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Introduction 
 
Chronic fatigue syndrome (CFS) is an illness that affects quality of life of both civilian and 
military populations.  However, the diagnosis of CFS is difficult to make because of the absence 
of specific biomedical markers.  Thus, the diagnosis depends primarily on determining whether 
subjective information provided by the patient meets the clinical case definition of the syndrome. 
 The purpose of this study is to determine whether the central nervous system signals of CFS 
patients for performing fatigue and non-fatigue motor activities are impaired compared to the 
signals of healthy volunteers.  It is hypothesized that the CNS signals of CFS patients will 
significantly differ from those of healthy controls.  It is expected that at least one or more 
measurements made by this study will serve as “biological markers” for more objective 
diagnoses of CFS. 
 

Body 
 
This report covers the work of the entire duration of the study.  We have had a total of 11 peer-
reviewed articles either published (7) in, are in press (2) in, or have been accepted (2) by high-
quality scientific or clinical journals (see below for the list of the references).  Another 
manuscript reporting changes of brain signal source locations in chronic fatigue patients is under 
preparation and we plan to submit this manuscript early next year (see the publication #12 in the 
Reference below).  These studies were either supported solely by this grant or were jointly 
supported by this grant and other awards (mainly from NIH).  Further analyses of data collected 
in the past four years are still ongoing and more publications are expected in the future.   
 

Key Research Accomplishments 
 
I. Twelve manuscripts have been published or will be published soon in high-quality 

clinical and scientific journals (see References). 
 
II. Twelve presentations related to the topic of this study have been made at regional, 

national, and international scientific conferences 
 

Reportable Outcomes 
  
I. Motor performance of the CFS patients was poorer than the controls [3]. 
  
II. Relative power of EEG theta frequency band (4-8 Hz) during performing a non-fatigue 

(NFT) and fatigue (FT) task was significantly greater in the CFS than control group [3]. 
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III. The amplitude of negative potential (NP), a major component of EEG-derived 
movement-related cortical potential for the combined NFT and FT tasks was higher in the 
CFS than control group [3].   

 
IV. Within the CFS group, the NP was greater for the FT than NFT task, whereas no such 

difference between the two tasks was found in the control group [3]. 
 
V. Compared to healthy individuals, the EEG source of the CFS patients shifted towards 

anterior-inferior location of the brain during the fatigue task [12]. 
 
VI. The source strength was different between the CFS and control groups during both the 

fatigue and non-fatigue tasks [12]. 
 
VII. In healthy humans, physical activity-induced fatigue occurs mainly in the muscle; there is 

little fatigue in the central nervous system [1,5,11]. 
 
VIII. Developed methods to quantify physiological connection among brain regions [6] and 

between the brain and muscle [8]. 
 
IX. Developed methods to quantify brain white matter structures [2,7,9]. 
 
X. Quantified reproducibility of functional magnetic resonance imaging (fMRI) data of the 

brain [4]. 
 
XI. Found relationship between non-linear EEG and muscle force and fatigue [10].  
 
XII. Found that cancer related fatigue (CRF) during motor performance is contributed more 

significantly by the central (brain) than peripheral (muscle) mechanisms [13]. 
 

Conclusions 
 

The results show that chronic fatigue syndrome involves altered central nervous system signals 
in controlling voluntary muscle activities, especially when the activities induce fatigue.  
Physical activity-induced EEG signal changes may serve as biological/physiological markers 
for more objective diagnosis of CFS. 
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