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Preface

ME/CEFS - The Severely and Very Severely Affected

ME/CEFS — The Severely and Very Severely Affected is the first themed, medical journal Special
Issue created to specifically focus on the research and patient management strategies available to
homebound (severely ill) and bedbound (very severely ill) ME/CFS patients. Here, it is available
as a monograph. Of the scant resources that have been devoted to and developed for the totality
of ME/CEFS patients, the majority have been focused on mildly to moderately ill patients. These
patients are able to present themselves in the offices of their healthcare providers or to a medical
facility to receive care. But what of patients who are not ambulatory, or those for whom travel outside
of a limited perimeter will result in an increased severity of disease, or be life threatening? How
should care for these patients be provided? With an estimated 1.7 to 3.38 million Americans suffering
with ME/CFS ,; over 65 million patients estimated worldwide,, and an estimated one in four of
these patients being severely ill,3 it is not appropriate to ignore the clinical needs of these patients
nor neglect the need for both medical and clinical research on their exacerbated pathology. The
conception and inception of ME/CFS — The Severely and Very Severely Affected preceded the COVID-19
pandemic, and more importantly, preceded the consequence of this pandemic: long-haul COVID or
PASC. Nevertheless, in view of the similarities now being described between ME/CFS and long-haul
COVID, it is reasonable to expect that a yet-to-be-undetermined number of long-haul COVID patients
will become homebound and bedbound with an illness or illnesses not unlike severe and very severe
ME/CFS. Thus, while it was not our intent to illuminate or forecast the long-term and perhaps
life-long deficits produced by the COVID-19 virus, our Special Issue suggests a path forward in terms
of research and providing care for those severely and very severely affected by long-haul COVID.
ME/CES — The Severely and Very Severely Affected offers methodological insights to researchers, patients,
and clinicians alike, who will be confronted with a similar disease scenario; it has therefore taken on
additional importance. In a monograph format, it serves as a resource for healthcare providers and
patients alike.

Proposing and initiating ME/CFS — The Severely and Very Severely Affected defied conventional
wisdom. Searching PubMed for papers using the terms [ME/CFS], or [Chronic Fatigue Syndrome],
or [Myalgic Encephalomyelitis] and [very severely] ill retrieved no articles in the literature prior to
our Special Issue. Searching PubMed for papers using the words [ME/CFS,] or [Chronic Fatigue
Syndrome], or [Myalgic Encephalomyelitis] and [severely ill] yielded 12 papers in the literature prior
to our Special Issue. With such scant literature on the subject and scant federal support for research
on this group of patients, and with so few clinicians able to find a viable mechanism of supporting
themselves while providing care for these patients, was it reasonable to attempt to establish a Special
Issue devoted to these patients? In retrospect, the answer is a resounding “yes,” as evidenced by the
number of papers contained in this monograph. Herein are 25 articles, previously published in our
peer-reviewed, PubMed indexed, journal Special Issue. The articles have been placed into categories
and briefly described in the monograph’s Summary.

This monograph contains two added audiovisual links (shown as the appendix): (1) Per author
Whitney Dafoe’s request, we provide a link and a QR code leading to to the audio recording of his
manuscript. Thus, patients who are severely ill or otherwise unable to read his article may listen to
it. (2) We are also providing a link to pre-existing videos that serve as an audio-visual summary of
living life as a severely ill ME/CFS patient. Words alone cannot convey the impact of this illness.
Videos convey not only the extent of debilitation, but also the emotional toll.

The Guest Editors wish to thank all contributing authors and the journal for having the courage
to support our enterprise despite its uncertainties. With the anticipated population of long-haul
COVID patients far exceeding the ME/CFS population worldwide, our hope is that this monograph,
with its diversity of content addressing the severely and very severely ill, will serve as a guide to the

xi



path forward for patients, caregivers, governments, and the public at large.
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Abstract: A personal account from an Extremely Severe Bedridden ME/CFS patient about the
experience of living with extremely severe ME/CES. Illness progression, medical history, description
of various aspects of extremely severe ME/CFS and various essays on specific experiences are
included.

Keywords: ME/CFS; extremely severe ME/CFS; severe ME/CFS; myalgic encephalomyelitis; chronic
fatigue syndrome; personal account

1. Biography

Whitney Dafoe (see Figure 1) studied photography at Bennington College and The
San Francisco Art Institute. His award-winning work in photography and film has been
published and exhibited worldwide. Whitney first got ME/CFS at age 21, which made
his education and photographic pursuits much more challenging and his ultimate goal of
being a war and documentary photographer impossible. His condition worsened in 2009,
going from mild to moderate ME/CEFS. It then quickly deteriorated into severe ME/CFS in
2012. In 2014, it worsened again into extremely severe ME/CFS. In April of 2020, Whitney
saw an improvement, back to severe ME/CFS, from the drug Abilify and, although still
bedridden, is able to write for a limited time most days.

Figure 1. Whitney Dafoe Before Severe ME/CFS.

2. Introduction to ME/CFS

T'have been struggling with health problems since 2004, when I was 21. Every time
I traveled, my health seemed to plummet. However, I have always been inspired and
dedicated and never thought I'd wind up where I am now. Therefore, I kept going, kept
pushing myself to do everything I wanted to do. A trip to India in 2006 (See Figure 2)
made the illness much worse. From 20092012, ME/CFS progressed to a moderate state. I

Healthcare 2021, 9, 504. https:/ /doi.org/10.3390/healthcare9050504
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started a wedding photography business in 2009 when I realized I could no longer hold
a full-time job, thinking that it was a blessing in disguise because, once I got my health
back, I would be making money doing something I loved. After a year, things were looking
really good business wise, but it took me longer and longer to recover from the intense
physical requirements of shooting a wedding. In 2010, when I couldn’t recover in a week
in order to shoot the next wedding, I decided I had to give it up and move back in with
my parents, both heartbreaking decisions because of what they represented. For the next
2 years, I was bedridden much of the time, with my health and mobility slowly decreasing.
In 2012 I was forced to rest in bed most of the day, saving up energy for little bits of projects,
or working on some photographs for a half hour, or an hour on a good day.

Figure 2. Himalayas.

After seeing countless doctors and specialists in every area of medicine I could find
for 8 years, since I was 21, having blood drawn over and over again and literally hun-
dreds of tests done, I was finally diagnosed with Chronic Fatigue Syndrome/Myalgic
Encephalomyelitis by Dr. Andy Kogelnik at the Open Medicine Institute in Mountain View
CA. As you know, there is no cure.

The Symptoms of Chronic Fatigue Syndrome (CFS), or Myalgic Encephalomyelitis
(ME), vary from patient to patient [1]. The most fundamental symptom is debilitating
fatigue that worsens after physical or mental exertion. However, fatigue is much too mild
a word. I like to compare the state I was in in 2012 to staying up for two nights in a row
while fasting, then getting drunk. The state you would be in on the third day—hung over,
not having slept or eaten in 3 days—is close, but still better than many ME/CEFS patients
feel every day. “Total body shut down” would be a better phrase, because you are at a
point where your body physically does not have the energy to keep going.

3. From Moderate to Severe

ME/CFS began for me in 2004, when I was 21 [2]. I was in a mild state for 5 years,
with my main symptom being lightheadedness that worsened after cardiovascular exercise
or came back after periods of remission after cardiovascular exercise.

While in India, I experienced a strange cold that never really took hold, but remained
at about 20% for 2 weeks. This had never happened to me before. About 4 months later,
one night I suddenly started feeling queasy and nauseous and had mild diarrhea once.
This was followed by immediate exhaustion. I suddenly, overnight, developed severe
ME/CEFS. I slowly recovered from the symptoms to about 60% health, and then would get
mild diarrhea (once) again and it would come back immediately, in full swing, and I would
be in bed, unable to eat anything but liquified white rice soup.

After battling this for about 3 months, I finally wound up with pneumonia in a hospital
in Calcutta, India and decided I had to come home. Upon arriving home, I immediately
started getting better, and the ups and downs of getting worse-then-better stopped. I
slowly recovered to about 80% of my former health. I still could not do cardiovascular
exercise, or I would risk the lightheadedness coming back.

I then learned of a doctor from a close friend of mine, who he claimed was a sort of
miracle worker and had often cured undiagnosed illnesses in people before. In hopes of
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regaining my full health, I flew to Guatemala to see this Doctor. After being there for about
a month, the same thing that happened in India happened again. After a meal, I got mild
diarrhea, my stomach shut down, and I lost all energy. I stayed there in this condition for
about a week, barely hanging on, until I decided to return home. Again, upon returning
home, I immediately got better. However, I did not return to the same state I was in after
returning from India. I was a bit worse. I was weaker and my stomach was less functional.

In 2009, while working for Environment California, fundraising on the streets, there
was an extremely cold spell (for the Bay Area). Every other worker wound up getting
a cold. I didn’t. However, sometime after that, the same symptoms of the strange 20%
cold I got in India came back and my health quickly started slipping back into the state
I was in in India and Guatemala, though I did not get as severely ill. My health stopped
deteriorating when it was about half as severe as the worst I was in India and Guatemala.
At this point, I had moderate ME/CFS symptoms. I was mostly housebound but could
walk a short distance to get food and do grocery shopping, cook for myself and take care
of myself, although [ had to spend large portions of the day resting in my room. This state
continued for about 2.5 years, slowly getting worse until it was so difficult to take care of
myself that I decided to move in with my parents, hoping that if I lightened my required
work load and stayed under my energy limits, my condition might improve. It actually
did, a little bit (see Appendix A.2).

Then, I took Rituxan (Rituximab) and this wound up permanently changing the way
the illness worked in my body [3,4]. ME/CFS patients who survive have to develop acute
awareness of their own bodies to monitor their energy limits and how food and various
stimul affect them. Before Rituxan, if I went over my energy limits, I experienced a crash
that made me exhausted for the rest of the day or multiple days, but I slowly recovered
from it, close to, but not quite equal to, where I was before (as I remained slightly worse).

After Rituxan, when I went over my energy limits, I experienced a much more extreme
crash. Instead of a steep curve down and slowly back up, it was like going off a cliff and I
did not recover: my symptoms permanently worsened. The crash was a downward line
that then just leveled off and did not curve back up. It is very difficult to never go over
your energy limits, especially when every time you go over them, you get permanently
worse and have to relearn your new limit, which often requires going over it once to find
where it is. For me, at that point, it meant getting permanently worse, so I very quickly got
much, much worse, I developed pain in the muscles in the back of my legs when standing
for short periods of time or walking short distances, then I lost my ability to speak, then I
could only text a few words and had to use an app with pre-programmed text messages to
ask for food so I only had to touch the phone a few times to send a text. I later taught my
parents a routine for my food that I stuck to so that I did not have to ask for a specific thing.
My diet was an ongoing, constant rotation through the same meals at the same times. This
saved me from having to text.

I continued to get worse. For many months, I walked out into the yard, laid down
on a lawn chair and listened to music with headphones for several hours before walking
back into my room. This, and 2-3 twenty-foot trips to the kitchen, were the most I could
walk per day. I later got a wheelchair, so I didn’t have to walk to get to the kitchen (see
Appendix A.8).

I continued to get worse.

One night, something traumatic happened that led to me texting more than I was
capable of, due to the emotions evoked by the event. This was the end of being able to
walk outside or use the wheelchair to get into the kitchen. After this one event that put me
over my energy limit, I was bedridden and have been ever since (see Appendix A.5).

4. From Severe to Extremely Severe

In my Severe state, I was bedridden and became sensitive to human contact. I could
not tolerate people being in my room for more than short periods of time [5]. This got
worse, and soon trips into my room to bring me food and basic necessities became too
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much. Before I could get my caretakers to successfully limit their trips in and out of my
room, they came in and out too many times once and I crashed and got worse [6]. This
was on Christmas Eve. I remember lying in bed on Christmas Day, not knowing how I
was going to get help or food because I couldn’t tolerate people coming in my room at
all anymore (the crash made me permanently worse). I just laid in bed, kind of panicked,
trying to think of a solution. I eventually came up with the idea of wearing headphones
playing music while they came in. This worked! It eventually morphed into earmuffs with
earphones (small earbuds) inside playing white noise very softly, the combination of which
did a great job blocking outside noise. From that moment on, I didn’t have anyone in my
room without earphones and earmuffs. Only when I discovered Ativan and Abilify [7] in
the last few months of 2020 and improved was I able to be around people without earmuffs
and actually listen to them speak, but only with Ativan or when my body naturally releases
adrenaline to enable me to get up to have a bowel movement in the bathroom (a 6-foot
walk). I will explain this natural adrenaline release later in this article.

I continued to slowly get worse, mostly because of the fact that it was impossible
to never exceed my very low energy limits. The world is not completely predictable.
Sometimes, I would think for days about how to communicate something I needed or
something my caretakers were (unintentionally) doing that was hurting me in a way that
they would understand. I would try to think of every possible way they could interpret the
signals I planned to lay out for them, and every possible reaction they could have. Then, I
would try it and they would often react in the one way I hadn’t thought of, and I would
have to have them come in over and over, trying to communicate what I needed in different
ways. Each trip into my room hurt me and made me worse. I often used paper towels
folded into arrow shapes pointing at things, but there was a lot of room for interpretation.
It was extremely stressful and devastating to try so hard to stay below my limits and then
have these unexpected, uncontrollable things happen that forced me beyond my limits,
when I knew I would be getting worse.

My Stomach Functionality Declining

In 2011, my stomach was in a steady condition; in fact, it was slowly getting better
after my trip to Guatemala and continued to get a bit better when I moved in with my
parents, although it was still at maybe 60% of my healthy stomach functionality. Then, it
suddenly collapsed and got much worse. I think this happened because of a combination
of the illness getting worse and because of one single dietary change I made. In order to
sleep, I had to eat right before bed, and it had to contain protein. For years, I ate yogurt
right before going to sleep and it worked great. However, many ME/CFS patients talked
about dairy intolerance and that was the one thing I had never cut out of my diet to see if it
made me feel better. Out of desperation, I tried eating turkey patties before bed instead of
yogurt. About 3 weeks later, I woke up one morning and my stomach still felt full from
the turkey patties I ate the night before. This was the beginning of my stomach no longer
functioning [8-11].

After this, I slowly could eat less and less, despite being very, very careful about never
eating too much and eating the things that were easiest to digest. Interestingly, my stomach
wound up with a very similar pattern to my energy limits. It’s as if my stomach had PEM.
My stomach had reduced capacity and reduced digesting ability. If I ever ate too much, it
would be incredibly uncomfortable, and afterward my stomach’s functional limit would
go down permanently, so I had to be incredibly careful. I would sometimes take 1/4 sized
bites when I got towards feeling full, because one bite too much could be devastating.

It was a horrible, horrible experience, slowly being able to eat less and less. I was
slowly starving. It got to the point where I could only eat yogurt and apple juice and I
drenched the yogurt in maple syrup for extra calories. I discovered my stomach worked
better while asleep, so I extended my sleeping time and would wake up every hour or two
and eat another yogurt cup with maple syrup. Then, I'd go back to sleep. At best, doing
this, I could eat about 3 cups per day. Still not enough calories. Or nutrients. But it got
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worse, down to one cup split between sleep. Then, no yogurt at all. I could only handle
amino acid pills which I opened and dumped in my mouth. Just a few capsules filled me
up. A healthy person would feel nothing from such a tiny bit of amino acid. I also took tiny
sips of straight maple syrup for sugar, which helped my brain continue to function. Then,
it continued to get worse, and I could only take a few tiny sips of maple syrup spaced
throughout the day, just to give my brain a little fuel.

Then, nothing at all. I was extremely weak and lost a huge amount of weight. I
weighed 115 Ibs (the same as after India) (see Figure 3). I remember being desperate but
not being able to communicate. At this point, one way I was able to communicate was by
using small index cards with pre-written phrases on them—generic phrases that I could
use for anything, like “more/less” “please put it here”, and some specific ones as well. I
was dizzy and extremely weak from starvation, and all I managed to do was put out a
pre-written card on my pillow that said “Nd Hlp”. My mother, Janet Dafoe, found an in
home PICC line service and they came and installed a PICC line with IV nutrition just
before things started to really fall apart [12] (see Figure 4). From that point on, I have not
been able to eat even a tiny crumb of food or drink a drop of water.

Figure 4. PICC Line.



Healthcare 2021, 9, 504

5. Having Extremely Severe ME/CFS

I fell from Severe to Extremely Severe because I passed my energy limits one day
too many in a row. I had gone just over my limit multiple days in a row trying to figure
out new tools and new routines to help my stomach, which was still getting worse and
more uncomfortable. I felt strongly that I needed to have at least a week of calm days, but
the next day, the film crew for Jen Brea’s film “Unrest” was scheduled to come. I pushed
myself to let them film me despite what my body was telling me I needed. This day was
one too many, and afterwards I started going downhill fast, with no bottom in sight.

When I finally leveled out, I could no longer write cards to communicate, or put out
pre-written cards. I couldn’t communicate in any way. The only thing I figured out I was
able to do was fold a paper towel into an arrow shape to point to something, and this only
worked because a paper towel was not a tool for communication; I was re-purposing it. All
communication tools were too much for me to handle.

These years are very difficult to describe in detail for multiple reasons. When I became
housebound, I, at one point, realized that my thoughts were rather negative, and I realized
that if I could put a negative tint on everything, I could put a positive tint on everything
too. I began practicing and training my mind to think more positively. It was not easy and
took practice, but this eventually became integrated into how I saw and thought about
things. It was crucial for what I wound up going through (see Appendix A 4).

When I was at my worst in this two-year period, from the filming of “Unrest” until
I discovered Ativan in January of 2016, I tried not to think about how bad things were; I
really kept my mind focused. Thinking about my reality was extremely distressing and
didn’t help anything, because it was out of my control.

This was also my least conscious period of time in the illness. I think, in time, science
will show that ME/CEFS patients are in a kind of hibernation state and are literally less alive.
I'm confident there was less activity in my brain during this period and still is to this day
compared to my healthy brain [13].

The brain is complex. When you lose a part of it, do you know it’s missing? In a way
you do, but, similar to state-dependent memory, when my brain was so dysfunctional I
don’t think I fully realized it.

T'also don’t remember that time very well because it was so traumatizing that I blocked
a lot of it out and just pushed forward, so there are multiple factors at play making that
part of my illness a bit hazy.

Before describing this period of my illness, I should explain that, at this point—post
Rituxan—I had developed a new kind of crash. A mental crash. When most patients refer
to crashing, they are talking about what I call a body crash. A body crash is mental and
physical exhaustion and worsening of all or most symptoms after going over one’s energy
limits, followed by a gentle slope back up, but usually not back all the way to where the
patient was before: the crash makes the patient permanently worse. A mental crash is very
different. It can happen from thinking too much, from too much stimulation like noise or
light. What was happening is that I got so severe that my energy limit extended into my
brain. Anything that caused me to think more than my mental limit permitted caused a
mental crash. It got so severe that certain subjects were too much for me to think about,
and I had to try to control what my mind thought about. You know the saying that goes
“Don’t think of a pink elephant”. It is very difficult not to think about something, but I had
to learn to. I was in a nightmarish situation where my mind started playing tricks on me,
flashing subjects I could not tolerate thinking about into my mind at the worst times and
causing mental crashes. I was completely lost in a corner of my mind trying to keep my
brain activity to a minimum. It was horrific.

The symptoms of this type of mental crash were usually a hot flush starting in the
back of my head and moving down through my whole body, followed by an adrenaline
release that temporarily made me a little better, but was later followed by my mind getting
much worse. After a mental crash, I could not think at all. I was stuck in a thoughtless,
feelingless void that you couldn’t imagine without experiencing it. It’s like being alive but
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dead at the same time. Alive only to bear witness to the absence of life in your mind and
body. This would last for the entire rest of the day. One crash and I lost the only thing I
had left—daydreaming of other things, other places, and creative ideas.

Because of the effect crashing had on my life, I had to put a tremendous effort into
keeping to my routine as best as possible so I wouldn’t overdo it and crash and get worse.
As I'said, during this time, my brain was extremely sensitive to crashing from the tiniest
extra interaction with caregivers or even thinking about the wrong thing, or from thinking
about something for too long. I put all my focus on being perfect and then, if nothing went
wrong at night when my caregivers were gone for a long period of time, all night, I could
think a little bit. I remember after they left for the night, I had a little adrenaline to get
fixed on my pillow and get my blankets comfortable and then it would very quickly wear
off and I had to hold still. It was often a battle just to get into a position I could stay in
comfortably before the adrenaline wore off, and sometimes I crashed just adjusting my
pillow too much. Sometimes, I would force myself to stop before getting into a comfortable
position, and then I would wind up in sometimes significant pain from this, but would
try to ignore it because if I moved even one muscle, I would crash and wouldn’t be able
to think. If I pulled it off, and didn’t crash, it was the best part of the day. I let my mind
wander. I usually thought about making things. I have a whole business plan for multiple
restaurants, buying and fixing this local natural food store, and lots more. I also thought
about art projects in depth, of course. Ilived for that time of daydreaming at night and
somehow made a sort of life out of it.

It’s also important to note that I hadn’t been sick for nearly as long then as I have now.
I'had lots of hope for a recovery in the near future. I thought my father, Ronald Davis, PhD,
Professor of Biochemistry and of Genetics and Director of the Stanford Genome Technology
Center and now the ME/CFS Collaborative Research Center at Stanford University, would
figure it out quickly. It turns out this illness is more complicated than I imagined at the
time, but that hope helped carry me onward (see Appendix A.7).

During the day, it was also very difficult for me to move other than unconscious
movements like adjusting in bed or scratching an itch. If I thought about any movement
too much, it became extremely difficult to do because anything intentional was difficult or
impossible. I had to come up with ways of “tricking” my mind into releasing adrenaline to
allow me to do things like pick up the electric shiatsu massager I used on my stomach to
help with the symptoms of my severe gastroparesis. I broke the movement into steps. I
used various methods over time. One was to visualize the movement I was going to make
over and over until suddenly my mind released the necessary adrenaline and I could tell
that I could do it safely, and then I could pick it up with no problem but had to follow my
pre-visualized movement. Then, I did the same for putting it on my stomach and the same
for pushing the on button, then moving it to a different spot on my stomach. There were
actually more steps than this in order for me to move enough to massage my stomach. It
took painstakingly long hours to accomplish simple tasks.

I also became extremely sensitive to, mostly visual but also some audio, stimuli [14]. I
couldn’t tolerate bright colors and had to remove everything with bright colors from my
room. Everything needed to be neutral colors like white, black, brown or shades of gray.
My caregivers had to wear all plain black clothing because I couldn’t tolerate any colors
or patterns on them. I also became sensitive to text like logos or labels on things because
it is impossible not to read text that you see; it is something we do instinctually at this
age. Reading required more mental energy than I had and caused a mental crash. Due to
crashing from the text I could read in my room, I wound up becoming sensitive to text I
couldn’t read as well. Just knowing it was there was extremely stressful. My caregivers
had to slowly and very painstakingly (often with direction from me trying to tell them
where the text was, which always hurt me terribly) cover all text with black electrical tape.
It remains to this day. I was also sensitive to certain sounds, especially the human voice,
and during one period, any noise at all.
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When I say that I became extremely sensitive to stimulation, or when you read this
about severe ME/CES, it’s not always sensitivity to the stimuli itself. The stimuli, whether
it is a sound, a sight, smell, or touch, could connect my mind to something and it was this
connection that often pushed my mind over its limit. The sound of people talking, for
example, was too much human connection for me to tolerate. Interestingly, it was much
easier to tolerate hearing people I didn’t know, like neighbors, talking. This is because it
caused much less thought, because I didn’t know the people. When someone I knew spoke,
their whole personality and my memories of them, etc., were forced on my mind and this
was much more thought-provoking then an unknown voice.

Sounds or other stimuli that had no mental link to anything could also be too much,
simply because they are something for the brain to process. This is why I wear earmuffs
and earphones playing white noise, along with a folded towel over my eyes, when someone
comes into my room (see Figure 5). I need to isolate myself from the human presence
and, in general, I need to isolate myself from the world. This is also why you see severe
ME/CEFS patients wear eye masks, baseball hats and other apparel or devices to help isolate
themselves.

Figure 5. Isolating Myself from Caretaker Presence.

I also suffered from something I call “crash memory”. If I crash or get hurt from
something, my mind gets what I think is a form of physically induced PTSD caused by my
stress or fight/flight response being turned up as high as they could go. When I crashed
from something, I developed a stress response to it and became sensitized to it, so I had
to be very careful not to crash from the few things that I was able to do or think about.
These “crash memories” slowly built up over time. One was getting really sensitive to
noise and doing anything at the same time as hearing noise. I couldn’t turn on my stomach
massager while various noises were happening. The heater air noise, a train or car going
by, the click of my in-room heater turning on. I had to wait a certain amount of time after
any noise before I could turn on the massager and, if I ignored it, I would crash. I slowly
built up more and more sensitivity to noises and it took me forever to massage my stomach
or anything else because I had to do so much waiting for gaps in the noises. If I just “did
it anyways”, it would really hurt my brain and I would be in the worst brain fog of all,
which created stress and compounded the whole thing. The Klonapin and Ativan I later
took helped me reset these Crash Memories, so they didn’t build up. I'm now able to crash
from something and let it go and do it again (with the same energy limitations as before,
but no added stress or limitations).

When an ME/CFS patient becomes so severe that they are no longer able to communi-
cate, they often start displaying what appears to be emotions like anger or rage [15]. This is
a very unfortunate misunderstanding that needs to be clarified for doctors. When I lost
the ability to communicate in any way, my caregivers didn’t somehow develop telepathic
powers. They became out of sync and out of touch with my condition and what was
happening in my life. They didn’t know when they did something that hurt me, and I had
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no way to tell them so they would stop doing it or do it in a different way. I was forced to
resort to doing things that would connect what they did to a bad experience for them so
they would stop doing it, not because they thought it was bad for me, but because they
knew what would happen if they did it again. This was unfortunate, but it was the only
way to survive. Babies are in a similar situation, where they have needs that don’t get met
because they can’t communicate. They do similar things to what I wound up having to do.
I often had to display anger and throw things that would break or otherwise make a mess
that was tiring for my caregivers to clean up. I most often would dump a jar of water that
was kept by my bed onto the floor, which they then had to soak up so mold wouldn’t grow.
They sadly thought, at the time, that the illness was making me emotionally unstable and
angry. However, I was never actually angry and always felt terrible about forcing them
to clean things up, but it was the only thing I could do to change their behavior so that
they stopped hurting me. This is important for doctors and caregivers to know, for two
reasons—so that caregivers do not take this behavior personally and so that patients are
not improperly diagnosed with mental illness by doctors. It is no more a mental illness
than a baby’s cry for help (see Appendix A.6).

One thing I've thought about is that, despite my caregivers’ entirely good intentions
and tremendous effort, my actual experience during this period was one of rather extreme
abuse. It’s still true, though to a lesser extent. I got worse almost entirely because of
interactions with my caregivers. This isn’t because of anything intentional on their part,
but due to my sensitivity to human interaction. If I could have somehow gotten what I
needed without people ever coming in my room, I would never have become so severe. I
must emphasize that this was despite their good intentions, effort and sacrifices, which I
have always acknowledged and been grateful for.

I don’t think I ever worried that my brain was permanently damaged. I'm not sure
why. I've always been very in touch with my body and most of my conceptual intuitions
about the illness have been proven correct by Ronald Davis (molecularly). I do still worry
that brain crashes (as opposed to body crashes from overexertion, which last longer and
are more of a gentle curve, not a cliff) cause brain damage, but I think the brain is resilient
and can rewire itself. I try not to think about it.

My personal theory of a mental crash is as follows. When an ME/CFS patient gets
severe enough, the energy limit invades the brain because use of the brain starts exceeding
the energy limit. When the brain exceeds this limit, it runs out of oxygen or some other
vital element, and the body responds by inducing an emergency release of adrenaline (this
is the hot flush I experience) and this adrenaline increases my heart rate, which pumps
more blood to my brain to avoid sudden brain death. I don’t know what this essential
element is, but I feel fairly confident this is an accurate laymen’s description of what is
happening. It’s an automatic emergency brain-saving reaction.

Severe ME/CFS List in Brief—Summarizing My Quality of Life

e Thaven'tleft my room for 7 years, except when I have to go to the hospital to change
my J-tube feeding tube out of medical necessity. I am only able to do this without
dying by being sedated with Ativan the entire time, as well as Fentanyl and Versed
during the procedure;

e Thaven’t been touched by another human being without it hurting me in 7 years;

e T haven't been able to speak for 7 years. I haven’t had a conversation with another
human being in 8 years;

e Thaven't eaten a crumb of food or felt a drop of water in my mouth in 6 years. I'm
alive because of nutrients being pumped into my body with machines and tubes;

e Thaven't taken a shower in 7 years. I clean the most necessary parts of myself with
baby wipes every day and it absolutely exhausts me. I can’t handle having someone
else clean me;

e Thaven’t cut my own toenails in 7 years;
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e Thaven’t been able to hold or even touch my camera in 7 years (photography is my
passion and my life);

e Thaven't peed standing up in 9 years. I haven't walked to the bathroom to pee in 7 years.
I pee in a urinal in bed;

e Thaven't made love to a woman in 9 years. I haven’t been sexual in any way in 5 years;
e I haven’t brushed my teeth in 6 years. It hurts my stomach, making it worse and
putting my ability to tolerate the feeding tube at risk, which puts my life at risk;

e Thaven’t seen a dentist in 9 years;

e T haven't been able to tolerate the sound of another person’s voice without being
sedated in 7 years. I wear heavy-duty earmuffs whenever my caregivers are in my
room for the bare minimum of time. They can’t talk and have to be as quiet and gentle
as possible;

e Thaven't felt like a human being in 7 years. All humanity has been taken from me by
ME/CEFS. 1 live only to continue living. There is no love, joy, passion or creation, only
endless, numbered days; (See Appendix A.1)

e  Ifighttosurvive for all those living and dying in silence and darkness (see Appendix A.3).

6. Slight Improvement—Ativan and Abilify

Discovering Ativan saved me from living on the brink. After taking it for the first time,
it had some sort of reset effect on my system, and all my symptoms improved permanently
in addition to the temporary benefit of the drug. I had been on Total Parenteral Nutrition
(TPN) through a PICC line for 1.5 years, and this is the maximum time a person can be on
this type of nutrition. Some things just can’t be given through your veins. It bypasses the
entire GI system, and risks liver damage. I should have been put on Total Enteral Tube
Nutrition with a jejunostomy tube [16], instead of TPN and a PICC line, from the start,
but my family, my doctors and I were all scared of what a trip to the hospital would do to
me and we didn’t realize how much Ativan would help me. I would probably be much
healthier today if I had a ] tube installed then, because I would have discovered Ativan
sooner, and TPN through a PICC line in your veins causes the GI tract to deteriorate and
healthy bacteria to die off.

I took Ativan for the first time to try to make my trip to the hospital to have the J tube
inserted tolerable, or at least less harmful (see Figure 6). It wound up being a game-changer
for me. In addition to somehow resetting my system and permanently improving all of
my symptoms, I now had a way to periodically communicate (Ativan can’t be taken all
the time or you habituate to it, so I took it once every week or two). This meant that I no
longer had to figure out how to communicate problems or new needs that arose; I just had
to hold out and tolerate them until I could take Ativan.

Figure 6. ] Tube.

Ativan mainly reduced my sensitivity so that I was able to tolerate being in the
presence of people. I still could not speak and certainly could not get out of bed or do
anything extra physically, but I figured out that I could gesture to communicate. This
was painfully slow and took an enormous amount of energy. In time, I learned that I

10
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could also do a limited amount of writing out words in the air with my finger or onto my
blanket (I still could not write on paper). I used the combination of gesturing for most
things and filling in gaps that I couldn’t successfully gesture by writing them in the air.
This was still hard on me, though, so I would often reduce the number of letters I had to
draw out by playing a sort of “hang man”. I would write a few essential letters of a word
and draw blank lines with my finger in between and try to use gesturing to help people
figure out the word by guessing the other letters. Or I would do the same with a sentence,
with the blank being a word I wasn’t able to get across. It was a relief to be able to finally
communicate directly to people, but also traumatic in how difficult and often imprecise it
was. It frequently made me feel pretty desperate.

Going to the hospital, especially for the first time, was incredible. I had no idea Ativan
was going to have such a profound effect on me. I was preparing to get way worse and
have a terrible time and crash horribly. Instead, I improved and was calm and got to enjoy
things like seeing the sky for the first time in 6 years: all the sights of the real world out the
window of the ambulance, all the healthy people working at the hospital leading healthy
(or at least much healthier) lives with careers and loved ones and goals and things they
were looking forward to, etc., and, a few times, seeing women my age and feeling attracted
to them, and more. It was all amazing and continues to be, though it’s also exhausting
and a big disruption to my routine, so it’s a mixed bag, especially coming back home and
seeing the door to the outside world shut behind me. This is very difficult emotionally. I
also let a lot more of myself out while on Ativan because I'm able to, and when it wears off,
I'have to pull it back in again and suppress myself again. It usually takes a couple days of
emotional turmoil to adjust.

In the fall of 2019, I started taking Abilify at a low dose. It did nothing for the first few
months because I was adding multiple medications and supplements, so I tapered up very
slowly, much slower than most people when they take it now. I think I spent 6 months
going from 0.25 mg to 2 mg (February 2020). After being at 2 mg for about a month, I
started noticing an effect. It wasn’t the same as Ativan. I didn’t suddenly feel it like Ativan,
which had an instantaneous, noticeable, drug-like effect. Abilify seemed to be changing
something at a deeper level. I had more energy and could slowly tolerate more things that
used to cause me stress. For the last 6-7 months, I have continued to improve, tolerating
more and more things that used to make me crash from stress and over-stimulation. I can’t
get out of the bed, but I can move around in bed much more than before. I can even work
on some hobbies in bed on most days for some time. When I take Ativan now, I can actually
listen to people talk to me, so instead of pantomiming both directions, I can listen and then
pantomime back. They can say what they think I mean, and I can nod if they’ve got it.
This makes it much faster but still painfully imprecise and slow for me to communicate
anything to them.

Soon after my stomach completely shut down and was unable to tolerate even a drop
of water, I discovered that ice helped it function better. When I started getting Total Enteral
Formula with the J tube, I kept ice on my stomach for basically all of my waking hours.
After being on Abilify for 6 months, I discovered through an act of brave experimentation
that I could tolerate the food pump with no ice. This was a huge breakthrough, because it
allowed me to move much more in bed and avoid the constant replacement of two-gallon-
sized ziplock bags of ice on my entire stomach from ribs to waistline. I'm now able to get
up on my knees in bed for a moment to move or reach things. I haven’t tried standing up
in bed.

For my entire time with severe ME/CFS, I've gotten a natural adrenaline boost when I
have a bowel movement that improves my condition, and, with the exception of a 6-month
period when I used a commode, gives me enough energy to get out of bed and walk the
6 feet to the bathroom to go in there on the real toilet [17]. Which is, of course, a good thing
for my sense of humanity and autonomy, and it’s just easier for everyone. Since Abilify has
started to improve my heath, I've been able to harness this adrenaline to communicate after
having a BM in the bathroom. I can’t interact with people for a long time, but long enough
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to communicate some basic things. It’s been enough that I haven’t needed to take Ativan
anymore because I just wait until my next BM to communicate new needs or problems.
I've recently added washing my feet, privates, head and face in the shower to having a
BM. After the BM, I stand in the shower for a very short period and wash my feet and
privates. Then, I lie down on the ground with my head sticking into the shower and my
caregiver washes my head and I quickly wash my face. I don’t totally understand how my
body produces adrenaline to go to the bathroom or why it isn’t able to for other things like
communication or cleaning myself, but it has something to do with hardwired necessity.
There is something hardwired to having a bowel movement that must push the body to get
up and move somewhere else. I believe it is something we evolved to have, to help early
humans move away from their sleeping place to go to the bathroom because this improved
sanitation and reduced illness [18].

7. Important Notes

A doctor recently asked me to describe why I am unable to talk and the process behind
that. The answer to this question ties into a core process of ME/CFS that is important for
the world to understand because of its significance and because of how much suffering it
causes patients. I haven’t spoken in 8 years, but I could talk right now if I chose to. The
keyword here is choose. ME/CFS is not generally defined by inability, but by consequences.
Everything is about Post-Exertional Malaise, mild or severe [19]. I could get out of bed and
walk out the door and run right now if I chose to. I'm capable of it. The question is not
what I am capable of, the question is what will happen to me afterwards (or in severe cases,
might leak into the very act because it would take very little running before the reaction
of severe PEM started and I might still be running when it hit, causing me to collapse or
possibly die, but not from the immediate consequences of the action, but PEM). ME/CFS
patients very quickly learn that their actions have consequences that occur after the fact.
Patients have to learn to read and listen to their bodies.

T have learned to pre-visualize an action before doing it. When I pre-visualize per-
forming the action, I can feel what the consequences of performing that action will be, and
whether it will hurt me or not. T have incorporated this pre-visualization into every single
action, big and small, and it is now how I function without having to consciously think
about it. I don’t speak because, when I do this split-second pre-visualization I feel that it
will hurt me.

There are some things I don’t use entirely this technique for, though. Some things
feel like they might be OK, but I rely on my prior memories of doing them and what
the consequences were to steer me in the right direction. One time, in 2012, when I first
became bedridden, I got up out of bed to move something that had fallen over. It wound
up causing severe PEM that left me exhausted and brain-fogged for days. Right now, when
I pre-visualize getting out of bed and walking a few steps to get something, it feels like
I maybe could, but I am scared to do it because of what happened in 2012. I can hear
psychologists everywhere screaming “deconditioning!” That’s not what is happening here.
It is simply intelligent learning. When I am able to get out of bed and walk a few steps to
pick up something, it will be obvious to me. Getting better is a slow process with ME/CFS
because of how careful patients need to be about overdoing it. When getting better, the
energy limit is suddenly in unknown territory. Patients must very slowly do new things
only when they feel very safe doing so. It is wiser to get better staying a bit under your
absolute limits than to try to do as much as possible, and wind up making a mistake,
going over the limit and then getting worse and ruining a possible upward spiral toward
better health.

7.1. Routines

This brings me to another important part of living with ME/CFS—developing a
routine. It is difficult, especially for people new to ME/CFS, to pre-visualize every little
thing. It’s likely that I am better at this than other people because I am good at spatial
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thinking—I am a visual artist. It is difficult to always know when you will go over your
limits by performing a certain action. Patients soon learn what hurts them and what is
OK, and to make life easier, instead of trying to figure these limits out every hour of every
day, which leads to making mistakes, patients develop routines. These routines are sets of
actions a patient learns that, if performed in a certain way or order, can be done without
going over their energy limits. Most people who survive ME/CFS develop routines and
stick to them so that they are much less likely to go over their limits. It is a way of living
that leads to much better health than constantly guessing or taking chances. It, of course,
causes suffering as well because it takes spontaneity out of life. The worse a patient gets,
the more every day becomes a chore of endlessly going through the same actions in the
same order and in the same way, but if patients don’t develop a routine, they get worse,
and lose the ability to do things they were once able to do. Do not make the mistake of
diagnosing this as OCD behavior. It is a choice that ME/CFS patients make. The choice is
obvious to ME/CFS patients: it is preferable to sacrifice spontaneity in order to be healthier
and more active, and think more clearly.

7.2. The Great Beyond

Having Severe ME/CFS is so close to being dead. There’s really no other way to
describe the experience I have had. I don’t think it’s something that people who haven’t
had severe ME/CFS can likely understand. Looking back at who I was when I had mild
and moderate ME/CFS, I'm not sure it’s something that even patients who haven’t been
in the extremely severe state can fully understand. I was literally barely alive, and I am
confident that, in a short time, science will prove that severe ME/CFS patients are barely
alive and that ME/CFS patients, in general, are less alive mentally and physically than
healthy people.

I think the only time a healthy person maybe experiences anything like this is shortly
before actually dying. In that case, the person is generally in this state for a much shorter
period of time and so remains much more connected to who they were, and their former
lives. This is the state in which healthy people let go of their former lives and accept death,
which is probably one of the reasons that suicide is so common for ME/CFS patients.

When I was severely ill, I lost so much of myself. I was holding on to fragmented
memories left imprinted in my mind of who I was, but that person, in reality, didn’t exist
anymore. The thought patterns and emotions and worldviews that created the person I
was no longer existed. However, I was still technically alive, just enough to be conscious
and bear witness to this state of non-existence.

The suffering this causes is so profound. I can only liken it to one of the hell realms
described in Tibetan Buddhism. A world full of nothing but pain, loss, agony and constant
never-ending challenges in holding on to what little I had left. Every mistake took me
deeper into the void of nothingness.

As you know, I have recently gained back some of my mind and body. It feels like
coming back from the dead. I'm in a strange state now, where bits and pieces of Whitney
have come back to life but most of me has not. I'm not able to get out of bed, eat or drink
water or go out and feel the world again—feel that feeling that is being alive.

I'have, so far, just been riding this wave of improvement and the new-found abilities
I have, like being able to write and have some semblance of connection with the world
again.

However, the honeymoon phase for these improvements wore off, I started realizing
how far I actually am from being Whitney again. I've realized that I don’t really know who
I'am anymore. I know who I used to be, but is that who I am? I guess I've realized that it is
not.

The experience of being on death’s door for never-ending years has changed me
permanently. I'm still not well enough to come anywhere close to fully inhabiting my
own mind and body again. I don’t really know who I am. I'm in a sort of limbo right
now, stripped of the person I once was and would have become, but not able to take the
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experiences I've had and create a new person out of them. I'm still a ghost, suddenly no
longer fully transparent, yet, at the same time, unable to actually exist in physical form.

It’s so confusing.

While my new capabilities have improved my quality of life a small amount, I realize
how much I'm still suffering and how much is still missing from my being a human being
again. I've been so focused on my small improvements that I've somewhat lost touch with
how far away the world still is. When I think about it now, it’s hard for me to even imagine
what it would be like to be fully healthy again, out in the world again, alive again.

I don’t know who I am going to become. One thing I do know is how much the
experience of losing everything has taught me. I think ME/CEFS is the greatest teacher I've
ever had. I have hope that when better treatments, and then a cure, are found, I will be a
much more conscious, wiser, more realized being. That person waiting to be reborn is an
incredible person, and I can’t wait to see that person and be that person and contribute to
the world with my whole being (see Appendix A.9).

I think this is one of the most tragic things about the high rate of suicide among
ME/CFS patients. These are people who have been through something completely unique
to the rest of society and have a truly unique and profound perspective to offer the human
race. When an ME/CFS patient kills themselves, so much is lost from the world.

We have seen the other side. We need to stay alive so that we can join the world again
and share what is really out there in the great beyond with the rest of humanity. We have
an incredible understanding of what life is. How precious and fleeting it is, how little time
we have, and more. These are lessons that most people never learn, and we need to teach
the rest of humanity how sacred the life they have truly is.
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Appendix A. Articles I Have Written about ME/CFS
Appendix A.1. What Patients Often Go Through

Loss of some or all family;

Loss of all friends;

Loss of job;

Loss of hobbies;

Loss of loved ones/relationships;

Loss of things that used to define who you were;

Loss of connection to the world;

Loss of sense of dignity;

Loss of ability to do anything physical (this includes chores, sports, outdoor activities,

using your legs as transportation, and in more severe patients—self care like showers,

keeping clean in general, brushing teeth, changing clothes, changing socks, etc.);

e  Loss of ability to think and remember the way you used to, your mind lost from you
in what is often called a “fog”;

e Accordingly, loss of your personality;

e  Loss of your sense of self and sense of humanity;

e  Prejudice from everyone in a patient’s life, accusations from everyone in a patient’s
life of the illness being “in their head”, even after decades of illness;

e A complete lack of support from society. There is no safety net for ME/CFS patients

because most patients aren’t diagnosed and even when they are, it is not considered a

valid diagnosis [20]. If patients aren’t lucky enough to have friends/family to take care

of them, they are left on their own. Even patients who do have people in their lives

who are willing to make the incredible sacrifices required to take care of them, very

few are prepared or trained, or the right kind of person for that job, which is incredibly
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difficult. Most Severe ME/CFS patients probably die or commit suicide when there
literally is no hope [21]. A great number of them lose hope before this point;

e Lack of funding for research that would give patients something to hope for [22].
All of the above plus no research puts a huge burden of literal hopelessness on
patients. Their condition is likely never to get better [23]; their only hope is a cure
or treatments, but there’s no funding for scientists to do research to find treatments
or a cure. The Open Medicine Foundation-funded research, spearheaded by Ronald
Davis out of Stanford University, is the first extensive, collaborative research effort
into ME/CFS [24], but it is pretty new. For the last 40 years (the illness has likely been
around for much, much longer than that, but was even more covered up, prejudiced
against and misunderstood, to the point that there was not even recognition of its
existence), there has been nothing but small efforts at research, even if a few have been
well-meaning and well-conceived. NIH allocates only 15 million dollars per year for
ME/CEFS research but, just a few years ago, it was only 6 million dollars per year [25].
Multiple Sclerosis is thought to be, on average, much less severe in its impact on
patients’ quality of life, and affects half the number of people (at least, the number of
affected MS patients is likely accurate, the number of estimated ME/CFS patients is
likely very inaccurate). However, MS receives 100 million dollars per year from the
government for research. HIV receives 28 billion dollars per year [25].

e  Some patients are committed to psych wards [26]. This probably happened a lot
more in the past. The number is thankfully declining, but it still happens. There is
one woman who was forced into a psych ward and, while there, the clinicians, at
one point, threw her into a swimming pool to try to force her to “take initiative”, or
something. She almost drowned. She got much, much worse while kept at the psych
ward but did finally get out after relentless help from the ME/CFS community or
family /friends (I'm not sure which) [26]. I'm sure there are many diagnosed and even
more undiagnosed ME/CFS patients around the world being forced into treatments
and forced to take medications that harm them, getting worse and worse and suffering
profoundly as a direct result of being locked in psych wards. I recently wrote a letter
to a hospital that is currently threatening to lock up an ME/CEFS patient in Sweden
against his will. It is included in the appendix below (see Appendix A.6).

Appendix A.2. Staying below Energy Limits

My number one piece of health advice for Chronic Fatigue Syndrome/Myalgic En-
cephalomyelitis patients, more important than any current medication or treatment, is
to never exceed your energy limit. Let me explain to be clear. The most unique, best
identifying symptom of Chronic Fatigue Syndrome /Myalgic Encephalomyelitis (ME/CFS)
is Post-Exertional Malaise. Healthy people can exercise way past the point of exhaustion.
They can continue when their bodies scream at them to stop and later that day, they recover
and feel fine, if not euphoric. I know this feeling well; I ran cross-country in high school.
ME/CEFS patients have an energy limit and if we exceed that limit, we get Post-Exertional
Malaise, which means we get physically sick afterward, and any ME/CFS symptoms we
have get worse. This can last for days, weeks, months or be a permanent worsening of
the illness. The most important part is that, when we exceed our energy limit, the limit
goes down, so next time we have to stop sooner or the whole process repeats itself as a
vicious cycle.

Patients with mild ME/CFS usually only reach their limit with anaerobic exercise, but
a more severe patient’s limit can be brushing their teeth for too long a time and, for even
worse patients like me, the limit is, for example, being touched by another person, being
in the same room with someone else, looking at something for too long or even thinking
about something for too long, or thinking of something that requires too much mental
energy. Having someone in the room, especially, puts me over my limit. The combination
of thinking at the same time is extremely overwhelming. [ have to meditate on a couple
simple ideas or memories, and if my mind strays, even for a moment, it can be devastating.
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Most people are completely out of touch with their bodies. ME/CFS patients have to
learn to be keenly aware of our bodies and exactly where our limit is. We have to make a
choice to stop when we feel ourselves reaching our limit before we go above it. This choice
is part of the reason we are judged so harshly by friends, family and even loved ones: we
have to choose to stop activities or refrain from activities before they make us symptomatic.
People don’t see us getting Post-Exertional Malaise—we go home and collapse, suffer, sleep
or rest in private. Due to this lack of awareness, they never understand the connection.

