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Post-exertional malaise (PEM) is commonly recognized as a hallmark of myalgic
encephalomyelitis/chronic fatigue syndrome (ME/CFS) and is often used as one of
several criteria for diagnosing ME/CFS. In this perspective paper we want to reflect
on how PEM is understood, assessed, and evaluated in scientific literature, and to
identify topics to be addressed in future research. Studies show that patients use a
wide variety of words and concepts to label their experience of PEM in everyday
life, and they report physical or mental exertions as triggers of PEM. They also
report that PEMmay have an immediate or delayed onset and may last from a few
days to several months. When standardized exercise tests are used to trigger PEM
experimentally, the exacerbation of symptoms has a more immediate onset but
still shows a wide variability in duration. There are indications of altered muscular
metabolism and autonomic nervous responses if exercise is repeated on
successive days in patients with ME/CFS. The decreased muscular capacity
appears to be maintained over several days following such controlled exercise
bouts. These responses may correspond to patients’ experiences of increased
exertion. Based on this background we argue that there is a need to look more
closely into the processes occurring in the restitution period following exercise, as
PEM reaches the peak in this phase.
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Introduction

Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) is a symptom-based
diagnosis characterized by patient-reported inexplicable, incapacitating, persistent or
relapsing fatigue, unrefreshing sleep, cognitive dysfunctions, and musculoskeletal pain
that heavily impact patients’ lives (Nacul et al., 2021). Over the years several sets of
diagnostic criteria have been developed to classify ME/CFS. Examples are the Oxford
Criteria (Sharpe et al., 1991), the Fukuda Criteria (Fuku et al., 1994), and the International
Consensus Criteria, ICC (Carruthers et al., 2011). Post-exertional malaise (PEM) was
included in the CFS case definition by Fukuda and co-workers (Fuku et al., 1994) in
1994, although PEMwas not explained nor further defined by these authors. In their criteria,
PEM was one of nine symptoms to be considered for the diagnosis although PEM did not
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TABLE 1 Self-reported post-exertional (PEM) symptom in patients with myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS).

Authors Purpose of the
study

Case
definition

Study design Patients PEM
descriptions

PEM triggers PEM onset
and
durationCountry

Qualitative interviews

Krabbe et al.
(2022)

What do young
women who are in
recovery from ME/
CFS tell about their
experience of falling
severely ill during
childhood and
adolescence?

Self-reported
diagnosis set by a
physician

Narrative
qualitative
interviews with
overarching open-
ended questions

13 women with ME/
CFS during childhood
or adolescence now in
recovery or recovered

Gradually developing
unhomeliness and
feeling pushed
toward the edge; and
left abandoned on
the sidelinesNorway Age range at time of

interviews
16–30 years

Parslow et al.
(2018)

Describe
adolescents with
ME/CFS’
experiences of
fatigue, symptom
fluctuation

Diagnosis set in
clinics by an
experienced
pediatrist

Qualitative semi-
structured
interviews

21 adolescents with
ME/CFS and their
parents

Fluctuations in
fatigue and other
symptoms create
good and bad days.
Worsening could
appear for no reason
and as a payback
after activity; worded
as “wiped out,”
“absolute crash,”
‘knocked out,”,
“zonked out,” and
“out cold”

UK Age range
12–17 years

Olson et al.
(2015)

Explore the
meaning of fatigue

Fukuda criteria Ethnoscience
interviews with
overarching open-
ended questions

13 women and 1 man Tiredness expresses
prior to illness, in
remission, or “good
days”. Fatigue
describes ME/CFS on
daily basis.
Exhaustion expresses
overexertion

Canada Age range 37–68

Stussman
et al. (2020)

Expand the
understanding of
PEM, its manner of
onset, timeframes
for onset, peak,
duration

Diagnosed by
physicians and
referred to a
cardio-pulmonary
exercise test

Focus group
interviews

43 subjects PEM was described
as “Flu-like”
exhaustion,
Cognitive problems
of thinking clearly,
finding words, and
complete fog

Three broad
categories of
activity: physical
activity, cognitive
effort, and
emotional
moments. The
threshold for
activity depends on
their baseline

After daily
activities: onset
after 12–48 h,
peak 48 h,
duration
2–7 days

USA Had undergone
cardio-pulmonary
exercise test

21% men Neuromuscular
complaints as pain/
aches and weakness

After exercise
test: immediate
onset, peak
24 h,
duration 72 h

Age range
30–69 years

Structured questions with open ended responses

Hartle et al.
(2021)

