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Abstract

Interdisciplinary research is needed on the biomechanical and structural pathways that might explain
why people with connective tissue disorders like hypermobile Ehlers-Danlos Syndrome (hEDS) are
particularly susceptible to Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS) and
ME/CFS-like presentations of Long COVID. In particular, research is needed on the role that
disordered fascia and lymphatic system dysfunction might play in the pathophysiology of ME/CFS
and Long COVID. Research is also needed on the role that spinal conditions like craniocervical
instability and Chiari Malformation might play in obstructing outflow from the glymphatic system.
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Why the Proposed Research is Needed

While definitions (and thus prevalence estimates) of Long COVID vary, one recent meta-analysis
found the global prevalence of Long COVID among those with a COVID-19 infection to be 36% (1).
About half of the individuals with Long COVID appear to meet or substantially approximate the
criteria for ME/CFS (2). Even if these estimates were double the actual rates, the number of people
with an ME/CFS-like presentation of Long COVID would still be extremely high. Studies of the global
prevalence of ME/CFS prior to Long COVID estimated prevalence at between 0.2% and 2.8% -- a
smaller proportion but nevertheless many millions of people [3].

My coauthors and I recently published research finding that people with generalized joint
hypermobility (and especially people with extreme hypermobility) are at higher risk of Long COVID
[4]. Hypermobility is also common among people with ME/CFES. One study found that about half of
individuals with ME/CFS referred to a specialty clinic in Sweden had hypermobility, using thresholds
tied to the highest 5% for their age and gender group [5]. One in five had a diagnosis of hEDS, many
times the estimated prevalence in the general population. The same study also found a large share of
individuals had craniocervical obstructions.

While there has been some analysis of why people with hEDS may be particularly vulnerable to
ME/CEFS (see citations collected here [4]), the relationship is understudied. This is unfortunate as an
improved understanding could not only help a significant subset of the population of people
diagnosed with ME/CFS and Long COVID but also possibly generate learning that could help others.

My Experience as a Patient Caregiver

I am motivated to study the relationship of hEDS to ME/CFS by personal experience; my
daughter has been diagnosed with hEDS, ME/CEFES, and a range of other conditions. Through the
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experience of eight years of caring for her, I can attest that biomechanical and structural issues loom
large in her presentation. At 16, she required surgery for tethered cord syndrome and was scheduled
to have surgery to treat CCI and Chiari Malformation when the COVID-19 pandemic broke out. Her
bones regularly go out of place, leading to muscle spasms that appear to spread through the fascia.
Fascial tightness in the skull and around the axillary and popliteal nodes appears to be associated
with impaired lymphatic drainage, as suggested by symptoms that improve when the tightness is
alleviated and we undertake manual lymphatic drainage. These include a localized sensation of
trapped fluid and (when untreated or undertreated) systemic symptoms of increased fatigue and
overall malaise.

While it is certainly possible that these kinds of biomechanical and structural issues have little
to do with the elevated risk of ME/CFS and Long COVID among people with hEDS, this seems
unlikely to me. At a minimum, these pathways should be prominent targets for research.

Fascia-Mediated Constraints on Lymphatic Function: A Potential Contributor to
ME/CFS?

Abnormalities in the fascia of people with hEDS and Hypermobility Spectrum Disorders (HSD)
provide a potential mechanism through which these connective tissue disorders could contribute to
ME/CFS symptoms. One recent paper found “increased fascial thickness, reduced glide between
fascial planes, and altered tissue stiffness” among people with HSD/hEDS and discusses a potential
mechanism (elevated TGF-f31) through which these abnormalities could contribute to chronic fatigue
[6]. There are a number of other processes through which impaired fascia could potentially contribute
to symptoms in people with HSD/hEDS [7]. In particular, given that lymphatic vessels are located
within the fascia [8] and abnormal fascia functioning could affect lymphatic flow [9], I would
encourage exploration of the possibility that impaired lymphatic functioning contributes to ME/CFS
symptoms in people with HSD/hEDS.

One potential pathway through which impaired lymphatic function could contribute to some of
the symptoms seen in people with ME/CFS and ME/CFS-like presentations of Long COVID begins
with vascular damage and/or inflammation stemming from a virus, a systemic inflammation event
(such as a mast cell activation or ischemia/reperfusion) or exposure to an environmental irritant. This
significantly increases vascular permeability, leading to an influx of protein-rich fluid into the
interstitium [10]. If thick and disordered fascia disrupt the efficient functioning of the lymphatic
system, it may be unable to remove all the extracellular matrix (ECM) fragments produced during
vascular repair, potentially contributing to a chronic state of low-grade inflammation and endothelial
activation and dysfunction that may delay or impair the completion of the vascular repair and the
efficient removal of pro-inflammatory cytokines [9,11]. This is consistent with the findings of elevated
proteins associated with vascular repair in proteomic studies of people with ME/CFS [12]. The ECM
fragments themselves may contribute to further lymphatic dysfunction [13], as would physical
inactivity related to the patients’ illness, further reinforcing the feedback loop. Increases in vascular
filtration during physical or mental exertion could exacerbate the problem by significantly increasing
the volume of protein-rich fluid entering the interstitium and the amount of proteins needing
drainage through an impaired lymphatic system [14]. This could potentially play a role in post-
exertional symptom exacerbation and post-exertional malaise.

