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Fatigue is one of the most common reasons why people consult health care provid-
ers. Chronic fatigue syndrome/myalgic encephalomyelitis (CFS/ME) is one cause of
clinically debilitating fatigue. The underdiagnosis of CFS/ME, along with the spectrum
of symptoms that represent multiple reasons for entry into physical therapy settings,
places physical therapists in a unique position to identify this health condition and
direct its appropriate management. The diagnosis and clinical correlates of CFS/ME
are becoming better understood, although the optimal clinical management of this
condition remains controversial. The 4 aims of this perspective article are: (1) to
summarize the diagnosis of CFS/ME with the goal of promoting the optimal recog-
nition of this condition by physical therapists; (2) to discuss aerobic system and
cognitive deficits that may lead to the clinical presentation of CFS/ME; (3) to review
the evidence for graded exercise with the goal of addressing limitations in body
structures and functions, activity, and participation in people with CFS/ME; and (4)
to present a conceptual model for the clinical management of CFS/ME by physical
therapists.
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Fatigue is a symptom common to
many illnesses, such as cancer,
depression, autoimmune dis-

eases, hormonal disorders, and infec-
tions, and it is associated with poorer
health outcomes and a high degree
of recidivism in the general popula-
tion.1,2 Most health conditions that
cause fatigue, such as fatigue second-
ary to deconditioning, cancer, and
neuromuscular disorders, have etiol-
ogies that are attributable to specific
pathologies that may respond favor-
ably to various forms of intervention,
such as physical therapist manage-
ment. However, some people may
demonstrate fatigue related to causes
that remain unclear.

Recent studies have begun to im-
prove the collective understanding
of chronic fatigue syndrome/myalgic
encephalomyelitis (CFS/ME) as one
cause of clinically debilitating fatigue.
Chronic fatigue syndrome/myalgic
encephalomyelitis affects 1 to 4 mil-
lion adults in the United States,3 with
women accounting for up to 75% of
cases.4 Prevalence in the United
States ranges from 230 to 420 per
100,000 adults,5 with the mean age
at onset ranging from 29 to 35 years.4

Up to 85% of CFS/ME cases may be
undiagnosed,3 and the actual preva-
lence of CFS/ME may be 6 to 10
times higher than presently under-
stood,6 suggesting that a vast major-
ity of CFS/ME cases are untreated
and unaccounted for by epidemio-
logical studies.7 The large number of
cases that may remain undiagnosed
places a premium on the recognition
and management of CFS/ME and
CFS/ME-like conditions by physical
therapists.

The purpose of this analysis was
4-fold. First, we summarize the diag-
nosis of CFS/ME with the goal of pro-
moting the optimal recognition of
this condition by physical therapists.
Second, we discuss aerobic system
and cognitive deficits that may lead
to the clinical presentation of CFS/

ME. Third, we review the evidence
for graded exercise with the goal of
addressing limitations in body struc-
tures and functions, activity, and par-
ticipation in people with CFS/ME.
We conclude by presenting a con-
ceptual model, based on current sci-
entific evidence, for the clinical man-
agement of CFS/ME by physical
therapists.

Characteristic Clinical
Findings of CFS/ME That
Guide Diagnosis
Chronic fatigue syndrome/myalgic
encephalomyelitis is not a new health
condition. The neurologists Beard8

and Goetz9 were among the first to
characterize a health condition that
they called neurasthenia in the lat-
ter half of the 19th century; neuras-
thenia was described as a combina-
tion of fatigue, anxiety, headache,
impotence, and neuralgia. In the
early 20th century, Gilliam10 docu-
mented an outbreak in Los Angeles,
California, of a health condition that
resembled poliomyelitis and that he
called atypical poliomyelitis. Vari-
ous outbreaks of health conditions
resembling CFS/ME were recorded
in the United States and elsewhere
throughout the 20th century.11 Each
of these outbreaks was described by
its own region-specific and some-
times pejorative terminology. The
term epidemic myalgic encephalo-
myelitis was coined as a result of a
Royal Society of Medicine sympo-
sium in 1978.12 This development
was notable because it represented
the medical community’s first ac-
knowledgement that CFS/ME was a
distinct disease process rather than a
behavioral disorder. Chronic fatigue
syndrome/myalgic encephalomyeli-
tis reached the popular conscious-
ness in the United States after an out-
break in the Reno-Lake Tahoe,
Nevada, region in the 1980s. Re-
search involving this outbreak re-
sulted in the name chronic fatigue
syndrome.13 This term is considered

to be most representative of the clin-
ical features of the health condition
by many clinicians and research-
ers,14 although the term myalgic en-
cephalomyelitis continues to find
common usage in the clinical com-
munity secondary to popular sup-
port from people with CFS/ME.15

Therefore, both terms were adopted
for the purposes of this analysis.

Various attempts to characterize
CFS/ME were made in the late 20th
and early 21st centuries.13 The most
current and common case definition
was created when the Centers for
Disease Control and Prevention con-
vened an international working
group in 1994. To meet the case def-
inition criteria for CFS/ME, an indi-
vidual must report persistent or re-
lapsing, debilitating fatigue for which
a preexisting illness or psychiatric
comorbidity cannot be found as an
explanation. According to the 1994
case definition of Fukuda and col-
leagues,16 to meet the criteria for
CFS/ME, an individual must have per-
sistent or relapsing fatigue for
greater than 6 months (Fig. 1). The
fatigue of CFS/ME may be character-
ized by either gradual or sudden on-
sets, and it may be progressive or
relapsing and remitting during the
course of the condition.

