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ABSTRACT

ARTICLE HISTORY

Background: Chronic fatigue syndrome (CFS) and fibromyalgia (FM)
frequently have overlapping symptoms, leading to the suggestion
that the same disease processes may underpin the two disorders
– the unitary hypothesis. However, studies investigating the two
disorders have reported substantial clinical and/or biological
differences between them, suggesting distinct pathophysiological
underpinnings.
Purpose: The purpose of this study was to further add to the body
of evidence favoring different disease processes in CFS and FM by
comparing ventricular cerebrospinal fluid lactate levels among
patients with CFS alone, FM alone, overlapping CFS and FM
symptoms, and healthy control subjects.
Methods: Ventricular lactate was assessed in vivo with proton
magnetic resonance spectroscopic imaging (1H MRSI) with the
results normed across the two studies in which the data were
collected.
Results: Mean CSF lactate levels in CFS, FM and CFS + FM did not
differ among the three groups, but were all significantly higher
than the mean values for control subjects.
Conclusion: While patients with CFS, FM and comorbid CFS and FM
can be differentiated from healthy subjects based on measures of
CFS lactate, this neuroimaging outcome measure is not a viable
biomarker for differentiating CFS from FM or from patients in
whom symptoms of the two disorders overlap.
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Chronic fatigue syndrome (CFS) and Fibromyalgia (FM) are medically unexplained illnesses
which often co-occur [1]. Because the two illnesses can have features in common, some [2,
3] have suggested that they are essentially the same illness with FM patients reporting
more problems with pain and CFS patients more problems with fatigue. We have
termed this the ‘single syndrome’ hypothesis [1].
The existence of separate criteria for diagnosis of each of these disorders allows one to
test the hypothesis that the two illnesses are the same or different. Finding similar
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biological changes in both illnesses would argue for commonality, or at least a shared
pathophysiological marker, while finding differences would argue for different pathophysiological underpinnings for each illness. In a series of studies, we have looked across a
number of physiological variables and have found differences between the two illnesses
in sleep pattern [4], rates of sleep pathology [5], cardiovascular response to exercise [6] and
in the dopaminergic response to a tryptophan probe [7]. In several studies, we have
reported that cerebral lactate is elevated in CFS [8, 9]; recently we have extended that
work and have found that patients with FM alone and those with CFS plus FM have
elevations of ventricular lactate which differ significantly from healthy volunteers [10].
The purpose of this study was to extend that observation to include patients with CFS
only in order to allow a comparison across these three diagnostic groups – CFS alone,
FM alone and CFS + FM.

Methods
The subjects were patients with FM only, CFS only or CFS plus FM. FM only patients fulfilled
the 1990 case definition [11] and reported over 3 months of widespread pain and had at
least 11 of 18 tender points when pressed with 4 kg of force. CFS only patients fulfilled the
1994 CDC case definition [12] as modified by our Center as follows: Patients had to report
having new onset of fatigue lasting at least 6 months and severe enough to produce a
substantial or greater decrease in activity in either work, school, personal or social
spheres where substantial was defined as a 3 on a 0 to 5 visual analog scale (1 was
mild reduction and 5 very severe reduction). In addition, patients had to report having
at least a substantial burden (again at least a 3 on the 0 to 5 scale) from four or more
of the following symptoms: sore throat; tender glands; headache; myalgia; arthralgia;
brain fog; unrefreshing sleep or syndromic worsening following minimal exertion. Patients
with CFS plus FM fulfilled both case definitions while those with CFS only did not fulfill criteria for the diagnosis of FM and those with FM only did not fulfill criteria for CFS.
Patients with FM only or CFS plus FM were drawn from a population whose results have
already been reported [10]. These patients had participated in a double blind, placebo
controlled trial of milnacipran and, while medications from a range of class of drugs
were allowed, SNRIs were not allowed (cohort 1). An additional group of patients with
CFS only or CFS plus FM, taking no brain-active medications, also participated (cohort
2). In addition, subjects for both cohorts included healthy people, who were age and
sex matched to the patients and did not exercise regularly.

