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ABSTRACT

OBJECTIVES.Chronic fatigue syndrome is a common and disabling disease of un-
known etiology. Accumulating evidence indicates dysfunction of the autonomic
nervous system. To further explore the pathophysiology of chronic fatigue syn-
drome, we investigated thermoregulatory responses dependent on catecholamin-
ergic effector systems in adolescent patients with chronic fatigue syndrome.

PATIENTS AND METHODS.A consecutive sample of 15 patients with chronic fatigue syn-
drome aged 12 to 18 years and a volunteer sample of 57 healthy control subjects
of equal gender and age distribution were included. Plasma catecholamines and
metanephrines were measured before and after strong cooling of 1 hand. Acral
skin blood flow, tympanic temperature, heart rate, and mean blood pressure were
measured during moderate cooling of 1 hand. In addition, clinical symptoms
indicative of thermoregulatory disturbances were recorded.

RESULTS. Patients with chronic fatigue syndrome reported significantly more shiver-
ing, sweating, sudden change of skin color, and feeling unusually warm. At
baseline, patients with chronic fatigue syndrome had higher levels of norepineph-
rine, heart rate, epinephrine, and tympanic temperature than control subjects.
During cooling of 1 hand, acral skin blood flow was less reduced, vasoconstrictor
events occurred at lower temperatures, and tympanic temperature decreased more
in patients with chronic fatigue syndrome compared with control subjects. Cat-
echolamines increased and metanephrines decreased similarly in the 2 groups.

CONCLUSIONS.Adolescent patients with chronic fatigue syndrome have abnormal
catecholaminergic-dependent thermoregulatory responses both at rest and during
local skin cooling, supporting a hypothesis of sympathetic dysfunction and possibly
explaining important clinical symptoms.
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CHRONIC FATIGUE SYNDROME (CFS) is a disabling dis-
ease that affects people worldwide.1 The etiology

remains unknown. However, there is accumulating ev-
idence of orthostatic intolerance and other disturbances
of cardiovascular regulation in this patient group.2–4

Dysfunction of the autonomic nervous system, and par-
ticularly the sympathetic branch, has, therefore, been
proposed as an important component of the pathophys-
iology.5,6 Notably, the autonomic nervous system also
has an essential role in human thermoregulation.7 How-
ever, this regulatory function has hardly been explored
in CFS despite frequent complaints of fever-like sensa-
tion, night sweats, and subjective temperature sensitivity
(feeling too hot or cold).1,8

Human thermoregulation involves complex control
mechanisms. Discrete regions of the hypothalamus are
sensitive to changes in core body temperature; in addi-
tion, these regions receive afferent information from
peripheral thermoreceptors.7,9 The main effector organs
are skeletal muscles, sweat glands, skin arterioles, and
skin arteriovenous anastomoses (AVAs). Skeletal mus-
cles are controlled by motor neurons of the somatic
nervous system; however, enhanced sympathetic out-
flow and epinephrine secretion promote shivering.7,9

Sweat glands are innervated by cholinergic sympathetic
neurons, which also seem to promote vasodilation in
nearby arterioles by local release of nitric oxide and
prostaglandins from endothelial cells.10,11 In addition,
skin arterioles are controlled by vasoconstrictive norad-
renergic sympathetic neurons.9 The AVAs, of which
their presence seem to be confined to acral, glabrous skin
areas (eg, the palms and soles),12 receive noradrenergic
sympathetic efferents only; thus, AVA blood flow fluc-
tuations reflects sympathetic nerve activity.13 Although
AVAs are influenced by local factors as well, previous
experiments in our laboratory indicate that they are
under strong central control and that they play an im-
portant part in overall thermoregulation.14,15

The aim of this study was to explore aspects of ther-
moregulation in adolescent patients with CFS. Because
CFS has been linked to sympathetic dysfunction,5,6 we
specifically focused on catecholaminergic-dependent ef-
fector systems and hypothesized to find differences be-
tween patients with CFS and healthy control subjects
both at rest and during local skin cooling.

