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Abstract

Background: Patients with chronic fatigue syndrome typically report high levels of physical activity
before becoming ill. Few studies have examined premorbid and current activity levels in chronically
fatigued patients.

Methods: In a case-control study, 33 patients with chronic, unexplained, disabling fatigue attending
a university-based clinic specializing in fatigue were compared to 33 healthy, age- and sex-matched
controls. Patients rated their activity levels before their illness and currently, using scales designed
for this purpose. Controls reported their level of activity of 2 years previously and currently. Chi-
square analyses, Student's t tests, and Wilcoxon signed rank tests were used in pair matched
analyses.

Results: Compared to healthy controls, patients with chronic, unexplained fatigue rated
themselves as more active before their illness (p < 0.001) and less active currently (p <0.001). The
patients also reported they currently stood or walked less than the controls (median [inter-quartile
range] = 4 [2-5] versus 9 [7.5-12] hours, p <0.001), and spent more time reclining (median [inter-
quartile range] = 12 [10-16] versus 8 [8-9.5] hours, p < 0.001). These differences remained
significant for the subset of patients who met strict criteria for chronic fatigue syndrome or
fibromyalgia.

Conclusion: Patients with chronic, unexplained, disabling fatigue reported being more active
before becoming ill than healthy controls. This finding could be explained by greater premorbid
activity levels that could predispose to illness, or by an overestimation of previous activity. Either
possibility could influence patients' perceptions of their current activity levels and their judgments
of recovery. Perceived activity should be addressed as part of management of the illness.

Background toms [2]. Many CFS patients also suffer from fibromyalgia
Chronic, unexplained, disabling fatigue is reported by up ~ [3], a disabling condition characterized by chronic wide-
to 2.6 per cent of patients seeking health care [1]. Chronic  spread pain, fatigue, and sleep disturbances [4]. Individu-
fatigue syndrome (CFS) is a more narrowly defined illness  als with CFS often perceive physical activity as more of an
with prominent fatigue and at least 4 associated symp-  effort than healthy people [5], underestimate their cogni-
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tive and physical abilities [5-9], and are more aware of,
and focused on, their internal physiological state [7,9,10].
Furthermore, CFS patients aspire to greater activity levels
[6], and rate themselves as having been significantly more
active [6] and "action-prone" before they became ill, than
do control subjects [11]; "action-proneness" also
increases with treatment [12]. The high levels of physical
activity reported by patients have been corroborated by
their spouses, partners, or parents [13].

The etiology of chronic, unexplained fatigue, CFS, and
fibromyalgia remains unclear [7], but recent work sug-
gests that these disorders may involve enhanced intero-
ception [14,15]. Interoception is the perception of
internal sensory phenomena, especially visceral percep-
tions [16]. The biological underpinnings of interoception
are only now being explored, but intriguing neuroimaging
studies suggest that a discrete interoceptive cortex, the
anterior insula, modulates this phenomenon [17]. If inte-
roception were altered in chronically fatigued individuals,
this could affect their internal perception and, conse-
quently, their perceived ability and capacity.

To replicate previous findings and extend them to well-
defined subgroups, we conducted a clinic-based, case-
control study of fatigued patients, a large majority of
whom suffered from CFS and/or fibromyalgia. We com-
pared self-reported premorbid and current activity levels
of the patients and their healthy controls to address the
following questions: 1) Do patients with chronic, unex-
plained, disabling fatigue, including the subsets with CFS
and fibromyalgia, perceive their premorbid activity levels
as higher than the current activity levels perceived by
healthy matched controls? 2) Do patients with chronic,
unexplained, disabling fatigue, including the subsets with
CFS and fibromyalgia, perceive their current activity levels
as lower than those perceived by healthy matched con-
trols?