Examine patients’
responses on PEM
triggers,
experiences,
recovery, and
prevention

Fulfilling at least
one of diagnostic
criteria: Fukuda,
International
Consensus
Criteria, Canadian
Consensus
Clinical Criteria

Online survey of
PEM questionnaire
designed for the
study with 4 items
with open-ended
responses and
2 with predefined
alternatives

75 subjects
sick ≥4 years and
76 sick ≥10 years

Fatigue 21% of the
symptoms (e.g.,
weakness, heavy
limbs, flu-like
symptoms, feeling
ill), pain/
musculoskeletal
symptoms 18%,
orthostatic
intolerance 14%

Most common
exertion induced by
medium levels of
physical (71%) and
cognitive activities,
at any levels these
two factors
accounted for 89%

Onset: Within
minutes 35%

US Age range
18–65 years

Rest used as
strategies for
recovering, and
pacing for prevention

Stress by
those <4 years
sick (19%)

Within
hours 40%

(Continued on following page)
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need to be present. In the International Consensus Criteria,
however, PEM is considered a hallmark used to differentiate
ME/CFS patients from patients with other chronic illnesses and
persistent fatigue (Carruthers et al., 2011). These authors
describe PEM as a perceived exacerbation of some, or all
symptoms of ME/CFS after physical or cognitive exertion.
Further, PEM is described as a disproportional worsening of
symptoms due to physical or cognitive efforts that previously was
well tolerated, typically with a delayed onset and lasting for
variable and often extended periods of time (Nacul et al.,
2021). In the later years, PEM has been investigated by
qualitative interviews of patients, assessed by standardized
self-reports alone or in combination with experimental
triggering actions such as exercise tests or mental challenges
(Nacul et al., 2021). However, to our knowledge the relationship
between PEM as experienced in every-day life and experimentally
induced PEM is scarcely examined.

On this background, the purpose of this perspective paper is to
examine if there is coherence between PEM as described by patients
with their own words, PEM assessed by standardized questionnaires,
as well as exercise-induced PEM by experimental models. In
addition, we will discuss how the exercise tests can be further
developed to capture relevant aspects of PEM and the possible
underlying biological mechanisms.

PEM as experienced in everyday life

PEM is narrated by patients as well as assessed by structured self-
reports. Moreover, PEM has been examined in terms of exacerbation
of ME/CFS symptoms, what triggers the exacerbations in daily life, as
well as the time of onset and duration of symptoms before recovery.
The literature used is summarized in Table 1. PEM is found to relate
to exacerbations of fatigue, cognitive difficulties (cannot think clearly,
memory problems), sleep problems, neuromuscular complaints
(pain/aches and weakness), bodily heaviness, flulike symptoms
and impacts on daily functioning (Baraniuk et al., 2013; Chu
et al., 2018; Jason et al., 2018; Davenport et al., 2023a). These
findings were also supported by a focus group interview with
patients (Stussman et al., 2020). It is noteworthy that high PEM
also seems to associate with more symptoms, psychological distress,
and social burden (May et al., 2020).

The US Committee on the Diagnostic Criteria for ME/CFS
reports that patients typically call PEM a “crash,” “flare-up,”
“collapse,” “debility” or “set-back” (Locher and IOM, 2015). In a
similar vein, two qualitative studies showed that patients express
their experience in terms of “wiped out”, “absolute crash,” “knocked
out,” “zonked out” (Parslow et al., 2018), or a “bodily lock down”
(Krabbe et al., 2022). A survey of international respondents showed
that the most preferred wordings for PEM were “crash” and
“exhaustion” (Jason et al., 2018). Interestingly, a Canadian study
showed that patients themselves discriminate fluctuations in ME/
CFS by using the words of tiredness, fatigue, and exhaustion (Olson
et al., 2015). Tiredness was used to describe experiences prior to the
diagnosis or on good days (i.e., what they find normal and healthy),
whereas fatigue referred to how it was like on daily basis with ME/
CFS. In contrast, exhaustion described the experiences after
overexertion, i.e. related to PEM.