PATIENTS ANDMETHODS

Subjects
Patients with CFS aged 12 to 18 years were consecu-
tively recruited from the outpatient clinic at the Depart-
ment of Pediatrics, Rikshospitalet-Radiumhospitalet
Medical Center, serving as a national referral center for
children and adolescents with unexplained chronic fa-
tigue. Other disease states that might explain their
present symptoms, such as autoimmune, endocrine,

neurologic, or psychiatric disorders, were ruled out by a
thorough and standardized set of investigations.8 Differ-
ent case definitions of CFS exist. This study adhered to
all of the main criteria in the definition from the Centers
for Disease Control and Prevention (CDC).16 Specifically,
we required �6 months of chronic or relapsing fatigue,
severely affecting daily activities; the fatigue should not
be explained by any concurrent condition, it should be
new or definite in onset, it should not be related to
ongoing exertions, and it should not be alleviated by
rest. In addition, according to the CDC definition, the
patients are also required to report �4 of 8 specific
accompanying symptoms (headache, muscle pain, joint
pain, sore throat, tender lymph nodes, impaired memo-
ry/concentration, unrefreshing sleep, and postexertional
malaise). However, the validity of this last demand has
been questioned, both in pediatric17 and adult18 patients.
Indeed, recent evidence, as reviewed by Cho et al,19

raises serious concerns about this part of the CDC defi-
nition. Therefore, accompanying symptoms were not
required in this study.

Healthy control subjects aged 12 to 18 years volun-
teered from local schools. The recruiting procedure as-
sured an equal distribution of age and gender among
patients and control subjects. A high number of partici-
pants in both groups would have yielded best statistical
power. However, because control subjects were far eas-
ier to recruit than patients with CFS, we aimed at an
�4:1 relation. Subjects having a chronic disease (such as
allergy, skin diseases, vascular diseases, or diabetes) or
using drugs (including contraceptive pills) on a regular
basis were excluded.

One week before the experiments, all of the partici-
pants were instructed not to drink beverages containing
alcohol or caffeine, not to take any drugs, and not to use
tobacco products. On the day of the experiments, they
were instructed to have fasted overnight.

Written informed consent was obtained from all of
the participants and their parents. The study was ap-
proved by the Regional Committee for Ethics in Medical
Research.

Questionnaire
Items from the Autonomic Symptom Profile, a validated
instrument for assessing autonomic dysfunction,20 was
translated into Norwegian by Dr Wyller and slightly
modified to fit our particular age group. A couple of
items in this questionnaire are specifically directed to-
ward sudomotor and vasomotor function, which, in
turn, is related to mechanisms of thermoregulation. The
subjects answered by interview.

Neuroendocrine Responses to Strong Cooling
The experimental part of this study was undertaken at
the Department of Pediatrics, Rikshospitalet-Radium-
hospitalet Medical Center and was performed during the
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same day in each participant. The first set of experiments
began at 8:00 AM and was conducted in a quiet room
with normal ambient temperature. The subjects were
instructed to apply an ointment containing the local
anesthetic lidocaine (eutectic mixture of local anes-
thetic) on the skin of the antecubital fossa 1 hour in
advance. They rested supine for �15 minutes, and a
catheter was then placed in an antecubital vein. After
supine rest for another 15 minutes, blood samples were
collected on ice-cold Vacutainer tubes containing gluta-
thione-ethylene glycol tetraacetic acid and heparin for
measurements of plasma catecholamines (norepineph-
rine, epinephrine, and dopamine) and metanephrines
(normetanephrine, metanephrine, and 3-methoxytyra-
mine), respectively. The opposite hand was then im-
mersed in cold water (10°C) for 2 minutes, after which
new blood samples were collected immediately. Samples
were then centrifuged at 4°C, and plasma was separated
for storage at �80°C until assayed.

Metanephrines were extracted from plasma using sol-
id-phase ion exchange columns (Bond Elute-Accucat;
Varian Medical Systems, Palo Alto, CA) and a commer-
cial mobile phase (Chromsystems, München, Germa-
ny).21 Both catecholamines and metanephrines were
quantified by high-performance liquid chromatography
with a reverse-phase column and glassy carbon electro-
chemical detector (Agilent Technologies, Colorado
Springs, CO). The intraassay and interassay variations
were 10.7% and 14.5% for norepinephrine, 23.5% and
10.5% for epinephrine, 7.2% and 6.8% for dopamine,
12.6% and 4.3% for normetanephrine, 11.7% and 3.0%
for metanephrine, and 15.3% and 11.2% for 3-me-
thoxytyramine, respectively.

