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Chronic fatigue syndrome (CFS) is a disorder characterized by severe physical and mental 
fatigue and fatiguability o f  central rather than peripheral origin. We hypothesized that CFS is 
mediated by changes in hypothalamopituitary function and so measured the adrenocorticotro- 
phic hormone (ACTH), cortisoL growth hormone, and prolactin responses to insulin-induced 
hypoglycemia, and the ACTH, cortisol, and prolactin responses to serotoninergic stimulation 
with dexfenfluramine in nondepressed CFS patients and normal controls. We have shown 
attenuated prolactin responses to hypoglycemia in CFS. There was also a greater ACTH 
response and higher peak ACTH concentrations (36.44 +- 4.45 versus 25.60 +_ 2. 78 pg ml), 
whereas cortisol responses did not differ, findings that are compatible with impaired adrenal 
cortical function. This study provided evidence for both pituita~ and adrenal cortical impair- 
ment in CFS and further studies are merited to both confirm and determine more precisely their 
neurobiological basis so that rational treatments can be evolved. 
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Introduction 
Chronic fatigue syndrome (CFS) has attracted considerable 
controversy in recent years. Dispute exists concerning its 
definition, etiology, pathophysiology, and treatment. Prog- 
ress has been made following the introduction of consensus 
criteria (Sharpe et al 1991; Schluederberg et al 1992), which 

From the Department of Psychiatry, Institute of Psychiatry London UK (JAB); the 
Department of Medicine (TA, PC, AMG); Department of Clinical Biochemistry 
(JB), the Department of Psychological Medicine (SW); King's College School of 
Medicine and Dentistry, London, UK; and the Department of Neurology, Mid- 
dlesex Hospital, London, UK (NM). 

Address reprint requests to Dr. J.A. Beam, Drug Dependence Unit, Wickham Park 
House, Bethlem Royal Hospital, Monks Orchard Road, Beckenharn, Kent BR3 
3BX, U.K. 

Received November 10, 1993; revised April 25, 1994. 

defines CFS as a condition associated with severe physical 
and mental fatigue and fatiguability, associated with func- 
tional impairment and other somatic symptoms, but without 
a conventional biomedical explanation. 

Although early reports claimed that the abnormal fatiga- 
bility was related to neuromuscular dysfunction, recent 
studies have shown that neuromuscular function is largely 
normal (Lloyd et al 1991; Rutherford and White 1991; 
Gibson et al 1993). Furthermore, the pattern of fatigue is of 
central, rather than peripheral, origin (Wessely and Powell 
1989). In consequence, attention has shifted to the role of the 
central nervous system in CFS and neuroendocrine studies 
provide one means of exploring this. The hypothalamopitui- 
tary adrenal axis (HPA) has received particular attention be- 

© 1995 Society of Biological Psychiatry 001~-3223/95/$09.50 
S SD10006-3223(94)00121 -I 



246 BIOL PSYCHIATRY J. Beam et al 
1995;37:245-252 

cause HPA dysregulation is associated with depressive illness 
(Charlton and Ferrier 1989), the commonest form of psychiat- 
ric comorbidity found in CFS. Patients with CFS have re- 
duced cortisol secretion rates and attenuated corticotrophin 
releasing hormone (CRH) responsiveness, findings that are 
most consistent with impaired HPA function (Demitrack et al 
1991). HP activation is involved in the physiological response 
to stress/exercise, and fatigability may at least in part be 
mediated by impaired HP responsiveness. 

One convenient standardized model of stress is the insu- 
lin tolerance test (ITT), which stimulates growth hormone 
(GH), prolactin (PRL), adrenocorticotrophic hormone 
(ACTH) and cortisol secretion in man (Fish et al 1986). We 
hypothesized that if patients with CFS mount defective 
stress responses they would exhibit impaired neuroendo- 
crine responses to ITT compared with normal controls. We 
wished to determine if the CFS patients had abnormal re- 
sponses independent of co-existing depression. Because de- 
pressed patients have attenuated neuroendocrine responses 
to ITT confounded by insulin resistance (Sachar et al 1971; 
Brunswick et al 1988) we confined the test to CFS patients 
who were not concurrently depressed. 