In addition to the specific criteria
for fatigue, CFS/ME is characterized
by a broad spectrum of nonspecific
physical examination findings. There-
fore, to meet the case definition cri-
teria for the diagnosis of CFS/ME, an
individual concurrently must exhibit
at least 4 additional symptoms, such
as postexertion malaise (PEM) for at
least 24 hours after exercise, im-
paired memory or concentration,
nonrefreshing sleep, muscle pain,
pain in multiple joints without signs
of inflammation, headaches of a new
type or severity, sore throat, and ten-
der cervical or axillary lymph nodes.
Secondary symptoms of joint pain
and headaches may facilitate entry
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into physical therapy settings for
people with CFS/ME. Perhaps the
most prominent feature of CFS/ME is
PEM, which is usually defined as a
general feeling of discomfort or un-
ease after even minimal physical ac-
tivity.16 Indeed, among the various
health conditions that are associated
with fatigue, increased PEM that can
alter daily activities for up to 2
weeks17 appears to be unique to
CFS/ME.18,19

Other diagnostic systems that have
been described in the literature are
the Oxford criteria20 and the Canadian
Consensus Document.21 The Cana-
dian Consensus Document case defini-
tion for CFS/ME21 (Tab. 1) may be use-
ful because it displays significantly
greater power than the criteria estab-
lished by Fukuda and colleagues16

to differentiate people with CFS/ME
from people with fatigue related to
psychiatric health conditions.22 Across

Table 1.
Case Definition Criteria for Identification of Chronic Fatigue Syndrome/Myalgic Encephalopathy

Case Definition of Fukuda et al16 Oxford Criteria,20

Requiring the Presence
of Severe Disabling
Fatigue as the Main

Symptom and Further
Defined as Follows:

Case Definition of Canadian Consensus Document21

Requires the
Presence of

Profound Fatigue,
Defined as Follows:

Also Requires 4 or
More of the

Following Features:
Requires the Presence of
the Following Features:

Also Requires at Least 1
Symptom From 2 of the
Following Categories:

• Symptom duration of
!6 mo

• Causes a substantial
reduction in
occupational,
personal, social, or
educational activities

• Unrelieved with rest
• Other medical or

psychiatric conditions
excluded

• Postexertion malaise
lasting !24 h

• Impaired memory or
concentration

• Nonrefreshing sleep
• Muscle pain
• Pain in multiple joints

without signs of
inflammation

• Headaches of new
type or severity

• Sore throat
• Tender cervical or

axillary lymph nodes

• Symptom duration of
!6 mo

• Affects both physical and
mental functions

• Symptoms are present
!50% of the time

• Definite onset and not
lifelong

• Other medical or
psychiatric conditions
excluded

• Symptom duration of
!6 mo for adults and
!3 mo for children

• New onset of unexplained,
persistent, or recurrent
physical or mental fatigue
that substantially reduces
activity levels

• Postexertion malaise
• Other medical or

psychiatric conditions
excluded

• Autonomic manifestations
(eg, orthostatic intolerance,
light-headedness, extreme
pallor, nausea, irritable
bowel syndrome, urinary
frequency, bladder
dysfunction, palpitations
with or without cardiac
arrhythmias, exertional
dyspnea)

• Neuroendocrine
manifestations (eg, loss of
thermostatic stability,
intolerance of extremes of
heat and cold, marked
weight change, loss of
adaptability, worsening of
symptoms with stress)

• Immune manifestations (eg,
tender lymph nodes;
recurrent sore throat;
recurrent flulike symptoms;
general malaise; new
sensitivities to food,
medications, or chemicals)

Figure 1.
Conceptual model for clinical management of people with chronic fatigue syndrome/
myalgic encephalomyelitis (CFS/ME). (A) The first presentation of symptoms in people with
CFS/ME hypothetically occurs when the intensity of physical activity (solid line) exceeds the
tolerance for physical activity (bars). (B) In response to symptoms, people with CFS/ME
adapt their behaviors by either activity and symptom avoidance (dashed line) or activity and
symptom fluctuation (dotted line). (C) The initiation of a pacing self-management program
is hypothesized to stabilize activity levels within the tolerance for physical activity, such as
that indicated by heart rate biofeedback below the anaerobic threshold. (D) After symp-
toms and function are stabilized, progression of anaerobic exercise to graded aerobic
exercise may be used to increase tolerance for physical activity.
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all definitions, it is important to em-
phasize that the fatigue of CFS/ME
must be unexplained by another so-
matic or psychiatric health condition,
making CFS/ME a diagnosis of exclu-
sion. Given the prominence of pain
and fatigue in the symptomatology of
CFS/ME,16,23 physical therapists may
be among the first health care provid-
ers to recognize this health condition
and direct appropriate management.