Methods

Subjects and Setting

Patients were adults evaluated in a university-based refer-
ral clinic for chronic fatigue and pain. The clinic accepts
both self- and physician-referred patients; individuals
were not required to meet case definitions for either CFS
or fibromyalgia to be evaluated. Patients underwent an
intake evaluation that included a standardized physical
examination, medical history, questionnaire on past and
current symptoms, screening laboratory tests, and a struc-
tured psychiatric interview. A lay interviewer administered
the National Institutes of Mental Health Diagnostic Inter-
view Schedule Version III-A [18], a structured interview
that assigns current and lifetime psychiatric diagnoses
based on criteria established in the Diagnostic and Statisti-
cal Manual of Mental Disorders, 3™ed. (Revised) [19] for
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somatization disorder, panic disorder, generalized anxiety
disorder, major depression, dysthymia, and alcohol
abuse/dependence. CFS and fibromyalgia were diagnosed
according to the guidelines of the Centers for Disease
Control and Prevention [20] and the American College of
Rheumatology [4], respectively. Those who did not meet
the CFS case definition met the criteria for idiopathic
chronic fatigue [20]. Fibromyalgia often co-occurred with
idiopathic, chronic fatigue and CFS, as previously
described [3].

To recruit controls, we asked patients the following: "We
would like to compare the activity levels of people with
chronic fatigue to healthy people. If you have a healthy
friend who would agree to complete [questions about
activity| only, please fill out the information below. If
possible, pick someone who is similar to you in terms of
sex and age." In this way, 33 controls were recruited. The
University of Washington Human Subjects Office
reviewed and approved all clinic procedures and consent
forms.

Measures

The questionnaire for this study was mailed along with an
annual clinic newsletter. Non-responders were mailed the
questionnaire a second time, followed by an attempt to
gather the information by telephone. The questionnaire
contained 4 items specifically asking about levels of activ-
ity [see Additional file 1]. Patients were asked to rate their
typical levels of activity prior to becoming chronically
fatigued and compare it to an average healthy person by
using a 10-point scale (1 = extremely low to 10 =
extremely high). Using the same scale, patients were also
asked to rate their typical level of activity during the previ-
ous 7 days as compared to that of an average healthy per-
son [see Additional file 1]. The other 2 items inquired
about activity during the previous 24 hours. One
instructed patients to estimate how many hours they had
spent standing or walking, sitting, or reclining or lying
down. The other asked if this level of activity was higher,
lower, or average compared to their recent activity levels.

For the healthy controls, the first of the 4 activity ques-
tions was revised to ask about their activity as of 2 years
ago compared to the average healthy person. The two-year
recall period was chosen because the mean fatigue dura-
tion reported by patients evaluated in the clinic was nearly
2 years. The remaining 3 questions were identical to those
given to patients. No other information was collected
from the control subjects.

Statistical Analyses

Respondents were classified as patients or their friends
(i.e., controls). To examine between-group differences,
chi-square analyses were used for dichotomous variables
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and interval variables were compared by using Student's t
test when data were normally distributed, and by using
Wilcoxon signed rank tests when data were not normally
distributed, always using pair-related comparisons.

Results

Demographic and Clinical Characteristics

Overall, 462 of 678 (68%) consecutively evaluated clinic
patients completed the questionnaire. Of these 462, 44
patients had a friend who completed the 4 activity items;
these 44 patients and their friends constituted the study
sample. The 44 patients tended to be older than the larger
clinic population (43.6 vs. 39.6 years, p = 0.02), but did
not differ in gender (84% vs. 74% female), marital status
(50% vs. 50% married), duration of fatigue (5.9 vs. 5.2
years), or proportion diagnosed with CFS (57% vs. 56%)
or fibromyalgia (21% vs. 23%). Likewise, our study sam-
ple had rates similar to those of all clinic patients for life-
time diagnoses of alcohol abuse (14% vs. 16%), major
depression (69% vs. 65%), dysthymic disorder (26% vs.
22%), generalized anxiety disorder (17% vs. 24%), panic
disorder (26% vs. 19%), and somatization disorder (29%
vs. 21%). However, they tended to be diagnosed more
often with melancholic depression (11% vs. 5%, p =
0.02).

