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Abstract.
BACKGROUND: Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS) is a debilitating, chronic, multisystem
disease that affects an estimated 1 to 2.5 million Americans. It has no widely accepted biomarkers and no FDA-approved
treatment. ME/CFS has traditionally been one of the lowest funded diseases by the United States National Institutes of Health
(NIH).
OBJECTIVES: We provide here an update to our 2016 article, which estimated the disease burden of ME/CFS in the United
States in 2013 and its relation to NIH’s 2015 analysis of research funding and disease burden. This update incorporates more
recent burden data from 2015 and funding data from 2017.
METHODS: We perform a regression analysis on funding versus disease burden to determine 2017 funding levels that would
be commensurate with burden. Burden figures for 2017 are estimated using population-based extrapolations of earlier data.
RESULTS: We find the disease burden of ME/CFS is double that of HIV/AIDS and over half that of breast cancer. We also
find that ME/CFS is more underfunded with respect to burden than any disease in NIH’s analysis of funding and disease
burden, with ME/CFS receiving roughly 7% of that commensurate with disease burden.
CONCLUSIONS: To be commensurate with disease burden, NIH funding would need to increase roughly 14-fold.
Keywords: Chronic Fatigue Syndrome, disease burden, burden-commensurate funding

1. Introduction
Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS) is a debilitating, complex, chronic
disease that affects 1 to 2.5 million Americans of all
ages, genders, races, and socioeconomic groups. As
the National Academy of Medicine concluded [1],
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patients experience a range of symptoms including
sleep abnormalities, cognitive impairment, orthostatic intolerance, pain, flu-like symptoms, substantial impairment in functioning accompanied by
fatigue, and the hallmark post-exertional malaise in
which even small amounts of physical, mental, or
emotional exertion cause an exacerbation of symptoms and further reduction in functioning. Research
has demonstrated impairment in the immune, neurological, energy metabolism, and autonomic systems.
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The cause of the disease is unknown, although in
many cases, onset follows an infection. There are no
FDA-approved treatments.
ME/CFS is more debilitating than many chronic
diseases including multiple sclerosis, chronic renal
failure, lung cancer, stroke, and type-2 diabetes [1,
2]. As many as 75% of patients are unable to work
[3, 4] and an estimated 25–29% are homebound or
bedbound [1]. In fact, a study by Pendergrast, et al. [5]
that examined patients’ functional status found that
only 16% of patients were working part or full time.
As a result, ME/CFS costs the US economy $18–24
billion a year in lost productivity and medical costs [1,
6]. Recovery is rare, estimated at 5%, leaving patients
ill for years or decades [7].
In spite of this level of debility, less than one-third
of medical schools include ME/CFS in their core curricula [1, 8, 9], and the clinical guidance used by
medical providers in practice includes treatments that
are outdated, inappropriate, and potentially harmful
[10, 11]. It is estimated that there are fewer than
two dozen nationally recognized ME/CFS specialists
in the entire country [12]. Patients struggle to find
doctors willing and able to care for them. The US
Centers for Disease Control and Prevention (CDC)
has referred to ME/CFS as America’s Hidden Health
Crisis [13]. This crisis in care is accompanied by a
remarkably low level of research funding.
In 2016, NIH published a report evaluating the
extent to which its funding decisions reflected the
burden of disease [14]. This analysis included 68
diseases but did not include ME/CFS. The disease
burden was estimated using the Disability Adjusted
Life Year (DALY), a measure that estimates the number of years lost due to an illness. The DALY was
developed by the World Health Organization [15] and
has been used by the NIH to compare its allocation
of funding across selected diseases. The DALY folds
prevalence, morbidity (the extent of disability), and
mortality (the rate and prematureness of death) into
a single measure that represents the sum of the years
lost due to disability (YLD) and the years lost due
to death (YLL); it can therefore be used to compare
impacts of primarily disabling diseases with those of
primarily deadly diseases.
Rockey and Wolinetz [16] noted that in addition
to disease burden, NIH’s funding decisions also consider scientific merit, scientific opportunity, portfolio
balance, and budgetary considerations. One would
expect that disease burden would weigh heavily
amongst these factors to ensure that the most burdensome diseases received an equitable share of funding.