Aerobic System and
Cognitive Changes
Contributing to the Clinical
Presentation of CFS/ME
A growing body of research confirms
the presence of oxidative impair-
ments in CFS/ME. Our research
group24 and others25 have identified
clinical evidence of oxidative meta-
bolic impairments during graded
exercise tests. VanNess and col-
leagues24 identified a range of oxi-
dative impairments during graded
exercise testing in participants meet-
ing the case definition criteria of
Fukuda and colleagues16 for CFS/ME.
Although the maximum oxygen con-
sumption (V̇O2max) for participants
in that study24 ranged from 36% to
76% of the V̇O2max predicted for
matched sedentary participants, in
only half of the participants were
American Medical Association guide-
lines for moderate to severe aerobic
impairments met. This finding sug-
gests that a spectrum of aerobic en-
ergy system impairments may be re-
sponsible for the reduced tolerance
of physical activity observed in peo-
ple with CFS/ME despite their com-
mon medical diagnosis.

Evidence suggests that disruption of
the aerobic energy system may be
associated with a combination of ge-
netic, cellular, and systemic meta-
bolic deficits.26–28 Investigators also
have found evidence at the cellular
level of mitochondrial dysfunction
and impaired energy metabolism,29

oxidative damage to mitochondrial

deoxyribonucleic acid,30 and poor
recovery of adenosine triphosphate
after exercise,31 which may be re-
sponsible for the observed deficits in
repeated graded exercise test perfor-
mances. These cellular and systemic
impairments in the aerobic energy
system lead to a reduced functional
capacity that limits an individual’s
ability to sustain and repeat func-
tional activities. Aerobic system im-
pairments appear to be related to
maladaptive sympathetic autonomic
responses,32 perhaps in response to
a triggering event, such as an injury
or illness, in people with an apparent
genetic predisposition.33 Over time,
these maladaptive responses are sus-
pected of causing dysregulation of
the normal hypothalamus-pituitary
axis34 and sympathetic autonomic re-
sponses32 and an overall reduction in
tolerance for physical effort.35 Auto-
nomic dysregulation is thought to be
responsible for the orthostatic intol-
erance36 and abnormal heart rate
(HR) responses to exercise37 exhib-
ited by some people with CFS/ME.

In addition to aerobic system impair-
ments, people with CFS/ME exhibit
centrally mediated disturbances in
attention, perception, and affect.35

On average, people with CFS/ME
rate their effort during physical tasks
significantly higher than do people
who are healthy38; this factor may
lead to an overall decrease in maxi-
mal exertion. Paradoxically, how-
ever, anecdotal observations from
various sources35,39 indicate that be-
havioral responses to symptom exac-
erbations in people with CFS/ME
range from the maintenance of a sed-
entary lifestyle to abrupt increases in
activity during periods of symptom
remission that serve to exacerbate
symptoms (Fig. 1). Patient-reported
mental fatigue19 and maladaptive
overactivity40 are cognitive and psy-
chological correlates of morbidity in
people with CFS/ME. Some authors
have suggested that comorbid kine-
siophobia41 or depressive symptoms42

also may be responsible for these
disablements in CFS/ME; however,
these findings are inconsistent,41 and
functional deficits remain even after
these variables are controlled for.43

Arguably, the cognitive effects of
CFS/ME may serve as the greatest
barrier to optimal research, diagno-
sis, and effective management of this
health condition. Early attempts to
characterize CFS/ME involved the as-
sumption that it was primarily a psy-
chiatric disorder.9 Our experience
suggests that some clinicians still
seem to view CFS/ME through this
lens; this belief could be a source of
stigma for people with CFS/ME.

Clinical Outcomes
Associated With Graded
Exercise in People
With CFS/ME
Graded aerobic exercise as an inter-
vention for people with CFS/ME has
been the focus of several studies,
even though, as a general rule, de-
conditioning may not play a role in
disablements secondary to CFS/ME.44

To assess the clinical effects of ex-
ercise in people with CFS/ME, we
conducted a literature search with
the search terms “exercise” AND
“chronic fatigue syndrome” OR “my-
algic encephalomyelitis” in the Coch-
rane Database of Systematic Reviews
and the EMBASE, ERIC, MEDLINE,
PEDro, Ovid Healthstar, Ovid Global
Health, and PSYCHINFO databases.
The initial search yielded 694 dis-
tinct citations. The abstracts of these
citations were scanned for refer-
ences to treatment responses in peo-
ple with chronic fatigue, yielding 94
citations. These citations were then
analyzed for observational, compari-
son, or randomized studies that re-
ported on the effects of an exercise
intervention in adults with CFS/ME
according to existing diagnostic cri-
teria, yielding 9 citations for consid-
eration in this analysis. These studies
are summarized in Table 2.
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Table 2.
Studies of Comparative Effectiveness Involving Graded Aerobic Exercise in People With Chronic Fatigue Syndrome/Myalgic
Encephalomyelitisa

Study Intervention Program Participants Outcome Measures Main Study Findings

Pardaens et al47,b Evaluated the effect of a 6-mo
program of cognitive behavioral
intervention (consisting of group
discussions, relaxation and
breathing exercises, and
psychiatric and medical
consultations, as needed)
combined with graded exercise on
exercise capacity measures.
Intervention was provided in 4-h
treatment sessions twice per week
for the first month and once per
week for the next 5 mo.

