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Abstract

Background

Post-exertional malaise (PEM) is considered to be the hallmark characteristic of myalgic
encephalomyelitis/ chronic fatigue syndrome (ME/CFS). Yet, patients have rarely been
asked in formal studies to describe their experience of PEM.

Objectives

To describe symptoms associated with and the time course of PEM

Methods

One hundred and fifty subjects, diagnosed via the 1994 Fukuda CFS criteria, completed a
survey concerning 11 symptoms they could experience after exposure to two different types
of triggers. We also inquired about onset and duration of PEM and included space for sub-
jects to write in any additional symptoms. Results were summarized with descriptive statis-
tics; McNemar’s, paired t-, Fisher’s exact and chi-square goodness-of-fit tests were used to
assess for statistical significance.

Results

One hundred and twenty-nine subjects (90%) experienced PEM with both physical and cog-
nitive exertion and emotional distress. Almost all were affected by exertion but 14 (10%)
reported no effect with emotion. Fatigue was the most commonly exacerbated symptom but
cognitive difficulties, sleep disturbances, headaches, muscle pain, and flu-like feelings were
cited by over 30% of subjects. Sixty percent of subjects experienced at least one inflamma-
tory/ immune-related symptom. Subjects also cited gastrointestinal, orthostatic, mood-
related, neurologic and other symptoms. Exertion precipitated significantly more symptoms
than emotional distress (7+2.8 vs. 5+3.3 symptoms (median, standard deviation), p<0.001).
Onset and duration of PEM varied for most subjects. However, 11% reported a consistent
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post-trigger delay of at least 24 hours before onset and 84% endure PEM for 24 hours or
more.

Conclusions

This study provides exact symptom and time patterns for PEM that is generated in the
course of patients’ lives. PEM involves exacerbation of multiple, atypical symptoms, is occa-
sionally delayed, and persists for extended periods. Highlighting these characteristics may
improve diagnosis of ME/CFS. Incorporating them into the design of future research will
accelerate our understanding of ME/CFS.

Introduction

Myalgic encephalomyelitis/ chronic fatigue syndrome (ME/CES) is a common, chronic, com-
plex, medical condition that affects at least one million people in the United States, equal to or
more than multiple sclerosis, rheumatoid arthritis, or systemic lupus erythematosus [1].
Despite its high prevalence and disabling nature, up to 91% of those affected [2] are estimated
to be undiagnosed or misdiagnosed and the remainder of patients often report months and
years of visiting multiple doctors [3] before arriving at an answer. Forty-eight percent of clini-
cians do not feel confident about making a diagnosis of ME/CFS, 67% believe it is more diffi-
cult to diagnose than other conditions and nearly this same percentage holds even among
clinicians who have made the diagnosis at least once before [4-6].

Origin and evolution of PEM

One reason for this lack of certitude may be traced back to how ME/CEFS is defined. The most
commonly used ME/CFS definition for research and clinical care is the Fukuda chronic fatigue
syndrome (CFS) criteria [7], created by the United States’ (US) Centers for Disease Control
and Prevention (CDC) in 1994. To be diagnosed, patients must not only suffer from unrelent-
ing or recurrent, function-limiting fatigue unresponsive to rest for 6 months, they must also
have experienced at least four out of the following eight symptoms concurrently: unrefreshing
sleep, tender cervical/ axillary lymph nodes, muscle pain, multi-joint pain without signs of
inflammation, sore throat, impaired memory or concentration, new or changed headaches,
and post-exertional malaise (PEM). Many of these same symptoms occur in healthy people
transiently and in multiple medical conditions (e.g. major depression, fibromyalgia, sleep
apnea, various viral infections). Consequently, many clinicians, concerned about missing an
alternative diagnosis, are reluctant to diagnose someone with ME/CFS.

The one Fukuda symptom that is unique is post-exertional malaise: this term was coined by
Fukuda et al. and so had no prior medical meaning attached to it. Yet, for over two decades,
the CDC did not define PEM at all, inadvertently opening up the term to potentially inaccurate
and inconsistent interpretations by clinicians, researchers, and patients. In 2001, King et. al.

[8] wrote “no clear operational definition of this symptom exists” and that, for example, “some
clinicians may require worsening of. . .three. . .symptoms. . .while others may just require a
worsening of fatigue” after exertion. A 2003 article [9] co-authored by CDC staff purporting to
identify ambiguities in the Fukuda criteria did not discuss PEM but rather focused on fatigue
definitions and scales. Adding to the confusion, the word “malaise” itself is vague. The Oxford
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English Dictionary [10] defines “malaise” as “a general feeling of discomfort, illness, or unease
whose exact cause is difficult to identify.”

While their website is gradually being revised [11], for the last 5 years, CDC has described
PEM as “increased malaise (extreme exhaustion and sickness) following physical activity or
mental exertion” [12]. The word “sickness” is broad and ambiguous. Thus, it is not surprising
that clinicians have had difficulty understanding PEM and using the symptom to help distin-
guish ME/CFS from other medical conditions. In the broadest sense, PEM could refer to any
symptom that occurs after exertion, whether it is muscle pain related to short-term overexertion
in a healthy person, shortness of breath due to asthma, or chest pain due to heart disease.
Researchers have been similarly confused, conflating PEM with post-exertional fatigue [13, 14]
or avoiding it altogether. Counting even superficial evaluations, only a handful of clinical trials
(for example, [15, 16]) have included post-exertional malaise as an outcome. Lastly, if the term
PEM is used but not explained to subjects in studies, there is no way to tell if what they under-
stand PEM to be corresponds to what researchers or clinicians conceive it to be. Jason et al. [17]
have shown that the numbers of subjects affirming they have PEM can vary from as little as 41%
to as high as 94% depending on how they are asked. For example, they found that some subjects
confirming PEM on further questioning would initially replied “No” if they were questioned
about PEM “after. . .exercise.” These subjects experienced PEM from merely carrying out activi-
ties of daily living (e.g. dressing, cooking, etc.) and thus did not exercise anymore.

Alternative perspectives

In contrast to the CDC, many researchers and clinicians specializing in ME/CFS, as well as
patients, have long championed post-exertional symptom exacerbation to not just be one but
the hallmark characteristic of ME/CFS. As early as the 1950s, Dr. Melvin Ramsey, the infectious
disease physician who created the term “myalgic encephalomyelitis” after seeing multiple
patients with the same unusual presentation, considered “as the sheet anchor of diagnosis”,
“muscle fatigability, whereby, even after a minor degree of physical effort, three, four or five
days, or longer, elapse before full muscle power is restored” [18]. These parties believe the
Fukuda definition’s emphasis on the ubiquitous symptom of fatigue as the principal and only
mandatory symptom (none of the other eight auxiliary symptoms are required as long as any
four symptoms are present) to be fallacious, resulting in both lack of and erroneous diagnoses
by clinicians and inclusion of patients into studies who were not truly affected by ME/CFS. Sub-
sequently, they developed three other clinical case definitions: the Canadian Consensus Criteria
(CCC, 2003 and 2010 versions), the Myalgic Encephalomyelitis-International Consensus Crite-
ria (ME-ICC, 2011), and Systemic Exertion Intolerance Disease (SEID, 2015) [19-22].

Although these three definitions vary, they all require some version of post-exertional
symptom exacerbation, with the ME-ICC calling this phenomenon “post-exertional neuroim-
mune exhaustion” or PENE and the CCC and SEID retaining the term PEM. Whatever the
term, each definition identifies both cognitive and physical exertion as impetuses of PEM, pro-
vides a list of specific symptoms beyond post-exertional fatigue (e.g. flu-like feelings, pain, sore
throat, cognitive problems, decreased functional capacity), indicates that PEM could vary
depending on the individual, and remarks on the sometimes delayed and prolonged nature of
PEM. Two important differences exist between the Fukuda and the other three criteria. The
former was originally formulated for research purposes and did not evolve much with time or
scientific studies whereas the latter three were developed for clinical diagnosis and, therefore,
also incorporated the accumulated experiences of patients and clinicians taking care of thou-
sands of people. For the purposes of this paper, we will use “PEM” henceforth to denote PEM,
PENE, or concepts related to post-exertional symptom exacerbation.
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Past research: Gaps and opportunities

Nevertheless, despite the focus on PEM by many people in the ME/CFS community, hardly
any studies have asked patients directly, open-endedly, and comprehensively about their expe-
rience of PEM. In 2012, Haywood and colleagues [23] reviewed 77 different patient-reported
outcome measures used previously in ME/CFS studies and concluded, except for the SF-36, all
measures were limited in their evidence base. Although PEM was not especially mentioned,
they emphasized that “discrepancies exist between what is measured in research and how
patients define their experience of CFS/ME” and that investigators “must seek to involve
patients more collaboratively.” This predicament is echoed by the US Food and Drug Admin-
istration’s 2014 document, Guidance for Industry ME/CFS: Developing Drug Products for
Treatment [24], meant to encourage and guide pharmaceutical innovation. The FDA con-
cluded that there were no “patient-report instruments optimal for measurement of fatigue or
other symptoms” of ME/CFS.