It’s also extremely difficult for us because it’s pleasure first, negative consequences
later, and our minds are famously bad at negotiating this. Think of how hard it is to
stop using drugs. It’s a similar pleasure first, negative consequences later situation. With
ME/CEFS, it is life itself we are having to refrain from, not a high from life.

A good way to control the urge to indulge the pleasure center of the mind is to think
about how you will feel afterward. If you exceed your energy limit pushing yourself to
continue engaging in an activity—mental or physical—your limit will go down, you may
never be able to do that activity again, and, in the future, you'll have to do even less just to
stay below your new limit. It helps to bring the negative consequences into the present
and hopefully make it easier for you to stop within your limits.

This happens to be Ronald Davis number one piece of health advice as well, arrived
at independently of me. Genius minds think alike.

Please understand, getting worse DOES NOT mean this is your fault. For one thing,
ME/CEFS is an extremely complicated illness, and its mechanisms are mostly unexplained
to date. Some people (like me) get worse without exceeding their energy limits. I went
from mild to severe ME/CFS overnight while traveling in India. Then, I slowly recovered
and went back to ME/CEFS severe over and over until I came home and got better, but
remaining worse than before India. No one knows what caused this. The world is also full
of chaos, and we can’t always accurately predict how much energy something will take.
We often get stuck in situations we can’t just stop, and we have to push ourselves past our
limits. This is why a predictable routine becomes important—the less unexpected energy
expenditure, the less likely we are to wind up in one of these situations and overdo it. It's
also really hard to know your limit and body well enough to feel it coming on and stop. It
takes years of experience.

So don’t blame yourself. Just do your best and let go of the rest, and prepare for the
very real likelihood that you could get worse.

Appendix A.3. The True Horror Of ME/CFS

From the CDC, “According to an Institute of Medicine (IOM) report published in 2015,
an estimated 836,000 to 2.5 million Americans suffer from ME/CFS, but most of them have
not been diagnosed.” [27].

This number is generally stated as being about 2 million, the higher end of the CDC’s
estimate [28]. However, I'm not sure how the CDC or anyone else thinks they can accurately
guess at the number of people afflicted by an illness for which it is so difficult to simply
obtain a diagnosis. What logic or thought process lead them to the ”2 million” number?

In honor of all those who lie in silence and darkness, to those whose terrible deaths
which were marked as cause “unknown” or “heart attack”, etc., and to those who have
taken their lives due to unbearable suffering, I must relay to you the unfortunate true
horror of ME/CFS. It is much worse than estimates like this and has been for at least forty
years. I know this by looking at what we know and using simple logic to extrapolate from
there. These are the logical steps:

(1) We only hear from people who are diagnosed. How hard was it for you to get
diagnosed? It took me about 7 years of constantly seeing doctors. I was told my symptoms
would resolve themselves, or that nothing was actually wrong with me, or there was just
no answer and nothing else to test for, or the famous “it was in my head and not a physical
illness”. How many people have the fortitude to keep going in the face of this, and for how
long? It takes a very specific kind of person to be utterly relentless enough to continue
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pushing doctors to dig deeper and continue seeing new doctors for second, third, fourth,
fiftth—and even more—opinions, all the while ignoring the blatant prejudice and disrespect
constantly shown to them. Everything pushes ME/CFS patients to give up and try to either
live with their “health problems” (what I called it for years) or kill themselves. Everything.
What percentage of regular people out there who have ME/CFS have the chutzpah to keep
fighting for answers in spite of all of that? 10%? 5%? Less? [29].

(2) Of that small percentage of ME/CFS patients who are diagnosed, how many are
lucky enough to remain mildly sick and not get worse, despite holding a job, taking care of
kids, feeding themselves, feeding a family and doing all the myriad other things it takes to
be an independent adult?

(3) Of those who get diagnosed but become too sick to care for themselves, how many
are lucky enough to have family or loved ones who will support them and take care of
them? It’s worth noting that it’s much less likely that undiagnosed ME/CEFS patients will
have family/friends/loved ones who will be understanding enough to help them or take
care of them. Even for diagnosed patients, there are few people in the world who have
access to the care that is necessary to keep someone who is severely ill alive. I know how
lucky I am. It takes loved ones who are willing to give up their personal and professional
lives, with enough money to pay for huge medical bills that aren’t covered by insurance,
because we don’t have a “legitimate illness”.

(4) How many are willing or able to carry on emotionally, continuing to survive the
horrifying “living death” that defines severe ME/CFS?

(5) Of those who manage to get (1) a diagnosis and (2) are lucky enough to either
not get worse (rare, especially if they are trying to maintain a healthy person’s workload,
which is very common) or (3) have people in their lives willing and able to take care of
them and (4) are emotionally able to carry on despite the incredible suffering ME/CFS
inflicts, how many of this dwindling percentage are interested in social media/find the
forums and social media pages, and then how many are even capable of using computers
(many ME/CFS patients are not able to)?

This is what it takes to be “seen” as an ME/CFS patient. The people on Facebook,
Twitter, Phoenix Rising and other ME/CFS forums are the very tip of the iceberg. We only
hear from people who make it through these five tiers. It’s likely that this is a very, very
small percentage of ME/CFS patients [29].

What happens to the rest of the diagnosed/undiagnosed ME/CFS patients in the
country/world? This is something no one talks about. If you just look at the facts, human
nature and how our society functions, it suddenly becomes horrifying. They must wind
up on the streets, getting worse and worse until they die a terrible death alone in a gutter
somewhere [30]. I believe this happens to a huge number of ME/CFS patients.

How many people are as sick as am? Only a few of us are publicly known, but surely
there are staggering numbers of people as sick as I am. (Even if the estimates are correct
and one quarter of the “2 million” is severely ill, that’s at least 500,000, just in the U.S.)

I'll ask again: what happens to all the rest of us? My fellow severe ME/CFS patients
have either killed themselves or will die alone in a ditch; likely hundreds of thousands of
us or more. In a ditch. Alone. We need the support of the federal health agencies to fund
research and care programs (ME/CFS wards that house ME/CFS patients who don’t have
anyone to take care of them, and can cater to their sensitivities) for this disease, and, yet it
hasn’t been offered. So many of us have just been left to die alone.

Appendix A.4. Adjusting Expectations

I think one important aspect of coping with ME/CFS is lowering our expectations,
as sad as that is to do. A discrepancy between expectations and reality is one of the
biggest causes of unhappiness, even among healthy people. If your happiness depends
on something you don’t have, you will be unhappy. Living with ME/CFS is a process of
lowering the bar of expectations you once had for your life. You have to do it, or you'll
go crazy. Since ME/CFS is often degenerative, as it was for me, it becomes a process of
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continuing to let go of expectations and continuing to lower the bar until, as in my case, it’s
practically on the ground. There was a time when I said I would kill myself if I ever had
to move in with my parents. Yet here I am alive, after living with them for about 10 years
now, since 2011.

One way to do this is to try to be open minded to things you once thought were
beneath you, or simply not befitting your personality or the way you wanted to live. I did
a lot of this.

When I became housebound while living in Berkeley, California, I realized how
difficult it was going to be to meet people while stuck in my house, so I signed up for a
dating website, which is something I never would have done before I was sick. I decided I
needed to be open minded to the options that were actually on the table to maximize my
quality of life. Nothing much came of the dating website, except one really awesome girl,
who made it all worthwhile. We had a good, short relationship—a few months—before
my illness got in the way and the relationship ran its course, and we ended things on
good terms.

I also really worked on overcoming shyness and asking girls out for coffee/tea who I
didn’t know but met randomly in public. I met a girl this way too—an employee at the
Whole Foods I went to for groceries. (One of my few outings—which exhausted me.)

Being creative is hardwired in my existence and the worst parts of this illness have
been when I'm too sick to be creative with anything in my life. As long as my health
allowed, I've always tried to find creative projects I could handle working on within
my energy limits. One thing I did in Berkeley, and, while my health permitted, here at
my parents’ house, was collect headphones with good drivers that had poor acoustic
implementation, resulting in much inferior sound than they were capable of. I learned
how to add acoustic implementation that allowed the drivers to operate better so the
headphones would sound as good as they could, resulting in some incredible-sounding
headphones. I had to give up the kind of photographs I used to make, but things like this
somewhat filled the creative void that was left in my life.

For the last 7 years, I haven’t had the energy or freedom in my daily routine to be
creative at all, and it’s been crushing. I've felt adrift and empty. However, I hung on for the
ride and now I've had a completely unexpected upswing, and I get to try to be creative
with these social media pages and writing. Again, it’s not what my healthy self would be
doing but I have to change my expectations and adjust and be open-minded, and then I
can find happiness in things I wouldn’t have before.

I even love my iPhone now, which is something that would have been an anathema to
me before. It’s now my only connection to the world and only way of engaging with the
world. When I get better, hopefully it won’t remain attached to my hip, but if I'm better it
won’t matter—I'll be better!

Appendix A.5. My Whole World Exists in Bed

Something I don’t think people who haven’t experienced being bedridden under-
stand is that, when you're bedridden, your whole world exists in bed. You don’t climb
into bed to sleep or nap or get cozy and then get out of bed and live in the rest of the
room/house/world.

You are always in bed. It’s your whole world. I think this contributes to some of the
sensitivity that severe ME/CFS patients experience. Anyone would be particular about
their bed if they were bedridden, but it is also exacerbated by the sensitivity that the
illness causes.

Half of my bed is dedicated to me and the other half to storing things I need access
to because I can’t get up to get things. On my bed are: my stomach massagers (for my
severe gastroparesis), ice for my stomach (ice helps my stomach feel and function better), a
stack of paper towels, remote door bells which I use as call buttons when I need something,
a container of water for cleaning or rinsing off baby wipe soap, a basket with odds and
ends like the remote control to my A/C, masks for the smoke from the forest fires before I
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got an air purifier, the towel I use to cover my eyes when people come in, my white noise
earphones, my earmuffs, a stack of adult diapers because I got a urine infection once and
had trouble holding it in time to get a urinal and now I keep them accessible just in case, a
little jar for trash, boogers, etc.—you get the idea. I've packed as much as possible within
reach under my bed, like a vibrating massager for my feet and legs, which get restless leg
syndrome (tingly feeling in the legs and feet that can be unbearable) from being so still,
or nervous system weirdness—I don’t know which. I also store extra backup stomach
massagers in case one fails, my heating pad, which I use on my feet to keep warm since I
have ice on my stomach all the time, and lots more.

All these items are, to me, like all the stuff in your house. You are just as particular
about how your house is arranged as I am about how my bed is arranged, and you get to
leave the house and get away from all that stuff and move freely with a few possessions. I
don’t. This bed is where I reside 24/7 and I need access to this stuff 24 /7.

Some symptoms of severe ME/CEFS are partly just normal reactions to horrid night-
mare living conditions. They are, of course, compounded by the sensitivity that severe
ME/CFS causes. However, I think it’s important for caregivers, doctors and healthcare
professionals to understand how challenging living conditions are with severe ME/CFS,
and the fact that any healthy person would also react adversely and wind up acting “ab-
normally” in response to these conditions. It is, in fact, not an abnormal reaction, nor is it a
sign of mental or psychological illness. It is a healthy, pro-active response to the limitations
imposed by the illness, making it easier to access things with minimal energy expenditure.
For example, I have a piece of tape on the floor marking where my bed urinals should be
precisely lined up. If they are always in the same place, I can develop muscle memory for
the action of reaching down and picking them up and can do it with very little thought or
energy. I can even reach them with my eyes closed. I try to have everything in my bed like
this. Again, it is not OCD.

Appendix A.6. A Hospital in Sweden Is Threatening to Commit a Severe ME/CFS Patient to a
Psych Ward

Holger Klintenberg is a severe ME/CFS patient in Sweden who is being threatened by
a local hospital with committing him by force to their psych ward. He is extremely severe
and this will kill him.

This is a letter I wrote to the Hospital that is threatening to commit Holger.

Dear LinssjukhusetRyhov hospital threatening to commit Holger Klintenberg against
his will,

My name is Whitney Dafoe and like Holger I also have severe ME/CFS. I have recently
seen some minor improvement from an experimental drug that reduces brain inflammation
which is the only reason I'm able to write this now. I spent four long years in a state very
similar to the condition Holger is in.

I'm writing you to tell you that if I was committed to a psych ward even now it would
without question kill me. It would have killed me faster if I was committed when I was
in Holger’s condition. Holger will die if you commit him to a psych ward. Period. If you
doubt this you should watch this news clip about an ME/CFS patient who died as a direct
result of being committed. And ask yourself: do you want that on your conscience? Do
you want that kind of publicity? Killing someone? Because you will get it.

https:/ /youtu.be/yrBAIKtroBw (accessed on 22 April 2021)

ME/CEFS is not a psychological illness. It never has been and there has never been an
acceptable reason to treat ME/CFS patients the way you are threatening to treat Holger. For
decades there has been so little research into ME/CFS that there hasn’t been a lot of proof
of physical illness. However in recent years there has been a surge of research into ME/CFS
due to a team of world renowned scientists (all award winning and 3 Nobel prize award
winners) at Stanford University taking on the illness full steam, almost entirely privately
funded. They have made a number of profound discoveries in only a few years that prove
this is a real physical illness and they are only going to find more proof as they move closer
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to finding a diagnostic test and a cure. The lead researcher is Ronald Davis and he would
be happy to speak with you about these discoveries and give you his informed opinion
on the consequences of committing Holger. How will you feel after killing someone who
could have lived to see a cure discovered and experience a full recovery?

The main, most distinguishing symptom of ME/CFS is something called Post Exer-
tional Malaise (PEM) which refers to symptoms worsening with physical exertion, or with
severe patients like Holger and myself, mental exertion as well. Patients with ME/CFS
have what is called an energy envelope—in other words—an energy limit. When patients
exceed this limit, two things happen. Their symptoms get worse which can last for hours,
days, months, or years. And most importantly, the energy limit lowers. I got worse for
4 years due to going over my energy limit for one too many days.

Holger is in an extremely fragile state. Because he is so severe, his energy limit is so
low that even the most mild stimulation such as light or noise forces his mind to use more
energy than his limit permits and he gets worse. And his energy limit goes down even
further. This is an extremely dangerous vicious cycle where every time the energy limit is
exceeded, it gets lower and the patient has to figure out how to live, or in Holger’s case,
survive, while staying under this limit. At some point, if he is not in an environment that
allows him to do this, the limit will get so low that he will not be able to stay under it and
he will quickly get worse at an exponential rate until he dies.

This is not an idea or theory. This is the reality that millions of people suffering from
ME/CEFS face every day among other devastating symptoms.

If you commit Holger to a psych ward, it will kill him without question. If you do not
commit him and allow him to live in the space he has been living in, he will very likely
survive long enough for the research team at Stanford to find treatments that will make him
much better or a cure that will return him to a fully healthy, productive member of society.

You have a choice to make and you now know what the consequences of that choice
will be. If you have any semblance of humanity or decency you will give Holger a chance
to live. That’s the least that any human being deserves.

Thank you for your time and consideration.

Sincerely,

Whitney Dafoe, severe ME/CFS patient

www.whitneydafoe.com/mecfs (accessed on 22 April 2021)

www.facebook.com /whitneydafoe (accessed on 22 April 2021)

www.twitter.com/dafoewhitney (accessed on 22 April 2021)

www.instagram.com/whitneydafoe (accessed on 22 April 2021)

Appendix A.7. Good Science Grants Being Turned Down by NIH

Ronald Davis and other good ME/CFS scientists’ brilliant grants are currently being
turned down by NIH. Part of the reason for this is that the system for grant review is
a mess [31]. Grants are reviewed by study sections, whose reviewers give them a score.
They then go to Council, which funds the ones with the best scores. The main problems
are: (1) There is only money for about 10% to get funded. (2) Reviewers nit-pick the grants
so only a few get good scores, when, in fact, a much larger percentage of the grants are
good. (3) Reviewers are often underqualified and uninformed about the subject of the grant,
so their criticisms are incorrect—at times, ridiculous. (4) Council takes these inaccurate
reviews as gospel and just funds the top few, without any evaluation of the competence of
the reviews or consideration about the importance/urgency of the science. (5) The leadership
at NIH is obviously not committed to addressing the urgent problem of millions of people suffering
from the horrific disease of ME/CFS.

What is required is that scientists focus on researching things that can actually make a
difference and lead to treatments or a cure for this disease. Grant reviewers are looking
for a hypothesis that can be researched and lead to an answer that can be published.
Ronald Davis isn’t thinking about getting published; he’s trying to find answers to what’s
happening inside the bodies of ME/CFS patients and discover an intervention that might
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help. What he wants to do isn’t always so simple as “hypothesis, research, publication”
and the grant reviewers only like grants that use existing, well-established methods that
will lead to a publication. They can’t imagine that anything they have never seen before
could actually work. All of Dr. Davis’ grants involve things they have never seen before.
They don’t understand it, which, when combined with what a mess ME/CFS is, makes it
even harder for them. A lot of them also probably know nothing about ME/CFS or are
prejudiced against it to begin with.

Another thing that gets in our way is, actually, probably a good thing most of the time.
NIH has a rule that they are not allowed to communicate with the grant reviewers. I believe
it’s to try to keep things impartial. However, this rule hinders NIH from intervening and
urging acceptance of Dr. Davis’ grants and other good ME/CFS grants to try to make
it impartial as it should be. I don’t believe NIH is allowed to pick who reviews which
grants, either. However, the Council’s JOB is to make certain the reviews are competent
and unbiased, and that the research addresses urgent and nationally important topics. In
the case of ME/CFS, their job should be to make sure ME/CFS has adequate funding and
to make certain that the research is likely to make progress towards understanding the
disease in a way that might lead to treatment and cure. Not just a bunch of random data
to publish.

This is all true, but to offer this as the cause of the problem presumes that the various
heads of NIH actually want these grants approved in the first place.

What is also true is that NIH is engaged in a duplicitous publicity stunt, trying to
continue their 40-year campaign of intentionally ignoring ME/CFS and systematically
denying grants simply because they relate to ME/CFS, while, at the same time, trying
to cultivate a public image of supporting ME/CFS. NIH has recently been saying things
like “we want to and are ready to fund ME/CFS grants ‘based on good science’ so turn in
grants and we’ll fund them”. Sounds good, right?

However, when good science grants about ME/CFS are submitted to NIH, these
scientists review them and find absurd reasons to give them bad scores so they then get
dismissed as “bad science”.

I've got news for you, Francis Collins (the Director of NIH). Ronald Davis doesn’t
write, speak or think “bad science”. We see the game you're playing, and we think you
are an even more depraved human being for playing it. Either do the right thing and fund
worthwhile ME/CFS grants, or publicly face the consequences of the blatant prejudice you
are enacting.

We know your system is difficult, but we also know that you are the Director and you
are capable of intervening when there is a severe health crisis, so that it gets addressed. It's
been done before. You just have to believe that we have a real disease, that we are suffering,
that more people will suffer, and that science needs significant funding to end the disease
and end the suffering. You have to care. You told us “We are the National Institutes of
Hope”, “We are a family, in this together” and “We are ready to fund good grants”. You
need to put your money where your mouth is. You know what a good grant looks like.

This isn’t something you're going to get away with. We all see what you are doing,
will remember it, and history will record it.

Appendix A.8. My Experience in a Wheelchair

Have you ever had to use a wheelchair because of ME/CFS? I have and found it to
be an unexpected experience. My legs slowly got worse because of circulation problems
(I think) to the point where I could only walk into the kitchen once per day (15 feet or
s0). Then it got worse, and I had to crawl. I couldn’t get a wheelchair from my insurance
company because, even though I couldn’t walk, I had no diagnosis they considered valid.
When I asked my primary doctor (who I'd been seeing for years, trying to get a diagnosis,
before I got diagnosed) for help, he said he thought it would be bad for me and he couldn’t
in good conscience help me get a wheelchair (because he thought getting me a wheelchair
would reinforce my “non-existent illness that was in my head” and that I “needed to get
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over”). I finally got one on Craigslist for cheap. At first, I just used it to get around the
house, which was a huge help. No more crawling to the kitchen for ice cream. It also gave
me more independence to microwave my own food from leftovers. The real surprise came
when I went out in public with it—mostly to Drs. appointments.

The way people treated me was a revelation. They instantly knew there was something
dysfunctional in my body and treated me with respect, let me go first, and kind of bowed
in respect to the hardship I was facing. It wasn’t that I was craving attention, but after the
way my friends and doctors treated me and the lack of funding and support from society,
it was a shocking polar opposite that honestly felt really, really good. It was amazing to
feel instant recognition from people of a real illness.

Most people don’t feel good about being seen in public in a wheelchair, so this
illuminates just how badly I was treated, and how many people in my life were constantly
questioning the validity of my illness. When seen in a wheelchair, there was no question,
just instant recognition and understanding.

Appendix A.9. When Life Gives You Rotten Lemons

They say, “When life gives you lemons, you make lemonade”. What do you do when
life gives you rotten lemons?

First, you are overwhelmed with anger that you didn’t even get fresh lemons. In time,
the anger turns to sadness, and slowly you start longing for fresh lemons.

You spend all your available energy thinking about making lemonade. How you
would squeeze them, all the ingredients you could use. You become the most incredible
lemonade maker in the world, only you're stuck at home, or in bed.

I can only imagine the torrent of knowledge and wisdom that will be unleashed upon
the world when we are all cured.
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Abstract: Chronic Fatigue Syndrome/Myalgic Encephalomyelitis (CFS/ME) is a rare disease with
no known etiology. It affects 0.4% of the population, 25% of which experience the severe and very
severe categories; these are defined as being wheelchair-, house-, and bed-bound. Currently, the
absence of biomarkers necessitates a diagnosis by exclusion, which can create stigma around the
illness. Very little research has been conducted with the partly defined severe and very severe
categories of CFS/ME. This is in part because the significant health burdens experienced by these
people create difficulties engaging in research and healthcare provision as it is currently delivered.
This qualitative study explores the experiences of five individuals living with CFS/ME in its most
severe form through semi-structured interviews. A six-phase themed analysis was performed using
interview transcripts, which included identifying, analysing, and reporting patterns amongst the
interviews. Inductive analysis was performed, coding the data without trying to fit it into a pre-
existing framework or pre-conception, allowing the personal experiences of the five individuals
to be expressed freely. Overarching themes of ‘Lived Experience’, ‘Challenges to daily life’, and
‘Management of the condition” were identified. These themes highlight factors that place people at
greater risk of experiencing the more severe presentation of CFS/ME. It is hoped that these insights
will allow research and clinical communities to engage more effectively with the severely affected
CFS/ME population.

Keywords: ME/CFS; severe; very severe; housebound; qualitative; interview; experience

1. Introduction

Chronic Fatigue Syndrome/Myalgia Encephalomyelitis (CFS/ME) is a rare disease
with no known etiology [1,2]. Its cause is unknown [3], and studies suggest it affects 0.4%
of the population [4]. Criteria have been produced to identify clinical characteristics [5];
however, diagnosis remains by exclusion due to the absence of biomarkers [6], which has
led to significant stigma [7].

Diagnostic criteria have evolved with better understanding of the condition. The Inter-
national Consensus in 2011 [8] developed from a growing understanding of the condition
and has led to the identification of heterogeneous groups within the CFS/ME population.

Subgroups had previously been defined by Cox et al. [9,10]. The categories are mild,
moderate, severe, and very severe, they and were implemented in the National Institute
for Health and Care Excellence guidelines. Severe and very severe CFS/ME individuals
are wheelchair, house, or bedbound, due to the severity of their symptom burden.

The severe and very severe CFS/ME population find it difficult to access their wider
environments. This creates difficulty for them to engage in research and healthcare pro-
vision as it is currently delivered. Therefore, this group are classed as hard to reach [11].
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It is suspected that 10-25% of the 0.4% CFS/ME population are in the severe to very
severe category. This figure has been supported by the CFS/ME charities and evidenced
in the research literature [12,13]. It has been estimated that there are up to 40 people with
CFS/ME in each GP practice across England, 25% of which are severe and very severe [14].
Therefore, across England alone, there are approximately 82,000 very vulnerable, severe,
and very severely affected CFS/ME individuals housebound and bedbound that may not
be currently not receiving appropriate treatment.

Quantitative and qualitative data are limited due to the hard to reach nature of the
severely affected CFS/ME population. However, this is slowly changing, and texture is
being added to the objective evidence published [15-18]. In recent years, more qualitative
research has been performed with the CFS/ME population. However, the gap in knowl-
edge regarding severely and very severely CFS/ME remains. Reviewing the research and
evidence as it is published and reflecting on previous trials leads to a better understand-
ing of how variables impact each other. The PACE trial (A randomized controlled trial
of adaptive pacing, Cognitive Behavioural Therapy and graded exercise) was one such
trial [19,20]. It used operational diagnostic criteria to identify 600 patients to be randomised
to one of four treatment pathways: specialist care, plus or minus adaptive pacing therapy,
Cognitive Behavioural Therapy (CBT), and Graded Exercise Therapy (GET). The aim was
to gather scientific evidence to demonstrate the outcomes of each treatment. The research
was planned and executed prior to the 2011 International Consensus Criteria [8], which
identified the heterogeneity of the condition, categorising mild, moderate, severe, and very
severe [9,10]. Within the PACE trial, the eligibility assessment and consent for treatment
was the outcome 6-min walk test, which would have precluded severe and very severe
patients from taking part in the study [21].

In addition to exclusion from major research, it is emerging that people with CFS/ME
experience discrimination from healthcare professionals and wider society [14,22]. This
can be partially attributed to a lack of understanding around the condition. CFS/ME is an
illness, not a disease, and as such, it currently has no identifiable pathology [23]. This does
not sit well within the current biomedical illness model that has been historically taught
within medical schools [23]. Large institutions such as universities, hospitals, health, and
social care agencies function within clear objective, evaluative models in which theories
and ideas are critiqued and scrutinised. Evaluative models shift the physiological state to
defence, which is incompatible with creativity and expansive theories [24].

People with CFS/ME that take a biomedical approach [23] may feel vulnerable without
biomarkers to authenticate their illness or referral to specialist services to endorse complex
overlapping symptoms [25]. The lack of identifiable pathology can result in psychological
labelling or somatisation [23]. This lack of understanding can contribute to a sense of blame
shifting, where patients may feel that they are held accountable for their poor health [23].

For therapy to work, an individual must first accept their situation [26] and feel
believed [18]. This can be impeded when healthcare professionals, the structure they
work within, and wider society do not acknowledge the limits of medical science and so
continue to require hard evidence to support a diagnosis, rather than treat and manage
symptoms [23,25,27,28]. The therapeutic relationship may be further jeopardised if an indi-
vidual with CFS/ME does not have the energy required to express themselves effectively,
particularly in a stressful situation where their illness may not be believed [18].

This article expands on a 2016 two-phase pilot study. The project aimed to understand
the feasibility of severe and very severe CFS/ME individuals engaging with research,
whilst scoping and defining the prevalence of CFS/ME in the region. In that study, 2.5%
of the 2500 severe CFS/ME population in the northeast of England were identified and
characterised. The study also explored the quality of life, symptom burden, and impact
of severe CFS/ME, collating a database from a postal survey in phase 1 [29]. Using the
database, five individuals with severe and very severe CFS/ME were identified for phase 2
of the study. Attending the participant in their own home to limit the research burden on
the CFS/ME individual and aid pacing strategies is novel to this research area. The patient
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and public involvement and methodology for the entire study is presented elsewhere [29].
This paper presents findings from the five qualitative interviews.

Aims

To explore the personal experience and understanding of individuals with CFS/ME.

To identify overarching themes that may highlight factors putting people at greater
risk of experiencing the more severe presentation of CFS/ME.

To provide a better understanding of this population to allow healthcare and research
communities to engage with individuals more effectively.

2. Materials and Methods
2.1. Methodology

A qualitative methodology involving in-depth interviews and drawing on phenomenol-
ogy was selected. The interviews followed a semi-structured format [30], with interview
schedules designed and worded to establish rapport and explore the area of concern in an
open and flexible manner [31].

The aim of the interviews was to understand the perspective of the individual experi-
ence [32], to uncover personal meaning [31,33].

This group have limited presence in the research literature, and the methodology was
explorative. By understanding the personal experience of individuals within the severe and
very severe CFS/ME community, future qualitative research may be better focused with an
improved understanding of practice, service, and research delivery to this population.

2.1.1. Data Sampling

The sample was purposive [34], being defined as having severe CFS/ME as identi-
fied from the database of self-reported CFS/ME individuals. How the participants were
recruited is described in some detail elsewhere [29]. However, for completeness, 483 ques-
tionnaire packs with an expression of interest (EOI) to be involved in future studies were
posted out. There were 425 packs sent via the charity ME North East. Of those 483 packs,
63 were returned in various stages of completion. Within the returns were over 40 com-
pleted expression of interest forms to be involved in future studies.

Resource was a consideration when recruiting the five participants to understand the
feasibility of engaging severely affected CFS/ME individuals with research. The returned
EOI came from a large geographical area, which was to be covered by one researcher.
The fluctuating and unpredictable health of the cohort was also considered. Therefore,
participants were approached who lived near the research base to limit disruption if
appointments had to be rescheduled at short notice. Participants within the designated
area were contacted until five had been recruited. These participants each agreed to four
home visits over a three-month period. In each case, the first visit was to obtain consent and
perform autonomic tests; the second visit was cognitive testing; the third was an interview;
and finally, there was a physical assessment.

The five participants completed a second consent form and patient information sheet,
which was specific to phase 2 and detailed the agreement to have results published in a
peer-reviewed journal.

The ethical principle of non-maleficence to do no harm [35] was a primary aim in
planning the research.

2.1.2. Data Collection

A pre-organised date and time was agreed, with the understanding that it could be
rescheduled if necessary. Some participants gave specific instructions as to how to arrive at
the home in order to reduce noise and stimulation.

Each interview lasted approximately one to two hours. Two patients had planned in
advance and had compiled additional information to support the interview process and
to reduce cognitive strain. A third patient found the study following a conversation too
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difficult and supplied a report that they had compiled over the course of their illness, which
VS (author/researcher) read aloud as part of the interview, and the individual corrected or
expanded on as they felt necessary. The youngest participant, who had been ill since her
teens, requested that her mother be present to help answer any questions.

The interviews were conducted and recorded in conjunction with the collection of
field notes [36-38]. This was to increase the trustworthiness and rigour of the data as well
as the transferability of the findings [38].

2.1.3. Data Analysis

Thematic analysis drew on a grounded theory approach, with a method of inductive
analysis [39]. Data was coded without trying to fit it into a pre-existing framework. The
researchers were implicit in the process, taking a constructivist style to develop theories
based on the data, not a pre-defined question to answer. The aim was to explore the
individuals” experiences with severe CFS/ME.

Braun and Clark describe a six-phased approach that was followed [40]: initial fa-
miliarisation, generating codes, searching for themes, reviewing the themes and codes,
defining and naming the codes, and finally writing the report. The software package NVivo
version 12 was used to organise and analyse the data.

The transcripts were reviewed, and codes were created and grouped into similar
themes. Then, themes were grouped for similarities and reduced to a manageable number.

Reflexivity was employed through conducting the analysis and interpretation of the
findings with a second (qualitative) researcher (TC). The process was inductive, and the
data produced were broad and rich.

2.2. Rigour

A research team with diverse background, knowledge, and skills was created to collect
and analyse the data. The team had the collective ability to (1) access this hard-to-reach
community, (2) collect the data whilst monitoring and limiting the impact the research
might have on the participants, and (3) analyse the output. It was through this pooling of
skills that this research was made possible. The potential for research bias is recognised
and was limited through co-author collaboration of the research team to increase the
trustworthiness of the analysis [38].

A clinically reasoned decision was taken not to have participants validate the re-
searcher’s transcripts. It is understood that “member checking” increases the internal
validity and credibility of research [38]. However, this was outweighed by the need to
adhere to the ethical principle of non-maleficence, to do no harm [35]. Participants were
very fragile, and so it was felt that additional home visits would impact health and function
too greatly. However, the Chief Executive Officer of the charity ME North East, who was
instrumental in accessing the interviewed individuals, was sent a summary of the findings
on behalf of the participants.

2.3. Ethical Considerations

Full ethics approval was granted by North East-Newcastle and North Tyneside 2
Research Ethics Committee. The participants had provided separate informed consent for
both phase one and two of the study.

Pseudonyms have been given to each of the participants to protect their identities and
maintain confidentiality

3. Results
3.1. Findings

The characteristics of the five participants are presented in Table 1. Individual circum-
stances created very diverse presentations, despite each participant being within the severe
or very severe CFS/ME category.
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Three overarching themes were identified from the initial codes. Within two of these
themes, subthemes were identified (see Table 2).
Each of these themes is now discussed in turn.

Table 2. Themes and subthemes.

Theme Subtheme Concepts within Subtheme
Lived experience History and initial presentation
Impact of illness
Challenges to Everyday Life  Intrinsic Physical
Processing/Psychological
Cognitive
Extrinsic
Management

3.1.1. Theme 1: Lived Experience

The illness experiences of each of the five participants were very different, with one
shared feature: the impact the illness had had on their lives. This overarching ‘Lived
Experience’ theme explores the experience of living with severe CFS/ME and incorporates
two subthemes: history and initial presentation and the impact the illness has had on
each participant.

3.1.2. History and Initial Presentation

This subtheme considers family history, comorbidities, life events, age at onset of
illness, initial presentation, and advice. The participants became ill at different points in
their life, with different resources and burdens to manage their illness with. This led to
different expressions of the illness, reflecting diverse lives and values and unique personal
biopsychosocial frameworks.

For all the individuals, there was a recognised pre-existing vulnerability to becom-
ing ill. Then, a trigger led to the development of multiple symptoms. This is illustrated
in Table 3.

There was also evidence that for some participants, precipitating behaviours and
circumstances made managing this complex cluster of symptoms that define the illness
difficult. For several, it was an active life. For example, Lorraine became ill after completing
her honours degree. She continued to struggle, living alone whilst trying to establish a new
career and complete a postgraduate degree. Similarly, Jane was a busy full-time working
mum of a sick baby who required regular hospital admissions.

For the individuals who became ill as young adults, multiple burdens were not a factor;
however, they had not created robust coping strategies to manage a debilitating long-term
condition before the illness was triggered. As can be seen from Table 1, David and Helen
did not have the opportunities to establish themselves in a workplace or higher education
to gain life experience before circumstances called on them to manage their illness.

Two of the five participants expressed how the initial presentation of this illness was
difficult to describe to healthcare professionals, as there were often multiple competing
and overlapping symptoms. For example, Abi described feeling “tired exhausted, muscles
were hurting. Felt poisoned, more than ill, horrible feeling all over, like that, but I was just feeling
weird and wrong.”

When the illness was triggered in a transitionary phase of life e.g., new jobs/careers,
new parents, it was difficult to understand the cause and effect. Jane stated: “In hindsight, it
wasn’t a normal type of tiredness. I just didn’t have the words or assertiveness to convince anyone.”

The initial presentation was often vague, and the initial advice received from health-
care professionals was often to keep going, stay active and get fitter.
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Most participants described a “persisting” or “boom or bust” behaviour pattern
during a sustained period in which they attempted, unsuccessfully to regain their previous
“normal”. For example, Jane changed jobs, trying to get a healthier balance: “I took a month
off, when I was to get myself well, get myself fit. Doctors’ advice was to exercise in the hope that,
you know, start of the new job physically better, physically fitter.”

Helen was given similar advice, and being younger, it was her mum who directed the
activity: “I did try taking her to the park, running around, desperately thinking she needs
to exercise, she needs exercise. And then she was wiped out for days and days and days.”
Exercise intolerance appears to be present for multiple individuals; however, without an
objective physical cause, it is difficult to identify. Each of the participants deteriorated
whilst trying to get fitter or be “normal”.

There appears to be a consistent pattern of boom/bust and persistence leading to
deterioration, with consequent periods of bedrest to alleviate symptoms, resulting in
deconditioning and limited function, which can be profound.

At best, energy fluctuations allow individuals to experience only fleeting moments of
“normal”. For example, Jane stated she was active for 2% of the day when she washed and
toileted, whereas Lorraine was completely bedbound and dependent on assistance just to
sit up in bed.

For all or many of the participants, tasks such as personal hygiene and food prepara-
tion are limited to basic needs. Overlaying complexities of orthostatic symptoms, allergies,
and sensitivities all impact activities of daily living. This was demonstrated by David being
limited to a bowl of cornflakes on the days his ageing mother could not assist him to make
a meal, which was becoming more frequent. Jane reluctantly admitted she could possibly
make a meal for herself twice a month and at times had gone days without food when her
carers had been away; she was simply too ill to do any more than the essentials. Nutrition
had been prioritised out of that energy calculation.

Sleep was also affected. Two individuals described parasomnias, sleeping 22 h per
day for long periods of time or being awake but unable to move. Lorraine related her
poor sleep to autonomic disturbance: “hyperadrenergic-over heating and waking hourly. Bad
dreams, hallucinations”.

Jane expressed that sleep was beyond her control due to family circumstances, with
“two small children who can be ill and climb into bed”.

3.2. Impact on Life

This subtheme illustrates the impact on life including function, nourishment, sleep,
and social isolation. Individuals acknowledge the confining effects of their illness. Some
found it difficult to live with meaning, as this required energy and effort that they did not
have. Therefore, life was a passage of time, without having the resources to take action.
For David, “The biggest problem for people with ME, you are in limbo, nobody knows what to do
with you. What life, because it’s more about filling time than actually living, because living requires
doing things with much effort.”

However, Jane had adapted and altered her thoughts to accept her situation, priori-
tising her energy for the activities that gave her life meaning and value, demonstrating
resilience to her situation:

“I' have all the people and things that are important in life and you know, like, relationships
and the love you have got in your family, I still have that so my life has been boiled down
to the most important bits that are still here. If I was going to lose things from my life,
it would be my work, and yeah, it would be reluctantly to be able to go outside and
have a life, but it’s these special relationships that I cherish that make me feel happy
and content.”
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3.2.1. Theme 2: Challenges to Everyday life

This overarching theme comprises two subthemes: Intrinsic—those elements that were
fundamental to the individual’s physiology or psychology and extrinsic—those elements
that operated from outside the individual.

3.2.2. Intrinsic Concepts

Within this subtheme were three distinct concepts. The physical concept included the
effect of activity, adrenaline response/orthostatic intolerance, allergies, and sensitivities and
baseline level of activity /unpredictable fluctuations. Processing/psychological concept
encompassed belief about cure, personal views, views about management, communica-
tion, and energy balance. Finally, there were concepts comprising cognitive impairment,
dissociation/detachment, and mental health.

Each individual’s ability to function was limited to their personal capacity, which
fluctuated extremely and created difficulties to plan and manage basic day-to-day activities
such as washing, toileting, and in some instances feeding, particularly with the added
symptom of allergies and sensitivities. For example, Lorraine said, “Digesting food is an
energy challenge,” and Abi found, “In the food department (allergies), the big one is nickel, which
limits food diversity.”

It appears that when baseline energy levels are so low and capacity is so limited, there
is a frequent tendency to experience the challenge of everyday activities as a physiological
threat. Participants often access the sympathetic nervous system just to carry out basic
functions such as personal hygiene and eating. It seems this often leads to dysautonomia,
which is a disruption of the autonomic nervous system that regulates the heart, blood ves-
sels, digestion, and breathing. This disruption could be due to activity and/or orthostatic
challenge. For example, Jane said, “I am in bed 100% of the time. When active, pain feels worse,
feel weak, feeling hot, cold, fevery, kind of heart palpitation, breathlessness, shaky.”

The management of physiological and physical limitations was often bound by
thoughts and perceptions of the participant’s experience, which was in turn often limited
by their condition. The ability to process and communicate beliefs about their situation
were limited by their energy levels. Lorraine said:

“You get to a point in a relationship where you actually need to say, ‘This is what is going
on with my illness...” And then you have to eat and we never get a chance, there’s no
time for conversation. All my emotions are around, are set to one side, all the loss, all
the bereavement, loss of self, loss of life, loss of opportunity, loss of the living, so family
relationships are just set to one side, there isn’t time to process those emotions to ever
have them.”

The processing ability appeared to be further impacted by cognitive impairments.
Individuals recognised this; however, the strategies they put in place created increased
energy expenditure.

Compounding these challenges was the concerning presence of dissociation and
detachment, which was expressed by four of the five participants, along with, in some
cases, loss of identity. For example: “I feel detached and confused. I suffer from disconnectedness,
so I don’t feel physically present—don’t concentrate on that—having a blister and gritting your teeth.
I don't know, I can’t remember” (Lorraine). “There is numbness most of the time, a contentedness.
Then the rest of the time—frustration, disappointment, fear. My body being unresponsive. Just
staring into space. I don’t feel myself anymore, sense of self or identity... I have accepted, peaceful,
but I struggle with I don’t feel like myself anymore” (Jane).

3.2.3. Extrinsic Concepts

This subtheme relates to the influences outside of the individual’s control that harm
their ability to function in the world given their illness. Such influences include the benefits
system, lack of professional understanding, and prejudicial views.

Most social challenges came from a lack of understanding within society as to the
nature of CFS/ME or the extent to which it can impact. This lack of understanding can lead
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to prejudicial views and preconceptions that impede an individual’s access to healthcare
and social services. For example, Abi conveyed an experience she had had in an accident
and emergency department, having been taken from her health centre to hospital in an
ambulance. Once she arrived, the attitude of the staff changed when they realised she was
a frequent visitor: “I passed out. I woke up and was being dragged along the floor by two orderlies
and this nurse screaming at me.”

Abi received the care she required once her tachycardia was identified. Lorraine, too,
recognised this engrained culture. “It takes years to erode institutionalised discrimination and
prejudice which are unhealthy and negative for both victim and perpetrator.”

Health and social care require a diagnosis to be current in order for an individual to
be eligible for social support. This support is binary: there is no grading within the system.
This creates a difficulty when there is not a biomedical marker to identify the illness. The
repeated cycle of having to demonstrate ill health impacts an individual’s ability to manage
and improve from that health issue. It also undermines continuity of recognition of that
ongoing issue. For example, Lorraine said, “I lack a current diagnosis so I can’t get my benefits.
They keep saying no current diagnosis.” Similarly, for David, “After probably a year to a year and
a half of having ME, I was improving, doing muich better, but then the benefits agency reviewed and
decided I was fit for work. I lasted 6 months working as admin in a restaurant before I crumbled . . .
[following repeated appeals the benefits withdrawal decision was repealed]. I should never have been
taken off (benefits) in the first place.”

3.2.4. Theme 3: Management of the Condition

This theme incorporates managing and coping strategies, relief from symptoms,
understanding acceptance, acceptance of professional lack of understanding, social media,
GP attitudes, and healthy carer beliefs.

The five individuals interviewed managed their condition within the confines of the
means at their disposal, both intrinsic and extrinsic. Their strategies were founded on a
subjective understanding of their capabilities, their illness, and their resources. Participants
relied on support from family members, social media, and the internet to gain information
they required. Social media was used to maintain contact with friends. For example, Abi
used “Twitter with friends” and Helen used the Internet as she transitions from sleep to
wakefulness, “In bed 30 min am on phone waking up, googling”.

Whilst the internet alleviates the social isolation, it can distil and reinforce beliefs. For
example, Abi reported, “I have never been to a CFS clinic and I am glad, because I won’t
want to do GET (Graded Exercise Therapy). I know from experience, physically pushing
past what you feel, it made me worse, so I wouldn’t want to entertain that.”

In terms of social support, Helen described how she was reliant on the availability
of her working parents to take her out to socialise. However, their availability also had to
coincide with when she was well enough. Helen's parents appeared to have had sacrificed
their social life to prevent her from being left alone and isolated. Her family appeared
to plan their lives around her illness, as far as they could whilst also maintaining their
income. The focussed pressure on caregivers was substantiated by Jane, who explained
it was her husband, the income provider, who worked full time, was the main caregiver
to two primary aged children, and was also her care giver. Therefore, it was not only the
CFS/ME participants who had reduced their lives to necessary priorities but also their
caregivers and families.

In addition to social support, healthcare professionals were acknowledged as people
who could help.

Abi reported the occasional doctor who understands, whilst Helen and her mother
were very keen to praise their current GP as “fabulous” because they understood Helen’s
situation. This relieved a lot of stress. Lorraine found that individuals who were not fixed in
their beliefs of the condition were most beneficial: “People who are genuine, non-judgemental
and open minded” (Lorraine).
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This often left a very narrow path to navigate. In turn, this may limit the potential
for an individual with CFS/ME to improve. For example, Abi stated “I have learnt it is
pointless, some people won't listen and there is no point. I have tried to fight back and
been called neurotic. I was really frustrated, not neurotic.” Similarly, for David reported:

“Resignation—it’s not a great surprise after all these years. You hear about how much
progress they make with this and that and the other and you think yeah, but there is
obviously an awful lot of conditions where nothing changes for decades.”

4. Discussion

Our first aim was to explore the personal experience and understanding of individ-
uals with CFS/ME. This was achieved through open questioning and exploration of the
participant’s views of their reality.

The second aim was to identify overarching themes that may help identify risk factors
that place people at greater threat of experiencing the more severe presentation of CFS/ME.
Many of the participants demonstrated previously identified risk factors for expressing the
severe form of CFS/ME: a delayed diagnosis [22,28]; problems accessing social security [22]
and poor relationships with doctors or health professionals [14,22,23].

This small qualitative study has identified other common factors, which need further
research to clarify and confirm. For example, demonstration of deterioration as the indi-
vidual initially attempted to get fitter or remain “normal”. This may be an indication of
an unidentified exercise intolerance. It appears that the point in a person’s life when the
illness presents is of importance. Several participants were moving from one phase of life
to another. For example, school exam time, moving from school or higher education to
work life, or following the birth of a child. It appears that severe presentation may manifest
when the illness coincides with a transitioning time in a person’s life. Another common
factor is the relationship between burden and resource. Those with dependents or many
responsibilities and a limited support network appear to be more vulnerable to the severe
expression of the illness. In addition, those individuals who had a support network but
remained to some degree dependent on carers were not able to establish independence due
to the illness.

The final aim of this study was to provide a better understanding of this population to
allow a research community to engage with them more effectively. This has been addressed
to an extent by Kingdon [14]. We have taken a phenomenological approach to report the
lived experience of five individuals with CFS/ME. These findings cannot be generalised;
however, it is possible that they are transferable to other individuals in a similar position.
Here, we will expand on how these findings may be applied to the evolving understanding.

All five of the participants had vague initial presentations that they found difficult
to explain, illustrating the experience of living with poorly understood illness. Despite a
fatigue presentation, they were actively encouraged to keep going and push through or
had themselves tried to regain their former life. Maladaptive sickness patterns have been
recognised in chronic illness [41], and the recommendation of exercise in the presence of
fatigue is increasingly acknowledged as detrimental. Inappropriate advice may promote
unhealthy pacing behaviours of “boom and bust” and persistence [42]. It is suggested that
this ultimately leads to deconditioning through the over training exercise curve, which
is recognised in athletes but remains an under researched area [43]. Fatigue self-efficacy
improves outcomes [41]; however, the confidence to self-manage fatigue must be fostered
gradually and immediately if unhealthy adaptive behaviours are to be avoided.

The timing of the illness appears to have importance. When illness occurs at a young
age, school attendance is reduced, seriously affecting intellectual and social develop-
ment [16,44]. This is illustrated by Helen and to some extent David, who continued to be
dependent on their parents, who were their carers into adulthood. This combination can
further impact managing this complex illness [15]. Another critical factor is if the illness
occurs during a transition, e.g., from professional to working mother, when tiredness
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is expected. This may make diagnosis more difficult: transitioning life stages produce
confounding factors that confuse a biomedical assessment.

All the participants followed a deteriorating pattern. It appears there comes a point
when burdens exceed resources and the opportunity to improve is extinguished. Then,
people experience physiological threats, resulting in fight or flight reactions or dissociative
responses. Dissociation is described within polyvagal theory as losing a sense of presence
resulting in experiencing a disconnection and a lack of continuity between thoughts,
memories, surroundings, and actions [45].

It is concerning that at least two of the participants reported symptoms of dissociation.
It is suspected in the three others. Benign aspects of existence were experienced as threats
so extreme that the ability to be present was lost. Acceptance has been identified as a
precursor for any therapeutic intervention to succeed. However, it is proposed that for
acceptance to occur, a person must feel safe and present within their physical environment.
This has significant implications for management and rehabilitation.