Cardiovascular Responses to Moderate Cooling
The second set of experiment started at 2:00 PM. The
participants had been offered a standardized, light meal
(2 pieces of bread, 1 glass of juice) 1 hour before but
were otherwise not allowed to eat or drink. They were
lightly dressed and lay supine in a climatic chamber. The
ambient temperature was maintained at �26°C, assur-
ing that subjects were within their thermoneutral zone.
The left hand was immersed in a stirred thermostat-
controlled water bath (CB 29-20e; Heto-Holtan, Åbyhøj,
Denmark) with a temperature of 35°C, which corre-
sponds with thermoneutrality in water. Thirty minutes
were used for acclimatization and another 5 minutes for
baseline registration, after which the water temperature
was gradually lowered to 19°C over �50 minutes (Fig
1).

Continuous recordings of acral skin laser flux, which
is a measure of acral skin blood flow (ASBF), were
obtained by a laser-Doppler instrument (DRT4; Moore
Instruments, Milway, Devon, United Kingdom).22 The
probes, which function equally well under water,23 were
firmly attached with adhesive strips to the pulp of the

flexor surface of the distal phalanges of the right and left
index finger. In this position, the probes mainly detect
blood flow in AVAs, as has been shown in earlier exper-
iments in our laboratory.22,23 Tympanic temperature (TT)
was continuously monitored by an electronic probe (D-
TM1; Exacon, Roskilde, Denmark) inserted in the outer
auditory canal and isolated from the ambient air by a
piece of cotton. TT corresponds well with core body
temperature.24 Instantaneous heart rate (HR) was ob-
tained from the R-R interval of the electrocardiogram.
Photoplethysmography on the right third finger was
used to obtain a noninvasive, continuous recording of
arterial blood pressure (2300 Finapres; Ohmeda, Madi-
son, WI). This method correlates satisfactorily with in-
vasive pressure measurements25 and has also been vali-
dated in adolescents and children.26

All of the recorded signals, including the temperature
of the water bath, were transferred online to a recording
computer running a program for real-time data acquisi-
tion (developed by Morten Eriksen, Department of Phys-
iology, University of Oslo, Oslo, Norway). Beat-to-beat
mean blood pressure (MBP) was calculated by numerical
integration of the recorded instantaneous blood pres-
sure. The other physiologic variables were also con-
verted to beat-to-beat records.

Data Analysis
Data were exported to Microsoft Excel (Microsoft, Red-
mond, WA) for further calculations. For the strong-
cooling experiments, � cooling (postcooling � precool-
ing) was computed for each variable. For the moderate-
cooling experiments, the beat-to-beat records of each
variable were used to find the median value (of 100
consecutive heart beats) at 35°C water temperature
(precooling), 27°C water temperature (early cooling),
and 19°C water temperature (late cooling). � cooling 1
(early cooling � precooling) and � cooling 2 (late cool-
ing � precooling) was also computed for each variable.

During moderate cooling, ASBF in the cooled hand
usually ceases quite suddenly, probably reflecting a co-
ordinated closure of the AVAs23 (Fig 1). In each subject,
this vasoconstrictor event was defined to occur at the
water temperature where the median value of ASBF left
(computed over 30 consecutive heart beats) was perma-
nently �50% of the median value before cooling.

