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ABSTRACT. Chronic fatigue syndrome is characterized by
persistent or relapsing debilitating fatigue for at least 6 months
in the absence of a medical diagnosis that would explain the
clinical presentation. Because primary glucocorticoid deficiency
states and affective disorders putatively associated with a defi-
ciency of the arousal-producing neuropeptide CRH can be as-
sociated with similar symptoms, we report here a study of the
functional integrity of the various components of the hypotha-
lamic-pituitary-adrenal axis in patients meeting research case
criteria for chronic fatigue syndrome.

Thirty patients and 72 normal volunteers were studied. Basal
activity of the hypothalamic-pituitary-adrenal axis was esti-
mated by determinations of 24-h urinary free cortisol-excretion,
evening basal plasma total and free cortisol concentrations, and
the cortisol binding globulin-binding capacity. The adrenal cor-
tex was evaluated indirectly by cortisol responses during ovine
CRH (0oCRH) stimulation testing and directly by cortisol re-
sponses to graded submaximal doses of ACTH. Plasma ACTH
and cortisol responses to oCRH were employed as a direct
measure of the functional integrity of the pituitary corticotroph
cell. Central CRH secretion was assessed by measuring its level
in cerebrospinal fluid.

Compared to normal subjects, patients demonstrated signifi-
cantly reduced basal evening glucocorticoid levels (89.0 + 8.7 vs.

148.4 + 20.3 nmol/L; P < 0.01) and low 24-h urinary free cortisol
excretion (122.7 + 8.9 vs. 203.1 + 10.7 nmol/24 h; P < 0.0002),
but elevated basal evening ACTH concentrations. There was
increased adrenocortical sensitivity to ACTH, but a reduced
maximal response [F(3.26, 65.16) = 5.50; P = 0.0015). Patients
showed attenuated net integrated ACTH responses to oOCRH
(128.0 + 26.4 vs. 225.4 + 34.5 pmol/L-min, P < 0.04). Cerebro-
spinal fluid CRH levels in patients were no different from control
values (8.4 + 0.6 vs. 7.7 + 0.5 pmol/L; P = NS).

Although we cannot definitively account for the etiology of
the mild glucocorticoid deficiency seen in chronic fatigue syn-
drome patients, the enhanced adrenocortical sensitivity to ex-
ogenous ACTH and blunted ACTH responses to oCRH are
incompatible with a primary adrenal insufficiency. A pituitary
source is also unlikely, since basal evening plasma ACTH con-
centrations were elevated. Hence, the data are most compatible
with a mild central adrenal insufficiency secondary to either a
deficiency of CRH or some other central stimulus to the pitui-
tary-adrenal axis. Whether a mild glucocorticoid deficiency or a
putative deficiency of an arousal-producing neuropeptide such
as CRH is related to the clinical symptomatology of the chronic
fatigue syndrome remains to be determined. (J Clin Endocrinol
Metab 73: 1224-1234, 1991)
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These neuroendocrine studies were part of a series of studies
testing the hypotheses that 1) there may be reduced activity
of the hypothalamic-pituitary-adrenal axis in chronic fatigue
syndrome and 2) low-dose augmentation with hydrocortisone
therapy would improve the core symptoms. We measured
ACTH and cortisol responses to human CRH, the insulin stress
test, and D-fenfluramine in 37 medication-free patients with
CDC-defined chronic fatigue syndrome but no comorbid psy-
chiatric disorders and 28 healthy controls. We also measured
24-h urinary free cortisol in both groups. All patients (n = 37)
had a pituitary challenge test (human CRH) and a hypotha-
lamic challenge test [either the insulin stress test (n = 16) or
p-fenfluramine (n = 21)]. Baseline cortisol concentrations
were significantly raised in the chronic fatigue syndrome
group for the human CRH test only. Baseline ACTH concen-
trations did not differ between groups for any test. ACTH
responses to human CRH, the insulin stress test, and D-
fenfluramine were similar for patient and control groups. Cor-
tisol responses to the insulin stress test did not differ between
groups, but there was a trend for cortisol responses both to
human CRH and p-fenfluramine to be lower in the chronic
fatigue syndrome group. These differences were significant
~hen ACTH responses were controlled. Urinary free cortisol

vels were lower in the chronic fatigue syndrome group com-
pared with the healthy group. These results indicate that
ACTH responses to pituitary and hypothalamic challenges are
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intact in chronic fatigue syndrome and do not support pre-
vious findings of reduced central responses in hypothalamic-
pituitary-adrenal axis function or the hypothesis of abnormal
CRH secretion in chronic fatigue syndrome. These data fur-
ther suggest that the hypocortisolism found in chronic fatigue
syndrome may be secondary to reduced adrenal gland output.
Thirty-two patients were treated with a low-dose hydro-
cortisone regime in a double-blind, placebo-controlled cross-
over design, with 28 days on each treatment. They underwent
repeated 24-h urinary free cortisol collections, a human CRH
test, and an insulin stress test after both active and placebo
arms of treatment. Looking at all subjects, 24-h urinary free
cortisol was higher after active compared with placebo treat-
ments, but 0900-h cortisol levels and the ACTH and cortisol
responses to human CRH and the insulin stress test did not
differ. However, a differential effect was seen in those patients
who responded to active treatment (defined as a reduction in
fatigue score to the median population level or less). In this
group, there was a significant increase in the cortisol re-
sponse to human CRH, which reversed the previously ob-
served blunted responses seen in these patients. We conclude
that the improvement in fatigue seen in some patients with
chronic fatigue syndrome during hydrocortisone treatment is
accompanied by a reversal of the blunted cortisol responses to
human CRH. (J Clin Endocrinol Metab 86: 3545-3554, 2001)
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