Intrinsic challenges to everyday life are further compounded by the extrinsic burdens.
All five of the participants reported poor or limited interactions with healthcare profes-
sionals during their illness. Negative attitudes towards CFS/ME by medical professionals
are repeatedly reported [23,46]. After many attempts at trying and failing to navigate the
health and social care systems, with an imbalance of energy, resources, and burdens, some
individuals experiencing CFS/ME eventually appear to accept their limitations and those
of their health professionals.

All of the participants were forced to give up education or employment. In work and
educational institutions, the lack of understanding and provision for people with CFS/ME
creates obstacles for people with the illness to remain in those environments. CBT and GET
do not restore the ability of a person with CFS/ME to work [47]. People with CFS/ME
who cannot remain in employment need to access the benefits system. As CFS/ME does
not sit within the current biomedical model of health and social care, this creates issues
navigating the benefits system. This was reported by two of the five participants. It has
been recorded that the benefits system in the UK does not meet the needs of people with
CFS/ME, leaving them socially isolated and/or increasingly dependent on friends and
family. The distress of navigating the system often exacerbates health conditions [40].

The five participants managed their condition as well as resources allowed, both
intrinsic and extrinsic. At times, this unfortunately meant accepting the limits of the system
in which they found themselves.

Four of the five study participants had received specialist support during their illness.
However, this support was not always valued. One participant was receiving support at
the time of the study. All the participants presented with complex multi-faceted issues that
impacted every component of the biopsychosocial model. Their ability had declined to
the extent where it impacted every aspect of their life: physical function, diet, sleep, and
social interaction.

The participants were heavily reliant on the internet to source management strategies.
This often distilled illness beliefs. Health literacy has been shown to be a challenge in
vulnerable groups [48]. However, we do not understand how severely affected CFS/ME
individuals use health literature, because they are so under researched.

It appears that severely affected CFS/ME individuals must lead a very disciplined and
limited existence in order to manage symptom burden within their intrinsic and extrinsic
limitations. It is an open question as to whether such limits impact their ability to be
psychologically flexible and resilient in their outlook.

5. Conclusions

This study is novel, as it has accessed this hard to reach population group and recorded
their experience. Most of the participants had received some form of specialist CFS/ME
support or had access to the healthcare services. However, their experiences ranged from
accepting the limitations of the service to having a very negative view.
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CFS/ME is a medically unexplained illness lying at the boundaries of understanding
within the legacy biomedical model. An illness where there is no single, simple cause or
theoretical model, no clear mind /body division, and no definitive classification [1] does
not sit easily in the current healthcare system. The CFS/ME presentation conflicts with the
current health and social care model [1,2]. The severe CFS/ME presentation sits outside
the model and therefore is not acknowledged.

This illness ranks low within primary care, as it is not life threatening [23]. However, it
is potentially life shortening [14]. There are certainly physical and mental health symptoms
that are often disregarded or missed within the complex presentation [14], and reports
suggest that 88 suicides have been partly attributed to CFS/ME between 2001 and 2016.
However, it has been noted that it is not necessarily intrinsic factors that lead to suicide, but
a combination of extrinsic factors, which include a lack of medical care and social support,
failure to control key symptoms, and inadequate financial help. Depression is not always a
feature in CFS/ME-related suicide [49].

Pathway-focused institutional cultures are not predisposed to embrace the ambiguities
inherent in adopting the more holistic biopsychosocial model, where outcomes are more
difficult to define and evaluate. The resulting continued narrow biomedical focus of the
current social care system results in neither the healthcare professional nor the CFS/ME
patient feeling safe with each coming from a position of defence when they communi-
cate [23,27,45]. People with the severe expression of CFS/ME appear to avoid the harm of
the current health and social care system by purposely withdrawing from it. This reduces
opportunities for rehabilitation and is an area for further study.

Individuals with severe CFS/ME live on the peripheries of society, at the edges of
the research bell curve [50]. They do not belong within “normal” expectations and they
do not have the energy to try to fit [51]; therefore, they remain socially, medically, and
financially isolated. The role of environment has been discussed within the international
classification of function. Disability has been acknowledged as a socially created problem
that can limit freedom by failure to provide the resources and opportunities needed to
make participation feasible [52]. This paradigm must be explored further if we are to better
understand and provide adequate health and social care for the severe CFS/ME population
or other people experiencing “illness” that does not fall into the biomedical model.

The findings of this study aim to assist understanding of the needs of the severe
CFS/ME population. Currently, the healthcare system and research community are failing
to provide resources and opportunities for this group to engage, and so enable the positive
outcome of increased independence. Longer periods of intervention, home visits and
telephone consultations and in extreme cases inpatient rehabilitation in specialist services
are effective evidenced interventions in the research literature [10,16,44,53]. Such services
would meet the needs of CFS/ME individuals much better than the status quo which often
forces patients to meet the needs of the system in order to secure the care that they need.

A re-evaluation of the approach taken to CFS/ME and other unexplained illness is ever
more urgent given the upcoming surge in numbers of long-haul COVID-19 individuals. A
major symptom of such long-haul COVID-19 is fatigue [54,55]. Research and healthcare
communities have much experience to share and further research to perform, particularly
in the area of health, social care, and societal attitudes allowing vulnerable ill people to
remain valued members of society.

Limitations

The thematic analysis aspect of this research studies a small number of participants in
depth, giving a rich presentation. The participants were from a small geographical area
and may not be representative of the wider CFS/ME community.

It is recommended that further research is conducted with a larger sample of partici-
pants across a wider geographical area of the United Kingdom. Adequate financial and
time provision must be allocated to allow severe and very severe CFS/ME individuals
to engage in future projects. Part of future research regarding CFS/ME must explore the
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wider biopsychosocial factors that lead to the severe expressions of fatigue. The goal is
to identify risk factors that affect the deterioration of the condition within different life
phases and aid earlier detection of those at risk of the severe and very severe expression of
CFS/ME and adequate provision of healthcare.
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Abstract: Myalgic encephalomyelitis / chronic fatigue syndrome (ME/CFS) is a complex multi-system
disease with no cure and no FDA-approved treatment. Approximately 25% of patients are house
or bedbound, and some are so severe in function that they require tube-feeding and are unable
to tolerate light, sound, and human touch. The overall goal of this case report was to (1) describe
how past events (e.g., chronic sinusitis, amenorrhea, tick bites, congenital neutropenia, psychogenic
polydipsia, food intolerances, and hypothyroidism) may have contributed to the development of
severe ME/CFS in a single patient, and (2) the extensive medical interventions that the patient has
pursued in an attempt to recover, which enabled her to return to graduate school after becoming
bedridden with ME/CEFES 4.5 years prior. This paper aims to increase awareness of the harsh reality
of ME/CFS and the potential complications following initiation of any level of intervention, some of
which may be necessary for long-term healing. Treatments may induce severe paradoxical reactions
(Jarisch-Herxheimer reaction) if high infectious loads are present. It is our hope that sharing this case
will improve research and treatment options for ME/CFS.

Keywords: myalgic encephalomyelitis (ME); chronic fatigue syndrome (CFS); post-exertional malaise;
die-off reactions; chronic illness; Lyme disease; Epstein-Barr virus; Mycoplasma pneumonia; candida;
orthostatic intolerance; light therapy; eye movement desensitization and reprocessing (EMDR);
emotional freedom technique (EFT)

1. Background

Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CES) is a debilitating and
life-altering disease that affects people around the world, including as many as 2.5 million
Americans [1]. Clinically, ME/CFS manifests as debilitating fatigue that worsens with
physical or mental activity that is not relieved by rest and is not caused by excessive
exertion [1]. Because of the severe impact of ME/CFS on general function (both mental
and physical) and no accepted treatment, approximately 25% of patients are house or
bedbound [1]. Some are so severe in function that they require tube-feeding and are unable
to tolerate light, sound, and human touch [2,3].

Diagnosing ME/CFS remains a challenge, and it has been estimated that approxi-
mately 85% of patients remain undiagnosed [1]. In addition, information about ME/CFS
is not taught in the majority of the nations” medical schools [1], which has contributed
to widespread disbelief and uncertainty among health care providers, many who do
not accept ME/CEFS as a genuine clinical entity [1,4,5]. As such, patients are frequently
misdiagnosed with a psychological condition [1,4,5].

For those diagnosed with ME/CFS, long-term prognosis remains poor. Patients with
ME/CFS have a lower quality of life compared to patients with other chronic diseases, such
as cancer, multiple sclerosis, and stroke [6-8]. In addition, little progress has been made on
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developing diagnostics and treatments for ME/CFS in recent decades. Currently, there is
no cure and no FDA-approved treatment for ME/CFS. ME/CFS is the most underfunded
disease relative to disease burden among all the diseases funded by the United States
National Institutes of Health (NIH) [8]. Although studies have documented a wide range
of abnormalities in patients with ME/CFS (e.g., central and autonomic nervous systems,
metabolic dysfunctions, compromised immunity, and chronic infections), most patients with
ME/CFS have “normal” standard lab tests, making a definitive diagnosis difficult [9-11].

In this case report, we describe the complex medical history of one severe ME/CFS
patient and her efforts to recover over a 4-year period, which resulted in her return to
graduate school. The overall goal of this case report was to (1) describe how past events
may have contributed to the development of severe ME/CFS in a single patient, and (2) the
extensive medical interventions that the patient has pursued in an attempt to recover,
which enabled her to return to graduate school after becoming bedridden with ME/CFS
4.5 years prior. This paper aims to increase awareness of the harsh reality of ME/CFS and
the potential complications following initiation of any level of intervention, some of which
may be necessary for long-term healing. It is our hope that sharing this case will improve
research and treatment options for ME/CEFS.

2. Case Presentation

Upon presentation to the rheumatologist’s office (August 2013), the patient’s vitals
were normal [BMI: 21.1, BP: 95/47, pulse: 66, RR: 13, Temperature: 97.8°]. She was a
graduate student (age 28 and Caucasian) but had been on medical leave since January 2013
(7 months). She had to move home with her parents because she was no longer capable of
caring for herself. Previously an avid exerciser (running and weight training), she was no
longer capable of any physical activity. Simple activities such as showering would force
her back to bed (post-exertional malaise [1,12,13]) (Table 1). She reported that she was no
longer capable of eating most foods, as her digestive tract felt like it was shutting down.
Her diet consisted of easily digestible foods proposed to be helpful in treating chronic
diseases [14]. She also reported taking a wide range of supplements (~15 total), including
probiotics, zinc, vitamin D, and fish oil.

From January 2013 to July 2013, the patient had been seen by four physicians with a
complaint of profound fatigue and general malaise (urgent care, internal medicine, infec-
tious disease, and family medicine). The most recent family medicine physician diagnosed
her with ME/CFS in July 2013 (Figure 1) based on recognized criteria from the Centers
for Disease Control and Prevention (CDC), which included profound disabling fatigue
for at least 6 months that remained unexplained and was accompanied by frequent sore
throats, impaired cognitive function, post-exertional malaise (Table 1) [1,12,13], unrefresh-
ing sleep, headaches, and joint/muscle pain [15]. The patient also met the definition
for ME/CFS as described by the ME International Consensus Criteria (ICC) based on
energy production/transportation impairments (e.g., thermostatic instability and dizzi-
ness), immune/gastrointestinal / genitourinary impairment (e.g., chronic flu-like symptoms
that worsened with exertion), neurological impairment (e.g., cognitive dysfunction and
unrefreshing sleep), and post-exertional neuroimmune exhaustion (e.g., post-exertional
malaise) [16]. The patient was then referred to the present physician (theumatologist with
a PhD in immunology) for further workup and treatment. The family medicine physician
was concerned by a positive test for Antinuclear Antibody (ANA) (suggesting a possible au-
toimmune disorder). In addition, the family medicine physician viewed recent lab tests as
inconclusive for Epstein-Barr virus, Mycoplasma pneumonia, and Chlamydia pneumonia.
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Table 1. Jarisch—-Herxheimer Reaction vs. Post-Exertional Malaise.

Jarisch-Herxheimer Reaction [17-26]

Post-Exertional Malaise [1,12,13]

Worsening of existing symptoms (and appearance of
new symptoms) following treatment in several

Worsening of existing symptoms following
excessive cognitive, physical, orthostatic,

Definition infectious diseases (including viral, bacterial, and .
: emotional, or sensory challenges that were
fungal). It should not be confused with a drug allergy .
. previously tolerated.
or adverse reaction to treatment.
Onset Typically occurs within 24 h but may be delayed by Typically occurs within 48 h of excessive
7-14 days. exertion.
Duration Hours or days Hours, days, weeks, or months
Specific to ME/CFS No Yes
Patients with ME/CFS may need to commence Pacing (i.e., staying within energy envelope) is
Controlling treatment with very low dosages and titrate upwards & €, staying ey P
. . necessary to avoid.
with caution [27].
Should be expected by all patients receiving treatment Can be triggered by the most mundane
Triggers (or related herbal treatment) for infectious diseases if activities (conversation and showering),

an adequate infectious load is present.

depending on ME/CFS severity.

Example of Symptoms Experienced by
Patient over Course of 4+ Years *

° Severe hypotension (systolic blood pressure
would frequently drop below 80 mm Hg)

e Severe musculoskeletal and joint pain (often

uncontrollable)

Migraines

Sore throat

Severe bloating and intestinal cramps

Extreme fatigue (bedridden)

Sweating and chills

Nausea

Brain Fog

Hypotension

General body aches
Headaches

Sore throat

Extreme fatigue (bedridden)
Nausea

Brain fog

* Symptoms of post-exertional malaise vs. Jarisch-Herxheimer reaction commonly overlap. If the patient was in a Jarisch-Herxheimer state
and overexerted, then the Jarisch-Herxheimer reaction would simply worsen. The Jarisch-Herxheimer reaction is more commonly known

as die-off.

Diagnosed
secondary
amenorrheq,
age 16

Began female
hormones

(sporadic ~10 years)

[ J
1980s

Late

1990s/

® Early
Diagnosed 2000s

chronic sinusitis

Began antibiotics
& allergy shots
(ongoing ~ 20

years)

Sustained ~6 tick

Central America

Stopped consuming
dairy products (resolved
chronic sinusitis)

Diagnosed psychogenic
polydipsia (compulsive
water drinking)

Jan: Bedridden
extreme fatigue,
age 28

July: Diagnosed

i i ME/CFS &
Dlognnecz;stfgpcei?c? in”d Began thyroid referred fo‘
osteopenia medication rheumatologist
. 2
2005 2010 2012
2009 2011 2013
® [ ) ®

Began experiencing
worsening Gl symptoms,
severe coldness, & abnormal
fatigue

bites in

Stopped consuming gluten
due to HLA DQ2+ gene
(partially resolved Gl
symptoms)

Began menstruation
at age 28 after 12
years of amenorrhea

Figure 1. Medical history timeline. Patient saw over 20 medical specialists (i.e., pediatrics, allergy and immunology,
gynecology, gastroenterology, endocrinology, hematology, infectious disease, internal medicine, alternative medicine, urgent
care, and family medicine) from 1980s through 2013. In 2013, she was diagnosed with ME/CFS at age 28 by a family
medicine physician and referred to a rheumatologist (MD, PhD).
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3. Past Medical History

The patient had been struggling medically since early childhood and had seen over
20 medical specialists (Figure 1). She had a medical history of chronic sinusitis with no
food allergies, amenorrhea, osteopenia, gluten intolerance (HLA DQ2+ gene), congenital
neutropenia, polyuria, polydipsia, and hypothyroidism.

For chronic sinusitis, the patient had a 20+ history of long-term antibiotics, steroids,
and allergy shots. She reported that despite these treatments, she spent most of her
childhood chronically sick and was frequently absent from school. Her chronic sinusitis
resolved in her early 20s once she stopped consuming dairy products.

The patient was diagnosed in her 20s with congenital neutropenia by a hematologist
and psychogenic polydipsia (compulsive water drinking) by an endocrinologist. In addi-
tion, she had a 10+ year history of amenorrhea until recently and had seen over 10 doctors
of various specialties for this condition alone (including 5 different gynecologists). She had
1-2 instances of spotting at age 16 and no menses thereafter. All lab tests were reported nor-
mal (including an MRI of her pituitary and an ultrasound of her ovaries). She reported that
she was on female hormones for at least 10 years, but she was not compliant as she suffered
ongoing negative side effects (including migraines). Apparently, all 3 conditions (poly-
dipsia/polyuria, neutropenia, and amenorrhea) were resolved after she was prescribed
Amour Thyroid at age 28 for hypothyroidism despite “normal” labs.

The patient reported being bitten by several ticks in Central America 8 years ago.
When she returned home, she began experiencing flu-like symptoms. However, she has
never tested positive for Lyme disease nor displayed a bullseye rash. The patient also
described that she has had declining health over the past 6 years, but she was semi-stable
until recently. During the fall of 2012, the patient was continuously fighting ongoing
infections and had several bouts of the flu. She was working on a limited basis while going
to school, but she had to quit work completely. She no longer had the capacity to exercise,
and minimal time away from home would force her to bed for several hours.

4. Differential Diagnosis

A physical exam was generally normal, except for yellow hyperpigmentation of the
palms, dry eyes, and dry mouth. A salivary gland ultrasound indicated enlarged intra-
parenchymal lymph nodes with increased cortex to hilum ratio (right and left parotid
glands) and multiple hypoechoic intraparenchymal areas (right and left submandibular
glands). Based on the examination, the patient was diagnosed with Sicca syndrome (dry
eyes/mouth). An unspecified disease of the salivary glands (high probability of Sjogren’s
syndrome, an autoimmune disease) and unspecified inflammatory spondylopathy also
were suspected. The patient’s medical history suggested that hypothyroidism needed to be
addressed, along with possible causes for ME/CFS (including a reactive post-infectious
process due to Mycoplasma pneumonia/Chlamydia pneumonia infection). Gluten intol-
erance (HLA DQ2+) was also noted. Laboratory serology tests ordered are presented in
Table 2.

The patient’s labs indicated low T4 (55.03 nmol/L, normal: 60-120), low serum iron
(36 ug/dL, normal: 37-160), low free lambda chains (5.41 mg/L, normal: 5.71-26.3) with
increased kappa to lambda ratio (2.78, normal: 0.26-1.65), a negative extractable nuclear
antigen (ENA) panel, elevated ammonia (47 umol/L, normal: 11-35), borderline elevated
Mycoplasma pneumonia IgG (193 U/mL, indeterminate: 100-320), borderline elevated
Chlamydia trachomatis IgM (0.8, borderline: 0.8-1.0), and elevated Chlamydia pneumonia
IgG (1:128, negative: <1:16). The patient was considered to be suffering from a post-
infectious process due to Chlamydia pneumonia. IgG titers can be elevated from past
exposure, as opposed to a post-infectious process [28,29]. A repeat sample drawn weeks
later that demonstrated a significant rise of IgG titers would provide increased evidence
of a post-infectious process [28,29]. Although Mycoplasma pneumonia and Chlamydia
pneumonia (bacterial infections) are usually self-limiting, clinical manifestations can range
from self-limiting to life-threatening, from pulmonary to extrapulmonary [28,30]. In addi-
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tion, intestinal Candida was suspected based on elevated ammonia levels and the patient’s
medical history of long-term antibiotics.

Table 2. Serology Laboratory Tests Ordered at Initial Visit to Rheumatologist (August 2013) after
ME/CEFS Diagnosis.

ACL (Anti-Cardiolipin) Antibodies (IgM, IgG, IgA)
Ammonia

Amylase

ANA (Antinuclear Antibodies) with reflex to 11
Anti-CCP (Cyclic Citrullinated Peptide) IgG Semi-Quantitative
ASQO (Antistreptolysin O) Antibodies

B2M (Beta 2 Microglobulin) Tumor Marker
Bilirubin, Direct

Chlamydia pneumonia (IgG/IgM)

Chlamydia trachomatis (IgM)

Complement C3a/C4a

CBC (Complete Blood Count) with Differential /Platelet
CK (Creatine Kinase)

Complete Metabolic Panel

CRP (C-Reactive Protein)

Ferritin

Free Kappa Light Chains

Free Lambda Light Chains

GGT (Gamma-Glutamyl Transferase)

G6PD (Glucose-6-phosphate dehydrogenase) Enzyme
Hemoglobin Alc

HNK-1 (Human Natural Killer-1) CD57
Immunoglobulins (IgA, IgG, IgM)

LDH (Lactic Acid Dehydrogenase)

Lipase

Lyme Western Blot

Magnesium

Mycoplasma pneumonia (IgG/IgM)

Natural Killer Cell Surface Antigen (CD56/16)
Phosphorus

Rheumatoid Factor

Rheumatoid Factors (IgM, IgG, IgA)
Sedimentation rate

Serum Iron

Serum Protein Electrophoresis

Thyroid Panel (TSH, T3, T4, Free T4)

Uric Acid

Urinalysis

Vitamin D (25-Hydroxy)

5. Treatment

For hypothyroidism, the patient was placed on Levothyroxine and was told to continue
Armour Thyroid. For possible chronic bacterial infections, she was placed on antibiotics
(doxycycline). She was also placed on Nystatin to combat possible Candida (fungal) over-
growth. She was expected to begin feeling better within 2-3 months of treatment, but the
treating physician warned her that she may get worst before she gets better due to the
Jarisch-Herxheimer reaction (die-off). The Jarisch—-Herxheimer reaction is the worsening
of existing symptoms (and the appearance of new symptoms) following treatment of
several infectious diseases (including viral, bacterial, and fungal). It is an immunologic
response that should not be confused with a medication allergy or an adverse reaction to
treatment (Table 1) [17-26]. Authors have distinguished a Jarisch—-Herxheimer reaction
from a drug allergy based on resolution of symptoms despite continuation of therapy [21]
and absence of liver test abnormalities [26]. An overview of the symptom changes ob-

45



Healthcare 2021, 9, 1537

Very Severe:

Mostly bedridden
Unable to carry out
most activities of
daily living

Severe digestive
impairment

Severe cognitive
dysfunction

served over the course of treatment is shown in Figure 2. During treatment, it was not
uncommon for the patient to revert backwards for days, weeks, or months at a time due to
Jarisch—-Herxheimer reactions. Any perturbation (e.g., new medication, dose increase, and
reintroduction of past medication) would induce a Jarisch-Herxheimer reaction. During
such periods, the patient’s tolerance to any of level of exertion (post-exertional malaise;
Table 1) also decreased.

Moderate/Severe:

* Mostly
housebound

+ Limited to
minimal activity

* Moderate
cognitive
impairment

* Moderate
digestive
impairment

Mild/Asymptomatic

* Mobile

« Capacity for
exercise

Phase 1 Treatment
Sept 2013-Feb 2015

Phase 2 Treatment
Feb 2015-Aug 2017

Figure 2. Symptom timeline over the course of treatment for ME/CFS (September 2013-August 2017).

6. Outcome and Follow-Up
6.1. September 2013 to February 2015

The patient was seen every 3—6 weeks over the course of 1.5 years. Prior to her first
follow-up visit, she reported symptoms characteristic of Jarisch-Herxheimer reactions
(severe joint and musculoskeletal pain, worsening fatigue, worsening cognitive function,
migraines, drops in blood pressure, etc.) that she was struggling to control (Table 1).
Based on this information, the doxycycline was discontinued. At her first follow-up,
she was changed to a different antibiotic and was recommended various herbs for detox-
ification support (such as succinic acid, N-acetyl cysteine, bromelain, and a liver detox
blend). Follow-up labs indicated that with the initiation of treatment, IgG titers rose for
Mycoplasma pneumonia but fell for Chlamydia pneumonia (Figure 3). Therefore, My-
coplasma pneumonia was viewed by the treating physician as the more probable factor
contributing to ME/CFS. In addition, the Jarisch-Herxheimer reactions she continued to
experience were further suggestive of a chronic infection (Table 1) [17-26].

Over the course of 1.5 years, the patient was treated primarily for Mycoplasma pneu-
monia and was cycled among various antibiotics (including nebulized Gentamycin), in
addition to synergists (such as Hydroxychloroquine and Dipyridamole [31]) to enhance
antibiotic potency. Immune modulators (such as Colostrum, Astragalus, Andrographis,
and Cordyceps) were also recommended to strengthen the patient’s immune system. Be-
cause of increasing ammonia levels (49 umol/L, normal: 11-35), the patient was changed to
Fluconazole (antifungal) in December 2013 to treat suspected Candida. Her labs worsened
in certain areas as treatment progressed, which was likely due to high levels of Jarisch—
Herxheimer reactions [20,26,32]. C-Reactive Protein (CRP) reached a high of 9.7 mg/L in
July 2014 (Figure 4).
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Figure 3. Serology results from IgG specific antibody levels for both Mycoplasma pneumonia and Chlamydia pneumonia.
Dotted lines separate the 2 different phases of treatment (September 2013-February 2015, February 2015-August 2017). With
the initiation of treatment, IgG levels rose for Mycoplasma pneumonia but fell for Chlamydia pneumonia. Mycoplasma
pneumonia was viewed by the treating physician (MD, PhD) as the dominant contributing factor to the patient’s illness
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Figure 4. Serology results for CRP (inflammatory marker). Dotted lines separate the two different phases of treatment
(September 2013-February 2015, February 2015-August 2017). CRP levels were deemed too high by the treating physician
(MD, PhD) in July 2014 and August 2016. Large gaps are present as CRP was not measured consistently. C-Reactive

Protein: CRP.

Low iodine (October 2014; 37.1 ug/L, normal: 40-92) and high cortisol levels (January
2014; 27.8 ug/dL, normal: 2.3-19.4) were also identified, so Kelp and adaptogen herbs (such
as Ashwaganda and Eleutherococcus) were advised. The patient’s thyroid medication
(Armour Thyroid and Levothyroxine) was also increased over the course of several months
due to low T4 and/or low T3 levels. During the Spring of 2014 (~6 months after onset
of treatment), she had improved enough to take a college course 1 day/week. However,
she was not well enough to drive. In addition, too much mental exertion would cause her
to crash to bed (post-exertional malaise [1,12,13]) (Table 1). She began to struggle with
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severe orthostatic intolerance and hypotension. Low aldosterone (which helps regulate
blood pressure) was contributory, based on non-detectable blood levels. The herb Licorice
Root was advised. When this alone was not adequate, Fludrocortisone was prescribed. By
February 2015, she was still predominantly housebound, and although she was doing better
cognitively, simple activity like walking was still too difficult on most days. Her overseeing
physician at this point deemed her a mystery patient. Mycoplasma pneumonia levels
appeared to be stabilizing (Figure 3) and frequent labs were not capable of identifying any
additional abnormalities or infections. In addition, she remained abnormally sensitive
to any level of treatment. An overview of the medications prescribed during phase 1 of
treatment (September 2013 to February 2015) is provided in Table 3.

Table 3. Medications Prescribed during Phase 1 of Treatment (September 2013-February 2015).

Name Reason Prescribed

Prescriptions
Doxycycline Antibiotic (Mycoplasma pneumonia)
Clarithromycin Antibiotic (Mycoplasma pneumonia)
Azithromycin Antibiotic (Mycoplasma pneumonia)
Dipyridamole [31] Increase antibiotic potency
Nystatin Antifungal
Fluconazole Antifungal
Gentamycin Nebulized antibiotic (Mycoplasma pneumonia)
Glutathione Nebulized antioxidant for detoxification
Hydroxychloroquine Pain and inflammation; increase antibiotic potency
Fludrocortisone Raise aldosterone to improve hypotension
Armour Thyroid Hypothyroidism
Levothyroxine Hypothyroidism

Supplements
Succinic Acid Detoxification
N-Acetyl Cysteine Detoxification; biofilm disruptor
Liver Detox Blend Detoxification
Modified Citrus Pectin Detoxification
Bromelain Pain and inflammation; biofilm disruptor
Boswellia/Curcumin Pain and inflammation
Colostrum Immune
Cordyceps Immune
Kelp (iodine) Immune and thyroid
Ashwagandha Adaptogen
Rhodiola Extract Adaptogen
Eleutherococcus Adaptogen
Licorice Root Raise aldosterone to improve hypotension
Phosphatidyl Serine Brain fog
Artemisian Antimicrobial
Berberine Antifungal
Silver Hydrosol Antimicrobial (Mycoplasma pneumonia)
Olive Leaf Extract Antimicrobial (Mycoplasma pneumonia)
Anantamul Antimicrobial (Mycoplasma pneumonia)

Prescribing physician MD, PhD. All oral unless otherwise indicated. Patient was also taking several supplements
on her own that the physician approved (e.g., probiotics, zinc, vitamin D, and fish oil). t Wide range of herbs that
includes milk thistle, schisandra, bupleurum, dandelion, scute, N-acetyl cysteine, methionine, barberry, turmeric
and more.

6.2. February 2015 to August 2017

To improve the chances of recovery, the patient made three major shifts in her treat-
ment plan: (1) she began seeing other medical professionals and exploring non-traditional
therapies. Most importantly, she began seeing a PhD clinical psychologist with expertise in
energy psychology and various non-invasive techniques, such as eye movement desensiti-
zation and reprocessing (EMDR) and emotional freedom technique (EFT); (2) she started
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light therapy; and (3) she shifted her medication protocol from dominantly antibiotics to
dominantly herbs.

EFT is a non-invasive method that involves purely tapping on various acupressure
points and stating (or thinking) specific statements, while EMDR is a non-invasive method
that involves simply moving the eyes in specific patterns while stating (or thinking) specific
statements. Systematic reviews and meta-analyses have shown that EFT and EMDR
are both effective for the treatment of depression [33,34], post-traumatic stress disorder
(PTSD) [34,35], and anxiety [34,36]. In addition, both EFT and EMDR have been shown to
improve chronic pain [37,38]. EFT also improves multiple physiological markers of health
(such as blood pressure and cortisol) [37].

The patient saw the clinical psychologist approximately 1 day/week and spent
25-100% of her 1-h session on EFT and EMDR, with the focus on various topics related
to her specific situation, such as improving health and well-being, clearing toxins and
inflammation, and killing specific pathogens. Unfortunately, the patient experienced se-
vere discomfort during her treatment sessions, including joint pain, headaches, excessive
yawning, and flu-like symptoms. It would often take her several days to stabilize. Though
the psychologist would frequently recommend that his patients perform EFT/EMDR at
home (several times a day), the current patient was not capable.

In addition, light therapy was initiated. The patient purchased a LED face light
with seven different colors for personal usage and began using it off label, all over her
body (most frequently on top of her head). She used all seven colors, but the dominant
colors were blue, red, and green. Blue light is effective in treating antibiotic-resistant
strains of bacteria [39,40], in addition to acne (where blue light has FDA approval) [41,42].
Furthermore, red light therapy has been reported as a potential neuroprotective treatment
for both Alzheimer’s and Parkinson’s patients [43], which has led to the emergence of red
light bucket hats as a potential treatment for those with Parkinson’s disease [44]. Moreover,
green light therapy has been shown to have anti-inflammatory effects in animal models [45]
and decrease pain and improve quality of life in Fibromyalgia patients [46]. When the
patient commenced treatment (initially with blue light on the face), she was not able to
tolerate it more than 1-2 min without developing severe migraines. In time, light therapy
became a daily crucial treatment (up to 6 h/day).

Lastly, the patient shifted her medication protocol from dominantly antibiotics to dom-
inantly herbs and began treating other possible infections (despite the lack of positive test
results). She saw the overseeing physician (theumatologist) every 1-3 months. The focus
was no longer on Mycoplasma pneumonia, though this was still monitored (Figure 3).
The overseeing physician recommended herbs for other possible conditions and infections
for the patient to try on a trial basis, which included herbs for Epstein—Barr virus (Inosine,
PABA, DMAE) and Lyme disease (Cat’s Claw). Broad-spectrum antimicrobials (such as
Silver Hydrosol, Olive Leaf Extract, Anantamul, and Neem) were also recommended.
Not surprisingly, the patient experienced severe reactions from all supplements. Therefore,
the process of introducing new herbs (or increasing dosages of old ones) was performed
with extreme care. Extensive labs were performed regularly, and although no novel infec-
tions were identified, inflammatory markers were sometimes elevated. CRP reached a high
of 9.9 mg/L in August 2016 (Figure 4), which was during the period the patient was on
an incremental light therapy protocol. The abnormal reactions to all forms of treatment
(including non-invasive therapies described above) were suggestive of Jarisch-Herxheimer
reactions [17-26] (Table 1). An overview of the medications prescribed during phase 2 of
treatment (February 2015 to August 2017) is provided in Table 4.
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Table 4. Medications Prescribed during Phase 2 of Treatment (February 2015-August 2017).

Name Reason Prescribed
Prescriptions
Armour Thyroid Hypothyroidism
Levothyroxine Hypothyroidism
Cholestyramine Detoxification
Supplements
Cat’s Claw (Uncaria Tomentosa) Antimicrobial (Lyme disease)
Neem Broad-Spectrum Antimicrobial
Inosine Antiviral (Epstein-Barr virus)
PABA (Para-aminobenzoic Acid) Antiviral (Epstein-Barr virus)
DMAE (Dimethylaminoethanol) Antiviral (Epstein-Barr virus)
L-Lysine Antiviral (Herpes simplex virus)
Drynaria Osteopenia
Bamboo Extract Osteopenia
Andrographis Immune
Astragalus Immune
Iporuru Pain and inflammation
Zeobind Heavy Metal Chelation
Modified Citrus Pectin Heavy Metal Chelation

Prescribing physician MD, PhD. All oral unless otherwise indicated. Patient was also taking several supplements
on her own that the physician approved (e.g., probiotics, zinc, vitamin D, and fish oil), in addition to several
supplements shown in Table 3.

6.3. August 2017

After 2.5 years of a revised treatment protocol, the changes made in the treatment plan
were considered successful. In August 2017, the patient was well enough to move out from
her parents” home and resume graduate school, after becoming bedridden with ME/CFS
4.5 years prior. Prior to returning to graduate school in August 2017, the patient was
stable for at least 6 months. Her diet had also expanded considerably for several months,
and other than dairy and gluten, she had no restrictions. She was even back at the gym by
April 2017 and was going for walks daily (something she was not capable of doing in over
4 years). She resumed graduate school with a very light schedule and maintenance protocol
comprised of prescription medications (Armour Thyroid and Levothyroxine), extensive
herbs (e.g., antimicrobials, antivirals, and immune modulators), and non-invasive therapies
(EFT, EMDR, and light). A summary of the treatments used by the patient from September
2013 to August 2017 is provided in Table 5.

Table 5. Summary of Treatments Used by Patient Over 4+ Year Period.

Phase 1 Phase 2
(September 2013-February 2015) (February 2015-August 2017)

Long-Term Antibiotics ! X
Long-Term Antifungals ' X
Long-Term Thyroid Medication ! X X
Miscellaneous Prescriptions ! X X
Very Restricted Specialized Diet N N

for Seriously 1112
Herbs ! X X
Eye Movement Desensitization

and Reprocessing (EMDR) 3 X
Emotional Freedom Techniques

(EFT)3 X
Light Therapy 34 X

1 Prescribed by MD, PhD (overseeing physician). Miscellaneous prescriptions included Dipyridamole, Nebulized
Glutathione, Hydroxychloroquine, Fludrocortisone, and Cholestyramine. 2 Based on recommendations from
the book “Food is Your Best Medicine”, by Henry Bieler, MD [14]. Started immediately when health seriously
declined, several months before initiation of formal treatments. 3 Core treatment during sessions with PhD clinical
psychologist. 4 Light therapy was regularly performed at home (up to 6 h/day). In time, this was incorporated
with EFT and EMDR.
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7. Discussion

The purpose of this case report was to describe the complex medical history of one
severe ME/CFS patient and her efforts to recover over 4 years, which enabled her to return
to graduate school. The overall goal of this case report was to (1) describe how past events
may have contributed to the development of severe ME/CFS in a single patient, and (2) the
extensive medical interventions that the patient has pursued in an attempt to recover.
This paper aims to increase awareness of the harsh reality of ME/CFS and the potential
complications following initiation of any level of intervention, some of which may be
necessary for long-term healing. It is our hope that sharing this case will improve research
and treatment options for ME/CFS.

Given the patient’s complex case history (e.g., chronic sinusitis, amenorrhea, tick bites,
congenital neutropenia, psychogenic polydipsia, and hypothyroidism), it is possible that
these events contributed to her onset of severe ME /CFS in her late 20s. The fact that she
began menstruation at age 28 after 12 years of amenorrhea (as noted above, the patient had
only 1-2 instances of spotting at age 16 and no menses thereafter) with administration of
thyroid hormones implies she had serious, long-term hypothyroidism (as absence of menar-
che by age 15 is statistically uncommon) [47]. Hypothyroidism can result in a wide range
of medical problems that were reported by this female patient, including amenorrhea [48],
compromised immune function (including neutropenia) [49,50], and severe sensitivity to
cold [51]. In addition, thyroid hormones are necessary for normal kidney function [52],
which could explain the resolution of polydipsia following administration. It is possible
that 10 years of treatment with female hormones was unnecessary, which explains why
the patient reported low compliance due to ongoing negative side effects. Given that
administration of thyroid hormones also resolved neutropenia, polyuria, and polydipsia
suggests that the patient was also misdiagnosed with psychogenic polydipsia and congeni-
tal neutropenia. The fact that the severity of her hypothyroidism negatively affected so
many different organ systems likely made her more susceptible to ME/CFS.

The patient’s 20+ year struggle with chronic sinusitis may have also been implicated
in the patient’s development of ME/CFS. Although she was on long-term antibiotics,
she reported she was still chronically sick. Therefore, it was logical that something else
was contributory (dairy intolerance as noted in medical history). Adverse reactions to
food can be the result of an immune-mediated reaction (i.e., food allergy) or non-immune
reaction (i.e., food intolerance) [53]. The gold standard for the diagnosis of a food intoler-
ance is a food challenge with the suspect food after elimination for several weeks [54,55].
Unfortunately, diagnostic tools available for suspected food allergies cannot accurately
predict food intolerances [55], which explains why it took the patient decades to discover a
dairy intolerance (as she had no food allergies). True food allergies typically occur within
minutes to hours after exposure, while food intolerances typically occur hours to days after
exposure [56].

The fact that the patient was treated with long-term antibiotics for decades for chronic
sinusitis may have contributed to Candida overgrowth [57-60]. Some authors have called
Candida: “a disease of antibiotics” [57]. Although the presence of Candida organisms is
generally benign, chronic intestinal Candida (putatively caused by overgrowth of Candida
albicans) has been cited as a possible contributor to ME/CFS [61,62] and is associated with
several diseases of the gastrointestinal tract [63].

Prior to developing ME/CEFS, the patient also reported being bitten by several ticks in
Central America in her early 20s. However, she was never diagnosed or treated for Lyme
disease. Untreated or inadequately treated Lyme disease can progress to a late disseminated
disease after initial infection that can result in substantial disability [64,65]. Lyme disease
can result in neurological manifestations [64,66], in addition to chronic fatigue [64,67].
By the time the patient was bitten by ticks, she had been subjected to years of female
hormones and antibiotics (which were likely unnecessary), along with daily consumption
of dairy (which was likely contributory to chronic sinusitis). Therefore, years of potentially
harmful and misdirected treatments may have created an environment more susceptible to
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disease. Lyme disease tests are falsely negative in 40.5% of cases (accordingly to a recent
meta-analysis) [68], which further highlights the challenges in diagnosing Lyme disease.

Research studies have shown that patients with ME/CFS have abnormalities of the
central and autonomic nervous systems, metabolic dysfunctions, compromised immunity,
and chronic infections [9-11]. However, the overseeing physician was unable to provide
an active diagnosis throughout the duration of treatment due to limitations with avail-
able clinical testing. Recent research has shown that there are no significant differences
between antibody/antigen serology tests against common viral and bacterial pathogens
in patients with severe ME/CFS compared to healthy controls [69]. As such, the patient’s
past medical history and suspected causes of ME/CFS were often used to guide treatment
recommendations. For example, although the overseeing physician initially believed My-
coplasma pneumonia (which has been documented in patients with ME/CFS) [70] was the
primary contributor to the patient’s illness, after 1.5 years of minimal progress on a My-
coplasma pneumonia focused protocol (dominantly antibiotics), the overseeing physician
recommended herbs for the patient to try for other possible infections (including Lyme
disease and Epstein-Barr virus). This more comprehensive herbal approach for 2.5 years,
combined with non-invasive therapies (light, EFT, and EMDR), was successful in getting
the patient back to graduate school after becoming bedridden with ME/CFS 4.5 years
prior. However, it was not possible to determine whether the improvements observed
were mediated by immunologic, antifungal, antiviral, antimicrobial, or neurological effects
of various treatments vs. simply a spontaneous remission (or placebo effect) over time.
Studies have shown that after a period of 15 months, spontaneous recovery from ME/CFS
rarely occurs [71], highlighting that the patient’s progress was likely attributed to various
aspects of treatment.

It could be argued that a combination of herbs that helped disintegrate drug-resistant
biofilms, strengthen immunity, enhance detoxification, and target a wide range of possible
infections (including Mycoplasma pneumonia, Candida, Lyme disease, and Epstein-Barr
virus) likely played a critical role in improving the patient’s symptoms over time. Although
herbs were used throughout treatment, a more comprehensive approach was taken in
the latter half of treatment after antibiotics were abandoned. In addition, non-invasive
therapies (i.e., light, EFT, and EMDR) added during the latter part of treatment may have
helped create an environment more conducive for healing. However, given that all changes
to the patient’s protocol resulted in Jarisch-Herxheimer reactions (with severe hypotension
being the most dangerous) and that no meaningful shifts in the patient’s laboratory results
occurred over a 4+ year period, further complicated determining what was most (or
least) effective.

Patients with ME/CFS may have chronic infections that will increase the likelihood of
paradoxical reactions to treatment (Jarisch—-Herxheimer reaction) (Table 1). Throughout
treatment (September 2013 to August 2017), the patient experienced paradoxical responses
(Jarisch-Herxheimer reaction) to all forms of treatment, which were suggestive of unre-
solved chronic infections. Indeed, authors have emphasized that the Jarisch-Herxheimer
reaction is a necessary adverse reaction for achieving a cure from various infections [17-26].
Although the Jarisch-Herxheimer reaction is generally a transient reaction, the patient expe-
rienced ongoing Jarisch-Herxheimer reactions that lasted for years. Any perturbation in her
treatment protocol was often enough to reinstate a Jarisch-Herxheimer reaction. To manage
Jarisch-Herxheimer reactions, the patient relied primarily on herbal recommendations
from her overseeing physician for detoxification support. In addition, she frequently had
to pause (or slow treatment), and daily light therapy was often crucial.

It could be argued that the patient’s long-term struggles with Jarisch-Herxheimer
reaction have been a necessary process for healing. However, care must be taken to dis-
tinguish the Jarisch-Herxheimer reaction (which can be beneficial and is not specific to
the ME/CFS patient) from post-exertional malaise (which is the hallmark symptom of
ME/CFS and detrimental to the health of the ME/CFS patient) (Table 1). Recent recommen-
dations from the Mayo Clinic acknowledge that graded exercise therapy is contraindicated
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for patients with ME/CFS [13]. If a patient improves with graded exercise, he/she does
not have post-exertional malaise, and thus he/she does not have ME/CFS. Graded ex-
ercise protocols have been shown to have detrimental effects on patients with ME/CFS
due to mitochondrial dysfunctions, low oxygen update, abnormal autonomic responses,
and immunological abnormalities to name a few [1,10,72]. Therefore, it is not surprising
that the patient reported a decreased tolerance to exertion when under treatment. This
sheds light on the overlap between the two responses (i.e., post-exertional malaise and
Jarisch-Herxheimer reaction), as a temporary worsening of symptoms from treatment
may require decreased exertion to avoid long-term setbacks. Excessive exertion can result
in an irreversible decline in function (which has been reported by patients with severe
ME/CEFS) [2].

In summary, this case report documents the progression of a patient with ME/CFS
over 4 years and her continuous paradoxical reactions to treatment (which we propose
have been a necessary aspect for healing). Patients with ME/CFS tend to have severe sensi-
tivities to treatment (as documented elsewhere [27] and in the current report), highlighting
that potential therapies need to be performed with extreme care to avoid detrimental
results. Given the patient’s case history (e.g., chronic sinusitis, amenorrhea, tick bites,
congenital neutropenia, psychogenic polydipsia, food intolerances, and hypothyroidism),
we hypothesize that these events contributed to her development of severe ME/CFS in
her late 20s. Although the patient improved on a protocol combining herbs, traditional
pharmaceuticals, and non-invasive therapies (LED colored lights, EFT, and EMDR), these
treatments were experimental as the overseeing physician was unable to provide an active
diagnosis (which was complicated by limitations with available clinical testing). From
a clinical standpoint, this report aims to alert health care providers to the complications
in treating patients with ME/CFS and provide possible guidance on future research and
treatment options for ME/CFS.
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Abstract: Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) is a complex, only par-
tially understood multi-system disease whose onset and severity vary widely. Symptoms include
overwhelming fatigue, post-exertional malaise, sleep disruptions, gastrointestinal issues, headaches,
orthostatic intolerance, cognitive impairment, etc. ME/CFS is a physiological disease with an onset
often triggered by a viral or bacterial infection, and sometimes by toxins. Some patients have a mild
case and are able to function nearly on a par with healthy individuals, while others are moderately
ill and still others are severely, or even, very severely ill. The cohort of moderately to very severely
ill is often housebound or bedbound, has lost employment or career, and has engaged in a long,
and often futile, search for treatment and relief. Here, we present three case studies, one each of
a moderately ill, a severely ill, and a very severely ill person, to demonstrate the complexity of the
disease, the suffering of these patients, and what health care providers can do to help.

Keywords: myalgic encephalomyelitis (ME); chronic fatigue syndrome (CFS); severe ME/CFS;
very severe ME/CFS; post-exertional malaise (PEM)

1. Introduction

Myalgic encephalomyelitis /chronic fatigue syndrome (ME/CFS) is a complex multi-
system disease that impacts the immune, endocrine, neurological, and energy production
pathways in the body. Current diagnostic criteria include the hallmark symptom of post-
exertional malaise (PEM), meaning a prolonged exacerbation of symptoms following
mental or physical exertion, and fatigue, unrefreshing sleep, cognitive impairment, and/or
orthostatic intolerance that has persisted for more than six months and that reduce or impair
the ability to engage in pre-illness activities [1,2]. Defined as a neurological disease by the
World Health Organization since 1969 [3], ME/CFS has been mistakenly characterized as
a mental disorder by some groups, leading to stigmatization and a lack of appropriate
care [4]. There are no biomarkers or validated diagnostic tests and no US Food and Drug
Administration (FDA)-approved treatments.

ME/CEFS is not a rare disease. There are at least an estimated 1.5 million people
with ME/CFS (pwME) in the US [1,5,6]. Roughly three times as many women as men
are affected [1]. Although the etiology is unclear, many cases follow a viral infection [7].
In a prospective study in Australia, 11% of patients with acute infections of Epstein-Barr
virus (EBV), Q-fever (Coxiella burnetii), or Ross River virus (an RNA alphavirus) met the
criteria for ME/CFS at six months [8]. Studies of the long-term sequelae of severe acute
respiratory syndrome (SARS) found that 27% met the diagnostic criteria for ME/CFS after
four years [9]. The current SARS-CoV-2 pandemic is expected to lead to a large increase in
the number of pwME [10-14].

The frequency and severity of ME/CFS symptoms can vary from day-to-day and week-
to-week, and symptoms can range from mild to severe. Carruthers et al. 2011 [15] defined
a severity scale for ME/CFS of mild (at least a 50% reduction in pre-illness activity level),
moderate (mostly housebound), severe (mostly bedridden), and very severe (completely
bedridden and requiring assistance with basic functions). Studies of disability in pwME
have estimated that 75% are housebound most of the time, 50% are unemployed, and 25%
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are bedbound most of the time [7,16,17]. Full recovery is rare (estimated at less than 5%),
although some pwME experience remission of symptoms for extended periods, followed
by relapse [7,18].