To date, researchers have questioned patients primarily about post-exertional fatigue [25,
26] and sometimes pain [27, 28] but rarely, about other post-exertional symptoms [29, 30], yet
those symptoms may be equally or more disabling for patients than pain or fatigue [31]. Symp-
tom-associated questionnaires, instruments, or tests (e.g. polysomnography, actigraphy,
neuropsychological tests) are chosen by researchers based on their own preconceptions about
PEM and, usually, only one or two symptoms are addressed in each study. Moreover, research-
ers have assessed PEM-related outcomes on a fixed schedule (e.g. 1 hour, 24 hours, etc.) after a
challenging stimulus [32, 33], rather than matching the time of measurement to the PEM
course reported by individual subjects. Most studies also follow subjects for less than 3 days
after a PEM-eliciting challenge despite evidence that PEM can endure much longer [34]. Inat-
tention to timing may lead to potential omission or imprecise characterization of important
findings at the beginning, peak, or end of PEM. While these arrangements might have been
instituted for logistical, practical, financial, or other reasons, they may have impeded a through
exploration of PEM and led to inaccurate assumptions about the nature of PEM, especially
among physicians and researchers outside the ME/CFS field.

An exception to the situation are two small case-control studies [35, 36] from the Workwell
Foundation. After being subjected to 2 cardiopulmonary exercise tests (CPET) separated by 24
hours, a total of 41 female ME/CEFS subjects completed an open-ended questionnaire about
their symptoms for up to a week after the tests. Thirty-seven healthy, sedentary subjects served
as controls. The researchers examined their responses and coded them under symptom catego-
ries, as dictated by the CCC. The ME/CEFS subjects experienced some symptoms the healthy
subjects did not experience at all (e.g. lightheadedness, sore throat/ swollen glands, cognitive
dysfunction) and were significantly more likely to experience other symptoms (e.g. pain (odds
ratio (OR) = 15.7, p<0.01) and sleep disturbance (OR = 37.5, p<0.001)) compared to their
healthy counterparts. Using a binary logistic regression model, only 4 post-exertional symp-
toms (fatigue-, immune-, sleep-, and pain-associated symptoms) were needed to classify 92%
of ME/CFS and 88% of healthy subjects accurately. The time course of symptoms also differed
substantially: most control subjects experienced the peak of their symptoms on the day of the
test and 87%-95% of them had recovered fully by 24 hours after the tests whereas some ME/
CFS subjects’ symptoms peaked 24 or 48 hours after the test with 45%-60% of ME/CEFES sub-
jects still feeling the effects after 5 days. Workwell found that if a subject were unable to recover
fully within 24 hours, the positive likelihood ratio of them being classified as having ME/CES
was 11.4 whereas the negative likelihood ratio was 0.22. If a subject has this characteristic, it
increases the clinician’s baseline estimate of disease presence by about 45% whereas if they do
not have this trait, their chances decrease by about 30%.
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These two studies suggest that the presence of certain post-exertional symptoms and their
time course may help diagnose ME/CEFS but these findings need replication. Historically,
many promising initial results from ME/CFS studies have been contradicted or attenuated
by subsequent studies [22]. Consistent results from multiple, independent research groups
in different settings can strengthen the validity of findings. Workwell’s studies consisted of
younger women (average age 31.5 + 9.0 years [35]) who were able and willing to complete 2
maximal exercise tests scheduled within 24 hours. Yet, about one-third of ME/CFS patients
are estimated to be male and the illness is most common between the ages of 40 and 60 [37].
Furthermore, a significant portion of patients are unable to withstand even a single maximal
exercise test [22] and even relatively mild activity like dressing or driving have been reported
to cause PEM in patient accounts [38]. Would a more representative group of patients engag-
ing in less demanding tasks contend with a similar pattern of symptoms? Finally, while an
open-ended questionnaire is indispensable when beginning to document a phenomenon, such
a format may require more time and effort from patients to complete and clinicians and
researcher to analyze when used in large studies or in a busy clinic. Open-ended answers may
also be interpreted in a variable manner. We wondered whether a close-ended questionnaire
supplemented by opportunities to write in narrative answers would produce comparable
responses.

Consequently, the main purpose of our study is to describe the symptoms and time course
of PEM in a systematic manner by surveying a large number of subjects afflicted by ME/CFS
with both close- and open-ended questions. We hypothesized our results would support prior
descriptions of PEM and the Workwell Foundation’s findings but provide additional details
regarding specific symptoms and timing. We also asked subjects about their reactions to physi-
cal and cognitive effort versus emotional distress to determine if there are any differences in
presentation of PEM when different stressors are applied. We were able to accomplish these
objectives.

Methods
Subject recruitment

From March 2010 to August 2011, we recruited 200 subjects affected by ME/CFS and residing
in the Northern California as part of our GEISD (Genetic Expression and Immune System
Dynamics) study. The purpose of this study was to explore how infectious, immune, and
genetic factors interacted in ME/CEFS. Subjects consisted of patients from our ME/CFS clinic,
people waiting to be seen at the clinic, members of online ME/CEFS forums, and participants of
local ME/CFS support groups. All subjects were screened using a standardized telephone inter-
view and included if they fitted Fukuda 1994 CFS criteria, were at least 14 years old, were non-
pregnant, and had not been exposed to more than 2 weeks of antibiotics or antivirals recently.
Subjects were excluded if they were affected by other medical or psychiatric conditions that
could explain their ME/CFS symptoms, suffered from certain immunological conditions,
struggled with substance abuse issues in the last year (not including nicotine/ caffeine), had
received an influenza vaccination within the past 4 weeks, or were unable to communicate in
English. Potential subjects were also asked to report whether their ME/CFS onset was related
to a viral infection, to rate their physical and cognitive function now compared to before they
became sick (on a scale of 0%-100%, with 100% denoting pre-illness function), and to com-
plete two common instruments used to measure fatigue, the Multidimensional Fatigue In-
ventory (MFI-20, with a summary score ranging from 0-100 with a higher score denoting
increased fatigue) [39] and the Fatigue Severity Scale (FSS, with 9 items scored from 0-7, with
a higher average score meaning increased fatigue) [40].
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Survey

In 2012, we used the Research Electronic Data Capture (REDCap) web application (http://
project-redcap.org/) to design an online survey asking subjects about the history and course of
their ME/CFS. We created an initial version of the questionnaire based on our clinical experi-
ences and knowledge of the literature. Next, a focus group of 5 patients reviewed the draft and
gave feedback on relevance, content, and format. After reviewing their comments, we com-
posed a final version of the survey. This study was reviewed and approved by the Stanford Uni-
versity Institutional Review Board (Review Panel 3, Protocol 24244). The aforementioned 200
subjects were re-contacted from January 2013 to July 2013 and asked if they wished to partici-
pate in our survey. Informed consent was obtained in writing and subjects were given an indi-
vidualized secured hyperlink to access the survey. A paper version of the survey was also
offered in case of technical or cognitive difficulties. After completion, subjects submitted the
survey electronically or mailed the survey back to staff. Study staff then manually entered
responses from the paper version into REDCap.

To investigate PEM, we asked subjects 4 questions: 1) What symptoms, if any, are triggered
or worsened by physical or mental activity?; 2) What symptoms are triggered or worsened by
emotional distress?; 3) How soon usually after starting mental or physical exertion does your
illness begin to worsen?; and 4) If you feel worse after activities, how long does this worsening
usually last? (S1 File) We intentionally refrained from using the word “post-exertional malaise”
to try to decrease the chances that subjects already diagnosed with ME/CFS would automati-
cally answer our question based on their knowledge of or preconceived notions about PEM.
We also wanted to avoid the term “malaise” and focus on symptoms that occurred or were
exacerbated after a specific stressor, not baseline symptoms. For items 1 and 2, subjects were
directed to indicate as many of 11 listed symptoms as were exacerbated or to check “none of
the above.” We also included an option “Other” with an accompanying text box for them to
type/ write in symptoms we had not listed. For items 3 and 4, subjects chose one answer from
a choice of time periods (e.g. “Immediately”,
cable.” If they chose “It can vary,” they were asked to fill in a text box with a range of times.

