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ABSTRACT. There is controversy regarding the incidence and signifi-
cance of hypothalamic-pituitary-adrenal (HPA) axis dysfunction in
chronic fatigue syndrome (CFS) and fibromyalgia (FM). Studies that
utilize central acting stimulation tests, including corticotropin-releasing
hormone (CRH), insulin stress testing (IST), d-fenfluramine, ipsapirone,
interleukin-6 (IL-6) and metyrapone testing, have demonstrated that
HPA axis dysfunction of central origin is present in a majority of these
patients. However, ACTH stimulation tests and baseline cortisol testing
lack the sensitivity to detect this central dysfunction and have resulted in
controversy and confusion regarding the incidence of HPA axis dys-
function in these conditions and the appropriateness of treatment. While
both CFS and FM patients are shown to have central HPA dysfunction,
the dysfunction in CFS is at the pituitary-hypothalamic level while the
dysfunction in FM is more related to dysfunction at the hypothalamic
and supra-hypothalamic levels. Because treatment with low physiologic
doses of cortisol (<15 mg) has been shown to be safe and effective and
routine dynamic ACTH testing does not have adequate diagnostic sensi-

Kent Holtorf is Medical Director, Holtorf Medical Group, Inc., Torrance, CA, and
Chief, Medical Advisory Board, Fibromyalgia and Fatigue Centers, Inc., Dallas, TX.

Address correspondence to: Kent Holtorf, MD, Holtorf Medical Group, Inc., 23456
Hawthorne Boulevard, Suite 160, Torrance, CA 90505 (E-mail: kholtorf @cox.net).

Published papers were identified and reviewed via a computerized literature search
of the PubMed database with associated keywords.

Journal of Chronic Fatigue Syndrome, Vol. 14(3) 2007
Available online at http://jcfs.haworthpress.com
© 2007 by The Haworth Press. All rights reserved.
doi:10.1300/J092v14n03_06 59


mailto:kholtorf@cox.net
http://jcfs.haworthpress.com

60 JOURNAL OF CHRONIC FATIGUE SYNDROME

tivity, it is reasonable to give a therapeutic trial of physiologic doses of
cortisol to the majority of patients with CFS and FM, especially to those
who have symptoms that are consistent with adrenal dysfunction, have
low blood pressure or have baseline cortisol levels in the low or low-nor-
mal range. doi:10.1300/J092v14n03_06 [Article copies available for a fee
from The Haworth Document Delivery Service: 1-800-HAWORTH. E-mail ad-
dress: <docdelivery@haworthpress.com> Website: <http://www.HaworthPress.
com> © 2007 by The Haworth Press. All rights reserved.]
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INTRODUCTION

Chronic Fatigue Syndrome (CFS) and fibromyalgia (FM) are dis-
abling conditions that are shown to be present in 0.5-5% of the popula-
tion and often coexist (1-3). Treating CFS and FM patients is often
frustrating for physicians as there is no clear etiology or treatment, and
the use of standard recommended treatments that don’t address the
underlying pathophysiology, including NSAIDs, antidepressants and
muscle relaxants, are largely ineffective and have significant side-ef-
fects (4-7). Reliance on these medications results in a poor prognosis
and is unsatisfying for both patients and physicians (8-18). There is un-
likely a single causative agent or process occurring in these conditions.
The hypothalamic-pituitary dysfunction that is present in the majority
of CFS and FM patients results in HPA axis dysfunction that is often not
detected by standard testing done in a clinical setting, as these tests are
designed to detect primary adrenal insufficiency and have poor sensitiv-
ity for secondary or tertiary adrenal insufficiency (19-58). In addition,
this hypothalamic-pituitary dysfunction results in secondary and/or ter-
tiary hypothyroidism (as well as evidence of thyroid resistance) that is
not detected with standard thyroid testing (27,59-69), and low growth
hormone production that is also not detected by standard testing
(27,60,70-74). There has also been shown to be associated mitochon-
drial dysfunction (75-78), sleep disorder (79-84), immune dysfunction
(85-95), chronic infections (96-105), autonomic dysfunction (106-108),
gastrointestinal dysfunction (109-113) and coagulation dysfunction
(114-119) in these patients.
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A multi-faceted treatment approach that addresses the above abnor-
malities, including treatment with hormonal supplementation despite
seemingly normal levels and treatment of the mitochondrial dysfunc-
tion, sleep disorder, chronic infections, immune dysfunction, gastroin-
testinal dysfunction and the coagulation dysfunction is now the
standard of care by experts who specialize in the treatment of CFS and
FM (65,69,78,120-146). There are seemingly contradictory studies re-
garding the incidence of HPA axis dysfunction in these conditions.
However, a clearer understanding of pathophysiology of these condi-
tions demonstrates that the negative results are largely due to a lack of
sensitivity of the testing utilized and the improper use of standard cut-
offs to denote normal function and not because there is an absence of
HPA axis dysfunction.

EVIDENCE FOR SIGNIFICANT HPA AXIS DYSFUNCTION

There are a large number of studies that assess basal cortisol levels in
CFS and FM patients as a primary focus or as part of a subsequent stim-
ulation test. These are of limited value as they fail to assess the function
of the HPA axis during stress and lack sensitivity in detecting central
HPA axis dysfunction. The majority of studies measuring 24-hour urine
cortisol levels in CFS and FM patients have demonstrated significantly
lower values in the CFS/FM patients (22,29,30,32,33,45-49). As with
baseline measures of serum cortisol, twenty-four hour urine cortisol
lacks sensitivity at detecting central HPA axis dysfunction because it
does not necessarily assess the HPA axis dysfunction during stress. Ad-
ditionally, the wide individual variation of 24-hour cortisol excretion in
normal individuals due to varying stress levels over the 24 hours signifi-
cantly decreases sensitivity. Ten studies were identified that assess
24-hour urine cortisol levels in CFS and FM patients with six demon-
strating a significant decrease in 24-hour urine cortisol in CFS/FM pa-
tients and one demonstrating reduced levels that did not reach statistical
significance (22,29,30,32,33,45-49). The majority of studies that mea-
sured 24-hour urine involve very small numbers of patients and con-
trols, limiting the sensitivity, while the largest study to date by Cleare et
al. involving 121 CFS patients and 64 controls demonstrated signifi-
cantly decreased 24-hour urine cortisol levels in CFS patients that
averaged approximately 30% lower than healthy controls (47).

The lack of sensitivity of the 24-hour urinary cortisol levels is dem-
onstrated by the fact that two of the four negative studies also performed
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stimulation tests (IST or IL-6) and both demonstrated HPA axis dys-
function despite having normal or non-significantly reduced 24-hour
urine cortisol levels (32,33).

One of the two remaining negative studies was a small study by Maes
et al. in which 24-hour cortisol levels were measured in patients with
FM, major depression and post traumatic stress disorder (PTSD) com-
pared to normals (49). This study consisted of 14 FM patients and 17
normals. The contradictory findings of this study may be explained by
the fact that it appears that they excluded patients who were on any med-
ications and it also appears that these patients were not previously diag-
nosed with FM prior to the study. This would tend to include only those
with very mild disease and exclude those with moderate or severe
symptoms, who would more likely have been previously diagnosed
with FM and require medications for symptomatic relief.

The second of the two remaining negative studies was by Young et
al. that compared 24-hour urinary cortisol between 22 CFS patients and
24 controls (48). The difference in these results may be explained by
different patient characteristics than the other studies, including the fact
that these patients had the shortest mean duration of symptoms of all the
24-hour urine cortisol studies, being only 2.5 years, compared to the
other studies that had mean durations of 3.6 to 9.7 years.

There are a large number of seemingly contradictory studies that
measure basal cortisol levels or utilize standard dynamic ACTH stimu-
lation tests to evaluate HPA axis function in CFS and FM, which has led
to confusion and controversy as to the incidence of HPA axis dysfunc-
tion in these conditions. One likely contributing cause of the confusion
and controversy is that it has been shown that the plasma cortisol
immunoassays used by the majority of laboratories, institutions and
studies suffer from considerable inaccuracy and variance and can sig-
nificantly overestimate serum cortisol levels when compared to gold
standard assays such as gas-chromatograph/mass spectrometry (GC/
MS) and high performance liquid chromatography (HPLC). This has
led to controversy, a high degree of misdiagnosis and the misclassi-
fication of patients as having normal HPA function despite significant
dysfunction or severely underestimating the severity of the dysfunction
(147-151).

For instance, Cohen et al. compared three commonly used cortisol
immunoassays (Bayer Advia Centaur, Abbott TDx and DPC Immulite
2000) and HPLC to determine serum cortisol levels and found a huge
variation in results with concordance in only 44% of patients. The
immunoassays were shown to overestimate the serum cortisol levels by
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an average of 70% (35%, 79%, and 95%, respectively, for each assay)
without appropriate adjustment of the reference ranges by the assay
manufacturers. This resulted in the misclassification of 44-56% of pa-
tients depending on the assay used. The Centaur assay produced results
that were over 480% of that of the HPLC standard, the TDx assay pro-
duced results that were up to 590% of the standard and the Immulite as-
say produced results that were 770% of the standard (147).

De Brabandere et al. evaluated the performance of three cortisol
immunoassays commonly used by laboratories in the U.S. and Europe
(Diagnostic Products Corp (DPC), Amerlex and Baxter Diagnostics)
(149). They measured cortisol levels in 15 patient samples and 10 com-
mercially prepared control serum standards in duplicate and compared
the results with those obtained via the gold-standard GC/MS. The mea-
sured cortisol results on the commercially prepared control samples
showed that the assays averaged only 11% higher than when measured
via the GC/MS. However, the results on the patient samples demonstrated
a severe inaccuracy of these assays commonly used in commercial labo-
ratories. The mean deviation of the reported cortisol concentrations that
were below 13 ng/ml (370 nmol/l) was +21%, +91%, and +83% for
each assays, respectively. These differences were not reflected in the re-
spective kit reference ranges. For instance, the upper reference range for
the Amerlex assay is only 12% higher than the upper reference range of
the DPC assay despite averaging over 40% higher on the same speci-
mens. Baxter quotes an upper reference range that is significantly lower
than the Baxter assay (552 nmol/l vs. 690 nmol/l) despite having the
strongest positive overall bias. The lower limit for the Amerlex assay is
only 9% greater than the DPC assay (152 nmol/l vs. 158 nmol/I) despite
averaging over 60% higher on the same specimens. These studies dem-
onstrate that a seemingly normal baseline or stimulated cortisol level re-
ported by a laboratory cannot be relied upon to accurately rule out
significant hypocortisolism.