Of the 44 fatigued clinic patients, we limited our analysis
to the 33 who met criteria for CFS, idiopathic chronic
fatigue, and/or fibromyalgia. The other 11 patients were
excluded for medical or psychiatric conditions that could
explain their fatigue [21]. The demographic and clinical
characteristics of the 33 patients and their 33 matched
controls are presented in Table 1. Patients and controls
did not differ in age (p = 0.22) or sex (p = 0.50). Of the 33
patients with chronic, unexplained, debilitating fatigue,
25 (76%) met the criteria for CFS, 7 (21%) met the criteria
for idiopathic chronic fatigue, and 9 (27%) met criteria
for fibromyalgia. Only 1 had fibromyalgia alone, without
CFS or idiopathic chronic fatigue.

Table 2 illustrates that, compared with their matched con-
trols, the 33 patients rated themselves as more active
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before the onset of illness (Z score -3.05, p = 0.002) and
less active currently (Z score -4.72, p < 0.001). More spe-
cifically, in the previous 24 hours, patients reported stand-
ing or walking 5 hours less than their healthy friends (Z
score -4.39, p < 0.001) and lying or reclining 4 hours more
(Z score -4.29, p < 0.001), with no differences in the time
spent sitting (Z score -0.86, p = 0.39). For both patients
and controls, the activity reported during the previous 24
hours represented a typical day (Z score -1.12, p = 0.26).

Lastly, we considered premorbid and current activity lev-
els in the CFS and fibromyalgia subgroups. These results
are not displayed in the table. The median rating (and
interquartile range) for premorbid activity level was 9 (8 -
9.5) among the 25 CES patients versus 8 (7 - 9) among
controls (Z = -2.18, p = 0.03). Among CFS patients, the
median rating (and interquartile range) for current activ-
ity was 3 (2 - 5) versus 8 (6.5 - 8.5) among controls (Z =
-4.23, p £0.001). In the 9 patients with fibromyalgia, the
median rating (and interquartile range) for premorbid
activity was 9 (8 - 9.5) versus 8 (7 - 8.5) among controls
(Z=-2.46,p = 0.01), and the current activity was lower: 4
(1.5-4.5) versus 7 (6 - 8) (Z=-2.53, p = 0.01).

Discussions and Conclusion

We have confirmed the previous finding that patients with
CFS report higher levels of premorbid activity than do
healthy control subjects, and we have extended this find-
ing to include patients with chronic, unexplained fatigue
and fibromyalgia. As expected, both CFS and fibromyalgia
patients reported less current activity than healthy con-
trols, but small sample sizes and Bonferroni's corrections
resulted in borderline significance for some of the sub-
group comparisons. Our findings are congruent with
those of 3 retrospective studies reporting that CFS patients
perceived themselves as more active before their illness
began than healthy controls [6,11,21]. In contrast, the
only prospective cohort study of risk factors for CFS found
that sedentary behavior at 10 years of age doubled the risk
of self-reported CFS in adulthood [22]. Since no prospec-
tive data exist on the actual pre-morbid activity levels of
individuals who later suffer a fatiguing illness, it is unclear

Table I: Demographic and clinical characteristics of patients and healthy control subjects

Characteristic Patients Controls
Demographic

Number 33 33

Age, mean years (SD) 45.6 (11.8) 44.1 (13.1)

Female, n (%) 26 (79) 28 (85)
Clinical

CFS criteria met, n (%) 25 (76) ---

Idiopathic chronic fatigue criteria met n (%) 7 (21)

Fibromyalgia criteria met !, n (%) 9 (27) -

I'l patient had fibromyalgia, but neither CFS nor idiopathic chronic fatigue.
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Table 2: Previous and current activity levels of patients and healthy control subjects