In this paper, we present three case studies of pwME, one moderately ill, one severely
ill, and one very severely ill. Although children and adolescents get ME/CFS, in this paper,
we focus on adults. Our goal is to describe the course of the disease and the extensive
search for treatments undertaken by pwME and their health care providers, highlighting
the complexity of ME/CFS and the suffering of patients. Several common themes emerge,
including the difficulty of obtaining a diagnosis, the difficulty of finding supportive doctors,
and the lack of treatments.

2. Case A

This 60-year-old white male was diagnosed with chronic EBV syndrome in 1986 by
an internist. Symptoms leading to this diagnosis appeared following a 1983 martial arts
injury and exacerbating spondylolysis at L5/S1. The injury was treated with a Boston
Bucket back brace, which was worn for 11 months. During this time, the patient was
cared for by a team of physiatrists, neurologists, and orthopedists. Six months into the
treatment, the patient developed recurring bouts of debilitating fatigue, muscle pain, and
painful bronchial and sinus discharge lasting for two to five days at roughly six-week
intervals. The patient was seen by pulmonary, allergy, and infectious disease doctors who
could find no explanation for the symptoms. The consensus among the care team was that
the patient’s “... chronic complaint of fatigue and muscle ache may be secondary to lack
of exercise, secondary to his low back injury.” The same team later diagnosed “chronic
bronchitis with upper respiratory tract infection of uncertain etiology.” A year-long series
of endocrine and immunologic testing revealed no abnormalities. The patient was referred
for a psychiatric consult. The psychiatrist’s notes stated the following: “I believe this
young man is malingering or has Munchausen syndrome.” At this point, the patient sought
a second psychiatric opinion. After three visits, the patient was told “you need a good
internist who can help figure this out.” This led to consultation with the internist and the
previously noted diagnosis of chronic Epstein-Barr virus syndrome.

The patient was treated with low dose tricyclics and antibiotics. He also began
acupuncture and chiropractic care and psychiatric counseling. Over several years, the
medical diagnosis changed to chronic fatigue immune dysfunction syndrome (CFIDS) and
then chronic fatigue syndrome (CFS). The patient became active in a local support group
and participated in several research studies. With these supports, he continued to work
full-time, including extensive travel, and he started a family, although episodic flare-ups of
exhaustion and brain fog (or “crashes”) and recurring bouts of bronchitis/sinusitis resulted
in frequent sick days and the need to work from home, and a three-month leave of absence.

Over the next 14 years, the frequency and severity of crashes diminished. By 1999, the
limitation of the illness became a secondary factor in the patient’s daily life and he began to
consider himself recovered. In 2012, he contracted pneumonia, and then, six months later,
following removal of a tick, he was diagnosed with Lyme disease and anaplasmosis. He de-
veloped constant, disabling fatigue, cognitive impairment, severe post-exertional malaise,
light-headedness, muscle pain, and gastrointestinal problems. The patient was bedridden
for several weeks and then began an aggressive search for symptom relief, coordinated
jointly by his internist and an ME/CFS specialist. He was misdiagnosed with sleep apnea
in 2013, leading to the identification of deviated septum, concha bellosa, and turbinate
hypertrophy, which were corrected by endoscopic sinus surgery in 2014. Surgery did not
ameliorate symptoms. In a search for the cause of the sinus problems, he was evaluated
for immune deficiencies by an ME/CFS specialist in 2014, revealing a mild deficiency in
immunoglobulin G (IgG1). A further study that same year by an immunologist found
an absence of 10 pneumococcal serotypes. He received a Pneumovax vaccination, which
produced a significant decrease in the occurrence of both sinus and bronchial infections.
Later in 2014, in pursuit of an explanation for the debilitating fatigue, he was evaluated
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by a geneticist who identified a heterozygous mutation in PSTPIP1 and recommended
mitochondrial cofactor support as a way to decrease oxidative stress. A mitochondrial
cocktail was prescribed. In consultation with the patient’s psychiatrist, Ritalin was added
to the cocktail. After six months, this regimen resulted in improved energy levels with
less dramatic highs and lows. In search of better indicators of mitochondrial dysfunction,
the patient underwent a mitochondrial function test [19], which produced a mitochondrial
score of 0.24 (24% energy availability at the cellular level) and revealed significant blocking
of mitochondrial active sites and translocation proteins. Adjustments to the patient’s
mitochondrial cocktail were recommended. However, these adjustments had no bearing
on symptomology.

In 2014, the patient was also referred to a pulmonologist who suspected dysautonomia
and administered an invasive cardiopulmonary exercise test (iCPET) [20]. This testing
revealed pronounced deficiencies in the anaerobic threshold, ventricular refill, and oxygen
uptake by muscles, resulting in the diagnoses of preload failure, mitochondrial myopathy,
and disordered ventilatory control. Treatment with Mestinon (pyridostigmine bromide)
and mild exercise with a recumbent bicycle helped the patient recover enough stamina
to resume a modest work schedule. Endocrine, neurologic, and hematology assessments
between 2017 and the present uncovered De Quervain’s thyroiditis, treated with Synthroid
and resolved within 24 weeks; generalized autonomic failure and orthostatic hypertension,
for which no effective treatments were identified; vestibular migraine, treated with some
benefit by vitamin B2; and monoclonal gammopathy (MGUS), which is being monitored.

Presently, the patient is able to work approximately 16 hours a week and, while fre-
quently resting at home, is no longer housebound. His treatment regimen includes monthly
talk therapy, weekly shiatsu and chiropractic treatments, daily Qi Gong, supplemental
oxygen as needed, and the following medicines and supplements: Ritalin, Mestinon, Glu-
tathione, Co-Q10, Magnesium, vitamins B2, B12, C, and D, HSO probiotics and Enhance(r),
a Chinese herbal antiviral.

This case demonstrates that aggressive pursuit of treatable symptoms can yield bene-
fits for the patient. While there are no FDA-approved treatments for ME/CFS itself, several
comorbid conditions were identified and were successfully treated. In addition, some
symptoms, such as pain, sleep difficulties, and autonomic problems, can be addressed with
medication. Alternative therapies and major lifestyle changes also contributed to improved
quality of life. Finally, this case shows the heterogeneous nature of ME/CFS, with two
distinct periods of disease separated by over a decade of good health, each period with
different etiology and symptoms.

3. Case B

This case involves a 44-year-old white female who has had ME/CFS symptoms for
almost 20 years, although she did not receive a diagnosis until 2014. Her symptoms started
gradually in 2001 after blunt head trauma and a tick bite, with exhaustion being the main
complaint. Consultation with a doctor in 2002 was unhelpful because routine bloodwork
revealed nothing outside normal limits. This doctor told her she was the “epitome of
good health.” Her symptoms of fatigue and post-exertional malaise increased in severity
over the next few years. She consulted with internal medicine doctors, gynecologists,
psychologists, and psychiatrists. In 2004, she was treated by a gynecologist who observed
normal results on a blood workup and misdiagnosed her with depression. She was
prescribed an antidepressant, which did not improve symptoms. Several chiropractors and
acupuncturists tried adjustments, acupuncture, dietary changes, and traditional Chinese
medicine (TCM) to improve her energy, none of which helped. Determined to heal herself,
she became a certified yoga instructor in 2010, after which she participated in several
advanced training workshops, which focused on improving energy in the body. She
reports that the training and practice of the methods taught during training only led to
decreases in her energy level.
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In 2011, an endocrinologist determined that she was post-menopausal (at age 35) and
prescribed hormone replacement therapy (HRT). Although HRT relieved night sweats and
hot flashes, it did nothing to improve energy levels or reduce fatigue and PEM. Medical
doctors continued to dismiss or misdiagnose her symptoms of overwhelming fatigue, PEM,
cognitive dysfunction, unrefreshing sleep, light sensitivity, headaches, sore throat, and
irritable bowel syndrome, all of which continued to worsen. From her own research, she
realized that these symptoms aligned with the symptoms of ME/CFS. In 2014, a doctor of
osteopathic medicine diagnosed her with ME/CFS after learning of her self-diagnosis and
researching the disease himself. He recommended supplements, which did not improve
her condition. Unable to find a local doctor with expertise in ME/CFS, she found a doctor
who could treat her remotely. This doctor also recommended supplements, which did not
help, and a Paleo Diet, which helped alleviate the irritable bowel syndrome but did not
give relief from the fatigue or PEM.

By 2014, she was unable to continue performing the physical aspects of her job as
a wellness coach and yoga instructor and instead enrolled in a master’s degree program
for counseling psychology, taking one class per semester. At this point, she was mostly
housebound. Two years later, she lost the ability to read and had depleted her savings
paying rent and other bills. She was forced to drop out of graduate school and move back
into her parents” home. By then, she was so weak she spent more than 23 hours a day in
bed. Her cognitive function was so poor that she was unable to even read a magazine
article. She could not practice guitar, sing, or do art. She experienced such severe nausea
that she sometimes could not eat. She was so sensitive to light and sound that she rarely
left her darkened bedroom. She could not have visitors because talking was too taxing.

In 2017, she applied for Social Security Disability Insurance (SSDI). Her application
was denied due to the inaccurate assessment in the denial letter that she was able to “be
on (her) feet most of the day” and “lift up to 10 pounds frequently.” She appealed the
denial and was again turned down, even with extensive documentation of her level of
disability by her primary care physician. She requested a hearing by an administrative law
judge. In the meantime, she underwent an invasive cardiopulmonary exercise test (iCPET)
and was diagnosed by a pulmonologist with severe autonomic dysfunction in the form of
preload failure [21]. She was also tested for and diagnosed with small fiber polyneuropathy
by a neurologist [22]. These two diagnoses helped convince the administrative law judge
to approve her SSDI application.

Treatment with Mestinon (pyridostigmine bromide) for preload failure and with
midodrine for low blood pressure helped to slightly improve her functioning. In 2018, she
started seeing an integrative medicine doctor who specializes in treating ME/CFS patients.
He treated her with an antiviral (for trace findings of Epstein-Barr virus), an antibiotic (for
trace findings of tick-borne illnesses), and vitamin B-12 injections. The first two treatments
had no effect, while the B-12 seemed to help with getting out of bed and walking around.
She currently spends 21 to 23 hours per day in bed and is able to listen to an audiobook or
watch TV for up to two hours per day.

The increased availability of telemedicine in the US during the COVID-19 pandemic
has dramatically improved the ability of this patient to access medical care. Previously,
travel to and from a medical appointment, combined with waiting in a doctor’s office
and the appointment itself, caused severe PEM that lasted for weeks. While virtual
appointments still cause PEM, it only lasts for a few days. In addition, because the virtual
appointments are more manageable, she has not had to reschedule as often.

This case demonstrates the harm that disbelieving health care providers inflict on
patients with ME/CFS. Had this patient received an early diagnosis and education on
managing her illness with pacing and self-care [2,23], she might not be as severely disabled
today. In addition, this case shows the enormous losses suffered by the severely ill,
including losing a career, not being able to live independently, and giving up the dream of
having children. These losses are compounded by fear about a future when her parents are
no longer available to be her caregivers.
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4. Case C

This white female was 38 years old when she died in 2019 after years of suffering from
very severe ME/CFS. She first developed symptoms of ME/CFS as a teenager, although
she was not diagnosed for nearly 12 years. In 1999, at age 18, she had a serious case of EBV
(mononucleosis) that kept her home from school for three months and required treatment
with steroids for lymphadenopathy. Subsequently, she experienced variable episodes of
fatigue and daytime sleepiness that gradually increased in severity. The corresponding
increase in brain fog and decrease in energy made university level study difficult. Having
been an athlete in high school, she tried to maintain an exercise regime for many years,
despite worsening symptoms and PEM. Routine blood workups at this time, and at many
times in the next 20 years, revealed nothing outside of normal limits.

As a junior in college, she was evaluated by a psychiatrist, who ruled out anxiety,
depression, and somatization as sources for the fatigue. She also underwent a neuropsycho-
logical evaluation that ruled out any innate learning disability or attention deficit disorder.
She was rated in the 99th percentile for intellectual ability, but only in the 39th percentile
for reading rate, consistent with self-reported difficulty concentrating and processing infor-
mation. Despite these challenges, she earned a BA in Biology and started a master’s degree
program in Environmental Science.

In 2004, at age 23, she developed pain and weakness in her hands, arms, neck, and
shoulders to the point where she could no longer type and was forced to take a one-and-a-
half year leave of absence from graduate school. She was diagnosed with fibromyalgia and
myofascial pain syndrome by her primary care physician. Treatments included physical
therapy, sports massage, myofascial release therapy, and acupuncture; these provided
some relief from the pain. In 2005 and 2006, she had two bouts of diverticulitis with
micro-perforations, requiring hospitalization and IV antibiotics but not requiring surgery.
Having noticed that her fatigue seemed worse during the second half of her menstrual
cycle, she consulted an endocrinologist, who treated her with oral contraceptives and
synthetic progesterone, neither of which helped with the fatigue or PEM.

By 2008, she had finished her master’s program and started working part-time as
an environmental consultant. However, her condition continued to worsen, and she
developed new symptoms of dizziness, chronic light-headedness, unstable blood pressure
and heart rate, sound and vibration sensitivity, nausea, and extreme thirst, in addition to
the ongoing fatigue, PEM, and pain. She consulted an integrative medicine doctor, who
suggested, based on her symptoms, that she might have persistent Lyme disease, even
though tests for tick-borne infections were inconclusive or negative. He treated her with
a four-month trial of doxycycline, which did not ameliorate symptoms. She subsequently
developed a severe sinus infection in 2010 that caused a three-month-long crash and left
her bedbound. She had to abandon her career and was unable to drive after this episode.

She had sleep studies in 2005, and again in 2011, that ruled out narcolepsy, sleep apnea,
and periodic leg movements. No abnormalities were observed on the electrocardiogram
(EKG) or electroencephalogram (EEG). The first sleep study diagnosed atypical sleep
disturbances and the second a shifted sleep cycle and poor sleep efficiency. For many years
she took a small dose of Ritalin (5-10 mg) during the day to obtain a few hours of ability
to focus, and occasionally Ambien at night to help her stay asleep. She also tried Provigil,
without benefit.

Still in search of a treatment that would help, she started working with immunologists
in other parts of the country. She was officially diagnosed with ME/CFS in 2011 by an
immunologist and ME/CFS expert. Inmune function testing revealed low levels of some
natural killer cells and an abnormal cytokine profile, along with traces of an immune
response to EBV and human herpesvirus 6 (HHV-6). Tests for other common viruses were
negative. She was treated with the antiviral famciclovir (Famvir) for nine months but
had no improvement in her physical condition. She was treated with immunomodulators,
including Nexavir and low-dose naltrexone, but they provided no benefit, and the side
effects of increased dizziness and neurological symptoms were not tolerable.
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She consulted a cardiologist in 2011 and was diagnosed with neurally mediated
hypotension (NMH) and postural tachycardia syndrome (POTS), common autonomic
problems in pwME. Treatment with fludrocortisone (Florinef) did not help. A second
cardiologist confirmed the POTS diagnosis in 2015. Treatment with extra salt and midodrine
helped a little. However, her overall condition continued to deteriorate, and by 2013, she
was no longer able to travel, thus ending her ability to seek treatment with doctors in
other parts of the country. Even for local appointments, some requirements such as early
morning appointments or long waits in noisy, brightly lit rooms, made visits impossible.

In 2015, she applied for SSDI. Her application was denied at the initial and the
reconsideration levels because the vocational experts provided by the Social Security
Administration claimed that she was able to work part-time, ignoring the fact that she
was completely bedbound. She was unable to find a lawyer to take her case but did find
a vocational expert who would confirm her level of disability. Disability payments were
finally approved by an administrative law judge two weeks before she died.

She spent the last four years of her life completely bedbound. She suffered immensely
from severe exhaustion, body-wide muscle and joint pain, a stiff neck, unstable blood pres-
sure and heart rate, muscle twitches and spasms, chronic lightheadedness, sound/vibration
sensitivity, nausea, food intolerances, and extreme thirst, among other symptoms. She de-
veloped mold and chemical sensitivities that made it very difficult to find housing that did
not exacerbate her symptoms. She was often unable to speak and only had a brief period on
rare good days when she had the cognitive energy to focus. She used her limited amount
of functional time to maintain her online connections to other people and to advocate for
fellow ME/CEFS sufferers and environmental causes.

Since she was unable to leave her bed, she tried to find a doctor who could attend to
her in her home, but this proved impossible. She had a day-time caregiver for 15 hours per
week, provided by a state agency, but turnover was high. The final unbearable symptom
was repeatedly waking up at night and feeling like her heart had stopped and she could
not breathe. After some time, her heart would start beating erratically and she would catch
a breath, but the experience was terrifying. Worn out by her prolonged struggle with pain,
isolation, abysmally low quality of life, and her futile search for some possibility that her
condition would improve, and although she felt loved and loving, she ended her life.

This case demonstrates the high risk of suicide for patients with a misunderstood and
difficult-to-treat disease such as ME/CFS. Similar to other chronic illnesses, suicide is many
times more common in pwME than in the general population [24] and occurs at a younger
average age [25]. In addition to unsupportive peer and medical interactions, risk factors for
suicide include the stigma associated with the disease name “chronic fatigue syndrome,”
the continual presence of pain, and often significantly decreased functionality [26].

5. Discussion

One of the common themes in these three case studies is the difficulty pwME en-
counter in finding supportive doctors and in receiving an accurate diagnosis. All three
consulted tens of doctors across many specialties, and all three reported at least some
interactions with dismissive or hostile health care providers. All three had the experience
of being told by a doctor that they were perfectly healthy, often based on normal labo-
ratory results, despite debilitating symptoms. The length of time to receive a diagnosis
of ME/CFS was 3 years, 13 years, and 12 years, respectively. This theme highlights the
need for better education of health care providers about ME/CFS. Early diagnosis and
support can help pwME understand how to manage their disease through pacing and
symptom management and to avoid activities, such as strenuous exercise, which exacerbate
symptoms. In addition, treatment of symptoms and comorbidities can greatly improve
quality of life. Recent developments, such as guidelines for treatment from the US Clini-
cian’s Coalition [2], updated guidelines from the UK National Institute of Health and Care
Excellence (NICE) [27], and updated information on the US Center for Disease Control and
Prevention (CDC) website [28] are encouraging, but much more is needed.
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A second theme is the difficulty imposed on pwME by the lack of a diagnostic test
for ME/CFS and the lack of treatments. These deficiencies are directly related to the
extremely low level of research funding for ME/CFS in the US [29] and worldwide [30].
In the US, ME/CFS research is underfunded by about a factor of 14 relative to its burden of
disease [31,32]. One reason for this may be that pwME are predominantly female, and, as
recently demonstrated in Mirin (2020) [33], female-dominated diseases tend to be under-
funded relative to male-dominated diseases. A second reason may be that the longstanding
pattern of stigmatization and psychologization of ME/CFS has discouraged funding agen-
cies from allocating resources or positively reviewing research proposals. High profile
reports, e.g., from the National Academy of Medicine in 2015, have emphasized that
ME/CFS is biological in origin and that research is desperately needed [1]. The National
Institutes of Health (NIH) has doubled annual funding, created three collaborative research
centers, and started an intramural research project [34], but much more is needed.

A third theme is the general lack of support for pwME who are homebound or
bedbound due to the fragmented and ineffective social support networks in the US. Despite
the fact that most pwME cannot work full-time, or even part-time, disability support is very
difficult to obtain. Applications to the US Social Security Disability Insurance program are
routinely denied at the initial level and at the reconsideration level, as experienced by both
Case B and Case C. In 2017, only 13,000 people received disability payments from Social
Security for ME/CFS, out of potentially hundreds of thousands needing assistance [35],
leading to severe financial stress and often homelessness. Medical care at home is very
limited in the US, as experienced by Case C, meaning that many pwME receive no medical
care at all. Better models for caring for this community exist (e.g., Kingdon et al. (2020) [36])
but would require a serious commitment from the US government in funding and resources.
However, the dramatic increase in the availability of telemedicine during the COVID-19
pandemic has improved access and will hopefully remain in place.

6. Conclusions

We have presented three cases of people with moderate to very severe ME/CFS,
demonstrating the debilitating nature of the disease and the difficulty in obtaining diag-
nosis and treatment. ME/CFS is not rare and the number of cases is expected to increase
dramatically over the next few years due to the long-term consequences of the COVID-19
pandemic. Colloquially termed the COVID-19 long haulers, a large fraction of survivors
exhibit ongoing symptoms that closely resemble ME/CFS, including fatigue, PEM, ortho-
static intolerance, and cognitive difficulties [14,37]. We owe it to pwME and the COVID-19
long haulers to invest in the research to discover causes, treatments, and hopefully a cure,
and to develop the medical and social support networks to improve their lives.
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Abstract: A current problem regarding Myalgic Encephalomyelitis/Chronic Fatigue Syndrome
(ME/CEFS) is the large proportion of doctors that are either not trained or refuse to recognize ME/CFS as
a genuine clinical entity, and as a result do not diagnose it. An additional problem is that most of the
clinical and research studies currently available on ME are focused on patients who are ambulant and
able to attend clinics and there is very limited data on patients who are very severe (housebound or
bedbound), despite the fact that they constitute an estimated 25% of all ME/CFS cases. This author has
personal experience of managing and advising on numerous cases of severe paediatric ME, and offers
a series of case reports of individual cases as a means of illustrating various points regarding clinical
presentation, together with general principles of appropriate management.

Keywords: Myalgic Encephalomyelitis (ME); Chronic Fatigue Syndrome (CFS); Severe ME; Very Severe ME;
Post-Exertional Malaise (PEM); Fabricated and Induced Illness; Cognitive Behavioural Therapy;
Graded Exercise Therapy; Pervasive Refusal Syndrome; immunoglobulin

1. Definitions

Empirically, one can regard Severe Myalgic Encephalomyelitis/Chronic Fatigue Syndrome
(ME/CFS) as affecting a patient who is housebound and bedbound most of the time, functioning at
approximately 5-15% of normal capacity.

There are also even less fortunate patients who are totally bedbound, suffering continuous
extremely unpleasant symptoms and in need of nursing care to meet all their needs for nutrition and
personal hygiene. This can be termed Very Severe ME, and patients’ functional capacity is less than 5%.

Paradoxically, the cardinal diagnostic feature of ME/CFS, Post-Exertional Malaise (PEM), is difficult
to elicit in the very severely affected, as the patient is hardly capable of the slightest exertion. However,
in common with all ME sufferers, there is usually evidence of deterioration after even minor forms
of stress, such as light, sound, odour or motion. Hypersensitivities to various types of stimuli can
cause “sensory overload” and can result in a “crash”—a period of immobilising mental or physical
debility—even in patients who are not normally very severely affected [1].

Those in the group that are “only” severely affected do experience PEM to a marked degree,
often in terms of increased intensity of pain.

2. Problems and Challenges for the Patient with Severe ME/CFS

Patients with ME have often suffered from disbelief on the part of their medical attendants,
and even those severely affected are not protected from this disbelief.

This disbelief can operate at several different levels.

The firstlevel is when the doctor disbelieves that ME/CFS even exists as an organic illness in the first
place. This can lead to inappropriate referral to psychiatrists, and then to harmful management plans.

The next level is for the doctor to accept that ME/CFS exists, but to disbelieve that a particular
patient has it.

A further level is to have an overoptimistic view on the efficacy of certain forms of “treatment”,
usually Cognitive Behavioural Therapy (CBT) and/or Graded Exercise Therapy (GET). This leads to
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the patient having the diagnosis of ME/CFS withdrawn when they fail to respond to this management
strategy, or as so often happens when the patient’s condition worsens. GET is especially likely to
lead to such deterioration. Rather than drawing the conclusion that these “therapies” are misguided,
the doctor often changes the diagnosis to one involving a psychological causation.

The final level is when the doctor diagnoses ME/CFS at a stage when it is still mild or moderate,
and then the patient’s condition worsens to the extent that it becomes severe. The doctor can then lose
confidence in the original diagnosis, and change this to a psychological diagnosis such as Pervasive
Refusal Syndrome (as in Case A below).

For the patient with Severe ME/CFS to be subjected to such disbelief is of course adding insult
to injury.

The worst scenario is when the paediatrician, as a result of some of the above varieties of disbelief,
makes a provisional diagnosis of Fabricated and Induced Illness (FII), and refers the patient to Social
Services as a case needing safeguarding. This can lead to threats to remove the young person from
their family. This is currently increasingly fashionable in the UK [2].

3. Challenges for the Doctor Faced with a Case of Severe ME/CFS

If the doctor has never seen a case of Severe ME/CFS before, as is often the case, there is a
natural tendency to panic, and to worry that the patient might die, or that the diagnosis was wrong.
In addition, the doctor may feel a sense of helplessness, with no obvious therapeutic options available.
These emotions can lead to the doctor adopting a strategy of avoidance, refusing to accept that he/she
has a duty of care to the patient, and regrettably many patients with Severe ME/CFS suffer near total
neglect by their doctors. Alternatively, the doctor may try to insist on inappropriate “treatment”
strategies, such as CBT or GET. Neither form of treatment has been studied in the severe or very severe
population. Further, especially in the severe cases, rigidly enforced GET is nearly always seriously
harmful. The current NICE Guidelines (2007) specifically do not recommend GET in Severe ME [3].

4. Possible Clinical Features of Severe and Very Severe ME/CFS

e Minimal energy levels, resulting in the patient being housebound or bedridden;

e  Paralysis;

e  Severe generalised continuous pain;

e  Severe continuous headache;

e  Hyperaesthesia/extreme sensitivity to touch;

e  Abdominal pain, worse after food—this may be so severe as to interfere with nutrition;

e Sleep disturbance, possible hypersomnolence or difficulty sleeping on account of pain
and headache;

e Major problems with cognition, concentration and short-term memory;

e  Extreme sensitivity to light and sound;

e Multiple chemical sensitivities;

e  Problemswith eating and drinking—this can be due to either general weakness or actual dysphagia,
and this may necessitate tube feeding;

e  Aphonia (mechanism unclear);

e Myoclonic jerks;

e Incontinence.

5. General Points Regarding Impact of Symptoms on Quality of Life

It has been estimated that the sheer severity of suffering experienced by patients with the above
symptoms can actually be worse than that suffered by patients with other chronic conditions such as
multiple sclerosis and cancer [4].
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The severity of the photosensitivity can be a further trigger to disbelief, as the doctor may find it
difficult to accept that the patient not only has to lie in a darkened room but has to wear eye protection
in addition.

The abdominal pain may be so severe as to interfere with nutrition, and some cases are due to an
added complication, Mast Cell Activation Disorder [5]. This has probably been responsible for some
actual fatalities. Specific treatment for MCAS includes oral cromoglycate and antihistamines.

Of course, simply having ME/CFS does not protect one from other causes of post-prandial
abdominal pain, such as median arcuate ligament syndrome (MALS) [6], or Helicobacter pylori gastritis.

6. My First Severe Case

I'will describe this in some detail as I made every mistake in the book.

When first seen, this 13-year-old girl was only moderately severe, being well enough to attend
my clinic. A few months later she suffered marked deterioration, probably due to a virus infection.
She was bedridden and suffered many of the symptoms listed above.

She had markedly raised antibodies to coxsackie B (1:520), which remained elevated at that level
for over a year.

My first mistake was to panic, and to think that I might have been mistaken in my initial diagnosis.
I accordingly asked an immunologist colleague in our regional hospital for a second opinion, as he
had previously confirmed to me that he “believed” in ME/CFS. The girl and her parents were quite
dubious about the referral as it involved a 20 mile journey, and they knew instinctively that this would
be unpleasant for her and might well make her worse.

I got my colleague to promise that she would be seen the same day and then allowed straight home.

The immunologist made the same mistake as I had and asked for second and third opinions,
with the result that she was kept in the regional hospital for three days, had numerous investigations,
and was seen and examined by numerous doctors. One neurologist insisted on her having to get out of
bed and walk for him. (One year later, aged 14, she wrote him a dignified letter of reproach, to which
he had the grace to respond.)

No new diagnosis was proffered and she was allowed home, the entire exercise having been a
negative one for her. The whole experience was so traumatic for her that it took her 2-3 years to forgive
both me and her parents properly.

I continued to make similar mistakes, by asking in an experienced GP with a special interest in
ME/CFS. I knew him as a fine and kind doctor but in the event, he upset her further by insisting on
looking into her fundi and then talking about a similar patient he once had who had died.

Next to upset her was the district nurse, who bustled in, said she had read all about ME and all
would be fine if she made an effort to walk every day,

The family doctor then convened a meeting, at which the Health Visitor (children’s nurse)
wondered whether it could all be due to father sexually abusing his daughter. This was duly
considered, recorded in the minutes, and the minutes sent to the family, to their predictable outrage.

The main lesson I learnt from all this was how many ways it is possible to upset a severely ill
ME patient, and that one needs to be proactively protective of one’s patient, especially against other
professionals, and disbelieving friends and relatives.

For professionals affected by “Furor Therapeuticus”, i.e., the feeling that one has to do something,
it is better to remember that there is no proven curative treatment, and that they should perhaps
concentrate on the “Do No Harm” element in the Hippocratic Oath.

In this case, I gradually regained my patient’s trust, with the help of a new family doctor. He and
I shared the home visiting duties, going in alternately every 4 weeks or so.

Over the next six months, she continued to deteriorate and she found it increasingly difficult to
eat and drink.

My next mistake was to give in for too long to her objections to nasogastric tube feeding. Once I
finally persuaded her, life became much better for everyone.
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Because of the evidence that immunoglobulin might be an effective therapy, she was treated with
this by intramuscular injection, monthly, for 12 months. She made a very slow recovery, and tube
feeding was stopped after 3 years. She continued to recover and 20 years later has a full-time job,
and is operating at 95% of normal.

The final lesson to learn from this case is that virtually full recovery is possible even in severe
cases, and one can use this fact to maintain hope for other similarly affected patients.

7. My Second Severe Case

This case is noteworthy as it demonstrates how much better things can go when the above lessons
have been learnt. Again, the patient was a 13-year-old girl. Her presentation was unusual in that she
presented acutely with severe loin pain, bad enough to be admitted with a presumptive diagnosis
of renal colic. This diagnosis was excluded (I now think this illness started with a form of Bornholm
Disease—convalescent titres against enterovirus were markedly elevated).

It soon transpired that she had multiple additional severe symptoms, including total prostration
together with photophobia, generalised pain and hyperaesthesia. She was therefore given a presumptive
diagnosis of ME/CFS. She was discharged home as soon as possible and, for the next year,
needed round-the-clock nursing from her mother, who was herself a nurse. Tube feeding was started early
to good effect, amitriptyline and carbamazepine were tried for her pain, and immunoglobulin was given.

After 12 months, she began to improve, and then her rate of improvement accelerated. By the end
of two years, she had made a full recovery, and has never subsequently relapsed.

8. My Most Severe Case

Five years later, another 13-year-old girl presented. She was extremely ill, and I felt I had to get
her seen by a colleague for a second opinion, and have a quick cranial MRI. Both occurred without the
need for hospital admission. Over subsequent weeks, she lay motionless and in severe pain, and her
breathing was so shallow that I was afraid she was going to die. Tube feeding and immunoglobulin
were resorted to early on. In addition, I added clarithromycin, because of the work of Garth Nicolson
from the US [7], in which he showed some cases of ME/CFS are due to atypical organisms including
Mycoplasmas. She remained in this state for the next 9 months, with her mother providing total
nursing care.

At nine months, I changed the clarithromycin to doxycycline, on the grounds that it was just
possible that she might have a form of Lyme disease. From that time, she steadily improved, and within
12 months, she had recovered completely. At follow up 12 years later, she had suffered no relapses and
was the healthy mother of a healthy child.

I am not sure one should draw too many conclusions from this case. However, it does suggest
that total therapeutic nihilism is not the only approach, and that if one can think of therapeutic options
that are probably harmless, one has a duty to consider them.

9. Overview and Discussion of These Cases

It is perhaps fortuitous that all these cases made good recoveries, and this may be a testament
to the efficacy of immunoglobulin, for which further studies would seem to be indicated. However,
many cases are not so fortunate, and remain severely or very severely affected for many years.

It is perhaps important to emphasise the importance of early diagnosis so that correct advice can
be given from the outset. In other words, it is important to ignore those definitions which demand a
duration of 6 months of symptoms before the patient can be given the diagnosis. Like so many “gold
standard” definitions, these are more designed for those performing research rather than day-to-day
clinical practice.

The correct advice is to rest in the early acute stage of the disease, rather than to attempt to fight
one’s way out of it.
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Another factor that can lead to delays in diagnosis is the felt need on the part of the doctor to
exclude a large number of other conditions. It is perhaps better to make an early provisional diagnosis
of ME on the balance of strong probability, while keeping an open mind for the future. ME should be
regarded as a positive clinical diagnosis based on a careful history rather than a diagnosis of exclusion.

10. The Value of Home Visiting by the Doctor

The magnitude of the challenge posed by a case of Severe ME can produce an avoidance reaction
on the part of some doctors. Many patients are virtually abandoned by both their family doctors and
local and regional specialists.

In the UK, the practice of doing home visits seems to have gone into decline, both with general
practitioners and hospital consultants. This would seem to be regrettable, especially in the case of
Severe ME. The above cases all seemed to benefit from the ongoing home visits they received, both for
moral support and symptomatic treatment. Sadly, many cases of Severe ME lie at home without having
seen a doctor for many years.

11. Symptomatic and Supportive Treatment

This is an area where the art of medicine comes into its own. Individual variation in response to
treatment is common, and the best approach is a policy of a cautious therapeutic trial. Symptoms that
deserve attempts to mitigate include:

e  Pain—this is thought to be of neuropathic type, and drugs that can be tried include anticonvulsants,
and tricyclic antidepressants such as amitriptyline (which can also help with sleep). Very severe
cases deserve opiates.

e  Sleep—here it is justified to use hypnotics and/or melatonin to try to increase the duration and
quality of sleep, and reduce the wakeful hours of pain.

e  Headache—here it is important to see whether some of the headache is migrainous in origin,
in which case prophylactic drugs and or dietary change may help.

e Intercurrent illnesses—ME/CFS does not protect from these, and a supportive family doctor
willing to do home visits is worth his/her weight in gold. As the patient is too unwell to attend
the GP surgery, this is the only way episodes of intercurrent infections such as tonsillitis and otitis
media will be treated.

e Depression—naturally, severely affected ME patients can suffer from depression as a secondary
result of their condition (I am surprised how few actually do). Cautious use of antidepressants in
selected cases may be worthwhile.

12. Caution Regarding Dosage

Most ME patients appear to be abnormally sensitive to a wide range of drugs, developing side
effects at quite low doses. Accordingly, it is wise to start at very low doses and titrate upwards with all
due caution.

Further guidance on lists of drugs and appropriate doses can be found in the Paediatric Primer on
ME/CEFS in children and young people [8].

13. The Role of Physiotherapy

Having already stressed the real dangers of active physiotherapy/GET, it must be stated that there
is a role for gentle physiotherapy and massage, involving passive movements to reduce the risk of
joint contractures and venous thrombosis.
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14. The Risk of Osteoporosis

These patients are at risk of osteoporosis because of being bedbound for prolonged periods.
Consideration should be given to use of bisphosphonates, without insisting on an attendance at
hospital for a bone density scan.

15. Vitamin D Deficiency

Again prolonged bedrest in a darkened room puts Severe ME/CFS patients at risk of Vitamin D
deficiency, which should accordingly be anticipated and prevented.

16. How Not to Manage Severe ME/CFS

It is sometimes true that one can learn more from a bad example than a good one. Here are
presented a sequence of cases where the management was less than ideal.

16.1. Case A

Yet again, this case involves a 13-year-old girl. Like the first case, she initially presented as only
moderately severe. The paediatrician diagnosed her as ME and was managing her appropriately.
Her condition then deteriorated markedly and the paediatrician panicked. Unfortunately, the form
her panic took was to refer her to the local Child Psychiatrist. This latter took an extremely dogmatic
position, and promptly dismissed the original diagnosis of ME/CFS, replacing it with the alternative
psychiatric diagnosis of Pervasive Refusal Syndrome.

The psychiatrist then took out an emergency court order to enforce admission to her psychiatric
unit against the parents” and the patient’s wishes. When visited a few days later, the patient presented
a truly pitiable sight. She was already being tube fed. She was extremely sensitive to sound and was
using ear defenders. However, the psychiatrist banned these on the grounds that she needed to be
“desensitised” against this problem. The same approach was applied to her light sensitivity, so the
nurses were told not to allow her to use eye shades. She was being nursed on the open ward close to
the main ward door which kept opening and shutting. Every time it shut, the noise caused a convulsive
myoclonic jerk which affected her whole body.

The diagnosis of Pervasive Refusal Syndrome was refuted by Dr Bryan Lask, the Child Psychiatrist
who had first described the syndrome. He pointed out that as she was accepting tube feeding, she could
hardly be said to have pervasive refusal. The court order was dropped and she was transferred to a private
nursing home. Here, she received Tender Loving Care (TLC), and made a full spontaneous recovery.

16.2. Case B

A 16-year-old girl already had Severe ME when a new paediatrician took over her care.
She (the paediatrician) could not believe that anyone could be so light sensitive as to have to lie
in a darkened room and still wear eye shades. She applied to the court to get the girl admitted to her
hospital ward for active physiotherapy, and assured the judge that with this treatment she would be
back at school full time within 6 months. The judge granted the order and the girl was admitted to
hospital. She received active physiotherapy for three months and her condition deteriorated even
further. Before every session, she told the physiotherapist that she was in breach of her professional
ethical guidelines.

The judge eventually lifted the court order and the girl was allowed home, in a significantly
worse state than when she was admitted. Twenty years later, she remains severely affected, still being
bedridden and needing tube feeding.

This case shows a combination of disbelief in the reality of Severe ME combined with a false belief
in the efficacy of Graded Exercise Therapy.
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16.3. Case C

This 29-year-old young woman had had Severe ME since childhood. For all this time, she had
received excellent empathetic care from her family doctor and her physician. She was in severe pain
requiring opiates, and was nursed on a ripple bed. She had a urinary catheter in place and received
nutrition via a nasojejunal tube.

Despite the severity of her condition, with fierce intelligence and determination, she managed to
write a book for doctors and families on how Severe ME should be managed [9].

I remember meeting her around this time and thinking that it only needed one extra stressor to tip
her over the brink and cause her death.

Sadly, a few months later, she developed renal colic, which necessitated her admission to hospital.
Her own physician was not allowed to manage her (for some reason of internal hospital politics).
The physician assigned to her care freely admitted he knew nothing about ME/CFS, and although she
was nursed in a side room, she was still subjected to sensory overload. The physician used to come to
her bedside with his entourage and engage in long arguments with her. She died of her ME in hospital
a few weeks later.

This case demonstrates that it is not only emotional upset that can result from maltreatment,
but very real medical harm to an extent that can be life threatening.

17. Take Home Messages

e  Severe ME constitutes a major challenge for both patient and doctor.

e  Mismanagement in the form of “activation regimes” can result in permanent harm or even death
of the patient.

e  The patient deserves the total commitment of one doctor, who is willing to visit at home on a
regular basis.

e Referral to a psychiatrist who does not believe in ME/CFS can be harmful.

e  The patient should be protected from sensory overload.

e The doctor should resist the temptation to overinvestigate, or involve too many other professionals.

e  Nursing at home is usually far preferable to admission to a busy general hospital.

e  Tube feeding is indicated when the patient has problems with eating and drinking.

e  Urinary catherization may be helpful in reducing the stress of having to micturate.

e  Symptomatic treatment for pain and sleep problems is worthwhile.

e  Full recovery is possible.

e The role of immunoglobulin deserves further study [10].

e  There is a need to improve both undergraduate and postgraduate medical training in this area,
and to provide greater resources for the patient population affected.
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Abstract: Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) is an illness defined
predominantly by symptoms. Routine laboratory test results often are normal, raising the question
of whether there are any underlying objective abnormalities. In the past 20 years, however, new
research technologies have uncovered a series of biological abnormalities in people with ME/CFS.
Unfortunately, many physicians remain unaware of this, and some tell patients that “there is nothing
wrong” with them. This skepticism delegitimizes, and thereby multiplies, the patients’ suffering.

Keywords: myalgic encephalomyelitis/chronic fatigue syndrome; etiology; diagnostic testing

The symptoms caused by any illness should be suffering enough. Yet, with some
illnesses, the suffering often is multiplied by skepticism about the illness. That is the case
with myalgic encephalomyelitis/chronic fatigue syndrome (ME/CES).

In an article in Healthcare, Whitney Dafoe—who has been diagnosed with ME/CFS—
describes his experience with an extremely severe form of the illness [1]. He describes the
physical and mental crashes and the extreme sensitivity to any kind of sensory input. He
also describes the isolation, the loss, the complete and sudden disruption in the life of a
young adult, a life that was on the runway and cleared for takeoff.

Why have some physicians and biomedical scientists been skeptical about the “le-
gitimacy” of ME/CFS? Primarily, it is because the illness has been defined largely by
symptoms. Since it is difficult for symptoms to be confirmed objectively, physicians have
sought objective laboratory evidence of underlying biological abnormalities—abnormalities
that an individual cannot simply imagine, abnormalities that could explain the symptoms.
Initially, that proved hard.

When interest in this condition was renewed in the mid-1980s, there was little such
evidence: the “standard” laboratory tests ordered by physicians—typically, tests of red and
white blood cells, a battery of about 20 chemistry tests, and a urinalysis—produced normal
results. That posed a problem for the physicians. Their patients were suffering, and it was
their job to make a diagnosis and prescribe a treatment, but the standard test results were
normal: the physicians did not have a diagnosis.

At this point, the physicians had several options. First, they could have entertained
some new hypotheses about what was causing the symptoms, and ordered new types of
tests. Second, they could have said: “Ijust can’t figure out what’s making you sick, and
don’t know how to help you.” Third, although they could not determine the diagnosis,
they could have prescribed a treatment that might improve the symptoms even if they were
not really sure what had caused the symptoms. That happens every day in the practice of
medicine. For example, there is no diagnostic test for migraine headaches, yet doctors make
that diagnosis every day based just on a combination of symptoms, and do not dispute the
validity of the illness because there is no diagnostic test.

Unfortunately, the normal results of “standard” laboratory tests led some physicians to
choose a fourth option: to conclude that there were no underlying biological abnormalities
causing the symptoms. Even though the physicians knew that the “standard” tests they
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had ordered represented only a tiny fraction of all of the tests available to them, the normal
results of that tiny fraction were enough for them to render a judgment. It was a harsh
judgment: “There is nothing wrong with you.”

For these physicians, it was an efficient solution: it transformed what had been their
problem—the lack of a diagnosis they were expected to make—into their patient’s problem.
When the patients were told, implicitly or explicitly, that their symptoms were imaginary,
it multiplied the suffering.

And then these skeptical physicians also conveyed their judgments, implicitly or
explicitly, to the patients” families, friends and employers. The doctors’ judgment led these
people—the people who were most important in the patients’ lives—to wonder whether
the patients’ suffering was legitimate. That further multiplied the suffering.

There was always an obvious alternative conclusion to the judgment that “there is
nothing wrong with you”: the standard laboratory tests might simply have been measuring
the wrong things. Yet that alternative conclusion was ignored.

Since the resurgence of interest in ME/CFS 35 years ago, whole new technologies
have become available that allow physicians and biomedical scientists to study human
biology in ways that previously were not possible, e.g., noninvasive techniques for imaging
the anatomy and physiology of the brain; polymerase chain reaction diagnostics; rapid
nucleic acid sequencing; techniques for measuring gene expression; the ability to measure
simultaneously thousands of molecules in a single sample (the “omics” revolution); metage-
nomic studies of the microbiome, and recognition of the impact of the microbiome on
human health. In fact, these and other technologies have revealed things that the standard
laboratory tests cannot—abnormalities that previously were invisible to doctors.

In 2015 the U.S. National Academy of Medicine (NAM) reviewed a literature of over
9000 publications on ME/CFS, and concluded that it was a “serious, chronic, complex sys-
temic disease” [2]. The NAM estimated that in the U.S., alone, 836,000 to 2.5 million people
suffer from ME/CFS [2], making it somewhat more common than multiple sclerosis [3].

A large literature now describes multiple underlying biological abnormalities in
people with ME/CFS. Some of the evidence comes from tests that have been available for
decades but are not part of the “standard” laboratory test battery [4], and some evidence
comes from the new technologies mentioned above. Unfortunately, many physicians are
unaware of the new discoveries about ME/CFS.

The abnormalities all converge on and can affect the brain, and fall into five categories.
First, there are anatomic, physiologic and electrical abnormalities in the brain [5]. Second,
various elements of the immune system are chronically activated and in some people
those elements are exhausted—perhaps secondary to years of chronic activation [5]. This
includes chronic activation of the brain’s innate immune system—neuroinflammation [6].
It also includes evidence of autoimmunity, including autoantibodies directed at targets in
the central and autonomic nervous system [7]. Third, there also is evidence of impaired
energy metabolism: the person with ME/CEFS feels he or she lacks “energy” because his or
her cells have a reduced ability to generate energy molecules (adenosine triphosphate, or
ATP) [8]. Along with the abnormalities in energy metabolism, there is associated oxidative
stress, or redox imbalance [8]. Fourth, the autonomic nervous system is dysregulated,
one consequence of which appears to be impaired blood flow to the brain [9]. Fifth, there
are characteristic abnormalities of the gut microbiome [10], with increased numbers of
pro-inflammatory bacterial species and decreased numbers of butyrate-producing anti-
inflammatory species.

What remains unclear are the mechanistic details as to how the abnormalities in each
of these five categories affect each other, and whether one of them is the initial and primary
abnormality [5,8]. In this next decade, the growing community of global investigators
who are studying ME/CFS should place a high priority on refining our understanding of
each of these categories of abnormality, and an even higher priority on understanding how
they are connected. This is essential for developing good diagnostic tests, and effective
treatments.
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Whitney Dafoe ends the description of his suffering by emphasizing the silver lining
around the cloud that he has lived with for nearly 20 years. He says he has learned a great
deal about what is important in life, and that “ME/CFS is the greatest teacher I've ever
had.”

I'would like to think that ME/CFS will also prove to be a great teacher to the growing
community of physicians and biomedical investigators involved in caring for and studying
the illness. In particular, I speculate that the connections between the various abnormalities
involving the central and autonomic nervous system, immune system, energy metabolism,
redox imbalance, and the human microbiome that have been noted in ME/CFS will prove
to be central also to the pathophysiology of many other diseases.

In particular, the COVID-19 pandemic appears to be producing millions of new cases
of an ME/CFS-like condition [11], and NIH has allocated more than $1 billion to study this
and other post-COVID chronic illnesses. Hopefully, this investment will produce more
answers.

Of the personal lessons that I, as a physician, have learned from ME/CFS, perhaps
the most important is that, if patients tell you they are suffering, your default assump-
tion should be to believe them—even if you cannot find an answer with the diagnostic
technology you first deploy. Above all, never succumb to the temptation to dismiss the
patient’s symptoms because you cannot explain them. That may ease your anxiety, but it
only multiplies the patient’s suffering.
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Abstract: One in four myalgic encephalomyelitis/chronic fatigue syndrome (ME/CES) patients are
estimated to be severely affected by the disease, and these house-bound or bedbound patients are
currently understudied. Here, we report a comprehensive examination of the symptoms and clinical
laboratory tests of a cohort of severely ill patients and healthy controls. The greatly reduced quality
of life of the patients was negatively correlated with clinical depression. The most troublesome
symptoms included fatigue (85%), pain (65%), cognitive impairment (50%), orthostatic intolerance
(45%), sleep disturbance (35%), post-exertional malaise (30%), and neurosensory disturbance (30%).
Sleep profiles and cognitive tests revealed distinctive impairments. Lower morning cortisol level
and alterations in its diurnal rhythm were observed in the patients, and antibody and antigen
measurements showed no evidence for acute infections by common viral or bacterial pathogens.
These results highlight the urgent need of developing molecular diagnostic tests for ME/CES. In
addition, there was a striking similarity in symptoms between long COVID and ME/CEFS, suggesting
that studies on the mechanism and treatment of ME/CFS may help prevent and treat long COVID
and vice versa.