A frequently applied questionnaire for assessing symptoms
among patients with ME/CFS is the DePaul Symptom
Questionnaire (DSQ) (Jason and Sunnquist, 2018). Based on the
five PEM items from DSQ and five additional questions, Cotler and
coworkers developed a scale to identify the presence of PEM (Cotler
et al., 2018). Respondents are asked to rate how bothersome and
frequent the following symptoms are: “Dead, heavy feeling after
starting to exercise,” “Next day soreness or fatigue after non-
strenuous, everyday activities,” “Mentally tired after the slightest
effort,” “Minimum exercise makes you physically tired,” “Physically
drained or sick after mild activity” (Cotler et al., 2018). Thus, there is
a discrepancy between wordings used by patients to describe PEM
and those used in items of the standardized questionnaire. ”Dead,
heavy feeling” may better be captured by “flu-like” or “crash”
experience used by patients. Moreover, “tiredness” and “fatigue”
in the questionnaire differ from the term “exhaustion” used by
patients to describe PEM. Furthermore, non-strenuous everyday
activities and minimum exercise are rather unspecific terms. Neither
of the terms necessarily discriminate between daily activities and an
extraordinary triggering event. Although, the DSQ is found to have a
good internal consistency (Brown and Jason, 2014; Jason et al.,
2015a), one may question the items’ face validity since there are
deviations between the expressions used by patients in qualitative
studies and in questionnaires.

Focus group interviews have outlined that a broad set of non-
strenuous daily activities may trigger PEM, such as household

TABLE 1 (Continued) Self-reported post-exertional (PEM) symptom in patients with myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS).

Authors Purpose of the
study

Case
definition

Study design Patients PEM
descriptions

PEM triggers PEM onset
and
durationCountry

26% men Within ≥
1 day 25%

Duration: At
least 1 day 31%

Several
days 48%

At least
1 week 13%
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chores, social activities, physical exercise, cognitive activities, and
emotional moments (Stussman et al., 2020). Another qualitative
study also underscores that all kinds of activities can lead to a
“payback time” the following days, and these authors identified also
a symptom fluctuation unrelated to triggers, portrayed as a state
where ME/CFS operates “on its own” (Parslow et al., 2018). A
quantitative study categorized the triggers as emotional stress,
activities in daily life, positional changes, noise, and other
sensory overloads (Holtzman et al., 2019). Engagement in high-
strenuous activities can also be accompanied by discomfort in terms
of fatigue and muscle soreness among healthy people. However, for
patients with ME/CFS, this seems to occur even after low-strenuous
physical and cognitive activities (Holtzman et al., 2019; Hartle et al.,
2021; Davenport et al., 2023a). Moreover, patients also describe a
symptom fluctuation over time displayed as “booms and busts”
(Strassheim et al., 2021) or as a gradual down-spiraling deterioration
process accompanied by an increasing intolerance of triggers
(Krabbe et al., 2022). It thus seems to be good coherence
between freely voiced triggering experiences and assessments of
triggers.

A study of 704 respondents examined whether PEM was a
unified entity or composed of different constructs (McManimen
et al., 2019). A factor analysis of a large set of symptoms combined
with triggers demonstrated that PEM is composed of two different
constructs: generalized fatigue and muscle-specific fatigue. The first
comprised symptoms of more generalized feeling of physical and
mental fatigue, whereas the muscular construct included symptoms
that referred to pain, weakness or fatigue in muscles following
exertion. This finding may have important implications,
particularly considering the various types of triggers reported. An
interesting question is whether the two components of PEM are
connected to specific and different triggers.

It is also a question whether there is a typical timeline for when
PEM begins, reaches a peak and subsides. The US Committee on the
Diagnostic Criteria for ME/CFS describes PEM as having an
immediate onset or occurring within 30 h, but it is outlined that
PEM may also develop hours or days after the trigger has ceased
(Locher and IOM, 2015). Moreover, the committee describes an
unpredictable duration of PEM as it may last for hours, days, weeks,
and even months. In accord, a survey demonstrated a large
variability in reported onset and duration of PEM, and most of
the respondents reported that they sometimes experienced an
immediate onset and sometimes a delayed onset (Holtzman
et al., 2019). The delay ranged from 1 h to a week, and the
duration could last from 1 day to several months. Similar results
have been reported by others (Chu et al., 2018; Stussman et al.,
2020). Thus, the onset and duration of PEM have no definite pattern
and seem to vary both within and between patients.

PEM in relation to experimental
exercise tests

Due to the lack of objective signs or a clear and uniform picture of
how the patients present PEM and in what triggers PEM, standardized
tests have been employed and recommended for diagnostic purpose
(Nacul et al., 2021). These tests may be important tools not only in the
diagnostic process, but also in generating scientific knowledge that may

lead to a shift from symptom-based to biology-based diagnosis.
Applying exercise protocols for research purposes may help us to
understand biological underlying mechanisms for PEM. This
approach may be valuable for diagnostic and research purposes,
although for instance the NICE guidelines recommend caution in
applying exercise as part of management (NICE, 2021). The
controlled conditions of the experimental tests with a follow-up over
time, is in keeping with diagnostic recommendations (Nacul et al.,
2021).