Characteristic Patients Controls
Previous activity level'2, median (IQR) 3 9(8-9.5) 8 (6.5 — 8.5)*
Previous activity level, n (%)

Level | 0 0

Level 2 0 0

Level 3 0 I (3)

Level 4 I (3) I (3)

Level 5 0 2 (6)

Level 6 I (3) 4(12)

Level 7 309 5 (15)

Level 8 8 (24) 12 (36)

Level 9 12 (36) 5(I5)

Level 10 8 (24) 309
Last week's activity?2, median (IQR) 3 3(2-5) 8(6-8)t
Last week's activity, n (%)

Level | 5 (15) 0

Level 2 6 (18) 0

Level 3 7 (21) I (3)

Level 4 4 (12) 2 (6)

Level 5 5(I5) 309

Level 6 309 4(12)

Level 7 I (3) 5(15)

Level 8 2 (6) 11 (33)

Level 9 0 4(12)

Level 10 0 309
Last 24 hours' activities, median hours (IQR)3

Standing or walking 4(2-5) 9(75-12)1

Sitting 6(5-9) 6(4-8)

Reclining or lying down 12 (10— 16) 8(8-95)t
Activity Level in Last 24 Hours, %*

Higher than recently 6 24

Lower than recently 45 27

Average 49 48

I premorbid activity level for patients, activity level 2 years ago for friends; 2 rated from | (extremely low) to 10 (extremely high); 3 interquartile

range; 4 compared to recent levels.
*p <0.01; Tp <0.001

whether our data reflect pre-morbid excessive activity, or
alternatively, illness-related alterations in the perception
or recall of premorbid activity.

One of the "altered-perception" hypotheses involves sen-
sitized interoception. CFS and fibromyalgia have been
postulated to be central nervous system hypersensitivity
disorders, characterized by enhanced or sensitized intero-
ception [15,23,24]. A central nervous system hypersensi-
tivity disorder would be consistent with patients' reports
of disturbed cognition and concentration and sensitivity
to exercise, chemicals, and odors [5,7-9,25]. Support for
this explanation comes from investigations that have
described discrepancies between subjectively reported
impairments and objective measures of activity [26,27],
effort with exercise [5,28,29], sleep quantity and quality
[30], and cognitive symptoms and cognitive abilities
[8,9,25,29].

Of interest, humans appear to have a distinct cortical
image of homeostatic afferent activity that reflects all
aspects of the physiological condition of all tissues of the
body. This interoceptive system is linked to the auto-
nomic nervous system, but is distinct from the exterocep-
tive system that reflects somatic motor activity. The
primary interoceptive representation in the anterior insula
cortex engenders distinct bodily sensations, including
pain, temperature, itch, sensual touch, muscular and vis-
ceral sensations, and vasomotor activity [31]. Neuroimag-
ing studies relevant to interoception and the feeling of self
are rapidly accumulating and underscore the biological
underpinnings of this phenomenon [16,17].

Lastly, perception and consequent ability, as well as exter-
nal agents, may influence patients' beliefs. For example,
when benign chemicals were given blindly to people with
CFS and multiple chemical sensitivities, individuals who
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believed they were getting the chemical performed poorly
on cognitive tests, whereas cognitive function did not dif-
fer between those who received the chemicals and those
who did not [25]. In another investigation, fatigued peo-
ple and CFS patients had greater doubts about actions and
more concerns over mistakes than controls [32,33]. Such
self-critical personality traits might diminish judgments of
current abilities and exaggerate previous abilities.