Keywords: severe ME/CFS; quality of life; clinical symptoms; sleep; cognitive tests; laboratory tests;
viral infection; antibody and antigen; long COVID; post-acute sequelae SARS-CoV-2 infection (PASC)

1. Introduction

Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) is a chronic complex
disease characterized by unrelenting fatigue, post-exertional malaise, sleep problems,
cognitive impairment, and orthostatic intolerance [1]. This debilitating illness is known
to affect between 836,000 and 2.5 million people in the United States alone [1-3], and the
majority of the patients remain undiagnosed [1,4]. Patients often report symptoms started
with viral infection [1,2,5]. Patients of ME/CFS have been found to be more functionally
impaired than those with major diseases such as cancers, heart disease, and rheumatoid
arthritis [6], and their prognosis remains poor [7,8]. Despite the severity of the clinical
symptoms, the etiology and pathophysiology of the disease remain unclear. To date,
there is neither a validated biomarker for diagnosis nor an FDA-approved drug available
for treatment.

An estimated 25% of patients with ME/CFS are unfortunately severely affected and
physically confined to their homes or beds [1,9,10]. These severely affected patients suffer
from extreme daily fatigue, grievous impairments, and other debilitating symptoms. They
often require in-home assistance and support adjusted explicitly to their needs [11,12].
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However, severely affected patients are rarely studied [10,11], partially due to the difficul-
ties accessing clinical care facilities. The personal account of an extremely severe patient
is presented in this Special Issue [13]. To reduce the significant gap between the needs of
severe patients and the healthcare they receive, there is an urgent need to better characterize
these patients’ clinical conditions and discover the underlying biological abnormalities
causing the symptoms [14]. In addition, as the condition worsens, the probability that
biomarkers can be identified for the disease increases by studying severely ill patients.

Here we conducted a Severely Ill Patient Study (SIPS), which included a compre-
hensive examination of clinical symptoms and clinical lab tests of a cohort of severely ill
patients and controls. First, questionnaires were administered to evaluate the patients’
quality of life, health status, and symptoms. Second, the patients’ daily activity, sleep
profile, and cognitive capacity were monitored and examined to assess their symptoms
objectively. Third, clinical laboratory testing and antigen & antibody tests against viral
and bacterial pathogens were obtained. In addition, multiple omics studies are being
conducted on the biological samples of these patients to identify molecular signatures
of severe ME/CFS, and the results will be reported elsewhere. We have made the data
and results available through a web-based data portal for the research community at
https://endmecfs.stanford.edu.

2. Materials and Methods
2.1. Participants

Patients were identified for the study from an existing pool of homebound, and mostly
bedbound, ME/CFS managed and diagnosed patients at the clinic sites of the investigators
of the study and from those referred to the investigators to be eligible to participate in the
study. ME/CFS clinicians at the study sites identified initially the potential subjects, who
were most likely to be involved in this study, through the screening of medical records
of these patients. Next, patients (age 18-70) were assessed for ME/CFS criteria online or
by phone. They were consented if they met the International Consensus Criteria (ICC)
for ME/CFS [15], were homebound (i.e., spending more than 14 h per day sedentary and
in a reclined position as reported by patient or caregiver), and received a low score in
physical status (i.e., SF-36 [16] physical functioning score and Karnofsky Performance
Status Index [17] were both less than 70). They also must not fit the exclusion criteria.
Consented patients were then provided with a FitBit device to confirm that they met the
sedentary requirement. A complete blood count within the past 3-6 months was requested
to verify anemia was not present (hematocrit > 34%). The detailed inclusion and exclusion
criteria of the patients are listed in Section 2.1.1.

Healthy controls were evaluated for inclusion in the study based on meeting all
inclusion criteria and not having any exclusion criteria (Section 2.1.2). These controls must
be age 18 to 70, not carry a diagnosis of ME/CFS as defined by the ICC or active illness
(acute or chronic), daily sedentary time < 14 h, SF-36 physical functioning score > 70, and
without the conditions in the exclusion criteria.

All patient and control subjects were consented. Limited by available funding,
20 severely ill ME/CFS patients and 10 healthy controls were included in this study:.

2.1.1. Severely Ill ME /CFS Patients Inclusion and Exclusion Criteria

Inclusion Criteria

1.  Age 18-70, inclusive;

Must carry a diagnosis of ME/CFS as defined by the ICC criteria;

3. Subjects must be homebound and spend >14 h per day sedentary and in a reclined
position (measured by FitBit and patient/family report);

4. SF-36 physical functioning score < 70; and

5. Be able to provide informed consent.

N
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Exclusion Criteria

Patients, age < 18 years or > 70 years;
Women who are pregnant;

Unable to understand informed consent; or
Patients with known HCT < 34 mg/dL.

N LN

.1.2. Healthy Control Inclusion and Exclusion Criteria
Inclusion Criteria

1.  Age 18-70, inclusive;

2. Must not carry a diagnosis of ME/CFS as defined by the ICC criteria or active illness
(acute or chronic);

Must be sedentary < 14 h; and

SF-36 physical functioning score > 70.

W

Exclusion Criteria

1.  Patients, age < 18 years or > 70 years;

2. Women who are pregnant;

3.  Unable to understand informed consent; or
4 Patients with a known HCT < 34 mg/dL.

2.2. Data Collection from Questionnaires

Questionnaires on Health Status and Quality of Life. The perceived health status
and quality of life of the patients and the controls were evaluated by several sets of
questionnaires, i.e., SF-36, Karnofsky Performance Status [17], Patient-Reported Outcomes
Measurement Information System (PROMIS) instruments [18,19] (including Fatigue, Pain
Behavior, Pain Interference, Sleep Disturbance, and Sleep-Related Impairment), Pittsburgh
Sleep Quality Index (PSQI) [20], and a questionnaire on Restless Leg Syndrome (RLS) [21].

Evaluation of Common Symptoms in Patients. Patients were evaluated using a set of 7
symptoms-related questions which covered the common symptoms mentioned in ICC [15]
and IOM [1]. The text-based answers were transformed to 79 numerical or categorical
measurements, indicating if a subject had a particular impairment/symptom or quantifying
the degree of the impairment/symptom. These were then grouped into 12 symptomatic
categories, which represented the 5 core symptoms of ME/CFS in the 2015 IOM diagnostic
criteria [1] (i.e., fatigue, post-exertional malaise, sleep disturbance, cognitive impairment,
and orthostatic intolerance) and 7 additional common accompanying symptoms mentioned
in the IOM or ICC criteria (i.e., pain, neurosensory disturbance, flu-like symptoms and/or
susceptibility to viral infections, gastrointestinal tract impairment, loss of thermostatic
stability and/or intolerance of extremes of temperature, respiratory impairments, and
genitourinary impairments). In addition, the top 3 most troublesome symptoms of each
patient were recorded.

2.3. Data Collection of Patient Activity, Sleep Monitoring, and Cognitive Tests

Activity Monitoring. Patients were provided with a Charge HR (FitBit, Inc., San
Francisco, CA, USA) for two weeks. This device documented patient activity and continual
heart rate to confirm that patients met the sedentary requirement. The measurements,
including Active Minutes, Sleep Duration, Sleep Score, Sleep Time, Calories Burned, Dis-
tance, Floors, Steps and Resting Heart Rate, were retrieved with the R package fitbitScraper
and summarized to the daily average.

Sleep Monitoring. Patients underwent an overnight sleep profiler study. The non-
invasive sleep monitor was the Sleep Profiler [22] from Advanced Brain Monitoring (Carls-
bad, CA, USA) and consisted of a 3-lead EEG, snore (audio) detector, activity /motion detec-
tor, and an eye movement detector. The overnight EEG and other signals were reviewed by
the study staff. Thirty-five measurements on the sleep architecture & continuity (e.g., total
sleep time, sleep efficiency and sleep latency) and cardio-respiratory signals (e.g., pulse
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rate and snoring) were analyzed and compared with the established normative ranges [23].
Sleep abnormalities were then identified and compared with sleep EEG biomarkers that
were associated with chronic health conditions or neurological diseases [24].

Cognitive Tests and Extended EEG. WebNeuro Tests (Brain Resource Group, San
Francisco, CA, USA) [25] were utilized to evaluate the cognitive performance of the patients
and the controls. Four types of cognitive abilities (i.e., attention, maze, memory, and
identifying emotions) were evaluated. The results were scored against a cohort of normative
subjects in the Brain Resource International Database (BRID) [26]. The normalized scores
(Z-scores) and the corresponding implications (e.g., Z-score £-2 implies clinical significance)
were reported in WebNeuro Report (Version: WebNeuro Short 3.1.5). The clinical/research
grade EEG device was a 24 channel Stat X24 also from Advanced Brain Monitoring. Twenty
electrodes on the head were monitored in this study. Extended EEG monitoring was
combined with the cognitive test for the patients and controls. Before or after the test,
15 min of EEG was monitored as the standard control. During the four tests: attention,
maze, memory and emotion, EEG was monitored simultaneously.

2.4. Clinical Lab Tests

For clinical tests, a maximum of 160 ml of blood was collected from each subject for
clinical tests. Blood samples were collected from all ME/CFS subjects when a research
team visited the subject’s home and performed the physical exam. Samples were collected
from all healthy control subjects during their visit to the clinic. Urine over 24-h and saliva
specimens were also collected from the subjects. To reduce the variability of the test results
across the study population, all samples were collected on the same day during the patient’s
appointment. The samples were shipped to routine and specialty clinical labs. All clinical
laboratories are CLIA approved.

The tests were chosen based on results from previous studies on ME/CEFS (Table S1).
These included complete blood count with differential, comprehensive metabolic panel,
standard lipid panel, acylcarnitine profile, urinalysis of organic acids, hormones (in-
cluding cortisol, thyroid-stimulating hormone/thyroid hormones (TSH/T3/T4), follicle-
stimulating hormone and luteinizing hormone (FSH/LH), testosterone, estrogen, and
arginine vasopressin), vitamins (B7/biotin, B12/folate, D, methylmalonic acid), selected
chemistry analytes and disease biomarkers, lymphocyte subsets, and natural killer cell
function. Salivary cortisol monitoring was tested for each subject at four time points of the
day: 30 min after morning awakening, noon, afternoon, and night. All these tests were
performed by Quest Diagnostics (Secaucus, NJ, USA).

2.5. Tests of Antibodies and Antigens against Pathogens

Also performed were tests on antibodies and antigens against viral and bacterial
pathogens (Table S2). The tests of IgG and IgM antibodies against viruses were conducted
at Quest Diagnostics, which included Herpes simplex virus 1 and 2 (HSV1/2, HHV1/2),
Epstein-Barr Virus (EBV, HHV4), Cytomegalovirus (CMV, HHV5), Human Herpesvirus 6
and 7 (HHV6/7), and Primate Erythroparvovirus 1 (Parvovirus B19, B19).

Lyme disease antibody tests were performed at Quest Diagnostics, which included IgG
and IgM antibody tests and the Western blot [27,28]. For the Western blot, Borrelia burgdorferi
IgM was considered positive if two of the three bands were present; IgG was considered
positive if five of the 10 bands were present [27]. In addition, Ceres Nanotrap antigen tests
(Ceres Nanosciences, Manassas, VA, USA) were performed to detect Borrelia Outer surface
protein A (OspA) antigen [29]. Mycoplasma pneumoniae IgG and IgM antibodies were tested
by Quest Diagnostics. Bartonella tests were performed at Galaxy Diagnostics (Research
Triangle Park, NC, USA), which included a PCR test of Bartonella species of the whole blood,
serum and blood cultures at 8 days, 14 days, and 21 days. In addition, immunofluorescence
assay (IFA) was used for the IgG of Bartonella henselae and Bartonella quintana and results
with titers of >1:256 were considered to be positive for the analysis [30].
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The biological samples collected were also archived for further omics studies of genes,
proteins, metabolites, and microbes present in severely ill ME/CEFS patients.

2.6. Data Analysis

To compare the quality of life and the patient-reported health status between SIPS pa-
tients and controls, Wilcoxon signed-rank test was used. To visualize the closeness/distance
of SF-36 among SIPS samples, general CFS, and other related medical conditions, tSNE was
utilized (implemented in the R package Rtsne) to project the SF-36 scores to two dimensions.

To quantify the severity and frequency of the 12 symptomatic categories in SIPS,
we operationally defined a burden score for each category that could summarize the
95 symptomatic measurements from all questionnaires. We first unified the ranges and
directions of the measurements. After the standardization, all the measurements ranged
from 0 to 1, and the higher value indicated the worsening of the symptom. Specifically, for
quantitative phenotypes, we used the formula x—min(x)/max(x) —min(x) to re-scale the
values of each measurement and reversed its direction if the average of healthy controls
was larger than the average of SIPS patients. For binary phenotypes where 1 indicated
having the symptoms, the values were weighted by the frequencies of the symptoms in the
patients. We calculated the burden score of each symptomatic category by averaging the
standardized measurements assigned to the category. The burden scores were visualized
with the R package heatmaply, and the individuals were hierarchically clustered by their
Euclidean distances.

For Fitbit measurements and cognitive test STEN (Standard Tens) scores, Student’s
t-test was performed to test if there was a significant difference between SIPS patients
and controls. One-sided Fisher’s exact test was performed to test if there is a significantly
higher number of patients with a clinically significant low STEN score for the four types of
cognitive abilities.

For each of the clinical tests, where the diverse raw values hardly followed a normal
distribution, we performed Box-Cox transformation to fit the values from health controls
into a normal distribution. A bootstrap t-test was also performed on the clinical tests to
generate the p-values, and FDRs were also calculated.

The prevalence of the symptoms remaining after six months in long COVID reported
in a recent study [31] was retrieved from the Appendix and Figure 11a of the article and
compared with the correspondent symptoms in the SIPS patients.

All the analyses and visualization were performed with the R program.

3. Results

Results include Patient-reported health status and symptoms (Section 3.1), Activity,
sleep monitoring, and cognitive tests (Section 3.2), Clinical laboratory testing (Section 3.3),
and Antigen and antibody tests against viral and bacterial pathogens (Section 3.4). All
results described below were based on data from the entire cohort unless otherwise in-
dicated. The data and results are available through a web-based data portal at https:
/ /endmecfs.stanford.edu.

3.1. Patient-Reported Health Status and Symptoms of the Severely Il
3.1.1. Demographics and Quality of Life of the Patients

The demographics of the subjects of the study are shown in Table 1. In the SIPS
patients, the duration of the illness ranged from 2.4 years to 50 years, with a mean of
14.5 years. While all the patients were homebound, half of them required considerable
assistance and frequent medical care, and 35% were disabled and needed special care and
assistance, as indicated by the Karnofsky scale.
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Table 1. Demographics and quality of life of severe myalgic encephalomyelitis/chronic fatigue
syndrome (ME/CEFS) patients and healthy controls.

Patients Controls Value 1
(N =20) (N = 10) P
Age (years; mean =+ s.d.) 474 £11.6 46.8 £9.2 0.552
Sex (% female) 65.0% 60.0% 0.813
BMI (kg/m?; mean + s.d.) 254468 220431 0.224
Duration of illness (years; mean =+ s.d.) 14.5 +11.8 0.0 +£0.0
Karnofsky Performance status index (%) <0.001
30:  Severely disabled; hospital
admission is indicated, although death 5.0% 0.0%
is not imminent.
40: ‘Dlsabled; requires special care 30.0% 0.0%
and assistance.
50: Require c9n51derable assistance 15.0% 0.0%
and frequent medical care.
60:  Require occasional assistance,
but is able to care for most personal 50.0% 0.0%
needs.
100. Norrpal; no complaints; no 0.0% 100.0%
evidence of disease.
Quality of life (SF-36 scores; mean =+ s.d.)
PE:  Physical functioning 13.3 +12.8 99.0+21 <0.001
RP:  Role limitations due to physical 19+ 6.1 99.4 + 20 <0.001
health
RE: Role limitations due to 5.0 + 45.9 942497 0.037
emotional problems
VT:  Vitality/Energy/Fatigue 1284193 80.0 + 14.7 <0.001
MH: ) Mental health /Emotional 56.0 4+ 25.8 83.5 + 16.0 0.005
well-being
SF:  Social functioning 44+124 925+ 134 <0.001
BP:  Body pain 334 £262 958 £7.6 <0.001
GH: General health 16.5+£7.3 83.5£15.1 <0.001

! Wilcoxon signed-rank test.

The SF-36 results showed that SIPS patients had significantly lower scores in com-
parison with healthy controls (Table 1 and Figure 1a). In particular, scores on physical
functioning (PF), role limitations due to physical health (RP), general health (GH), vi-
tality /energy/fatigue (VT), and social functioning (SF) were extremely low, with each
less than 20. As shown in Figure 1a, comparing to the scores of the general patients of
ME/CEFS [32], each of these five scales was further lowered significantly in the SIPS patients.
This is also consistent with other published studies on the quality of life of ME/CFS. For
example, in the phase 3 trial of rituximab (RituxME), the average PF score was >30 for the
patients (35.2 & 21.9 and 32.5 & 19.1 for the treated and placebo groups, respectively) [33],
while in this study, the PF score was <15 in the severely ill patients (13.3 & 12.8). Our
results suggested that severe illness had greatly reduced the quality of life of these severely
ill patients, even further than the general ME/CFS patient population.
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Figure 1. Comparison of the Quality of Life of Severely Il myalgic encephalomyelitis /chronic fatigue syndrome (ME/CFS)
and Other Major Diseases. (a) SF-36 scores of Severely Ill Patient Study (SIPS) patients, general CFS patients, and healthy
controls. Compared with the general CFS patient population, scores on physical functioning (PF), role limitations due to
physical health (RP), general health (GH), vitality/energy/fatigue (VT), and social functioning (SF) were significantly lower.
(b) tSNE of SF-36 scores of SIPS, general CFS, and other medical conditions. T2D—type II diabetes, HT—hypertension,
CHF—congestive heart failure, COPD—chronic obstructive pulmonary disease, MSCs—musculoskeletal complaints, BPH—
benign prostatic hyperplasia, AMI—anterior myocardial infarction, and OA—Osteoarthritis. The quality-of-life scores of
SIPS patients were clearly separated from that of controls, being most positively correlated with congestive heart failure
(CHF) and most negatively correlated with clinical depression.

On the other hand, the role limitations due to emotional problems (RE) was much less
impacted, followed by mental health/emotional well-being (MH), in SIPS patients, which
appeared to be similar to general ME/CFS (Figure 1a).

We next compared the SF-36 scores of SIPS with that of other medical conditions in
the USA [34]. The results showed that the SF-36 scores of SIPS were well separated from
the general U.S. population as well as other medical conditions (Figure 1b). Compared
to other major diseases, the severely ill ME/CFS patients had lower scores in six of the
eight scales, except RE and MH (Figure Sla). In addition, among these medical conditions,
the quality-of-life scores of the SIPS patients were most positively correlated with Con-
gestive Heart Failure (r = 0.63) and most negatively correlated with Clinical depression
(r = —0.33) (Figure S1b).

3.1.2. Patient-Reported Health Status

Several sets of questionnaires were administered to evaluate the health status of the
patients. Five PROMIS instruments were utilized, which provided measures of physical,
mental, and social well-being from the patient perspective. As shown in Table 2, comparing
with the controls, the severely ill patients reported significant fatigue, sleep disturbance,
sleep-related impairment, the experience of pain (pain behavior), and interference of pain
on activities (pain interference).
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Table 2. Comparison of patient-reported health status between severe ME/CFS patients and

healthy controls.
Patients Controls p-Value !
PROMIS Instruments (T-score; mean =+ s.d.)
Fatigue 752459 418 +9.6 <0.001
Sleep disturbance 64.5+75 39.7+74 <0.001
Sleep-related impairment 65.4+74 375+ 84 <0.001
Pain interference 67.0 = 10.1 4451+ 4.8 0.003
Pain behavior 60.6 = 8.9 424+ 115 0.004
Pittsburgh Sleep Quality Index (mean + s.d.)
Sleep quality 21407 0.0+0.0 <0.001
Sleep latency 21+13 1.0£08 0.093
Sleep duration 04+08 03+05 0.814
Habitual sleep efficiency 1.6+13 0.0+0.0 0.019
Sleep disturbances 1.9+1.0 0.3+05 0.009
Use of sleeping medications 22+11 0.0+0.0 <0.001
Daytime dysfunction 19+13 0.8+05 0.144
Global PSQI score 119+ 34 23+17 0.003
Restless Legs Syndrome (RLS; %)
Probable RLS 23.5% (4/17) 0.0% (0/4)

1 Wilcoxon signed-rank test.

Similarly, the analysis of the results of the Pittsburg Sleep Quality Index (PSQI) showed
significantly lower sleep quality, more sleep disturbances, and worse Global PSQI in the
patients compared to the controls. In addition, 4 of the patients (20%) had probable Restless
Leg Syndrome (RLS).

3.1.3. Evaluation of the Common Symptoms in the Patients

Data on specific symptoms known to be correlated with ME/CFS [1,15] were obtained
using a standardized questionnaire. The results are shown in Figure S2a, indicating whether
a patient or a control had a particular impairment or the degree of the impairment. Figure
S2b shows a hierarchical clustering of these symptoms between the patients, where symp-
toms related to sleep disturbance and symptoms related to pain clustered together. These
individual symptoms were then grouped into 12 symptomatic categories, which were men-
tioned in the IOM and ICC descriptions of ME/CEFS. One of the extremely ill patients was
not able to complete the questionnaire and was not included in the downstream analysis.

As shown in Figure 2a, all the patients had fatigue, sleep disturbance, and post-
exertional malaise, and had either cognitive impairment (19/19 or 100%) or orthostatic
intolerance (15/19 or 79%), or both. Therefore, all the patients met the IOM ME/CFS
diagnosis criteria. Additional symptoms include pain, neurosensory disturbance, flu-like
symptoms and/or susceptibility to viral infections, gastrointestinal tract impairments,
Genitourinary impairment, and Respiratory impairment. Notably, 100% of the patients
(19/19) suffer from the presence of significant pain and 89% (17/19) had sensitivity to light,
noise, vibration, odor, taste, and touch (Figure S2a).

We next looked at the top 3 most troublesome symptoms of the severe patients
(Figure 2b). The symptoms reported by the patients were fatigue (85%), pain (65%),
cognitive impairment (50%), orthostatic intolerance (45%), sleep disturbance (35%), post-
exertional malaise (30%), neurosensory disturbance (30%), GI tract impairment (30%), flu-
like symptoms (15%), and loss of thermostatic stability (5%). Fatigue and post-exertional
malaise were ranked most commonly as the top troublesome symptom by 50% and 20% of
the patients, respectively.
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Figure 2. Common Symptoms in Severe ME/CFS Patients. (a) Similarity and variation of the symptoms of the SIPS patients
and (b) the top three most troublesome symptoms of the SIPS Patients.
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3.2. Activity, Sleep Monitoring, and Cognitive Tests of the Severe ME/CES Patients

The severely ill patients in the study were homebound and spending more than 14 h
per day sedentary and in a reclined position as reported by the patient or caregiver. To
objectively monitor the physical activities of the severely ill patients, patients were provided
with a FitBit device. The median daily steps taken by the SIPS patients was 912, which was
significantly lower than that of the healthy controls as well as the reported values from
previous studies of the U.S. population [35,36], and similar results were seen on the daily
distance, the number of floors taken, and calories burned. These results confirmed that the
mobility of the patients was severely limited by the disease.

Sleep-related problems, such as insomnia, sleep disturbances, and unrefreshing sleep,
are among the core symptoms of ME/CFS [37,38]. Overnight sleep of the patients was
monitored by a non-invasive Sleep Profiler (Advanced Brain Monitoring). Sleep time and
efficiency, sleep architecture, latencies, and continuity, snoring, and cardio were reviewed
by the study staff and analyzed comparing with the established normative ranges [23].
Five parameters were identified in the sleep profile where in more than 50% of the patients,
the measurements were consistently out of the normal range, that is, either exclusively
below the lower limit or above the higher limit of the normal range. Figure 3a shows
these five parameters and the percentages of patients whose parameters fell out of the
normal ranges. Among the severely ill patients, 75% had an abnormally higher number
of awakenings (Awakening/hr > 30 s), 65% had abnormally longer wake time after sleep
onset (Wake after Sleep Onset), and 50% had sleep efficiency (Sleep Efficiency) below the
normal range. Further, the EEG profile revealed that in 70% of the patients, the percentages
of Stage R (REM) were below the normal range, and conversely, in 90% of the patients, the
percentages of Stage N1 were above the normal range. The observed high percentages of
Stage N1 and low percentages of Stage R were consistent with the frequent awakenings
during the sleep observed in these patients [39].

Cognitive abnormalities are prevalent in ME/CFS, which include poor attention and
concentration, slow information processing, and impaired memory registration and con-
solidation [40—42]. The cognitive performance of the patients and controls was evaluated
using WebNeuro Tests (Brain Resource Group). Four types of cognitive abilities—attention,
maze, memory, and identifying emotions—were evaluated and compared with established
normal ranges [43]. When comparing the patients with controls, the most significant dif-
ference is the higher number of the SIPS patients who had issues in identifying emotions,
where their scores were outside of the normal range (94% of the patients vs. 40% of the
controls, p = 0.005). In particular, the reaction time of the patients was significantly longer
than that of the controls for both happiness and anger (p = 0.015 and 0.007, respectively).
In addition, the patients showed more attention problems than the controls (81% of the
patients vs. 40% of the controls, p = 0.043). In contrast, the SIPS patients did not show a
significant difference in the scores for memory and maze. Similarly, we did not identify any
consistent difference between the patients and the controls in the EEG signal monitored
taken during the cognitive tests, which potentially were due to the heterogeneity in the
data acquired.
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Figure 3. Sleep Monitoring and Cognitive Tests of the Severe ME/CFS Patients. (a) Five parameters in the overnight
monitoring by Sleep Profiler where the values in >50% of the patients were consistently out of the normal ranges. These
include lower sleep efficiency, more frequent awakenings per hour (>30 s), longer time of wake after sleep onset, a higher
percentage of Stage N1, and a lower percentage of Stage R (REM). (b) Comparison between the patients and controls in each
of the four sections of cognitive tests. The Y-axis represents the percentage of subjects that were identified as severe/deficit
impairment. The patients compared with the controls showed significantly more problems in identifying emotions (94%
of the patients vs. 40% of the controls, p = 0.005), as well as more attention problems (81% of the patients vs. 40% of the

controls, p = 0.046).

3.3. Results of Clinical Laboratory Testing

To systematically evaluate whether clinically recognized biomarkers show the differ-
ence between severe ME/CFS and healthy controls, an extensive set of clinical laboratory
tests were performed on the blood, urine, and saliva samples in this study.

The most significant difference between severe ME/CFS and the controls came from
the 4-point salivary cortisol levels, which were tested upon wakening, at noon, afternoon,
and night. In healthy individuals, the cortisol level increases upon wakening and steadily
decreases throughout the day. As shown in Figure 4a, the severe patients showed signifi-
cantly lower salivary cortisol concentrations in the morning, where the median levels were
0.20 mcg/dL and 0.45 mcg/dL in the patients and controls, respectively (p = 0.002). In
addition, there was a significant reduction of the decrease in the cortisol level over the day
in the patients compared to the controls: the mean coefficient (slope) of the cortisol level
(in log scale) over time (in hours) was —0.059 in the patients and —0.156 in the controls
(p = 0.003).
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Figure 4. Clinical Lab Test Results Significantly Different between Severe ME/CFS and Controls. (a) Results of 4-point
salivary cortisol upon wakening, at noon, afternoon, and night. The severe patients demonstrated significantly lower

salivary cortisol concentrations in the morning and a significant flattening of the diurnal cortisol profile. (b—d) Results of a

significantly higher level of cholesterol/HDL ratio (b), lower level of albumin, (c) and lower total bilirubin, (d) in the blood
of the patients than of the controls.

Figure 4b—d show additional results significantly different between the severely ill
patients and the controls (FDR < 0.1). These include a higher level of cholesterol/HDL
ratio (b), lower level of albumin (c), and lower total bilirubin (d) in the blood of the patients
than of the controls. On the other hand, no significant differences were observed in the
rest of the lab tests, including CBC with DIFF/PLT, Lymphocyte Subsets, Natural Killer
Cell function, Comprehensive Metabolic Panel, Standard Lipid Panel, Acylcarnitine Profile,
Urinalysis of organic acids, hormones (TSH/T3/T4, FSH/LH, testosterone, estrogen, AVP)),
vitamins (B7/biotin, B12/folate, D, Methylmalonic Acid), and selected chemistry analytes
and disease biomarkers. The results are shown in Table S1.

3.4. Tests on Antigens and Antibodies against Viral and Bacterial Pathogens

Since ME/CFS patients often report symptoms started with a viral infection, we tested
in the patients and the controls antibodies and antigens of a set of common pathogens.
These included IgG and IgM antibodies against human herpesvirus 6 and 7 (HHV-6/7),
herpes simplex virus 1 and 2 (HSV-1/2 or HHV-1/2), Epstein-Barr virus (EBV or HHV-
4), Cytomegalovirus (CMV or HHV-5), and parvovirus B19. In addition, tests were per-
formed to detect antigens and antibodies of Borrelia burgdorferi, Bartonella species, and
Mycoplasma pneumoniae.

As shown in Table 3, there was no significant difference detected between the severely
ill patients and the healthy controls in the tests performed. The percentages of samples
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identified as positive in each test were similar for each of the antibody and antigen tests of
viral and bacterial pathogens. More detailed information can be found in Table S2.

Table 3. Tests on antibodies and antigens.

. . Patients Controls 1
Viruses-Antibody Tests Positive/Total Positive/Total p-Value
Cytomegalovirus (IgG) 9/18 4/9 1
Cytomegalovirus (IgM) 1/18 0/9 1
Parvovirus B19 (IgG) 14/18 6/9 0.653
Parvovirus B19 (IgM) 0/18 0/9 1
Epstein-Barr Virus Early Antigen D (IgG) 2/18 2/9 0.582
Epstein-Barr Virus Viral Capsid Antigen 0/18 0/9 1
g
Epstein-Barr V1ru(sI;/ér)al Capsid Antigen 17/18 9/9 1
Epstein-Barr Virus Nuclear Antigen (IgG) 16/19 8/8 0.532
Herpesvirus 6 (IgG) 19/19 9/9 1
Herpesvirus 6 (IgM) 1/18 0/9 1
Herpesvirus 7 (IgG) 0/19 0/9 1
Herpesvirus 7 (IgM) 0/18 0/9 1
Herpes Simplex Virus 1 (IgG) 6/18 2/9 0.676
Herpes Simplex Virus 2 (IgG) 6/18 1/9 0.363
Herpes Simplex Virus 1/2 (IgM) 2/18 1/9 1
Bacteria-Antigen and Antibody Tests Positive/Total Positive/Total p-Value !
Borrelia-Ceres Narﬂ;ggap Lyme Antigen 2/18 1/10 1
Lyme Disease Ab with Reflex to Blot (IgG) 0/18 0/9 1
Lyme Disease Ab with Reflex to Blot (IgM) 0/18 0/9 1
Borrelia burgdorferi (IgG) 0/18 0/9 1
Borrelia burgdorferi (IgM) 0/18 0/9 1
Mycoplasma pneumoniae (IgG) 13/18 6/7 0.637
Mycoplasma pneumoniae (IgM) 1/19 0/9 1
Bartonella DNA-(Blood, Serum, and
Culture) 0/20 0/9 !
Bartonella henselae (IgG) 18/20 8/9 1
Bartonella quintana (IgG) 17/20 7/9 0.633
Immunoglobulin G Subclasses Panel Low/Total Low/Total p-Value !
Immunoglobulin G, subclass 1 1/19 0/9 1
Immunoglobulin G, subclass 2 0/19 2/9 0.095
Immunoglobulin G, subclass 3 3/19 0/9 0.530
Immunoglobulin G, subclass 4 1/19 2/9 0.234
Immunoglobulin G, serum 0/19 0/9 1

1 Fisher’s exact test.

IgM antibodies against the common viruses were either not detected or detected
positive in very few of the patients and the controls at the same percentage. These include
HHV-6 (1/18 in patients vs. 0/9 in controls), EBV (0/18 in patients vs. 0/9 in controls),
B19 (0/18 in patients vs. 0/9 in controls), CMV (1/18 in patients vs. 0/9 in controls), and
HSV-1/2 (2/17 in patients vs. 1/9 in controls). On the other hand, IgG antibodies were
detected in large percentages of both the patients and the controls for these viruses, which
included, in patients vs. in controls, HHV-6 (19/19 vs. 9/9), EBV (VCA: 17/18 vs. 9/9, and
EBNA: 16/19 vs. 8/8), parvovirus B19 (14/18 vs. 6/9), CMV (9/18 vs. 4/9), and HSV-1
and HSV-2 (6/18 vs. 2/9 and 6/18 vs. 1/9, respectively).

Similarly, few bacterial antigen or IgM tests were positive in patients (0/18 for Borrelia
burgdorferi IgM, 2/18 for Borrelia OspA, 1/19 for Mycoplasma pneumoniae IgM, and 0/20 for
PCR of Bartonella DNA in blood, serum, and culture) without any significant difference
comparing to the results of the controls (0/9 for Borrelia burgdorferi IgM, 1/10 for Borrelia
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OspA, 0/10 for Mycoplasma pneumoniae IgM, and 0/9 for PCR of Bartonella Species in Blood,
Serum, and Culture). In the same samples, IgG antibodies were detected at the same rate in
patients vs. in controls (0/18 vs. 0/9 for Borrelia Burgdorferi, 13/18 vs. 6/7 for Mycoplasma
Pneumoniae, 11/20 vs. 4/9 for Bartonella Henselae, and 7/20 vs. 4/9 for Bartonella Quintana).

4. Discussion

ME/CEFS significantly reduces the quality of life of patients [6,44—46], and the severe
cases studied here present a picture of a systematically debilitating disease. Severely af-
fected patients who were homebound and mostly bedbound suffer from a greater reduction
of their quality of life compared to other major chronic diseases as well as the general
ME/CFS population. While physical functioning, energy /fatigue, and related functioning
were extremely low in these patients, emotional well-being was clearly less impacted-a
clear distinction from the frequent misdiagnosis of clinical depression in these patients.

The SIPS patients had all the core symptoms in the IOM criteria [1] and other symp-
toms such as pain and neurosensory disturbance, consistent with previous reports [1,11,12].
The most troublesome symptoms were fatigue (85%), pain (65%), cognitive impairment
(50%), orthostatic intolerance (45%), sleep disturbance (35%), post-exertional malaise (30%),
neurosensory disturbance (30%), GI tract impairment (30%). Pharmacological and non-
pharmacological approaches to the relief of these symptoms could help individual patients
manage this disease, since there are no treatments currently approved for ME/CFS [47,48].

Sleep disorders and cognitive impairments are core symptoms of ME/CFS [37,38,40-42].
Non-invasive sleep monitoring revealed that the majority of the severely ill patients had an
abnormally high number of awakenings, abnormally long wake time after sleep onset, and
sleep efficiency below the normal range, which are consistent with the high percentages
of Stage N1 and low percentages of Stage R (REM) observed in their EEG profiles [39].
Cognitive tests showed significant differences in the severely ill patients in identifying
emotions and having attention problems, while there was no difference in the maze and
memory tests between the patients and the controls. Impairment of divided attention
has been reported previously in ME/CFS patients [40,49], and our results are consistent
with the hypothesis that the difficulty in divided attention may contribute significantly to
the cognitive problems in ME/CFS. Further studies using sophisticated methodologies
are essential to better characterize and understand the sleep and cognitive disorders in
ME/CEFS.

Currently, there is no diagnostic test for ME/CFS, and laboratory tests are primarily
used in differential diagnosis to identify alternative conditions and comorbidities [14,47,50].
Here we evaluated an extensive set of clinical lab tests in blood, urine, and saliva samples.
Between the severely ill patients and the controls, the most significant difference observed
was lower salivary cortisol concentrations in the morning and the flattening of the daily
cortisol profile in the patients, consistent with previously reported observations of the
alterations in diurnal salivary cortisol rhythm in ME/CEFS [51,52]. Other tests conducted did
not show noticeable significance. While we did not perform all the recommended testing by
the US ME/CFS Clinician Coalition [4,50], these lab results re-confirm the limitations of the
standard laboratory test battery in ME/CFS and highlight the urgent need of developing
new diagnostic tests for the disease [1,14]. For instance, lower-than-normal circulating
blood volume could be associated with orthostatic intolerance seen in the severely ill
patients, which would be worthwhile measuring [53].

Previous studies showed that in many ME/CEFS patients, the ‘sudden onset” of the dis-
ease appears to be a viral infection [2,5,54,55]. Therefore, we tested antibodies and antigens
of a set of common viral and bacterial pathogens. The results showed no evidence for acute
infections by the tested pathogens in the patients, while as expected, large percentages
of both the patients and the controls had been exposed to some of these common viral or
bacterial pathogens. Enteroviruses were proposed as a cause of ME/CFS [56,57] but were
not tested in this study. Also, it is worth noting that certain pathogens are neurotropic and
evidence of central nervous system (CNS) infection is not always revealed by serologic
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studies of blood. Further analysis of autoantibodies and detections of pathogens (e.g., by
sequencing) in the relevant tissues, such as in the cerebrospinal fluid (CSF), will likely
provide new insights into the link between pathogen exposure and ME/CFS.

The biological samples collected on the severely ill patients and the healthy con-
trols are being further analyzed in multiple omics studies to identify signatures in genes,
proteins, metabolites, heavy metals, and microbes of severe ME/CFS and the associated
clinical symptoms.

Post-COVID conditions (long COVID, Post-Acute Sequelae of SARS-CoV-2 infection
(PASQ)), are affecting an increasingly large number of people worldwide, where patients
suffer from prolonged fatigue and other symptoms [58-60]. A recent study [31] of 3762
confirmed or suspected COVID patients from 56 countries showed that the time to recovery
in most patients exceeded 7 months, where the majority of the patients had multiple
symptoms related to ME/CFS. Therefore, we compared the frequencies of the symptoms
remaining after six months in the long COVID patients with those of the severely ill
ME/CEFS patients, and the results showed a striking similarity (Figure 5). This underscores
the value of research to understand the mechanisms of ME/CFS for efforts to treat and
prevent long COVID and other debilitating postviral conditions, which together affect
millions in the United States alone [14,61].
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Figure 5. Comparison of the symptoms reported in the long COVID patients after 6 months with those in the severely ill
ME/CFS patients. The symptoms are ranked based on the frequencies reported in the long COVID patients. The frequencies

of these symptoms in the severely ill ME/CFS are similar to those reported in the long COVID.
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Tests of Viral and Bacterial Pathogens.
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Abstract: Introduction: Effort intolerance along with a prolonged recovery from exercise and post-
exertional exacerbation of symptoms are characteristic features of myalgic encephalomyelitis/chronic
fatigue syndrome (ME/CFS). The gold standard to measure the degree of physical activity intolerance is
cardiopulmonary exercise testing (CPET). Multiple studies have shown that peak oxygen consumption
is reduced in the majority of ME/CFS patients, and that a 2-day CPET protocol further discriminates
between ME/CFS patients and sedentary controls. Limited information is present on ME/CFS patients
with a severe form of the disease. Therefore, the aim of this study was to compare the effects of a 2-day
CPET protocol in female ME/CFS patients with a severe grade of the disease to mildly and moderately
affected ME/CFS patients. Methods and results: We studied 82 female patients who had undergone a
2-day CPET protocol. Measures of oxygen consumption (VO,), heart rate (HR) and workload both
at peak exercise and at the ventilatory threshold (VT) were collected. ME/CFS disease severity was
graded according to the International Consensus Criteria. Thirty-one patients were clinically graded
as having mild disease, 31 with moderate and 20 with severe disease. Baseline characteristics did not
differ between the 3 groups. Within each severity group, all analyzed CPET parameters (peak VO,,
VO, at VT, peak workload and the workload at VT) decreased significantly from day-1 to day-2
(p-Value between 0.003 and <0.0001). The magnitude of the change in CPET parameters from day-1
to day-2 was similar between mild, moderate, and severe groups, except for the difference in peak
workload between mild and severe patients (p = 0.019). The peak workload decreases from day-1
to day-2 was largest in the severe ME/CFS group (=19 (11) %). Conclusion: This relatively large
2-day CPET protocol study confirms previous findings of the reduction of various exercise variables
in ME/CFS patients on day-2 testing. This is the first study to demonstrate that disease severity
negatively influences exercise capacity in female ME/CFS patients. Finally, this study shows that the
deterioration in peak workload from day-1 to day-2 is largest in the severe ME/CFS patient group.

Keywords: chronic fatigue syndrome; cardiopulmonary exercise testing; oxygen consumption;
VO, peak; ventilatory threshold; VO, VT; myalgic encephalitis; workload; ME/CFS severity grade

1. Introduction

Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFES) is a serious and potentially
disabling chronic disease [1-4]. As in other diseases, ME/CFS severity can range from mild to severe.
Some patients can perform their daily activities at the expense of extra resting, while others are
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bed-ridden and dependent on others for help with activities of daily living. Exercise intolerance along
with a prolonged recovery from activity (physical as well as mental) and post-exertional exacerbation
of symptoms [4], represent an important characteristic of ME/CFS termed post-exertional malaise
(PEM) [5,6].

Cardiopulmonary exercise testing (CPET) is the gold standard for measuring the degree of physical
activity intolerance [7-10]. Multiple studies have shown that peak oxygen consumption is reduced in
the majority of ME/CFS patients [11-22]. However, studies have also shown that a single CPET test
in ME/CFS patients may show peak VO, values that are similar to or only slightly lower than those
of healthy sedentary controls [16]. To discriminate exercise capacity between ME/CFS patients and
sedentary controls a 2-day CPET protocol has been proposed [19]. Studies using a 2-day CPET protocol,
with two exercise tests separated by 24 h, have confirmed that ME/CFS patients have significantly
lower VO, and workload parameters on day 2 than on day 1. In contrast, sedentary controls have
unaltered or slightly improved peak VO, and workload [18-20,23,24]. We have recently confirmed the
previous observations of a lower VO, and workload in ME/CFS patients in a large group of male and
female ME/CFS patients [25,26].

As peak oxygen consumption differs between males and females [27-29], the available studies
were analyzed according to gender. Four studies reported peak oxygen consumption data in females
only [18-20,25]. One study reported peak oxygen consumption in males [26] and two studies reported
on combined information on males and females [15,24].

Limited studies have been published on ME/CFES patients with a severe form of the disease.
The aim of this study was to compare 2-day CPET results from severely affected and mildly and
moderately affected female ME/CFS patients using the severity grading as proposed by Carruthers et al.,
in the International Consensus Criteria [2]. We furthermore explored disability for both testing days
with Weber’s disability metric [30].

2. Materials and Methods

Eligible participants were females with ME/CFS and exercise intolerance who had been referred
to the Stichting Cardio Zorg, a cardiology clinic in the Netherlands that specializes in diagnosing
and treating adults with ME/CFS. All patients underwent a detailed clinical history to establish the
diagnosis of ME/CFS according to the ME criteria [2] and CFS criteria of Fukuda [1]. In all patients
alternative diagnoses which could explain the fatigue and other symptoms were ruled out. The disease
severity was scored according to the International Consensus Criteria. This was classified according
to the paper as: “Symptom severity impact must result in a 50% or greater reduction in a patient’s
premorbid activity level for a diagnosis of ME. Mild: approximately 50% reduction in activity, moderate:
mostly housebound, severe: mostly bedbound and very severe: bedbound and dependent on help for
physical functions” [2].

We reviewed the clinical records of 93 females with a diagnosis of ME/CFS who had undergone
a 2-day CPET protocol between June 2012 and November 2019. Six patients were excluded because
the ventilatory threshold could not be accurately determined. Two patients were excluded because of
heart rate or blood pressure lowering drugs. Three patients were excluded because of being identified
as being outliers. They were removed from further analysis. No patients were excluded due to
insufficient effort during either day of testing, as judged by the supervising cardiologist. This left
82 female patients with available data from a 2-day CPET protocol for analysis.

All patients gave informed consent to analyze their data. The use of clinical data for descriptive
studies was approved by the ethics committee of the Slotervaart Hospital, the Netherlands (reference
number P1736).

2.1. Cardiopulmonary Exercise Testing (CPET)

Patients underwent a symptom-limited exercise test on a cycle ergometer (Excalibur, Lode,
Groningen, The Netherlands) according to a previously described protocol [26]. Briefly, a ramp
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workload protocol was used varying between 10-30 Watt/min. Oxygen consumption (VOy),
carbon dioxide release (VCO;), and oxygen saturation were continuously measured (Cortex, Procare,
The Netherlands), and displayed on screen using Metasoft software (Cortex, Biophysic Gmbh,
Germany). An ECG was continuously recorded and blood pressures were measured using the Nexfin
device (BMEYE, Amsterdam, The Netherlands) [31]. The metabolic measurement system (Cortex,
Biophysic Gmbh, Germany) was calibrated before each test with ambient air, standard gases of
known concentrations, and a 3-L calibration syringe. The ventilatory threshold (VT), a measure of the
anaerobic threshold, was identified from expired gases using the V-Slope algorithm [32]. The same
experienced cardiologist supervised the 2 tests and performed visual assessment and confirmation
of the algorithm-derived VT. The same cardiologists also ensured that the tests were done with the
maximal effort possible for each specific patient. The mean of the VO, measurements of the last 15 s
before ending the exercise (peak VO,) was taken. VO, at the peak and at the VT as well as the heart
rate (HT) at peak exercise were expressed as a percentage of the normal values of a population study:
%peak VO,, %VT VO, [27]. Also, the mean respiratory exchange ratio (RER; VCO,/VO,) of the last
15 s was calculated by the software and presented in the results.

Maximum (or peak) oxygen uptake is used for the evaluation of cardiorespiratory endurance or
aerobic fitness [7,8,33]. The anaerobic threshold (AT) was found to be an objective measure for aerobic
work capacity [34-36]. Both invasive and non-invasive methods have been used for determining this
value: invasive methods require blood lactate measurements (lactate threshold) and non-invasive
methods rely on measuring respiratory gases, based on the relation between CO, expiration and O,
inspiration (the respiratory exchange ratio or RER). Some studies have considered the AT to be at the
point where the RER exceeds 1.0 [37-39]. As this has been considered inaccurate other methods have
been proposed, like using the V-slope algorithm as described by Beaver et al. and used by others as in
the current study [32]. In short, this method plots Vo, against Vcop. During aerobic metabolism the
slope is slightly less than 1. With the onset of anaerobic metabolism, the slope increases to a value
greater than 1, reflecting the production of extra CO, resulting from HCOj3~ buffering of lactate being
produced. This point from slope 1 to the steeper slope 2 is called the ventilatory threshold (or lactic
acidosis threshold) and is considered equivalent to the anaerobic threshold [32].

2.2. Disability Metric

In the early 1980s Weber et al. described a disability metric in evaluating heart failure patients
with cardiopulmonary exercise testing [30]. This disability metric termed the classes A, B, C and D to
avoid confusion with the New York Heart Association classification. The disability metric classifies
how much impairment in aerobic capacity is present (Table 1).

Table 1. Weber disability metric (30) [30].

Weber Class Oxygen Consumption Aerobic Capacity
Class A >20 mL/min/kg No impairment
Class B 16-20 mL/min/kg Mild to moderate impairment
Class C 10-15 mL/min/kg Moderate to severe impairment
Class D <10 mL/min/kg Severe impairment

2.3. Statistical Analysis

Data were analyzed using SPSS version 21 (IBM, Armonk, NY, USA). All continuous data were
tested for normal distribution using the Shapiro-Wilk normality test, and presented as mean (SD)
or as median (IQR), where appropriate. Nominal data (fibromyalgia and severity/disability) were
compared using the chi-square test (a 3 X 2 table and a 4 x 3 table). For continuous data groups were
compared using the paired or unpaired t-test where appropriate. Within group comparison was done
by the ordinary one-way analysis of variance (ANOVA) or Kruskal-Wallis test where appropriate.
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Where significant, results were then explored further using the post-hoc Tukey’s test or Dunn’s
test where appropriate. Within group comparison was done by the two-way analysis of variance
(ANOVA). Where significant, results were then explored further using the post-hoc Holm-Sidak test.
Graphpad Prism version 8.4.2 (Graphpad software, La Jolla, CA, USA) was used for the graphical
representation of data in the figures.