Further confounding results is the fact that CFS and FM patients are a
very heterogeneous group in terms of illness severity and duration and
associated psychiatric comorbidities, which likely influence HPA dys-
function. In addition, there is the significant normal variation in cortisol
levels in normal individuals. A more important fact is, however, that a
multitude of studies have demonstrated the HPA axis dysfunction in
these conditions is central (hypothalamic or pituitary), not a primary ad-
renal insufficiency. Consequently, it is of no surprise that these studies
appear to have inconsistent results because baseline cortisol levels and
ACTH dynamic testing have very low sensitivities in detecting central
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HPA axis dysfunction and fail to diagnose the majority of patients with
known significant central HPA axis dysfunction (29,31,35-44). Be-
cause a normal result with such testing does not rule out significant dys-
function, it is not a recommended means of detecting this abnormality.
Low dose (1 pg ACTH) stimulation may be slightly more sensitive than
conventional (250 ug ACTH) testing, but it still suffers from very poor
sensitivity and misses approximately 50% of individuals with estab-
lished central hypoadrenalism determined by IST, d-fenfluramine,
ipsapirone, CRH stimulation or metyrapone testing (35-41,44,152).

Studies that use appropriate testing for individuals with secondary or
tertiary hypoadrenalism, including IST, metyrapone testing and stimu-
lation testing using CRH, IL-6 and d-fenfluramine, have consistently
demonstrated significant HPA axis dysfunction in CFS and FM pa-
tients. Of the 16 studies identified that used such testing, all but one of
these studies demonstrated HPA axis dysfunction with abnormal
ACTH and/or cortisol secretion (19-33,41).

CHRONIC FATIGUE SYNDROME

Demitrack et al. studied the functional integrity of the various com-
ponents of the HPA axis in 30 patients with CFS and 72 normals with an
average duration of illness of 7.2 = 1.0 years. They performed CRH (bo-
vine 1 pg/kg) stimulation testing and graded ACTH stimulation testing.
They also compared the levels of evening serum free and total cortisol,
cortisol binding globulin (CBG) and corticotropin releasing hormone
(CRH) in the cerebrospinal fluid and measured 24-hour urinary cortisol
levels (19).

They found significantly lower evening cortisol levels in CFS pa-
tients vs. controls (3.2 ug/ml £ 0.3 vs. 5.3 £ 0.73) and 24-hour urinary
free cortisol excretions that were 40% lower in the CFS patients (122.7
nmol/l vs. 203 nmol/l). Interestingly, the level of cortisol binding globu-
lin CBG was also significantly higher in the CFS patients making the
free cortisol index almost 70% lower in these patients (2.9 vs. 8.9). This
elevated CBG is significant because it results in an overestimation of
bioavailable and free cortisol levels, and if confirmed, it may be further
contributing to the lack of sensitivity of both basal and dynamic testing
by overestimating cortisol levels in these patients because most of the
studies have utilized total cortisol levels when comparing CFS and FM
patients to normals. This potential of overestimation of serum cortisol
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levels would be additive to the overestimation of actual cortisol levels
by commonly used immunoassays discussed earlier (147,149).

This study found a significant attenuated net integrated ACTH re-
sponse to CRH (128 £ 26.4 vs. 225 + 34.5) (p < 0.04) demonstrating
central HPA axis dysfunction. With ACTH stimulation testing, there
was an initial increased sensitivity to ACTH with a subsequent reduced
maximal response. Although this cortisol response to ACTH was clearly
abnormal for all of the patients with CFS in this study, the dose response
curve varied. There was an initial exaggerated response followed by an
abnormally blunted response, which is not the case for patients with
simple primary or secondary adrenocortical insufficiency and demon-
strates hypothalamic involvement in the HPA axis dysfunction in these
patients (19).

Scott et al. (1998) performed CRH (bovine 100 pg) stimulation tests
on 14 CFS patients with an average illness duration of 4.8 + 0.6 years
(range 1.5-10 years) as compared to 14 controls. There were lower basal
ACTH and cortisol levels in the CFS patients, but it did not reach statis-
tical significance. The delta-ACTH response in the CFS group (21.4
4.3 ng/1) was significantly lower than that in the controls (51.9 £8.5) (p
< 0.005). The delta-cortisol levels were also similarly attenuated in the
CFS group (197.7 £ 21.6 nmol/l) vs. the healthy controls (310.5 £21.6
nmol/l), demonstrating central HPA axis dysfunction in these patients
(20).

Scott et al. (1999) again evaluated the HPA axis in CFS patients by
performing CRH (bovine 100 ug) stimulation tests on 13 CES patients
as compared to 13 controls. Patients had a mean duration of illness of
5.0 years. This study found that 8 out of 13 CFS patients had lower stim-
ulated ACTH levels than the lowest ACTH response in the normal con-
trols, being 21.0 £ 4.5 ng/l in the CFS patients as compared to 57.8 £ 11
ng/l (p =.005) in normal controls. The delta-cortisol response in 9 of the
12 CFS patients was lower than the lowest delta-cortisol in the control
group (157.6 £40.7 nmol/l in the CFS group compared to 303.5 +20.9
nmol/l in the control group [p = 0.01]), again demonstrating central
HPA axis dysfunction in CFS patients (21).

Cleare et al. (2001) performed CRH (human 1 pg/kg), IST and d-fen-
fluramine stimulation testing in 37 medication free CFS patients.
Patients had a mean duration of illness of only three years. Thirty-two
patients were treated with low dose (either 5 mg or 10 mg cortisol per
day). With human CRH stimulation testing, there were similar ACTH
responses between groups with AUC cortisol values being reduced in
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CFS patients as compared to controls (206 =213 nmol/l-h vs. 313 £ 257
nmol/l-h [p=0.069]). When ACTH was controlled for, the CFS patients
had a significantly reduced release of cortisol (p = 0.016). The differ-
ence in the abnormality seen in this study as compared to Demitrack et
al., Scott et al. (1998) and Scott et al. (1999) could be due to different
patient characteristics. The average duration of illness in this study was
only three years, while the average duration of illness in the Demitrack
et al. and the Scott et al. studies were 7.2, 5 and 4.8 years, respectively.
In addition, human CRH was used at 1 pg/kg as compared to bovine
CRH, which is more potent and has a longer half life, being used in the
Demetrik and Scott et al. studies. Scott et al. used human CRH at a
higher average dose of 100 pg, as well. Interestingly, the patients who
responded to treatment with clinical improvement had a normalization
of the previously blunted cortisol response to CRH, while those who did
not clinically respond had no significant change in the endocrine
parameters before and after treatment, demonstrating a lack of adrenal
suppression and a potential improvement in HPA axis function with
physiologic doses of cortisol (22).

With d-fenfluramine stimulation testing, there was again a trend for
lower cortisol response (p = 0.077) without a significant difference in
ACTH levels. When ACTH responses were controlled for, cortisol re-
sponses were significantly reduced (p = 0.033). There was no signifi-
cant difference in ACTH or cortisol responses between groups with IST
assessment, but there was significantly reduced urine 24-hour cortisol
levels in CFS patients vs. controls (p = 0.025) (22).

Inder et al. compared 24-hour urinary cortisol levels and performed
CRH (bovine 1 pg/kg) stimulation testing on 12 CFS patients and 11
controls. They found no significant difference in 24 hour urinary cortisol
levels, basal ACTH, basal cortisol levels, stimulated ACTH or stimu-
lated cortisol levels. The illness duration was not stated. This difference
may be explained by the heterogeneity of this population and the small
study size. The study size would require a 40% difference between
groups to distinguish a difference (23).

Gaab et al. performed IST on 18 CFS patients with an average illness
duration of 5.6 years (range 1.4-14 years) and 17 controls. They found a
significantly blunted ACTH response to IST that was 40% less in the
CFS group compared to controls, demonstrating central HPA axis dys-
function in these patients. Interestingly, they also performed two proce-
dures mimicking real-life stressors and also found significantly lower



Original Research 67

ACTH responses in the CFS patients as compared to controls, demon-
strating central HPA axis dysfunction (24).

Bearn et al. performed IST and d-fenfluramine stimulation testing on
nine CFS patients and ten normal controls. The average duration of ill-
ness was 5.7 years with a range of 1-15 years. All but one had signifi-
cant myalgia and were not on medication for 12 weeks prior to study.
There was a delayed and attenuated ACTH and cortisol response to IST
that was consistent with hypothalamic-pituitary dysfunction but due to
the small sample size, it did not reach statistical significance (25).

There was a significantly increased ACTH response with d-fenflura-
mine stimulation with a decreased cortisol response that also did not
reach statistical significance due to the sample size. This is consistent
with hypothalamic dominant dysfunction with a centrally inhibited ad-
renal response to ACTH. A hypothalamic dysfunction with a primary
adrenal dysfunction is also possible, but unlikely, considering normal
adrenal response to ACTH under different study conditions. These pa-
tients’ ACTH and cortisol response was more indicative of FM patients
(discussed below) and demonstrates a more hypothalamic/supra-hypo-
thalamic dominant dysfunction that is seen in the FM patients as com-
pared to the hypothalamic/pituitary dysfunction typically seen in CFS
patients. The authors did not state if any of the patients also met the cri-
teria for FM, but all but one had significant myalgia, so it is likely that
they did have FM, thus explaining the results (25).

Dinan et al. (1997) demonstrated a blunted release of ACTH in re-
sponse to ipsapirone, a serotonin agonist, in 14 CFS patients vs. 14 con-
trols (4.4 = 0.6 ng/l vs 14.6 £ 1.6 ng/l), demonstrating central HPA axis
dysfunction in these patients (26).

FIBROMYALGIA

Riedel et al. (1998) injected CRH (bovine 100 pg) along with a simul-
taneous injection of TRH, GHRH and LHRH in 16 FM patients and 17
controls. They found elevated basal levels of ACTH and cortisol and an
exaggerated ACTH response with no difference in stimulated cortisol
levels, demonstrating a hyporesponsive adrenal response to ACTH.
This is most consistent with a hypothalamic or a supra-hypothalamic
dominant dysfunction rather than a primary adrenal insufficiency. They
also found significantly elevated prolactin levels on stimulation with
significantly reduced TSH secretion, free T3 production and growth
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hormone secretion, all demonstrating hypothalamic-pituitary dysfunc-
tion (27).