The exercise tests have several important qualities, including
standardization of workload and the possibility of matching patients
and healthy controls with regard to differences in for instance gender,
age, and physical fitness. Furthermore, the exercise tests can require a
workload beyond the physical demand of daily activities. The symptoms
induced by exercise will thus reflect a response to an extraordinary and a
well-defined physical exertion. We will below present and discuss
exercise-induced symptoms when exercise is used as a trigger and
compare the responses during and after exercise seen in persons with
ME/CFS with healthy controls. Three relatively recent systematic
reviews and meta-analyses will be used (summarized in Table 2)
together with additional studies published more recently.

The most frequently self-reported responses to exercise in ME/
CFS patients, are perceived exertion, fatigue and pain (Table 2).
Ratings of perceived exertion (RPE) reflects the person’s evaluation
of effort during exercise, whereas fatigue will here be understood as
the subjective experience in the period following exercise. In a review
and meta-analysis of 15 studies, Barhorst and co-workers showed
that patients with ME/CFS perceived exercise as more effortful than
healthy controls based on the ratings of perceived exertion (RPE)
during exercise (Barhorst et al., 2020). This difference remained
when controlling for confounding and moderating factors. It is
important, however, that only one of the included studies had
physical fitness as one of the matching criteria (Oosterwijck
et al., 2017). More recently, a higher RPE reported by patients
was also observed after matching patients and controls for fitness to
achieve comparison at similar relative workload (Cook et al., 2022).
Hence, the literature is quite consistent in reporting that patients
with ME/CFS report higher exertion of effort during exercise than
healthy controls, even when they do not differ in physical fitness.

Another systematic review and meta-analysis by Loy and co-
workers examined the changes in fatigue after exercise (Loy et al.,
2016). Even though the number of studies and participants was
relatively low, they found that exercise triggered a larger increase in
fatigue after exercise among patients with ME/CFS compared with
controls. The group differences were most pronounced when fatigue
was measured 4 h or later after end of exercise. Furthermore,
enhanced fatigue was observed following different types of
exercise (e.g., intermittent bouts or continuous) and workload
(submaximal and maximal) (Sandler et al., 2016). A recent study
examined the temporal pattern following two exercise bouts
separated by 24 h (Moore et al., 2023). Patients with ME/CFS
reported increased fatigue reaching a peak approximately 2 days
after the last exercise bout. In contrast, fatigue remained low without
any exacerbation among the healthy controls in the post-exercise
period. In another recent study Davenport and co-workers found a
prevalence of increased fatigue in approximately 60%–65% of the
patients with ME/CFS 1 week after exercise (Davenport et al.,
2023b). There appears to be a consistent finding that patients
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TABLE 2 Responses to exercise in persons with ME/CFS or long Covid compared with controls. Summary of systematic reviews and meta-analyses.

Authors Main purpose and
methodology

No included studies
and no of participants
included in meta-
analysis

Types of exercise included Main results

Country

Barhorst et al.
(2020)

Quantify the perceived exertion (RPE)
response to acute aerobic exercise
involving people with ME/CFS
compared with healthy controls

37 studies Cycle ergometer—continuous increasing
(CPET)- from low to high intensity

Elevated RPE in people with ME/
CFS during exercise

Systematic review and meta-analysis 1,086 patients with ME/CFS Treadmill—continuous increasing- from
low to high intensity

686 healthy controls Combined arm-leg ergometer—continuous
steady—moderate intensity

Cycle ergometer—continuous
steady—moderate intensity

Loy et al.
(2016)

Estimate the effect of completing a
single bout of exercise on fatigue states
in people with ME/CFS compared
with health controls

7 studies Cycle ergometer—continuous increasing
(CPET)- from low to high intensity

During exercise fatigue increases
more in people with ME/CFS than
in healthy controls

Systematic review and meta-analysis 159 patients with ME/CFS Treadmill—continuous increasing- from
low to high intensity

The effects were heterogeneous
between studies

Number of healthy controls not
provided

Arm-leg ergometer—continuous
steady—moderate intensity

The largest difference was seen 4 h
or later after exercise

Combined arm-leg ergometer—continuous
steady—moderate intensity

Treadmill—continuous steady—moderate
intensity

Handgrip—repeated—moderate

Barhorst et al.
(2022)

