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Trouble concentrating. Poor memory. Difficulty
processing information. Cognitive difficulties are
among the most debilitating of CFS symptoms.
These problems, often referred to as “brain fog” 
by patients, are more than just a nuisance or 
frustrating. They can be functionally disabling 
and severely limit school or job performance, 
even contributing to school failure or loss of career
in some patients. 

Cognitive problems have been reported in as
many as 85-95% of patients, and neurocognitive
studies form a significant body of CFS research 
to date. Researchers have focused both on the
anatomy/structure of the brain and the function 
of the brain in CFS patients to determine if there
are abnormalities that might account for the
impaired cognitive function. 

Although CFS patients describe their cognitive
problems as very prominent and disabling, when

measured using objective neuropsychological 
assessment tools, the deficits detected are often
labeled as “subtle” or “not statistically significant.”1

However, statistical significance can’t be equated
with clinical significance. 

Most researchers now acknowledge that 
the central nervous system—the brain and spinal 
cord—somehow plays a role in CFS. The scientific
literature, however, is full of conflicting studies, and
the exact nature of the neurocognitive impairment
is still unclear. 

What accounts for conflicting
results?

Nancy Klimas’s article beginning on page 4 
covers the methodological factors—including 
sample size, makeup of control groups and the need
to subtype cohorts—that have plagued CFS
research. There are, however, some additional 
factors contributing to inconsistent results in 
neurocognitive research.

A standard neuropsychological test battery to
assess cognitive function isn’t used across studies,
prompting differing interpretations of test results. 

Some studies rely on rater-dependent data 
analysis techniques that could introduce bias.

Technological aspects of the studies often differ,
affecting results. SPECT cameras can range from
single- to triple-head cameras; MRI scanners can
have a field strength of either 1.5 or 3.0T.

Investigators using the SPECT technique often
use the cerebellum to normalize their data, assuming
that flow in this region of the brain is similar
between groups. Based on some reports, this may
not be the case. 

Due to technical limitations, some studies only
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have two image slices available for analysis whose
thickness is not always noted, while others are able
to analyze contiguous slices of the entire brain.

When neuroimaging studies are task-dependent,
the behavioral paradigms used to evaluate brain
function are rarely identical or even similar across
studies, so they need to be described thoroughly.

It’s also possible that we haven’t yet discovered
what area of the brain to study in CFS, or whether
the technology now available can give us the
answers we seek. 

Cognitive deficits
In spite of methodological limitations and 

conflicting studies, there are some consistent 
findings about brain function from neuropsych-
ological testing. Impairments in numerous cognitive
domains—acquiring new information, processing
information, attention, concentration, verbal mem-
ory, visual memory, reaction time and psychomotor
function—can be found in the scientific literature
on CFS. The most consistent findings, however, 
are slower reaction time, poorer performance on
complex attentional and memory tasks and slowness
in acquiring new information. This suggests that
slowed cognitive and motor speed appears to be a
basic underpinning of cognitive difficulties in
CFS.2,3

Neuroimaging study results
Investigators have used brain imaging tech-

nology to examine whether people with CFS have 
structural and/or functional abnormalities. Both
have been found. Here are some of the key findings:

Several structural MRI studies conducted in the
1990s found abnormalities in cerebral white matter,
usually small hyperintensities (bright white spots or
lesions).4 It appears that CFS patients who don’t
also have a psychiatric disorder like depression are
much more likely to have white matter abnormali-
ties than CFS patients with depression.

Three recent studies have found evidence of
cerebral atrophy. This means the brain has
decreased in size, possibly due to the death of brain
tissue. Our UMDNJ group found indirect evidence
for white matter loss,5 and two recent studies 
reported a significant reduction in cerebral gray
matter (see boxed story on this page).6,7

Numerous dynamic imaging studies have now
shown reduced cerebral blood flow, called hypoper-
fusion, in CFS patients.8,9,10,11 Reduced cerebral
blood flow has been found globally9,10,11 as well as
in the lateral frontal, lateral temporal and medial
temporal lobes.12,13 The research suggests that CFS
patients, particularly those without concurrent
psychiatric conditions, suffer from widespread
cerebral hypoperfusion.

Several studies have found abnormal brain
metabolism in CFS patients. Abnormal cerebral 
glucose metabolism,14,15 decreased acetylcarnitine
uptake10 and abnormalities in the serotonergic 
neurotransmitter system are the reported

Two Studies Find Gray Matter Reduction 
in CFS Patients

Cognitive difficulties are found in 85-95% of CFS patients. Now, cutting-edge
research from two independent international groups suggests that the volume
of gray matter in the brain is significantly decreased in CFS. This decease in
brain tissue, or cerebral atrophy, may be responsible for cognitive problems in
some people with CFS.