116 participants meeting
the criteria proposed
by Fukuda et al16

48% of the sample had
an additional
diagnosis of
fibromyalgia

• SF-36
• Symptom Checklist-90
• Causal Attribution List
• Self-Efficacy Scale
• Graded exercise testing on

stationary bicycle with
analysis of expired gases

• Isokinetic dynamometry of
the right and left
quadriceps and hamstring
muscles

• Significant improvements in all
SF-36 subscale scores except
emotional limitations

• Significant improvement in
Causal Attribution List
nonphysical subscale score

• Significant improvements in
duration, peak power, and
peak respiratory exchange ratio
with graded exercise testing

• Significant improvement in
isokinetic hamstring muscle
strength

• V̇O2max was not correlated
with or was weakly correlated
with changes in quality-of-life
measures

Fulcher and
White45

Tested the effect of a 12-wk graded
aerobic exercise program with a
home exercise component
provided in weekly sessions on
global impression of change in
status. The home exercises were to
be completed at least 5 d/wk, with
initial sessions of 5–15 min at an
intensity of 40% of V̇O2max. The
daily prescription was increased in
consultation with the subject to
maxima of 30 min/d and 60% of
V̇O2max. Control intervention
consisted of relaxation and
flexibility exercises.

66 participants meeting
the Oxford criteria20

(49 women)

• Individual global impression
of change

• Graded treadmill walking
test with analysis of expired
gases

• Perceived exertion on
exercise testing

• Isometric quadriceps muscle
testing

• SF-36
• Visual analog scale for

physical, mental, and total
fatigue

• Significantly more participants
in the exercise group (51%)
than in the control group
(27%) rated themselves as
“much better” or “very much
better”

• Significantly lower mean heart
rate during treadmill testing in
the graded exercise group than
in the flexibility exercise group

• Significantly lower ratings of
perceived exertion in the
graded exercise group than in
the flexibility exercise group

• SF-36 total, physical
functioning, and general health
subscale scores were
significantly higher in the
graded exercise group than in
the flexibility exercise group

• Physiological improvements
were maintained at 3-mo
follow-up in the graded
exercise group

• Qualitatively, larger proportions
of participants in the graded
exercise group than in the
flexibility exercise group rated
themselves at 1-y follow-up as
improved, were working or
studying at least part time, and
considered themselves regularly
active

Moss-Morris et al46 Investigated the effectiveness and
mechanisms of change attributed
to graded exercise. Intervention
group participated in 12 wk of
graded walking, starting at 40%–
50% of V̇O2max, 4–5 times/wk.
Specific intensity was set at a level
unlikely to exacerbate symptoms,
as determined in collaboration
with the subject. Exercise duration
was increased 3–5 min/wk, with
final goals of 30 min and 70% of
V̇O2max. Control group received
standardized medical care and
advice.

61 participants meeting
the criteria proposed
by Fukuda et al16

• Individual global impression
of change

• SF-36
• 14-item fatigue

questionnaire
• Graded treadmill exercise

testing
• Perceived exertion on

exercise testing
• Illness Perceptions

Questionnaire–Revised
• Illness Management

Questionnaire

• Significantly more participants
in the graded exercise group
(48%) than in the control
group (21%) rated themselves
as “much better” or “very much
better” at the end of 12 wk
and at the 6-mo follow-up

• Significant improvements in
physical, mental, and total
fatigue in the exercise group
compared with the control
group

• No significant differences
between groups in SF-36
physical functioning subscale
scores

(Continued)
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Table 2.
Continued

Study Intervention Program Participants Outcome Measures Main Study Findings

Powell et al49 Documented the effect of a psycho-
educational intervention to
encourage graded exercise at 1-y
follow-up. Intervention groups
received medical assessments and
then evidence-based explanations
of symptoms to encourage
graded activity. Interventions
included minimum intervention
(2 in-person sessions), telephone
intervention (minimum
intervention " seven 30-min
telephone contacts), and
maximum intervention
(minimum intervention " seven
1-h in-person contacts). Control
group received standardized
medical care, consisting of
medical assessment, advice, and
an information booklet that
explained symptoms to
encourage graded activity.

148 participants meeting
the Oxford criteria20

• SF-36
• Hospital Anxiety and

Depression (HAD) Scale
• 4-item sleep problem

questionnaire
• Individual global impression

of change

• Significantly more participants
in the intervention groups
(84%) than in the control
group (12%) rated themselves
as “much better” or “very
much better”

• Significantly higher SF-36
physical functioning subscale
scores in the intervention
groups than in the control
group

• Significantly lower fatigue
scores in the intervention
groups than in the control
group

Powell et al50 Measured the effect of a psycho-
educational intervention to
encourage graded exercise at 2-y
follow-up. Intervention groups
received medical assessments and
then evidence-based explanations
of symptoms to encourage
graded activity. Interventions
included minimum intervention
(2 in-person sessions), telephone
intervention (minimum
intervention " seven 30-min
telephone contacts), and
maximum intervention
(minimum intervention " seven
1-h in-person contacts). Control
group received standardized
medical care, consisting of
medical assessment, advice, and
an information booklet that
explained symptoms to
encourage graded activity.