Quantify the effect of a single aerobic
exercise bout on pain symptom
severity in people with ME/CFS
and FM

15 studies Cycle ergometer—continuous increasing
(CPET)- from low to high intensity

People with ME/CFS and FM
experience small to moderate
increases in pain symptom
severity after exercise

Systematic review and meta-analysis 306 patients with ME/CFS Combined arm-leg ergometer—continuous
steady—moderate intensity

292 healthy controls Cycle ergometer—continuous
steady—moderate intensity

Treadmill—continuous steady—moderate
intensity

Arm ergometer—continuous—high
intensity

Nelson et al.
(2019)

To determine whether there were
differences in heart rate parameters
between patients with ME/CFS and
healthy controls

24 studiesa Cycle ergometer—continuous increasing
(CPET)- from low to high intensity

Heart rate parameters during
exercise differed between people
with ME/CFS and healthy
controls, indicating reduced vagal
and increased sympathetic
modulation of heart rateSystematic review and meta-analysis 1,129 patients with ME/CFSa Treadmill—continuous increasing- from

low to high intensity

626 healthy controlsa Cycle ergometer—continuous
steady—moderate intensity

Treadmill—continuous increasing- from
low to moderate intensity

(Continued on following page)
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with ME/CFS differ from healthy controls in developing a long-
lasting fatigue following exercise, and that patients need many days
to recover to pre-exercise fatigue.

In addition to fatigue and perceived exertion, exercise may induce a
substantial increase in pain intensity. A systematic review and meta-
analysis from 2022 by Barhorst and co-workers reported that exercise
triggered higher pain intensity in patients with either fibromyalgia orME/
CFS compared with healthy controls (Barhorst et al., 2022). Five of the
studies only included patients with fibromyalgia. Both patient groups
showed a significantly higher pain response compared with the control
groups. The largest differences in pain intensity were seen 1–3 days after
exercise. Together with the recent finding of increased prevalence of pain
inME/CFSpatients in the restitution phase following exercise (Davenport
et al., 2023b), the review clearly indicates that exercise triggers an
aggravated pain response in ME/CFS patients compared with healthy
controls, and similar to that seen in patients with fibromyalgia.

Exercise may also trigger other symptoms, for instance
discomfort, sleep disturbances, headache, and neurological
symptoms (Sandler et al., 2016; Stussman et al., 2020; Davenport
et al., 2023b). Some studies have also used more composite scales for
assessment of multiple symptoms, or simply asked for the number of
days to recover (Baraniuk et al., 2013; Strand et al., 2019; Hodges
et al., 2020; Moore et al., 2023). The results of these studies further
support that ME/CFS patients report a higher level of various
symptoms post-exercise compared with healthy controls. Two
studies examined the patients’ own assessment of recovery after
the second day with exercise and reported a time for recovery
varying from 6 to 12 days (Hodges et al., 2020; Moore et al.,
2023). Also, the duration of aggravated symptoms varied from a
few days and up to weeks. The variability in symptom duration may
partly be due to different exercise models employed, but there seems
to be an additional heterogeneity that has other causes.

Biological responses to experimental
exercise tests

The experience of PEM reported by patients with ME/CFS after
exertion has led to a series of studies to examine possible underlying

biological mechanisms and to identify leads for diagnostic criteria.
Factors related to responses in the neuroendocrine and cardiovascular
systems, as well as metabolism and muscular weakness have been main
targets of research. The exercise models are of particular interest to use
as triggers of potential biological mediators of the aggravated fatigability
and slow restitution. One line of research has been to investigate
deviations in the autonomic function, for instance as reflected in
neuroendocrine responses. Another has been to examine metabolism
and energy consumption (Lim et al., 2020). During exercise the
pulmonary and cardiovascular systems need to adjust to match the
energy demand of the workload. Hence, the biological responses can be
studied in a controlled way and thereby allow comparisons between
patients and healthy controls.