Griep et al. (1993) performed CRH (human 100 pg) stimulation test-
ing and IST on 10 FM patients and 10 controls. They also found a statis-
tically significant enhanced ACTH response and a relative adrenal
hypo-responsiveness in the FM patients as compared to controls with
both the IST and CRH testing, indicating a tertiary (hypothalamic or su-
pra-hypothalamic level) hypoadrenalism (28).

Griep et al. (1998) compared the HPA axis function in 40 FM pa-
tients with an average illness duration of 10.7 + 7.2 years, 28 patients
with chronic low back pain and 14 controls. They used a combination of
tests that included CRH (human 100 pg) stimulation testing, very low
dose (0.025 pg/kg) and low dose (0.1 pg/kg) ACTH stimulation tests
and 24-hour urinary cortisol evaluations. This study also showed a sig-
nificantly abnormal HPA axis in FM patients after CRH stimulation
with an ACTH hyper-responsiveness and a relative adrenal hypo-re-
sponsiveness, indicating a tertiary (hypothalamic or supra-hypotha-
lamic level) hypoadrenalism (29).

There was also significantly decreased 24-hour urine cortisol levels
in the FM patients compared to the controls, but there was no difference
in the evoked cortisol levels with either the very low dose or the low
dose ACTH simulation tests between the three groups, indicating that
there is not a primary adrenal dysfunction. This study also further dem-
onstrates and supports other studies that show that ACTH stimulation
testing is an insensitive means of detecting central HPA axis dysfunc-
tion and is, therefore, not a recommended method of evaluation in these
patients (29,31,36-39,152).

Crofford et al. performed CRH (bovine 1 pg/kg) testing and 24-hour
urinary free cortisol levels in 12 FM patients and 12 controls. The FM
patients had an average duration of illness of 6.2 + 3.1 years. This study
found a non-statistically significant exaggerated ACTH response to
CRH with a statistically significant decrease in net cortisol response
(p < 0.02), demonstrating a hypothalamic dominant dysfunction of the
HPA axis of FM patients. They also found a statistically significant de-
crease in 24-hour urinary free cortisol levels (p < 0.002) (30).

Calis et al. performed metyrapone testing and 1 ug ACTH stimula-
tion tests on 22 FM patients and 15 matched controls. After metyrapone
administration, 95% of FM patients had lower 11-deoxy-cortisol than
the lowest level in the healthy controls, while only 45% of FM patients
had low cortisol responses to the ACTH simulation test (31). This dem-
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onstrates central HPA axis dysfunction in these patients, but ACTH
stimulation testing will miss approximately half the individuals with
significant dysfunction and is not a recommended means of evaluating
the HPA axis in these patients (29,31,36-39,152).

Kirnap et al. performed IST as well as 1 pg and standard ACTH stim-
ulation testing on 16 FM patients and 16 controls. They found signifi-
cant reduced basal cortisol levels in the FM group (p < 0.0001) as well
as significantly reduced responses to all three stimulation tests (p <
0.0001), demonstrating significant central HPA axis dysfunction in
these patients (ACTH levels were not measured). They also found that
if the standard cutoffs were used with the ACTH simulation test, most
of the patients would have been misdiagnosed as normal (40).

Adler et al. performed stepped hypoglycemic hyperinsulinemic clamp
studies, performed ACTH infusions and evaluated 24-hour urinary free
cortisol levels in 15 FM patients and 13 controls. The average duration
of illness was 9 * 8 years. Baseline 24-hour urinary free cortisol levels
were not significantly different between the two groups, but basal
ACTH levels were significantly lower in FM patients (2.8 + 1.7 pmol/l)
as compared to the control group (5.0 £ 2.9 pmol/l). The ACTH levels
in response to hypoglycemia were significantly reduced in the FM
group, with an average integrated response being 68% of that of the
control group. Baseline hypoglycemic stimulated and ACTH stimu-
lated cortisol levels were not significantly different. These results of a
diminished ACTH response are in contrast to the above studies demon-
strating an exaggerated ACTH response in FM patients and more simi-
lar to the results involving CFS patients. There is significant overlap in
those diagnosed with FM and CFS and this may have been a factor in
this study. Additionally, this group had a much longer duration of ill-
ness than the FM patients in the previously discussed studies and differ-
ent methodologies could also explain the differences (33).

Torpy et al. performed 24-hour urine cortisol levels and administered
IL-6 stimulation tests to 13 FM patients and 8 controls. There was a
trend to lower 24-hour urine cortisol levels in FM patients vs. controls
(40.7 £ 5 ng/24-hours vs. 57.0 + 9.9 ng/24-hours) although it did not
reach statistical significance. They found no significant difference in
peak cortisol or ACTH levels between the two groups, but the FM group
was shown to have a significant delay in the ACTH response, with peak
levels not occurring until 96 £ 6 minutes vs. 68.6 = 10.3 minutes in the
control group. This delayed ACTH response with a trend to lowered
24-hour urine cortisol levels supports a dysfunction at or above the hy-
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pothalamic level. This delayed ACTH response as compared to the ex-
aggerated ACTH response to CRH in FM probably reflects differences
in the principle site of action of these agents and supports HPA axis
dysfunction at or above the hypothalamic level (32).

TREATMENT

In a randomized crossover trial, Cleare et al. 1999 treated 32 CFS pa-
tients with a mean duration of illness of 3 years (range 2.3-3.75 years)
with low dose cortisol (5-10 mg/day) and placebo for one month in a
randomly assigned order. This study found significant improvements in
fatigue and disability in those treated with low dose cortisol but not with
placebo (p = 0.009). Twenty-eight percent of the patients improved to
normal levels with treatment, and follow-up IST demonstrated that
there was no suppression of endogenous adrenal function with treat-
ment. In fact, those who responded to treatment had an improvement in
HPA axis function via CRH stimulation testing, demonstrating the ef-
fectiveness and appropriateness of this treatment (22,146).

Blockmans et al. performed a 6-month randomized, placebo-con-
trolled, double-blind, crossover study of 80 patients with CFS using a
combination of 5 mg cortisol and 50 pg of fludrocortisone. Patients had
an average duration of illness of only 2.5 years (1.3-5). There was sig-
nificant improvement in fatigue scores with treatment as measured with
an Abbreviated Fatigue Questionnaire (p = 0.004), but there was a sig-
nificant placebo response so it was not significantly different from pla-
cebo. There was no difference in fatigue scores as measured by a visual
analog scale. There was significant improvement in the Mental Factor
of the Short Form Health Survey compared to placebo and also in the
Physical Factor but not compared to placebo. Depression scores im-
proved with treatment vs. placebo. ACTH simulation tests were per-
formed at 0, 3, and 6 months. The baseline ACTH stimulation tests were
normal and none of the patients had any evidence of adrenal suppres-
sion with treatment (153).

The less impressive response in this study as compared to the Cleare
study is potentially explained by different patient characteristics. These
patients had a much shorter duration of illness and were recruited from
different patient populations. The Cleare study recruited patients from
clinics that specialize in CFS in England and Blockmans et al. recruited
patients from a tertiary care university hospital in Belgium, and they ap-
peared to have excluded those with ulcers, hypertension, glaucoma or
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diabetes but did not exclude those with fatigue related illnesses. These
patients appeared likely to be an especially heterogeneous group with a
multitude of disease processes.

Mckenzie et al. performed a randomized, placebo-controlled, dou-
ble-blind 12-week therapeutic trial with 25-35 mg of cortisol to 30 CFS
patients and 35 controls. Patients met the more rigorous 1988 criteria
for CFS and were assessed with a daily wellness scale for 12 weeks. The
study found that 66.7% of patients improved with treatment, with most
patients reporting a modest but significant difference vs. placebo as
measured by at least a 5, 10 or 15 point improvement. A five or more
point improvement was seen in 53% of the cortisol treated patients vs.
29% receiving placebo (p = .04), a 10 point improvement was seen in
33% of the cortisol treated patients vs. 14% of controls (p = .07) and a
15 point improvement was seen in 20% of cortisol treated patients vs.
6% of controls (p = .08) (154).

Three patients in the treatment group withdrew due to ineffectiveness
and four withdrew from the placebo treatment (three due to ineffective-
ness and one due to a rash). Five of the cortisol treated patients did not
have pretreatment wellness scores so they could not be evaluated. There
was no significant correlation between response and the pretreatment
basal or ACTH stimulated cortisol levels. Five patients in the treatment
group had a depressed cortisol response in the post treatment ACTH
simulation testing. However, the doses used in this study are considered
by many researchers and clinicians that specialize in CFS/FM to be in-
appropriately high for treatment of this condition (54,120,124,125,136,
155-162) and significantly higher than the studies that demonstrate a
lack of adrenal suppression with lower doses of 5-15 mg/day (22,120,
146,153,156,162).

Teitelbaum et al. performed a randomized, double-blind, placebo
controlled, intent to treat study on 72 FM (69 also met CFS criteria) pa-
tients (38 active and 34 placebo) that documents the effectiveness of an
integrative treatment approach to CFS and FM that includes low dose
cortisol (7.5-20 mg/day) (120). The patients underwent an integrative
multi-system treatment protocol based on an algorithm that took into
account laboratory tests as well as signs and symptoms. Potential treat-
ments included antidepressants, levothyroxin, cortisol, fludrocortisone,
DHEA, testosterone and antimicrobial treatments. Cortisol was admin-
istered if there was a baseline cortisol level = 12; the ACTH stimulated
cortisol increase was < 7 at 30 minutes, < 11 at 60 minutes or the 60
minute cortisol was < 28; the HgbA1C was < 5.1; or if patients had three
significant symptoms consistent with adrenal dysfunction. Cortisol was
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given to 29 of the 38 patients at some time during the 3 month study.
Overall, patients had significant improvements vs. placebo in visual
analog scores (p < 0.0002), the Fibromyalgia Impact Questionnaire
(p < 0.0005), the tender point index (p < 0.0001) and overall response
(p < 0.0001). No patients were found to have any adrenal suppression
with post-treatment ACTH simulation tests. While this study does not
separate out cortisol’s overall effect, it provides the basis for demon-
strating that an integrative multi-system treatment approach that in-
cludes low dose cortisol is highly safe, effective and appropriate in the
treatment of these conditions. This integrative approach is now consid-
ered by many who specialize in the treatment of CFS/FM to be the cur-
rent basic standard of care (65,69,120-146) and has served as a building
block for more advanced therapies and algorithms. Interestingly, a
sub-analysis demonstrated that antidepressants had no significant bene-
ficial effect on the patients’ outcome scores (p < .0001) (120).

