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RESEARCH ARTICLE
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a feasibility study
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E. McBurneya, K. Leslieb, M. Bullb and N. Hilliardb

aPhysiotherapy Department, University of Liverpool, Liverpool, UK; bPhysios for ME, Liverpool, UK; 
cDepartment of Physical Therapy, University of the Pacific, Stockton, CA, USA; dStockport ME group, 
Manchester, UK; eVisible Health, Sheffield, UK; fFacebook groups – HRM4Pacing, ME/CFS – Pacing with a 
Heart Monitor #2, London, UK

ABSTRACT  
Background: People living with ME/CFS and LC frequently live with 
post-exertional malaise (PEM), which is associated with 
impairments in aerobic metabolism. They often use pacing with a 
heart rate monitor (HRM) to minimize time spent above the 
anaerobic threshold; however, there is limited research on the 
feasibility and efficacy.
Objective: To establish the acceptability, adherence, outcomes, 
and adverse events associated with pacing with an HRM for a 
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.

Clinical Trial registration number: ISRCTN10554129.
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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/Ion 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 (VO2) and work rate, especially at the ventilatory anaerobic 

2 N. CLAGUE-BAKER ET AL.



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 (VO2) 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.

(3) 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.

(4) 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.

(5) 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 LC, this instrument was used during the study.

(6) 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.

(7) 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.

(8) 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].

(9) 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 (PI), 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 PI 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 PI returned, allo
cated them to their randomized group and took the diary, questionnaires, and equipment 
away.

After the five days of baseline measures, the PI 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) × 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) × 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 PI 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 PI 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 I or Type II 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 PI 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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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 

Table 1. Participant demographics.
Total = 47 ME/CFS = 32 LC = 15

Randomized group allocation C:22 I:25 C:15 I:17 C:7 I:8
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 C:A* Ca: 46, A:1 Ca:31, A:1 Ca:15, A:0
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) 

(moderate)
35 (20–80) (moderate to 

severe)
45 (30–60) 
(Moderate)

Severity grouped
Mild no. (%) 1 (2) 1 (3) 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 

hypermobility)
23 18 5

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 
COVID. 

**CFIDS – lower score = greater disability.
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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.

Figure 1. CONSORT diagram.
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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.
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Table 2. Accelerometer and FirstBeat data.
Accelerometer data

% time in  
stat base

% time in  
stat after

% time in  
light base

% time in  
light after

% time in mod 
base

% time in mod 
after

% time in vig 
base

% time in vig 
after

% time in MVPA 
base

% time in MVPA 
after

I (n = 25) 82.4 82.4 15.2 15.3 2.3 2.6 0.03 0.04 2.4 2.7
C (n = 22) 80.2 80.0 17.4 17.4 2.3 2.6 0.07 0.07 2.4 2.7

FirstBeat data
% recovery 

baseline
% recovery 
follow-up

% stress 
baseline

% stress 
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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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 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.
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Table 4. PROMIS and Good Day/Bad Day questionnaire results.
PROMIS data

Physical Function 
baseline

Physical Function 
follow-up

Fatigue 
baseline

Fatigue 
follow-up

Intervention (n = 25) 25 25 32 30
Control (n = 22) 24 25 34 34

Good Day/Bad Day data

Good days  
before

Good days  
after

Bad days 
before

Bad days 
after

Hours upright before 
– good day

Hours upright after 
– good day

Hours upright 
before – bad day

Hours upright after 
– bad day

Intervention (n = 25) 12.7 11.5 12.8 10.1 5.3 5.9 2.7 2.3
Control (n = 22) 8.4 11.2 16.6 15.2 7.6 6.6 2.8 2.3

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, 1ME/CFS, 3LC) and four other participants (3LC, 1ME/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.

Acknowledgements

The views expressed are those of the authors. Thanks to the Stockport ME support group, which 
provided the Garmin HRM devices and Visible, which provided the Visible HRM devices. We 
would also like to thank all the people with ME /CFS and LC who took part in the study.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This study was funded by the ME Association and the University of Liverpool.

Notes on contributors

Dr. Nicola Clague-Baker is a chartered physiotherapist with over 35 years of clinical experience and 
currently teaches neurological physiotherapy and research at the University of Liverpool. Her ME/ 
CFS research relates to physiological measurements in everyday activity and management tech
niques, such as heart rate monitoring and transcutaneous auricular vagus nerve stimulation. She 
is inspired by her close friend, who has had ME/CFS for over 35 years. She is a co-founder of 
Physios for ME and co-wrote ‘A physiotherapist’s guide to understanding and managing ME/CFS’.