Yet, as pointed out by Carolyn Johnson, the NIH funding for AIDS in 2015 was $3.1B while the funding
for a deadly lung disease with six times the disease burden (chronic obstructive pulmonary disease,
(COPD)) was 26-fold less at $118M [17]. Noting the
association between COPD and smoking, Claiborne
Johnston, dean of the Dell Medical School in Austin,
Texas, stated “we tend to underfund things where we
blame the victim.” [17]. Unfortunately, ME/CFS has
been similarly stigmatized. As a result, between 1995
and 2014, NIH funding for ME/CFS averaged just
$5M a year, placing it near the bottom of diseases
funded [18].
In our earlier journal article [19], we estimated the
ME/CFS DALY as a measure of the burden of disease
in the United States for 2013. We then compared that
and NIH’s research funding for ME/CFS to the data
used by NIH in its 2015 analysis of disease burden and
funding [16]. To calculate the ME/CFS DALY, the
2016 paper used the most commonly accepted adult
prevalence of 0.42% from the 1999 study of Jason,
et al. [20], and added to that a pediatric (ages 13–17)
prevalence of 0.181% from the 2006 study of Jordan,
et al. [21]. The calculation of morbidity involves computing a disability weight, a number ranging from 0
(not disabling) to 1 (fully disabling). We used a disability weight value of 0.46, based on work done in
Australia [22] and Denmark [2].
Our mortality estimate was based on cohorts of
Bateman, et al. [23], Jason, et al. [24] and McManimen, et al. [25], which demonstrated increased
mortality due to higher incidence of cancer, heart
disease and suicide. The resulting ME/CFS DALY
of 0.714 million (for the year 2013) consisted of a
morbidity component of 0.488 million and a mortality component of 0.226 million. As noted in the
2016 paper, there are significant limitations with the
evidence base for ME/CFS, including particularly the
lack of robust studies of prevalence and the paucity of
research into the mortality and morbidity of ME/CFS.
Thus, the resulting DALY estimate should be considered preliminary but nonetheless instructive.
This new study reported herein is an update to our
2016 journal article [19]. We utilize 2015 disease burden figures and 2017 funding information provided
by NIH.

2. Burden comparison across diseases
We compare the disease burden of ME/CFS in the
United States to the other diseases in NIH’s analysis.
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Fig. 1. The US disease burden of ME/CFS relative to that of wellknown, impactful diseases.

We use 2015 disease burden data provided by NIH
[26] for diseases other than ME/CFS. The estimate
for ME/CFS disease burden provided by Dimmock,
et al. [19] is scaled to reflect the growth in the US
population between 2013 and 2015. This is a reasonable approximation since in that timeframe, no
ME/CFS treatments were introduced that might have
had a noticeable effect on disease burden.
Figure 1 shows the disease burden, measured in
DALY, of various well-known, serious diseases. The
disease burden of ME/CFS is seen to be double that
of HIV/AIDS and over half that of breast cancer.
This illustrates that ME/CFS impacts Americans to
an extent comparable to that of other major diseases.

3. Research funding by the National
Institutes of Health
We now examine NIH funding of ME/CFS, as
compared to that of other diseases. We use disease
burden as a measure, as more highly burdensome diseases would reasonably be expected to be more highly
funded, and vice-versa. We use research funding data
for the year 2017. Since burden data for 2017 has not
yet been provided by NIH, we estimate 2017 disease
burden by extrapolating from earlier years based on
population growth. Specifically, the ME/CFS burden
figure uses the results of Dimmock, et al. [19], and
burden figures for other diseases use the 2015 DALY
data provided by NIH [26]. For example, between
2013 and 2017 the US population increased by about
2.62%, so we estimate the 2017 ME/CFS DALY by
multiplying the 2013 value of 0.714M by 1.0262 to
get 0.733M.
Figure 2 contains a power law regression analysis of NIH funding versus US disease burden. Each
blue point represents an NIH-funded disease, with
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Fig. 2. NIH funding versus US burden of disease.

the horizontal axis measuring burden (in DALYs)
and the vertical axis measuring funding. Each axis
is plotted on a logarithmic scale in order to represent figures varying over several orders of magnitude.
Hence, the spacing between tick marks represents
a uniform factor rather than a uniform difference.
Furthermore, the resulting power law fit to the data
(shown in green) presents itself as a straight line using
this double logarithmic scale. Points above the green
line may be construed to be overfunded, and those
below underfunded. Because of the logarithmic scale,
the vertical distance between two points is in effect
a difference in logarithms, which is the logarithm of
the quotient of the respective values. Hence, two diseases whose points are the same distance below the
green line are equally underfunded percentagewise.
The red A and F represent actual and burdencommensurate ME/CFS funding, respectively. We
see that ME/CFS funding needs to be increased
roughly 14-fold to be commensurate with its disease
burden.
Figure 3 compares ME/CFS funding to that of
similarly burdensome diseases. For this purpose, we
consider the nine NIH-provided diseases whose burden is closest to but less than that of ME/CFS, and the
nine diseases whose burden is closest to and greater
than that of ME/CFS. Note that the vertical scale is
logarithmic, so that those diseases closest (in funding) to ME/CFS actually receive almost 10 times as
much funding, and many others receive more.
Figures 4 and 5 plot the ratio of actual funding
to burden-commensurate funding (the green line in
Fig. 2). We see that ME/CFS is the lowest funded
of all diseases, at 7.3% of the burden-commensurate
amount. That is, ME/CFS is the most underfunded
disease relative to disease burden among the diseases
whose burden and funding information are provided
by NIH. Figure 4 is limited to underfunded diseases

280

A.A. Mirin et al. / The relation between ME/CFS disease burden and research funding in the USA
Table 1
Comparison of actual NIH funding of ME/CFS relative to
burden-commensurate funding in 2013 and 2017
Actual ME/CFS funding ($M)
Funding commensurate with disease burden ($M)
Commensurate minus actual ($M)

Fig. 3. ME/CFS funding versus that of similarly burdensome diseases.

2013

2017

5
188
183

15
203
188

Table 1 examines ME/CFS funding in years 2013
and 2017. The 2013 burden-commensurate value is
from Dimmock, et al. [19]. Despite the approximate tripling of ME/CFS funding during that period
(largely due to the enactment of three Collaborative Research Centers and a Data Management
Coordinating Center [27]), the shortfall relative
to burden-commensurate funding actually increases
by $5 million.

4. Limitations

Fig. 4. Ratio of actual to burden-commensurate funding of underfunded diseases.

As noted above, the limitations of the 2016 paper
included particularly the lack of robust studies of
prevalence and the paucity of research into the mortality and morbidity of ME/CFS. These limitations
still exist in this paper, as no additional research has
been done to accurately estimate prevalence, mortality, morbidity, or the likely duration in years of
ME/CFS.

5. Conclusions

Fig. 5. Ratio of actual to burden-commensurate funding of all
diseases for which data is provided.

and enables use of a linear scale. Figure 5 covers all
diseases and necessarily must use a logarithmic scale
for representation purposes. We note that HIV/AIDS
receives roughly 14 times as much funding as its
burden-commensurate value.

We have compared the disease burden of ME/CFS
to that of other diseases and shown that ME/CFS is
highly impactful, with a 2015 burden double that
of HIV/AIDS and over half that of breast cancer.
This high burden is due largely to the very low
quality-of-life experienced by people with ME/CFS,
with many having been very highly debilitated for
decades.
We have compared 2017 ME/CFS funding by NIH
to that of the other diseases where NIH has provided
both funding and burden information. We find that
among these diseases, ME/CFS has the lowest 2017
funding relative to disease burden and would need to
incur a 14-fold increase for its funding to be commensurate with burden.
This analysis provides an initial estimate of DALY
for ME/CFS and hence an initial estimate of the
impact of ME/CFS relative to other diseases along
with the level of NIH support needed for ME/CFS
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funding to be commensurate with disease burden.
The extent of limitations, reported in depth in our
2016 article and summarized herein, underscores the
need for a significant ramp-up of research efforts on
many fronts, including, for example, searching for
biological markers to achieve a better understanding
of the disease and its impact and natural history. Also
needed are improved tracking and coding practices
to better estimate factors such as prevalence, level of
disability, and premature mortality.
At the April 2019 NIH-sponsored “Accelerating Research on ME/CFS” Conference, leading
researchers echoed the sentiment that the science
is indeed ready and that funding must be increased
now [28]. While NIH has increased its funding and
provided funding for three Collaborative Research
Centers, ME/CFS remains the lowest funded disease
when compared to disease burden among those where
NIH has provided both disease burden and funding
information. Further, as documented by Spotila [29],
the establishment of the Collaborative Research Centers corresponded with a decrease in the number of
investigator-initiated grants submitted. This is a worrisome trend that is unlikely to be quickly addressed
without disease-specific funding opportunities for
ME/CFS, including those with set-aside funding to
overcome stigma and encourage researchers to enter
the field.
In spite of ME/CFS being investigated by NIH and
CDC for well over 30 years, little progress has been
made on developing diagnostics and treatments, in
large part because the research funding provided by
the NIH has fallen far short of that which NIH has
provided to other diseases of comparable disease burden. To incentivize researchers to enter the field and
to accelerate delivery of diagnostics and treatments
for people with ME/CFS, NIH will need to substantially ramp up its financial commitment to ME/CFS
research. It is time that NIH treat ME/CFS with the
urgency that it deserves.
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