114 participants meeting
the Oxford criteria and
participating in the
original trial of Powell
et al49

• SF-36
• HAD Scale
• 4-item sleep problem

questionnaire
• Individual global impression

of change

• All groups maintained
significant improvements
compared with baseline
measurements, and no
significant differences in
physical functioning and
fatigue scores persisted
among the groups

• Significant improvements in
physical functioning and
fatigue scores over time in
control group participants
who were allowed to cross
over into treatment groups
after the conclusion of the
first study period

Wallman et al42 Tested the effectiveness of a 12-wk
program of graded exercise with
pacing on physiological,
psychological, and cognitive
function. Intervention group
participated in 5–15 min of
exercise for large muscles;
intensity was based on the mean
heart rate during exercise testing.
Participants were instructed to
exercise every other day, unless
they had a symptom relapse. In
that case, subsequent exercise
sessions were reduced to a length
assessed by the participants to be
manageable. Control group
received relaxation and flexibility
exercises.

61 participants meeting
the criteria proposed
by Fukuda et al16

• Submaximal bicycle
exercise testing with
analysis of expired gases
and periodic blood
sampling

• Perceived exertion on
exercise testing

• Older Adult Exercise Status
Inventory

• 14-item fatigue rating scale
• HAD Scale
• Modified Stroop word color

identification test

• Significant improvements in
resting heart rate, resting
blood pressure, power,
V̇O2max, respiratory exchange
ratio, and net blood lactate
production in participants
who received graded exercise
compared with participants
who received flexibility and
relaxation exercises

• Significant improvements in
depression, anxiety, physical
fatigue, and mental fatigue in
participants who received
graded exercise compared
with participants who
received flexibility and
relaxation exercises

(Continued)
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Body structure and function deficits
(eg, fatigue, muscle strength [force-
generating capacity], cognitive pro-
cessing, maximal and submaximal
exercise test variables) and personal
factors (eg, mood) in people with
CFS/ME appeared to improve consis-
tently with graded aerobic exercise
(Tab. 2). Fulcher and White45 found
a significantly lower mean HR du-
ring treadmill testing in participants
in a graded exercise group than in
participants in a flexibility exercise

group, as well as significantly lower
ratings of perceived exertion (RPEs)
in participants who received graded
exercise than in participants who re-
ceived flexibility exercise. Physiologic
improvements were maintained at
the 3-month follow-up in the graded
exercise group. Moss-Morris et al46

reported significant improvements
in physical, mental, and total fatigue
in the exercise group compared with
the control group. Pardaens and col-
leagues47 identified significant im-

provements in duration, peak power
(ability to perform work over time),
and peak respiratory exchange ratio,
as well as a significant improvement in
isokinetic hamstring muscle strength,
in response to a graded exercise in-
tervention combined with cognitive
behavioral therapy. Wearden and col-
leagues48 found significantly greater
functional work capacity in people
who received graded exercise than
in people in comparison groups, but
fatigue ratings did not differ among

Table 2.
Continued

Study Intervention Program Participants Outcome Measures Main Study Findings

• Activity levels among groups
were not significantly different

• Significant improvements in
modified Stroop word color
identification test
performance in participants
who received graded exercise
compared with participants
who received flexibility and
relaxation exercises

Wearden et al48 Assessed the effect of a 26-
wk regimen of fluoxetine
and graded exercise on
fatigue, general health
status, physical work
capacity, and mood.
Participants were
randomized among 4
groups: fluoxetine "
graded exercise, fluoxetine
placebo " graded
exercise, fluoxetine "
graded exercise placebo,
and fluoxetine placebo "
graded exercise placebo.
The fluoxetine dose was
20 mg. Participants who
received fluoxetine
placebo received an inert
substance. Participants
who received graded
exercise were encouraged
to exercise 3 times/wk for
20 min at an intensity at
or exceeding 75% of
V̇O2max. Participants who
received graded exercise
placebo were instructed to
exercise when they felt
capable but did not
receive specific
instructions.

n#136 meeting Oxford
criteria20

• Graded exercise testing
with analysis of expired
gases

• 14-item fatigue rating scale
• Medical Outcomes Survey
• HAD Scale

• Significant improvement in
mood in participants who
received fluoxetine at 12 wk

• Functional work capacity was
significantly increased at week
12 and week 26 in the
exercise groups

• Neither intervention was
significantly associated with
reduced fatigue ratings,
although a qualitative trend
toward improvement in the
exercise groups was noted

• Dropouts were significantly
more frequent in the exercise
groups than in the
nonexercise groups

a All studies were controlled studies, unless otherwise noted. One observational study61 was excluded because the description of the exercise intervention
was incomplete. Two controlled studies51,52 were excluded because the criteria for inclusion were unclear. SF-36#Medical Outcomes Study 36-Item Health
Survey Questionnaire, V̇O2max#maximum oxygen consumption.
b Observational study.
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the groups. Wallman et al42 noted
significant improvements in resting
HR, resting blood pressure, power,
peak oxygen consumption, respira-
tory exchange ratio, and net blood
lactate production in participants
who received graded exercise com-
pared with participants who re-
ceived flexibility and relaxation ex-
ercises. Significant improvements also
were documented in depression,
anxiety, physical fatigue, and mental
fatigue in participants who received
graded exercise compared with par-
ticipants who received flexibility
and relaxation exercises. Modified
Stroop word color identification test
performance was significantly better
in participants who received graded
exercise. Despite the consistent im-
provements in body structure and
function deficits in response to graded
exercise across studies, Pardaens and
colleagues47 reported that these im-
provements were weakly correlated
with or were not significantly corre-
lated with functional improvements.