3. Results

3.1. Baseline Characteristics

Table 2 shows the baseline characteristics of the 82 female ME/CFS patients. According to the
ICC criteria, 31 were graded as mild, 31 were graded as moderate and 20 were graded as severe.
No significant differences were found with respect to age, height, weight, BSA, BMI and disease
duration. In the mild ME/CFS group 14 (45%) patients were classified as having comorbid fibromyalgia,
in the moderate ME/CFS group 18 (58%) were classified as having fibromyalgia and in the severe
ME/CFS group 12 (60%) were classified as having fibromyalgia (chi-square analysis 3 x 2 table: p = 0.48).

Table 2. Baseline criteria for female ME/CFS patients.

Group 1 Group 2 Moderate  Group 3Mild  ANOVA/Kruskal-
Severe (11 = 20) (n=31) (n=31) Wallis Test
F(2,79) = 0.46;
Age (years) 39 (10) 41(10) 420) p=0.63
. F(2,79) = 1.56;
Height (cm) 171 (7) 171(7) 169 (6) p=022
200) = .
Weight (kg) 70 (61-77) 69 (63-80) 65 (60-72) X ;2)__0 15'244'
2(0) = .
BSA (m?) 1.4 (1.2-1.8) 1.4 (1.3-1.5) 13 (1.2-1.4) @ =10
p=043
2 — .
BMI (kg/m?) 27(18276)  239(07-27.6) 23414267 ;2)_’0%332’
Disease duration (years) 159 (9.3) 13.3(89) 135093 g (2;; 7:9)():5356;

Data are presented as mean (SD) or median (IQR). BMI: body mass index (DuBois formula); BSA: body surface area.

3.2. Two-Day CPET Data for ME/CFS Female Patients with Severe, Moderate and Mild Disease

Figure 1 shows the peak oxygen consumption for both CPET-1 and CPET-2 for mild, moderate and
severe ME/CFS. For the mild disease group there was a significant decrease in peak VO, of 2 mL/min/kg
(—=6%) (a change from 23 (5) to 21 (5) mL/min/kg; p = 0.003). For the moderate disease group there was
a significant decrease in peak VO, of 2 mL/min/kg (-=11%) (a change from 17 (3) to 16 (4) mL/min/kg:
p = 0.0001). For the severe disease group there was a significant decrease in peak VO, of 2 mL/min/kg
(=12%) (a change from 14 (3) to 12 (3) mL/min/kg: p = 0.003). Comparison of day 1 mild vs. moderate,
mild vs. severe, and moderate vs. severe disease severity showed a significant difference between the
groups (p ranging between 0.0001 and <0.0001). Comparison of day 2 mild vs. moderate, mild vs.
severe, and moderate vs. severe disease severity showed a significant difference between the groups
(all p < 0.0001).
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Figure 1. Peak oxygen consumption for both CPET-1 and CPET-2 for mild, moderate and severe ME/CFS.
CPET: cardiopulmonary exercise test; VO,: oxygen consumption. For between group comparisons see
the result section. CPET-1 is presented by a solid bar and CPET-2 is represented by a lined bar.

Figure 2 shows the oxygen consumption at the ventilatory threshold for both CPET-1 and CPET-2
for mild, moderate and severe ME/CFS. For the mild disease group there was a significant decrease in
VO; at the ventilatory threshold of 3 mL/min/kg (-21%) (a change from 14 (2) to 11 (2) mL/min/kg;
p <0.0001). For the moderate disease group there was a significant decrease in VO, at the ventilatory
threshold of 3 mL/min/kg (—21%) (a change from 11 (2) to 9 (2) mL/min/kg: p < 0.0001). For the severe
disease group there was a significant decrease in VO, at the ventilatory threshold of 2 mL/min/kg (—19%)
(a change from 10 (2) to 8 (2) mL/min/kg: p < 0.0001). Comparison of day 1 mild vs. moderate, mild vs.
severe, and moderate vs. severe disease severity showed a significant difference between the groups
(p ranging between 0.008 and <0.0001). Comparison of day 2 moderate vs. severe disease severity
was not significantly different (p = 0.04). Comparing mild vs. moderate and mild vs. severe disease
severity showed a significant difference between the groups (p ranging between 0.0007 and <0.0001).

30+
2
K=
'€ <0.0001
= 204 1
3 <0.0001
5 T f 1 <0.0001
[
S 10-
N 14
N
S l@

0-

Mild Moderate Severe

CPET-1 and CPET-2

Figure 2. Oxygen consumption at the ventilatory threshold for both CPET-1 and CPET-2 for mild,
moderate and severe ME/CFS patients. CPET: cardiopulmonary exercise test; VO,: oxygen consumption;
VT: ventilatory (or anaerobic) threshold. For between group comparisons see the result section. CPET-1
is presented by a solid bar and CPET-2 is represented by a lined bar.
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Figure 3 shows the peak workload for both CPET-1 and CPET-2 for mild, moderate and severe
ME/CFS. For the mild disease group there was a significant decrease in peak workload of 14 Watt
(=10%) (a change from 144 (20) to 130 (22) Watt; p < 0.0001). For the moderate disease group there
was a significant decrease in peak workload of 19 Watt (-16%) (a change from 117 (21) to 98 (24) Watt:
p <0.0001). For the severe disease group there was a significant decrease in peak workload of 17 Watt
(=19%) (a change from 90 (26) to 73 (24) Watt: p < 0.0001). Comparison of day 1 mild vs. moderate,
mild vs. severe, and moderate vs. severe disease severity showed a significant difference between the
groups (p ranging between 0.0003 and <0.0001). Comparison of day 2 mild vs. moderate, mild vs.
severe, and moderate vs. severe disease severity showed a significant difference between the groups
(p ranging between 0.0003 and <0.0001).
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Figure 3. Peak workload for both CPET-1 and CPET-2 for mild, moderate and severe ME/CFS patients.
CPET: cardiopulmonary exercise test. For between group comparisons see the result section. CPET-1 is
presented by a solid bar and CPET-2 is represented by a lined bar.

Figure 4 shows the workload at the ventilatory threshold for both CPET-1 and CPET-2 for mild,
moderate and severe ME/CFS. For the mild disease group there was a significant decrease in workload
at the ventilatory threshold of 19 Watt (=26%) (a change from 69 (20) to 50 (19) Watt; p < 0.0001). For the
moderate disease group there was a significant decrease in workload at the ventilatory threshold
of 20 Watt (—31%) (a change from 61 (19) to 41 (15) Watt: p < 0.0001). For the severe disease group
there was a significant decrease in workload at the ventilatory threshold of 18 Watt (-33%) (a change
from 53 (19) to 36 (16) Watt: p < 0.0001). Comparison of day 1 mild vs. moderate and moderate vs.
severe disease severity were not significantly different (p = 0.15 and 0.13 respectively. Comparison
between mild vs. severe disease severity was significantly different (p = 0.006). Comparison of day
2 mild vs. moderate and moderate vs. severe disease severity were not significantly different (p = 0.21
and 0.05 respectively. Comparison between mild vs. severe disease severity was significantly different
(p = 0.006).
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Figure 4. Workload at the ventilatory threshold for both CPET-1 and CPET-2 for mild, moderate and
severe ME/CFS patients. CPET: cardiopulmonary exercise test; VT: ventilatory (or anaerobic) threshold.
For between group comparisons see the result section. CPET-1 is presented by a solid bar and CPET-2
is represented by a lined bar.

3.3. Comparison of ME/CFS Patients with Severe, Moderate and Mild Disease for CPET Day-1 and
Day-2 Variables

Table 3 shows the percent difference in CPET parameters from CPET-2 and CPET-1 for VO, VT,
VO, peak, heart rate at the VT and peak exercise, and workload at the VT and at peak exercise for
severe, moderate and mild ME/CFS patients. The post-hoc analysis showed that there was only a
significantly higher decrease in the percent change in peak workload of severe patients compared to
mild patients (p = 0.019).

Table 3. Percent differences from CPET-2 minus CPET-1 comparing female ME/CFS patients with
severe, moderate and mild disease severity.

Percent Difference CPET-2 Group 1 Group 2 Moderate  Group 3 Mild ANOVA and Post-Hoc
Minus CPET-1 Severe (n = 20) (n=31) (n=31) Tukey’s Test
VO, peak (mL/min/kg) —12 (14) —11 (14) -6 (11) F(2,79) =1.28;p =028
HR peak (bpm) -7 (6) -6 (7) -3 (6) F(2,79)=2.08;p=0.13
F (2,79) = 4.37; p = 0.016. Post-hoc

Workload peak (Watts) -19 (11) -16 (15) -10(8) tests: 1vs. 2p =0.083;1vs. 3

p=0.019and 2 vs. 3p =0.68
VO, VT (mL/min/kg) ~19 (11) —21(12) —21(11) F(2,79) = 0.26;p = 0.77
HR VT (bpm) -7(5) -9 (6) -8(7) F(2,79)=0.78;p=0.46
Workload VT (Watts) -33 (20) -31(18) —26 (18) F(2,79)=0.54;p = 0.58
RER -5(7) -2(9) -3(7) F(2,79) = 0.83;p = 0.4

Data are presented as mean (SD). VT: ventilatory threshold; CPET: cardiopulmonary exercise test; HR: heart rate;
VO,: oxygen consumption; RER: respiratory exchange ratio.

Figure 5 shows the subdivision of mild, moderate and severe disease severity and Weber disability
grades A-D for both CPET-1 and CPET-2 (panel A: mild ME/CFS CPET-1; panel B: mild ME/CFS
CPET-2; panel C: moderate ME/CFS CPET-1; panel D: moderate ME/CFS CPET-2; panel E: severe
ME/CFS CPET-1; panel F: severe ME/CFS CPET-2). A clear shift is visible for all three severity groups
with more disability on day-2. Chi square testing was highly significantly different for both day-1 and
day-2 between the three severity groups (p < 0.0001).
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Figure 5. Disability grading according to Weber on both CPET-1 and CPET-2 for mild, moderate and
severe ME/CFS patients. CPET: cardiopulmonary exercise test; Weber grading (A) (>20 mL/min/kg)
(blue), (B) (1620 mL/min/kg) (red), (C) (10-15 mL/min/kg) (green) and (D) (<10 mL/min/kg)
(yellow). Panels (A,C,E) are representing CPET-1 for respectively mild, moderate and severe disease.
Panels (B,D,F) are representing CPET-2 for respectively mild, moderate and severe disease [30].

Table 4 shows the RER results for each severity group by CPET day. A two-way analysis showed
no significance for interaction between the 3 disease severity groups and either CPET day (p = 0.59).
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Table 4. RER values for each severity group on each day.

Group 1 Severe (n =20)  Group 2 Moderate (1 =31)  Group 3 Mild (n = 31) ANOVA
CPET day-1

1.08 (0.09) 1.09 (0.09) 1.13 (0.11) F(2.79) =2.02;p = 0.14
CPET day-2

1.02 (0.11) 1.07 (0.11) 1.10 (0.11 F(2.79) =2.77;p = 0.07

4. Discussion

The main finding of this study is that with a 2-day CPET protocol there is a consistent decrease from
mildly affected to severely affected ME/CFS patients in peak oxygen consumption, oxygen consumption
atthe ventilatory threshold, peak workload and workload at the ventilatory threshold. We demonstrated
a greater degree of disability in all disease severities when CPET-1 was compared to CPET-2. We believe
this is the first study of 2-day CPET protocols in ME/CFS patients to include severity grading in the
analysis [15,18-20,23-26].

4.1. Two-Day Cardiopulmonary Exercise Test Studies Reported in Literature

Eight studies have reported the results of 2-day CPETs in male and/or female ME/CFS patients.
The relevant CPET parameters for female ME/CFS patients are presented in Table 5. All studies reported
peak oxygen consumption and oxygen consumption at the ventilatory threshold [15,18-20,23-26].
Exact data could not be derived from one study, which was excluded in this overview [23]. Three studies
reported percent peak oxygen consumption [15,25,26]. Two studies reported the percent oxygen
consumption at the ventilatory threshold [25,26]. Six studies reported both the peak workload and
workload at the ventilatory threshold [15,18-20,24-26].

Table 5. Ranges of CPET parameters (oxygen consumption at peak exercise and at the ventilatory
threshold, workload at peak exercise and at the ventilatory threshold) in previous literature ranging
from the minimal to the maximal value reported on day-1 and day-2 and the ranges from the CPET
values from the present study ranging from the minimum value (severe disease) to the maximal value
(mild disease) [15,18-20,24,25].

Literature Day-1 Literature Day-2 Present Study Day-1 Present Study Day-2
Peak VO,
. 19-26 17-21 14-23 12-21
(mL/min/kg)
VT VO,
(mL/min/kg) 12-15 9-12 10-14 8-11
Peak
Workload 110-132 102-125 90-144 73-130
(Watt)
VT Workload
(Watt) 50-62 22-54 53-69 36-50

VO;: oxygen consumption; VT: ventilatory threshold.

Our lowest values were measured in severe ME/CFS patients, which are lower than results
reported in the literature. It is therefore less likely that the more severely affected patients were
included in these previous studies. Further studies of exercise intolerance from severely affected
ME/CEFS patients should improve our understandings of the true spectrum of disease severity.

Interestingly, with increasing severity, the percentage decrease in peak oxygen consumption from
day-1 to day-2 was not significantly different between mild, moderate and severe patients, whereas the
percentage decrease in peak workload from day-1 to day-2 was significantly different only between
mild and severe patients. The larger percentage decrease in workload at day-2 in severe ME/CFS
patients compared to mild and moderate ME/CFS patients, may indicate a more pronounced absence
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of recovery from day-1 as a measure of post-exertional malaise. This also needs to be confirmed in
larger prospective studies.

The change in Weber s disability metric is an alternative validation of the clinical severity grading
from ICC. The increase in disability grading on day-2 versus day-1 supports the severity classification.
The concordance between the Weber disability metric and the ICC severity grading was not examined
as part of this study.

We included patients who reached a maximal clinical effort as judged by the supervising
cardiologist, even if the RER was below 1.1. Although an RER of less than 1.1 is often viewed as
indicating inadequate effort, patients with severely impaired exercise tolerance can develop skeletal
muscle exhaustion earlier than central hemodynamic and ventilatory factors become limiting. This in
turn interrupts exercise at peak respiratory exchange ratio values lower than 1.00 [40]. Metabolic skeletal
muscle abnormalities are present ME/CFS [6,41,42], and pain in those with co-morbid fibromyalgia can
also limit maximal exercise performance. In support of including those with maximal clinical effort but
an RER less than 1.1, we have recently shown that adults with ME/CFS with and without an RER of at
least 1.1 did not differ with regard to correlations between other measures of exercise, including the
physical activity subscale of the SF-36, peak oxygen consumption and the number of steps per day [43].
In those with a concomitant diagnosis of fibromyalgia the RER in that study was significantly lower
than in the ME/CFS patients without fibromyalgia; exercise in this subgroup was terminated due to
of muscle pain. The %peak VO,, the number of steps and the physical functioning scale were not
different between ME/CFS patients with and without fibromyalgia. The results of the current study are
consistent with the earlier report, and argue for including in ME/CFS studies those who meet criteria
for maximal effort as judged by a clinician even when the RER is less than 1.1. Excluding these patients
has the potential to underestimate the severity of the activity limitations in ME/CFS.

4.2. Limitations

First, we did not include a group of sedentary controls for comparison. Second, this was not a
prospective trial, as patients underwent the 2-day CPET protocol not only for clinical testing, but also
for security claim reasons or to examine the hypothesis that deconditioning accounted for the results.
Poor exercise results during testing and in daily life are often thought to be caused by deconditioning
rather than being the result of a disease with prominent disabilities. This may have led to inclusion bias.

5. Conclusions

This large 2-day CPET protocol study confirms and extends previous findings of the reduction
of various exercise variables in ME/CFS patients on day-2. This is the first study to demonstrate that
disease severity negatively influences exercise capacity in female ME/CFS patients, confirming that
deterioration in peak workload from day-1 to day-2 is largest in the severe ME/CFS patient group.
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Abstract: Persons living with myalgic encephalomyelitis / chronic fatigue syndrome (ME/CFS) vary
widely in terms of the severity of their illness. It is estimated that of those living with ME/CFS
in the United States, about 385,000 are homebound. There is a need to know more about different
degrees of being homebound within this severely affected group. The current study examined
an international sample of 2138 study participants with ME/CFS, of whom 549 were severely
affected (operationalized as ‘Homebound’). A subsample of 89 very severely affected participants
(operationalized as "Homebound-bedridden’) was also examined. The findings showed a significant
association between severely and very severely affected participants within the post-exertional
malaise (PEM) symptom domain. The implications of these findings are discussed.

Keywords: ME/CEFS; chronic fatigue syndrome; myalgic encephalomyelitis; illness severity; home-
bound; bedridden

1. Introduction

Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CEFS) is a debilitating
chronic illness that affects about 0.42% of the adult population [1]. Persons with this disease
experience diverse symptoms, including post-exertional malaise, cognitive impairment,
and unrefreshing sleep [2—4]. When compared to adults with conditions such as cancer,
stroke, schizophrenia, and renal failure, those with ME/CFS have reported a lower quality
of life [5]. Research has also found that persons with ME/CFS have a poorer prognosis
than those with a variety of other serious medical conditions [6].

Because those with ME/CFS vary significantly in their symptom presentation and
functional status, study participants have been classified according to four categories of
illness severity: (1) mild; (2) moderate; (3) severe; and (4) very severe [7-10]. Participants
classified as ‘mild’ (Grade 1) can work and complete domestic tasks, but are restricted in
leisure activities; participants classified as ‘moderate’ (Grade 2) are less mobile, restricted
in daily activities, and have stopped working; participants classified at ‘severe” (Grade
3) can perform only minimal self-care tasks (e.g., face washing, teeth cleaning) and are
homebound; and finally, participants classified as ‘very severe” (Grade 4) cannot complete
daily tasks without assistance and are often bedridden [8]. It is also possible for participants
to be classified as not homebound (‘mild” or ‘moderate’), homebound (‘severe’), and
bedridden (‘very severe’).

It has been estimated that between 10-25% of persons with ME/CFS might be home-
bound as they are severely or very severely affected [11,12]. A recent review article of
21 studies examined findings from severely and very severely affected study participants
over the past two decades [13]. Most studies were limited by small samples of partici-
pants [14-18]. Out of the 21 studies identified by Strassheim and colleagues [13], only four
included samples of more than 70 severely or very severely affected participants [8,19-21].
Since the review published by Strassheim and colleagues [13], several other studies explor-
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ing illness severity in ME/CFS have been published [22-24], but in each investigation, the
number of participants classified as severely affected was also relatively small.

Among the studies on ME/CFS severity with larger samples, Cox and Findley [8]
administered surveys to 72 inpatients who were severely or very severely affected in
order to track their perceived activity level (at six-month intervals) and overall symptom
duration (in years). However, the survey did not measure dimensions of symptomatology.
Pheby and Faffron [19] surveyed 1104 study participants, of whom 124 were severely
affected, for the purpose of associating severe ME/CFS to pre-illness risk factors such as
occupation, personality type, and smoking or chemical exposure. Although several risk
factors for severe ME/CFS were identified (e.g., being a homemaker, exposure to chemicals
in the home), the instruments used to measure personality traits had not been validated
for persons with ME/CFS, raising concern among other researchers [21]. Additionally,
Friedberg and colleagues [20] enrolled 137 severely affected participants in a clinical trial
to access the efficacy of fatigue self-management (as opposed to treatment at a clinic), and
suggested that self-management might benefit those who are homebound.

Another study that examined a larger sample [21] compared severely affected partici-
pants (1 = 128) to non-severely affected participants (1 = 409) using a validated measure of
ME/CFS symptomatology [25]. The study found that those who were severely affected
(operationalized as homebound) reported significantly higher scores for 35 out of 54 symp-
toms. Furthermore, the study compared participants” functional status and found that
homebound participants reported higher levels of bodily pain and lower levels of physical
and social functioning than non-homebound participants.

Nonetheless, the findings presented by Pendergrast and colleagues [21] did not at-
tempt to determine which symptoms were the most predictive of a participant being
homebound. In addition, that study did not differentiate those who were homebound and
bedridden from those who were homebound but not bedridden. The current study exam-
ined predictors of homebound versus not homebound status in participants with ME/CFS,
and in a follow up analysis, examined predictors of participants being homebound but not
bedridden versus homebound and bedridden.

2. Materials and Methods
2.1. Participants

The dataset for the current study was aggregated across several international samples
as described below.

DePaul sample. An international convenience sample of adults who self-identified as
having ME/CFS was collected by investigators at DePaul University. Eligible participants
were those at least 18 years of age with a current self-reported and diagnosis of CFS or
ME. The sample included 210 participants, of which 83.7% were female. The mean age of
participants was 52.1 years (SD = 11.2). Most of the participants (74.2%) had completed at
least a standard college degree.

BioBank 2016 sample. Collected by the Solve ME/CFS Initiative (https://solvecfs.org),
the BioBank sample included participants recruited by physicians who specialized in
diagnosing ME/CFS. Following exclusion due to missing data, the final sample consisted
of 492 participants. In total, 77.3% of the sample was female with a mean age of 54.6 years
(SD =12.0). Seventy percent of participants had completed at least a standard college
degree.

Newcastle sample. Participants from the Newcastle sample were those referred to the
Newcastle-upon-Tyne Royal Victoria Infirmary clinic for a medical assessment due to a
suspected diagnosis of CFS. Following exclusions due to missing data, the final sample
consisted of 85 participants. The majority of the participants were female (80.0%) with
a mean age of 45.9 years (SD = 13.5). Fifty percent of the sample had obtained at least a
standard college degree.

Norway 1 sample. Participants from the Norway 1 sample were recruited from
southern Norway, and were contacted via healthcare professionals, ME/CFS organizations,
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and the waiting list for a ME/CFS education program. Participants were required to be
at least 18 years of age with a diagnosis of ME/CFS by a physician or medical specialist.
Following exclusion due to incomplete data, the final sample consisted of 168 participants.
Most participants (87.4%) were female with a mean age of 43.5 years (SD = 11.8). Just over
half (50.6%) of the sample had completed at least a standard college degree.

Norway 2 sample. Participants from the Norway 2 sample were recruited from
two sites: an inpatient medical ward for severely ill patients, and an outpatient clinic
at a multidisciplinary ME/CFS center. Eligible participants were those between 18 and
65 years of age, who were able to read and write in Norwegian. Participants underwent a
comprehensive medical history and examination conducted by an experienced physician
and a psychologist. Following exclusion due to incomplete data, the final sample consisted
of 51 participants. Most of the of participants (82.4%) were female with a mean age of
35.8 years (SD = 11.9). Approximately 39.2% of the sample had completed at least a
standard college degree.

Norway 3 sample. Participants from the Norway 3 sample were recruited while at-
tending a specialist ME/CFS tertiary care center. Eligible participants were those examined
by an experienced physician and determined to meet the Canadian Consensus criteria for
ME/CFS [3]. Participants were required to be between 18 and 65 years of age. Following
exclusion due to incomplete data, the final sample consisted of 167 participants. The
majority of the sample (82.0%) was female with a mean age of 38.7 years (SD = 11.2). Over
half of participants (57.5%) had received at least a standard college degree.

Chronic Illness sample. The Chronic Illness respondents were from a convenience
sample of adults living with chronic illnesses, including ME/CFS, collected by investiga-
tors at DePaul University [26]. Participants were recruited online using support groups,
research forums, and social media platforms. Following the exclusion of participants due to
missing data, the final sample consisted of 324 participants with a self-reported diagnosis of
ME/CFS. Most of the sample (88.1%) was female with a mean age of 50.1 years (SD = 13.5).
Most of the participants (70.9%) had completed at least a standard college degree.

Japan sample. Participants from the Japan sample were recruited from the ME
Japan Association (https:/ /mecfsjapan.com) and affiliated physician clinics specializing in
ME/CFS. In total, 111 were included in the present study following exclusionary proce-
dures due to incomplete data. Much of the sample (79.1%) were female with a mean age
of 46.4 years (SD = 13.3). A little over half of the sample (52.7%) had completed at least a
standard college degree.

Spain sample. Participants from the Spain sample were recruited from a tertiary
referral center in Barcelona, Spain by a specialist physician with experience diagnosing
ME/CFS. Eligible participants were required to be at least 18 years of age and meet the 1994
Fukuda case definition for CFS [2]. In total, 182 participants were included in the present
study following exclusionary procedures due to incomplete data. Most of the sample
(85.7%) was female with a mean age of 50.4 years (SD = 8.7), and 14.8% of participants had
completed a least a standard college degree.

Amsterdam sample. Participants from the Amsterdam sample were selected from an
outpatient clinic in the Netherlands (the CFS Medical Center in Amsterdam). Following
exclusion due to incomplete data, the final sample consisted of 348 participants, all with
physician report of ME/CFS diagnosis. Much of the sample (77.9%) was female with a
mean age of 37.1 years (SD = 11.5). Under half of the participants (41.4%) had obtained at
least a standard college degree.

2.2. Measures

The DePaul Symptom Questionnaire. Participants across all datasets completed the
DePaul Symptom Questionnaire [25], a 54-item self-report measure of ME/CFS symp-
tomatology. Participants were asked to rate the frequency of each symptom over the past
six months on a five-point Likert scale with 0 = none of the time, 1 = a little of the time,
2 = about half the time, 3 = most of the time, and 4 = all of the time. Likewise, participants
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were asked to rate the severity of each symptom over the past six months on a similar scale
with 0 = symptom not present, 1 = mild, 2 = moderate, 3 = severe, and 4 = very severe.
All frequency and severity scores were standardized to a 100-point scale. Furthermore,
the frequency and severity scores for each symptom were averaged to create a composite
score, where higher scores indicated worse symptoms. These item composite scores were
averaged, resulting in eight standardized symptom domain scores: (1) sleep dysfunction;
(2) post-exertional malaise (PEM); (3) neurocognitive dysfunction; (4) immune dysfunction;
(5) neuroendocrine dysfunction; (6) pain; (7) gastro-intestinal distress; and (8) orthostatic
intolerance [25].

The DSQ-1 has shown good test-retest reliability among persons with ME/CFS and
controls [27] and yielded valid, clinically useful results [28,29]. The DSQ-1 is available in
the shared library of Research Electronic Data Capture (REDCap) [30,31] hosted at DePaul
University. The full questionnaire can be viewed here: https://redcap.is.depaul.edu/
surveys/?s=tRxytSPVVw.

Medical Outcomes Study 36-Item Short-Form Health Survey (SF-36 or RAND Ques-
tionnaire). Participants also completed the RAND 36-Item Short-Form Health Survey
(SE-36) [32], a self-report measure assessing the impact of health outcomes on physical and
mental functioning across eight domains: (1) physical functioning; (2) bodily pain; (3) role
physical (limitations due to physical health problems); (4) role emotional (role limitations
due to personal or emotional problems); (5) mental health; (6) social functioning; (7) vitality;
and (8) general health. All domains are measured on 100-point scales, where higher scores
indicate better health functioning.

The SF-36 has produced short- and long-term results that are psychometrically sta-
ble [33], has demonstrated strong internal consistency and good discriminant validity [34],
and has shown utility across multiple illness groups [35], including fatiguing illnesses such
as ME/CFS [36].

2.3. Illness Severity Status

Homebound versus Not Homebound. The DSQ-1 includes an item that asks partici-
pants to describe their fatigue/energy related illness over the past six months. Those who
responded affirmatively to one of the following items were classified as ‘"Homebound:’
“I am not able to work or do anything, and I am bedridden”; “I can walk around the
house, but I cannot do light housework.” Participants who responded affirmatively to any
of the remaining items were classified as ‘Not homebound’: “I can do light housework,

.o

but I cannot work part-time”; “I can only work part-time at work or on some family re-
sponsibilities”; “I can work full-time, but I have no energy left for anything else”; and “I
can work full-time and finish some family responsibilities, but I have no energy left for
anything else” [25]. The group classified as ‘"Homebound’ constituted 25.7% of the total
sample (549 out of 2138). Although it is possible that some who indicated that they can
do light housework but cannot work part-time are actually homebound, we decided to
conservatively classify them as not homebound as it is at least conceivable that some within
this group were able to engage in some activities outside their houses.

Bedridden versus Not Bedridden. Among those who were classified as ‘'Homebound,’
we created two subcategories: ‘Homebound-bedridden” and “"Homebound-not bedridden’.
Participants who selected “I am not able to work or do anything, and I am bedridden”
were classified as ‘Homebound-bedridden,” whereas participants who selected “I can walk
around the house, but I cannot do light housework” were classified as ‘Homebound-not
bedridden’. The group classified as ‘Homebound-bedridden” comprised 16.2% of the
original ‘"Homebound’ group (89 out of 549) and the ‘Homebound-not bedridden’ group
represented the remaining 83.8% (460 out of 549).

2.4. Statistical Procedure

Demographics. Chi-squared tests were conducted to determine if significant dif-
ferences were present for demographic characteristics (gender, educational status, and
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marital status) across severity classifications. Independent samples t-tests were conducted
to determine if significant differences in age were present. Variables which indicated the
presence of demographic heterogeneity were included in base logistic regression models.
These models were developed for two severity analyses (‘Homebound” compared to ‘Not
homebound” and ‘Homebound-bedridden’ compared to ‘Homebound-not bedridden’).

Binary logistical regression. The criterion variable for our first analysis was ‘Home-
bound’ status compared to ‘Not homebound’ status, whereas the criterion variable for
our second analysis was ‘"Homebound-bedridden’ status compared to ‘"Homebound-not
bedridden’ status. Using a top-down analytic approach, we performed binary logistical
regressions on the DSQ-1 and SF-36 domains, where each DSQ-1 domain represented a
linear combination of individual symptom items [25]. To reduce chance findings with so
many potential comparisons, we initially focused on DSQ-1 domains, and if significance
was found within a domain, symptom items within those domains were examined in a
later step. This multi-step process for variable selection [37] was chosen to facilitate an
efficient analysis of the DSQ-1's extensive symptom inventory (54 items).

The demographic base models were used when testing the DSQ-1 and SF-36 domains,
with each domain being tested individually (Step 1). Domains that were observed to be
statistically significant in predicting severity status were entered into a forward stepwise
selection procedure using likelihood ratio tests (Step 2).

If a statistically significant domain was identified in the forward stepwise procedure,
we tested the domain’s component symptom scores individually with the demographic
base model and all statistically significant SF-36 domains (Step 3). In the development
of the final models, those symptoms that were found to be statistically significant were
entered into another forward stepwise selection procedure based on likelihood ratio tests
(Step 4). IBM SPSS Statistics version 25 was used for all analyses [38].

In summary, rather than utilizing a statistical approach similar to Pendargrast and
colleagues [21] to detect mean differences in specific symptoms in our ME/CFS severity
groups, our iterative regression process specified two a priori group comparisons that were
of interest (i.e., ‘'Homebound’ versus ‘Not homebound” and ‘Homebound-bedridden’ ver-
sus ‘'Homebound-not bedridden’). In preliminary work, we did find significant differences
in symptoms and functionality between the three groups of participants, but our intent in
the current study was to investigate two sets of comparisons among the illness severity
groups.

3. Results
3.1. Demographics

Table 1 shows the demographic characteristics of the ‘Homebound’ versus “Not home-
bound’ groups. Statistical differences were observed in gender X% (1, 2, 112) = 13.07,
p < 0.001] and educational status [x? (1, 2, 106) = 15.71, p < 0.001]. The ‘Homebound’ group
compared to the ‘Not homebound’ group had a smaller percentage of male participants
(13.0% compared to 19.9%) and a smaller percentage of participants who had completed at
least a standard college degree (48.9% compared to 58.7%). Based on these findings, subse-
quent regression analysis of the ‘Homebound’ group compared to the ‘Not homebound’
group was adjusted for gender and educational status.

Additionally, Table 1 shows the demographic characteristics for two sub-divisions
of the 'Homebound’ group: ‘Homebound-not bedridden” and ‘Homebound-bedridden’.
Significant differences were observed in age [#(526) = —6.79, p < 0.001] and marital status
[x? (1, 539) = 4.63, p = 0.031]. The ‘Homebound-bedridden’ group was significantly
younger than the ‘Homebound-not bedridden’” group (mean ages were 37.5 and 48.3,
respectively) and fewer participants were married (40.9% compared to 53.4%). Subsequent
regression analysis of the ‘Homebound-bedridden’ group compared to the ‘Homebound-
not bedridden’ group was adjusted for age and marital status.
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Table 1. Demographic characteristics.

Total Sample Size (1 = 2138) Homebound (n = 549)

Characteristics Homebound Not Homebound 4 Bedridden Not Bedridden p
(n =549) (n =1589) (n=89) (n = 460)
M (SD) M (SD) M (SD) M (SD)
Age 46.6 (14.0) 47.2 (13.5) 0.393 37.5(12.1) 48.3 (13.7) <0.001
% (1) % (1) % (1) % (1)
Gender <0.001 0.111
Male 13.0 (70) 19.9 (313) 18.2 (16) 11.9 (54)
Female 87.0 (470) 80.1 (1259) 81.8(72) 88.1 (398)
Education <0.001 0.811
At least a standard college degree 48.9 (265) 58.7 (918) 47.7 (42) 49.1 (223)
Less than a standard college degree 51.1 (277) 41.3 (646) 52.3 (46) 50.9 (231)
Marital 0.071 0.031
Married 51.4(277) 55.9 (875) 40.9 (36) 53.4 (241)
Not married 48.6 (262) 44.1 (691) 59.1 (52) 46.6 (210)

3.2. Homebound Status

Table 2 (Step 1) shows the regression results for each DSQ-1 and SF-36 domain,
tested individually and adjusted for gender and educational status. Every SF-36 and
DSQ-1 domain was found to be a statistically significant predictor of ‘Homebound’ status.
Table 2 (Step 2) shows the results of a forward stepwise selection procedure of statistically
significant predictors from Step 1. Regarding the DSQ-1 domains, more severe scores
in the PEM domain increased the odds of a participant being ‘Homebound’ [odds ratio
(OR) =1.034, 95% CI, (1.025, 1.044)]; no other DSQ-1 domains were found to be statistically
significant. Regarding the SF-36 domains, higher levels of physical functioning and social
functioning decreased the odds of a participant being ‘Homebound’ [OR = 0.957, 95% CI,
(0.950, 0.965); OR = 0.980, 95% CI, (0.974, 0.987)].

Table 2 (Step 3) shows regression results for every symptom that constitutes the PEM
domain, tested individually and adjusted for demographics, physical functioning, and
social functioning. “Dead, heavy feeling after starting to exercise,” “next day soreness or
fatigue after non-strenuous, everyday activity,” “mentally tired after the slightest effort,”
“minimum exercise makes you physically tired,” and “physically drained or sick after
mild activity” were found to be statistically significant predictors of ‘Homebound’ status;
“muscle weakness” was not a significant predictor. Table 2 (Step 4) shows the results
of a second forward stepwise selection of statistically significant predictors from Step
3, adjusted for gender, educational status, physical functioning, and social functioning.
Regarding the symptoms, more severe scores for “next day soreness or fatigue after non-
strenuous, everyday activity” and “physically drained or sick after mild activity” both
increased the odds of a participant being ‘Homebound’ [OR = 1.016, 95% CI, (1.008, 1.025);
OR = 1.024, 95% (I, (1.015, 1.032)]; no other symptoms were statistically significant.

3.3. Bedridden Status

Table 2 (Step 1) shows the regression results for each DSQ-1 and SF-36 domain,
tested individually and adjusted for age and marital status. The PEM and neurocognitive
dysfunction domains were the only statistically significant predictors of a participant being
‘Homebound-bedridden’. Table 2 (Step 2) shows the results of a forward stepwise selection
operation of statistically significant domain scores from Step 1 (PEM and neurocognitive
dysfunction), adjusted for age and marital status. The only statistically significant domain
was PEM, where more severe scores decreased the odds of a participant being ‘Homebound-
bedridden’ (compared to ‘Homebound-not bedridden’) [OR = 0.974, 95% CI, (0.959, 0.989)].
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Table 2. Binary logistic regressions predicting ‘Homebound’ status compared to ‘Not homebound’

status and ‘Homebound-bedridden status compared to ‘Homebound-not bedridden’ status.

Homebound ?

Bedridden P

Iteration e (95% CI) e’ (95% CD
Step 1
DSQ-1 domain

Sleep 1.028 (1.022, 1.033) 1.005 (0.992, 1.017)
PEM 1.071 (1.063, 1.080) 0.974 (0.959, 0.989)
Neurocognitive 1.028 (1.022, 1.033) 0.985 (0.975, 0.997)
Immune 1.028 (1.021, 1.033) 0.998 (0.986, 1.010)
Neuroendocrine 1.015 (1.010, 1.019) 0.989 (0.978, 1.000)
Pain 1.018 (1.014, 1.022) 0.993 (0.984, 1.002)
Gastro-intestinal 1.012 (1.009, 1.016) 0.998 (0.989, 1.007)
Orthostatic 1.033 (1.027, 1.038) 0.993 (0.982, 1.005)

SF-36 domain

Physical functioning 0.935 (0.929, 0.942) 1.000 (0.987, 1.014)
Role physical 0.965 (0.952, 0.978) 0.986 (0.951, 1.022)
Bodily pain 0.970 (0.964, 0.975) 1.001 (0.991, 1.012)
General health 0.967 (0.960, 0.974) 0.999 (0.982, 1.016)
Vitality 0.964 (0.957, 0.972) 1.006 (0.988, 1.026)

Social functioning 0.956 (0.950, 0.962) 1.004 (0.992, 1.017)
Role emotional 0.996 (0.994, 0.998) 1.003 (0.997, 1.008)
Mental health 0.988 (0.983, 0.993) 0.996 (0.985, 1.007)
Step 2
Domain
Age - 0.937 (0.918, 0.956)
Marital status - 0.802 (0.480, 1.339)
Gender 0.778 (0.612, 0.988) -
Grade 0.841 (0.597, 1.186) -
PEM

Physical functioning
Social functioning

0.957 (0.950, 0.965)

(
(
1.034 (1.025, 1.044)
(
0.980 (0.974, 0.987)

0.974 (0.959, 0.989)

Step 3
DSQ-1 Symptom
Heavy feeling 1.007 (1.002, 1.012) 0.988 (0.979, 0.997)
Soreness after activities 1.029 (1.021, 1.036) 0.979 (0.966, 0.992)
Mentally tired 1.013 (1.007, 1.018) 0.989 (0.978, 1.000)
Minimum exercise 1.027 (1.018, 1.034) 0.975 (0.962, 0.988)
Feeling drained 1.032 (1.024, 1.040) 0.977 (0.963, 0.989)
Muscle weakness 1.003 (0.998, 1.008) 0.997 (0.988, 1.006)
Step 4
Variable
Age - 0.936 (0.917, 0.955)
Marital status - 0.767 (0.453, 1.299)
Grade 0.813 (0.637, 1.038) -
Gender 0.880 (0.620, 1.250) -

Minimum exercise
Soreness after activities
Feeling drained

1.016 (1.008, 1.025)
1.024 (1.015, 1.032)

0.974 (0.961, 0.988)

Physical functioning 0.955 (0.948, 0.963) -
Social functioning 0.985 (0.978, 0.992) -
2 ‘Homebound’ compared to “Not homebound, ® ‘Homebound-bedridden’ compared to ‘Homebound-not bedrid-

den’.

Table 2 (Step 3) shows regression results for every symptom that constitutes the PEM
domain, tested individually and adjusted for age and marital status. “Dead, heavy feeling
after starting to exercise,” “next day soreness or fatigue after non-strenuous, everyday
activity,” “minimum exercise makes you physically tired,” and “physically drained or
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sick after mild activity” were all significant predictors of a participant being ‘Homebound-
bedridden’; “mentally tired after the slightest effort” and “muscle weakness” were not
significant. Table 2 (Step 4) shows the results of another forward stepwise selection opera-
tion of statistically significant predictors from Step 3, adjusted for age and marital status.
Regarding the symptoms, more severe scores for “minimum exercise makes you physically
tired” decreased the odds of a participant being “‘Homebound-bedridden’ (compared to
"Homebound-not bedridden’) [OR = 0.974, 95% CI, (0.961, 0.988)]; no other symptoms were
statistically significant.

4. Discussion

The findings of the current study indicated that PEM, social functioning, and physical
functioning were significant predictors of a participant with ME/CFS being ‘Homebound’
(compared to ‘Not homebound’). Among symptom items in the DSQ-1 PEM domain,
“next day soreness or fatigue after non-strenuous, everyday activity” and “physically
drained or sick after mild activity” were the strongest predictors of ‘Homebound’ status.
These predictive results were consistent with the mean comparisons reported by Pender-
grast and colleagues [21]. Moreover, the unique aspect of our study was subdividing the
"Homebound’ group into two subgroups: ‘'Homebound-bedridden” and “Homebound-not
bedridden. We found that higher symptom scores in the PEM domain decreased the
odds of a participant being ‘Homebound-bedridden’ (versus ‘Homebound-not bedrid-
den’). Among the PEM symptom items, “minimum exercise makes you physically tired”
significantly decreased the odds of a participant being ‘Homebound-bedridden.

Although several studies have mentioned the need for research that differentiates those
with ME/CFS at varying levels of illness severity [3,8,39], existing research has focused on
differences between participants who are severely and moderately affected [16-18,20-24]
but not severely and very severely affected. While the illness severity gradation (i.e., mild,
moderate, severe, very severe) proposed by Cox and Findley [8] describes differences
between those who are severely affected (homebound) and those who are very severely
affected (bedridden) in terms of symptom presentation (e.g., those who are bedridden
might be sensitive to noise and light), their distinctions lacked an empirical foundation.

According to our findings, participants who were ‘'Homebound’ (compared to par-
ticipants who were ‘Not homebound’) were at increased odds of being less physically
and socially functional, as well as exhibiting PEM symptomology, where “next day sore-
ness or fatigue after non-strenuous, everyday activity” and “physically drained or sick
after mild activity” had the strongest effect among the PEM items tested at Step 4. In-
versely, participants who were ‘Homebound-bedridden (compared to participants who
were ‘Homebound-not bedridden’) were at decreased odds of exhibiting PEM sympto-
mology, where “minimum exercise makes you physically tired” had the strongest effect at
Step 4. These findings can be explained by the fact that participants who are bedridden
(very severely affected) have fewer opportunities to engage in activities. For example, if a
severely affected "Homebound-not bedridden’ participant with ME/CFS is expending sig-
nificant amounts of their limited energy around their household, they may risk triggering
more PEM symptoms than very severely affected ‘"Homebound-bedridden” participants
who are less active. Indeed, when we compared the ‘Homebound-bedridden” group to the
‘Homebound-not bedridden” group at Step 3 using the component symptoms within the
PEM domain, we found that symptoms involving activity such as “dead, heavy feeling
after starting to exercise,” “next day soreness or fatigue after non-strenuous, everyday
activity,” “minimum exercise makes you physically tired,” and “physically drained or sick
after mild activity” were statistically significant, whereas symptoms that did not explicitly
involve activity, such as “mentally tired after the slightest effort” and “muscle weakness,”
were not statistically significant, which could mean that PEM triggered by mental exertion
is experienced more evenly between the two groups. These findings suggest that treatment
programs targeting persons who are homebound with ME/CFS should account for the
heterogeneity of this population (i.e., bedridden and not bedridden). The symptomological
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differences identified in our study highlight the need for treatment programs that are
tailored for two subgroups.

Of interest, the proportion of participants we classified as severely affected (25.7%,
549/2138) matched estimates offered by ME/CFS advocacy groups [11,12]. A recent
study [40] estimated that 1.5 million persons suffer from ME/CFS in the United States.
If 25.7% of those with ME/CFS are not able to leave their homes, there may be as many
as 385,000 persons in the US who are homebound due to ME/CEFS. Furthermore, our
study found that 16.2% (89/549) of those who were homebound with ME/CFS were also
bedridden, which equates to roughly 62,000 persons in the US. These estimates indicate a
serious public health problem, as many who are homebound or bedridden due to ME/CFS
may lack access to the healthcare system. Providing this group with adequate services
will require attention and resources at many levels (e.g., research, treatment, and policy-
making). We maintain that a crucial first step is to focus research on those who are severely
and very severely affected, which will require methods that are sensitive to the needs of
this population [39].

The current study had two limitations. First, the total sample (1 = 2138) was aggregated
from multiple sources, so there were inconsistencies in terms of participant recruitment
and assessment. While a number of sources recruited participants who had complete a full
medical review (e.g., Norway 1-3 samples, Spain sample), others allowed participants to
self-report their medical diagnosis (e.g., DePaul sample, Chronic Illness sample). Second,
our study used a variety of case ascertainment methods from recruitment using the internet
to tertiary care settings, but such methods might have also increased the generalizability of
the findings.

Our study found that participants who reported worse symptoms in the PEM do-
main [25] and less physical and social functioning [32] were at increased odds of being
‘Homebound’ (compared to ‘Not homebound’). Among participants who were classified as
‘Homebound,” those who reported worse symptoms in the PEM domain were at decreased
odds of being ‘"Homebound-bedridden’ (compared to ‘Homebound-not bedridden’). We
hypothesized that for participants who are ‘Homebound,” those who are ‘"Homebound-
bedridden” may experience less PEM symptomology because they are expending less
energy. Based on the proportion of participants who were ‘Homebound” in our study, we
estimate that as many as 385,000 persons with ME/CFS are homebound in the United
States. There is a pressing need to find ways of providing services to this under-resourced

group.
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Abstract: Fatigue can accompany various diseases; however, fatigue itself is a key symptom for
patients with chronic fatigue syndrome (CFS). Due to the absence of biological parameters for
the diagnosis and severity of CFS, the assessment tool for the degree of fatigue is very important.
This study aims to verify the reliability and validity of the modified Korean version of the Chalder
Fatigue Scale (mKCFQ11). This study was performed using data from 97 participants (Male: 37,
Female: 60) enrolled in a clinical trial for an intervention of CFS. The analyses of the coefficient
between the mKCFQ11 score and the Fatigue Severity Scale (FSS), the Visual Analogue Scale (VAS) or
the 36-item Short-Form Health Survey (SF-36) at two time points (baseline and 12 weeks) as well
as their changed values were conducted. The mKCFQ11 showed strong reliability, as evidenced by
the Cronbach’s alpha coefficient of 0.967 for the whole item and two subclasses (0.963 for physical
and 0.958 for mental fatigue) along with the suitable validity of the mKCFQ11 structure shown by
the principal component analysis. The mKCFQ11 scores also strongly correlated (higher than 0.7)
with the VAS, FSS and SF-36 on all data from baseline and 12 weeks and changed values. This study
demonstrated the clinical usefulness of the mKCFQ11 instrument, particularly in assessing the
severity of fatigue and the evaluation of treatments for patients suffering from CFS.

Keywords: chronic fatigue syndrome; chalder fatigue scale; visual analogue scale; fatigue
severity scale

1. Introduction

Fatigue is a subjective complaint commonly experienced by the general population during their
lifetimes, with an approximate 30-50% point prevalence [1]. Unlike acute fatigue, which disappears
after resting or treatment of the causative diseases, uncontrolled chronic fatigue substantially impairs
the health-related quality of life [2]. In particular, chronic fatigue syndrome (CFS), a typical medically
unexplained chronic fatigue, is a debilitating illness that results in the unemployment of half of patients
with CFS and a risk of suicide approximately seven-fold higher than that of healthy controls [3,4].