This study has several limitations. First, our sample was
drawn from consecutive patients evaluated at a referral
clinic. Because patients who present to specialty clinics
probably differ from community samples or those drawn
from primary care clinics on important variables [34], our
results may not be generalizable to other settings or other
fatigued patients. Second, because our measures were
obtained at only one time point, we do not know if these
activity levels represent sustained or transitory levels. Sim-
ilarly, to minimize the burden on the control subjects, we
did not ask them to provide detailed demographic infor-
mation. Third, our measures of activity were brief and not
validated against actigraphy or even the report of the
friends, and therefore are subject to the usual biases asso-
ciated with self-reported health-related behavior, includ-
ing the propensity to over-value pre-illness functioning.
Fourth, we could not verify objectively that the selected
friend was actually healthy, yet the presence of chronic
conditions would decrease the differences between groups
and thus render our findings less significant. Lastly, only
a small fraction of the total clinic population obtained
data from a friend. The small sample that we examined,
however, was similar in most respects to the larger clinic
population.

In conclusion, we have replicated previous work showing
that CFS patients report greater premorbid activity levels
than healthy controls, and we have extended these obser-
vations to more rigorously defined fatiguing conditions.
These findings suggest that at this point clinical manage-
ment should address both perceptions of symptoms as
well as actual activity levels. Cognitive behavior therapy
and graded exercise programs are designed to change both
dimensions, and have been shown to be efficacious treat-
ments for the majority of adult, ambulant CFS patients
[35,36]. Other innovative interventions that can be easily
implemented and are acceptable to patients are also
needed.

List of Abbreviations
CFS = chronic fatigue syndrome

SD = standard deviation

http://www.biomedcentral.com/1471-244X/6/53

Competing interests
The author(s) declare that they have no competing inter-
ests.

Authors' contributions

DB designed and implemented the intervention, and
edited the manuscript. WRS managed data flow, under-
took preliminary analyses, and edited and revised the
manuscript. PDW undertook final analyses and wrote
majority of the manuscript. All authors read and approved
the final manuscript.

Additional material

Additional File 1

Chronic Fatigue Activity Questionnaires. Fours questions completed by
patients followed by the corresponding four questions completed by the
matched controls.

Click here for file
[http://www.biomedcentral.com/content/supplementary/1471-
244X-6-53-S1.doc]

Acknowledgements
Supported in part by grant UI9 Al38429 from the National Institute of
Allergy and Infectious Diseases (Dr. Buchwald).

References

I. Wessely S, Chalder T, Hirsch S, Wallace P, Wright D: The preva-
lence and morbidity of chronic fatigue and chronic fatigue
syndrome: a prospective primary care study. Am | Public Health
1997, 87:1449-55.

2. Reeves WC, Lloyd A, Vernon SD, Klimas N, Jason LA, Bleijenberg G,
Evengard B, White PD, Nisenbaum R, Unger ER, International
Chronic Fatigue Syndrome Study Group: Identification of ambigu-
ities in the 1994 chronic fatigue syndrome research case def-
inition and recommendations for resolution. BMC Health Serv
Research 2003, 3:25.

3. Aaron LA, Buchwald D: A review of the evidence for overlap
among unexplained clinical conditions. Ann Intern Med 2001,
134:868-81.

4.  Wolfe F, Smythe HA, Yunus MB, Bennett RM, Bombardier C, Gold-
enberg DL, Tugwell P, Campbell SM, Abeles M, Clark P, Fam AG, Far-
ber §J, Fiechtner JJ, Franklin CM, Gatter RA, Hamaty D, Lessard J,
Lichtbroun AS, Masi AT, McCain GA, Reynolds W), Romano T, Rus-
sell 1), Sheon RP: The American College of Rheumatology 1990
criteria for the classification of fibromyalgia: Report of the
multicenter criteria committee. Arthritis  Rheum 1990,
33:160-72.

5. Fulcher KY, White PD: Strength and physiological response to
exercise in patients with the chronic fatigue syndrome. | Neu-
rol Neurosurg Psychiatry 2000, 69:302-7.

6. Riley MS, O'Brien CJ, McCluskey DR, Bell NP, Nicholls DP: Aerobic
work capacity in patients with chronic fatigue syndrome.
BMJ 1990, 301:953-6.