Neuroendocrine strategies have also been applied to esti- 
mate central serotonin (5-HT) neurotransmission, as re- 
flected by the size of the prolactin and cortisol responses to a 
range of serotoninergic agonists. This strategy has recently 
been applied in CFS, not only because of the high comorbi- 
dity with depression in which serotonergic mediated neur- 
oendocrine responses are attenuated (Beam and Raven 
1993), but also because of the role of 5-HT in the regulation 
of sleep, appetite, pain, and inflammation, all commonly 
disturbed in CFS (Leibowitz 1990; Jensen et al 1990). Bak- 
heit et al (1992) have demonstrated enhanced prolactin re- 
sponses to buspirone, a 5-HT agonist selective for 5-HTIa 
receptors. In this study we have further explored serotoner- 
gic function using d-fenfluramine, which has a high degree 
of 5-HT specificity (Garatini et al 1987) and is clinically 
well-tolerated by patients. We sought to distinguish any 
specific changes in CFS by confining our study to nonde- 
pressed patients. We restricted the study to nondepressed 
patients with CFS in order not to confound or mask any 
specific changes attributable to CFS alone. 

Methods 

Subjects 
Nine patients who had been referred to the psychiatric clinic 
at King's College Hospital specializing in chronic fatigue 
volunteered to participate in the study. All fulfilled recent 
consensus criteria for the diagnosis of chronic fatigue syn- 
drome (Sharpe et al 1991). All had also been characterized 
as typical CFS as part of a recent multicenter diagnostic 
exercise, in which this center had participated (A. Wilson, 

A. Lloyd, and I. Hickie, personal communications). The 
patients completed the General Health Questionnaire, a cut- 
off of 3-4 being used for probable psychological disorder 
(Goldberg 1972). They also completed a questionnaire spe- 
cifically devised for the assessment of fatigue, which pro- 
vides a dimensional measure of fatigue (Chalder et al 1993). 
A cut-off of 3 to 4 is used to indicate clinically significant 
fatigue. The maximum score is 11. Patients were all inter- 
viewed on two occasions separated by a minimum of 1 
month by two psychiatrists (SW, JAB) to detect depressive 
disorder according to DSM IIIR criteria (APA 1987). The 
Hamilton Rating Scale for depression (Hamilton 1967) was 
used to measure the severity of depression. 

Patients were recruited if they were aged 18 to 60, had no 
history of epilepsy or cardiovascular disease, normal hema- 
tological and biochemical screening profiles and normal 
thyroid function, and had no abnormality on physical exam- 
ination. None had taken any medication, including antide- 
pressants for at least 12 weeks prior to the study and none of 
the women were using the oral contraceptive. 

Seven patients underwent both an insulin tolerance test 
(ITT) and d-fenfluramine test, whereas two patients only 
had an ITT and two only had a d-fenfluramine test. Ten 
normal controls were recruited from the staff and student 
body of King's College and Maudsley Hospitals. They were 
all in good health, without a history of serious illness (par- 
ticularly epilepsy and cardiovascular disease), medication 
free (including the oral contraceptive), normal on physical 
examination and had normal hematological and biochemi- 
cal screening profiles. Eight controls underwent both an ITT 
and d-fenfluramine test and the remaining two only had a 
d-fenfluramine test. 

In the premenopausal females, all tests were performed 
on day 3-5 of their menstrual cycle. All procedures took 
place on the Programmed Investigation Unit, King's Col- 
lege Hospital, ethical permission having been obtained from 
both the King's College Hospital and the Bethlem Royal 
and Maudsley Hospital ethical committees. All patients 
provided written informed consent before participating in 
the study. 