Dr Todd E. Davenport is Professor and Chair in the Department of Physical Therapy at the University 
of the Pacific in Stockton, California. Dr. Davenport is a scientific advisor to the Workwell Foundation 
and current Chair of Long Covid Physio. His research involves the systems-level physiology and clini
cal recognition of myalgic encephalomyelitis (ME) and ME-like conditions, such as Long COVID. Dr. 
Davenport is grateful to all people with lived experience with ME and ME-like conditions, which 
have informed, supported, and challenged his line of scholarly work throughout his career.

Ben Wickens has ME/CFS and Long COVID and is an active user of Heart Rate Monitoring as a self- 
management tool. He has been the co-chair of the Stockport ME group charity for over a decade 
and is actively involved in both ME/CFS and Long COVID communities. He has supported many 
people in setting up devices for HRM purposes as well as troubleshooting issues they may have. 

18 N. CLAGUE-BAKER ET AL.



He has delivered training to community groups, NHS staff on Heart Rate Monitoring for ME/CFS, and 
Long COVID.

Harry Leeming is the founder of Visible, a healthtech company focused on helping people manage 
complex chronic illnesses, such as Long Covid and ME/CFS, through wearable technology. Visible 
integrates biometrics with symptom tracking to deliver personalized self-management strategies. 
The company actively collaborates with academic institutions, clinicians, and patient organizations 
to conduct real-world research and generate novel insights into post-viral and neuro-immune 
conditions.

Kathryn Dickinson is a patient representative with 40 years of lived experience with ME/CFS, follow
ing a post-viral illness. She co-founded the ME/CFS – Pacing with a Heart Monitor #2 Facebook 
group and the HRM4Pacing website, which supports over 1500 individuals – many of whom are 
severely affected. These platforms guide the use of heart rate and heart rate variability (HRV) 
data to support pacing and energy management, as ME/CFS is an energy-limiting condition. 
Drawing on independent research and community collaboration, Kathryn’s work promotes accessi
ble, data-informed, practical self-management strategies to aid energy conservation, apply biofeed
back techniques, and reduce the frequency and severity of post-exertional malaise (PEM) and post- 
exertional symptom exacerbation (PESE).

Emily McBurney is a chartered physiotherapist and, at the time of this study, was a Pre-registration 
Master’s Physiotherapy student at the University of Liverpool.

Karen Leslie is a chartered physiotherapist specializing in neurological rehabilitation. She works in 
private practice with people who have disorders or damage to the brain, spinal cord or nervous 
system and developed an interest in ME/CFS through her clinical work. Karen is a co-founder of 
Physios for ME and co-wrote A physiotherapist’s guide to understanding and managing ME/CFS.

Dr. Michelle Bull has worked in clinical and non-clinical roles with an emphasis on supported self- 
management of long-term conditions, including cardiac rehabilitation, cancer rehabilitation, phys
ical activity promotion, and, more recently, Long COVID. She has extensive knowledge and experi
ence of ME/CFS due to the condition affecting family members. She is a co-founder of Physio for ME 
and co-wrote A physiotherapist’s guide to understanding and managing ME/CFS.

Natalie Hilliard works clinically as a chartered physiotherapist in private practice, covering muscu
loskeletal and neurological conditions and specializing in the management of ME/CFS and Long 
COVID. Natalie was inspired by her close friend, who has post-viral severe ME, and it is through 
knowing her friend that Natalie has learnt so much more about this illness. She is a co-founder 
of Physios for ME and co-wrote ‘A physiotherapist’s guide to understanding and managing ME/CFS’.

References

[1] Carruthers BM, van de Sande MI, De Meirleir KL, et al. Myalgic encephalomyelitis: international 
consensus criteria. J Intern Med. 2011;270:327–338. doi:10.1111/j.1365-2796.2011.02428.x

[2] National Institute of Clinical Excellence. Myalgic encephalomyelitis (or encephalopathy)/ 
chronic fatigue syndrome: diagnosis and management. London (UK): NICE; 2021 [cited 2025 
Apr 15]. Available from: https://www.nice.org.uk/guidance/NG206.