A few hours”, etc.), “It can vary”, or “Not appli-

Statistical analysis

Data were extracted from REDCap and exported into Microsoft Excel 2013. To assess whether
and how survey responders differed significantly from survey non-responders, we compared
these two groups based on characteristics collected during the recruitment process. T-tests
were used to compare continuous data whereas the chi-square or Freeman-Halton extension
of Fisher’s exact test [41] were used for categorical data due to some cells having low counts.
Initially, the number and percentage of subjects choosing various answers to the two differ-
ent stressors and the total number of symptoms chosen by subjects were calculated. We also
reviewed any open-ended answers submitted by subjects and classified them into symptom
categories. Next, we created two groups of symptoms and calculated what number and per-
centage of subjects would fit into those two groups or variations of those groups. To qualify for
the first group, labelled “immune/ inflammatory-related”, an individual subject had to have
flu-like feelings, a sore throat, and/or tender lymph nodes. For the second group, named
“4-symptom PEM” and based on the findings of the Workwell Foundation [31], an individual
subject was required to have fatigue, at least one “immune-related” symptom (i.e. flu-like feel-
ings, sore throat, tender lymph nodes), at least one pain-related symptom (i.e. muscle pain,
joint aches, headache, sore throat, tender lymph nodes), and sleep disturbance. To evaluate
how the number and type of PEM symptoms might differ depending on the trigger, we used a
paired t-test and McNemar’s mid-p tests [42], due to the small sample size in some analyses.
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We used descriptive statistics to characterize the onset and duration of PEM. To test
whether responses about time were statistically significant, we used a one-sample chi-square
goodness-of-fit test with the null hypothesis that if onset and duration times were random, the
frequency of answers would be distributed evenly across categories. For subjects who chose the
answer ‘It can vary” to these items, we examined their written-in time ranges and classified
them into specific categories.

Because multiple comparisons were made in this study, we designated a Bonferroni-cor-
rected two-tailed p-value of equal or lesser than 0.003 as significant.

Results

One hundred and fifty subjects (75% of 200 contacted) subjects responded to the survey. Based
on items collected during the recruitment process (S1 Table), survey respondents were more
likely than non-respondents to endorse tender lymph nodes (67% vs. 48%, p = 0.06) or post-
exertional malaise (99% vs. 92%, p = 0.02). However, this result needs to be interpreted with
caution as many subjects did not know what enlarged lymph nodes were and thus might have
marked “Unknown” even as they experienced this symptom. There were no significant differ-
ences in percentage of women, mean age, duration of illness, prevalence of self-identified viral
onset, fatigue scores (using the Fatigue Severity Scale and Multidimensional Fatigue Inven-
tory-20), self-assessed cognitive/ physical functioning, and prevalence of other Fukuda criteria
symptoms between responders and non-responders.

One hundred and forty-four subjects completed both items concerning symptoms (items 1
and 2) while 145 and 146 subjects, respectively, completed items about PEM onset and dura-
tion (items 3 and 4). Since the percentage of missing responses for each item is low, ranging
from 3%-6%, this study simply focuses on the replies that were received. Although the lower
age limit of our recruitment criteria was 14, no subject under 18 years of age was included in
the final study sample. Men constituted 20% of our subjects and the mean age was 51.6 £ 12.5
years.

Table 1 illustrates the percentage of subjects who reported various symptoms after exposure
to two types of stimuli. Most subjects (N = 129, 90%) experienced PEM with both physical/
cognitive exertion and emotional distress. Almost all (N = 143, 99%) were affected by the for-
mer trigger but 14 (10%) reported no effect with the latter trigger. Exertion precipitated signifi-
cantly more symptoms than emotional distress (7+2.8 vs. 5+3.3 symptoms (median, standard
deviation), p<0.001). In both situations, fatigue was the most commonly exacerbated symp-
tom, reported by 94% (N = 135) and 76% (N = 109) of subjects, but cognitive difficulties, sleep
disturbances, headaches, muscle pain, and flu-like feelings were cited by over 30% of subjects.
Sixty (N = 87) and thirty-six percent (N = 52) of subjects experienced at least one inflamma-
tory/ immune-related symptom (flu-like feelings, sore throat and tender lymph nodes) respec-
tively, with either exertion or emotional distress. Approximately a quarter of subjects (N = 33,
23%) recounted aggravation of fatigue and all three inflammatory/ immune-related symptoms
after physical or cognitive effort.

Outside of the 11 symptoms listed, some subjects also cited gut- (e.g. nausea, irritable
bowel; N = 6 and 5, respectively, with exertion vs. emotional distress), orthostatic- (e.g. dizzi-
ness, pre-syncopal feelings; N = 4, 3), mood- (e.g. anxiety, depression; N = 4, 4), nervous sys-
tem- (e.g. sensory overload, tingling skin; N = 12, 7), pain- (e.g. sinus pressure; N = 7, 5),
respiratory- (N = 2, 2) and “infection”-related (N = 3, 2) symptoms as components of their
PEM. Except for sleep disturbance and “Other” symptoms, exertional stressors were signifi-
cantly more likely than emotional distress to provoke the enumerated symptoms in subjects
(p<0.003). The largest differences in symptoms provoked were related to musculoskeletal pain
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Table 1. Post-exertional malaise (PEM) symptoms precipitated by physical/ cognitive exertion versus emotional distress.

Symptom Physical/ cognitive Emotional Percent difference in subjects endorsing p-value®
exertion distress symptom

N = 144 (%) N = 144 (%)
None 1(1%) 14 (10%) 9% <0.001
Fatigue 135 (94%) 109 (76%) 18% <0.001
Poor concentration 112 (78%) 94 (65%) 13% 0.001
Difficulty thinking 106 (74%) 88 (61%) 13% 0.002
Muscle pain 106 (74%) 48 (33%) 41% <0.001
Sleep disturbance 97 (67%) 95 (66%) 1% 0.77
Poor memory 98 (68%) 75 (52%) 16% <0.001
Flu-like feelings 88 (61%) 47 (33%) 28% <0.001
Joint pain 77 (53%) 30 (21%) 32% <0.001
Headache 73 (51%) 53 (37%) 14% <0.001
Sore Throat 60 (42%) 28 (19%) 23% <0.001
Tender lymph nodes 58 (40%) 21 (15%) 25% <0.001
Other® 29 (20%) 20 (14%) 6% 0.03
At least 1 immune-/ inflammatory related symptomsb 87 (60%) 52 (36%) 24% <0.001
Fatigue and all 3 immune-/ inflammatory related 33 (23%) 14 (10%) 13% <0.001
symptoms
4-symptom PEM* 60 (42%) 30 (21%) 21% <0.001
Number of symptoms (median, SD) 7+28 5+3.3 <0.001

SD = standard deviation

2 Symptoms written in by subjects included: gastrointestinal symptoms, dizziness, pre-syncopal feelings, tingling skin, muscle twitches, sensory overload, anxiety,

depression, and feelings of “inflammation.”

b Flu-like feelings, sore throat, tender lymph nodes.

© Per VanNess et al. [35], consists of fatigue, sleep disturbance, at least one pain symptom, and at least one immune-related symptom.

4 Except for sleep disturbance and “Other” symptoms, the percentage of subjects experiencing any symptom or group of symptoms after physical/ cognitive exertion is

always significantly higher than when the same subjects were exposed to emotional distress. For this study, a p-value of <0.003 was deemed significant.

https://doi.org/10.1371/journal.pone.0197811.t001

(41% difference for muscle pain and 32% difference for joint pain) and immune/ inflamma-
tory-related symptoms (23% to 28% difference). When we applied the Workwell Foundation’s
“4-symptom PEM” schema, a significantly higher percentage of subjects experienced this set of
symptoms with exertion while only 21% did with emotional distress (42% vs 21%, p<0.001).

Table 2 presents information regarding the onset and duration of PEM after physical or
cognitive exertion. The most common answer, given by approximately 42% (N = 61, out of a
total of 145) and 45% (N = 65, out of a total of 146) of subjects respectively, was that initiation
and duration of PEM varied. For these groups, the most common earliest time of onset was
immediately (N = 37, out of 61, 61%) and the most common latest time of onset was 24 hours
later (N = 23; 38%) (Fig 1); the most common shortest PEM duration was a few hours (N = 23,
out of 65, 35%) with the most common longest PEM duration being three to seven days
(N =25, 38%) (Fig 2). A substantial number of subjects imparted that their PEM could last as
long as weeks (N = 16, 25%) or even months (N =9, 14%). A few commented that their time
patterns varied so much it was difficult even to put down a range; variations frequently
depended on the type and intensity of activity.