Insulin Tolerance Test 

After fasting from midnight, each subject arrived on the unit 
at 9 AM and had an indwelling intravenous cannula with a 
3-way stopcock inserted into a forearm vein. After resting 
for 1 hr, crystalline synthetic insulin 0.15 u or 0.10 u per kg 
body weight was injected via the cannula. Blood samples 
for estimation of blood glucose were taken into fluoride 
tubes prior to the insulin injection and at 20, 30, 45, 60, 90, 
and 120 min. Another aliquot was taken into cooled hepar- 
inized tubes, centrifuged immediately and the plasma stored 
at -20°C for later estimation of ACTH concentration. The 
remainder was allowed to clot at 4°C, spun and serum stored 
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at -20°C prior to estimation of cortisol, prolactin, and 
growth hormone concentrations. All subjects were given an 
oral glucose drink to reverse symptoms of hypoglycemia if 
required. The criterion for hypoglycemic stress was a post- 
insulin glucose nadir -< 2 mmol/L. This was achieved in all 
subjects. 

d-Fenfluramine Test 

After fasting from midnight, each subject came to the unit at 
9 AM and had an indwelling intravenous cannula with three- 
way stopcock inserted into a forearm vein. After resting for 
1 hr, each subject swallowed 30 mg d-fenfluramine. Blood 
samples were taken prior to taking the d-fenfluramine and at 
1, 2, 3, 4, and 5 hr. One aliquot was taken into cooled 
heparinized tubes, centrifuged immediately, and the plasma 
stored at -20°C for later estimation of ACTH concentration. 
The remainder was allowed to clot at 4°C, spun and serum 
stored at-20°C prior to estimation of cortisol, prolactin, and 
growth hormone concentrations. Everyone was given a light 
breakfast 1 hr after ingestion of fenfluramine, and rested 
quietly for the duration of the study. 

Biochemical Analysis 

Prolactin was measured by immunoradiometric assay 
(MAIAclone, Serono Diagnostic, Fleet, UK) calibrated 
against I.S. 84/500. Intraassay coefficient of variation 
(C.V.) was less than 5%, interassay CV less than 8%. Corti- 
sol was measured by radioimmunoassay (Coat-A-Count, 
DPC, Glyn Rhonwy, UK). Intraassay CV was less than 8%, 
interassay CV less than 12% across the observed range. 
Growth hormone was assayed using reagents for immuno- 
metric assay from North East Thames Radioimmunoassay 
(London, UK). The assay was calibrated against I.S. 
80/505; intraassay CV was less than 5% at values greater 
than 2mU/L, and interassay CV was less than 10%. Immu- 
nometric assay of ACTH was carried out at the Department 
of Chemical Pathology, St. Thomas' Hospital, using the 
method of White et al (1987). Intraassay CV was less than 
7% and interassay CV less than 10%. 

Statistical Analysis 

We compared the demographic data between the patient and 
control group using Student's t-test. We compared the hor- 
mone responses to insulin d-fenfluramine between the pa- 
tient and control groups using the analysis of variance pro- 
gramme in the Statistical Package for Social Sciences 
(SPSS). Because growth hormone responses were not nor- 
mally distributed we used the Wilcoxon's rank sum test to 
compare growth hormone responses (integrated as area 
under the curve) between the patient and control groups. 

Results 

Demographic Characteristics 

The clinical characteristics of the patients are shown in 
Table 1. All fulfilled the criteria of Sharpe et al (1991) and 
all but one also complained of significant myalgia. LB was 
the only patient not to fulfill the Center for Disease Control 
(CDC) criteria (Holmes et al 1988). None of the patients 
were currently depressed, although one (GW) fulfilled the 
criteria for previous major depressive episode. 