7.  Afari N, Buchwald D: Chronic fatigue syndrome: a review. Am |
Psychiatry 2003, 160:221-36.

8.  Metzger FA, Denney DR: Perception of cognitive performance
in patients with chronic fatigue syndrome. Ann Behav Med
2002, 24:106-12.

9.  Vercoulen JH, Bazelmans E, Swanink CM, Galama JM, Fennis JF, van
der Meer |W, Bleijenberg G: Evaluating neuropsychological
impairment in chronic fatigue syndrome. | Clin Exp Neuropsy-
chol 1998, 20:144-56.

Page 5 of 6

(page number not for citation purposes)


http://www.biomedcentral.com/content/supplementary/1471-244X-6-53-S1.doc
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9314795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9314795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9314795
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11346323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11346323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2306288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2306288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2306288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10945803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10945803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2249024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2249024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12562565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12054315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12054315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9777468
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9777468

BMC Psychiatry 2006, 6:53

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32
33.

Moss-Morris R, Chalder T: lliness perceptions and levels of dis-
ability in patients with chronic fatigue syndrome and rheu-
matoid arthritis. | Psychosom Res 2003, 55:305-8.

Van Houdenhove B, Onghena P, Neerinckx E, Hellin J: Does high
"action-proneness™ make people more vulnerable to chronic
fatigue syndrome? A controlled psychometric study. | Psycho-
som Res 1995, 39:633-40.

Van Houdenhove B, Bruyninckx K, Luyten P: In search of a new
balance. Can high "action-proneness” in patients with
chronic fatigue syndrome be changed by a multidisciplinary
group treatment? | Psychosom Res 2006, 60(6):623-5.

Van Houdenhove B, Neerinckx E, Onghena P, Lysens R, Vertommnen
H: Premorbid "overactive"” lifestyle in chronic fatigue syn-
drome and fibromyalgia: an etiological relationship or proof
of good citizenship? | Psychosom Res 2001, 51:571-6.

Gracely RH, Petzke F, Wolf |JM, Clauw DJ: Functional magnetic
resonance imaging evidence of augmented pain processing
in fibromyalgia. Arthritis Rheum 2002, 46:1333-43.

White PD: What causes chronic fatigue syndrome? BM| 2004,
329:928-9.

Craig AD: Interoception: the sense of the physiological condi-
tion of the body. Curr Opin Neurobiol 2003, 13:500-5.

Craig AD: Human feelings: why are some more aware than
others? Trends Cog Sci 2004, 8:239-41.

Robins LN, Helzer JE: Diagnostic Interview Schedule (DIS): ver-
sion IlI-A. St. Louis: Department of Psychiatry, Washington Univer-
sity School of Medicine; 1985.

American Psychiatric Association: Diagnostic and Statistical
Manual of Mental Disorders, 3rd ed. (Revised). Washington
DC: American Psychiatric Association; 1987.

Fukuda K, Straus SE, Hickie I, Sharpe MC, Dobbins |G, Komaroff A:
The chronic fatigue syndrome: a comprehensive approach
to its definition and study. Ann Intern Med 1994, 121:953-9.
MacDonald KL, Osterholm MT, LeDell KH, White KE, Schenck CH,
Chao CC, Persing DH, Johnson RC, Barker JM, Peterson PK: A case-
control study to assess possible triggers and cofactors in
chronic fatigue syndrome. Am | Med 1996, 100:548-54.

Viner R, Hotopf M: Childhood predictors of self reported
chronic fatigue syndrome/myalgic encephalomyelitis in
adults: national birth cohort study. BMJ 2004, 329:941.
Cameron OG, Minoshima S: Regional brain activation due to
pharmacologically induced adrenergic interoceptive stimu-
lation in humans. Psychosom Med 2002, 64:851-61.

Eriksen HR, Ursin H: Subjective health complaints, sensitiza-
tion, and sustained cognitive activation (stress). | Psychosom
Res 2004, 56:445-8.