[3] Carruthers BM, Jain AK, DeMeirleir KL, et al. Myalgic encephalomyelitis/chronic fatigue syn
drome: clinical working case definition, diagnostic and treatment protocols. J Chronic 
Fatigue Syndrome. 2003;11:7–115. doi:10.1300/J092v11n01_02

[4] World Health Organization. Manual of the international statistical classification of diseases, 
injuries, and causes of death based on the recommendations of the eighth revision confer
ence. 8th ed. Geneva (Switzerland): World Health Organisation; 1969.

[5] Chu L, Valencia IJ, Garvert DW, et al. Onset patterns and course of myalgic encephalomyelitis/ 
chronic fatigue syndrome. Front Pediatr. 2019;7:12. doi:10.3389/fped.2019.00012

[6] Salit IE. Precipitating factors for the chronic fatigue syndrome. J Psychiatr Res. 1997;31:59–65. 
doi:10.1016/S0022-3956(96)00050-7

FATIGUE: BIOMEDICINE, HEALTH & BEHAVIOR 19

https://doi.org/10.1111/j.1365-2796.2011.02428.x
https://www.nice.org.uk/guidance/NG206.
https://doi.org/10.1300/J092v11n01_02
https://doi.org/10.3389/fped.2019.00012
https://doi.org/10.1016/S0022-3956(96)00050-7


[7] Lim EJ, Ahn YC, Jang ES, et al. Systematic review and meta-analysis of the prevalence of chronic 
fatigue syndrome/myalgic encephalomyelitis (CFS/ME). J Transl Med. 2020;18:100. doi:10. 
1186/s12967-020-02269-0

[8] Vernon SD, Zheng T, Do H, et al. Incidence and prevalence of post-COVID-19 myalgic encepha
lomyelitis: a report from the observational RECOVER-adult study. J Gen Intern Med. 
2025;40(5):1085–1094. doi:10.1007/s11606-024-09290-9

[9] NICE. COVID-19 rapid guideline: managing the long-term effects of COVID-19. 2020. [cited 
2025 Apr 15]. Available from: https://www.nice.org.uk/guidance/ng188/chapter/1- 
Identification

[10] Montoya JG, Dowell TG, Mooney AE, et al. Caring for the patient with severe or very severe 
myalgic encephalomyelitis/chronic fatigue syndrome. Healthcare (Basel). 2021;9(10):1331. 
doi:10.3390/healthcare9101331

[11] Mooney A. Research,: recommendations and lived/personal experience with myalgic encepha
lomyelitis/chronic fatigue syndrome (ME/CFS). Work. 2020;66:245–246.

[12] Fukuda K, Straus SE, Hickie I, et al. The chronic fatigue syndrome: a comprehensive approach to 
its definition and study. International chronic fatigue syndrome study group. Ann Intern Med. 
1994;121:953–959. doi:10.7326/0003-4819-121-12-199412150-00009

[13] Holmes GP, Kaplan JE, Gantz NM, et al. Chronic fatigue syndrome: a working case definition. 
Ann Intern Med. 1988;108:387–389. doi:10.7326/0003-4819-108-3-387

[14] Reeves WC, Wagner D, Nisenbaum R, et al. Chronic fatigue syndrome – a clinically empirical 
approach to its definition and study. BMC Med. 2005;3:19. doi:10.1186/1741-7015-3-19

[15] Brittain E, Muirhead N, Finlay AY, et al. Myalgic encephalomyelitis/chronic fatigue syndrome 
(ME/CFS): major impact on lives of both patients and family members. Medicina (Kaunas). 
2021;57(1):43. doi:10.3390/medicina57010043

[16] Eaton-Fitch N, Johnston SC, Zalewski P, et al. Health-related quality of life in patients with 
myalgic encephalomyelitis/chronic fatigue syndrome: an Australian cross-sectional study. 
Qual Life Res. 2020;29:1521–1531. doi:10.1007/s11136-019-02411-6

[17] Hvidberg M F, Brinth LS, Olesen AV, et al. The health-related quality of life for patients with 
myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS). PLoS One. 2015;10:e0132421.

[18] Jason LA, Mirin AA. Updating the national academy of medicine ME/CFS prevalence and econ
omic impact figures to account for population growth and inflation. Fatigue Biomed Health 
Behav. 2021;9:9–13. doi:10.1080/21641846.2021.1878716

[19] Mirin AA, Dimmock ME, Jason LA. Updated ME/CFS prevalence estimates reflecting post- 
COVID increases and associated economic costs and funding implications. Fatigue Biomed 
Health Behav. 2022;10:83–93. doi:10.1080/21641846.2022.2062169

[20] Katerndahl DA, Bell IR, Palmer RF, et al. Chemical intolerance in primary care settings: preva
lence, comorbidity, and outcomes. Ann Fam Med. 2012;10:357–365. doi:10.1370/afm.1346

[21] Kingdon CC, Bowman EW, Curran H, et al. Functional status and well-being in people with 
myalgic encephalomyelitis/chronic fatigue syndrome compared with people with multiple 
sclerosis and healthy controls. Pharmacoecon Open. 2018;2:381–392. doi:10.1007/s41669- 
018-0071-6

[22] Lim EJ, Kang EB, Jang ES, et al. The prospects of the two-day cardiopulmonary exercise test 
(CPET) in ME/CFS patients: a meta-analysis. J Clin Med. 2020;9(12):4040. doi:10.3390/ 
jcm9124040

[23] Franklin JD, Graham M. Repeated maximal exercise tests of peak oxygen consumption in 
people with myalgic encephalomyelitis/chronic fatigue syndrome: a systematic review and 
meta-analysis. Fatigue Biomed Health Behav. 2022;10:119–135. doi:10.1080/21641846.2022. 
2108628

[24] Keller B, Receno CN, Franconi CJ, et al. Cardiopulmonary and metabolic responses during a 2- 
day CPET in myalgic encephalomyelitis/chronic fatigue syndrome: translating reduced oxygen 
consumption to impairment status to treatment considerations. J Transl Med. 2024;22:627. 
doi:10.1186/s12967-024-05410-5

[25] Appelman B, Charlton BT, Goulding RP, et al. Muscle abnormalities worsen after post-exer
tional malaise in long COVID. Nat Commun. 2024;15:17. doi:10.1038/s41467-023-44432-3

20 N. CLAGUE-BAKER ET AL.

https://doi.org/10.1186/s12967-020-02269-0
https://doi.org/10.1186/s12967-020-02269-0
https://doi.org/10.1007/s11606-024-09290-9
https://www.nice.org.uk/guidance/ng188/chapter/1-Identification
https://www.nice.org.uk/guidance/ng188/chapter/1-Identification
https://doi.org/10.3390/healthcare9101331
https://doi.org/10.7326/0003-4819-121-12-199412150-00009
https://doi.org/10.7326/0003-4819-108-3-387
https://doi.org/10.1186/1741-7015-3-19
https://doi.org/10.3390/medicina57010043
https://doi.org/10.1007/s11136-019-02411-6
https://doi.org/10.1080/21641846.2021.1878716
https://doi.org/10.1080/21641846.2022.2062169
https://doi.org/10.1370/afm.1346
https://doi.org/10.1007/s41669-018-0071-6
https://doi.org/10.1007/s41669-018-0071-6
https://doi.org/10.3390/jcm9124040
https://doi.org/10.3390/jcm9124040
https://doi.org/10.1080/21641846.2022.2108628
https://doi.org/10.1080/21641846.2022.2108628
https://doi.org/10.1186/s12967-024-05410-5
https://doi.org/10.1038/s41467-023-44432-3


[26] Davenport TE, Chu L, Stevens SR, et al. Two symptoms can accurately identify post-exertional 
malaise in myalgic encephalomyelitis/chronic fatigue syndrome. Work. 2023;74(4):1199–1213.

[27] Mateo LJ, Chu L, Stevens S, et al. Post-exertional symptoms distinguish myalgic encephalo
myelitis/chronic fatigue syndrome subjects from healthy controls. Work. 2020;66:265–275.

[28] Snell CR, Stevens SR, Davenport TE, et al. Discriminative validity of metabolic and workload 
measurements for identifying people with chronic fatigue syndrome. Phys Ther. 
2013;93:1484–1492. doi:10.2522/ptj.20110368

[29] Moore GE, Keller BA, Stevens J, et al. Recovery from exercise in persons with myalgic encepha
lomyelitis/chronic fatigue syndrome (ME/CFS). Medicina (Kaunas). 2023;59(3):571. doi:10.3390/ 
medicina59030571

[30] Stevens S, Snell C, Stevens J, et al. Cardiopulmonary exercise test methodology for assessing 
exertion intolerance in myalgic encephalomyelitis/chronic fatigue syndrome. Front Pediatr. 
2018;6:242. doi:10.3389/fped.2018.00242

[31] Lien K, Johansen B, Veierod MB, et al. Abnormal blood lactate accumulation during repeated 
exercise testing in myalgic encephalomyelitis/chronic fatigue syndrome. Physiol Rep. 2019;7: 
e14138. doi:10.14814/phy2.14138

[32] Clague-Baker N, Tyson S, Leslie K, et al. Home-based testing protocol to measure physiological 
responses to everyday activities in ME: a feasibility study. Fatigue Biomed Health Behav. 
2023;11:142–156. doi:10.1080/21641846.2023.2245584

[33] Wilshire CE, Kindlon T, Courtney R, et al. Rethinking the treatment of chronic fatigue syndrome 
– a reanalysis and evaluation of findings from a recent major trial of graded exercise and CBT. 
BMC Psychol. 2018;6:6. doi:10.1186/s40359-018-0218-3

[34] Sanal-Hayes NE, Mclaughlin M, Mair JL, et al. ‘Pacing’ for management of myalgic encephalo
myelitis/chronic fatigue syndrome (ME/CFS): a systematic review and meta-analysis. Fatigue 
Biomed Health Behav. 2025;13(1):36–53. doi:10.1080/21641846.2024.2433390

[35] Workwell Foundation. Heart rate monitoring fact sheet ripon, California (US): Workwell 
Foundation; n.d. [cited 2025 Apr 15]. Available from: https://workwellfoundation.org/wp- 
content/uploads/2021/03/HRM-Factsheet.pdf

[36] Clague-Baker N, Davenport TE, Madi M, et al. An international survey of experiences and atti
tudes towards pacing using a heart rate monitor for people with myalgic encephalomyelitis/ 
chronic fatigue syndrome. Work. 2023;74(4):1225–1234.

[37] Stevens SR, Davenport TE. Functional outcomes of anaerobic rehabilitation in a patient with 
chronic fatigue syndrome: case report with 1-year follow-up. Bull Int Assoc Chronic Fatigue 
Syndrome/Myalgic Encephalomyelitis. 2010;18:93–98.

[38] Meach R, Carless D, Sanal-Hayes NEM, et al. An adaptive pacing intervention for adults living 
with long COVID: a narrative study of patient experiences of using the PaceMe app. J Patient 
Exp. 2024;11:23743735241272158. doi:10.1177/23743735241272158

[39] Goosen A, Foster-Bonds R, Vogel JM. Wearable devices enable long COVID patients to decrease 
symptom severity: a case series from pilot user testing. Cardiopulm Phys Ther J. 2024;36(2):99– 
104. doi:10.1097/CPT.0000000000000268

[40] Aitken A, Sawyer A, Iwasaki A, et al. Smartphone-based monitoring of heart rate variability and 
resting heart rate predicts variability in symptom exacerbations in people with complex 
chronic illness (PREPRINT). Res Sq. 2024.

[41] Rauscher L, Greenfield BH. Advancements in contemporary physical therapy research: use of 
mixed methods designs. Phys Ther. 2009;89:91–100. doi:10.2522/ptj.20070236

[42] Bell DS. The doctor’s guide to chronic fatigue syndrome. Reading (Massachusetts): Addison- 
Wesley; 1995.

[43] Dysautonomia International. Active stand test. 2024 [cited 2025 Apr 15]. Available from: 
https://www.dysautonomiainternational.org/page.php?ID=30

[44] Lloyd MG, Bourne K, Raj SR. The active stand and tilt tests. In: Gall N, Kavi L, Lobo MD, editors. 
Postural tachycardia syndrome. New York(NY): Springer; 2021. p. 47–51.