Although there seemed to be a qual-
itative trend toward improvement,
observations of qualitative and quan-
tative improvements at the levels of
activity and participation were more
mixed (Tab. 2). Fulcher and White45

and Pardaens et al47 found that scores
on subscales of the Medical Out-
comes Study 36-Item Health Survey
Questionnaire (SF-36) were signifi-
cantly higher in participants who re-
ceived graded exercise than in par-
ticipants who received a comparison
intervention. Powell and colleagues49

identified significantly higher SF-36
physical functioning subscale scores
in the intervention groups than in the
control group. At the 2-year follow-
up50, all groups maintained significant
improvements, and no significant dif-
ferences persisted among the groups.
Moss-Morris et al46 documented no sig-
nificant differences in SF-36 physical
functioning subscale scores among
the groups, and Wallman et al42 did
not identify significant changes in ac-

tivity. It is notable that many studies
conducted to examine the effective-
ness of graded exercise had high drop-
out rates, suggesting the presence of a
subpopulation for whom graded exer-
cise interventions may be ineffective
at the levels of body structure and
function, activity, and participation.
Additional research seems to be nec-
essary to clarify the effects of different
exercise volumes on activity and par-
ticipation in people with CFS/ME.

A major challenge of research and
clinical practice related to exercise
prescription for people with CFS/ME
is the phenomenon that increased
self-reported activity levels during in-
tervention may be a direct result of
the exercise program at the expense
of actual increases in daily activities.
For example, Black and colleagues51

studied the effectiveness of advice to
increase physical activity on daily
physical activity, fatigue, mood, and
pain in participants who were diag-
nosed with CFS/ME by a physician and
in matched sedentary control partici-
pants. Participants were requested to
increase their physical activity during
the first 2 weeks of the program in an
incremental manner. Intervention in-
cluded a 6-week walking program
consisting of an increase in daily walk-
ing time to a total of 30% more than
pretreatment levels. The authors doc-
umented a significant increase in phys-
ical activity in participants with CFS/
ME by use of an accelerometer, lead-
ing to their conclusion that the inter-
vention was a feasible and effective
way to facilitate increased physical ac-
tivity in this population. However, self-
reported mood became significantly
worse in participants with CFS/ME
than in control participants over time.
Ratings of fatigue and pain, which
were already significantly different be-
tween groups throughout the study,
increased over time in participants
with CFS/ME. A secondary analysis of
the data revealed that participants
with CFS/ME could actually maintain
the increase in physical activity for the

first 4 to 10 days of the study, exercis-
ing for a mean of 23 minutes.52 In
contrast, during the final 3 weeks of
the study, physical activity time fell to
approximately 8 minutes per day. The
decrease in physical activity appeared
to be coincident with the timing of the
worsening mood and increased symp-
toms. It is possible that a similar trend
has been observed in studies docu-
menting significant increases in func-
tioning in association with graded ex-
ercise in people with CFS/ME, but the
use of quantitative measurements to
document daily physical activity and
secondary analyses of existing studies
are uncommon.

Model for Clinical
Management of CFS/ME
The goal for the clinical management
of CFS/ME should include an individ-
ual’s return to an optimal level of
function. Disablement attributable to
CFS/ME results from maladaptive
physiologic responses that lead to
overloaded body systems (Fig. 1).
This assertion is consistent with the
predictions of physical stress theo-
ry,53 which suggests that changes in
relative stress in tissues result in pre-
dictable tissue adaptations ranging
from decreased stress tolerance to
maintenance to increased stress tol-
erance. Therefore, consistent with
physical stress theory53 and other
models for the clinical management
of CFS/ME,35,39 optimal functioning
for people with CFS/ME first de-
pends on the achievement of a level
of tissue stress that corresponds to
symptom and functional mainte-
nance. This objective will require
the implementation of strategies that
focus on pacing self-management to
promote energy conservation and
rest. After maintenance is achieved,
physical stress must be provided in a
manner that results in improved stress
tolerance. As mentioned before, ear-
lier models encouraged the use of
graded exercise to achieve increased
tissue stress tolerance.35,39 However,
our experience has been that an ap-
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proach beginning with therapeutic
activities and exercises that avoid ex-
cessive use of the impaired aerobic
system also is promising because it
may mitigate the subsequent func-
tional impairments associated with
PEM. This approach involves short-
duration exercises that are com-
pleted at intensities below an esti-
mated anaerobic threshold (AT).
After anaerobic activities are initi-
ated without symptom exacerbation,
progression to graded aerobic exer-
cise can be undertaken. Finally, the
chronic and episodic nature of this
health condition4 requires physical
therapists to ensure that people with
CFS/ME demonstrate adequate devel-
opment of the cognitive and physical
skills necessary to facilitate long-
term symptom self-management and
optimal functioning.