Currently, our center has tracked over 500 consecutive patients that
met the CDC criteria for CFS and/or the American College of Rheum-
atology criteria for FM (240 met criteria for CFS, 14 met the criteria for
FM and 259 met criteria for both). The computerized tracking system
consists of the tracking of the patients’ average overall energy level and
sense of well-being (SOWB) on each visit as well as the frequency and
severity of 10 symptoms that includes fatigue, muscle pain, stiffness,
cognitive function, headaches, insomnia, unrestful sleep, gastrointesti-
nal dysfunction and sore throat. Before each visit, patients rated their
energy and sense of well being on a scale of 1-10 (1 being low and 10
being high) and their individual symptom frequency and severity on a
scale of 1-10 (10 being constant and 1 being rare for frequency and 10
being severe and 1 being mild for severity). Patients had seen on aver-
age 7.2 different physicians for treatment of their CFS and/or FM with-
out significant improvement prior to being seen at our center. Patients
were treated based on a multi-system integrative treatment algorithm
that incorporates therapies based on the most recent understanding of
the pathophysiology of these conditions (due to its complexity, a de-
scription of the algorithm is beyond the scope of this review). The treat-
ment algorithm did include low dose cortisol after the second visit if
symptoms were consistent with adrenal dysfunction based on 24 symp-
toms and/or having low blood pressure and/or having a baseline cortisol
level in the low or low-normal range. If patients met the protocol crite-
ria, they were given a therapeutic trial of 5-15 mg of timed-released
cortisol per day. Patients were also given fludrocortisone if they had
signs of neurally mediated hypotension.
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Analysis revealed (prepublication ongoing data collection) that 94%
of patients had overall improvement by the 4th visit with 75% noting
significant overall improvement and 62% reporting substantial overall
improvement. The majority of patients continued to improve in subse-
quent visits. The average energy levels and average SOWB increased
significantly. The average energy level more than doubled by the 4th
visit, going from an average of 2.98 at baseline to 6.39 at the 4th visit
and then to 6.77 and 7.67 at the 7th and 9th visits, respectively. The av-
erage SOWB also more than doubled by the fourth visit, increasing
from a baseline average of 3.03 then increasing to 6.29, 7.45, and 6.83
on the 4th, 7th, and 9th visit, respectively. There were no significant
side-effects from low dose cortisol in these closely monitored patients
(136).

Subsequently, over 40 physicians were trained to utilize a more sim-
plified treatment algorithm in 17 centers across the country. In this
multi-center study, over 4000 consecutive patients diagnosed with CFS
and/or FM were treated with this simplified algorithm and tracked via
the same computerized patient assessment system. This prepublication
ongoing data collection demonstrated that 85% of patients improved by
the 4th visit, with 56% and 40% reporting significant and substantial
improvement, respectively, by the 4th visit. This increased to 62% and
46% by the 7th visit (137).

While these two studies are not placebo controlled and do not allow
the evaluation of cortisol as a sole treatment of CFS/FM, as cortisol was
only a part of the multi-system treatment protocol that included numer-
ous therapeutic interventions, cortisol supplementation was shown to be
a beneficial and safe therapeutic intervention with little or no risk as part
of a multi-system integrative treatment protocol. It is extremely un-
likely that such dramatic improvements were due to a placebo effect be-
cause these patients had been typically seen by numerous physicians
without improvement and such patients have been shown to have little
placebo responses (163).

SIDE EFFECTS AND SAFETY

Because physiologic doses of cortisol (<15 mg) do not increase lev-
els beyond normal levels, it is exceedingly safe and is not associated
with adverse effects associated with pharmacological doses of corti-
costeroids, including adrenal suppression, bone loss and immune sup-
pression (22,54,120,136,137,146,153,155-157,162,164-176). A review
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by Jefferies of 1000 patient-years of treatment with physiological doses
of cortisol found that the only undesirable side effect was acid indiges-
tion and skin rashes due to allergies to the tablets’ fillers in a few
patients (155).

As opposed to pharmacological doses of corticosteroids, physiologi-
cal doses (< 15 mg) of cortisol have been shown not to cause adrenal
suppression (22,120,146,153,156,162) and have been shown to actually
improve HPA axis function (22). This is counterintuitive to what physi-
cians are taught and have found with higher pharmacological doses of
glucocorticoids. Also, physiologic doses of cortisol have been shown to
improve cellular and hormonal immunity, including natural killer cell
activity (155,157,164-171,177), which has been found to be a consis-
tent abnormality in CFS patients (85-88). This is also counter-intuitive
to physicians because of the well-known immune suppression that is
seen with pharmacological doses of corticosteroids.

The longest randomized placebo controlled studies (over 2 years)
that assessed bone loss with the use of low dose corticosteroids
(= equivalent to 40 mg of cortisol) have demonstrated that there is no
significant increase in bone loss vs. placebo with such treatment
(172-176). The fact that these studies, while considered low dose, were
considerably higher than the recommend doses for CFS and FM pa-
tients, demonstrates that using cortisol supplementation at doses less
than 15 mg would not have any adverse effects on bone loss.

Low physiologic doses of cortisol (<15 mg) carry little risk and have
a risk/benefit ratio that compares favorably to treatments that are con-
sidered standard therapies for CFS and FM, including antidepressants,
NSAIDS, muscle relaxants and low-dose narcotics. For instance, there
is considerable anecdotal evidence supporting the use of SSRI’s in CFS
and FM, and most physicians feel they are significantly beneficial in
these patients. However, randomized blinded placebo controlled trials
have consistently shown little benefit, with the majority of patients not-
ing significant side effects with up to a third of patients having to dis-
continue treatment due to side effects (4,5). The newer dual acting
antidepressants such as duloxetine have been shown to be beneficial in
FM but suffer from poor tolerability (6,7). A randomized controlled
trial demonstrated that duloxetine was of benefit in women with FM but
not in men. In addition, 90% of patients had significant side-effects in
the treatment group and 44% had to discontinue treatment due to
moderate or severe side-effects (6,7).

In contrast, side effects are very rare and significant side effects are
essentially non-existent with physiologic doses of cortisol. An even
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more compelling argument can be made when the considerable risks,
that include death, of other common treatments for CES and FM, in-
cluding NSAIDS, muscle relaxants and low dose narcotics, are com-
pared to the negligible risk of physiologic doses of cortisol.

SUMMARY

There is ample evidence that there is HPA axis dysfunction of central
origin in CFS and FM but the exact level or levels of dysfunction are
less clear. The data are consistent with mixed hypothalamic-pituitary
dysfunction in CFS and FM with CFS having more pituitary dominant
dysfunction while FM patients have more hypothalamic or supra-hypo-
thalamic dominant dysfunction. This is consistent with the fact that the
hypothalamus has significant pain modulating properties and hypotha-
lamic dysfunction has been shown to increase pain sensation (178).

The HPA axis is an incredibly complex group of specialized neuronal
tissue, with the hypothalamus being the most complex part of the CNS.
The hypothalamus consists of somewhat arbitrarily defined regions and
nuclei that include the pariventricular, arcuate, suprachiasmatic, ante-
rior, ventromedial, dorsomedial, posterior and supraoptic nuclei with
extensive interaction with different afferent and efferent pathways from
the thalamus, basal ganglia, cerebral cortex, reticular formation and
visceral centers of the brainstem. The reticular formation and visceral
centers of the brainstem connect with the hypothalamus through the
mammillary peduncle and the dorsal longitudinal fasciculus. There is
also significant input via locus ceruleus, vagal nuclei, periaqueductal
gray and nuclei of the solitary tract and from the piriform cortex and
amygdala, olfactory nuclei and the hippocampus. While the studies
clearly support HPA dysfunction at the pituitary and hypothalamic
levels, it is not surprising that the precise level and mechanism is
unclear.

Potential mechanisms occurring in CFS include pituitary dysfunc-
tion with hyporesponsive pituitary corticotrophs, enhanced negative
feedback and/or deficient hypothalamic secretion of CRH. FM patients
have more dysfunction at the hypothalamic level or have abnormal hy-
pothalamic input along with hyporesponsive adrenals to ACTH. There
is convincing evidence of central regulation of adrenal sensitivity to
ACTH (179). Interestingly, depressed patients are characterized by
hyperactivity of all components of the HPA axis, including increased
sensitivity to ACTH by the adrenals and increased CRH mRNA expres-
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sion, with resultant hyercortisolism. Given the complexity of neuronal
interaction in this system, it is unlikely that the precise nature of HPA
axis dysfunction in CFS/FM patients will be elucidated in the near fu-
ture. This certainly does not mean these patients should not be treated
until such understanding is complete.

CONCLUSION

There is a complex interaction of HPA axis dysfunction in these pa-
tients, and it is becoming clear that the majority of patients with CFS
and FM suffer from clinically significant adrenocortical dysfunction.
Current methods of testing are very poor at assessing the area of dys-
function in these complex interactions, but despite this, all studies uti-
lizing IST, CRH and/or metyrapone testing have shown abnormal
results in these patients. Studies that utilize 24-hour urinary cortisol lev-
els have consistently shown HPA axis dysfunction with only a few stud-
ies showing normal levels in CFS and FM patients. On the whole,
ACTH stimulation testing has shown to be abnormal in about 50% of
CFS/FM patients. This would be the expected percentage if 100% of the
patients had HPA axis dysfunction of central origin, as this test suffers
from very poor sensitivity for central HPA axis dysfunction and would
be expected to miss approximately 50% of these patients. In addition,
the inaccuracy of the most commonly used cortisol assay further con-
founds results. The ACTH stimulation test has clearly been shown to
lack sufficient sensitivity to differentiate CFS and FM patients with
HPA axis dysfunction from those with normal function. A normal result
cannot be used with any confidence in these patients to rule-out signifi-
cant dysfunction; thus, it cannot be recommended as a useful test to
guide treatment in these patients. The more central acting stimulation
tests are also not recommended for routine clinical use because interpre-
tation is problematic, they are burdensome and expensive and carry
significantly more risk than the most appropriate treatment, a therapeu-
tic trial of physiological doses of cortisol.