Protocol for ventricular lactate measurements by 1H MRSI
All neuroimaging studies were conducted on a research-dedicated, multinuclear General
Electric 3.0 T EXCITE MR system at the Citigroup Biomedical Imaging Center of Weill Cornell
Medical College.
In vivo levels of ventricular lactate were obtained in all subjects with a standard quadrature single-channel head coil using a multislice 1H MRSI technique [13], as fully described
previously [8, 10]. The lactate level data presented in this study are the mean values of the
peak areas obtained for all voxels within the ventricular space. For normalization of levels
across subjects, the lactate peak areas were expressed in institutional units (i.u.) as ratios
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relative to the root-mean-square (rms) of the background noise in each spectrum – an
approach that we have used previously in a number of studies [8, 14, 15].

Statistical methods
Variables were evaluated for normality of distribution. Since values of ventricular lactate
had been acquired using two different neuroimaging methods [n = 40 and N = 34 respectively; total = 74 subjects], values from each cohort were converted to z-scores and combined into a single dependent variable of standardized values [16]. Since there were no
male controls, male patients (N = 13) were excluded from the analysis (Data from these
men did not exhibit significantly different ventricular lactate scores from the women
patient participants, when controlling for age and BMI (p > .05). In a general linear
model (GLM), the ‘patient status’ variable was used as a categorical variable [healthy volunteers (n = 29), CFS alone (n = 17), FM alone (n = 7), CFS + FM combined (n = 21)] and covariates included age and body mass index (BMI). When results of this analysis were
significant, post-hoc GLMs were computed to allow paired comparisons to be made
using the same covariates.
To evaluate the effects of BMI across diagnostic groups, the group × BMI interaction was
examined in a factorial design with z-score ventricular lactate as the dependent variable
and age as a covariate. To correct for the three potential post-hoc comparison (CFS
versus HV, FM versus HV and CFS + FM versus HV), significance was set at p ≤ .016, twotailed. Data are presented as means with standard errors in parentheses.

Figure 1. Mean and standard errors for z-score converted ventricular lactate values for controls,
patients with CFS alone, FM alone and CFS plus FM. Asterisks indicate (p < .016) significant differences
of patient groups from healthy controls.
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Figure 2. Relation between BMI and z-score converted ventricular lactate values of all study subjects
combined [BMI [F(1,68) = 11.85; p = .001] where an increase in BMI was associated with increased lactate,
adjusted for age and diagnostic group].

Results
Variables were normally distributed. There was an overall group effect for z-score ventricular lactate for diagnostic group [F(3,68) = 7.59; p = .0002; partial η 2 = 0.25, see Figure 1].
The model was adjusted for age [F(1,68) = 0.99; p = .32] and BMI [F(1,68) = 11.85; p = .001]
where an increase in BMI was associated with increased lactate (Figure 2). Univariate
post-hoc testing covarying for age and BMI revealed that patients with CFS alone exhibited
higher levels of z-score ventricular lactate [N = 17, mean (SE) = 0.47 (0.17)] compared to
healthy volunteers [N = 29, mean (SE) = −0.53 (0.13); F(1,42) = 18.66; p = .00009]. Similar
effects, adjusting for age and BMI, were observed for FM alone patients [N = 7, mean
(SE) = −0.04 (0.16); F(1,32) = 7.08; p = .012] and patients with CFS and FM [N = 21, mean
(SE) = 0.27 (0.12); F(1,46) = 6.56; p = .00004].
There were no significant differences for z-score converted ventricular lactate among
the illness groups. Effects were unchanged by exclusion of a CFS outlier > 3 standard deviations from the mean. Although BMI directly predicted z-lactate (Pearson’s r = 0.37; N = 74;
p = .001; see Figure 2) the group × BMI interaction was not significant, indicating no significant difference in the z-lactate increases for increases in BMI across the three diagnostic
groups.

Discussion
Relative to healthy controls, ventricular lactate is elevated to the same degree for patients
with CFS alone, FM alone and CFS plus FM. While elevations in this variable could be used as
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biological markers of syndromes characterized by medically unexplained pain or fatigue,
they cannot be used to differentiate CFS from FM. However, the existence of elevations
in ventricular lactate in both illnesses suggests a problem in brain-related mitochondrial
metabolism. Accumulations of ventricular lactate can be assumed to occur when aerobic
metabolism is impaired. Pyruvate generated by anaerobic metabolism of glucose is not
aerobically metabolized and is converted to lactate by lactate dehydrogenase [14]. Since
elevations in lactate may reflect a down-stream effect of areas of anaerobic metabolism
or a result of central neuro-inflammation, finding elevations do not necessarily mean that
the mechanism for the lactate elevations is the same for CFS [9], where oxidative stress
has been invoked, as for FM. Further research will be needed to answer this question.
Regardless, finding similar levels of ventricular lactate for CFS, CFS plus FM and FM is
additional support for the single syndrome hypothesis. Although further research is
needed to determine if CFS and FM are different illnesses or variants of the same pathophysiological process, ventricular lactate could certainly serve as a biological marker of
underlying brain dysfunction for some patients with either or both diagnoses.
In summary, this is the first report, to our knowledge, that included, using standardized
scores, three patient groups – CFS, FM and CFS plus FM – and demonstrated that each of
the three groups separated from healthy volunteers but did not separate from each other.
Moreover, this is the first biomarker we are aware of that identifies a biological comorbidity
shared by both CFS and FM. Limitations include that all subjects in the analysis were
females, but male values did not differ from females. Moreover, in order to obtain the
current results, two cohorts were combined but standardized scores, which normalize
both mean and variance, were used to combine the data [16]. Further studies are required
to elucidate the pathophysiology of the FM-CFS spectrum.

Disclosure statement
No potential conflict of interest was reported by the authors.

Funding
This research was supported by NIH grant NS-075653 and funds from Forest Laboratories to BHN.

Notes on contributors
Dr Natelson is a Professor of Neurology at the Icahn School of Medicine at Mount Sinai with a laboratory located at Mount Sinai Beth Israel. He has been studying chronic fatigue syndrome and fibromyalgia for over 20 years as well as providing care for patients with these illnesses.
Diana Vu is the senior study coordinator of Dr Natelson’s Pain & Fatigue Study Center.
Dr Jeremy Coplan is a Professor of Psychiatry at the State University of New York Downstate Medical
Center, has reported on patients with Anxiety, Joint Laxity, Pain Disorders, Immune Conditions and
Mood Disorders. These illnesses have been collectively coined with the acronym ALPIM, a group
which includes fibromyalgia.
Ms Xiangling Mao is a researcher in Radiology at Weill Cornell Medicine. She is a computer scientist
with extensive experience developing computer software packages for processing, analyzing and
displaying various neuroimaging data.
Michelle Blate is an advanced practice nurse in Dr Natelson’s Pain & Fatigue Study Center.

6

B. H. NATELSON ET AL.

Dr Guoxin Kang is a researcher in Radiology at Weill Cornell Medicine. He is an electrophysiologist
and fully versed in quantitative and statistical sciences.
Dr Eliezer Soto is an expert at pain management.
Dr Tolga Kapusuz, Assistant Professor at Maimonides Medical Center, is a Pain Specialist and
Anesthesiologist. He has been providing care for chronic fatigue syndrome and fibromyalgia patients
for over 14 years.
Dr Dikoma C. Shungu is a Professor of Physics in Radiology, and Chief of the Laboratory for
Advanced MR Spectroscopy Research at Weill Cornell Medicine. He is a versatile MR spectroscopist/physicist and an accomplished computer and pulse sequence programmer, with more than
two decades of experience developing and applying MR spectroscopy and imaging methods in biomedical, biophysical, chemical and biochemical research. He has conducted neuroimaging studies in
CFS and fibromyalgia that have advanced understanding of these disorders.

References
[1] Ciccone DS, Natelson BH. Comorbid illness in the chronic fatigue syndrome: a test of the single
syndrome hypothesis. Psychosom Med. 2003;62(2):268–275.
[2] Barsky AJ, Borus JF. Functional somatic syndromes. Ann Intern Med. 1999;130(11):910–921.
[3] Geisser ME, Strader Donnell C, Petzke F, et al. Comorbid somatic symptoms and functional
status in patients with fibromyalgia and chronic fatigue syndrome: sensory amplification as a
common mechanism. Psychosomatics. 2008;49(3):235–242.
[4] Kishi A, Natelson BH, Togo F, et al. Sleep-stage dynamics in patients with chronic fatigue syndrome with or without fibromyalgia. Sleep. 2011;34(11):1551–1560.
[5] Pejovic S, Natelson BH, Basta M, et al. Chronic fatigue syndrome and fibromyalgia in diagnosed
sleep disorders: a further test of the ‘unitary’ hypothesis. BMC Neurol. 2015;15:53. doi:10.1186/
s12883-015-0308-2.
[6] Cook DB, Stegner AJ, Nagelkirk PR, et al. Responses to exercise differ for chronic fatigue syndrome patients with fibromyalgia. Med Sci Sports Exerc. 2012;44(6):1186–1193.
[7] Weaver SA, Janal MN, Aktan N, et al. Sex differences in plasma prolactin response to tryptophan
in chronic fatigue syndrome patients with and without comorbid fibromyalgia. J Womens
Health (Larchmt.). 2010;3:6–11.
[8] Mathew SJ, Mao X, Keegan KA, et al. Ventricular cerebrospinal fluid lactate is increased in
chronic fatigue syndrome compared with generalized anxiety disorder: an in vivo 3.0 T (1)H
MRS imaging study. NMR Biomed. 2009;22(3):251–258.
[9] Shungu DC, Weiduschat N, Murrough JW, et al. Increased ventricular lactate in chronic fatigue
syndrome. III. Relationships to cortical glutathione and clinical symptoms implicate oxidative
stress in disorder pathophysiology. NMR Biomed. 2012;25(9):1073–1087.
[10] Natelson BH, Vu D, Mao X, et al. Effect of Milnacipran treatment on ventricular lactate in fibromyalgia: a randomized, double-blind, placebo-controlled trial. J Pain. 2015;16(11):1211–1219.
[11] Wolfe F, Smythe HA, Yunus MB, et al. The American college of rheumatology 1990 criteria for
the classification of fibromyalgia: report of the multicenter criteria committee. Arthritis Rheum.
1990;33:160–172.
[12] Fukuda K, Straus SE, Hickie I, et al. The chronic fatigue syndrome: a comprehensive approach to
its definition and study. Ann Intern Med. 1994;121(12):953–959.
[13] Duyn JH, Gillen J, Sobering G, et al. Multisection proton MR spectroscopic imaging of the brain.
Radiology. 1993;188(1):277–282.
[14] Kaufmann P, Shungu DC, Sano MC, et al. Cerebral lactic acidosis correlates with neurological
impairment in MELAS. Neurology. 2004;62(8):1297–1302.
[15] Weiduschat N, Kaufmann P, Mao X, et al. Cerebral metabolic abnormalities in A3243G mitochondrial DNA mutation carriers. Neurology. 2014;82(9):798–805.
[16] Coplan JD, Fathy HM, Abdallah CG, et al. Reduced hippocampal N-acetyl-aspartate (NAA) as a
biomarker for overweight. NeuroImage: Clin. 2014;4:326–335.