Pacing Self-Management:
Criteria and Strategies
Strategies to promote energy conser-
vation appear to be important in peo-
ple with CFS/ME. To date, recommen-
dations for pacing self-management in
people with CFS/ME have been made
on the basis of symptom acuity and
irritability.35,39 Although these criteria
seem to be intuitive, they may fail to
account for the rapid changes in func-
tion that are characteristic of CFS/
ME. An impaired perception of effort
in people with CFS/ME may interfere
with the optimal maintenance of
symptom-free activity levels if pacing
self-management criteria that are based
solely on symptomatology are used.
Also, the ability to predict when ac-
tivities might cause a flare-up of symp-
toms and functional deficits would be
most helpful. The metabolic impair-
ments observed in people with CFS/
ME suggest the need to limit the
intensity of activity to avoid exces-
sive use of the aerobic energy sys-
tem (Fig. 2). Therefore, we suggest
that AT may be a critical objective
limit for ensuring that physical ac-
tivity is maintained at an appropriate

level to facilitate optimal pacing
self-management.

The use of criteria based on HR bio-
feedback for pacing self-management
may be helpful in people with CFS/
ME.54 We assert that HR biofeedback
should be used to ensure that activ-
ities are conducted at intensities be-
low the AT. The gold standard for
establishing the HR at the AT is a
graded exercise test with periodic
blood sampling. However, even in
clinical settings in which graded ex-
ercise and blood sampling proce-
dures are prohibitive in terms of
cost, time, or expertise, the need to

index activity pacing recommenda-
tions to quantitative data remains.
Therefore, the HR at the AT may be
estimated indirectly from V̇O2max
measurements obtained during sub-
maximal exercise testing; alterna-
tively, the HR corresponding to RPEs
of 13 to 15 during submaximal exer-
cise testing may be used. Clinicians
should bear in mind that although
submaximal exercise testing demon-
strates good discriminative validity
for people with CFS/ME versus peo-
ple without CFS/ME,55 such testing
also demonstrates high within-subject
variability.56 Frequent reassessment
will be necessary to maintain confi-

Figure 2.
Hypothetical relationship among duration of functional activity, metabolic energy
pathways, and functional impairments in people with chronic fatigue syndrome/
myalgic encephalomyelitis (CFS/ME). The creatine phosphate-adenosine triphosphate
immediate (teal line) and anaerobic short-term (red line) energy systems predominate
during the first 2 minutes of activity (dashed black line). Activities longer than 2 minutes
in duration are characterized by a rapid decrease in the contributions of these short-
term energy systems and an exponential increase in the contribution of the aerobic
long-term energy system (blue line). It has been hypothesized that activities longer than
2 minutes in duration aggravate symptoms and functional deficits in people with
CFS/ME because they have aerobic system impairments.
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dence in the AT estimates obtained
from submaximal testing. In untrained
people, the AT has been approxi-
mated at 55% V̇O2max.57 Thus, we
suggest that clinicians may approxi-
mate the HR at the AT by calculating
55% of the HR at the V̇O2max as a
starting point, although specific es-
tablishment of the HR at the AT in
this population requires additional
research.

We suggest that people’s RPEs dur-
ing submaximal exercise testing also
may be used to approximate the
threshold for pacing self-management,
in which ratings below 13 to 15 rep-
resent activity at an intensity below
the AT.57 Although exercise testing
is an important clinical tool for guid-
ing the clinical management of CFS/
ME, we emphasize that it should be
conducted with extra care second-
ary to the risk for orthostatic impair-
ments and the high likelihood of
symptom exacerbation. Extra care in-
cludes adequate individual educa-
tion regarding expected outcomes,
with the goal of achieving appropri-
ate consent for testing, as well as
close symptom and physiologic mon-
itoring to determine the need for test
cessation or modification.

In line with earlier models for the
clinical management of CFS/ME,35,39

the importance of energy conserva-
tion in reducing symptom exacerba-
tion and promoting optimal function-
ing in people with CFS/ME indicates
that pacing self-management strate-
gies should be provided in the con-
text of a comprehensive psycho-
educational program. The 5 A’s
construct, originally proposed by the
Canadian Task Force on Preventive
Health Care,58 has been applied to
individual education as part of clini-
cal management programs for other
chronic health conditions.59 The com-
ponents of the 5 A’s construct58—
assess, advise, agree, assist, and ar-
range—also may be applied to peo-
ple with CFS/ME. This construct

contains a learning needs assessment,
which includes determining the
presence of behaviors that may ex-
acerbate symptoms as well as the
individual’s preferred behavior change
goals, methods, and constraints. An
individual’s level of knowledge re-
lated to CFS/ME and overall health
literacy also should be ascertained.
Advice for people with CFS/ME in-
cludes specific and personalized be-
havior change counseling based on
the learning needs assessment and
centered on maintaining physical ex-
ertion below the HR at the AT. Peo-
ple should be encouraged to wear an
HR monitor for this purpose. Given
the variability inherent in the use of
many tests for establishing the HR at
the AT, we suggest that a 10% margin
below the estimated HR should be
used as the critical threshold for pac-
ing self-management to account for
variability and ensure that an individ-
ual’s exertion remains below the AT.
Therefore, the monitor’s alarm should
be set to sound if the HR exceeds
10% below the HR at the AT. Fre-
quent breaks including diaphrag-
matic breathing, alternate positions,
and adaptive equipment should be
prescribed to assist people in main-
taining the target level of physical
exertion. Further identification of ac-
tivities that exacerbate symptoms
and, as a result, necessitate attention
may be aided by the use of activity
logs, in which an individual with
CFS/ME records the time of day, type
and duration of activity, and symp-
toms for systematic analysis by the
individual and the physical therapist.
People with CFS/ME and their at-
tending physical therapists should
agree on the goals and methods of
psychoeducational interventions for
behaviors. The behavior change plan
should be a collaborative effort be-
tween the individual and the attend-
ing physical therapist. People with
CFS/ME may require assistance in im-
plementing the behavior change plan;
physical therapists may provide such
assistance during both clinic visits