Of those subjects choosing the other time categories, 40% of subjects reported PEM consis-
tently beginning within 24 hours of exertion but 11% reported a consistent post-trigger delay
of at least 24 hours. PEM abated within 24 hours routinely in only 9% (N = 14) of subjects.
Another 20% of subjects endured PEM for 1 to 2 days but a quarter noted that PEM persisted
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Table 2. Onset and duration of post-exertional malaise (PEM) after physical/ cognitive exertion.

Length of time to PEM onset post-exertion® N (%) |Duration of PEM post-exertion" (N = 146) N (%)
(N =145)
Immediately 23 (16%) | 1-6 hours 2 (1%)
About 1 hour later 13 (9%) | 6-12 hours 3 (2%)
1-3 hours later 12 (8%) | 12-24 hours 9 (6%)
3-24 hours later 10 (7%) | 1 day 11 (8%)
More than 24 hours later 16 (11%) | 2 days 18 (12%)
It can vary 61 (42%) | 3-7 days 29 (20%)
Not sure 7 (5%) | More than 1 week 5(3%)
Not applicable 3(2%) | It canvary 65 (45%)
Not applicable 4 (3%)

# p<0.001 for onset with chi-square goodness-of-fit one-sample test if null hypothesis is equal proportions for each
category
P p<0.001 for duration with chi-square goodness-of-fit one-sample test if null hypothesis is equal proportions for

each category

https://doi.org/10.1371/journal.pone.0197811.t1002

for more than 3 days. A small percentage of subjects, 2% (N = 3) and 3% (N = 4), respectively,
selected the choice “Not Applicable” when asked about onset and time; this is surprising since
for all but one subject, the same individual, in each category, had confirmed symptom trigger
or exacerbation with exertion. A one-sample chi-square goodness-of-fit test returned a p-value
of p<0.001, suggesting that the distribution of onset and duration answers was unlikely to
occur simply based on chance.
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Onset Relative to Exertion

Fig 1. Range of PEM onset times after physical/ cognitive exertion for subjects (N = 61) with inconsistent times”. *
These subjects chose the answer “It can vary” when queried about when their PEM began relative to an exertional
trigger. Space was provided for them to write down the earliest and latest times their PEM could start. Three subjects
noted their onset times fluctuated so frequently they were unable to even give a time range.

https://doi.org/10.1371/journal.pone.0197811.g001
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Fig 2. Range of duration of PEM after physical/ cognitive activities for subjects (N = 65) endorsing inconsistent
times®. * These subjects chose the answer “It can vary” when queried about how long their PEM lasted after physical or
cognitive activities. Space was provided for them to write down the shortest and longest times their PEM could be
sustained. Five subjects did not give a specific time range.

https://doi.org/10.1371/journal.pone.0197811.g002

Discussion

This the first study to directly and systematically ask a large sample of ME/CEFS subjects about
how they experience PEM in the course of their lives. We found that a more representative
sample of study participants, including men and older patients, suffered from a similar cluster
and timeline of PEM symptoms under usual life circumstances as younger women subjected
experimentally to two bouts of maximal exercise [35,36]. Since most daily activities do not
involve maximal levels of exertion, our results provide formal evidence supporting patient nar-
ratives [38], clinician experiences, and current case definitions [19-22] which assert that even
tasks like walking, cooking, or reading can provoke PEM. Second, we documented for the first
time that emotional distress can provoke a variety of symptoms and that symptom prevalence
may differ depending on the trigger. Third, we reinforced that timing of PEM can vary both
between and within individuals and supplied specific ranges of times. Finally, we demon-
strated that a simple, close-ended questionnaire may be feasible for capturing the principle fea-
tures of PEM.

The overwhelming majority (90%) of subjects experienced PEM with physical/ cognitive
exertion and emotional upheaval. Aggravation of multiple symptoms, a median of 7 and 5,
respectively, was the rule rather than the exception. For 8 out of 11 symptoms, at least a third
of subjects encountered them under either situation (Table 1). Some symptoms are commonly
observed with physical exertion even in healthy people (e.g. muscle pain) while others are atyp-
ical (e.g. flu-like feelings, gut-related symptoms, sensory overload), neither reported by healthy
people nor people affected by other medical conditions. Because our questionnaire listed spe-
cific symptoms rather than combinations (e.g. “sore throat/ tender lymph nodes” [35]) or cate-
gories of symptoms (e.g. “autonomic” [36]), a direct comparison to Workwell’s findings is not
possible. Nevertheless, the multitude of symptoms recollected by our subjects reflect those of
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Workwell’s subjects. For example, fatigue-, pain-, and sleep-related symptoms were the top 3
categories noted by Davenport [36], analogous to the first, fourth, and fifth most common
symptoms observed by us post-exertion (fatigue, muscle pain, sleep disturbances). Other
symptom combinations they used such as “light-headedness/ vertigo” were not a part of the 11
symptoms we listed but emerged in the open-ended portion of our questionnaire.

Contrary to some sources which have intimated that patients affected by ME/CFS are reluc-
tant to admit the role of psychological or emotional factors in their illness and cling unreason-
ably to a biological cause for their condition [43-45], our clinical experience, supported by this
study’s results, is that patients readily discuss such factors when their illness experiences are
validated. Subjects experienced the same array of diverse symptoms with emotional distress as
provoked by exertion albeit at a lower rate. They also encountered symptoms such as musculo-
skeletal pain and sore throat that are usually not linked to emotional distress in healthy people
or many people affected by other conditions.

PEM onset and duration varied both between and within individuals. Table 2 shows a fairly
even distribution of answers across individuals except for the most dominant answer, “It can
vary” selected by a little over 40% of study participants. Although it may appear that only a
minority of subjects reported PEM onset 24 hours after a trigger, the number of subjects suf-
fering delayed-onset PEM is higher. Some of these subjects endorsed the “It can vary” category
instead if not every episode of their PEM was delayed by 24 hours. Combining the subjects
who consistently reported PEM onset after 24 hours (N = 16) with those who reported that
their PEM could be delayed 24 hours or more (N = 38, Fig 1) means that potentially, in up to
37% of subjects (N = 54, out of 145), PEM may not begin until a day or more after an exer-
tional trigger. This figure agrees with Van Ness et al.’s paper. Although their paper did not
elaborate on delayed onset, their Fig 1 shows that for some subjects, some symptoms did not
start until the day following the exercise test. From the limited details in their text, we were
able to calculate that muscle pain did not begin for 28% of their subjects until 24 hours had
passed [35].

Likewise, the most common answer chosen by respondents when queried about duration
was “It can vary.” At least 43% of subjects noted that their PEM regularly lasted more than 24
hours but, as with PEM initiation, this percentage may be higher given that some subjects
selected “It can vary” when some PEM bouts are shorter. When those who consistently
reported PEM duration of equal or more than 24 hours (N = 63) are combined with those
whose PEM occasionally lasts 24 hours or more (N = 60, Fig 2), 123 subjects, or up to 84%,
may sustain PEM for a day or more. Only 9% of subjects consistently reported PEM resolving
within 24 hours. PEM could last for quite extensive periods. Again, combining consistent with
occasional reports, when asked about their longest episodes of PEM, 24% (N = 35) of our sam-
ple answered they could last more than a week, up to several months.

It is not surprising that PEM time course fluctuates within individuals. The post-Fukuda
case definitions [19-22] as well as patient accounts [22, 38, 46] note that there are variations
not only between but within individuals. The threshold needed to trigger, moment of initiation
of, severity of, and time span of PEM depends on both the baseline state of individuals (e.g.
Did they sleep well the night before? Do they have a concurrent cold? How much total activity
did they engage in this week so far?) and the type, intensity, duration, and frequency of the
trigger applied. As one patient who is also a physician described it, the “safety zone” for avoid-
ing PEM “moves around” [46] and this unpredictability contributes to patients’ problems
scheduling and participating in occupational, educational, recreational, social, and personal
care activities.

Opverall, our questionnaire performed reasonably well. The number of missing responses
was low and we received few questions from study participants about survey items. Our
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symptom list appears to have covered the most common PEM symptoms as no spontaneously
volunteered symptom affected more than 8% of our subjects.

Clinical implications

Based on our data, we suggest that educational materials targeted at clinicians highlight char-
acteristics that distinguish PEM from the post-exertional or emotionally distressing experi-
ences of healthy people and people with other illnesses. First, most people may cite one or
another factor as exacerbating their symptoms but it is unlikely someone without ME/CFS will
cite physical exertion, cognitive effort, and psychological stress as causing the same or similar
constellation of symptoms. Most patients will bring up a symptom complex suspicious for
PEM linked to physical exertion. Clinicians should ask if there are any other triggers and if
none are offered, ask patients particularly about the effects of cognitive exertion and emotional
situations.