The statistical analyses were conducted by using SPSS
statistical software (SPSS Inc, Chicago, IL). On the basis
of inspection of plots, most variables were appraised not
to follow a normal distribution, and experimental results
are, therefore, expressed as medians with nonparametric
95% confidence intervals (CIs) (Tables 3 and 4). The
vasoconstrictor events in the moderate-cooling experi-
ments were subjected to “survival analysis” using a
Kaplan-Meier plot (Fig 2). Fisher’s exact test, Wilcoxon-
Mann-Whitney’s test, and log rank test (all 2-sided)
were used to explore differences between the 2 groups.
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FIGURE 1
Original recordings of data from 1 control subject (left) and 1 patient with CFS (right) during the moderate-cooling experiments. AU indicates arbitrary units. The vertical lines indicate
initiation of cooling from 35°C to 19°C of the left hand. Artifacts in the records have been manually removed and replaced by values obtained by linear interpolation. Note the
well-defined vasoconstrictor event in the control subject (arrow).15 This phenomenon is accompanied by a slight, sustained increase in TT (lower), probably caused by the cessation of
blood flow to cold skin areas and, thus, reduced heat loss. Simultaneously, there is a transient increase in HR (top), whichmight be because of a transient increase in cardiac sympathetic
outflow. In the patient with CFS, there is no well-defined vasoconstrictor event, and TT fell almost linearly toward the end of the experiment.
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A P � .05 was considered statistically significant. To
reduce the methodologic problem of multiple compari-
sons, statistical tests were only performed for the vari-
ables precooling and � cooling 2 (Tables 3 and 4).
Among these variables, the changes in norepinephrine,
epinephrine, ASBF left, and TT were considered most
central to our research questions.

RESULTS
A total of 15 patients with CFS and 57 healthy control
subjects were included in the study (Table 1). The 2
groups were comparable regarding gender, age, weight,
and height. All were of white ethnicity, except 1 control
subject. Mean duration of fatigue among the patients
was 31 months.

The patients with CFS reported significantly more
shivering, sweating, and feeling unusually warm (Table
2). They also experienced sudden paleness of skin more
often than control subjects, whereas sudden redness of
skin was less common in the patient group.

Before strong cooling, patients with CFS had signifi-
cantly higher levels of norepinephrine (P � .01) and
epinephrine (P � .05) than control subjects (Table 3).
There were no differences in the levels of dopamine and
metanephrines (normetanephrine, metanephrine, and
3-methoxytyramine). During strong cooling of the op-
posite hand, levels of norepinephrine and epinephrine
increased in both groups, whereas levels of normeta-
nephrine and metanephrine decreased in both groups.
However, all of the variables changed similarly, thus not
altering the differences already present at baseline.

Before moderate cooling, patients with CFS had
higher HR (P � .01) and TT (P � .05) than control
subjects (Table 4). There was also a tendency toward
lower ASBF in both hands, although this was not signif-
icant. During cooling of the left hand, ASBF left de-
creased significantly less in patients with CFS than in
control subjects (P � .01; Table 4 and Fig 1). Thus, at late
cooling, patients with CFS tended to have higher ASBF
left than control subjects. Accordingly, the vasoconstric-
tor events occurred at lower temperatures in patients
with CFS than in control subjects (P � .01; Fig 2). The
same tendency, although not significant, was observed
for ASBF right. With cooling, TT decreased significantly
among patients with CFS but remained stable among
control subjects (P � .05), nullifying the differences
present at baseline (Table 4 and Fig 1). HR and MBP
remained stable in both groups throughout the experi-
ment.

DISCUSSION
The most important findings of this study are that (1)
patients with CFS report several symptoms that might
indicate thermoregulatory disturbances; (2) at baseline,
patients with CFS have higher levels of norepinephrine
and epinephrine and higher TT than control subjects;
and (3) during cooling of 1 hand, the neuroendocrine
responses are similar in the 2 groups, but ASBF is less
reduced among patients with CFS, whereas the baseline
differences in TT disappear. Furthermore, the relevance
of these findings is strengthened by the strikingly homo-
geneous responses within the CFS group, creating sig-
nificant differences from control subjects despite the
small number of subjects studied.

Baseline Observations
The finding in this study of increased norepinephrine
levels in patients with CFS seems to be novel, whereas
increased levels of epinephrine have been reported spo-
radically.27,28 A higher level of acute emotional stress
among patients with CFS might explain the epinephrine
differences; however, plasma levels of norepinephrine
are less influenced by such mechanisms.7 Thus, the find-
ings seem to indicate a more substantial alteration of
physiology.

A high level of norepinephrine in the antecubital vein

FIGURE 2
Kaplan-Meier plot of vasoconstrictor events (sudden cease of ASBF in left hand) in control
subjects (black) andpatientswith CFS (red) duringmoderate cooling of the left hand. The
symbol “�” in the graphs represents censored individuals (2 patients and 1 control
subject), meaning that a vasoconstrictor event never occurred.