Although many findings have been achieved from diverse aspects, including the nervous system,
endocrine system, immune system, metabolomics, and gut microbiota, no universally accepted etiology,
pathophysiology, diagnosis, or treatment for CFS exists [5]. Accordingly, both physicians and patients
encounter many difficulties in the management of this disorder and communication with each other [6].
The diagnosis of certain disorders and the assessment of their severity are fundamental steps in
treatment processes. For the diagnosis of CFS, physicians have adapted case definitions or diagnostic
criteria such as the Fukuda definition in 1994 by the Centers for Disease Control and Prevention (CDC)
or the criteria by Institute of Medicine (IOM) in 2015 [7,8]. These tools have been developed depending
upon the clinical features.
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In general, objective measurement of fatigue is very important for patient management as well as
assessment of the intervention efficacy for fatigue-related disorders [9]. Since the diagnosis of CFS and its
categorization of illness status rely on self-reporting consultation, an accurate quantification of fatigue
severity and its associated symptoms is vital, especially for patients with CFS [10]. To date, many severity
scales have been developed based on patient-reported outcomes (PROs) for CES patients, such as the
Visual Analogue Scale (VAS), Fatigue Severity Scale (FSS), Multidimensional Fatigue Inventory (MFI),
Chalder Fatigue Scale (CFQ), and Fibromyalgia and Chronic Fatigue Syndrome Rating Scale (FibroFatigue
scale) [11-13]. Most of these instruments, however, have limitations, including a lack of specificity for CFS
compared to other fatigue-inducing disorders, such as primary depression [14].

Among many fatigue-measuring scales, one of the most commonly used is the CFQ, which was
developed in 1993 [12]. The CFQ consists of 11 easily applicable self-rating items for two domains
of physical and mental fatigue, which could clearly discriminate patients with CFS from a healthy
control [15]. This instrument has been well adapted in studies not only for clinical features of patients
with CFS but also for evaluations of interventions, such as rehabilitative therapies [16,17]. The Korean
version of the CFQ (K-CFQ) was also validated using healthy subjects, Korean graduate students [18].
The CFQ was initially developed as a four-point scale that compares to the “usual” status, and thus, it is
difficult to measure the change in fatigue severity for certain periods. Therefore, we slightly modified
it into a 10-point Likert scale (between normal and worst status) to describe their illness condition
after treatment, called the Modified Korean Version of the Chalder Fatigue Scale (mKCFQ11). We have
adapted the mKCFQ11 as a primary measurement in clinical trials using herb-derived therapeutics in
both patients with idiopathic chronic fatigue (ICF) and CFS [19,20].

Although this modified scale has been well applied, its reliability and validity have not yet been
assessed. The present study thus aims to verify the reliability and validity of the mKCFQ11.

2. Materials and Methods

2.1. Study Population and Data Source

The study population comprised 97 patients with CFS (37 males and 60 female) between the ages
of 18 and 65 years (mean age 39.6 + 10.0 years) who were enrolled in a phase 2 trial conducted in two
hospitals (Daejeon Korean Medicine Hospital of Daejeon University and Daejeon St. Mary’s Hospital
of the Catholic University of South Korea) from December 2016 to November 2017 [20]. All participants
met the 1994 Fukuda CFS definition, which requires clinically evaluated, unexplained, persistent,
or relapsing chronic fatigue [7]. The exclusion criteria were subjects who suffered from other illnesses
that induced chronic fatigue within the past 6 months, such as anemia, liver, kidney, and thyroid
dysfunction, depression and anxiety disorders.

The data resource for this validation study was from the above phase 2, randomized,
placebo-controlled trial of Myelophil (a standardized anti-fatigue herbal agent). This trial was
designed to primarily determine the efficacy of Myelophil using the changes in the CFQ-based fatigue
scores between baseline and 12 weeks of treatment. In addition, this trial had another purpose to
verify the reliability and validity of the mKCFQI11 for use in trial 3; thus, we used the mKCFQ11
data at two time points and its changes regardless of the allocation of participants. Two well-known
fatigue instruments, the VAS and the FSS, and the 36-item short-form health survey (SF-36) as an
indicator of health-related quality of life (QoL) were used to calculate Pearson correlation coefficients
for the mKCFQ11.

2.2. Ethics Statement

The trial was implemented in accordance with ethical and safety guidelines upon the approval
of the Ministry of Food and Drug Safety (MFDS) in South Korea (Approval number 12354) and the
Institutional Review Board in two hospitals (approval number DJDSKH-17-DR-03 in Daejeon Korean
Medicine Hospital, DIRB-00139-3 in Daejeon St. Mary’s Hospital). This trial is registered at Clinical
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Research Information Service (CRIS) in Korea with identifier number KCT0002317, and an independent
medical monitor (by MEDICAL excellence) ensured the trial procedure according to the protocol and
maintaining the data. Data were independently analyzed by a medical statistics specialist.

2.3. Modified Korean Version of CFQ (mKCFQ11)

The original version of the CFQ consists of 11 items to determine the fatigue-related status by
comparing to the “usual” condition: “Less than usual”, “No more than usual”, “More than usual”,
and “Much more than usual”. However, the reference point (“usual”) made it difficult for Korean
patients to express their illness status, especially for patients with CFS due to the long-term duration of
this condition, which could be over 10 years, or the very frequent childhood diagnosis. Furthermore,
this “usual”-based comparison of illness condition at certain time points was not easily adapted to measure
the changed score of fatigue severity in clinical trials of intervention. Therefore, we slightly modified it
into a 10-point Likert scale as (0 = not at all to 9 = unbearably severe condition) for the same 11 questions
(physical fatigue questions 1st-7th items, and mental fatigue 8th—11th items, total score range 0-99).

Briefly, the English version of the CFQ11 questionnaire was independently translated into Korean by
two Korean specialists on CFS and a native English speaker proficient in Korean. Next, four specialists
reviewed the differences and merged them and then examined the practical performance of many patients
suffering from fatigue, including CFS. Based on the responder’s comments, specialists discussed and
completed the Korean version of the CFQ with 10-point Likert scale. After repeated tests of the patients
complaining of chronic fatigue, including CFS, and a pilot clinical trial for ICF [19], the final mKCFQ11
(Table 1) was determined and used as a primary measurement for the above trial [20].

Table 1. The mKCFQ11 and its component analysis.

Varimax Rotation

Factor 1 Factor 2

Korean Questionnaire

1. Fale]l Fa =7 52 AR & oJgH U

(Do you have problems with tiredness?) 0-852 0-25

2 A2 o Ao F4lo] AR TR 0859 0294

(Do you need to rest more?) : :

3. AL olu JES] 25E LA

(Do you feel sleepy or drowsy?) 0854 0-360

4. FA2 sz el & AIFE o Fo] Tz

(Do you have problems starting things?) 0795 0423

5. 541 71 (718)0] gheka LA U7k 0510 0469

(Do you lack energy?) ’ ’

6. FAL 259 3ol AT =74 U

(Do you have less strength in your muscles?) 0.727 0473

7. G & okl vkl =714 U7tk

(Do you feel weak?) 0-768 0469

8. Al Aol U e A5 o] Wol A&7

(Do you have difficulties concentrating?) 0551 0748

9. FAI2 BRI Az Aol o H & ol AFU 0431 0.866

(Do you make slips of the tongue when speaking?) ’ ’

10, R4S 2 ) 282 ol dEo] oj2)e A9} AR 0258 0,908

(Do you find it more difficult to find the right word?) ’ ’
Aol 7l E A= 9 ?

11. G219} 7] A she fsU 7P 0,384 0,868

(How is your memory?)

The modified Korean Version of the Chalder Fatigue Scale (mKCFQ11) is 10-point Likert scale (0 = ‘not at all’ to
9 = ‘unbearably severe condition’), while Chalder Fatigue Scale (CFQ) is 4-point scale (‘less than usual’, ‘no more
than usual’, ‘more than usual” and ‘much more than usual’ for Q1 to Q10 and ‘better than usual’, ‘no worse than
usual’, ‘worse than usual’, and ‘much worse than usual’ for Q10).
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2.4. Fatigue Severity Scale (FSS)

The FSS is a 9-item self-report questionnaire to easily measure physical, social, or cognitive effects
of fatigue. This scale was developed in 1989 as a seven-point Likert scale (1 indicating “Strongly
disagree” to 7 representing “Strongly agree”, total score range 7-63) and was translated into Korean
previously and shown to be clinically useful for patients with fatigue [21,22].

2.5. Visual Analogue Scale (VAS)

The VAS was assessed by asking the participants to specify their level of overall discomfort from
CFS by indicating a position along a continuous 100 mm line between two end points. The left end
indicated “no exhaustion at all” while the right end indicated “complete exhaustion”, and the value
was then determined by measuring the length (mm) from the left end of the line [23].

2.6. The 36-Item Short-Form Health Survey (SF-36)

Health-related quality of life was measured using a 36-item short-form health survey (SF-36),
whose usefulness was confirmed in patients with CFS [24] and translated into the Korean version [25].
The SF-36 consists of eight scaled scores that broadly reflect two domains of physical and mental health
status. The total score range of each domain is a minimum of 0 (indicating “maximum disability”) to a
maximum of 100, representing “no disability”.

2.7. Statistical Analysis

All statistical analyses were performed using Predictive Analytics SoftWare (PASW) Statistics
(SPSS Inc., Chicago, IL, USA) for Windows. Two domains of mKCFQ11 (physical and mental) were
assessed for their internal consistency by using Cronbach’s alpha. Principal component analysis (PCA)
was performed to examine the mKCFQ11 factor structure; factors with eigen values of >1 was extracted.
The convergent validity of the total cognition score was tested using the Pearson correlation coefficients
with the FSS, VAS and SF-36. Differences between the fatigue groups were tested using the t-test and
one-way analysis of variance (ANOVA).

3. Discussion

The present study aimed to verify the reliability and validity of the mKCFQ11, a modified Korean
version of the Chalder Fatigue Scale, altered from a four-point scale comparing “usual” status to a
10-point Likert scale (between normal and worst status) was created. This modification was performed
because Korean patients with CFS described the difficulty of assessing their fatigue-associated severity
using the CFQ instrument, especially in comparison to the “usual”. In fact, most patients with CFS
have been diagnosed with the disease for many years of disease with fluctuating symptoms [26];
thus, they frequently hesitated in answering. The mKCFQ11 has been adapted well by participants,
in particular RCTs because they chose to describe their condition between “no fatigue” and “unbearable
fatigue” at a certain period [20].

The reliability of the mKCFQ11 was strongly shown from the results using Cronbach’s alpha
coefficients. In general, Cronbach’s alpha values > 0.7 are considered satisfactory [27], and the values
of mKCFQ11 were 0.967 for total fatigue and 0.963 and 0.958 for the subscales of physical and mental
fatigue. These internal consistencies of the mKCFQ11 were higher than those of the original English
version of the CFQ (total value of 0.92) using 361 patients with CFS in England [15] or the K-CFQ using
Korean graduate students (total value was 0.88, 0.87 for physical and 0.73 for mental fatigue) [18].
There must be differences in not only the language structure between English and Korean but also
cultural gaps, affecting the final results after translations of self-report measures [28]. When we
translated the CFQ, we therefore strictly reflected the initial meaning of each question but tried to
make them easy for the patients to understand via modification of the English phrases.
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The principal component analysis using the varimax rotation model demonstrated the suitable
validity of the mKCFQ1 structure composed of 11 question items with two subclasses of physical and
mental fatigue (Figure 1 and Tables 1 and 2). In addition, the mKCFQ11 was significantly correlated
with the VAS, FSS and SF-36 on three different data points from baseline and 12 weeks (Table 3).
These correlations were stronger at 12 weeks than at baseline, as anticipated, because the intervention
(Myelophil) showed positive effects on all scores of the mKCFQ11, FSS, VAS and SF-36 compared to
the control [20]. Furthermore, these strong correlations were repeated for the altered values of the
mKCFQ11 and others. The correlations between mKCFQ11 (total and subclasses of physical and
mental fatigue) and the FSS or VAS were higher than 0.7, which indicated the very strong associations
between the two fatigue scales [29]. FSS is a well-known fatigue measure that is specific for individuals
with CFS compared to those with multiple sclerosis or primary depression [30]. Among PRO-based
measurements, VAS is a simple technique to obtain continuous- and interval-level measurement data
and to reduce response-style biases of Likert-type scales [31]. Moreover, the correlation with the
SF-36 was relatively low compared to that with the FSS or VAS, which could be because the SF-36 is a
non-disease specific generic scale to assess health-related quality of life [32]. The RCT for Myelophil
measured the serum concentrations for oxidative and antioxidant parameters, and then the statistically
significant correlations with mKCFQ11 were observed only for total glutathione (GSH) contents,
tumor necrosis factor-« (TNF-«) and interferon-gamma (IFN-y) on baseline and for the changed values
of reactive oxygen species (ROS) after 12 weeks of treatment (Supplementary Table S1).

1.0

g

0.0

Factor 2

-0.5

-1.0

-1.0 -0.5 0.0 0.5 1.0

Factor 1

Figure 1. Principal component analysis (PCA) of the mCFQ11 structure. PCA was conducted for
two-Figure 1. Q1 to Q7) and mental fatigue (factor 2, Q8 to Q11) based on covariance for a scale
reliability of 11 questions.

127



Healthcare 2020, 8, 427

Table 2. Principal component analysis after varimax rotation of the mKCFQ11.

Variance Explained Extraction of Sums of Squared Leading
N. of Subclass Eigenvalue % % Factor Subclass Subclass
8 Variance Cumulative Factor 1 Factor 2
1 8.3126 75.597 75.597
2 1.066 9.692 85.288 Total 8.32 107
.387 514 X %
3 0.38 3.5 88.803 e tqtal of 756 97
4 0.261 2.369 91.172 variance
5 0.212 1.929 93.100 Q1
6 0.189 1.716 94.816 8; 88
9
7 0.171 1.551 96.368 Questions Q4 Q10
8 0.139 1.267 97.634 Q5 Q11
9 0.117 1.067 98.701 8?
10 0.083 0.751 99.453 Interpretation Physical Mental
11 0.060 0.547 100.000

After varimax rotation of mKCFQ11, the number of subclasses was determined as initial Eigenvalue > 1.

Table 3. Correlation between the mKCFQ11 and the FSS, VAS or SF-36 on 0 and 12-week.

mKCFQ11 FSS VAS SF-36
Total 0.755 ** 0.732 ** —0.383 **
0-week Physical 0.766 ** 0.777 ** —0.403 **
Mental 0.659 ** 0.608 ** —0.311 **
Total 0.859 ** 0.862 ** —0.698 **
12-week Physical 0.825 ** 0.864 ** —0.672 **
Mental 0.812 ** 0.760 ** —0.672 **
Changes Total 0.757 ** 0.860 ** —0.592 **
between Physical 0.769 ** 0.887 ** —0.596 **
0 and 12-week Mental 0.698 ** 0.761 ** —0.527 **

The mKCFQ11: Modified Korean Version of the Chalder Fatigue Scale, VAS: Visual Analogue Scale, FSS: Fatigue
Severity Scale, SF-36: 36-item Short-Form Health Survey. The statistical significance of correlation was presented as
*%

p < 0.001.

In the assessment of subjective complaint disorders such as CFS or chronic pain, disease-specific
PRO measures are the most important strategy to determine the treatment response because the patient is
the mostimportant judge of whether changes are important or meaningful [33,34]. The Multidimensional
Fatigue Inventory (MFI-20) is another typical instrument used to assess fatigue severity in individuals
with CFS, and the reliability and validity of its Korean version (MFI-K) was recently compared to
the VAS and FSS [35]. The Cronbach’s alpha coefficient of the MFI-K was 0.88, and the correlation
coefficients with the VAS score (0.419) and the FSS score (0.635) were lower than that of the mKCFQ11.
On the other hand, regarding the appropriate selection of the participants with CFS for especially RCTs,
we would like to now recommend the combination of any diagnostic instrument such as CDC 1994 or
IOM diagnostic criteria and cut-off scores of severity using mKCFQ11 or MFL

4. Results

4.1. General Characteristics

A total of 97 participants (37 males and 60 females) who had a median age of 40 years (range
21 to 64 years) and a mean body mass index (BMI) of 22.6 + 2.6 were included. All measurement
scores for fatigue severity showed improvements at 12 weeks compared to at zero weeks, such as from
61.9 £ 15.5 to 37.7 £ 17.9 in the mKCFQ11, from 7.1 + 1.7 to 4.3 £+ 2.0 in the VAS, from 45.4 + 9.8 to
32.3 +£12.0 in the FSS, and 89.8 + 15.8 to 101.2 + 13.2 in the SF-36 (Table 4). These results were expected
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because nearly half of the participants (48 of 97) had taken an anti-fatigue herbal agent (Myelophil) for
12 weeks. There was no gender-related difference in score of mKCFQ11 (data not shown).

Table 4. Characteristics of the subjects and measurements.

Basic Characteristic Male Female Total
Number of subjects (%) 37 (37.8) 60 (62.8) 97 (100)
Median age (year, range) 42 (25 to 63) 39 (21 to 64) 40 (21 to 64)
Mean value of BMI (kg/mz) 241+19 21.7+£2.6 22.6 +£2.6
Measurement 0-week 12-week Change
mKCFQ11: Total 61.9 +15.5 37.7+17.9 242 +20.5
Physical 423 +9.1 26.0 +11.7 16.3 +13.0
Mental 199+73 119 +£6.8 8.0 £8.2
VAS 71+17 43+20 28+24
FSS 454 +98 323 +12.0 13.2+13.2
SE-36 89.8 +15.8 101.2 £ 13.2 -114+172

BMI: Body Mass Index, mKCFQ11: Modified Korean Version of the Chalder Fatigue Scale, VAS: Visual Analogue
Scale, FSS: Fatigue Severity Scale, SF-36: 36-item Short-Form Health Survey.

4.2. Internal Consistency

The Cronbach’s alpha coefficient of mKCFQ11 was 0.967. The internal consistencies of the two
subclasses were as follows: 0.963 for physical fatigue (Q1 to Q7) and 0.958 for mental fatigue (Q8 to Q11).
In the absence condition for each item, Cronbach’s alpha values were smaller than the values by the
all-existence condition, which indicates the internal consistency of all question items.

4.3. Structural Validity of the mKCFQ11

The result of principal component analysis (with a varimax rotation) showed the structural validity
of the mKCFQ11. Each question item was clustered together according to two subclasses and was
distinct from the other item (Figure 1 and Table 1). Two subclass factors explained 85.3% of the total
variance. Factor one explained 75.6% of the total variance and included all of the “Physical fatigue”
items (Q1 to Q7). Factor two explained 9.7% of the total variance and included all “Mental fatigue”
items (Q8 to Q11) (Table 2)

4.4. Convergent Validity with the VAS, FSS and SF-36

The mKCFQ11 had good convergent validity. The total mKCFQ11 score was significantly
correlated with the VAS, FSS and SF-36 at both baseline (zero weeks, p < 0.001) and 12 weeks (p < 0.001).
In addition, two subclasses (physical and mental fatigue) scores were also well correlated with the
scores, with statistical significance at both timepoints (except between mental fatigue and mental
SFE-36 score at zero weeks, Table 3).

4.5. Convergent Validity of Changed Values with the VAS, FSS and SF-36

The changed values of the mKCFQ11 between zero weeks and 12 weeks were also significantly
correlated with those of VAS, FSS and SF-36 (p < 0.001). Moreover, the changes in the two subclasses
(physical and mental fatigue) scores were also significantly correlated with the VAS, FSS and SF-36 scores
(physical and mental SF-36, Table 3).

5. Conclusions

This study demonstrated the clinical usefulness of the mKCFQ11, particularly in assessing the
degree of fatigue and the changes in fatigue-related symptoms after treatment of patients with CFS.
However, further studies are required, especially regarding subjects with other fatigue disorders and
comparisons with an unmodified version of the CFQ.
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Abstract: Background: Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) is a debilitating
condition associated with several negative health outcomes. A hallmark of ME/CFES is decreased
exercise capacity and often profound exercise intolerance. The causes of ME/CSF and its related
symptoms are unknown, but there are indications of a dysregulated metabolism with impaired
glycolytic vs oxidative energy balance. In line with this, we recently demonstrated abnormal
lactate accumulation among ME/CEFS patients compared with healthy controls after exercise testing.
Here we examined if cardiac dimensions and function were altered in ME/CFS, as this could lead to
increased lactate production. Methods: We studied 16 female ME/CFS patients and 10 healthy controls
with supine transthoracic echocardiography, and we assessed cardiac dimensions and function by
conventional echocardiographic and Doppler analysis as well as novel tissue Doppler and strain
variables. Results: A detailed analyses of key variables of cardiac dimensions and cardiac function
revealed no significant differences between the two study groups. Conclusion: In this cohort of
well-described ME/CEFS patients, we found no significant differences in echocardiographic variables
characterizing cardiac dimensions and function compared with healthy controls.

Keywords: cardiac function; echocardiography; myalgic encephalomyelitis/chronic fatigue syndrome

1. Introduction

Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) is characterized by fatigue,
post-exertional malaise, pain, sleeping disturbances and exercise intolerance. Although its cause
remains unknown, recent data point to dysregulated energy metabolism as a possible contributing
factor [1,2]. In line with this, we recently demonstrated abnormal lactate accumulation and early gas
exchange threshold among ME/CFS patients compared with healthy subjects during and after exercise
testing [3]. Notably, the differences in lactate accumulation and gas exchange threshold between the
patients and controls increased when they were re-tested after 24 h. Neither resting nor maximum heart
rate at peak exercise differed significantly between the groups [3]. Such alterations in the oxidative vs.
glycolytic energy balance might be due to intrinsic abnormalities in various energy-yielding metabolic
pathways and/or reduced tissue oxygen supply [1,4].

Studies with magnetic resonance imaging (MRI) of the heart have suggested lower left ventricular
dimensions and provided a plausible basis for reduced left ventricular function and exercise intolerance
in ME/CSF [5]. In support of this, Miwa et al. have shown that ME patients often have small hearts as
measured using chest roentgenograms and cardiac dysfunction evaluated with echocardiography [6].
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Corroborating this notion of impaired cardiovascular capacity in ME/CFS are data from a systematic
meta-analysis showing differences in various heart-rate indices in ME/CFS compared to healthy
controls [4]. Notwithstanding these findings, detailed studies of cardiac function in rigorously defined
ME/CFS cohorts are scarce. We therefore assessed conventional and advanced echocardiographic
variables in a well-defined cohort of ME/CFS patients and in healthy controls to examine potential
differences in cardiac dimensions and function.

2. Materials and Methods

2.1. Study Approvals and Participants

Approval was obtained from the Regional Committee for Medical and Health Research
Ethics in Norway (no. 2012/571-1), and the original study [3] is registered with ClinicalTrials.org
(ID NCT02970240). The original cohort consisted of 18 female, normotensive ME/CFS patients of
moderate severity and 15 healthy, normotensive female controls. The patients did not use any drugs
regularly, and they were diagnosed with ME/CFS > 2 years prior to the study. We limited the study
population to females because (i) CFS/ME is more prominent among women compared with men
and (ii) we could more consistently match patients and controls. Among these, two patients and
three controls did not volunteer for the heart examination, and two other controls did not attend
due to logistical reasons. Hence, 16 patients and 10 controls were available for the current study.
The patients fulfilled The Canadian Consensus Criteria for ME/CFS [7]. Pregnant women, those who
were completely bedridden or had comorbidities and those who used heart/lung medication were
excluded. The enrolment procedure and characteristics of the two study groups have been reported [3].

2.2. Echocardiographic Measurements

We performed supine transthoracic echocardiography (GE Vingmed E9 scanner, Horten, Norway)
after an overnight fast. Conventional echocardiographic, Doppler data and strain variables were
analyzed offline by a trained specialist (TGvL) unaware of group affiliation, in accordance with
established guidelines [8] and using commercially available software (Echopac vers. 201, GE Healthcare).
The two study groups were matched for age and body mass index (BMI).

2.3. Statistical Analyses

All datasets showed a normal distribution as evidenced by Q-Q plots and Shapiro-Wilk’s test.
Thus, we used Student’s t test to examine differences between the two study groups. Due to multiple
comparisons between the two study groups, there was a possibility of familywise error rate (and thus
Type I errors). We therefore adjusted the p-values using the Holm-Bonferroni sequential correction
method [9]. This is a less strict method than the conventional Bonferroni correction, so the chances of
Type II errors are reduced. Statistical significance was set at p < 0.05.

3. Results

3.1. Characteristics of the Study Participants

The mean (range) ages of the ME/CFS patients and the healthy controls were 40.1 (23.9-52.0) and
35.5 (25.0-44.3) years (p = 0.13), respectively, and the corresponding BMIs were 24.9 (18.6-31.3) and 23.7
(18.8-35.6) kg/mz, respectively (p = 0.54). On the day of the examination, cardiorespiratory symptoms
were not reported by any of the participants in either of the two study groups.

3.2. Echocardiographic Findings

Cardiac dimensions and function determined by echocardiography are summarized in Table 1.
Here, no significant differences in systolic or diastolic left ventricular diameters were found between
the ME/CFS patients and the healthy controls. Normalization of left ventricular dimensions to body
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surface area was also not significantly different between study groups. Moreover, the left atrial
diameter was not different (p > 0.05) either. In line with these findings, no significant differences in
systolic or diastolic blood pressure or in estimated systolic pulmonary artery pressure were found
(data not shown). We next performed a wide range of assessments characterizing cardiac function in
detail, both in diastole and systole. In addition to standard analysis of biplane left ventricular volumes
and ejection fraction (ad modum Simpson), novel speckle-tracking echocardiography was performed.
Global longitudinal left ventricular strain revealed similar results (p > 0.05) between the two study
groups. Right ventricular function evidenced by tricuspid annulus plane systolic excursion (TAPSE)
and peak systolic tissue Doppler velocity (not shown) was also comparable.

Table 1. Echocardiographic variables obtained in the ME/CFS patients and in the healthy controls.

Echocardiographic Variables ME/CEFS Patients (1 = 16) Controls (n =10) Crude-p Adj.-p
Cardiac dimensions
Left atrial area (cm?) 17.0 (3.4) 16.9 (3.4) 0.60 >0.90
Left ventricular end-diastolic diameter (cm) 4.78 (0.38) 4.70 (0.32) 0.95 >0.90
Septal wall thickness (cm) 0.78 (0.16) 0.70 (0.10) 0.17 >0.90
Left ventricular systolic diameter (cm) 3.0 (0.29) 2.86 (0.27) 0.67 >0.90
Left ventricular end-diastolic volume (mL) 91.3 (20.4) 95.0 (22.4) 0.72 >0.90
Systolic and diastolic function
Heart rate (beats/min) 73 (10) 68 (14) 0.29 >0.90
Ejection fraction EF (%) 60.1 (4.6) 56.5 (3.6) 0.044 0.62
Fractional shortening (%) 35.4(5.9) 39.2(3.8) 0.10 >0.90
Global longitudinal strain (%) 19.1 (2.0) 19.9 (1.0) 0.33 >0.90
Early transmitral flow (E; m/s) 0.67 (0.14) 0.66 (0.08) 0.86 >0.90
Atrial transmitral flow (A; m/s) 0.46 (0.12) 0.41 (0.16) 0.35 >0.90
Ratio of early and atrial transmitral flow (E/A) 1.55 (0.56) 1.85 (0.62) 0.21 >0.90
Pulsed tissue Doppler (e’; cm/s) 11.6 (1.9) 13.6 (2.4) 0.046 0.62
Ratio of early transmitral flow and e’ (E/e’) 5.96 (1.14) 5.06 (1.16) 0.10 >0.90
Tricuspid annular plane systolic excursion (cm) 5.0 (8.0) 24(04) 0.31 >0.90
Stroke volume (mL) 59.5(9.4) 62.3(9.2) 0.49 >0.90
Stroke volume index (mL/m?) 24.3 (15.1) 36.0 (4.7) 0.0094 0.14
Cardiac output (L/min) 4.3(0.7) 4.2(0.9) 0.74 >0.90
Cardiac index (L/min/m?2) 1.8 (1.1) 24(04) 0.098 >0.90

Values are mean (SD). Crude-p, unadjusted p-values; Adj.-p, p-values adjusted according to the Holm-Bonferroni
sequential method.

Impaired diastolic function is an established contributor to impaired exertional capacity. Here, early
and late diastolic filling capacities were similar, as well as was early relaxation by tissue Doppler
imaging and computed left ventricular filling pressures (i.e., E/€) (p > 0.05). In summary, we could not
find any significant differences in any parameters of cardiac function between the ME/CFS patients
and the healthy controls.

4. Discussion

In this study, we were not able to detect any significant differences between ME/CFS patients
and healthy controls in a wide range of variables characterizing cardiac dimensions and function
with the use of conventional and advanced echocardiography. These findings, therefore, do not
support the hypothesis that reduced cardiac dimensions or function may contribute to early exertional
lactate accumulation, early gas exchange threshold or the low exercise capacity in ME/CFS that we
recently reported [3]. Our findings are similar to those reported by Montague et al. [10], but at
variance with previous studies reporting smaller hearts and dysregulated autonomic regulation of
cardiac function in ME/CFS [4-6]. Possible explanations for these discrepancies include differences
in age, gender, diagnostic criteria for ME/CFS and methods for assessments of cardiac dimensions
and function. For example, Miwa et al. applied the Fukuda criteria [11], whereas we used the
Canadian Consensus Criteria for ME/CFS [7]. Importantly, the occurrence of post-exertional malaise
is only mandatory in the latter criteria. Notably, whereas these previous reports did not correct for
multiple statistical testing among MRI- and echocardiographic-derived variables, we included robust
adjustments. Notwithstanding these contrasting results, those reported between ME/CFS and healthy
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controls in previous studies might be too small to fully explain exercise intolerance and the various
metabolic abnormalities associated with ME/CSF [1-3].

Evidence for a reduced cardiac capacity in ME/CFS may not be evident in the resting state due to
compensatory mechanisms, and absence of statistical differences in key echocardiographic parameters
at rest do not necessarily mean that cardiac exertional capacities are similar. Moreover, in our previous
study, we found similar blood concentrations of lactate among ME/CFS patients and controls at rest
before the first exercise test, but during exercise the lactate concentration accumulated faster among
the ME/CFS patients [3]. It would therefore be of interest to analyze cardiac function during exercise
testing and examine whether cardiac variables are associated with markers of metabolic pathways such
as enzymes and/or substrates for oxidative phosphorylation to generate ATP. For example, abnormal
regulation of pyruvate dehydrogenase kinase has been associated with ME/CFS, and this could lead to
an increased lactate accumulation during exercise [1].

Limitations of our study were the small sample size and that we only included female ME/CFS
patients with moderate disease severity. Strengths include well-characterized participants, including a
matched control group, and use of detailed, state-of-the-art echocardiography.

5. Conclusions

We found no significant differences in a wide range of conventional and novel echoardiographic
variables characterizing cardiac dimensions and function when comparing ME/CFS patients with
healthy controls. Further studies performed with exercising individuals, as well as directly linking
cardiac function to biomarkers of metabolism, would be of interest.
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Abstract: Introduction: In a study of 429 adults with myalgic encephalomyelitis/chronic fatigue
syndrome (ME/CFS), we demonstrated that 86% had symptoms of orthostatic intolerance in daily
life. Using extracranial Doppler measurements of the internal carotid and vertebral arteries during
a 30-min head-up tilt to 70 degrees, 90% had an abnormal reduction in cerebral blood flow (CBE).
A standard head-up tilt test of this duration might not be tolerated by the most severely affected
bed-ridden ME/CFS patients. This study examined whether a shorter 15-min test at a lower 20 degree
tilt angle would be sulfficient to provoke reductions in cerebral blood flow in severe ME/CFS patients.
Methods and results: Nineteen severe ME/CFS patients with orthostatic intolerance complaints in
daily life were studied: 18 females. The mean (SD) age was 35(14) years, body surface area (BSA)
was 1.8(0.2) m? and BMI was 24.0(5.4) kg/mz. The median disease duration was 14 (IQR 5-18) years.
Heart rate increased, and stroke volume index and end-tidal CO, decreased significantly during
the test (p ranging from <0.001 to <0.0001). The cardiac index decreased by 26(7)%: p < 0.0001.
CBF decreased from 617(72) to 452(63) mL/min, a 27(5)% decline. All 19 severely affected ME/CFS
patients met the criteria for an abnormal CBF reduction. Conclusions: Using a less demanding
20 degree tilt test for 15 min in severe ME/CFS patients resulted in a mean CBF decline of 27%. This is
comparable to the mean 26% decline previously noted in less severely affected patients studied
during a 30-min 70 degree head-up tilt. These observations have implications for the evaluation and
treatment of severely affected individuals with ME/CFS.

Keywords: orthostatic intolerance; cerebral blood flow; 20 degree tilt table testing; myalgic
encephalomyelitis; chronic fatigue syndrome; postural orthostatic tachycardia syndrome; stroke
volume index; cardiac index

1. Introduction

Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) patients have a high prevalence
of orthostatic intolerance [1,2]. In a study of 429 adult ME/CFS patients, we recently demonstrated
that 86% had orthostatic intolerance symptoms during daily life. Moreover, during a 30-min head-up
tilt table test, 90% had an abnormal cerebral blood flow (CBF) reduction as assessed by extracranial
Doppler measurements [2,3]. This abnormal CBF reduction was not only present in ME/CFS patients
with well-defined heart rate and blood pressure abnormalities during tilt testing, like orthostatic
hypotension, postural orthostatic tachycardia syndrome (POTS) and syncope [4-6], but also in ME/CFS
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patients with a normal heart rate and blood pressure response to upright posture [2]. The mean CBF
reduction of 26% in the entire study population with ME/CFS was significantly different from the 7%
reduction observed in healthy controls in response to the same orthostatic stress.

Documenting an abnormal cerebral blood flow is helpful in guiding therapy for orthostatic
intolerance (OI). As described in the IOM report: “Orthostatic intolerance is defined as a clinical
condition in which symptoms worsen upon assuming and maintaining upright posture and are
ameliorated (although not necessarily abolished) by recumbency” [1]. Symptoms of orthostatic
intolerance sought in the history of patients “are those caused primarily by [1] cerebral underperfusion
(such as light-headedness, near-syncope or syncope, impaired concentration, headaches, and dimming
or blurring of vision), or [2] sympathetic nervous system activation (such as forceful beating of the
heart, palpitations, tremulousness, and chest pain. Other common signs and symptoms of orthostatic
intolerance are fatigue, a feeling of weakness, intolerance of low-impact exercise, nausea, abdominal
pain, facial pallor, nervousness, and shortness of breath”.

A limitation of the extracranial Doppler measurements is that image acquisition lasts between
2 and 7 min [2]. In our recent study, patients were excluded if they were unable to maintain the upright
position during the acquisition period, and also if a rapid drop in heart rate and blood pressure prevented
complete image acquisition. Moreover, patients can develop post-exertional malaise after conventional
60-90 degree head-up orthostatic stress testing [1]. Due to these problems—image acquisition time,
the potential for post-exertional malaise and inability to stand long enough— conventional orthostatic
testing may not be advisable in severe ME/CFS patients. Moreover, in previous work, we showed
that 15 of 444 patients could not complete standing during the head-up tilt test [2]. Wyller et al.
described a different method of orthostatic stress testing [7], which involved a low-grade head-up tilt
test of 20 degrees in 27 ME/CFS adolescents. The rationale was that a 70 degree head-up tilt testing
is associated with a high rate of false-positive results in adolescents. Using the 20 degree tilt over a
period of 15 min, the authors showed that heart rate, blood pressure and stroke volume index changes
were different in ME/CFS adolescents when compared with age- and gender-matched controls.

Assuming that severe ME/CFS patients cannot tolerate prolonged standing during tilt testing and
may have more hemodynamic abnormalities including a rapid decline of blood pressure, the aim of the
current study was to test the hypothesis that reduced cerebral blood flow and reduced stroke volume
index/cardiac index could also be confirmed in severe ME/CFS patients during 15 min of low-grade
(20 degree) head-up tilt testing.

2. Materials and Methods

2.1. Patients

From June 2019 to April 2020, 139 patients visited the outpatient clinic of the Stichting CardioZorg,
Hoofddorp, the Netherlands, because of a suspicion of ME/CFS. This cardiology clinic specializes
in diagnosing and treating adults with ME/CFS. All patients were evaluated by the same clinician
(FVC). During the first visit, it was determined whether patients satisfied the criteria for CFS and ME,
taking the exclusion criteria into account. Patients were classified as having CFS, chronic fatigue or
no chronic fatigue as defined by Fukuda and colleagues [8] and as having ME or no ME as defined
by Carruthers and colleagues [9]. Disease severity was scored by a clinician according to the ICC,
with severity ranging between mild, moderate, severe and very severe. This was classified according
to the paper as: “Symptom severity impact must result in a 50% or greater reduction in a patient’s
premorbid activity level for a diagnosis of ME. Mild: approximately 50% reduction in activity, moderate:
mostly housebound, severe: mostly bedbound and very severe: bedbound and dependent on help for
physical functions” [9]. The clinician ascertained for the presence of orthostatic intolerance symptoms
in daily life like dizziness/light-headedness, prior (near)-syncope and nausea, among others, as well
as triggering events like standing in a line. Over this 10 month period, 137 patients met the criteria
for ME/CEFS, 19 (14%) of whom met the criteria for severe ME/CFS. In those patients, an orthostatic
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stress test was performed at a low-grade head-up tilt angle of 20 degrees. The study was carried out in
accordance with the Declaration of Helsinki. All ME/CFS patients gave informed, written consent.
The study was approved by the medical ethics committee of the Slotervaart Hospital, Amsterdam,
The Netherlands (reference number P1736).

2.2. Head-Up Tilt Test with Cerebral Blood Flow and Stroke Volume Measurements

Measurements were performed as described previously [3], with the main exception being that
patients were positioned supine for 20 min before being tilted head-up to 20 degrees for a maximum of
15 min instead of the more classic approach of 70 degrees for 25-30 min. They were investigated in
the morning, at least 3 h after a light breakfast or in the afternoon 3 h after a light lunch. No formal
hydration protocol was applied, but subjects were asked to ingest an ample amount of fluid. If patients
developed severe orthostatic symptoms, the test was stopped prematurely, but after upright image
acquisition. The test was prematurely stopped in 6 patients due to an increase in symptoms. Heart rate
and systolic and diastolic blood pressures were continuously recorded by finger plethysmography
using the Nexfin device (BMeye, Amsterdam, The Netherlands). Heart rate and blood pressures were
extracted from the device and imported into an Excel spreadsheet. End-tidal PCO, (PetCO,) was
monitored using a Lifesense device (Nonin Medical, Minneapolis, MN, USA).

2.3. Cerebral Blood Flow Determination by Doppler Echographic Measurements

Internal carotid artery and vertebral artery Doppler flow velocity frames were acquired by one
operator (FCV), using a Vivid-I system (GE Healthcare, Hoevelaken, the Netherlands) equipped with a
6-13 MHz linear transducer. Flow data of the internal carotid artery (ICA) on the right and on the left
side were obtained ~1.0-1.5 cm distal to the carotid bifurcation and of the vertebral artery (VA) on
the right and on the left side, data were obtained at the C3-C5 level. Care was taken to ensure the
insonation angle was less than 60 degrees, that the sample volume was positioned in the center of
the vessel and that it covered the width of the vessel. High-resolution B mode images, color Doppler
images and the Doppler velocity spectrum (pulsed wave mode) were recorded in one frame. The order
of imaging was fixed: left internal carotid artery (ICA), left vertebral artery (VA), right internal carotid
artery (ICA) and right vertebral artery (VA). At least two consecutive series of six frames per artery
were recorded. The recording time intervals of the first and last imaged artery were noted and these
times were corrected to the times of a radio clock, setting the start of tilt at 0 min. Heart rate and blood
pressures of the echo recording time intervals were averaged. In the supine position, image acquisition
started 8 (2) min prior to tilting (supine data) and during the upright position acquisition started at
10 (4) min. Based on data from healthy controls during a 30-min 70 degree head-up tilt, we defined
an abnormal reduction in CBF as a >13% decline during the tilt compared to the supine values [2].
Analysis is described in the data-analysis section.

2.4. Stroke Volume Determination by Doppler Echocardiographic Measurements:

To determine stroke volume, velocity time integral (VTI) frames were obtained in the resting
supine position and the upright position as previously described [10]. The aortic VTI was measured
using a continuous wave Doppler pencil probe (GE P2D: 2 MHz) connected to a Vivid I machine
(GE, Hoevelaken, NL, USA) with the transducer positioned in the suprasternal notch. A maximal
Doppler signal was assumed to be the optimal flow alignment. At least 2 frames of 6 s were obtained.
Echo Doppler recordings were stored digitally. From a transthoracic echocardiogram, the diameter of
the left ventricular outflow tract (LVOT) was obtained. Analysis is described in the data-analysis section.

141



Healthcare 2020, 8, 169

2.5. Data Analysis

The changes in heart rate and blood pressure during the head-up tilt test were classified according
to the consensus statements [4,6]: normal heart rate and blood pressure response, classic orthostatic
hypotension (a decrease of over 20 mmHg in systolic blood pressure and over 30 mmHg in the case
of a systolic blood pressure over 140 mmHg, or a decrease of 10 mmHg in diastolic blood pressure
from 1-3 min after tilt), delayed orthostatic hypotension (a decrease of over 20 mmHg in systolic blood
pressure and over 30 mmHg in the case of a systolic blood pressure over 140 mmHg, or a decrease of
10 mmHg in diastolic blood pressure after 3 min post tilt), postural orthostatic tachycardia syndrome
(POTS) (a sustained increase of at least 30 bpm within 10 min, without a significant decrease in BP) and
syncope or near-syncope.

Blood flows of the internal carotid and vertebral arteries were calculated offline by an investigator
(CMCvC) who was unaware of the patient severity status and unaware of the hemodynamic outcome
of the head-up tilt test. Vessel diameters were manually traced by CMCvC on B-mode images, from
the intima to the opposite intima. Surface area was calculated: the peak systolic and end diastolic
diameters were measured, and the mean diameter was calculated as: mean diameter = (peak systolic
diameter X 1/3) + (end diastolic diameter x 2/3) [11]. Blood flow in each vessel was calculated from
the mean blood flow velocities times the vessel surface area and expressed in mL/min. Flow in the
individual arteries was calculated in 3-6 cardiac cycles and data were averaged. Total cerebral blood
flow was calculated by adding the flow of the four arteries. We previously demonstrated that this
methodology had good intra- and inter-observer variability [3].

To determine stroke volumes, the velocity time integral was measured offline by manual tracing
of at least 6 cardiac cycles, using the GE EchoPac post-processing software, by one operator (CMCvC).
Stroke volumes were calculated from the corrected VTI and the LVOT cross-sectional area, as described
previously [12,13]. Stroke volume index (SVI) was calculated by the equation: corrected LVOT
cross-sectional area times the corrected aortic VTI, divided by the body surface area (BSA; DuBois
formula) (mL/m?). SVIs of the separate cycles were averaged. Cardiac index was calculated by the
equation: SVI X heart rate/1000 (L/min/mz).

2.6. Statistical Analysis

Data were analyzed using Graphpad Prism version 6.05 (Graphpad software, La Jolla, CA,
USA). All continuous data were tested for normal distribution using the D’Agostino-Pearson
omnibus normality test, and presented as mean (SD) or as median with the IQR, where appropriate.
For continuous data, paired and non-paired t-tests were used for comparison, when appropriate.
Linear regression analysis was performed correlating the percent cardiac index change with the percent
cerebral blood flow change. A p value of <0.05 was considered significant.

3. Results

Patient Clinical and Echo Doppler Data

Nineteen patients with a severe grade of ME/CFS were studied (18 females). Baseline characteristics
were as follows: mean age 35 (14) years, height 171 (4) cm, weight 70 (17) kg, BSA 1.8 (0.2) m? and BMI
24.0 (5.4) kg/m?. The median disease duration was 14 (IQR 5-18) years. All patients met the Fukuda
criteria for CFS, and all met the ICC criteria for ME. Daily life orthostatic intolerance symptoms were
reported by all 19 ME/CFS patients. At the time of the test, no patients were being treated with drugs
influencing heart rate or blood pressure and none were being treated with selective serotonin reuptake
inhibitors (SSRI). Of the 19 ME/CFS patients, four met the criteria for POTS at 20 degrees. None of the
patients developed orthostatic hypotension or vasovagal syncope at 20 degrees.

Table 1 shows the tilt table results of the study participants during the low-grade 20 degree
head-up tilt testing. Heart rate increased from 83 (13) supine to 104 (23) bpm (p < 0.0001), and end-tidal
CO, decreased from 38 (3) to 29 (6) mmHg (p < 0.001). Cerebral blood flow supine was 619 (68) mL
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and at the end of study was 453 (63) mL, a decline of 27 (5)%, with a decrease ranging between 21%
and 37%. All 19 patients met criteria for an abnormal reduction in cerebral blood flow, being a more
than 13% reduction. Stroke volume index decreased from 36 (6) to 25 (5) mL/m?, a decline of 31 (8)%.

Cardiac index fell from 2.9 (0.5) to 2.1 (0.4) L/min/m?, a decline of 27 (7%).

Table 1. Tilt table test data of severe myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS)

patients (n = 19).

Supine End of Study p-Value
Heart rate (bpm) 83 (13) 104 (23) <0.0001
Systolic blood pressure (mmHg) 134 (11) 138 (14) 0.10
Diastolic blood pressure (mmHg) 80 (9) 86 (9) 0.0006
End-tidal CO, (mmHg) 38 (3) 29 (6) <0.0001
Cerebral blood flow (mL/min) 619 (68) 453 (63) <0.0001
Stroke volume index (mL/m?2) 36 (6) 25 (5) <0.0001
Cardiac index (L/min/m?2) 2.9(0.6) 2.1(0.4) <0.0001
Cerebral blood flow %change —27 (5)%
Stroke volume index %change -31 (8)%
Cardiac index %change =27 (7)%

%change: percent change from supine data.

Figure 1 shows the graphical representation of the supine cerebral blood flow and the cerebral
blood flow at the end of the low-grade head-up tilt test: the difference was highly statistically significant
(p < 0.0001). Figure 2 shows the hemodynamic changes in stroke volume index supine and at the end
of the test in panel A, and the hemodynamic changes in cardiac index supine and at the end of the
test in panel B. Both stroke volume index and cardiac index declined significantly (both p < 0.0001).
Figure 3 shows the relation between the change in cardiac index and the change in cerebral blood flow:

this relation was significant (p < 0.005).
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Figure 1. Cerebral blood flow in mL/min supine and at the end of a 20 degree tilt in severe

ME]/CES patients.
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Figure 2. Stroke volume index in mL/m? supine and at the end of a 20 degree tilt in severe ME/CFS
patients (panel A). Cardiac index in L/min/m? supine and at the end of a 20 degree tilt in severe ME/CFS
patients (panel B).
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Figure 3. Correlation between the percent decrease in cardiac index and the percent decrease in cerebral
blood flow.

Table 2 shows the comparison between ME/CFS patients with a normal heart rate and blood
pressure response and those with POTS. The heart rate in POTS patients was significantly higher at the
end of the study compared with the normal heart rate and blood pressure patients (p < 0.05). All other
data were not significantly different between the two groups. Table 2 also shows the comparison per
group of supine and end of study data. All values were statistically significantly different, except for
diastolic blood pressure in the POTS group.
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Table 2. Tilt table test data of severe ME/CFS patients: normal heart rate and blood pressure response
and postural orthostatic tachycardia syndrome (POTS) response at 20 degrees tilting.

Group 1 Norm  Group 2POTS  p-Value Group p-value Group 1 p-Value Group 2
BPHRn =15 n=4 1vs. Group 2 Supine vs. End Tilt Supine vs. End Tilt

HR supine (bpm) 80 (12) 91 (10) 0.14

HR end-tilt (bpm) 98 (21) 126 (10) 0.03 0.001 0.0002

SBP supine (mmHg) 135 (11) 132(7) 0.63

SBP end-tilt (mmHg) 141 (13) 126 (3) 0.06 0.02 0.19

DBP supine (mmHg) 80 (10) 80 (4) 0.98

DBP end-tilt (mmHg) 87 (10) 84 (3) 0.57 0.002 0.05
PetCO, supine (mmHg) 38 (3) 38 (3) 0.85

PetCO,end-tilt (mmHg) 30 (6) 28 (6) 0.57 <0.0001 0.05

CBF supine (mL/min) 615 (71) 632 (71) 0.70

CBF end-tilt (mL/min) 452 (57) 474 (67) 0.54 <0.0001 <0.0001
CBF end-tilt %change —26 (5)% -25(2) 0.69

SVI supine (mL/m?) 36 (5) 36 (12) 0.95

SVI end-tilt (mL/m?) 25 (4) 23 (8) 0.54 <0.0001 0.01

SVI end tilt %change —-30 (8)% =35 (7)% 0.27

CI supine (L/min/m?) 2.8(0.5) 3.2(0.8) 0.17

CI end tilt (L/min/m?) 2.0(0.3) 2.4 (0.6) 0.08 <0.0001 0.01

CI end tilt %change —27 (8)% —26 (6) 0.72

DBP: diastolic blood pressure; CBF: cerebral blood flow; CI: cardiac index HR: heart rate; norm: normal; DBP:
diastolic blood pressure; CBF: cerebral blood flow; CI: cardiac index; HR: heart rate; PetCO,: end-tidal CO, pressure;
SBP: systolic blood pressure; %change: percent change from supine data; SVI: stroke volume index.