Second, the concurrence and type of symptoms aggravated are a strong clue to PEM. Post-
exertional fatigue, muscle pain, and joint aches are very common after even minor activity in
many people so mere presence of these three symptoms may not help clinicians recognize
PEM. However, other symptoms associated with PEM are either not usually linked to exertion/
emotional distress or even paradoxically improved by physical exertion in persons unaffected
by ME/CES. For example, there exists no medical condition the authors are familiar with
where exertion or emotional distress causes immune/ inflammatory-related symptoms like
sore throat, tender lymph nodes, or flu-like feelings, yet 60% and 36% of our subjects, respec-
tively, reported these symptoms with either stimuli and about a quarter experienced all 3 with
exertion. Conversely, symptoms typically associated with physical exertion in other conditions,
like shortness of breath or chest pain in chronic lung or heart disease, are rarely reported in
ME/CEFS. Furthermore, it is well-established that physical activity improves mood, sleep, and
pain in both healthy people as well those with chronic illnesses like depression or anxiety [47-
49] yet our subjects report worsened sleep, mood, and pain with physical activity. This para-
doxical effect is also demonstrated by studies which focus on the physiological aspects of ME/
CFS [25, 50, 51].

Third, PEM has an unusual time course. In many medical conditions, exertion-exacerbated
symptoms usually start during exertion or immediately after and usually resolve immediately
or shortly after exertion stops. In contrast, PEM may not start until hours or even days after
the trigger starts or has been removed, may peak after the first day, and may not stop until
hours to months later. This characteristic of PEM often leads patients and clinicians to believe
that symptom exacerbations are random rather than associated with a trigger; most people will
not intuit that symptoms are caused by a trigger that occurred hours to days prior unless spe-
cifically asked by their clinicians to pay attention.

The recent Institute of Medicine report [22] specifically underscored the urgent need to
develop simple, practical medical history, questionnaire, or physical examination items that
could be used at the bedside to quickly and accurately diagnose ME/CEFS. This triad of charac-
teristics—precipitants, number/ type of symptoms, and time course—can be applied now to help
clinicians identify PEM, and thus, assist in the diagnosis of ME/CFS. For situations where cli-
nicians are unable to elicit a clear history from a patient, they can ask the patient to keep a
short-term diary of trigger and symptom patterns to help clarify matters. Simultaneously, our
results could be combined with those of other researchers to produce formal instruments to
ascertain for the presence of PEM. Applying the Workwell Foundation’s findings [36], only
42% of our subjects qualified for their “4-symptom PEM” schema. A different set of symptoms,
perhaps accompanied by severity ratings, may be needed in order to detect PEM in more
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patients. In contrast, similar to their figures of 100% and 81% [35, 36], almost all of our sub-
jects (84%) had difficulty recovering within 24 hours. To assess validity and reliability, any
instruments generated could be tested against objective measures of PEM such as 2-day
repeated cardiopulmonary exercise testing [52-54] or against subjects who have been verified
by multiple experienced clinicians as being affected by ME/CFS.

Research implications

This study also has implications for the design, analysis, and interpretation of future studies.
Most studies of PEM have relied on a physical exertion stimulus but our results support patient
and clinician reports that other precipitants can lead to PEM. Only a few studies have used
cognitive, orthostatic, or psychological triggers [25, 55, 56]. Future studies should continue to
explore the effects of other precipitants. Researchers need to expand outcome measures
beyond only pain and fatigue and, when screening subjects for PEM, not merely ask if poten-
tial subjects have “PEM” but inquire about post-exertional symptoms in more detail. When
researchers focus on only one or two symptoms, instead of multiple symptoms, and concen-
trate on very common symptoms seen even in non-ME/CFS subjects, there is no clear assur-
ance they are studying the phenomenon of PEM as reported by clinicians, patients, the
Workwell Foundation, or our study.

Most researchers have logically chosen to evaluate symptoms expected to be elicited by
their selected precipitant, e.g. studying physical fatigue after a bout of exercise or problems
thinking after a mentally-fatiguing neuropsychological battery. Our survey results indicate it
may be worthwhile to consider symptoms outside of those anticipated. For example, scientists
could inquire about immune/ inflammatory symptoms and/or measure blood-borne markers
of inflammation after subjecting study participants to a cognitively-challenging task like driv-
ing [25]. Moreover, researchers should examine the understudied symptoms of PEM like
mood-, gut-, immune/ inflammatory-related, or other neurologically-related symptoms like
sensory overload. These symptoms are acknowledged in the post-Fukuda case definitions but
very little research has been carried out on them. The pathophysiology of PEM would be much
advanced by investigating what underlying physiological factors could lead to such a constella-
tion of heterogeneous symptoms.

Finally, researchers need to heed the unusual time course of PEM and its variability among
and within patients. Our study participants explained that type, intensity, frequency, and dura-
tion of PEM-inducing stimuli can unpredictably influence the expression and timeline of
PEM. In some circumstances, PEM may even last for weeks or months. Therefore, studies
need to be extended past a few days and, ideally, timing of outcome measures, whether subjec-
tive questionnaires or objective testing, should be adjusted to fit individual subjects’ chronol-
ogy of PEM. Otherwise, researchers may miss crucial moments like the beginning, peak, or
end of PEM, where differences between subjects and controls might be unmasked and/or
heightened. Delayed initiation of PEM relative to a precipitant is especially peculiar and paying
closer attention to this characteristic may yield vital clues to the mechanisms behind PEM. If
scientists must measure outcomes at fixed times, they can at least ask subjects to tell them
where those times fall within the trajectory of their PEM.

Limitations

Weaknesses of this study include possible responder bias, a less detailed PEM questionnaire
than ideal, and limited generalizability. During the recruitment process, we screened subjects
using the Fukuda criteria. Although subjects did not have to have PEM to qualify for the study,
99% of subjects responded affirmatively when asked if they had PEM. Thus, despite our efforts
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to obtain an unbiased picture of PEM without evoking existing definitions or accounts of PEM,
some subjects’ reports of PEM might have been unduly influenced by what they had read or
heard previously. In the future, this might be remedied by prospectively interviewing patients at
risk for ME/CFS, e.g. soon after an episode of Epstein-Barr infectious mononucleosis, before
they have heard of or have become familiar with the term PEM, rather than retrospectively.

Secondly, since this survey was one section of a much longer patient survey, we restricted
the number and complexity of survey items. For example, we did not separate physical exer-
tion from cognitive exertion, did not include other types of stressors (e.g. orthostatic), did not
inquire about the intensity of stressors, and did not ask specifically when PEM started and
when it ended with emotional distress. Jason’s group has suggested that inquiring about the
quality or type of post-exertional fatigue [57] and the frequency and intensity of symptoms
might help distinguish ME/CEFS [58]. For the choices “It can vary”, we could have further stan-
dardized this item by asking subjects to choose from a pre-defined range of times rather than
having them write in answers and then classifying them post-hoc into categories. Time catego-
ries given could be made more distinct, e.g. subjects might be confused by categories such as
“1 day” versus “12-24 hours” which overlap. Lastly, the small number of subject answering
“Not Applicable” to our time items despite endorsing PEM might be due to the answer choices
given, e.g. if a subject’s PEM consistently lasted less than 1 hour, there was no specific choice
corresponding to this situation. These are details we will consider for future studies.

Thirdly, since, at most, only 15% of afflicted patients are estimated to have been diagnosed
by their attending physician, to assure that an adequate number of subjects were recruited, we
drew subjects not only from Stanford University’s ME/CFS specialty clinic but also from the
clinic’s waiting list, local support groups, and community announcements. Despite these
efforts, our sample population was dominated by self-identified Caucasian (95% of subjects),
middle-aged, women. This is also true of most ME/CFS studies [22] and may reflect not just
the biology of ME/CEFS (studies consistently show women are affected at 2-3 times the rate of
men) but also broader socio-economic, gender-related, and even clinician-based trends associ-
ated with healthcare access, healthcare seeking, and diagnostic biases. Consequently, our find-
ings may not be as generalizable to groups such as children, men, ethnic minorities, or the
poor who are also affected by ME/CES.