Physiologic replacement of cortisol at doses of 5-15 mg/day have
been shown to be safe, with little or no associated risk, and have the po-
tential for significant clinical benefit. Cortisol treatment carries signifi-
cantly less risk and a greater potential for benefit than treatments
considered to be the standard of care in the treatment of CFS/FM, in-
cluding antidepressants, muscle relaxants and narcotics. The current
evidence supports the use of physiologic doses of cortisol as an appro-
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priate component of a multi-system treatment protocol for CFS and FM,
and a therapeutic trial of cortisol should be considered in the majority of
these patients, especially those with signs or symptoms consistent with
adrenal dysfunction, low blood pressure and/or serum levels that are
low or in the low normal range.

REFERENCES

1. Wolfe F et al. The prevalence and characteristics of fibromyalgia in the general
population. Arthritis Rheum. 1995 Jan;38(1):19-28.

2. Topbas M et al. The prevalence of fibromyalgia in women aged 20-64 in Tur-
key. Scand J Rheumatol. 2005 Mar-Apr;34(2):140-4.

3. Neumann L, Buskila D. Epidemiology of Fibromyalgia. Current Pain and Head-
ache Reports 2003, 7:362-8.

4. Wearden AJ, Morriss RK, Mullis R, et al. Randomized, double-blind, pla-
cebo-controlled treatment trial of fluoxetine and graded exercise for chronic fatigue
syndrome [published erratum appears in Br J Psychiatry 1998;173:89]. Br J Psychiatry
1998. 172:485-90.

5. Vercoulen JH, Swanink CM, Zitman FG, et al. Randomized, double-blind, pla-
cebo-controlled study of fluoxetine in chronic fatigue syndrome. The Lancet 1996;
347:858-61.

6. Arnold LM, Rosen A, Pritchett YL, D’Souza DN, Goldstein DJ, Iyengar S,
Wernicke JF. A randomized, double-blind, placebo-controlled trial of duloxetine in the
treatment of women with fibromyalgia with or without major depressive disorder.
Pain. 2005;119(1-3):5-15.

7. Barclay L, Vega C. Duloxetine Effective in Fibromyalgia. Medscape Medical
News. Sept 10, 2004.

8. Wolfe F, Anderson J, Harkness D, Bennett RM, Caro XJ, Goldenberg DL, Rus-
sell 1J, Yunus MB. Health status and disease severity in fibromyalgia: results of a
six-center longitudinal study. Arthritis Rheum 1997 Sep;40(9):1571-9.

9. Andersen MM, Permin H, Albrecht F. Illness and disability in Danish Chronic
Fatigue Syndrome patients at diagnosis and 5-year follow-up. Journal of Psychoso-
matic Research 2004;56:217-29.

10. Joyce J, Hotopf M, Wessely S. The prognosis of chronic fatigue syndrome: a
systematic review. Q J Med 1997;90(3):223-33.

11. Hoffman C, Rice D, Sung HY. Persons with chronic conditions. Their preva-
lence and costs. JAMA. Vol. 276 No. 18, November 13, 1996.

12. Levine PH et al. The Postinfectious Chronic Fatigue Syndrome. Humana Press,
Clifton, NJ 1989:405-38.

13. Deale A, Wessely S. Patients’ perceptions of medical care in chronic fatigue
syndrome. Social Science & Medicine 2001;52:1859-64.

14. Hinds GME, McCluskey DR. A retrospective study of chronic fatigue syn-
drome. Proc Roy Coll Physicians, Edinburgh 1993; 23:10-14.

15. Peterson PK, Schenck CH, Sherman R. Chronic fatigue syndrome in Minnesota.
Minnesota Medicine 1991;74:21-6. Pain 1995;3:91-110.



78 JOURNAL OF CHRONIC FATIGUE SYNDROME

16. Bennett RM: Fibromyalgia and the disability dilemma. A new era in under-
standing a complex, multidimensional pain syndrome. Arthritis Rheum 1996;39:
1627-34.

17. Kennedy M, Felson DT. A prospective long-term study of fibromyalgia syn-
drome. Arthritis Rheum. 1996;39(4):682-5.

18. Wilson A et al. The treatment of chronic fatigue syndrome: science and specula-
tion. Am J Med 1994;96(6):544-50.

19. Demitrack MA, Dale JK, Straus SE, Laue L, Listwak SJ, Kruesi MJP et al. Evi-
dence for impaired activation of the hypothalamic-pituitary-adrenal axis in patients
with chronic fatigue syndrome. J Clin Endocrinol Metab 1991;73:1224-34.

20. Scott LV, Medbak S, Dinan TG. Blunted adrenocorticotropin and cortisol re-
sponses to corticotropin-releasing hormone stimulation in chronic fatigue syndrome.
Acta Psychiatr Scand 1998;97(6):450-7.

21. Scott LV, Medbak S, Dinan TG. Desmopressin augments pituitary-adrenal
responsivity to corticotropin-releasing hormone in subjects with chronic fatigue syn-
drome and in healthy volunteers. Biol Psychiatry 1999;45(11):1447-54.

22. Cleare AJ, Miell J, Heap E, Sookdeo S, Young L, Malhi GS, O’Keane V.
Hypothalamo-pituitary-adrenal axis function in chronic fatigue syndrome, and the ef-
fects of low-dose hydrocortisone therapy. J Clin Endocrinol Metab 2001;86:3545-54.

23. Inder WJ,, Prickett TC, Mulder RT. Normal opioid tone and hypothalamic-pitu-
itary-adrenal axis function in chronic fatigue syndrome despite marked functional im-
pairment. Clinical Endocrinology 2005;62:343-8.

24. Gaab J, Huster D, Peisen R, Engert V, Heitz V, Schad T, Schurmeyer TH, Ehlert
U. Hypothalamic-pituitary-adrenal axis reactivity in chronic fatigue syndrome and
health under psychological, physiological, and pharmacological stimulation. Psychosom
Med 2002;64(6):951-62.

25. Bearn J, Allain T, Coskeran P, Munro N, Butler J, McGregor A, Wessely S
Neuroendocrine responses to D-fenfluramine and insulin-induced hypoglycemia in
chronic fatigue syndrome. Biol Psychiatry 1995;37:245-52.

26. Dinan TG, Majeed T, Lavelle E, Scott LV, Berti C, Behan P. Blunted seroto-
nin-mediated activation of the hypothalamic-pituitary-adrenal axis in chronic fatigue
syndrome. Psychoneuroendocrinology 1997;22:261-7.

27. Riedel W, Layka H, Neeck. Secretory pattern of GH, TSH, thryoid hormones,
ACTH, cortil, FSH, and LH in patients with fibromyalgia syndrome following sys-
temic injection of the relevant hypothalamic-releasing hormones. Z Rheumatol 1998;
57:81-7.

28. Griep EN, Boersma JW, de Kloet ER. Altered reactivity of the hypothalamic-pi-
tuitary-adrenal axis in the primary fibromyalgia syndrome. J Rheumatol 1993;20:
469-74.

29. Griep EN, Boersma JW, Lentjes, Lentjes EG, Prins JK. Function of the hypotha-
lamic-pituitary-adrenal axis in patients with fibromyalgia and low back pain. J
Rheumatol 1998;25(7):1374-81.

30. Crofford LJ, Pillemer SR, Kalogeras KT, Cash JM, Michelson D, Kling MA,
Sternberg EM, Gold PW, Chrousos GP, Wilder RL. Hypothalamic-pituitary-adrenal
axis perturbations in patients with fibromyalgia. Arthritis Rheum. 1994;37(11):
1583-92.



Original Research 79

31. Calis M, Gokce C. Investigation of the hypothalamo-pituitary-adreanl axis
(HPA) by lug ACTH test and metyrapone test in patients with primary fibromyalgia
syndrome. J Endocrinol Invest 2004;27:42-6.

32. Torpy DJ et al. Responses of the sympathetic nervous system and the hypotha-
lamic-pituitary-adrenal axis to interleukin-6 in fibromyalgia. Arthritis and Rheuma-
tism. 2000;43:872-80.

33. Adler GK, Kinsley BT, Hurwitz S, Mossey C, Goldenberg DL. Reduced hypo-
thalamic-pituitary and sympathoadrenal responses to hypoglycemia in women with
fibromyalgia syndrome. Am J Med 1999;106:534-43.

34. Torpy DJ, Chrousos GP. The three-way interactions between the hypotha-
lamic-pituitary-adrenal and gonadal axes and the immune system. B. Clinical Rheuma-
tology 1996;10(2):181-98.

35. Scott LV, Medbak S, Dinan TG. The low dose ACTH test in chronic fatigue
syndrome and in health. Clin Endocrinol (Oxf) 1998;48(6):733-7.

36. Soule S et al. The low dose ACTH stimulation test is less sensitive than the over-
night metyrapone test for the diagnosis of secondary hypoadrenalism. Clinical Endo-
crinology 2000;53:221.

37. Fiad TM, Kirby JM, Cunningham SK, McKenna TJ. The overnight single-dose
metyrapone test is a simple and reliable index of the hypothalamic-pituitary-adrenal
axis. Clin Endocrinol (Oxf) 1994;40(5):603-9.

38. Cunningham SK, Moore A, McKenna TJ. Normal cortisol response to corti-
cotropin in patients with secondary adrenal failure. Arch Int Med 1983;143(12):
2276-9.

39. Mayenknecht J et al. Comparison of low and high dose corticotropin stimulation
tests in patients with pituitary disease. The Journal of Clinical Endocrinology & Me-
tabolism 1998; 83(5):1558-62.

40. Kirnap M, Colak R, Eser C, Ozsoy O, Tutus A, Kelestimur F. A comparison be-
tween low-dose (1 microg), standard-dose (250 microg) ACTH stimulation tests and
insulin tolerance test in the evaluation of hypothalamo-pituitary-adrenal axis in pri-
mary fibromyalgia syndrome. Clin Endocrinol (Oxf) 2001;55(4):455-9.

41. Scott LV, Medbak S, Dinan TG. The low dose ACTH test in chronic fatigue
syndrome and in health. Clin Endocrinol (Oxf) 1998;48:733-7.

42. Tordjman K, Jaffe A, Grazas N, Apter C, Stern N. The role of the low dose (1
microgram) adrenocorticotropin test in the evaluation of patients with pituitary dis-
eases. Journal of Clinical Endocrinology & Metabolism 1995;80:1301-5.

43. Oelkers W. The role of high- and low-dose corticotropin tests diagnosis of sec-
ondary adrenal insufficiency. European Journal of Endocrinology 1998;139:567-70.