[45] Christodoulou C, Junghaenel DU, DeWalt DA, et al. Cognitive interviewing in the evaluation of 
fatigue items: results from the patient-reported outcomes measurement information system 
(PROMIS). Qual Life Res. 2008;17:1239–1246. doi:10.1007/s11136-008-9402-x

FATIGUE: BIOMEDICINE, HEALTH & BEHAVIOR 21

https://doi.org/10.2522/ptj.20110368
https://doi.org/10.3390/medicina59030571
https://doi.org/10.3390/medicina59030571
https://doi.org/10.3389/fped.2018.00242
https://doi.org/10.14814/phy2.14138
https://doi.org/10.1080/21641846.2023.2245584
https://doi.org/10.1186/s40359-018-0218-3
https://doi.org/10.1080/21641846.2024.2433390
https://workwellfoundation.org/wp-content/uploads/2021/03/HRM-Factsheet.pdf
https://workwellfoundation.org/wp-content/uploads/2021/03/HRM-Factsheet.pdf
https://doi.org/10.1177/23743735241272158
https://doi.org/10.1097/CPT.0000000000000268
https://doi.org/10.2522/ptj.20070236
https://www.dysautonomiainternational.org/page.php?ID=30
https://doi.org/10.1007/s11136-008-9402-x


[46] Reeve BB, Hays RD, Bjorner JB, et al. Psychometric evaluation and calibration of health-related 
quality of life item banks: plans for the patient-reported outcomes measurement information 
system (PROMIS). Med Care. 2007;45:S22–S31. doi:10.1097/01.mlr.0000250483.85507.04

[47] Yang M, Keller S, Lin JS. Psychometric properties of the PROMIS® fatigue short form 7a among 
adults with myalgic encephalomyelitis/chronic fatigue syndrome. Qual Life Res. 2019;28:3375– 
3384. doi:10.1007/s11136-019-02289-4

[48] Schalet BD, Hays RD, Jensen SE, et al. Validity of PROMIS physical function measured in diverse 
clinical samples. J Clin Epidemiol. 2016 May;73:112–118. doi:10.1016/j.jclinepi.2015.08.039

[49] Sunnquist M, Lazarus S, Jason LA. The development of a short form of the DePaul symptom 
questionnaire. Rehabil Psychol. 2019;64:453–462. doi:10.1037/rep0000285

[50] RAND Health Care 36-Item Short Form Survey. [cited 2025 June 15]. Available from: https:// 
www.rand.org/health-care/surveys_tools/mos/36-item-short-form.html

[51] Davenport TE, Stevens SR, Baroni K, et al. Reliability and validity of short form 36 version 2 to 
measure health perceptions in a sub-group of individuals with fatigue. Disabil Rehabil. 
2011;33(25–26):2596–2604. doi:10.3109/09638288.2011.582925

[52] Bateman Horne Center. Good day/bad day questionnaire. Salt Lake City, Utah: BHC; 2022 [cited 
2025 Apr 15]. Available from: https://batemanhornecenter.org/wp-content/uploads/filebase/ 
education/top_resources/Good-Day-Bad-Day-Questionnaire-Fillable-V3-6_6_2022.pdf

[53] François C, Germain N, Majewska R, et al. Psychometric validation of a patient-reported single- 
item assessment of ‘Good Day Bad Day’ in a neurogenic orthostatic hypotension population 
treated with droxidopa. J Mark Access Health Policy. 2022;10(1):2010961. doi:10.1080/ 
20016689.2021.2010961

[54] Actigraph. ActiGraph wGT3X-BT. [cited 2025 Apr 15]. Available from: https://theactigraph.com/ 
actigraph-wgt3x-bt

[55] Parak J, Korhonen I. Accuracy of firstbeat bodyguard 2 beat-to-beat heart rate monitor. 2015 [cited 
2025 Apr 15]. Available from: https://www.firstbeat.com/en/accuracy-firstbeatbodyguard-2-heart- 
rate-monitor/

[56] Parak J, Korhonen I. Accuracy of firstbeat bodyguard 2 beat-to-beat heart rate monitor. 2015 
[cited 2023 Jul 2]. Available from: https://www.firstbeat.com/en/accuracy-firstbeatbodyguard- 
2-heart-rate-monitor/

[57] University of California San Francisco. Lactic acid test. 2019 [cited 2025 Apr 15]. Available from: 
https://www.ucsfhealth.org/medical-tests/lactic-acid-test#:~:text=Normal%20results%range% 
20from%204.5,of%20your%20specific%20test%20results

[58] Andersen LW, Mackenhauer J, Roberts JC, et al. Etiology and therapeutic approach to elevated 
lactate levels. Mayo Clin Proc. 2013;88(10):1127–1140. doi:10.1016/j.mayocp.2013.06.012

[59] Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol. 2006;3:77–101. 
doi:10.1191/1478088706qp063oa

