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People with myalgic encephalomyelitis (ME; also known as chronic fatigue syndrome [CFS]) experience
a poor quality of life and high levels of disability. ME is common, affecting approximately 0.3% of the
population and, of these, up to one-in-four is either bed- or house-bound. Its core symptoms includes
post-exertional malaise (a prolonged, disabling flare of symptoms after minimal physical or mental
effort) and profound physical and/or cognitive fatigue that is unassuaged by rest (Institute of
Medicine, 2015). Most people experience ME symptoms after viral infection leading to a fear that the
SARS-CoV-2 pandemic will cause a steep rise in ME population prevalence. People with ME have no
effective diagnostic test or therapy, they report being stigmatised, and they are underserved by health
systems worldwide. Furthermore, they are not benefitting from ME research studies as these are
mostly underpowered and have not formed a clear consensus on disease aetiology. In a recent paper
in Brain Behavior and Immunity, Hajdarevic et al. (2022) perform a genome-wide association study
(GWAS; Uffelmann, et al., 2021) on ME, seeking DNA variants that explain ME risk as a first step
towards development of effective therapy.
Importantly, they found no support for many genetic variants that had previously been implicated in
ME. They concluded that all genetic studies to date have not had sufficient participants to be wellpowered to identify true associations. It was critical for Hajdarevic et al. (2022) to report such negative
findings because this should now help ME research refocus on more productive lines of enquiry
(Dibble et al., 2020). The Hajdarevic et al. (2022) study did not identify genetic associations with ME
reaching genome-wide significance (p < 5x10-8). They attribute this to two factors. First, too few ME
cases were analysed: 460 in their Norwegian discovery cohort, and 2105 in the UK Biobank replication
cohort. A larger study, such as DecodeME (25,000 intended participants; Devereux-Cooke et al., in
press), and future meta-analyses across many studies, will be needed to pinpoint and tease apart ME’s
various causal pathways. Larger participant numbers are necessary because ME’s many causal genetic
variants are each expected to make only a small contribution to risk. Second, they stated a concern
that the UK Biobank individuals were not phenotyped to the same standard as their Norwegian cohort
who nearly all passed the Canadian Consensus Criteria. Rather than applying these criteria, UK Biobank
participants were asked whether they had received a doctor’s diagnosis of chronic fatigue syndrome.
Participants who were unsure were assisted by a nurse who, if necessary, then sought further
guidance from a doctor.
Inevitably, the lack of a diagnostic test for ME introduces misdiagnosed individuals into ME cohorts.
There is interesting evidence of this in the UK Biobank. A common genetic variant strongly associated
with diagnosed Lyme disease (Strausz et al., 2022) is also modestly associated with CFS in the UK
Biobank cohort (p=2.4x10-3; Dönertaş et al., 2021). This could be explained by some UK Biobank
participants with Lyme disease being diagnosed with CFS instead. Future studies will need to be
inclusive – resulting in larger cohort sizes and greater statistical power – and also exclusive – removing
from consideration any individual lacking core symptoms of ME, especially postexertional malaise.

Hajdarevic et al. (2022) say that they have identified “several potential risk loci”. Among these, they
highlight the TPPP gene, encoding the tubulin polymerisation promoting protein. This gene contains a
rare DNA variant (~1% allele frequency in Northern Europeans) whose statistical association with ME
among their Norwegian cases is p = 8.5x10-7. This does not reach the de facto standard for achieving
robust statistical association of p < 5x10-8 and there is only very weak association among UK Biobank
CFS cases (p = 2.5x10-2). Despite remaining unproven this locus deserves further attention when
better-powered studies are performed.
In the meantime, what is known about TPPP? Hajdarevic et al. (2022) highlighted this gene’s high
expression in brain, in particular in oligodendrocytes. This gene is also expressed more widely,
including in ciliated lung and adipose cells, and only non-neurological diseases have systematically
been linked to TPPP, namely lung disease, ulcerative colitis, Barrett's oesophagus, and haemorrhoidal
disease (Mountjoy et al., 2021).
This is not the first time a rare DNA variant has been associated with ME or CFS (Dibble et al., 2020).
A variant on chromosome 10 (rs148723539) reached genome-wide significance (p = 2.3x10-9) in a 2018
analysis by Neale and co-workers (Mountjoy et al., 2021). This variant lies within the EBF3 gene yet
also could be regulating one or more of three neighbouring genes, namely MGMT, C10orf143, and
GLRX3 (Mountjoy et al., 2021). EBF3 encodes a transcription factor involved in B-cell differentiation,
bone development and neurogenesis, and is linked to variation in age at menopause; MGMT encodes
a DNA repair protein involved in cellular defence against mutagenesis and toxicity which has been
linked to variation in height and weight; C10orf143 encodes a protein of unknown function; and,
GLRX3 encodes an oxidoreductase required for haemoglobin maturation.
It needs to be stressed that such statistical associations should be treated with an abundance of
caution. Many variants with non-significant associations (p>5x10-8) will never be independently
replicated. Others, even those with p<5x10-8, may be technical artefacts, especially variants with low
population frequency (p ≤ 1% approximately). Future genetic associations involving more common
variants with even smaller p-values will be needed. For this, as Hajdarevic et al. (2022) say, ME genetics
cohorts will need to exceed current sizes. As a recent review states (Uffelmann et al., 2021) “GWAS
for most traits require large (>10,000) sample sizes to yield reproducible results. Such sample sizes
can only be generated through collaboration and data sharing agreements.”
People who live with ME should always be at the heart of ME studies because their experience will
always improve scientific quality and delivery. They can also consent for their own data to be shared
ethically in a spirit of genuine collaboration so that reproducible genetic results can be attained
sooner.
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