44. Zarkovic M, Ciric J, Stojanovic M, et al. Optimizing the diagnostic criteria for
standard (250-mg) and low dose (1-mg) adrenocorticotropin tests in the assessment of
adrenal function. J Clin Endocrinol Metab 1999;84:3170-3.

45. Demitrack M, Dale J, Straus S, Laue L, Listwak S, Kruesi M, Chrousos G, Gold
P. Evidence for impaired activation of the hypothalamic-pituitary-adrenal axis in pa-
tients with chronic fatigue syndrome. J Clin Endocrinol Metab 1991;73:1224-34.

46. Scott LV, Dinan TG. Urinary free cortisol excretion in chronic fatigue syn-
drome, major depression and in healthy volunteers. Journal of Affective Disorders
1998:47:49-54.



80 JOURNAL OF CHRONIC FATIGUE SYNDROME

47. Cleare AJ, Blair D, Chambers S, Wessely S. Urinary free cortisol in chronic fa-
tigue syndrome. Am J Psychiatry 2001;158:641-3.

48.Young et al. Basal activity of the hypothalamic-pituitary-adrenal axis in patients
with the chronic fatigue syndrome. Boil Psychiatry 1998;43:236-7.

49. Maes M, Lin A, Bonaccorso S, Van Hunsel F, Van Gastel A, Delmeire L,
Biondi M, Bosmans E, Kenis G, Scharpe S. Increased 24-hour urinary cortisol excre-
tion in patients with post-traumatic stress disorder and patients with major depression,
but not in patients with fibromyalgia. Acta Psychiatr Scand 1998;98(4):328-35.

50. De Becker P, De Meirleir K, Joos E, Campine I, Van Steenberge E, Smitz J,
Velkeniers B. Dehydroepiandrosterone (DHEA) response to i.v. ACTH in patients
with chronic fatigue syndrome. Horm Metab Res 1999;31(1):18-21.

51. Crofford L. The hypothalamic-pituitary-adrenal stress axis in fibromyalgia and
chronic fatigue syndrome. J] Rheumatol 1998;57 Suppl 2:67-71.

52. Kuratsune H, Yamaguti K, Sawada M, Kodate S, Machii T, Kanakura Y, Kitani
T. Dehydroepiandrosterone sulfate deficiency in chronic fatigue syndrome. Int J Mol
Med 1998;1(1):143-6.

53. Strickland P, Morris R, Wearden A, Deakin B. A comparison of salivary
cortisol in chronic fatigue syndrome, community depression and healthy controls. J
Affect Disord 1998;47(1-3):191-4.

54. Jefferies W. Mild adrenocortical deficiency, chronic allergies, autoimmune dis-
orders and the chronic fatigue syndrome: a continuation of the cortisone story. Med
Hypotheses 1994;3(42):183-9.

55. Cleare AJ, Bearn J, Allain T, McGregor A, Wessely S, Murray RM, O’Keane V.
Contrasting neuroendocrine responses in depression and chronic fatigue syndrome.
J Affect Disord, 1995;18(4):283-9.

56. Moutschen M, Triffaux JM, Demonty J, Legros JJ, Lefebvre PJ. Pathogenic
tracks in fatigue syndromes. Acta Clin Belg 1994;6(49): 274-89.

57. Demitrack MA, Crofford LJ. Evidence for and pathophysiologic implications
of hypothalamic-pituitary-adrenal axis dysregulation in fibromyalgia and chronic fa-
tigue syndrome. Ann N'Y Acad Sci 1998;840:684-97.

58. McLean SA et al. Momentary relationship between cortisol secretion and symp-
toms in patients with fibromyalgia. Arthritis & Rheumatism 2005;52(11):3660-9.

59. Neeck G, Riedel. Thyroid Function in Patients with Fibromyalgia Syndrome. J
Rheumatology 1992;19(7):1120-2.

60. Neeck G, Riedel W. Hormonal perturbations in fibromyalgia syndrome. Annals
New York Academy of Sciences 1999;876:325-39.

61. Simons DG, Travell JG. Myofacial pain syndromes, perpetuation factors. In
Textbook of Pain. P.D. Wall & R. Malzak, Eds.1989:369-85.

62. McCain GA, Tilbe AK. Diurnal hormone variation in fibromyalgia syndrome: a
comparison with rheumatoid arthritis. J Rheumatol 1989;16(Supp19):154-7.

63. Ferraccioli G, Cavalieri F, Salaffi F, Fontana S, Scita F, Nolli M, Maestri D.
Neuroendocrinologic findings in primary fibromyalgia and in other rheumatic condi-
tions. J. Rheumatol 1990;17:869-73.

64. Englebienne P, Verhas M, Herst CV, Ke Meirleir K. Type I interferons induce
proteins susceptible to act as thyroid receptor (TR) corepressors and to signal the TR



Original Research 81

for destruction by the proteasome: possible etiology for unexplained chronic fatigue.
Med Hypoth 2003;60(2):175-80.

65. Garrison RL, Breeding PC. A metabolic basis for fibromyalgia and its related
disorders: the possible role of resistance to thyroid hormone. Medical Hypoth 2003;
61(2):182-9.

66. Cullum ME et al. Mutations in the c-erbAB1 gene: do they underlie euthyroid
fibromyalgia. Medical Hypotheses 1997;48:125-35.

67. Lowe JC. Thyroid status of 38 Fibromyalgia Patients: Implications for the etiol-
ogy of fibromyalgia. Clin Bulletin Myofascial Therapy 1997;2(1):47-64.

68. Lowe JC, Reichman AJ, Honeyman GS, Yellin J. Thyroid status of fibro-
myalgia patients. Clin Bulletin Myofascial Therapy 1998;3(1):69-70.

69. Lowe JC. The Metabolic Treatment of Fibromyalgia. Ed., Yelin JC. McDowell
Publishing Company 2000.

70. Bennett RM, Clark SR, Campbell SM, Burckhardt CS. Low levels of somato-
medin C in patients with fibromyalgia syndrome. A possible link between sleep and
muscle pain. Arthritis and Rheumatism 1992;35(10):1110-13.

71. Bennett RM, Cook DM, Clark SR, Burckhardt CS, Campbell SM. Hypotha-
lamic-pituitary-insulin-like growth factor-I axis dysfunction in patients with fibro-
myalgia. ] Rheumatol. 1997; 24:1384-9.

72. Bennett R. Growth hormone in musculoskeletal pain states. Current Pain and
Headache Reports 2005;9:331-8.

73. Bennett RM. Disordered growth hormone secretion in fibromyalgia: a review of
recent findings and a hypothesized etiology. Z Rheumatol 1998;57(Supp 2):72-6.

74. Bennett RM, Clark SR, Walczyk J. A randomized, double-blind, placebo-con-
trolled study of growth hormone in the treatment of fibromyalgia. Am J Med 1998;
104:227-31.

75. Behan WM. Muscles, mitochondria and myalgia. J Pathology 1992;166:213-14.

76. Riley MS, O’Brien CJ, McCluskey DR et al. Aerobic work capacity in patients
with chronic fatigue syndrome. Brit Med J 1990;301:953-6.

77. Behen WH, More IR, Behan PO. Mitochondrial abnormalities in postviral fa-
tigue syndrome. Acta Neuropathol 1991;83:61-5.

78. Nicolson G, Ellithorpe R. Lipid replacement and antioxidant nutritional therapy
for restoring mitochondrial function and reducing fatigue in chronic fatigue syndrome
and other fatiguing illnesses. Journal of Chronic Fatigue Syndrome 2006; 13(1):57-68.

79. Pillemer S, Bradley LA, Crofford LJ, Moldofsky H, Chrousos GP. The neuro-
science and endocrinology of FMS—[An NIH] conference summary. Arthritis & Rheu-
matism 1997;40 (11):1928-39.

80. Drewes AM, Nielson KD, Taagholt SJ, Bjerregaard K, Svendson L, Gade J.
Slow wave sleep in FMS. J Musculoskeletal Pain 1995;3(Supp1):29.

81. Scharf MB, Baumann M, Berkowitz D. The effects of sodium oxybate on clini-
cal symptoms and sleep patterns in patients with fibromyalgia. J Rheumatology
2003;30:1070-4.

82. Moldofsky H. Sleep and musculoskeletal pain. Am J Med 1986;81:85-9.

83. Moldofsky H. Sleep and fibrositis syndrome. Rheum Dis Clin North Am
1989;15:91-103.



82 JOURNAL OF CHRONIC FATIGUE SYNDROME

84. Moldofsky H. The contribution of sleep-wake physiology to fibromyalgia. Adv
Pain Res Ther 1990;17:227-40.

85. Klimas NG et al. Immunologic abnormalities in chronic fatigue syndrome. J
Clin Microbiology 1990;28(6):1403-10.

86. Peterson A, Komaroff L, and Ritz J. Phenotypic and functional deficiency of
natural killer cells in patients with chronic fatigue syndrome. J Immunol 1987;
139:3306-13.

87. Fletcher MA, Maher KJ, Klimas NG. Natural killer cell function in chronic fa-
tigue syndrome 2002;2(2):129-39.

88. Ojo-Amaize EA, Conley EJ, Peter JB. Decreased natural killer cell activity is
associated with severity of chronic fatigue immune dysfunction syndrome. Clin Infect
Dis 1994;18(Supp 1):S157-9.

89. Komaroff A. The biology of chronic fatigue syndorme. Am J Med 2000;
108:169-71.

90. Vojdani et al. RNase L in health and disease: what did we learn recently? Jour-
nal of Chronic Fatigue Syndrome 2003;11(2):97-109.

91. Suhadolnik RJ et al. Changes in the 2-5A synthetase/RNase L antiviral pathway
in a controlled clinical trial with poly(I) poly(C12U) in chronic fatigue syndrome. In
Vivo. 1994;8:599-604.

92. Suhadolnik RJ et al. Upregulation of the 2-5A synthetase/RNase L antiviral
pathway associated with chronic fatigue syndrome. Clin Infect Dis 1994;18:S96-S104.

93. Suhadolnik RJ et al. Biochemical evidence for a novel low molecular weight
2-5A-dependent RNase L in chronic fatigue syndrome. J Interferon & Cytokine
Res1997;17:377-85.

94. Suhadolnik RJ et al. Biochemical dysregulation of the 2-5A synthetase/RNase L
antiviral defense pathway in chronic fatigue syndrome. J Chronic Fatigue Syndrome.
1999;5:223-42.