The most recent of the studies, conducted in 2005 in the Netherlands, used
MRI technology to measure brain volume and tissue concentration, finding
that the volume of gray matter in CFS patients was significantly decreased.6

What is especially interesting about this study is that after researchers found
structural abnormalities in a first CFS cohort, they repeated the experiment in
a second cohort of equal size and found the same results. In all, 28 patients
and 28 healthy controls were tested. The researchers, led by Floris de Lange,
report that when results from both cohorts were combined, the reduction in
gray matter tissue in CFS patients was 8%.

This echoes the 2004 findings of a Japanese research group led by Tomohisa
Okada, MD, PhD, which observed “a significant reduction in gray matter 
volume in the bilateral prefrontal areas of CFS patients.” Investigators found
an 11.8% volume reduction in the 16 CFS patients compared to the 49
healthy controls.7

Both studies used a technique called voxel-based morphometry (VBM) to
measure the results of the brain scan. Unlike assessment techniques that rely
on human observers and rating scales, VBM is an automated procedure that
provides unbiased results. While gray matter reduction was found in both stud-
ies using VBM, neither study found white matter abnormalities.

Although we don’t know if the observed cerebral atrophy is a cause of CFS 
or a consequence, these findings are alarming some members of the CFS
patient community, who are concerned about “brain damage.” It’s important to
note that the studies are small and need to be replicated by other researchers
before definite conclusions can be made. And even if the results are con-
firmed by future investigators, the brain has a remarkable ability to adapt and
to “rewire” itself in compensatory ways. Research shows that people with CFS
may use more extensive regions of the brain to process tasks and information,
perhaps compensating for deficits in specific areas of the brain. There are
rehabilitative techniques patients can employ to help with cognitive problems.
(See pages 48-59 for more on treatment.)
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findings.16,17

Our UMDNJ research team used BOLD fMRI in
a 2005 study which found that CFS patients are able
to process challenging information, but they utilize
more extensive cerebral networks and have to exert
greater effort to process auditory information. Brain
activation in CFS, particularly in patients without
concurrent psychiatric illness, is significantly more
diffuse than normal.  

A 2005 study found that
30% of CFS patients had
higher protein levels and/or
white blood cell counts in
spinal fluid than normal.18

CFS patients without
depression or other 
psychiatric comorbidity
were more likely to have
abnormal spinal fluid, 
suggesting that this subset 
of patients may suffer from
central nervous system
immune dysfunction.

Due to work from our research group and many
others, it appears that CFS patients who don’t have
a concurrent psychiatric 
disorder are the ones with the most severe cognitive
difficulties and the most pronounced abnormalities
in neuroimaging studies. This suggests subtyping
CFS cohorts by the presence or absence of 
depression and other psychiatric disorders may 
be very useful in subsequent studies.

What can we say for sure?
We know CFS patients, especially those 

without concurrent psychiatric illnesses, are 
generally slower mentally as well as motorically, 
but often not to a “statistically significant” degree.
This slowness can impact higher cognitive 
functions, such as memory and executive function. 

What we don’t know is what causes the slowed
latencies observed in CFS patients. Hypotheses
abound. Some investigators claim that an infectious
process may be responsible, while others suggest 
cardiovascular problems may be at the root of the
cognitive problems. Could the reduced cerebral
blood flow found in CFS be linked to the cerebral
atrophy and cognitive problems found in some
patients? We don’t know at this point whether the
brain abnormalities observed are caused by under-
lying immunological or physiological processes or

whether these neurological problems are the cause
of other abnormalities observed in CFS.

In my opinion, it’s premature to conclusively
point to specific brain abnormalities, whether of a
structural or functional nature. Better characteriza-
tion of study samples and imaging protocols, as well
as replicating and combining different techniques, 
is necessary before we can be conclusive about brain
abnormalities in CFS and the role the central 
nervous system plays in this illness.  ■
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Will Technology Reveal the Answer?

New neuroimaging techniques are revealing more and more about CFS.
The integrity of the brain in CFS patients is being evaluated using both static
and dynamic imaging tools. There is hope that utilizing a combination of these
tools under strict study protocols may someday give us conclusive answers
about the role of the brain in CFS.

MRI, magnetic resonance imaging, is the static technique most often used 
in CFS. It’s used to detect brain lesions, the presence of
white and gray matter abnormalities and decreases in brain
volume.

fMRI, functional MRI, a newer dynamic technique, is used
to assess the functional integrity of the brain in CFS
patients.

BOLD fMRI, blood oxygen level dependent functional MRI, 
is not invasive since no radioligands are involved, so 
task-related activity can be imaged multiple times.

SPECT, single photon emission computed tomography, is a
dynamic technique used to measure global and regional
cerebral blood flow either at a resting state or during task
performance.

PET, positron emission tomography, has been used to 
provide data on cerebral blood flow and metabolism in CFS.

H-MRS, proton magnetic spectroscopy, is used to assess the concentration 
of brain metabolites in CFS patients.

VBM, voxel-based morphometry, is a technique for computational analysis 
of differences in global and local gray and white matter volume from MRI
images. Unlike many morphological assessment tools, which require human
observers and subjective ratings, VBM is fully automated, so results are more
objective.
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