A commonly used standardized exercise test is the
cardiopulmonary exercise test (CPET) which provides a measure
of functional capacity and indicators of how the body adjust and
adapt to the increased metabolic demand. The test is typically
performed on a cycle ergometer with stepwise increment in
workload. Assessments include oxygen uptake, ventilation
variables, heart rate, gas exchange, blood lactate and indicators
autonomic responses (Lim et al., 2020). Oxygen uptake will
increase as workload increases, until the cardiopulmonary system
no longer can match the energy demand of the working muscles.
With the use of cycle ergometers, the energy requirements will be
determined by the chosen workload of the bike, and thus the same
for all since the individual technique play a negligible role for this
kind of exercise (Åstrand et al., 2003). Hence, at submaximal
workload, when the cardiopulmonary system is able to provide
sufficient amount of oxygen to the muscles, two persons exercising
at the same absolute workload will have almost equal oxygen uptake.
Other parameters may vary, such as frequency of ventilation and
heart rate. At higher workloads, less fit individuals may approach or
exceed their cardiopulmonary capacity to provide oxygen to the
muscles and oxygen uptake will no longer be sufficient. Anaerobic
energy sources will gradually be used, resulting in a steeper rise for
instance in blood concentrations of lactate and CO2. These
physiological responses form the basis for using CPETs to
investigate deviations in the cardiopulmonary system or muscular
metabolism (Adachi, 2017).

TABLE 2 (Continued) Responses to exercise in persons with ME/CFS or long Covid compared with controls. Summary of systematic reviews and meta-analyses.

Authors Main purpose and
methodology

No included studies
and no of participants
included in meta-
analysis

Types of exercise included Main results

Country

Durstenfeld
et al. (2022)

To estimate the difference in exercise
capacity between individuals with and
without long COVID symptoms and
to elucidate possible mechanisms

3 studies Cycle ergometer (upright or
supine)– continuous increasing (CPET)-
from low to high intensity

Aerobic capacity was lower in
individuals with long COVID
symptoms

Systematic review and meta-analysis 1,228 individuals with long
COVID

Treadmill—continuous increasing- from
low to high intensity

Several factors may contribute to
decreased aerobic capacity,
including deconditioning

932 individuals without long
COVID symptoms

aOnly studies and participants studied with exercise models.

ME/CFS, Myalgic encephalomyelitis/chronic fatigue syndrome.

FM, fibromyalgia.

CPET, cardiopulmonary exercise test.
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Although two persons have the same energy requirement and
oxygen uptake at a given submaximal workload, a less fit
individual with lower maximal aerobic capacity, will exercise
at a higher relative intensity compared with his maximal capacity.
Thus, exercise intensity is often expressed as the percentage of
their maximal oxygen uptake. A higher relative workload is
typically accompanied by for instance a higher ventilation
rate, higher heart rate and higher lactate concentration in
blood (Åstrand et al., 2003). Comparisons of various
physiological responses to exercise must therefore be done at
similar relative workload, or ensure a careful matching of cases
and control, including physical fitness.

Unfortunately, differences in physical fitness often insufficiently
taken into consideration in studies comparing responses to exercise
in ME/CFS patients and healthy controls. Some studies include
exercise frequency (e.g., less than twice a week (Lien et al., 2019) or
less than 30 min per week (Davenport et al., 2023b) to reduce the
potential effect of different fitness. However, as shown in the two
reviews in 2020 and 2022 by Barhorst and coworkers, almost no
studies matched the participants on physical fitness (Barhorst et al.,
2020; Barhorst et al., 2022). Hence, the results are difficult to
interpret, as inactivity can lead to considerable decline in
physical fitness and altered responses during exercise (Saltin
et al., 1968).

In 2022 Cook and co-workers published a paper which
examined exercise responses in fitness-matched patients with
ME/CFS and healthy controls (Cook et al., 2022). In this well-
controlled study, they found that most differences between
healthy and controls disappeared after matching for physical
fitness. Of particular interest is the lack of differences in
cardiometabolic responses. However, the patients reported a
higher RPE and had a lower respiration frequency and higher
tidal volume. These observations indicate that several of the
differences previously reported during exercise, can be
explained by lower aerobic fitness among patients with ME/
CFS compared with controls.

Over the last decade, a particular interest has been given to an
exercise model involving two CPETs repeated within 1–3 days. By
introducing a second exercise bout in the recovery period from
exercise at Day 1, the idea is that deviations in fatigability or
underlying biological responses might be more prominent and
thus detectable. One advantage is that in this model the responses
to exercise on the second day are compared with each individual’s
responses the first test day. To some extent, this reduces the
problems with difficulty in matching on fitness level. Lim and co-
workers reviewed the studies exploring CPET on repeated days in
ME/CFS patients and controls (Lim et al., 2020). Although only
five studies with 98 patients and 51 healthy controls were
included, their meta-analysis showed that there were some
important group differences in the changes from Day 1 to Day
2. Despite similar reduction in workload as controls on Day 2, the
patients displayed a larger decline in oxygen consumption the
second day compared with their measures on Day 1. They also
found that the patients had a clearly reduced workload at the point
when hyperventilation starts compared with controls. This
suggests an earlier onset of anaerobic metabolism among the
patients on Day 2, which is consistent with the finding of reduced
workload for the onset of blood lactate on Day 2 (Lien et al., 2019).