Smith §, Sullivan K: Examining the influence of biological and
psychological factors on cognitive performance in chronic
fatigue syndrome: a randomized, double-blind, placebo-con-
trolled, crossover study. Int | Behav Med 2003, 10:162-73.
Vercoulen JH, Bazelmans E, Swanink CM, Fennis JF, Galama JM, Jongen
P), Hommes O, Van der Meer |W, Bleijenberg G: Physical activity
in chronic fatigue syndrome: assessment and its role in
fatigue. | Psychiatric Res 1997, 31:661-73.

van der Werf SP, van den Broek HL, Anten HW, Bleijenberg G:
Experience of severe fatigue long after stroke and its rela-
tion to depressive symptoms and disease characteristics. Eur
Neurol 2001, 45(1):28-33.

Gibson J, Carroll N, Clague JE, Edwards RHT: Exercise perform-
ance and fatigability in patients with chronic fatigue syn-
drome. | Neurol Neurosurg Psychiatry 1993, 56:993-8.

Lawrie S, MacHale SM, Power M), Goodwin GM: Is the chronic
fatigue syndrome best understood as a primary disturbance
of the sense of effort? Psychol Med 1997, 27:995-9.

Watson NF, Kapur V, Arguelles LM, Goldberg ], Schmidt DF, Armit-
age R, Buchwald D: Comparison of subjective and objective
measures of insomnia in monozygotic twins discordant for
chronic fatigue syndrome. Sleep 2003, 26:324-8.

Critchley HD, Wiens S, Rotshtein P, Ohman A, Dolan RJ: Neural
systems supporting interoceptive awareness. Nature Neurosci
2004, 7:189-95.

Magnusson AE, Nias DK, White PD: Is perfectionism associated
with fatigue? | Psychosom Res 1996, 41:377-83.

White C, Schweitzer R: The role of personality in the develop-
ment and perpetuation of chronic fatigue syndrome. | Psycho-
som Res 2000, 48:515-24.

http://www.biomedcentral.com/1471-244X/6/53

34. EubaR, Chalder T, Deale A, Wessely S: A comparison of the char-
acteristics of chronic fatigue syndrome in primary and terti-
ary care. Br ] Psychiatry 1996, 168:121-6.

35. Whiting P, Bagnall A, Sowden A, Cornell J, Mulrow C, Ramirez G:
Interventions for the treatment and management of chronic
fatigue syndrome: a systematic review. JAMA 2001,
286:1360-8.

36. Wallman KE, Morton AR, Goodman C, Grove R, Guilfoyle AM: Ran-
domised controlled trial of graded exercise in chronic fatigue
syndrome. Medical Journal of Australia 2004, 180(9):444-448.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-244X/6/53/pre
pub

Publish with Bio Med Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and published immediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here: O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 6 of 6

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14507540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14507540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14507540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7490698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7490698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7490698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16731237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16731237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16731237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11595245
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11595245
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11595245
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12115241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12115241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12115241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15499086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12965300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12965300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7978722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7978722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7978722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8644768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8644768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8644768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15469945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15469945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15469945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12461189
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12461189
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12461189
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15094030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15094030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12763708
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12763708
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12763708
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11150837
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11150837
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11150837
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8410041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8410041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8410041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9300505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9300505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9300505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12749553
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12749553
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12749553
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14730305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14730305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8971668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8971668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11033370
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11033370
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8770441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8770441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8770441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11560542
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11560542
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11560542
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15115421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15115421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15115421
http://www.biomedcentral.com/1471-244X/6/53/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Subjects and Setting
	Measures
	Statistical Analyses

	Results
	Demographic and Clinical Characteristics

	Discussions and Conclusion
	List of Abbreviations
	Competing interests
	Authors' contributions
	Additional material
	Acknowledgements
	References
	Pre-publication history