4. Discussion

The main finding of this exploratory study is that in severe ME/CFS patients, a significant reduction
in cerebral blood flow can be provoked during a brief 20 degree head-up tilt test. The combination of
low-grade head-up tilt testing and extracranial Doppler echography has not been described before.
The 27% reduction in cerebral blood flow after 15 min compares to the 26% reduction observed after
30 min of 70 degree head-up tilt in a less severely affected population of ME/CFS patients [2]. We also
observed a significant reduction in stroke volume index during this mild orthostatic stress, and found
a significant correlation between the decrease in cardiac index and the decrease in cerebral blood flow.
Finally, even with this low orthostatic stress, four patients fulfilled the heart rate criteria for POTS,
while none of the patients had an orthostatic hypotension or (near) syncope. A milder orthostatic stress
of 20 degrees also allowed the accurate measurement of CBF declines that might have been difficult
to measure in those who have rapid drops in blood pressure associated with classical orthostatic
hypotension or vasovagal syncope when tested at 70 degrees [2]. It remains to be determined whether
a 20 degree tilt angle would be adequate for the diagnosis of orthostatic intolerance/significant cerebral
blood flow reduction in less severely affected ME/CFS patients.

A previous study with 20 degree head-up tilt testing for 15 min in adolescent CFS patients showed
a significantly higher heart rate and lower stroke volume index early after tilting (0.5-2.5 min after
onset of tilt) in CFS patients compared with controls [7]. The present study in adults confirms the
changes in stroke volume index during 20 degree tilt testing in CFS adolescents. Remarkably, supine
heart rates were higher in our patient population (mean 35 years) than in the adolescent CFS population
of Wyller et al. (mean 15 years) [7]. A large scale population study in healthy participants showed that
resting heart rate in 15 year old adolescents normally is slightly higher than in adults over 20 years [14].
Our observation of a higher resting heart rate in the severe ME/CFS patient population might be related
to disease severity, with a higher heart rate in more severe patients. However, this needs to be studied
in a larger sample size.
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It is generally assumed that part of the OI symptomatology is related to cerebral
hypoperfusion [4,5,15,16]. One technique to study cerebral perfusion is transcranial Doppler. Using this
technique, OH and POTS have been studied in different diseases and under different physiological
conditions like aging, high-altitude, space flights and heat stress [17-32] However, it has been noted
that OI symptoms during HUT may be present, even in the absence of abnormalities of heart rate
or blood pressure [33-36]. Three recent studies used transcranial Doppler to investigate cerebral
perfusion in patients with a normal HUT and without an abnormal HR and BP response like POTS or
OH [33,34,36]. The three studies found that the blood flow velocity decrease in patients with a normal
HUT but with OI symptoms was larger than in healthy volunteers and patients without OI, and similar
to the patients with POTS or OH. These observations suggest that cerebral hypoperfusion is not only
present in POTS and OH patients, but also in patients with OI symptoms without POTS and OH.

Several points about the study findings deserve emphasis. First, in our earlier study using a
70 degree tilt test, the decrease in stroke volume index was 31% at 15 min post tilt with no differences
between mild, moderately and severely affected ME/CFS patients [10]. The stroke volume index
decrease in the present study was 30%. This suggests that mild orthostatic stress testing in severe
ME/CFS patients results in similar stroke volume index reductions when compared to 70 degree testing
in ME/CFS patients of less severe disease. Further studies are needed to compare stroke volume
changes at the different tilt angles in this patient population with varying degrees of disease severity.

Second, in a previous study, we found that cerebral blood flow reduction was 26% during a
70 degree tilt test [2]. In the present study, a cerebral blood flow decrease of 27% was observed.
In contrast, studies using transcranial Doppler have shown no differences in cerebral blood flow
velocities between CFS patients and healthy controls both at low-grade and high-grade tilt angles [37].
However, the authors showed that the end-tidal CO, values were lower in CFS patients compared
with controls, at all tilt angles. Previous studies have shown that hypocapnia can reduce intracranial
vessel diameters, thereby altering the relation between flow velocity changes and hemodynamic
changes [38—40]. Therefore, the absence of a difference in cerebral blood flow velocities of patients
versus controls using transcranial Doppler may be related to end-tidal CO,-related vasoconstriction
of the middle cerebral artery in CFS patients. Vasoconstriction leads to increases in cerebral flow
velocities, resulting in non-significant differences in the TCD measurement between CFS patients and
controls. The more direct measurement using extracranial Doppler identifies the global reduction in
CBF that can be missed with transcranial Doppler. The similarity of cerebral blood flow reduction
in the present study and our previous study despite the lower degree of orthostatic stress and the
shorter tilt is most likely related to the more severe disease status of patients in the present study [2].
Consistent with our previous study [2], the results of this study again clearly demonstrate that reduced
cerebral blood flow is a cardinal contributor to orthostatic intolerance symptoms in ME/CFS patients.

Third, as seen in our previous study and other recent studies using transcranial Doppler, we again
demonstrated that an orthostatic intolerance/abnormal cerebral blood flow reduction may be present
without heart rate and blood pressure abnormalities [2,33-36]. Patients with a normal heart rate and
blood pressure response during a tilt test would have been misclassified as having no abnormalities.
The present study suggests that cerebral blood flow measurements are needed in order to more
accurately measure the prevalence of orthostatic intolerance in ME/CFS patients.

Fourth, the data of this study extend the observation that hypocapnia is significant in ME/CFS
patients and is a likely contributor to reductions in cerebral blood flow [2,34,41]. The end-tidal CO,
reductions also support the observation that 20 degrees is sufficient to provoke similar cerebral blood
flow changes in severe ME/CFS patients compared with a less severely diseased group of ME/CFS.
When hypocapnia is observed, a focus on respiration depth and speed has the potential to be one of the
therapeutic guidance options for these patients to lessen orthostatic intolerance complaints. Another
possible factor besides vasculature, autonomic nervous system and end-tidal CO, might be altered
blood cell behavior, especially red blood cell [42,43].
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Fifth, in a previous review on the relation between acute cardiac output changes and cerebral blood
flow changes, Meng et al. found in healthy volunteers that a 30% reduction in cardiac output resulted
in a 10% reduction in cerebral blood flow [44]. In the present study, we also found a significant relation
between the reduction in cardiac index and cerebral blood flow. This provides further evidence for the
validity of the extracranial Doppler measurements to determine cerebral blood flow. Furthermore,
from the linear regression analysis in the present study, we calculated that a 30% reduction in cardiac
index resulted in a 28% reduction in cerebral blood flow, which is much larger than the 10% in healthy
volunteers in the review of Meng et al. [44]. Whether these differences are specific to ME/CFS are related
to the use of transcranial Doppler vs. extracranial Doppler or are related to the significant reductions
in end-tidal CO; in the present study will need to be determined in future and larger studies.

Finally, even during a brief 20 degree tilt, four (21%) patients developed POTS. This has not
been described before and might be a reflection of the severity of the disease. It also implies that
the diagnosis of POTS cannot be dismissed when patients have complaints suggestive of POTS in
non-standing positions like sitting or lying down with a slight head-up position.

4.1. Clinical Implications

Patients are advised to lie down when they experience orthostatic intolerance complaints.
Our findings of a clinically significant cerebral blood flow reduction at just 20 degrees suggest that a
slight head-up position may not be adequate enough to resolve symptoms of orthostatic intolerance in
some patients. Furthermore, the European Society of Cardiology syncope guidelines and other papers
advocate the use of a nocturnal head-up position of more than 10 degrees to prevent nocturnal polyuria
and the consequent circulatory underfilling [45-48]. In light of the presented results, this advice has
the potential to be detrimental in some ME/CFS patients.

4.2. Limitations

This study only included ME/CES patients who were bedbound, and we caution that the 20 degree
head-up tilt angle needs further study before it can replace longer 70 degree tilt angles for assessing
less severely impaired ME/CFS patients. Comparisons of the hemodynamic and cerebral blood flow
abnormalities of 20 and 70 degrees of tilting are needed. We also did not include healthy controls for
comparison. It is possible that healthy controls would have little or no perturbation in response to a
20 degree head-up angle, which would have the effect of widening the physiologic differences between
ME/CFS patients and controls. Whether disease severity differences lead to differences in cerebral
blood flow reduction needs to be studied in the future. Finally, while it is reasonable to expect that the
20 degree abbreviated tilt test would be less taxing than a longer 70 degree tilt test, and therefore less
likely to provoke post-exertional malaise, this hypothesis remains to be tested.

5. Conclusions

This study demonstrates that a short 15-min tilt using a mild 20 degree head-up angle is sufficient
to provoke a clinically significant reduction in cerebral blood flow in patients with severe ME/CFS.
This method of orthostatic testing has the potential to improve the assessment of the prevalence of
orthostatic intolerance in severely affected ME/CFS patients who are reluctant to undergo a 70 degree
tilt. In this patient population, a milder orthostatic stress was able to confirm the following: cerebral
blood flow abnormalities in the absence of heart rate and blood pressure abnormalities; POTS is a
small subset; and associated reductions in end-tidal CO,, stroke volume and cardiac index.
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Abstract: (1) Background—Myalgic Encephalomyelitis /Chronic Fatigue Syndrome (ME/CES) is a
multifaceted illness characterized by profound and persistent fatigue unrelieved by rest along with a
range of other debilitating symptoms. Experiences of unrefreshing and disturbed sleep are frequently
described by ME/CFS patients. This is the first systematic review assessing sleep characteristics in
ME/CEFS. The aim of this review is to determine whether there are clinical characteristics of sleep in
ME/CFS patients compared to healthy controls using objective measures such as polysomnography
and multiple sleep latency testing. (2) Methods—the following databases—Pubmed, Embase, Med-
line (EBSCO host) and Web of Science, were systematically searched for journal articles published
between January 1994 to 19 February 2021. Articles that referred to polysomnography or multiple
sleep latency testing and ME/CFS patients were selected, and further refined through use of specific
inclusion and exclusion criteria. Quality and bias were measured using the Joanna Briggs Institute
checklist. (3) Results—twenty observational studies were included in this review. The studies inves-
tigated objective measures of sleep quality in ME/CFS. Subjective measures including perceived
sleep quality and other quality of life factors were also described. (4) Conclusions—Many of the
parameters measured including slow- wave sleep, apnea- hypopnea index, spectral activity and
multiple sleep latency testing were inconsistent across the studies. The available research on sleep
quality in ME/CFS was also limited by recruitment decisions, confounding factors, small sample
sizes and non-replicated findings. Future well-designed studies are required to understand sleep
quality in ME/CFS patients.

Keywords: Myalgic Encephalomyelitis; chronic fatigue syndrome; sleep; polysomnography; multiple
sleep latency testing

1. Introduction

Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS) is a medical con-
dition characterised by non-restorative, incapacitating fatigue that is unrelieved by rest
in combination with a plethora of other symptoms such as neurological, immune and
endocrine disruption [1]. Unrefreshing or disturbed sleep is an almost universal symptom
reported in about 91% of patients in the absence of a primary sleep disorder (PSD) [1,2]. The
presentation and severity of these symptoms ranges between patients and results in con-
siderable loss of quality of life [3]. There currently remains no diagnostic test nor targeted
treatment for this condition. Diagnosis is instead dependent on the application of symptom-
specific case criteria following the exclusion of any other potential medical cause [4].
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There are three main criteria used in research and clinical practice to diagnose ME/CFS
and include: (1) The Center for Disease Control’s (CDC) Fukuda criteria (FC) (1994); (2) The
Canadian Consensus Criteria (CCC) (2003) and (3), The International Consensus Criteria
(ICC) (2011) [1,5,6]. Diagnosis with the FC is dependent on the presence of persistent
fatigue that is unrelieved by rest in combination with four out of a potential eight additional
symptoms including but not limited to unrefreshing sleep [5]. The revised CCC criteria builds
upon the FC with emphasis on post-exertional malaise as a key symptom of ME/CFS. In this
criteria, sleep disturbance was also described as a potential symptom of this disorder [6]. The
ICC criteria divides sleep specific symptoms into two categories: disturbed sleep patterns
and unrefreshing sleep and includes the most homogenous subset of patients [1]. The most
recent institute of medicine criteria (IOMC) has unrefreshing sleep listed as one of the three
required symptoms [4]. Unrefreshing or disturbed sleep can include the following sleep
characteristics: reversed sleep rhythms and frequent awakenings [7].

Polysomnography (PSG) is the most common objective measure of sleep quality. PSG
measures at various sleep phases including rapid eye movement (REM) and non-REM
sleep. Non-REM sleep phases include: stage N1, N2 and N3/4 or Slow wave sleep (SWS).
SWS is the deepest phase of non-REM sleep [8]. Other parameters including sleep onset
latency (SOL) which is the time taken from being fully awake to fast asleep as well as
apnoea- hypopnoea index (AHI) and microarousal Index (MAI) values [9]. AHI values
are the number of apnoea and hypopnea events per hour of sleep. MAI values allows
measurement of sleep fragmentation [10]. Multiple Sleep Latency Testing (MSLT) an
objective measure to assess the ability to fall asleep under controlled conditions is at times
used in combination with PSG [11].

This is the first systematic review to critically appraise primary studies that assess
objective measures of sleep quality in ME/CFS patients using PSG and/or MSLT. Sec-
ondary to this, subjective measures including sleep quality and depression scores were
also evaluated.

2. Methods

This study was conducted according to Cochrane reviews and Preferred Reporting
Items for Systematic Reviews and Meta-analyses 2020 (PRISMA 2020) guidelines [12,13].
To ensure that international standards were maintained when reporting information in this
systematic review these guidelines were used. Four electronic databases (Pubmed, Medline
[EBSCOHost], Embase and Web of Science) were systematically searched. Articles contain-
ing the following medical Subject Headings (MeSH) terms “Syndrome, Chronic Fatigue”
[Mesh] AND (‘Multiple Sleep Latency Test* OR ‘Polysomnography’ OR ‘Polysomno-
graph*’) were searched between January 1995 and 19th February 2021 (full list of terms can
be found in Table S1). Terms were combined with the Boolean operators ‘AND’ in order
to tie the disease of interest with objective measures of sleep quality and ‘OR’ to expand
the search for all expressions of cases. Two identical literature searches were conducted
separately by two different authors. Citation searching was completed, and no additional
papers were selected. Searching for unpublished literature was not performed. No addi-
tional papers were identified in the final search or through alternative databases such as
Griffith University institute library or Google Scholar.

2.1. Inclusion/ Exclusion Criteria

Studies were included in the review if they contained two or more of the key search
terms in the abstract or title and adhered to the following inclusion criteria: (i) published
in 1995 or later as the FC was established in December 1994; (ii) human participants who
were aged 18 years or over; (iii) full- text articles written in English; (iv) were observational
studies reporting on original research; (v) ME/CFS was defined according to the follow-
ing case criteria: FC (1994), CCC (2003) or ICC (2011) and IOMC (2015); (vi) all studies
investigated objective measures of sleep quality.
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Articles were excluded from this review if they did not include at least two key search
terms in the abstract or title or if they had any of the following exclusion criteria: (i) written
prior to the introduction of the FC in 1994; (ii) conducted in participants that were under 18;
(iii) articles not written in English or weren’t available as full-text; (iv) were interventional
based or reported on non-original data including: duplicate studies, case reports or review
articles; (v) use of alternative case criteria; (vi) studies were not relevant to the scope of this
review. (vii) Publications were also excluded if the ME/CFS cohort was compared with
another patient group (e.g., fibromyalgia, depression etc.) and not compared with HC.

2.2. Selection of Studies

The referencing management software package Endnote X9 was used to screen, sort
and store all articles from the databases. Duplicates were removed using Endnote’s
automatic feature. The title and abstract of each article were screened for selected keywords
and those which did not contain at least one ME/CFS keyword and one sleep test keyword.
The remaining articles that also adhered to inclusion and exclusion criteria were selected.
This process was independently conducted by RM and MM. There were minor differences
between the two authors, however, these were discussed, and a final list was compiled and
approved by both authors. The final list was then reviewed and deemed accordant by all
other authors.

2.3. Data Extraction

The following data was extracted from the included studies: (1) diagnostic criteria;
(2) study design; (3) sample size; (4) age; (5) sex; (6) BMI; (7) total sleep duration; (8) method
of analysis; (9) primary outcomes; (10) secondary outcomes.

2.4. Quality Analysis

All publications included in this systematic review were evaluated for quality and
bias using the Joana Briggs Institute (JBI) Critical Appraisal Checklist for Case Control
Studies (CACCCS) (File S1. JBI CACCCS and justification). This checklist was selected due
to it being an internationally recognised and validated method of evaluating study quality
and bias. Quality assessment was separately completed by two authors (RM and NEF). As
Item four, five and nine were intervention based these items were excluded in all studies
except one [14].

3. Results

Using the selected search terms, a total of 275 papers were identified using the fol-
lowing databases: Embase (108), Pubmed (50), Medline (61), and Web of Science (56).
Following the screening process the total number of papers was 20. A detailed outline
of the search process is presented in Figure 1. All included papers investigated objective
measures of sleep quality in ME/CFS patients compared to HC.

3.1. Participant and Study Characteristics

Participant and study characteristics are presented in Table S2. Four (20%) out of the
20 articles included in this review were observational twin studies [15-18]. The remainder
of the included articles (80%) were observational case-control studies [9,14,19-32]. Across
all studies, the mean number of ME/CFS patients and HCs included was 26.6 and 24 re-
spectively. Majority of the included participants were female (87%). The mean age across
all studies was 41.5 for the ME/CFS group and 39.2 for the HC group [9,14-32]. Fifteen
out of 20 papers reported a value for body mass index (BMI) [9,14,15,19-28,31,32]. The
average BMI was 25.5 for ME/CFS patients and for 25.4 HC [9,14,15,19-28,31,32]. The FC
was used in all studies to diagnose participants [9,14-32]. One study, however, used both
the FC criteria and the CCC to diagnose [32]. Average total sleep time was 397.03 min for
ME/CEFS patients and 400.1 min for the HC group [9,14-32].
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Figure 1. PRISMA 2020 flow diagram of literature search for included studies in this review of sleep
and ME/CFS.

3.2. Literature Reporting Changes in Objective Sleep Measures

Objective sleep measures are presented in Table S3. Two twin studies identified an
increase in REM sleep in ME/CFS patients compared to their healthy twin [16,17]. One article
reported significantly reduced REM to non-REM sleep stage transitions [30]. Alteration of
transition patterns resulting in greater relative transition frequency was also observed [30].
Sleep onset latency (SOL) was investigated in 13 articles [9,14,17,19,21-28,31]. All 13 papers re-
ported no differences in SOL between the ME /CFS patients and the HC [9,14,17,19,21-28,31].
Non-REM sleep stages, (NREM) including stage 1- 4 sleep, % was investigated in 12 stud-
ies [9,14-17,19,21,22,25,26,29,31]. Two of the 12 studies reported increased stage 3 sleep,
% [16,22].  All other findings were insignificant [9,14,15,17,19,21,25,26,29,31]. There were
11 studies that investigated slow-wave sleep (SWS) duration [9,14,15,21-25,28,29,31]. From
these studies, only three found that SWS in ME/CFS was significantly longer in duration
compared to HC [24,25,28]. The remaining studies reported no difference between the two
groups [9,14,15,21-23,29,31].

When assessing sleep apnoea characteristics, five studies detected no differences in
AHI [14,15,21-23]. Three studies detected differences in AHI [16,24,31]. MAI was measured
in five studies [14,23-25,31]. An increase of MAI in ME/CFS patients was found in all the
studies [14,23-25,31].

3.3. Literature Reporting Changes in Spectral Activity

Three articles investigated spectral activity during sleep [15,20,22]. A twin study
found no significant differences in spectral power in any frequency band assessed: REM
latency, delta-wave, fast frequency beta or alpha power between the twin with ME/CFS
and the healthy twin [15]. Another study showed that there was diminished alpha power
during stage 2, slow wave, and REM sleep in the ME/CFS cohorts compared to HC [20].
Delta power was found to be decreased during SWS but then was elevated during stage
1 and REM in the ME/CFS cohort. Theta, sigma and beta spectral power during stage 2,
SWS and REM were significantly reduced in patients compared to HC [20]. One article
found that ultra-slow delta power was significantly lower in ME/CFS patients compared
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to HC during N3 sleep while all other frequencies tested: theta, alpha, sigma and beta did
not differ [22].

3.4. Literature Reporting Changes in MSLT

Changes in MSLT were investigated in six articles [18-20,23,24,26]. One study found
reduced mean sleep latency on MSLT in ME/CFS patients compared with HC [23]. Another
study found a negative correlation between individual Epworth Sleepiness Scale (ESS) and
mean latency scores in both groups [18]. All other articles investigating MSLT identified no
significant differences between ME/CFS patients and HC [14,19,26].

3.5. Literature Reporting Changes in Secondary Outcomes

Participant and study characteristics are presented in Table S4. Various secondary outcome
measures were investigated in 14 out of 20 included studies [9,14,17-19,22-25,27-29,31,32].
Additionally, different tools were used to measure the same outcomes. Subjective sleep quality
or sleepiness was measured in 13 of the studies [9,14,17-19,22-25,28,29,31,32]. All these studies
reported significant differences in sleep quality or perceived sleepiness in ME/CFS patients
compared with HC. Depression scores were significantly higher in all six studies that included
values [14,24,25,27,31,32]. In the five studies that measured anxiety, the ME/CFS scores were
significantly different from HC in all but one study [14,23,24,31,32]. Insomnia was investigated
in two studies and was found to be significantly higher in ME/CFS patients compared with
HC [18,19]. Fatigue levels were also significantly greater in ME/CEFS patients in all seven
studies that measured this variable [14,21,23-25,28,31]. One study investigated emotional
awareness in ME/CFS patients compared with HC [32]. Significant differences in some
emotional awareness parameters including TAS-20, TAS total and LEAS-self were found and
these correlated with number of awakenings in ME/CFS patients [32].

3.6. Quality Assessment

The Joanna Briggs Institute (JBI) Critical Appraisal Checklist for Case Control Studies
(CACCCS) was used to review the selected articles quality and bias. Justification can be
found in file S1. Item 4, 5 and 9 were excluded in all studies except Neu 2014B [14]. The
study included an exposure to a cognitive test. The authors successfully measured the
effect of the exposure for an appropriate duration in a standard, valid, and reliable way
across patients and HC [14]. Item 8 was most frequently addressed where 100% of the
studies assessed outcomes in a standard, valid and reliable way [9,14-32]. Nineteen out of
20 studies successfully identified confounding factors [9,14-31]. The confounding factors
that were addressed were effectively mitigated in 17 of the studies [14-26,28-31]. Sixteen
studies had appropriately matched patients and HC [14-20,22-24,26-29,31,32]. Nineteen
articles utilised consistent criteria to identify ME/CFS patients and HC [9,14-23,25-32].
Item 2 was the least addressed item where only seven studies appropriately defined and
matched source population for ME/CFS patients and HC [9,15-20]. Thirteen of the articles
included appropriate statistical analysis [9,14,19-22,24,25,27,28,30-32].

4. Discussion

ME/CFS patients report a significant number of sleep complaints [9,14-32]. The aim of
this systematic review was to investigate primary studies that assess objective measures of
sleep quality in ME/CFS patients using PSG and/or MSLT compared with HC. Subjective
scores including depression, anxiety and QOL scores were also measured. Variable results
from these studies were found.

This is the first systematic review assessing objective measures of sleep quality in
ME/CFS patients with respect to HC. This method allows the inclusion of all relevant
articles. A review of sleep in ME/CFS patients however was undertaken by Jackson
et al. [7]. The major findings reported in this publication include: objective and subjective
contrasts in sleep quality as well as early evidence suggesting differences in sleep stage
transitions, sleep instability and heart rate variability in ME/CFS patients compared with
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HC [7]. This review was published in 2012, therefore, a significant amount of time has
passed since its publication [7]. Additional studies, in comparison to Jackson et al. have also
been identified through this systematic review process [7,9,14,17,22-25,27,32]. A subset of
sleep studies was also included in review in a neuroimaging paper by Maksoud et al. [33].
This current systematic review is important as it brings a complete and up-to-date picture
of sleep and ME/CFS.

The average age of patients in the included studies of this systematic review was
41.5 years. Approximately 87% of the patients were female. This is consistent with
literature showing that ME/CFS is most frequently reported in females aged between
29-35 years [34,35]. This current systematic review selected for participants over the age of
18 due to age-related differences in sleep [15,27,30]. The included studies had a maximum
age cut-off for the same reason. Some studies (15%) only recruited females to account for
sex- specific differences in sleep as well as to reduce patient pool heterogeneity [15,27,30].
Six of the studies included information on race or ethnicity where majority of the partici-
pants were Caucasian [16-20,26]. There was no significant difference in total sleep time
between ME/CFS patients and HC. Selected studies restricted outliers of total sleep time
in either group to control for potential sleep-related morbidities.

Four of the included studies were twin-based [15-18]. Recruitment of twins assists
in moderating differences in genetic and environmental factors. The genetic contribution
and potential familial vulnerability of ME/CFS on the unaffected twin is not currently
known [15-18]. Ball et al. reported sleep disruption in both ME/CFS patients and their
unaffected twin [16]. Therefore, future considerations may involve comparative studies
with closely-matched non-relative controls to ensure that there is no genetic contribution to
sleep disruption in the selected HC [16].

Paediatric and adolescent sleep characteristics have not been captured in this sleep
review due to potentially significant age-related differences. Presentation of illness may
also differ between adults and children [36]. Case criteria have also described unrefreshing
sleep as a hallmark symptom [1,4]. One study was identified during the screening process
that investigates sleep in adolescent ME/CFS patients [37]. This study found that there
were significantly higher levels of sleep disruption in adolescents with ME/CFS, and
includes brief and longer awakenings [37]. Further investigation of sleep disruption in
paediatric and adolescent ME/CFS populations is required.

All of the included studies utilised the FC to classify ME/CFS patients [9,14-32]. One
study used both FC and CCC [32]. Compared to the later definitions, the FC is considered
too broad and often presents with a heterogenous subset of patients [4]. Consideration
of future studies may include representation of patients diagnosed with more stringent
definitions [1,4,6]. The more recent case definitions incorporate ME/CFS specific symptoms
such as post-exertional malaise that allows a more representative subset of ME/CFS
patients to be included [1,4,6].

A limitation to this systematic review is that it was restricted to articles that had PSG and
MSLT in the abstract or title [9,14-32]. These terms were selected on the basis of being the pri-
mary objective measure of sleep used. Other measures that may describe sleep quality include
actigraphy, observation, bed sensors, eyelid movement- and non-invasive arm sensors [38].
Reports on the use of actigraphy for measures investigated in this paper including sleep-wake
cycles are controversial. These terms were also excluded due to their broad nature, although
this may have resulted in potentially relevant articles not being captured. Some studies also
utilised components of polysomnography including EEG and discussed features of sleep
but did not undergo the whole polysomnography process [39]. Additionally, two studies by
Neu et al. were not included in this review due to not containing any key words in the abstract
or title [40,41]. These papers followed most of our selection criteria. One used PSG to assess
cognitive impairment in ME/CFS [40]. ME/CFS performance in almost all cognitive tasks
was lower compared with HC. EEG theta power was also significantly higher in ME/CFS
patients. The other paper investigated sleep parameters in ME/CFS compared with HC and
primary sleep disorders [41]. ME/CFS showed higher slow-wave sleep, however this is an
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inconsistent parameter across studies included in this review. In order to avoid selection bias
this paper could not be handpicked to include in our study based on recommendations of
Cochrane guidelines handbook [12,40,41].

Existing comorbid disorders may also play a role on sleep disruption in ME/CFS
patients. Fibromyalgia syndrome (FMS), migraine and irritable bowel syndrome (IBS) all
commonly occur in ME/CFS patients and have known implications on sleep efficiency.
PSG studies of FMS patients reported poorer sleep quality as well as higher number
of awakenings, higher arousal index, greater AHI and lower N1 sleep in FMS patients
compared to HC. Sleep disturbance also exacerbates symptom severity in FMS [42,43]. One
included study separated patients with ME/CFS alone or comorbid ME/CFS and FMS.
There was a higher number of cases of sleep disorders among those diagnosed with IBS,
further analysis is required, however, to understand this relationship [44]. All of the studies
did not include patients who had a Diagnostic and Statistical Manual of Mental Disorders,
4th Edition (DSM-1V) disorder. Therefore, the sleep patterns that are observed cannot be
attributed to major depression episodes or other associated conditions [9,14-32].

Care needs to be considered to ensure that all sleep characteristics are related to
ME/CEFS specifically, not other associated disorders. Some studies recruited ME/CFS
patients without comorbidities to confirm the results observed were representative of
ME/CEFS [21]. In these studies, a minority of ME/CFS patients exhibited abnormalities
in PSG data. Some studies even further classified ME/CFS patients in of groups into less
sleepy and sleepier groups; this was conducted in two of the studies [27,28].

Confounding factors including consumption of alcohol and caffeine, medication,
strenuous exercise, or a change in time zones may have contributed to varied results
observed. Nine of the studies accounted for alcohol and/or caffeine [14-18,25,27,28,30].
Three of the studies also ensured that participants were not travelling from conflicting time
zones within a certain timeframe of the study or adjusted the sleep schedule according
to their place of residence [9,15,22]. In three of the studies participants, in particular HC
were requested to refrain from strenuous exercise in the daytime prior to being assessed
at night [27,28,30]. Nine of the studies controlled for medication [9,15-20,22,26]. These
confounding factors may have influenced changes in sleep scheduling or temporarily
impair the participants ability to sleep. Therefore, to ensure consistency across the studies,
controlling for these confounding factors is a necessary consideration for future studies.

In the study conducted by Bileviciute-Ljungar et al. HC were included to mea-
sure emotional awareness parameters, however, they used previously recorded HC data
for PSG comparisons and only conducted PSG recordings on patients [32]. It is impor-
tant to include well-defined and matched controls for each study to ensure that there is
consistency between groups and that all other experimental variables are appropriately
controlled for [32,45].

Eleven out of 20 studies accounted for first night effects. Considerations included
recording over consecutive days [9,14-18,20-23,26]. In a study examining the impact of first
night effects in four groups of participants: sleep-related breathing disorders, insomnia,
movement and behavioural disorders and HC, it was found that in all groups there was
a significant first night effect [46]. Additionally, Le Bon et al. also investigated first night
effects in ME/CFS patients and found clinically significant differences in PSG recordings
including SPT, TST, Sleep Efficiency and REM Sleep that can be attributed to first night
effects [47]. Recommendations from these studies included measuring participants sleep
parameters for at least two consecutive nights to ensure that first night sleep effects are
accounted for [46,47]. This is an important consideration for all sleep physiology studies.

Two of the studies used a take-home PSG kit [9,29]. Using this method means that
conditions are not controlled for including light exposure and sleep disruptions that
may come from an uncontrolled setting. Use of take-home polysomnography kits allows
participation of a greater proportion of ME/CFS patients that are housebound, bedbound,
or otherwise unable to attend a research site. As approximately 25% of ME/CFS patients
have more severe symptoms this is an important consideration [3]. Eighteen studies
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required participants to attend a sleep clinic [14-28,30-32]. Those who spent overnight in
a sleep clinic will have more appropriately monitored process, however, change in sleep
setting may also affect results.

Investigations into other factors influencing sleep quality, including melatonin and
other hormone levels, do not fall within the scope of this review as no interventional
studies were analysed. Melatonin levels influence multiple physiological processes in-
cluding immune cell pathways [48]. As the most consistent immunological feature of
ME/CFS is reduced natural killer (NK) cell cytotoxicity, this area will benefit from addi-
tional research [49]. Dysregulation of 2-5A synthetase/RNase L antiviral pathway has been
previously linked with sleep disruption in particular changes to alpha delta sleep, however,
investigations by Van Hoof et al. did not support associations [50]. Van Hoof et al. was
not included in our analysis because that study did not have a HC group [50]. Changes
in other hormone profiles including the hypothalamic-pituitary axis (HPA) has also been
implicated in ME/CFS pathogenesis. Dysregulation of HPA also has known implications
on sleep [7].

As mentioned previously, intervention studies were not included in the scope of
this review. Majority of the intervention studies that were captured by the search terms
focused on implementing exercise or alternative sleep scheduling such as a four-hour sleep
delay on ME/CEFS patients [51,52]. Introducing these interventions at even a moderate
capacity in ME/CFS patients may result in the exacerbation of symptoms including post-
exertional malaise (PEM). Therefore careful study design to ensure patient safety must be
incorporated [53]. A review of currently available literature on these intervention studies
is yet to be conducted.

Variable results were found for sleep apnoea scores in ME/CFS patients compared
with HC. Le Bon et al. suggested that the percentage of patients with obstructive sleep
apnoea may be influenced by the cut-off selected [21]. Some ME/CFS patients with
comorbid sleep disorders have found benefits using a continuous positive airway pressure
(CPAP) machine. This includes cognitive and daytime sleepiness. This machine, however,
does not remediate the underlying fatigue [7]. A study conducted by Libman et al. has
suggested that sleep apnoea-hypopnea syndrome should not be an exclusion criterion
for ME/CEFS; it instead should be considered a potential comorbidity [54]. Including
participants with comorbid primary sleep disorders, however, makes distinguishing sleep
patterns in ME/CFS patients difficult [21].

One study although finding no significant changes in PSG recordings reported higher
fractal scaling index «1, a measure of heart rate variability during nonrapid eye movement
(non-REM) sleep (Stages 1, 2, and 3 sleep) in the a.m. sleepier ME/CFS group compared
with HC [27]. This suggests contribution of RR interval dynamics, an electrocardiogram
parameter or autonomic nervous system activity during non-REM sleep to disrupted sleep
in ME/CFS patients [27]. Additional studies have shown the potential role of cardiovas-
cular regulation in the pathomechanism of ME/CFS [27,55]. ME/CFS patients presented
with increased heart rate, and reduced heart rate variability. Orthostatic intolerance also
promoted increased symptom severity [27]. These changes may suggest that there is dys-
regulation of the autonomic nervous system in ME/CFS pathology. These findings also
demonstrate the importance of addressing whether unrefreshing sleep is a consequence
of another underlying pathology in ME/CFS patients. Due to this feature observed in
ME/CFS patients, it may be an important future consideration to further stratify patients on
the basis of having postural tachycardia syndrome (POTS) or any other form of orthostatic
intolerance [56]. This may further assist in understanding their contribution to sleep quality
in ME/CFS patients.

A report made throughout the studies was an increase in slow wave sleep. Ball et al.,
made an association of this finding with immunological changes in ME/CFS patients [16].
It was suggested that this feature may be related to the release of cytokines [16]. However,
there is insufficient evidence on the role of cytokines in ME/CFS pathomechanism [57].
Some studies also showed that there were no differences in SWS in ME/CFS patients or
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that there were only changes following sleep challenge [51,58]. These studies, however,
did not follow inclusion criteria and were not selected for review.

The 2012 study by Le Bon et al. found that there was decreased ultra-slow delta power
in ME/CFS patients compared with HC [22]. This result emphasised the importance of
looking beyond conventional EEG bands and to exercise caution when categorising sleep
EEG into discrete stages alone as some trends may be overlooked [22,33].

MSLT results were inconsistent across the studies. One out of six studies that used
MSLT reported significant disruptions in ME/CFS patients compared with HC [23]. It has
been suggested that the presence of a comorbid sleep disorder in addition to ME/CFS may
contribute to excessive daytime sleepiness [23].

A common trend in these sleep studies is that there is a discrepancy between subjective
sleep measures and objective sleep measures. This misperception was further investigated
by Shan et al., who identified that there were structural changes in the medial prefrontal
cortex that correlates with unrefreshing sleep in ME/CEFS patients [59]. Approximately 91%
of ME/CEFS patients exhibit symptoms of unrefreshing sleep [59]. This finding shows the
importance of using alternative neuroimaging techniques available to address sleep quality
impairment in ME/CFS [59]. Additionally, sleep disruption can also be explained by
additional abnormalities that have been described including brainstem reticular activation
system connectivity deficits [59,60]. A majority of the studies utilise well-established sleep
scoring tools, however, validation of some of these tools in ME/CFS populations is required.
Additionally, the use of these tools may be affected by self-report bias [61]. Further research
on the discrepancy between subjective and objective measures of sleep quality is required.

Quality Assessment

There were variable quality levels across the studies. Standard measures for clinical
evaluation were used across all studies as PSG as well as MSLT in selected studies were em-
ployed. All studies included information on ME/CFS selection criteria, however, in some
studies HC selection criteria were not provided. Item one was successfully addressed if two
or more forms of patient and HC matching is employed including age, sex and BMI/weight-
matching. A greater proportion of studies identified confounding variables and provided
methods to mitigate them. Item two which assesses whether socio-demographic charac-
teristics between ME/CFS patients and HC were appropriately matched was the least
addressed item. Recommendations for future studies include reporting and matching of
patient socio-demographics.

5. Conclusions

In the five studies that investigated MAI all studies showed an increase in this param-
eter. SOL and NREM were not significantly different between ME/CFS patients throughout
the studies. Slow- wave sleep, AHI, spectral activity, and MSLT were inconsistent across
the studies. These results require validation in future well-designed studies. Numerous
considerations for future experiments have been recommended including recruitment of
participants with more stringent ME/CFS criteria and controlling for first night effects.
Effective control of confounding variables of sleep quality including medications, change
in time zones or strenuous exercise can also be implemented to improve overall study
design. Replication of these studies in larger well-matched populations is also required.
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Abstract: Introduction: Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) is a severe
and disabling chronic disease. Grading patient’s symptom and disease severity for comparison and
therapeutic decision-making is necessary. Clinical grading that depends on patient self-report is
subject to inter-individual variability. Having more objective measures to grade and confirm clinical
grading would be desirable. Therefore, the aim of this study was to validate the clinical severity
grading that has been proposed by the authors of the ME International Consensus Criteria (ICC)
using more standardized measures like questionnaires, and objective measures such as physical
activity tracking and cardiopulmonary exercise testing. Methods and results: The clinical database of
a subspecialty ME/CFS clinic was searched for patients who had completed the SF 36 questionnaire,

worn a SensewearTM

armband for five days, and undergone a cardiopulmonary exercise test. Only
patients who completed all three investigations within 3 months from each other—to improve the
likelihood of stable disease—were included in the analysis. Two-hundred-eighty-nine patients were
analyzed: 121 were graded as mild, 98 as moderate and 70 as having severe disease. The mean (SD)
physical activity subscale of the SF-36 was 70 (11) for mild, 43 (8) for moderate and 15 (10) for severe
ME/CFS patients. The mean (SD) number of steps per day was 8235 (1004) for mild, 5195 (1231) for
moderate and 2031 (824) for severe disease. The mean (SD) percent predicted oxygen consumption at
the ventilatory threshold was 47 (11)% for mild, 38 (7)% for moderate and 30 (7)% for severe disease.
The percent peak oxygen consumption was 90 (14)% for mild, 64 (8)% for moderate and 48 (9)% for
severe disease. All comparisons were p < 0.0001. Conclusion: This study confirms the validity of
the ICC severity grading. Grading assigned by clinicians on the basis of patient self-report created
groups that differed significantly on measures of activity using the SF-36 physical function subscale
and objective measures of steps per day and exercise capacity. There was variability in function
within severity grading groups, so grading based on self-report can be strengthened by the use of
these supplementary measures.

Keywords: Sensewear ™

armband; chronic fatigue syndrome; cardiopulmonary exercise testing;
peak VO,; VO, at the ventilatory threshold; physical activity subscale; SF 36 questionnaire; disease

severity; steps
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1. Introduction

Chronic fatigue syndrome (CFS) is a potentially severe and disabling chronic disease [1-3].
The pathophysiology has not been established but there is considerable evidence that CES is associated
with multi-systemic neuropathology, metabolic, and immunological abnormalities [4-16]. In this light,
the name “myalgic encephalomyelitis” was suggested by Carruthers and colleagues, a name also
more consistent with the neurological classification of this disease in the World Health Organization’s
International Classification of Diseases (ICD G93.3) [1].

Symptom and disease severity is discussed in the clinical application section of the International
Consensus Criteria (ICC): “For a diagnosis of ME, symptom severity must result in a significant
reduction in a patient’s premorbid activity level. Mild: approximately 50% reduction in activity,
moderate: mostly housebound, severe: mostly bedbound, and very severe: bedbound and dependent
on help for physical functions” [1]. One of the ICC’s considerations was to classify patient disease
severity to increase patient group homogeneity in research. For example, we previously showed that
the use of curcumin was only favorable in less severely ill ME/CFS patients and was not effective in
severely ill ME/CFS patients [17].

History taking and clinical severity grading might be challenging because of its dependence on
the interpretation of symptomatology by the patient. Patient expression of symptoms can be influenced
by age, gender, education level, disease duration and co-morbidities like fibromyalgia, attention
deficit disorder, and depression. Adding more objective measures to confirm symptom severity and
clinical grading may be helpful. Severity grading is rarely reported in ME/CFS research and limited
information is available on objective measures linked to disease severity. Also, the proposed grading
of the ICC, which mainly focusses on the ability to perform physical activities, has not been validated.

Therefore, the aim of this study was to validate the clinical severity grading in ME/CFS, as
suggested by the ICC [1], using both a standardized questionnaire (physical activity subscale of the
SF-36 questionnaire) and two objective activity measures: a cardiopulmonary exercise test and a
physical activity tracker.

2. Materials and Methods

2.1. Patients

From October 2012 to January 2018, 714 patients visited the outpatient clinic of the Stichting
CardioZorg, Hoofddorp, the Netherlands, because of the suspicion of ME/CFS. This cardiology clinic
specializes in diagnosing and treating adults with ME/CFS. All patients were evaluated by the same
clinician (FVC). During the first visit, it was determined whether patients satisfied the criteria for CFS
and ME, taking the exclusion criteria into account. Patients were classified as having chronic fatigue,
or no chronic fatigue as defined by Fukuda and colleagues [3] and as having ME or no ME as defined
by Carruthers and colleagues [1]. Disease severity was scored according to the ICC, with severity
scored as mild, moderate, severe and very severe [1]. Very severe ME/CFS patients were not included
in this analysis as none of these patients were able to undergo a cardiopulmonary exercise test (CPET).

Of the initial 714 patients, 675 were diagnosed with ME/CFS, fulfilling criteria of both ME and CFS.
Of the remaining 39 patients, 26 did not fulfill the criteria of ME and/or CFS and 13 had an alternative
diagnosis. The records of these 675 patients were searched for the availability of a completed SF-36
questionnaire, the availability of having worn a Sensewear™ armband for five days and the availability
of results of a cardiopulmonary exercise test. Only patients who completed all three investigations
within a maximum interval of 3 months were included in the analysis. This interval was chosen to
minimize variation in disease severity. Stability of disease was confirmed by review of the patient
charts. Four hundred six patients had all three investigations. The interval for performance of the
three measures exceeded 3 months in 75 patients, who were excluded. There were no differences in
demographic data between ME/CEFS patients who were included or excluded from the study due to
the interval of the three measures (data not shown). Another 42 patients were excluded: because of

164



Healthcare 2020, 8, 273

a BMI > 37 (n = 7), because of gross under or overactivity compared to their average daily activity
(n = 15), inadequate wearing armband time (1 = 12), or motion artifacts (1 = 8) (see below). We therefore
included 289 patients in the analysis.

The study was carried out in accordance with the Declaration of Helsinki. All ME/CFS patients
gave informed, written consent. The use of clinical data for descriptive studies was approved by the
ethics committee of the Slotervaart Hospital (reference number P1450).

2.2. Sensewear™ Activity Armband

To track activity and help determine grading of disability, the Sensewear™ armband (BodyMedia,
Pittsburgh, PA, USA) was used. Patients wore the armband for approximately 5 days and were advised
to take off the armband only during showering or bathing. Furthermore they were instructed to wear
the armband if possible for a minimum of 23 h of the day. For assessing disability to guide treatment,
patients were instructed to wear the armband in an on average reasonable period of their life, without
excesses to be expected during the wearing time. From the armband data, the number of steps were
recorded and normalized to 24 h to account for information of steps from only a part of the day. After
wearing the armband patients were asked if the 5 days were “average” days. If there was a gross
over- or under-activity due to mandatory physical activities or due to severe post-exertional malaise
or current other illnesses (e.g., a viral infection), patients were excluded from the analysis. These
exclusions were decided by the clinician and reported in the patient chart. Furthermore, patients who
wore the armband less than 23 h. per day were excluded. Motion artifacts, due to horseback riding or
motor bike riding, resulting in overestimation of steps, led to exclusion.

2.3. SF-36 Questionnaire: Physical Activity Subscale

SF-36 physical activity subscale asks whether the respondent’s health limits activities ranging from
washing/clothing to walking shorter and longer distances and even strenuous running, performed
during a typical day, ranging from limited a lot, limited a little, or not limited at all. The Dutch
version of the SF-36 for physical activity [18] was used. The scores of the 10 items of the questionnaire
were transformed into a scale ranging from 0-100%, where a higher score represents better physical
condition and the lower scores worse conditions. Patients were instructed to complete questionnaires
on average days, similar to the activity tracker, in order to avoid analysis on information acquired on a
day with postexertional malaise or a good day.

2.4. Cardiopulmonary Exercise Testing

Patients underwent a symptom-limited maximal exercise test on a cycle ergometer (Excalibur,
Lode, Groningen, The Netherlands) according to a previously described protocol [19]. A more detailed
description can be found in Appendix A.

2.5. Statistical Analysis

Data were analyzed using Graphpad Prism version 8.4.2 (Graphpad software, La Jolla, CA,
USA) and using SPSS version 21 (IBM USA). All continuous data were tested for normal distribution
using the D”Agostino—Pearson omnibus normality test. Data are presented as the mean (SD) or as
median and interquartile range (IQR), where appropriate. Groups were compared using the paired or
unpaired t-test where appropriate. Categorical and distribution data were tested by Chi-square analysis
(3 X 2 table). Receiver operating curve (ROC) analysis was performed on the rand physical activity
subscale of the SF-36, the number of steps on an activity meter, on the %VT VO of the cardiopulmonary
exercise test and on the %peak VO, of the cardiopulmonary exercise test to determine optimal cut-off
values discriminating between mild and moderate and moderate and severe disease. For the analysis of
the ROC curve Graphpad Prism was used. The sensitivities and specificities for different values of the
different test measures were tabulated. This was performed separately for the mild versus moderate
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disease category as well as for the moderate versus severe disease category. This analysis resulted
in an area under the curve (AUC), by a graphical representation of sensitivity% on the y-axis and
100%- specificity%. The most optimal discriminative value was obtained by the highest value of the
multiplication of sensitivity with specificity [20,21]. Kappa’s with 95% confidence intervals were also
calculated to determine agreement between clinical severity grading and the other measures as physical
activity subscale of the SF-36, the number of steps per day, the %VT VO, of the cardiopulmonary
exercise test and on the %peak VO, of the cardiopulmonary exercise test. The 95% confidence intervals
(CI) of the Kappa values that overlap are considered equally discriminative. A Cohen’s kappa was
calculated comparing the severity grading of two clinicians to determine reliability of clinical grading
between the two. For this purpose a clinician (CMCvC) reviewed the charts of the first 162 patients.
Within group comparison was done by the ordinary one way variance of analysis (ANOVA). Where
significant, results were then explored further using the post-hoc Tukey’s test. Nominal data were
compared using the Chi-square test (in a 3 X 2 table). Within group comparison