These observations can hardly be used for diagnostic purposes but
suggest that the first day of exercise induces an altered metabolism
in patients the following days. To what extent the altered
responses are generalized or restricted to the exercising
muscles, is unknown. However, these observations suggest that
the CPET exercise model may be valuable in further investigations
of metabolism in ME/CFS.

Muscular metabolism during exercise depends heavily on
cardiovascular responses. Nelson and co-workers made a review
and meta-analysis of heart rate parameters in relation to
exercise and other triggers (Nelson et al., 2019). They found
that patients with ME/CFS had deviations in numerous heart
rate parameters, suggesting reduced vagal and increased
sympathetic modulation of heart rate. A recent study of
heart rate parameters measured before, during and after
exercise indicate diminished cardiac parasympathetic and
sympathetic activation during supine rest and exercise in
patients with ME/CFS (Van Oosterwijck et al., 2021).
Furthermore, they observed a reduced parasympathetic
reactivation after exercise among patients compared with
controls. In blood samples obtained before, during and after
exercise, Strahler and coworkers found decreased level of
adrenaline during exercise in patients (Strahler et al., 2013).
In samples taken before or 30 min after exercise, the levels were
not different from healthy controls.

Taken together, the studies of repeated CPETs indicate that the
muscular metabolism and autonomic response are altered in
patients with ME/CFS. Furthermore, exercise appears to induce a
prolonged decrease in muscular force or maximal workload. These
responses may correspond to patients’ experiences of increased
exertion.

Discussion

It is widely accepted that PEM is a hallmark of ME/CFS and
that a broad range of events or activities can trigger PEM. The
patients describe PEM with a wide variety of words and report
that it lasts long, even up to months. This variation leads to
challenges when comparing and synthesizing patients’
experiences and expressions of PEM across patients and
studies. As pointed out by Jason and co-workers slight
differences in wording may have an impact on the results and
conclusions (Jason et al., 2015b). Furthermore, differentiating
between tiredness, fatigue and exhaustion may be of importance.
This is of relevance for the qualitative as well as the
questionnaire-based studies. Furthermore, the studies rarely
define what they mean by PEM. It seems that the respondents
are expected to have a priori understanding of the phenomenon.
One way to go might be to distinguish more clearly between
triggers that patients have in terms of load from their daily
activities and extraordinary exertions such as intense bouts of
exercise. Another approach might be to emphasize and
discriminate between the two domains of PEM (generalized
and muscular fatigue) or the three levels used by patients
(tiredness, fatigue, and exhaustion) in future studies.

So far, research has not led to identification of underlying
mechanisms of PEM. Interestingly, PEM is not unique and
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specific for ME/CFS but is quite frequent also in other chronic
diseases (Nacul et al., 2021). Studies show relatively high
prevalence of PEM-like symptoms in for instance persons with
multiple sclerosis or long COVID (Morris and Maes, 2013;
Learmonth et al., 2014; Hodges et al., 2018; Jason and Dorri,
2022). The descriptors used by other patient groups than ME/
CFS are also similar, but the concept of PEM is not coined to the
disease and not part of the diagnostic criteria for the other
diseases. The rapidly emerging knowledge about individuals
with long COVID symptoms may be of particular interest.
These patients report similar perceptions of fatigue as patients
with ME/CFS as well as some of the same indications of altered
exercise responses (Wong and Weitzer, 2021; Joseph et al., 2023).
It has been argued that the altered exercise responses may be
caused by deconditioning (Rinaldo et al., 2021) and a recent brief
report indicates that the altered responses may be normalized
within 2 years (Rinaldo et al., 2023). Hence, also for individuals
with long COVID symptoms, it is still uncertain whether the
reported deviations in exercise responses is connected to the
clinical condition and the symptoms, or if they can be simply
explained by deconditioning (Durstenfeld et al., 2022).