95. De Meirleir K et al. A 37 kDa 2-5A binding protein as a potential biochemical
marker for chronic fatigue syndrome. Am J Med 2000;108(2):99-105.

96. Zorenzenon M, Rukh G Botta GA et al. Active HHV-6 infection in chronic fa-
tigue syndrome patients from Italy: new data. J Chronic Fatigue Syndrome 1996;
2(4):3-12.

97. Jo Nijs J et al. High prevalence of Mycoplasma infections among European
chronic fatigue syndrome patients. Examination of four Mycoplasma species in blood
of chronic fatigue syndrome patients. FEMS Immunology & Medical Microbiology
2002;34: 209-14.

98. Nicolson G, Nicolson N. Diagnosis and treatment of Mycoplasmal infections in
Persian Gulf War Illness-CFIDS patients. International Journal of Occupational Medi-
cine, Immunology and Toxicology 1996;5:69-78.

99. Knox KK, Brewer JH, Carrigan DR. Persistent active human herpesvirus six
(HHV-6) infections in patients with chronic fatigue syndrome. J Chronic Fatigue Syn-
drome 1999;5:245-6.

100. Brewer JH, Know KK and Carrigan DR. Longitudinal study of chronic active
human herpesvirus 6 (HHV-6) viremia in patients with chronic fatigue syndrome. Ab-
stract. IDSA 37th Annual Meeting. Nov. 18-21, 1999. Philadelphia, Pennsylvania.



Original Research 83

101. Ablashi DV et al. Human herpes virus and chronic fatigue syndrome. Canad
Dis Weekly Rep 1991;17S1:33-40.

102. Josephs SF et al. HHV-6 reactivation in chronic fatigue syndrome. Lancet
1991;1346-7.

103. Nicolson GL, Gan R, Haier J. Multiple co-infections (Mycoplasma, Chlamydia,
human herpes virus-6) in blood of chronic fatigue syndrome patients: association with
signs and symptoms. APMIS 2003;111(5):557-66.

104. Buchwald D. et al. A chronic illness characterized by fatigue, neurological and
immunological disorders, and active human herpesvirus type 6 infection. Annals of In-
ternal Medicine 1992;116:103-13.

105. Martin W1J. Detection of viral related sequences in CFS patients using the poly-
merase chain reaction. In “The Clinical and Scientific Basis of Myalgic Encephalo-
myelitis Chronic Fatigue Syndrome.” Byron M. Hyde Editor. Nightingale Research
Foundation Press. Ottawa, Canada, pp. 278-83, 1992.

106. Rowe PC, Bou-Holaigah I, Kan JS, Calkins H. Is NMH an unrecognized cause
of chronic fatigue? Lancet 1995;345:623-4.

107. Naschitz JE, Rosner I, Rozenboum M et al. The head-up tilt test with haemo dy-
namic instability score in diagnosing chronic fatigue syndrome. QJ Med 2003;96:
133-42.

108. Gerrity TR, Bates J, Bell DS, Chrousos G, Furst G, Hedrick T, Hurwitz B, Kula
RW, Levine SM, Moore RC, Schondorf R. Chronic fatigue syndrome: what role does
the autonomic nervous system play in the pathophysiology of this complex illness?
NeurolmmunoModulation 2002;10:134-41.

109. Wallace DJ, Gallegua DS. Fibromyalgia: the gastrointestinal link. Current Pain
and Headache Reports 2004;8:364-8.

110. Sivri A, Cindas A, Dincer F, Sivri B. Bowel dysfunction and irritable bowel
syndrome in fibromyalgia patients. Clin Rheumatol 1996;15(3):283-6.

111. Triadafilopoulos G, Simms RW, Goldenberg DL. Bowel dysfunction in fibro-
myalgia syndrome. Dig Dis Sci 1991;36(1):59-64.

112. Pimentel M, Wallace D, Hallegua D, Chow E, Kong Y, Park S, Lin HC. A link
between irritable bowel syndrome and fibromyalgia may be related to findings on
lactulose breath testing. Annals of the Rheumatic Diseases 2004;63:450-2.

113. Mark Pimentel et al. Small intestinal bacterial overgrowth: a possible associa-
tion with fibromyalgia. Journal of Musculoskeletal Pain 2001;9(3):107-13.

114. Berg D, Berg LH, Couvaras J, Harrison H. Chronic Fatigue Syndrome (CES)
&/or Fibromyalgia (FM) as a Variation of Antiphospholipid Antibody Syndrome
(APS): An Explanatory Model and Approach to Laboratory Diagnosis of Blood Coag-
ulation and Fibrinolysis 1999;10:1-4.

115. Berg D, Berg LH, Couvaras J. Is CFS/FM due to an undefined hypercoaguable
state brought on by immune activation of coagulation. Does adding anticoagulant ther-
apy improve CFS/FM patient symptoms? AACFES Proceedings, Cambridge, MA,
10-12 October1998:62.

116. Berg D, Berg LH, Harrison H, Dreschsel. Retrospective study of 400+ CFS/FM
patients for immune system activation of coagulation and hereditary coagulation de-
fects as predisposition for CFS/FM. Proceedings International Society Thrombosis &
Hemostasis July, 2001.



84 JOURNAL OF CHRONIC FATIGUE SYNDROME

117. Harrison H, Ryser CA, , Brewer J, Berg D. Procoagulant Genetic Factors in a
Pooled Cohort of 582 Chronic Fatigue Syndrome, Fibromyalgia and Related Chronic
Illness Cases. VIIth International Conference American Association for Chronic Fa-
tigue Syndrome (AACES), Oct, 2004, Madison, WI, USA

118. Berg D, Berg LH, Harrison H. Low Level Activation of Coagulation with
Coagulopathies in the Etiology of CFS / FM and Chronic Illnesses. An Explanatory
Model Revisited. VIIth International Conference, American Association for Chronic
Fatigue Syndrome (AACFS) Meeting, Madison, W1, Oct, 2004.

119. Harrison HH, Ryser CA, Ryser ME, et al. Use of sensitive markers of coagula-
tion activation to monitor low dose heparin therapy in patients with CFS and FM. Clin-
ical Chemistry 2003;49(56):A9.

120. Teitelbaum J, Bird B, Greenfield R, Weiss A, Muenz L, Gould L. Effective
treatment of chronic fatigue syndrome (CFIDS) & fibromyalgia (FMS)—A randomized,
double-blind, placebo-controlled, intent to treat study. Journal of Chronic Fatigue Syn-
drome 2001;8(2):3-28.

121. Blatman H. Effective Treatment of fibromyalgia and myofascial pain syn-
drome: a clinician’s perspective. American Journal of Pain Management (Journal of
the American Academy of Pain Management) 2002;12(2):67-8.

122. American Academy of Environmental Medicine 38th Annual Meeting, Identi-
fying the Cause and Exploring the Newest Treatment Option for Chronic Fatigue Syn-
drome, Fibromyalgia and Environmental Sensitivities, Phoenix, AZ, Oct 30-Nov 2,
2003.

123. De Meirleir K, Englebienne P. Chronic Fatigue Syndrome: A Biological Ap-
proach. CRC Press. 2002.

124. Teitelbaum J. Effective treatment of chronic fatigue syndrome: clinical proto-
cols and practice. Integrative Medicine 2005;4(4):CD-CG.

125. International Association for Chronic Fatigue Syndrome (IACFS), Centers for
Disease Control and Prevention (CDC) and the National Center for Infectious Dis-
eases. Seventh International Conference on Chronic Fatigue Syndrome, Fibromyalgia
and Other Related Illnesses. October 8-10, Madison, Wisconsin 2004.

126. International Association for Chronic Fatigue Syndrome (IACFS), Centers for
Disease Control and Prevention (CDC) and PANDORA. Eighth International Confer-
ence on Chronic Fatigue Syndrome, Fibromyalgia and Other Related Illnesses. Fort
Lauderdale, FL, Jan 12-14, 2007.

127. Effective Treatment of Chronic Fatigue Syndrome, Pain and Fibromyalgia—A
Double-blind Study. The 12th Annual World Congress on Anti-Aging Medicine, Las
Vegas, NV 2005.

128. Latest 21st Century Advances in the Diagnosis & Treatment of Fibromyalgia,
Chronic Fatigue Syndrome and Related Illnesses. Los Angeles, CA, Sept 19-21, 2002.

129. Ali M et al. Efficacy of ecologic-integrative management; protocols for rever-
sal of fibromyalgia. J Integrative Medicine 1999;3:48-64.

130. Lowe JC, Reichman AlJ, Yellin J. The process of change during T3 treatment
for euthyroid fibromyalgia: a double-blind placebo-controlled crossover study. Clini-
cal Bulletin of Myofascial Therapy 1997;2(2/3):91-124.



Original Research 85

131. PreAmerican Association for CFS/FMS 7th International Conference. A clini-
cally focused workshop on Effective CFS/Fibromyalgia Therapies. October 7, 2004
Madison, Wisconsin.

132. Potential Unique etiologies of Chronic Fatigue Syndrome and Fibromyalgia:
Hypercoaguable State, Neurotoxins & Heavy Metals. Fifth Annual Fibromyalgia and
Chronic Fatigue Conference. Kansas City, MO. Fibromyalgia Coalition International
May 14, 2005.

133. Hormone Replacement Therapy in the Treatment of Fibromyalgia and CFIDS/
Fibromyalgia CME Conference National Fibromyalgia Association. Garden Grove,
CA. May 18, 2006.

134. The Treatment of the Metabolic Consequences of CES/FM and Chronic Infec-
tions. American College for the Advancement of Medicine. Dallas, TX. May 4, 2006.

135. Teitelbaum J. From Fatigue to Fantastic. Penguin Putnam Inc., 2001.

136. Holtorf K, Wightman W, Tenenbaum S, Shah P, White MD. Outcome database
of 500+ CFS/FM patients. Holtorf Medical Group Inc., Center for Hormone Imbal-
ance, Hypothyroidism and Fatigue, Torrance, CA 2007.