Insulin Tolerance Test 

The ITT was conducted on nine patients (four women and 
five men) and eight controls (six women and two men). The 
mean age of the patient group was 36.6 ___ 2.7 (SEM) years, 
which was significantly greater than the control group (25.9 
+ 1.7 years) (p < 0.01). There was no significant difference 
between the body mass index of the patient group (25.3 -+ 
1.01) and the controls (23.6 _+ 1.37). 

An insulin-induced fall in blood glucose of greater than 
50% was achieved in all cases. The blood glucose nadir at 30 
rain was 1.26 _+ 0.12 mmol/L in the patient group and 1.19 
--- 0.19 mmol/L in the controls (NS). The prolactin, growth 
hormone, conisol and ACTH responses are shown in Fig- 
ures 1, 2, 3, and 4 respectively. The prolactin response to 
hypoglycemia was significantly attenuated in the CFS pa- 
tients (F = 4.17; p = 0.04). Although there was a trend 
toward an attenuated growth hormone response in the pa- 
tients, this just failed to achieve statistical significance (p > 
0.05). There was also a clear trend that peak GH concentra- 
tions were lower in the patients (53.69 -+ 10.6 mmol/L -t) 
than the controls ( 110.38 -+ 28.70), although again this just 
failed to achieve statistical significance (t = 1.94; df = 15; 
0.05 < p < 0.1). Growth hormone data was also analyzed 
after excluding the four subjects (three controls, one patient) 
with baseline growth hormone concentrations of >5 mU/L 
in line with other studies, because high baseline concentra- 
tions of GH may inhibit GH release. Again, no statistical 
difference between the two groups was demonstrated 
(p > 0.05). 

There was no difference in the cortisol (F = 2.28; p = 
0.14) or ACTH (F= 0.03;p = 0.86) responses to hypoglyce- 
mia between the two groups. There was also no significant 
difference in peak ACTH, cortisol, and prolactin concentra- 
tions between the patients and controls. 

d-Fenfluramine Test 

The d-fenfluramine test was conducted on nine patients 
(four women and five men) and 10 controls (six women and 
four men). The mean age of the patient group (37.3 - 3.5 
years) was significantly greater than that of the controls 
(26.8 + 1.5 years) (p < 0.02). The body mass index of the 
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Table 1. Clinical Characteristics ofPatients  with CFS 

Past anti- 
Age/ Length of Viral depressant 

Patient Sex Yrs illness/yrs onset treatment 

Current Chalder 
psychiatric fatigue Fenflurarnine 
diagnosis GHQ- 12 score test IST 

MF F 56 10 Yes No 
LB F 44 4 No No 
PB M 32 1 Yes No 
GW M 39 2 Yes Yes 
MD F 25 l Yes No 
HR M 27 8 No No 
SM M 41 1 Yes Yes 
JM M 49 15 Yes Yes 
CA F 40 13 Yes Yes 
JM F 32 4 Yes No 
MC M 32 4 Yes No 

No 3 10 Yes No 
No 3 10 Yes Yes 
No 7 10 Yes Yes 
Yes 9 8 Yes Yes 
No 7 1 l Yes Yes 
No 11 11 Yes Yes 
No 7 11 No Yes 
No 3 11 Yes Yes 
Yes 5 11 No Yes 
No 2 10 Yes Yes 
No 2 11 Yes No 

patient group (24.40 ___ 1.12) did not differ significantly 
from that of the control group (23.00 --- 1.15). Everyone 
tolerated the d-fenfluramine well during the test, although 
some complained of general malaise the following day. 

The cortisol, ACTH, and prolactin responses are shown 
in Figures 5, 6, and 7 respectively. Although there was no 
significant difference in the cortisol response (F = 1.14; p = 
0.29), the ACTH response was significantly greater in the 
patient group (F = 4.08; p = 0.04). Peak cortisol concentra- 
tions achieved were not significantly different between the 

patients (372.2 _ 17.30 mmol/L- ' )  and controls (401.0 +__ 
15.82 mmol/L -~) (t = 1.23; df = 17; p > 0.2). Significantly 
higher peak ACTH concentrations were achieved in the 
patients (36.44 __- 4.45 pgml -~) than the controls (25.6 ___ 
2.78 pgml -]) (t = 2.11; df = 17; p = 0.05), however. 

There was no significant difference in the prolactin (F = 
2.28; p = 0.133) response to d-fenfluramine between pa- 
tients and controls, nor any significant difference in peak 
prolactin concentrations achieved. Across the two groups 
there was a significant suppression of both cortisol (t = 7.21; 
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Figure l. Mean serum prolactin concentrations + SEM during 
insulin tolerance test. 
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Figure 2. Mean serum growth hormone concentrations __- SEM 
during insulin tolerance test. 
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Figure 3. Mean serum cortisol concentrations ___ SEM during 
insulin tolerance test. 
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Figure 4. Mean plasma ACTH concentrations -+ SEM during 
insulin tolerance test. 

df = 18; p < 0.0001) and prolactin (t = 6.26; d.f. = 18; p < 
0.001) after 1 hr before enhanced secretion supervened. 

Discussion 

We have shown that patients with CFS have a selective 
impairment of hypothalamopituitary responsiveness to the 
stress of  hypoglycemia, confined to the prolactin response, 
whereas GH, ACTH, and cortisol responses are not af- 
fected. We have shown a clear trend toward an attenuated 
GH response, however, and in a parallel study conducted by 
our group using an overlapping series of  patients and con- 
trols, we have shown significantly reduced GH responses to 
hypoglycemia (T. Allain et al., unpublished data) so that our 
sample size may have been too small to detect a difference. 
Attenuated GH responses have also been demonstrated in 
depressed patients. The insulin-induced fall in blood glu- 
cose is significantly lower when patients are depressed 
compared with after recovery (Sacher et al 1971; Brunswick 
et al 1988), however. After correcting for insulin resistance, 
there is no longer any difference in growth hormone re- 
sponse between depressed patients and controls. In the 
present study, there is no difference in insulin sensitivity as 
determined by mean blood glucose nadir between the pa- 
tient with CFS and controls and we were careful to exclude 

concurrent depression as a confounding factor. Thus the 
impaired prolactin response cannot be accounted for by 
either depression or insulin resistance. 

Prolactin secretion in response to hypoglycemia is me- 
diated by 5-HT activation (Fish et al 1986) and it is possible 
that the attenuated prolactin response is related to subsensi- 
tivity of  5-HT hypothalamic neurons. The ACTH-cortisol 
response to ITF is also mediated through 5-HT activation 
(Cavagnini et al 1976), however, and our patients exhibit 
normal ACTH and cortisol responses. This finding fails to 
support a role for altered 5-HT neurotransmission in the 
attenuated prolactin response. 

In this study the patients were significantly older than the 
control group. Age does not affect the growth hormone 
response to insulin-induced hypoglycemia (Brunswick et al 
1988) or cortisol responsiveness (Nelson and Tindall 1978), 
however. Furthermore, the large intersubject variability in 
the prolactin response extends across a wide age range 
(Amsterdam et al 1987). Our control group was largely 
selected from employees or students at health centers and 
we acknowledge there may have been differences in life- 
style and physical activity that may bias our results. Obesity 
is an important influence (Fish et al 1986) but there was no 
difference in body mass indices between the patient and 
control groups. Gender matching was incomplete with a 
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Figure 5. Mean serum cortisol concentrations ± SEM after 30 mg 
dexfenfluramine. 

preponderance of women in the control group. In some 
studies women have lower growth hormone responses to 
ITT than men (Casper et al 1977; Osterman and Wide 
1976). Other workers have failed to detect any difference 
between male and female neuroendocrine responsiveness to 
ITT and have combined data acquired from men and women 
in their analysis (Brunswick et al 1988). 

We were unable to demonstrate any alteration in the 
prolactin response to d-fenfluramine in our patients. This 
contrasts with Bakheit's findings of an enhanced prolactin 
response to buspirone (Bakheit et al 1992) in CFS patients 
compared to both depressed patients and normal controls 
(who both exhibited similar responses). The difference was 
confined to the prolactin peak and did not extend to cumula- 
tive hormone secretion over the full 3-hr study period, how- 
ever. In the present study there was no difference in peak 
prolactin levels between the patients and controls (t = 1.04; 
p > 0.02). Although Bakheit's finding may reflect in- 
creased postsynaptic 5-HT sensitivity, buspirone also has 
affinity for D2 dopamine receptors (Perowtka 1985; 
Meltzer et al 1992), which may be confounding the seroton- 
ergic effects on prolactin secretion, d-Fenfluramine is 
highly 5-HT selective (Garatini et al 1987) and is thus 
advantageous as a 5-HT neuroendocrine probe, however. 
Prolactin responses to d-fenfluramine are attenuated in de- 
pressed patients (O'Keane and Dinan 1991) and this poten- 
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Figure 6. Mean plasma ACTH concentrations ± SEM after 30 mg 
dexfenfluramine. 

tially confounding factor was accounted for by the exclu- 
sion of depressed CFS patients from the present study. Our 
control group contained a slight excess of women and 
younger subjects than the patient group. Women tend to 
have enhanced prolactin responses, which also tends to 
decrease with age (McBride et al 1990), so the incomplete 
age and gender matching of patients and controls may have 
biased our findings. 

In CFS patients, we have shown increased ACTH secre- 
tion in response to d-fenfluramine in the face of normal 
cortisol responses. This suggests that adrenal cortical func- 
tion is impaired, although we have not confirmed this when 
activating the HPA during insulin induced hypoglycemia. 
In primary fibromyalgia syndrome (PFS), however, a con- 
dition very similar to CFS in that it is characterized by 
unexplained fatigue, myalgia, and sleep disturbance, corti- 
sol responses to ITT are normal in the face of enhanced 
ACTH secretion, which is also consistent with impaired 
adrenal function (Griep et al 1993). 

A recent rigorous study has shown that CFS patients 
exhibit HPA dysregulation, with lower urinary excretion 
rates of free cortisol and reduced evening plasma cortisol 
concentrations in conjunction with an elevated plasma 
ACTH (Demitrack et a11991). ACTH responses to CRH are 
attenuated despite lower ambient cortisol levels, which are 



ACTH/Cortisol/GH/PRL Changes in CFS BIOL PSYCHIATRY 251 
1995;37:245-252 

Serum p l o l l c t l n / m m o l  L - ~  

500  

4 0 0  

300  

200 

100 

Cont ro l s  - ~ -  CFS pat ien ts  

0 I [ I [ 

0 60 120 180 240 300 
T ime /min i  

Figure 7. Mean serum prolactin concentrations _+ SEM after 30 
mg dexfenfluramine. 

therefore not inhibiting ACTH secretion. The impaired 
HPA activity cannot be due to primary adrenal insufficiency 
because cortisol responses to ACTH are preserved and pitu- 
itary insufficiency is unlikely because of  elevated ACTH 
concentrations. Taken together these findings are most 
compatible with impaired hypothalamic function compro- 
mising CRH synthesis/secretion. Our findings suggest that 
further studies of  adrenal cortical function are indicated, 
however. 

In conclusion, we have demonstrated impaired prolactin 
responsiveness to metabolic stress in chronic fatigue syn- 
drome, which cannot be explained by any concurrent de- 
pression. Neuroendocrine responses to d-fenfluramine pro- 
vide evidence for impairment of  adrenal cortical function. 
This study thus provides further evidence for hypothalamic 
dysfunction in chronic fatigue syndrome and further studies 
are merited to determine more precisely the basis of this 
dysfunction. 

J.A. Beam was supported by the Wellcome Trust and T.J. Allain is sup- 
ported by the Medical Research Council. The project was funded by the 
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