before after - good day - good day before — bad day - bad day
Intervention (n = 25) 12.7 11.5 12.8 10.1 53 59 2.7 23
Control (n=22) 84 11.2 16.6 15.2 7.6 6.6 2.8 23

Note: Physical function - higher score = better physical function, Fatigue — higher score = more fatigue.
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intervention. It was not possible to interview the people who dropped out due to medical
issues (n =4, 1TME/CFS, 3LC) and four other participants (3LC, TME/CFS) did not respond to
the request for interviews. Therefore, thirty-nine participants were interviewed immedi-
ately after the intervention and six months after the intervention. 89% of the intervention
group planned to continue using pacing with an HRM immediately after the intervention,
and at six months, 66% of all interviewees planned to continue using an HRM. Most
people who were not going to continue using pacing with an HRM were people with
ME/CFS (n=11, i.e. 37% of people with ME/CFS) for reasons including skin reactions to
the Garmin® strap, connectivity issues with Visible, cognitive issues, the strap broke on
Garmin®, difficulties due to POTS and general health got worse. One person with LC
stopped using the device as it made him anxious, and another person with LC stopped
using it as much as they were much improved.

Two people changed their HRM device to Fitbit®, one to Apple Watch®, and two to
another Garmin® device, but all who changed devices continued to use an HRM. Most
people with ME/CFS stated that they wished they had known about pacing with an
HRM when they were first diagnosed with ME/CFS, as they felt it was a useful tool to
learn how to pace. As most people with ME/CFS had a disease duration of over five
years, they already had learned how to pace using other strategies.

Discussion

The findings of the study indicate that it is feasible to conduct a randomized controlled
trial investigating the use of an HRM in people with ME/CFS. The percentage of males
to females in the study for people with ME/CFS (18%) and LC (15%) was lower than
reported in the larger ME/CFS and LC populations [64,65]. In addition, the ethnicity of
the study population was not representative of the UK population [66], although more
research is needed to understand the true range of ethnicity in the ME/CFS and LC popu-
lations, as previously highlighted [67]. The level of disability for the ME/CFS participants
was greater than that of the LC participants, but the study population represents the
‘moderate’ and ‘moderate/severe’ groups in both populations, with only one person
classified as ‘mild’. This demonstrates the feasibility of recruiting people with a range of
disease severities if the study is designed to support them, following the recommen-
dations for patient inclusion made by Professor Tyson [68].

Feasibility was assessed in relation to the ability to recruit, how acceptable the study
was to the participants, the suitability of the outcome measures, and preliminary evidence
of adverse events. Using social media and local support groups to recruit, over 50 people
had contacted the study team within 24 h. However, most people who wanted to get
involved were people with ME/CFS. In addition, it can be seen from the testing that
although the team used the ICC [1] for screening for people with ME/CFS and only
recruited people who had been diagnosed with ME/CFS, when the participants self-
reported their symptoms using the DePaul symptom questionnaire [49], three did not
meet the criteria for ME/CFS using the Fukuda [60], Canadian Consensus [61], and IOM
criteria [62] either at baseline or follow-up. This observation highlights the difficulty in
diagnosing ME/CFS and the subsequent problems when trying to identify the effective-
ness of an intervention, which must be considered in designing a definitive trial investi-
gating pacing with an HRM.
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When recruiting people with LC with PEM, it was very difficult to recruit through social
media and local support groups. It appeared that people with LC were reluctant to get
involved, either because they were already using an HRM or they wanted to use it and,
therefore, did not want to be randomized into a control group. Since this study was con-
ducted, Visible has further developed its app and device and published data reporting
data on over 25,000 people who are now using them worldwide [69]. This means
finding people with LC and ME/CFS who are not using an HRM may become more
difficult over time, especially recruiting through social media. One way to recruit
people with LC who have not yet tried an HRM could be to recruit from LC clinics,
because these individuals are new to living with the disease and may not yet be aware
of all the options available. However, these clinics do not exist in Northern Ireland and
Scotland and are not being recommissioned in other areas of the UK. In addition, the
lack of testing for SARS-COV-2 may limit our ability to identify people with LC to recruit
for future studies.

The procedures were acceptable to all participants, although keeping the written diary
was difficult for the participants to complete for two months during the intervention
period. The diaries provided limited information related to the aim of the study, so in sub-
sequent studies, collecting these data would not be recommended. Some participants
had difficulty setting up the devices and setting the HR limit despite video and written
information, so individualized support was required and must be considered for any
future study. Some participants had difficulty using the HRM devices. Findings from a pre-
vious survey study of people with ME/CFS established that they used over 100 different
types of devices for HRM [36]. Selecting a specific device for a definitive study may be
difficult due to the wide range of patient preferences. Devices also have been developed
allowing participants to use HRV rather than setting heart rate limits to monitor their pro-
gress and manage their symptoms [69]. HRV may require consideration alongside HR to
manage symptoms and activity limitations from PEM.