and distance consultations. Finally,
arrangement of follow-up contacts
allows for additional assistance and
alteration of the behavior change
plan and reinforces the importance
of behavior change to the individual.
Physical therapists are in a unique
position to follow up with clinical
brief counseling strategies because
of their relatively frequent contact
with people (compared with that of
other health care providers).

Exercise Interventions
Exercise interventions for people
with CFS/ME must be carefully cus-
tomized to reflect the unique needs
of each individual. The existing liter-
ature mentions 2 critical issues in
prescribing physical activity for peo-
ple with CFS/ME. First, clear commu-
nication between the individual and
the physical therapist about the ef-
fects of the exercise program is crit-
ical to avoid the perception that
physical activity has been increased
because of increased physical capac-
ity instead of the self-fulfilling proph-
ecy associated with starting an exer-
cise program. Second, aerobic system
impairments associated with CFS/ME
result in functional impairments that
may not be amenable to training in
people with CFS/ME compared with
people who are sedentary.

We assert that exercise interventions
for people with CFS/ME require a
combination of compensation and
rehabilitation approaches to physical
training in which training begins with
activities that provide stress to the
unimpaired anaerobic energy system
before the impaired aerobic energy
system is stressed. Therefore, we ad-
vocate a training approach in which
initial therapeutic activities are short
duration, low intensity, and directed
toward specific contributing impair-
ments in body structures and func-
tions. Because oxidative phosphory-
lation serves as the primary metabolic
pathway in activities lasting longer
than 2 minutes (Fig. 2), aerobic sys-
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tem impairments in people with
CS/ME would seem to limit activities
longer than 2 minutes because of the
risk of developing symptoms and func-
tional deficits associated with PEM.
Therefore, we recommend thera-
peutic activities that last less than 2
minutes and are conducted at an in-
tensity consistent with an HR that is
10% below the HR at the AT or RPEs
below 13 to 15. Previous studies
demonstrated that reducing exercise
time and intensity is effective in re-
ducing symptoms of PEM in people
with CFS/ME.60 These recommenda-
tions regarding duration and inten-
sity are flexible; clinicians should be
guided by the individual’s immediate
and latent responses to therapeutic
activities to determine appropriate
exercise volume.

We recommend that activities ini-
tially consist of stretching and active-
range-of-motion (AROM) exercises
to improve region-specific strength
and flexibility, because deficits in
strength and flexibility may be the
source of increased energy expendi-
ture through suboptimal movement
mechanics. The specific exercises in-
corporated into the flexibility and
AROM program depend on the clini-
cian’s thorough examination and
evaluation of potentially contributing
pathomechanics. After participating in
a stretching and AROM program that
does not reproduce symptoms of
PEM, people may advance to strength
training in which the focus is on short-
duration, low-intensity strengthening
with maintenance of adequate rest in-
tervals. Clinicians should use caution
during the creation and progression of
the resistance training program be-
cause the safety and effectiveness of
these interventions in people with
CFS/ME require additional research.
Finally, people with CFS/ME may ad-
vance to short-duration, low-intensity
interval training. As starting criteria,
the duration of the intervals should
not exceed 2 minutes, and the inten-
sity should not exceed an HR that is

10% below the HR at the AT. Pro-
gression of interval training should in-
volve increasing the number and in-
tensity of intervals while maintaining
a training range that prevents exces-
sive use of the impaired aerobic sys-
tem in people with CFS/ME. Interval
training should involve functional re-
training whenever possible, according
to the physical therapist’s evaluation
of the individual’s disablement. When
short-duration interval training can
be completed successfully, clini-
cians should consider initiating short-
duration aerobic interval training,
which can be advanced in an incre-
mental manner according to people’s
symptoms, as described elsewhere.39

Despite the importance of exercise
to address physical conditioning in
some people with CFS/ME, the health-
related quality of life of people with
CFS/ME is only weakly correlated
with exercise capacity measurements.
This fact underlines the importance
of multimodal treatment, including
individual education and pacing self-
management, to address the activity
and participation limitations in peo-
ple with CFS/ME.

Summary
The prevalence of CFS/ME empha-
sizes the importance of the recogni-
tion and management of CFS/ME and
CFS/ME-like conditions by physical
therapists. The prominent features of
CFS/ME include aerobic system im-
pairment and centrally mediated dis-
turbances in attention, perception,
and affect. Pacing self-management cri-
teria based on HR biofeedback may be
helpful in ensuring that activities are
conducted at an intensity below the
AT in people with CFS/ME. The mode
and intensity of exercise-based inter-
ventions for people with CFS/ME must
be carefully customized to reflect the
unique needs of each individual. Fu-
ture studies should continue to clarify
the roles of pacing self-management
and exercise in the context of a com-

prehensive clinical management pro-
gram for people with CFS/ME.
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