[60] Fukuda K, Straus SE, Hickie I, et al. The chronic fatigue syndrome: a comprehensive approach to 
its definition and studyAnn Intern Med. 1994;121(12):953–959. doi:10.7326/0003-4819-121-12- 
199412150-00009

[61] Carruthers BM, Jain AK, De Meirleir KL, et al. Myalgic encephalomyelitis/chronic fatigue syn
drome: clinical working case definition, diagnostic and treatment protocols. A consensus 
document. J Chronic Fatigue Syndrome. 2003;11(1):7–115. doi:10.1300/J092v11n01_02

[62] CDC. IOM 2015 diagnostic criteria. 2015 [cited 2025 Apr 15]. Available from: https://www.cdc. 
gov/me-cfs/hcp/diagnosis/iom-2015-diagnostic-criteria-1.html

[63] POTS UK. Postural tachycardia syndrome can be a life altering and debilitatiing health con
dition. [cited 2025 Apr 15]. Available from: https://www.potsuk.org/

[64] Faro M, Sàez-Francás N, Castro-Marrero J, et al. Diferencias de género en pacientes con 
síndrome de fatiga crónica. Reumatol Clín. 2016;12:72–77. doi:10.1016/j.reuma.2015.05.007

[65] Greenhalgh T, Sivan M, Perlowski A, et al. Long COVID: a clinical update. Lancet. 2024;404:707– 
724. doi:10.1016/S0140-6736(24)01136-X

[66] United Kingdom Office for National Statistics. Population of England and Wales London, 
England, United Kingdom: ONS; 2024 [cited 2025 Apr 15]. Available from: https://www. 

22 N. CLAGUE-BAKER ET AL.

https://doi.org/10.1097/01.mlr.0000250483.85507.04
https://doi.org/10.1007/s11136-019-02289-4
https://doi.org/10.1016/j.jclinepi.2015.08.039
https://doi.org/10.1037/rep0000285
https://www.rand.org/health-care/surveys_tools/mos/36-item-short-form.html
https://www.rand.org/health-care/surveys_tools/mos/36-item-short-form.html
https://doi.org/10.3109/09638288.2011.582925
https://batemanhornecenter.org/wp-content/uploads/filebase/education/top_resources/Good-Day-Bad-Day-Questionnaire-Fillable-V3-6_6_2022.pdf
https://batemanhornecenter.org/wp-content/uploads/filebase/education/top_resources/Good-Day-Bad-Day-Questionnaire-Fillable-V3-6_6_2022.pdf
https://doi.org/10.1080/20016689.2021.2010961
https://doi.org/10.1080/20016689.2021.2010961
https://theactigraph.com/actigraph-wgt3x-bt
https://theactigraph.com/actigraph-wgt3x-bt
https://www.firstbeat.com/en/accuracy-firstbeatbodyguard-2-heart-rate-monitor/
https://www.firstbeat.com/en/accuracy-firstbeatbodyguard-2-heart-rate-monitor/
https://www.firstbeat.com/en/accuracy-firstbeatbodyguard-2-heart-rate-monitor/
https://www.firstbeat.com/en/accuracy-firstbeatbodyguard-2-heart-rate-monitor/
https://www.ucsfhealth.org/medical-tests/lactic-acid-test#:~:text=Normal%20results%range%20from%204.5,of%20your%20specific%20test%20results
https://www.ucsfhealth.org/medical-tests/lactic-acid-test#:~:text=Normal%20results%range%20from%204.5,of%20your%20specific%20test%20results
https://doi.org/10.1016/j.mayocp.2013.06.012
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.7326/0003-4819-121-12-199412150-00009
https://doi.org/10.7326/0003-4819-121-12-199412150-00009
https://doi.org/10.1300/J092v11n01_02
https://www.cdc.gov/me-cfs/hcp/diagnosis/iom-2015-diagnostic-criteria-1.html
https://www.cdc.gov/me-cfs/hcp/diagnosis/iom-2015-diagnostic-criteria-1.html
https://www.potsuk.org/
https://doi.org/10.1016/j.reuma.2015.05.007
https://doi.org/10.1016/S0140-6736(24)01136-X
https://www.ethnicity-facts-figures.service.gov.uk/uk-population-by-ethnicity/national-and-regional-populations/population-of-england-and-wales/latest/


ethnicity-facts-figures.service.gov.uk/uk-population-by-ethnicity/national-and-regional- 
populations/population-of-england-and-wales/latest/