137. Holtorf K, Wightman W, Tenenbaum S, Shah P, White MD, Spurlock M,
Kippels K, LaBair A, Sharp L, Pierotti A, Bullington K, Garcia A, Stevens J, Sainer D,
Campo A, Garabedian A, Marti L, Taveau S, Cuddapah S, Mustafa S, Stringer B,
Boulden K, Bial E, Truong B, Elzinga L, Wazni G, Whitaker J, Cuddapah S, Lipschutz
S, Stringer DiGiovanni M, Levitz L, Hamp D, Juguilon F, Calabrese D, Zahoor I,
Nurse-Bey H, Sidhwa Y, Shanti I, Littles C, Kelly L. Outcome database of 5000+ CFS/
FM patients. Dallas TX, Fort Worth TX, Las Vegas NV, Salt Lake City UT, Portland
OR, Seattle WA, Atlanta GA, Norwalk CT, Boston MA, Philadelphia PA, Cleveland
OH, Denver CO, Houston, TX, Detroit MI, Pittsburgh PA, Amarillo TX, Houston TX.

138. Lowe J, Garrison R, Reichman A, MD, Yellin J, Thompson BA, Kaufman D.
Effectiveness and safety of T3 (triiodothyronine) therapy for euthyroid fibromyalgia: a
double-blind placebo-controlled response-driven crossover study. Clinical Bulletin of
Myofascial Therapy 1997;2(2/3):31-58.

139. Lowe JC, Reichman AJ, Garrison R, Yellin J. Triiodothyronine (T3) treatment
of euthyroid fibromyalgia: a small-n replication of a double-blind placebo-controlled
crossover study. Clinical Bulletin of Myofascial Therapy 1997;2(4):71-88.

140. Yellin BA, Reichman AJ, Lowe JC. The Process of Change During T3 Treat-
ment for Euthyroid Fibromyalgia: A Double-Blind Placebo-Controlled Crossover
Study. The Metabolic Treatment of Fibromyalgia. McDowell Publishing 2000.

141. Moorkens G, Wynants H, Abs R. Effect of growth hormone treatment in pa-
tients with chronic fatigue syndrome: a preliminary study. Growth Horm IGF Res
1998;8(B):131-3.

142. Nicolson G, Marwan Y, Nasralla M, De Meirleir K, Haier J. Bacterial and Viral
Co-Infections in Chronic Fatigue Syndrome (CFS/ME) Patients. Proc. Clinical & Sci-
entific Conference on Myalgic Encephalopathy/Chronic Fatigue Syndrome, the Practi-
tioners Challenge, Alison Hunter Foundation, Sydney, Australia 2002.

143. Lerner AM, Zervos M and Chang CH et al. A small, randomized, placebo-con-
trolled trial of the use of antiviral therapy for patients with chronic fatigue syndrome.
Clinical Infectious Diseases 2001;32:1657-8.



86 JOURNAL OF CHRONIC FATIGUE SYNDROME

144. Nicolson GL, Nasralla MY, Franco RA, Nicolson NL, Erwin R, Ngwenya R,
Berns PA. Clinical Practice of Alternative Medicine 2000; 1(2):92-102.

145. Montoya et al. Use of valganciclovir (Valcyte) in patients with elevated anti-
body titers against Human Herpesvirus-6 (HHV-6) and Epstein-Barr Virus (EBV) who
were experiencing central nervous system dysfunction including long-standing fa-
tigue. Journal of Clinical Virology 2006;37:S33-38.

146. Cleare AJ et al. Low-dose hydrocortisone in chronic fatigue syndrome: a ran-
domized crossover trial. Lancet 1999;353(9151):455.

147. Cohen J, Ward G, Prins J, Jones M, Venkatesh B. Variability of cortisol assays
can confound the diagnosis of adrenal insufficiency in the critically ill population. In-
tensive Care Med 2006;32(11):1901-5.

148. Nye EJ, Grice JE, Hockings Gi, Strakosch CR, Crosbie GV, Walters MM, Jack-
son RV. Comparison of adrenocorticotropin (ACTH) stimulation tests and insulin
hypoglycemia in normal humans: low dose, standard high dose, and 8-hour
ACTH-(1-24) infusion tests. Journal of Clinical Endocrinology & Metabolism 1999;
84(10):3648-3655.

149. De Brabandere VI, Thienpont LM, Stockl D, De Leenheer AP. Three routine
methods for serum cortisol evaluated by comparison with an isotope dilution gas chro-
matography-mass spectrometry method. Clin Chem 1995;41(12 Pt 1):1781-3.

150. Clark, Neylon, Raggatt, Sheppard, Stewart. Defining the normal cortisol re-
sponse to the short Synacthen test: implications for the investigation of hypotha-
lamic-pituitary disorders. Clinical Endocrinology 1998;49(3):287-92.

151. Briegel J, Vogeser M, Annane D, Singer M, Keh D, Moreno R, Sprung C. Cor-
rect identification of relative adrenal insufficiency in septic shock. Intensive Care Med
2005;Suppl 1:S160.

152. Dorin RI, Qualls RC, Crapo LM. Diagnosis of adrenal insufficiency. Annals of
Internal Medicine 2003;139(3):194-204.

153. Blockmans D, Persoons P, Van Houdenhove B, et al. Combination therapy with
hydrocortisone and fludrocortisone does not improve symptoms in chronic fatigue
syndrome: a randomized, placebo-controlled, double-blind, crossover study. Am J
Med 2003;114:736-41.

154. McKenzie R, O’Fallon A, Dale J, Demitrack M, Sharma G, Deloria M, Gar-
cia-Borreguero D, Blackwelder W, Straus SE. Low-dose hydrocortisone for treatment
of chronic fatigue syndrome: a randomized controlled trial. JAMA 1998;280(12):
1061-6.

155. Jefferies W. Cortisol and immunity. Medical Hypotheses 1991;34:198-208.

156. Teitelbaum et al. Low-dose hydrocortisone for chronic fatigue syndrome.
JAMA 1999;281(20);1887-8.

157. Jefferies WM. Safe Uses of Cortisol. 2nd ed. Charles C. Thomas, 1996.

158. Investigations of hydrocortisone and fludrocortisone in the treatment of chronic
fatigue syndrome. The Journal of Clinical Endocrinology & Metabolism 1999;84(6):
2263-4.

159. Dessein P, Shipton E. Hydrocortisone and chronic fatigue syndrome. The Lan-
cet 1999;353:1618.

160. Baschetti R. Hydrocortisone and chronic fatigue syndrome. The Lancet 1999;
353:1618.



Original Research 87

161. Baschetti R. Low-dose hydrocortisone for chronic fatigue syndrome. JAMA
1999;281(20):1887.

162. Teitelbaum JE. Hydrocortisone and chronic fatigue syndrome. The Lancet
1999;353:1618-1619.

163. Cho et al. The placebo response in the treatment of chronic fatigue syndrome: a
systematic review and meta-analysis. Psychosom Med 2005;67:301-13.

164. Katz P, Zaytoun AM, Lee JH. The effects of I vivo hydrocortisone on lympho-
cyte-mediated cytotoxicity. Arthritis Rheum 1984;27(1):72-8.

165. Kronfol A et al. Circadian immune measures in healthy volunteers: Relation-
ship to hypothalamic-pituitary-adrenal axis hormones and sympathetic neurotrans-
mitters. Psychosomatic Medicine 1997;59:42-50.

166. Tuchenda M, Newcomb RW, DeVald BL. Effect of prednisone treatment on
the human immune response to keyhole limpet hemocyanin. Int Arch Allergy 1972;42:
533.

167. Rusu UM, Cooper MD. In vivo effects of cortisone on the B cell line in chick-
ens. J Immunol 1975;115:1370.

168. Fauci AS, Pratt KR, Whalen G. Activation of human B lymphocytes. IV. Regu-
latory effects of corticosteroids on the triggering signal in the plaque-forming cell re-
sponse of human peripheral blood B lymphocytes in polyclonal activation. J Immunol
1977;119:598.

169. Orson FM, Grayson J, Pike S, DeSeau V, Blaese RM. T cell-replacing factor for
glucocorticosteroid-induced immunoglobulin production. A unique steroid-dependent
cytokine. J Exp Med 1983;158:1473.

170. Orson FM, DeSeau V, Pike S, Blaese M. Glucocorticosteroids stimulate
polyclonal immunoglobulin production by cord blood mononuclear cells. J Immunol
1984;133:208.

171. Levo Y, Harbeck RJ, Kirkpatrick CH. Regulatory effect of hydrocortisone on
the in vitro synthesis of IgE by human lymphocytes. Int Archs Allergy Appl Immun
1985;77: 413.

172. Da Silva JA, Jacobs JW, Kirwan JR, Boers M, Saag KG, Ines LB, de Koning
EJ, Buttgereit F, Cutolo M, Capell H, Rau R, Bijlsma JW. Safety of low dose
glucocorticoid treatment in rtheumatoid arthritis: published evidence and prospective
trial data. Ann Rheum Di. 2006;65(3):285-93.

173. Kirwan JR. The effect of glucocorticoids on joint destruction in rheumatoid ar-
thritis. The Arthritis and Rheumatism Council Low-Dose Glucocorticoid Study Group.
N Engl J Med 1995; 333:142-6.

174. Hickling P, Jacoby RK, Kirwan JR. Joint destruction after glucocorticoids are
withdrawn in early rheumatoid arthritis. Arthritis and Rheumatism Council Low Dose
Glucocorticoid Study Group. Br J Rheumatol 1998; 37:930-6.

175. Rau R, Wassenberg S, Zeidler H. Low dose prednisolone therapy (LDPT) re-
tards radiographically detectable destruction in early rheumatoid arthritis—preliminary
results of a multicenter, randomized, parallel, double blind study. Z Rheumatol 2000;
59(Supp 2):11/90-11/96.

176. Van Everdingen AA, Jacobs JW, Siewertsz van Reesema DR, Bijlsma JW.
Low-dose prednisone therapy for patients with early active rheumatoid arthritis: clini-



88 JOURNAL OF CHRONIC FATIGUE SYNDROME

cal efficacy, disease-modifying properties, and side effects: a randomized, double-
blind, placebo-controlled clinical trial. Ann Intern Med 2002;136:1-12.

177. Manji RJ et al. Depression of cell-mediated immunity during acute infectious
mononucleosis. N Engl J Med 1974;291:1149.

178. Dafny N et al. Lateral hypothalamus: site involved in pain modulation. Neuro-
science 1996;70(2):449-460.

179. Kalsbeek A, Van Heerikhuize J, Wortel J, RBuijs RM. A diurnal rhythm of
stimulatory input to the hypothalamo-pituitary-adrenal system as revealed by timed
intrahypothalamic administration of the vasopressin V1 antagonist. The Journal of
Neuroscience 1996;16(17):5555-65.

For additional information
about The Haworth Press
and our products, please
check out our web site at:




