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Abstract
Aim: The chronic fatigue syndrome is associated with alterations in the hypothalamus-pituitary-

adrenal axis and cardiovascular autonomic nervous activity, suggesting a central dysregulation. This

study explored differences among adolescent chronic fatigue syndrome patients and healthy controls

regarding antidiuretic hormone, the renin-angiotensin-aldosterone-system, sex hormones and cardiac

peptides.

Methods: We included a consecutive sample of 67 adolescents aged 12–18 years with chronic

fatigue syndrome diagnosed according to a thorough and standardized set of investigations, and a

volunteer sample of 55 healthy control subjects of equal gender and age distribution. Hormones were

assayed with standard laboratory methods.

Results: Among patients, plasma antidiuretic hormone was significantly decreased and serum

osmolality and plasma renin activity were significantly increased (p £ 0.001). Serum concentration of

aldosterone, cortisol, NT-proBNP and sex hormones were not significantly different in the two groups.

Conclusion: Chronic fatigue syndrome in adolescents is associated with alterations in hormonal systems

controlling osmolality and blood volume, possibly supporting a theory of central dysregulation.

INTRODUCTION
Chronic fatigue syndrome (CFS) represents a serious
threat to adolescent health, being a disabling yet preva-
lent condition (1). The pathophysiology remains
unknown. Evidence of hypothalamus-pituitary-adrenal
axis (HPA axis) attenuation has been reported, possibly
caused by central dysregulation (2,3). Furthermore, previ-
ous experiments in our laboratory have documented
altered cardiovascular and thermoregulatory autonomic
nervous activity in CFS, suggesting a disturbance of cen-
tral autonomic control (4,5).

Thus, a fundamental aspect of CFS disease mechanism
might be dysfunction of brain areas controlling endocrine
and autonomic effector systems, possibly reflecting a state
of permanent stress responses or sustained arousal (6).
However, apart from the HPA axis, other endocrine mecha-
nisms are sparsely investigated. The aim of this study was to
explore differences among adolescent CFS patients and
healthy controls regarding antidiuretic hormone (ADH), the
renin-angiotensin-aldosterone-system, sex hormones and
cardiac peptides.

PATIENTS AND METHODS
Subjects
Adolescent CFS patients were consecutively recruited from
the Paediatric outpatient clinic, Oslo University Hospital,
Norway, which serves as a national referral centre for chil-
dren and adolescents with unexplained chronic fatigue.
Other disease states that might explain their present symp-
toms, such as autoimmune, endocrine, neurological or psy-
chiatrical disorders (including depression), were ruled out
by a thorough and standardized set of investigations at the
time of inclusion in this study. Different case definitions of
CFS exist. The frequently used definition from the Interna-
tional Chronic Fatigue Syndrome Study Group requires at
least 6 months of chronic or relapsing fatigue, severely
affecting daily activities, as well as more than four of eight
specific accompanying symptoms (7). The validity of this
definition has been questioned, particularly in the paediatric
population (1). Therefore, in this study, three consecutive
months of disabling fatigue was sufficient for inclusion and
no accompanying symptoms were required.

Healthy controls volunteered from local schools. A
recruiting process was established that assured an equal dis-
tribution of age and gender between the two groups. Sub-
jects reporting a chronic disease (such as allergy) or using
drugs (including contraceptive pills) on a regular basis were
excluded; however, no formal diagnostic assessment was
carried out.

One week prior to the investigations, all participants were
instructed not to drink beverages containing alcohol or
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caffeine, not to take any drugs and not to use tobacco prod-
ucts. On the day of the experiments, they fasted overnight.
Written, informed consent was obtained from all partici-
pants and their parents. The study was approved by the
Regional committee for ethics in medical research and was
conducted in accordance with the Helsinki Declaration.

Data analyses
Blood samples were drawn between 08 and 09 a.m., using
an antecubital vein and following at least 15 min of supine
rest. Samples for analysis of ADH and renin were collected
on cold EDTA tubes and immediately centrifuged. Most
patient analyses were carried out subsequently. As for the
control subjects, samples were analysed en bloc after stor-
age at )80�C.

Plasma ADH was assayed by radioimmunoassay (RIA)
after extraction on C-18 columns (locally developed
method, Hormone laboratory, Aker university hospital,
Oslo, Norway). Plasma renin activity (PRA) was assayed
using a competitive RIA kit for detection of angiotensin I
(DiaSorin, Stillwater, MN). For both, inter-assay coefficient
of variation (CV) was <15%. Serum osmolality as well as
serum concentration of aldosterone, NT-proBNP, cortisol,
albumin, potassium and sex hormones were assayed by
standard laboratory methods; inter-assay CVs varied from
<6% to <16%.

Statistical analyses were carried out using SPSS statistical
software (SPSS Inc, Chicago, IL, USA). Based on inspection
of plots, some variables were appraised not to follow an
approximate normal distribution. Therefore, data are
reported as median (confidence intervals) and the non-
parametric Wilcoxon–Mann–Whitney’s test (two-sided)
was used to explore differences between the two groups. A
p £ 0.05 was considered statistically significant.

RESULTS
A total of 67 CFS patients and 55 healthy controls were
included in the study (Table 1). The two groups were com-
parable regarding gender, age, weight, height, as well as
menstrual variables among the females. All were of Cauca-
sian ethnicity, except one control. CFS patients reported
severe functional impairments; they were physically
inactive, did not participate in leisure activities and had a

high level of school absence. However, no one was perma-
nently bedridden.

Plasma ADH was decreased and serum osmolality
increased among CFS patients as compared to controls;
these differences were highly significant (p £ 0.001)
(Table 2). Also, PRA was increased among CFS patients,
and serum albumin was slightly higher than in controls
(p £ 0.001), whereas serum cortisol was slightly and non-
significantly lower (p = 0.07). Serum levels of aldosteron
and NT-proBNP were equal. Finally, serum sex hormone
binding globulin was significantly (p = 0.04) decreased in
male CFS patients as compared to male controls. All med-
ian values for both groups were within normal reference
ranges.

DISCUSSION
The most important findings in this study are decreased
ADH and increased PRA among CFS adolescents.

Low level of ADH can be a consequence of low serum
osmolality. In this study, however, serum osmolality in CFS
patients was significantly higher than in controls, strongly
suggesting a primary decrease in pituitary ADH secretion.
Similar findings have been reported in a small sample of
adult post-infectious fatigue patients (8), but are in contrast
to another small-scale study of adult CFS patients in which
no differences to controls were found (9). Our result might
be coherent with a theory of sustained arousal in CFS, as
certain forms of chronic psychosocial stress are reported to
decrease hypothalamic ADH synthesis in experimental set-
tings (10). Also, it might explain the reported HPA axis
attenuation, as ADH stimulates secretion of adrenocortico-
tropic hormone (ACTH) from the pituitary (3). In our study,
however, cortisol levels were only slightly and non-signifi-
cantly lower in CFS patients than in controls.

To our knowledge, high PRA has not been reported in
CFS; rather, a tendency towards low PRA levels has been
found in one previous study of adult CFS patients (11). Also,
low PRA has been demonstrated in patients with the Pos-
tural Orthostatic Tachycardia Syndrome (12); this specific
disturbance of orthostatic blood pressure homeostasis is
also prevalent among CFS patients (7). However, the results
reported in this paper are in accordance with our previous
findings of increased catecholamines and enhanced sympa-
thetic cardiovascular control (4,5), which would be
expected to increase renin secretion from the kidneys. A
lack of concomitant increase in aldosterone could possibly
be attributed to influence from other regulatory systems.
The underlying mechanism might be hypovolemia as has
been indicated in prior studies (13) and which also might
explain our finding of slightly increased albumin concentra-
tion in CFS patients. Hypovolemia, in turn, could be caused
by a primary ADH insufficiency, as suggested by our data.
However, hypovolemia would be expected to decrease NT-
proBNP as well, which does not comply with our results.
Alternatively, high PRA might be caused by central dysregu-
lation reflecting a state of sustained arousal in accordance
with recent evidence from stress research (14).

Table 1 Subject characteristics

Variables CFS patients (n = 67) Controls (n = 55)

Female gender, n (%) 46 (69) 33 (60)

Post-menarche, n

(% of females)

38 (83) 30 (91)

Age at menarche,

median (range), years

12 (9–15) 13 (10–16)

Time since 1st day of

last menstrual bleeding,

median (range), days

14 (1–90) 14 (1–99)

Age, median (range), years 15 (12–18) 16 (13–18)

Weight, median (range), kg 56 (37–100) 59 (44–99)

Height, median (range), cm 167 (145–197) 170 (149–195)
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Study limitations
Different levels of physical activity among CFS patients and
controls might represent a confounding factor in this study.
However, while sedentary deconditioning might explain
high PRA among patients, it is not likely to decrease ADH
(15). Patients’ samples were analysed subsequently, whereas
control samples were frozen and stored; thus, systematic
errors are possible. Some vital analytes are lacking, such as
plasma ACTH and urine osmolality. Finally, we did not
apply any dynamic tests. Nevertheless, our findings are
novel, highly significant and theoretically plausible. Further
studies in this area are warranted.
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