Conclusion

The major strengths of this study lie in its methodical, patient-centered exploration of PEM in
a large sample of subjects affected by ME/CFS. Definitions of PEM have been constructed pre-
dominantly from anecdotal reports by clinicians and patients supplemented with valuable but
incomplete, inadvertently biased, and/or limited studies. Our study provides exact symptom
and time patterns for PEM that is generated in the course of patients’ lives. We supply formal
evidence that PEM linked with likely submaximal physical/ cognitive activity shows similar
symptoms and time patterns as that preceded by experimentally-administered maximal physi-
cal activity. This discovery is important as it supports the daily struggles patients face due to
their ME/CEFS. Our findings may be used by clinicians to diagnose ME/CFS and by researchers
to design more comprehensive studies of PEM. Early, accurate diagnosis of ME/CFS and a
thorough understanding of PEM will hopefully accelerate progress toward effective disease-
modifying treatments for ME/CEFS, none of which exist at the moment.

Supporting information

S1 File. Survey items and responses.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0197811 June 1, 2018 14/18


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0197811.s001
https://doi.org/10.1371/journal.pone.0197811

@° PLOS | ONE

Post-exertional malaise in ME/CFS

S1 Table. Survey non-responder versus responder answers to items assessed during study
recruitment.
(DOCX)

Acknowledgments

We would like to acknowledge the precious time and energy our subjects put forth into com-
pleting the survey. For some subjects, the cognitive effort might have exacerbated their ME/
CFS symptoms so we are grateful for their sacrifice in helping advance understanding of this
medical condition. Jane L. Norris, PA-C, played an instrumental role in the recruitment and
implementation phases of this study; she also helped edit the first draft of this manuscript.
Also, we want to thank Manisha Desai, PhD, and Kristopher Kapphahn, MS, of the Quantita-
tive Sciences Unit, Stanford University School of Medicine, for their partial analysis of survey
responders versus non-responders.

Author Contributions

Conceptualization: Lily Chu, Jose G. Montoya.

Data curation: Ian J. Valencia.

Formal analysis: Lily Chu, Donn W. Garvert, Jose G. Montoya.
Funding acquisition: Jose G. Montoya.

Investigation: Lily Chu, Ian J. Valencia, Jose G. Montoya.
Methodology: Lily Chu, Jose G. Montoya.

Project administration: Ian J. Valencia, Jose G. Montoya.
Resources: Jose G. Montoya.

Supervision: Jose G. Montoya.

Writing - original draft: Lily Chu, Jose G. Montoya.

Writing - review & editing: Lily Chu, Ian J. Valencia, Jose G. Montoya.

References

1. American Autoimmune Related Diseases Association and National Coalition of Autoimmune Patient
Groups. The cost burden of autoimmune disease: the latest front in the war on healthcare spending.
Diabetes Education Services. 2011. Available from: http://www.diabetesed.net/page/_files/
autoimmune-diseases.pdf.

2. Jason LA, Taylor RR, Kennedy CL, Song S, Johnson D, Torres S. Chronic fatigue syndrome: Occupa-
tion, medical utilization, and subtypes in a community-based sample. J. Nerv Ment Dis. 2000; 188:568—
576. PMID: 11009329

3. Chul, WallD. A profile of ME/CFS patients—How many years and how many doctors? Prohealth.
2008. Available from: http://www.prohealth.com/library/showarticle.cfm?libid = 13672.

4. Brimmer DJ, Fridinger F, Lin JMS, Reeves WC. US healthcare providers’ knowledge, attitudes, beliefs,
and perceptions concerning Chronic Fatigue Syndrome. BMC Fam Pract. 2010; 11:28. https://doi.org/
10.1186/1471-2296-11-28 PMID: 20406491

5. Chew-Graham C, Dowrick C, Wearden A, Richardson V, Peters S. Making the diagnosis of Chronic
Fatigue Syndrome/Myalgic Encephalitis in primary care: a qualitative study. BMC Fam Pract. 2010;
11:16 https://doi.org/10.1186/1471-2296-11-16 PMID: 20178588

6. BowenJ, Pheby D, Charlett A, McNulty C. Chronic fatigue syndrome: a survey of GPs’ attitudes and
knowledge. Fam Pract. 2005; 22:389-93. https://doi.org/10.1093/fampra/cmi019 PMID: 15805128

PLOS ONE | https://doi.org/10.1371/journal.pone.0197811 June 1, 2018 15/18


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0197811.s002
http://www.diabetesed.net/page/_files/autoimmune-diseases.pdf
http://www.diabetesed.net/page/_files/autoimmune-diseases.pdf
http://www.ncbi.nlm.nih.gov/pubmed/11009329
http://www.prohealth.com/library/showarticle.cfm?libid
https://doi.org/10.1186/1471-2296-11-28
https://doi.org/10.1186/1471-2296-11-28
http://www.ncbi.nlm.nih.gov/pubmed/20406491
https://doi.org/10.1186/1471-2296-11-16
http://www.ncbi.nlm.nih.gov/pubmed/20178588
https://doi.org/10.1093/fampra/cmi019
http://www.ncbi.nlm.nih.gov/pubmed/15805128
https://doi.org/10.1371/journal.pone.0197811

@° PLOS | ONE

Post-exertional malaise in ME/CFS

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

Fukuda K, Straus SE, Hickie I, Sharpe MC, Dobbins JG, Komaroff A. The chronic fatigue syndrome: a
comprehensive approach to its definition and study. International Chronic Fatigue Syndrome Study
Group. Ann Intern Med. 1994; 121:953-9 PMID: 7978722

King CP. The development of a diagnostic screening instrument for chronic fatigue syndrome. Ph.D.
thesis, DePaul University. 2001. Available from: http://d.scholar.cnki.net/Detail/PQDT_U/
PQDT200103076217.

Reeves WC, Lloyd A, Vernon SD, Klimas NK, Jason LA, Bleijenberg G, et al. Identification of ambigui-
ties in the 1994 chronic fatigue syndrome research case definition and recommendations for resolution.
BMC Health Serv Res. 2003; 3:25. https://doi.org/10.1186/1472-6963-3-25 PMID: 14702202

Oxford University Press. English Oxford Living Dictionaries. 2016. Available from: http://www.
oxforddictionaries.com/us/definition/american_english/malaise.

Doucleff M. For people with chronic fatigue syndrome, more exercise isn’t better. National Public
Radio. 2 Oct 2017. Available from: https://www.npr.org/sections/health-shots/2017/10/02/554369327/
for-people-with-chronic-fatigue-syndrome-more-exercise-isnt-better. Cited 7 Jan 2018.

US Centers for Disease Control and Prevention. Chronic fatigue Syndrome: Symptoms. US Centers
for Disease Control and Prevention. 2012. Available from: https://web.archive.org/web/
20160604022724/http://www.cdc.gov/cfs/symptoms/.

Wagner D, Nisenbaum R, Heim C, Jones JF, Unger ER, Reeves WC. Psychometric properties of the
CDC Symptom Inventory for assessment of chronic fatigue syndrome. Population Health Metrics. 2005;
3:8. https://doi.org/10.1186/1478-7954-3-8 PMID: 16042777

Hall DL, Lattie EG, Antoni MH, Fletcher MA, Czaja S, Perdomo D, et al. Stress management skills, corti-
sol awakening response and post-exertional malaise in chronic fatigue syndrome. Psychoneuroendocri-
nology. 2014; 49:26-31. https://doi.org/10.1016/].psyneuen.2014.06.021 PMID: 25049069

White P, Goldsmith K, Johnson AL, Potts L, Walwyn R, DeCeasare JC, et al. Comparison of adaptive
pacing therapy, cognitive behaviour therapy, graded exercise therapy, and specialist medical care for
chronic fatigue syndrome (PACE): a randomised trial. Lancet. 2011; 377:823-836. https://doi.org/10.
1016/S0140-6736(11)60096-2 PMID: 21334061

Jason LA, Torres-Harding S, Friedberg F, Corradi K, Njoku MG, Donalek J, et al. Non-pharmacologic
interventions for CFS: a randomized trial. J Clin Psychol Med Settings. 2007; 14: 275. https://doi.org/
10.1007/s10880-007-9090-7

Jason LA, Evans M, So S, Scott J, Brown A. Problems in defining post-exertional malaise. J Prev Interv
Community. 2015; 43:20-31. https://doi.org/10.1080/10852352.2014.973239 PMID: 25584525

Ramsey, M. Clinical features of myalgic encephalomyelitis, 1986. The ME and CFS Information Page.
Date published unknown. Available from: http://www.cfids-me.org/ramsay86.html.

Carruthers BM, Jain AK, De Meirleir KL, Peterson DL, Klimas NG, Lerner AM, et al. Myalgic encephalo-
myelitis/chronic fatigue syndrome: clinical working case definition, diagnostic and treatment protocols.
Journal of chronic fatigue syndrome. 2003; 11:7-115.

Jason LA, Evans M, Porter N, Brown M, Brown A, Hunnell J, et al. The development of a revised Cana-
dian myalgic encephalomyelitis chronic fatigue syndrome case definition. Am J Biochem Biotech. 2010;
6:120-135.

Carruthers BM, van de Sande MI, De Meirleir KL, Klimas NG, Broderick G, Mitchell T, et al. Myalgic
encephalomyelitis: International Consensus Criteria. Journal of Internal Medicine. 2011; 270:327-338.
https://doi.org/10.1111/j.1365-2796.2011.02428.x PMID: 21777306

Committee on the Diagnostic Criteria for Myalgic Encephalomyelitis/ Chronic Fatigue Syndrome.
Beyond myalgic encephalomyelitis/ chronic fatigue syndrome: Redefining an lliness. The National
Academies Press. 2015. Available from: https://www.nap.edu/read/19012/chapter/1.

Haywood KL, Staniszewska S, Chapman S. Quality and acceptability of patient-reported outcome mea-
sures used in chronic fatigue syndrome/myalgic encephalomyelitis (CFS/ME): a systematic review.
Qual Life Res. 2012; 21:35-52. https://doi.org/10.1007/s11136-011-9921-8 PMID: 21590511

Center for Drug Evaluation and Research. The voice of the patient: myalgic encephalomyelitis and
chronic fatigue syndrome. 2013. US Food and Drug Administration. Available from: http://www.fda.gov/
downloads/Forlndustry/UserFees/PrescriptionDrugUserFee/UCM368806.pdf.

Keech A, Sandler CX, Vollmer-Conna U, Cvegic E, Lloyd AR, Barry BK. Capturing the post-exertional
exacerbation of fatigue following physical and cognitive challenge in patients with chronic fatigue syn-
drome. J Psychosom Res. 2015; 79:537—49. https://doi.org/10.1016/j.jpsychores.2015.08.008 PMID:
26359713

Bazelmans E, Bleijenberg G, Voeten MJ, van der Meer JW, Foldering H. Impact of a maximal exercise
test on symptoms and activity in chronic fatigue syndrome. J Psychosom Res. 2005 Oct; 59(4):201-8.
https://doi.org/10.1016/j.jpsychores.2005.04.003 PMID: 16223622

PLOS ONE | https://doi.org/10.1371/journal.pone.0197811 June 1, 2018 16/18


http://www.ncbi.nlm.nih.gov/pubmed/7978722
http://d.scholar.cnki.net/Detail/PQDT_U/PQDT200103076217
http://d.scholar.cnki.net/Detail/PQDT_U/PQDT200103076217
https://doi.org/10.1186/1472-6963-3-25
http://www.ncbi.nlm.nih.gov/pubmed/14702202
http://www.oxforddictionaries.com/us/definition/american_english/malaise
http://www.oxforddictionaries.com/us/definition/american_english/malaise
https://www.npr.org/sections/health-shots/2017/10/02/554369327/for-people-with-chronic-fatigue-syndrome-more-exercise-isnt-better
https://www.npr.org/sections/health-shots/2017/10/02/554369327/for-people-with-chronic-fatigue-syndrome-more-exercise-isnt-better
https://web.archive.org/web/20160604022724/http://www.cdc.gov/cfs/symptoms/
https://web.archive.org/web/20160604022724/http://www.cdc.gov/cfs/symptoms/
https://doi.org/10.1186/1478-7954-3-8
http://www.ncbi.nlm.nih.gov/pubmed/16042777
https://doi.org/10.1016/j.psyneuen.2014.06.021
http://www.ncbi.nlm.nih.gov/pubmed/25049069
https://doi.org/10.1016/S0140-6736(11)60096-2
https://doi.org/10.1016/S0140-6736(11)60096-2
http://www.ncbi.nlm.nih.gov/pubmed/21334061
https://doi.org/10.1007/s10880-007-9090-7
https://doi.org/10.1007/s10880-007-9090-7
https://doi.org/10.1080/10852352.2014.973239
http://www.ncbi.nlm.nih.gov/pubmed/25584525
http://www.cfids-me.org/ramsay86.html
https://doi.org/10.1111/j.1365-2796.2011.02428.x
http://www.ncbi.nlm.nih.gov/pubmed/21777306
https://www.nap.edu/read/19012/chapter/1
https://doi.org/10.1007/s11136-011-9921-8
http://www.ncbi.nlm.nih.gov/pubmed/21590511
http://www.fda.gov/downloads/ForIndustry/UserFees/PrescriptionDrugUserFee/UCM368806.pdf
http://www.fda.gov/downloads/ForIndustry/UserFees/PrescriptionDrugUserFee/UCM368806.pdf
https://doi.org/10.1016/j.jpsychores.2015.08.008
http://www.ncbi.nlm.nih.gov/pubmed/26359713
https://doi.org/10.1016/j.jpsychores.2005.04.003
http://www.ncbi.nlm.nih.gov/pubmed/16223622
https://doi.org/10.1371/journal.pone.0197811

@° PLOS | ONE

Post-exertional malaise in ME/CFS

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

Nijs J, Almond F, De Becker P, Truijen S, Paul L. Can exercise limits prevent post-exertional malaise in
chronic fatigue syndrome? An uncontrolled clinical trial. Clin Rehabil. 2008; 22:426-35. https://doi.org/
10.1177/0269215507084410 PMID: 18441039

White AT, Light AR, Hughen RW, Bateman L, Martins TB, Hill HR. Severity of symptom flare after mod-
erate exercise is linked to cytokine activity in chronic fatigue syndrome. Psychophysiology. 2010;
47:615-24. https://doi.org/10.1111/j.1469-8986.2010.00978.x PMID: 20230500

Cockshell SJ, Mathias JL. Cognitive functioning in people with chronic fatigue syndrome: a comparison
between subjective and objective measures. Neuropsychology. 2014; 28:394—405. https://doi.org/10.
1037/neu0000025 PMID: 24364389

Togo F, Natelson BH, Cherniak NS, Klapholz M, Rapoport DM, Cook DB. Sleep is not disrupted by
exercise in patients with chronic fatigue syndromes. Medicine & Science in Sports & Exercise 2010;
42:16-22.

Chu L. Patient Survey Results for FDA Drug Development Meeting for ME and CFS. International Asso-
ciation for Chronic Fatigue Syndrome/ Myalgic Encephalomyelitis. 2013. Available from: http://iacfsme.
org/portals/0/pdf/FDA_Survey_Results_Word_Version_July2013%20_2_.pdf.

Light AR, White AT, Hughen RW, Light KC. Moderate exercise increases expression for sensory,
adrenergic and immune genes in chronic fatigue syndrome patients, but not in normal subjects. The
journal of pain: official journal of the American Pain Society. 2009; 10:1099-1112.

Nijs J, Van Oosterwijck J, Meeus M, Lambrecht L, Metzger K, Fremont M. Unravelling the nature of
postexertional malaise in myalgic encephalomyelitis/chronic fatigue syndrome: the role of elastase,
complement C4a and interleukin-1beta. J Intern Med. 2010; 267:418-35. https://doi.org/10.1111/j.
1365-2796.2009.02178.x PMID: 20433584

Black CD, McCully KK. Time course of exercise induced alterations in daily activity in chronic fatigue
syndrome. Dynamic medicine. 2005; 4:10. https://doi.org/10.1186/1476-5918-4-10 PMID: 16255779

Van Ness JM, Stevens SR, Bateman L, Stiles TR, Snell CR. Postexertional malaise in women with
chronic fatigue syndrome. J Womens Health. 2010; 19:239-44.

Davenport TE, Stevens SR, Baroni K, Van Ness JM, Snell CR. Diagnostic accuracy of symptoms char-
acterising chronic fatigue syndrome. Disabil Rehabil. 2011; 33:1768-75. https://doi.org/10.3109/
09638288.2010.546936 PMID: 21208154

Jason LA, Richman JA, Rademaker AW, Jordan KM, Plioplys AV, Taylor RR, et al. Community-Based
study of chronic fatigue syndrome. Arch Intern Med. 1999; 159: 2129-2137. hitps://doi.org/10.1001/
archinte.159.18.2129 PMID: 10527290

Spotila JM. Unravelling post-exertional malaise. Solve CFS. 2012. Available from: http://solvecfs.org/
unraveling-post-exertional-malaise/.

Smets EM, Garssen B, Bonke B, De Haes JC. The Multidimensional Fatigue Inventory (MFI) psycho-
metric qualities of an instrument to assess fatigue. J Psychosom Res. 1995; 39:315-25. PMID:
7636775

Krupp LB, LaRocca NG, Muir-Nash J, Steinberg AD. The Fatigue Severity Scale application to patients
with multiple sclerosis and systemic lupus erythematosus. Arch Neurol. 1989; 46:1121-1123. PMID:
2803071

Freeman GH, Halton JH. Note on exact treatment of contingency, goodness of fit and other problems of
significance. Biometrika. 1951; 38:141-149. PMID: 14848119

Fagerland MW, Lydersen S, Laake P. The McNemar test for binary matched-pairs data: mid-p and
asymptotic are better than exact conditional. BMC Med Res Methodol. 2013; 13: 13:91.

Schubiner H. Explaining the unexplainable: chronic fatigue syndrome. 2016 June 3 [cited 2017 January
15]. In: Psychology Today. Unlearning Pain [Internet]. New York: Sussex Publishers, LLC, c2002-.
[about 1 screen]. Available from: https://www.psychologytoday.com/blog/unlearn-your-pain/201606/
explaining-the-unexplainable-chronic-fatigue-syndrome

Wood B, Wessely S. Personality and social attitudes in chronic fatigue syndrome. J Psychosom Res.
1999; 47:385-97. PMID: 10616232

Bentall RP, Powell P, Nye FJ, Edwards RH. Predictors of response to treatment for chronic fatigue syn-
drome. Br J Psychiatry. 2002; 181:248-52. PMID: 12204931

Baldwin L. Post-exertional debility is an important symptom during myalgic encephalomyelitis. Solve
CFS. 2014. Available from: http://solvecfs.org/guest-post-dr-larry-baldwin-on-post-exertional-debility-
in-mecfs/.

Passos GS, Poyares DLR, Santana MG, Tufik S, de Mello MT. Is exercise an alternative treatment for
chronic insomnia? Clinics. 2012; 67:653-659. https://doi.org/10.6061/clinics/2012(06)17 PMID:
22760906

PLOS ONE | https://doi.org/10.1371/journal.pone.0197811 June 1, 2018 17/18


https://doi.org/10.1177/0269215507084410
https://doi.org/10.1177/0269215507084410
http://www.ncbi.nlm.nih.gov/pubmed/18441039
https://doi.org/10.1111/j.1469-8986.2010.00978.x
http://www.ncbi.nlm.nih.gov/pubmed/20230500
https://doi.org/10.1037/neu0000025
https://doi.org/10.1037/neu0000025
http://www.ncbi.nlm.nih.gov/pubmed/24364389
http://iacfsme.org/portals/0/pdf/FDA_Survey_Results_Word_Version_July2013%20_2_.pdf
http://iacfsme.org/portals/0/pdf/FDA_Survey_Results_Word_Version_July2013%20_2_.pdf
https://doi.org/10.1111/j.1365-2796.2009.02178.x
https://doi.org/10.1111/j.1365-2796.2009.02178.x
http://www.ncbi.nlm.nih.gov/pubmed/20433584
https://doi.org/10.1186/1476-5918-4-10
http://www.ncbi.nlm.nih.gov/pubmed/16255779
https://doi.org/10.3109/09638288.2010.546936
https://doi.org/10.3109/09638288.2010.546936
http://www.ncbi.nlm.nih.gov/pubmed/21208154
https://doi.org/10.1001/archinte.159.18.2129
https://doi.org/10.1001/archinte.159.18.2129
http://www.ncbi.nlm.nih.gov/pubmed/10527290
http://solvecfs.org/unraveling-post-exertional-malaise/
http://solvecfs.org/unraveling-post-exertional-malaise/
http://www.ncbi.nlm.nih.gov/pubmed/7636775
http://www.ncbi.nlm.nih.gov/pubmed/2803071
http://www.ncbi.nlm.nih.gov/pubmed/14848119
https://www.psychologytoday.com/blog/unlearn-your-pain/201606/explaining-the-unexplainable-chronic-fatigue-syndrome
https://www.psychologytoday.com/blog/unlearn-your-pain/201606/explaining-the-unexplainable-chronic-fatigue-syndrome
http://www.ncbi.nlm.nih.gov/pubmed/10616232
http://www.ncbi.nlm.nih.gov/pubmed/12204931
http://solvecfs.org/guest-post-dr-larry-baldwin-on-post-exertional-debility-in-mecfs/
http://solvecfs.org/guest-post-dr-larry-baldwin-on-post-exertional-debility-in-mecfs/
https://doi.org/10.6061/clinics/2012(06)17
http://www.ncbi.nlm.nih.gov/pubmed/22760906
https://doi.org/10.1371/journal.pone.0197811

@° PLOS | ONE

Post-exertional malaise in ME/CFS

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Naugle KM, Fillingim RB, Riley JL 3rd. A meta-analytic review of the hypoalgesic effects of exercise. J
Pain. 2012; 13:1139-50. https://doi.org/10.1016/j.jpain.2012.09.006 PMID: 23141188

Knapen J, Vancampfort D. Evidence for exercise therapy in the treatment of depression and anxiety.
International Journal of Psychosocial Rehabilitation. 2013; 17: 75-87.

Arroll MA, Attree EA, O’Leary JM, Dancey CP. The delayed fatigue effect in myalgic encephalomyelitis/
chronic fatigue syndrome (ME/CFS). Fatigue: Biomedicine, Health & Behavior. 2014; 2:57-63.

Van Oosterwijck J, Nijs J, Meeus M, Lefever |, Huybrechts L, Lambrecht L, et al. Pain inhibition and
postexertional malaise in myalgic encephalomyelitis/chronic fatigue syndrome: An experimental study.
J Int Med. 2010; 268:265-278.

Snell CR, Stevens SR, Davenport TE, Van Ness JM. Discriminative validity of metabolic and workload
measurements for identifying people with chronic fatigue syndrome. Phys Ther. 2013; 93:1484—-92.
https://doi.org/10.2522/ptj.20110368 PMID: 23813081

Vermeulen RC, Kurk RM, Visser FC, Sluiter W, Scholte HR. Patients with chronic fatigue syndrome per-
formed worse than controls in a controlled repeated exercise study despite a normal oxidative phos-
phorylation capacity. J Transl Med. 2010; 8:93. https://doi.org/10.1186/1479-5876-8-93 PMID:
20937116

Keller BA, Pryor JL, Giloteaux L. Inability of myalgic encephalomyelitis/chronic fatigue syndrome
patients to reproduce VO,peak indicates functional impairment. J Transl Med. 2014; 12:104. https:/
doi.org/10.1186/1479-5876-12-104 PMID: 24755065

Ocon AJ, Messer ZR, Medow MS, Stewart JM. Increasing orthostatic stress impairs neurocognitive
functioning in chronic fatigue syndrome with postural tachycardia syndrome. Clin Sci (Lond). 2012;
122:227-38.

Gaab J, Rohleder N, Heitz V, Schad T, Engert V, Schirmeyer TH, et al. Enhanced glucocorticoid sensi-
tivity in patients with chronic fatigue syndrome. Acta Neuropsychiatr. 2003; 15:184-91. https://doi.org/
10.1034/1.1601-5215.2003.00033.x PMID: 26983566

Jason LA, Boulton A, Porter NS, Jessen T, Njoku MG. Classification of Myalgic Encephalomyelitis/
Chronic Fatigue Syndrome by Types of Fatigue. Behavioral medicine (Washington, DC). 2010; 36:24—
31.

Jason LA, Sunnquist M, Brown A, et al. Examining case definition criteria for chronic fatigue syndrome
and myalgic encephalomyelitis. Fatigue: Biomedicine, Health & Behavior. 2014; 2(1):40-56.

PLOS ONE | https://doi.org/10.1371/journal.pone.0197811 June 1, 2018 18/18


https://doi.org/10.1016/j.jpain.2012.09.006
http://www.ncbi.nlm.nih.gov/pubmed/23141188
https://doi.org/10.2522/ptj.20110368
http://www.ncbi.nlm.nih.gov/pubmed/23813081
https://doi.org/10.1186/1479-5876-8-93
http://www.ncbi.nlm.nih.gov/pubmed/20937116
https://doi.org/10.1186/1479-5876-12-104
https://doi.org/10.1186/1479-5876-12-104
http://www.ncbi.nlm.nih.gov/pubmed/24755065
https://doi.org/10.1034/j.1601-5215.2003.00033.x
https://doi.org/10.1034/j.1601-5215.2003.00033.x
http://www.ncbi.nlm.nih.gov/pubmed/26983566
https://doi.org/10.1371/journal.pone.0197811