There may be other factors not related to connective tissue orders that contribute to lymphatic
system dysfunction. For example, researchers report that during acute vascular permeability,
fibrinogen released into the interstitium converts to fibrin which forms a gel that impedes lymphatic
drainage [15]. But what happens when that fibrin has amyloid properties, as we see with micro clots
in ME/CFS and Long COVID [16]? Could amyloid fibrin be clogging both the vascular and lymphatic
systems? Fibrin clots have been found in the pulmonary lymphatic vessels of individuals who died
following severe COVID-19 [17]. A study of 25 patients with Long COVID and 21 controls found a
greater concentration of amyloid-containing deposits in the muscles of Long COVID patients, but in
the ~2 cm muscle sections biopsied, these deposits were not located in capillaries or lymphatic vessels
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but rather next to capillaries and in the extracellular matrix between muscle fibers [17]. The deposits
increased in both controls and patients with Long COVID after exercise, which is consistent with the
hypothesis that they are present in the interstitium due to vascular filtration during exercise. This
study does not provide support for amyloid deposits clogging the observed lymphatic vessels, but
the researchers sampled only a tiny section of the vast network of lymphatic vessels, so there could
potentially be amyloid fibrin clots elsewhere in the lymphatic system. If their lymphatic systems are
impaired, the Long COVID patients may struggle to remove both amyloid fibrin deposits and other
proteins that enter the interstitium with plasma during exercise.

Significant increases in protein-rich interstitial fluid not cleared by the lymphatic system can also
contribute to the formation of subcutaneous adipose tissue in some individuals, as is believed to
happen in lipedema, which is pro-inflammatory and can become fibrotic and painful, potentially
contributing to pain and ongoing inflammation in people with ME/CFS [18,19].

Potential Contribution of the Glymphatic System to ME/CFS and Long COVID

A notable exception to the relative neglect of biomechanical pathways in the study of ME/CFS
and Long COVID is research on the glymphatic system. Several studies have found abnormal
glymphatic system dysfunction in people with Long COVID [20,21], and a recent hypothesis paper
explored the potential for glymphatic dysfunction to contribute to ME/CFS [22] symptoms. As this
research proceeds, it will be important to consider whether spinal conditions like craniocervical
instability and Chiari malformation, potentially compounded by mechanical narrowing tied to
tightness of the deep cervical fascia, could impede the removal of glymphatic fluid and drainage of
CSF through vessels passing through the craniocervical junction as first suggested here [4].
Potentially, people with these spinal conditions might not experience symptoms until the volume of
protein-rich fluid entering the interstitium (for example, in perivascular spaces, the subarachnoid
region, and the dural venous sinuses) markedly increases following vascular damage or increased
inflammation. When this occurs, congestion at the craniocervical junction may contribute to excess
glymphatic fluid build-up, which causes increases in intracranial hypertension and brainstem
compression. (A newly published article offers a different mechanical hypothesis linking spinal
abnormalities to brainstem compression in people with ME/CEFS [23]. It could be useful to integrate
these hypotheses.)

It is also possible that blockages in the lymphatic system can affect the glymphatic system more
directly. More research is needed on the connection between the two drainage systems. For example,
a recent mouse model study found that noninvasive stimulation of superficial lymphatics through
the skin doubled outflow of cerebrospinal fluid (CSF) [24].

Lymphatic Inflow and Outflow — A Potential Conceptual Framework

One way to conceptualize the relationship of the lymphatic and glymphatic systems to ME/CFS
and Long COVID is to focus on assessing the extent of, and factors contributing to: (a) excess inflow
of fluid into the interstitium and (b) impaired removal of that fluid. On the inflow side, it will be
important to understand whether and to what extent (and why) there is a large increase in the volume
of fluid entering the interstitium that overwhelms the lymphatic system of people with ME/CFS (e.g.,
due to inflammation, vascular damage, or both). There are many factors that could impair the
removal of interstitial fluid by the lymphatic system including the fascial abnormalities, ECM
fragments, fibrin gel and structural spinal disorders discussed above. Research into treatments could
consider how to staunch the inflow of fluid and improve its drainage. Manual lymphatic drainage is
one of a number of strategies for improving lymphatic flow whose efficacy could be studied [25].

Finally, research is needed on how the pathways discussed above interrelate with other disease
pathways in ME/CFS and Long COVID, such as autoantibodies and microclots.

There are many other hypotheses that could be explored, but hopefully this discussion is
sufficient to underscore the importance of conducting additional research into the role that fascial
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abnormalities and lymphatic system dysfunction play in the development of ME/CFS and Long
COVID among people with hEDS and HSD.
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Abbreviations

The following abbreviations are used in this manuscript:

CSF Cerebrospinal Fluid

ECM Extracellular matrix

hEDS Hypermobile Ehlers-Danlos Syndrome
HSD Hypermobility Spectrum Disorders

ME/CFS Myalgic Encephalomyelitis/Chronic Fatigue Syndrome
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