Adherence was not formally measured, but some participants stated that they were
unable to use the HRM devices due to practical issues, such as difficulties with the
strap and screen or were unable to stay under the heart rate limit due to POTS. Using
HRV might be more successful for people with difficulties such as POTS, so that they
do not have to remain under an HR limit when their HR is already high, but this idea
needs further investigation. Four people dropped out; three due to medical issues unre-
lated to the study and one due to wanting to use their own HRM device. Care must be
taken in future studies to ensure participants are fully aware of which devices are
being used for the study. While there were no serious adverse events, five people devel-
oped PEM after the testing, so this must be considered in selecting and implementing
outcome measures for a future definitive study.

All physical outcome measures were completed by the participants, although five
people with ME/CFS were not able to complete the 10-minute stand test and met the cri-
teria for POTS. In a future study, the use of the 10-minute stand test might be reviewed,
although this study highlights the importance of carrying out simple clinical tests for
POTS, such as the 10-minute stand test, as POTS is a condition that can be moderated
with conservative measures and medication [44]. It is disappointing that five people
(16%) with ME/CFS in the study had not been tested for POTS previously, despite
having had ME/CFS for between 10 and 36 years.
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Lactate and Firstbeat measurements showed changes over time, although the sample
size was not large enough to establish a significant difference. These measures could be
continued into the definitive study to help determine if HRM can impact lactate levels and
physiological stress, both of which have been shown to be increased in people with ME/
CFS. In addition, interestingly, the accelerometer data showed that there was no signifi-
cant drop in activity levels with the introduction of HRM. One common criticism of
HRM for people with ME/CFS is that it will lead to a reduction in activity levels as
people with ME/CFS become more cautious. The present study appeared to contradict
this assertion, but more research is needed. An additional criticism of pacing with an
HRM is that it will lead to an increase in anxiety and symptom monitoring, as was
observed in people with atrial fibrillation [70]. However, only one person with LC reported
anxiety with the HR limits and alarms.

Using questionnaires to measure the effect of pacing with an HRM proved to be
difficult for participants. The SF-36 and the GDBDQ were difficult for the participants to
complete and showed limited changes over time. The PROMIS questionnaires were
simpler to complete and did show some change over time, so they could potentially
be used in a definitive study. Since the completion of this study, more questionnaires
have been specifically designed for people with ME/CFS, such as the Functional Capacity
in Myalgic Encephalopathy/Chronic Fatigue Syndrome survey [71], PEM/PESE Activity
Questionnaire [72], or clinical assessment toolkit [73]. These might be more appropriate
for a future definitive study. Measuring change in people with ME /CFS and LC is
difficult due to the fluctuating nature of the condition [74,75]. Lessons from research in
other fluctuating conditions, like human immunodeficiency virus, which highlight the
importance of patient-reported measures [76] and the need to measure health utility
alongside the physical, psychological and social impacts of an intervention [77].

Measurements and interventions were all carried out in the participants’ homes, there-
fore reducing the need for the participants to travel. However, this involved the researcher
visiting the participants four times. In a future study, it may be possible to reduce the
burden on both the researchers and participants by removing the follow-up visits to
collect equipment and instead asking the participants to return the measurement tools
by post, where able to do so. This study has helped to rationalize some of the physical
and questionnaire-based measures in order to inform a future study and minimise the
burden on future participants.

Limitations

The study has several limitations. As this was a feasibility study. The sample size was small
and recruitment was limited to those within a specific geographical area. Other studies
related to pacing with an HRM and LC have used postal services to distribute the HRM
devices and outcome measures; however, this approach has additional limitations as it
provides limited support for the participants, especially those who have cognitive
difficulties.

Participants were asked during the screening process whether they had had a formal
diagnosis of ME/CFS or LC. This was part of the inclusion criteria; however, this was not
confirmed with a review of their medical notes. This, therefore, could be seen as a limit-
ation of this study.
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Other confounding variables were not controlled, such as medication use or other
interventions over the eight months of the study. This would need to be considered
for a definitive study. Finally, not all physiological measures were recorded by all the par-
ticipants, and the measures were not taken at the six-month follow-up stage due to
funding limitations. It would be beneficial to determine the longer-term effects of
pacing with an HRM in a definitive study.

Conclusions

Findings from this study support the feasibility of conducting a study using an HRM for
people with ME/CFS and LC, although recruitment strategies need to be reviewed for
LC. Measuring the effect of pacing with an HRM requires a combination of physical and
questionnaire-based measures, as well as interview methods to ensure a comprehensive
understanding of any effect. People with ME/CFS and LC continue to use an HRM after the
end of the study, which suggests they find it beneficial.
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