[67] Jones CL, Younger J. Possible racial disparities in the diagnosis of myalgic encephalomyelitis/ 
chronic fatigue syndrome (ME/CFS). Int J Environ Res Public Health. 2025;22(2):280. doi:10. 
3390/ijerph22020280

[68] Tyson S. How to enhance your ME research by involving people with ME as advisors and par
ticipants. Perth (Scotland): ME Research UK; 2023. [cited 2025 Apr 15]. Available from: https:// 
www.meresearch.org.uk/wp-content/uploads/2023/08/Info-for-ME-researchers-FINAL.pdf

[69] Visible Health Inc. Invisible illness. In plain sight. 2024 [cited 2025 Apr 15] Available from: 
https://www.makevisible.com/join-research

[70] Rosman L, Lampert R, Zhuo S, et al. Wearable devices, health care use, and psychological well- 
being in patients with atrial fibrillation. J Am Heart Assoc. 2024;13:e033750. doi:10.1161/JAHA. 
123.033750

[71] Sommerfelt K, Schei T, Seton KA, et al. Assessing functional capacity in myalgic encephalopa
thy/chronic fatigue syndrome: a patient-informed questionnaire. J Clin Med. 2024;13(12):3486. 
doi:10.3390/jcm13123486

[72] Davenport TE, Stevens SR, Stevens J, et al. Development and measurement properties of the 
PEM/PESE activity questionnaire (PAQ). Work. 2023;74(4):1187–1197.

[73] ME Association. The MEA clinical assessment toolkit perth, Scotland, United Kingdom: ME 
Association. n.d. [cited 2025 Apr 15]. Available from: https://meassociation.org.uk/research- 
clinical-assessment-toolkit/

[74] O’Brien KK, Brown DA, Bergin C, et al. COVID and episodic disability: advancing the conceptu
alisation, measurement and knowledge of episodic disability among people living with long 
COVID – protocol for a mixed-methods study. BMJ Open. 2022;12:e060826.

[75] O’Brien KK, Brown DA, McDuff K, et al. Conceptualising the episodic nature of disability among 
adults living with long COVID: a qualitative study. BMJ Glob Health. 2023;8(3):e011276.

[76] O’Brien N, Chi YL, Krause KR. Measuring health outcomes in HIV: time to bring in the patient 
experience. Ann Glob Health. 2021;87(1):2. doi:10.5334/aogh.2958

[77] Revicki DA, Wu AW, Murray MI. Change in clinical status: health status, and health utility out
comes in HIV-infected patients. Med Care. 1995;33(Suppl. 4):AS173–AS182.

FATIGUE: BIOMEDICINE, HEALTH & BEHAVIOR 23

https://www.ethnicity-facts-figures.service.gov.uk/uk-population-by-ethnicity/national-and-regional-populations/population-of-england-and-wales/latest/
https://www.ethnicity-facts-figures.service.gov.uk/uk-population-by-ethnicity/national-and-regional-populations/population-of-england-and-wales/latest/
https://doi.org/10.3390/ijerph22020280
https://doi.org/10.3390/ijerph22020280
https://www.meresearch.org.uk/wp-content/uploads/2023/08/Info-for-ME-researchers-FINAL.pdf
https://www.meresearch.org.uk/wp-content/uploads/2023/08/Info-for-ME-researchers-FINAL.pdf
https://www.makevisible.com/join-research
https://doi.org/10.1161/JAHA.123.033750
https://doi.org/10.1161/JAHA.123.033750
https://doi.org/10.3390/jcm13123486
https://meassociation.org.uk/research-clinical-assessment-toolkit/
https://meassociation.org.uk/research-clinical-assessment-toolkit/
https://doi.org/10.5334/aogh.2958

	Abstract
	Introduction
	Method
	Study design
	Participants
	Materials
	Procedure
	Data analysis

	Results
	Participant recruitment
	Acceptability of the testing procedure
	Acceptability of the intervention
	Adherence and drop-outs
	Ten-minute stand test/active stand test (10MST)
	Accelerometry
	Lactate measurements
	Heart rate variability/physiological stress and recovery
	36-item short form survey (SF-36)
	PROMIS – physical function and fatigue (PPF and PF)
	Good day/bad day questionnaire (GDBDQ)
	Adverse events
	Participant perspectives from the interview

	Discussion
	Limitations
	Conclusions
	Acknowledgements
	Disclosure statement
	Notes on contributors
	References