It is also intriguing that symptoms very similar to PEM are
typical for overtraining syndrome of athletes (Meeusen et al.,
2013). Similarly, to patients with ME/CFS, they report elevated
perceived exertion and fatigue during exercise. However, the
magnitude of the responses is somewhat lower, and PEM
attenuates faster. The causes of these differences are unknown,
but a possible explanation may be related to the degree of severity
of fatigue or disease. Overtrained athletes also show attenuated
responses in adrenaline and noradrenaline and thus indicate
altered neuroendocrinological responses (Armstrong et al.,
2021). The similarities across various groups and conditions
may be useful in further examination and research of
underlying nature of PEM as distinct from everyday responses
to activities.

The finding that PEM may be composed of two different
constructs, generalized fatigue and muscle fatigue (McManimen
et al., 2019), could be an important clue to enhance our
understanding of PEM. An obvious hypothesis is that the self-
reported muscle fatigue of PEM is closely related to a decrease in
the muscular strength, which might be measured as maximal
force. It is well known that the ability to generate force declines
during an exercise session (Vøllestad, 1997). This response may
be due to changes in the muscles capacity to generate force
(muscular mechanisms), or it may be due to a decreased
ability to drive the muscle to its full capacity (motor control
mechanisms). It seems important that these different responses
are studied also in ME/CFS following exercise, to help in
understanding the mechanisms involved in at least the
muscular component of PEM. It would also be of interest to
compare the responses of not only ME/CFS and healthy controls
but include other chronic diseases and overtraining syndrome of
athletes. Furthermore, to our knowledge, no one has examined if
for instance the presence or level of the two PEM constructs
(muscle-specific fatigue and generalized fatigue) are closely
linked. Or could it be that the construct of muscle-specific
fatigue is particularly triggered by physical exertion, with less
impact on generalized fatigue?

There are two striking post-exercise differences between
patients with ME/CFS and healthy controls: The patients have a
higher prevalence of symptoms and higher intensity of
symptoms in the days following exercise. It is interesting,
and somewhat surprising, that we have limited data on
biological factors and processes in the restitution phase. The
repeated CPETs performed on successive days show some
deviations (e.g., in workload and lactate accumulation) in the
exercise responses on Day 2 (Lien et al., 2019; Hodges et al.,
2020). Thus, there is a need to conduct more comprehensive
studies to examine for instance post-exercise changes in
autonomic responses and in the ability of muscles to
generate force. Apart from the studies employing repeated
CPETs, the exercise models have predominantly focused on
self-reported symptoms in the post-exercise period. Based on
the patients’ descriptions of days and weeks to recover from
exercise, research of physiological responses should probably be
extended to capture the restitution phase. The focus could then
shift from what triggers PEM to why does PEM triggered by
exercise show a slower restitution in ME/CFS patients than in
healthy controls.

As shown above the symptoms described by patients with
ME/CFS may take different forms and be expressed in different
ways. From the words used by the patients, it seems that the word
“tired” or “tiredness” could be used to describe a normal response
to an exertion, experienced by healthy persons. In a situation
when ME/CFS has been established, “fatigue” seems to be a
common term to denote the every-day experience without
prior triggers (Olson et al., 2015). When these persons
exercise, they experience a combination of fatigue and
tiredness, while PEM is the prolonged exacerbation seen in the
post-exercise period. Such distinctions between the terms for
fatigue, may create a better framework for research and clinical
communication.

The forms and descriptions of triggers of PEM vary as well.
Since patients with ME/CFS typically reduce their physical
activity level, their reference frame will often be daily life and
triggers include for instance household chores and social
activities (Stussman et al., 2020). Yet, the research searching
for biological causes of PEM, uses intense exercise such as CPET
as triggers. This may restrict our knowledge generation to the
responses of extraordinary exertions, with uncertain relevance
for understanding PEM induced by daily activities. It is also
important to emphasize that studies including exercise models,
and in particular CPET, require eligible participants that are able
to complete the expected work. Hence, these models will
probably include a selected group of patients, either with a
lighter disease burden or patients in a recovery phase.
Furthermore, the kind of symptoms studied in the post
exertional period to assess PEM, are rather narrow compared
with the wide spectrum expressed by the patients in interviews.
We believe these aspects and possible limitations of experimental
exercise tests need attention in future research.

In summary, there are some indications that exercise induces
symptoms and metabolic or neuroendocrine responses in patients
with ME/CFS that differ from what is seen in healthy individuals.
However, similar deviations are also reported for other patient
groups and overtrained athletes. The relevance of these
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deviations for case definition and diagnostic purposes thus needs
further investigation. To enhance our understanding of underlying
mechanisms of PEM or ME/CFS as a disease, we believe it is
particularly important to look more closely into the processes
occurring in the restitution period following exercise tests, as
PEM reaches the peak in this phase.
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