TABLE 1 Subject Characteristics

Variable Control Subjects
(N � 57)

Subjects With CFS
(N � 15)

Female gender, n (%) 34 (59.6) 10 (66.7)
Age, mean (range), y 15.6 (13–18) 15.1 (12–18)
Weight, mean (range), kg 61.6 (44–99) 59.1 (43–92)
Height, mean (range), cm 171.4 (149–195) 171.4 (160–192)
Duration of fatigue, mean (range), mo NA 31.1 (6–60)

NA indicates not applicable.
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plasma might suggest increased sympathetic nerve activ-
ity to forearm skin and skeletal muscle.29 Likewise, a
high plasma level of epinephrine might be a result of
increased sympathetic nerve activity to the adrenals.
However, there are several alternative explanations.
Generally, high levels of plasma catecholamines could
result from either increased spillover or reduced re-
moval, which, in turn, depends on both sympathetic
nerve activity, the capacity of different reuptake and
breakdown pathways, and local blood flow.7,29 Further-
more, a high norepinephrine concentration in forearm
venous blood might simply reflect increased arterial lev-
els, which, in turn, could be because of enhanced spill-
over in other parts of the body.

The plasma levels of metanephrines are not good
markers of activity in either the adrenal medulla or the
sympathetic neurons and are only weakly correlated
with the plasma levels of the respective catechol-
amines.7,29 Thus, similar levels of metanephrines among
patients with CFS and control subjects do not rule out a
state of catecholamine excess in the former.

The finding of increased TT in patients with CFS is in
agreement with previous reports of increased skin tem-
perature in this population30 but contrasts with 2 other
studies that did not find any deviations in core body
temperature.31,32 However, these latter studies focused
primarily on alterations in circadian temperature
rhythms. In this study, the increased TT might be par-
tially caused by high levels of epinephrine, which in-
crease basal metabolic rate and heat production.7 In
addition, a tendency toward shivering, as reported in our
patients with CFS, might contribute. Increased levels of
thyroid hormone are an alternative explanation that has
not been specifically addressed in this study; however,
overt thyroid hyperfunction was ruled out in the patient
group during routine clinical investigations.

The high resting HR found in this study fits well with
other studies, documenting similar hemodynamic ab-
normalities both at rest and during orthostatic stress.3,33

An abnormal sympathetic predominance of cardiovas-
cular regulation is one possible interpretation of these
results, which is consistent with the reduced ASBF

TABLE 2 Symptoms Indicative of Thermoregulatory Disturbances

Variable Control Subjects Subjects With CFS

n/N % n/N %

Experience of sudden changes in skin color 42/57 73.7 15/15 100.0a

Redness of skin 37/42 88.1 7/15 46.7b

Paleness of skin 22/42 52.4 14/15 93.3b

Experience of shivering hands 8/56 14.0 8/15 53.3b

Sweating more than othersc 4/44 9.1 6/13 46.2b

Feeling unusually warm
After standing upright for a long period 6/56 10.7 7/14 50.0b

After moderate physical exercise 26/55 47.3 12/15 80.0a

After a hot bath or shower 22/56 39.3 8/15 61.5
a P � .05, using Fisher’s exact test.
b P � .01, using Fisher’s exact test.
c This question was added during the course of the study, which explains the lower totals.

TABLE 3 Catecholamines and Metanephrines Before and After Strong Cooling of 1 Hand

Variable Precooling, Median
(95% CI)

Postcooling (10° C Water),
Median (95% CI)

� Cooling, Median
(95% CI)

Control Subjects Subjects With CFS Control Subjects Subjects With CFS Control Subjects Subjects With CFS

Norepinephrine, pmol/L 1156
(966 to 1434)

1647a

(1478 to 1912)
1494

(1213 to 1807)
2077

(1827 to 2676)
221

(149 to 352)
354

(171 to 671)
Epinephrine, pmol/L 171

(147 to 192)
216b

(161 to 273)
209

(193 to 220)
236

(157 to 380)
25

(5 to 46)
9

( �18 to 113)
Dopamine, pmol/L 130

(112 to 151)
157

(121 to 207)
147

(128 to 172)
174

(111 to 224)
13

(�1 to 22)
4

(�33 to 65)
Normetanephrine, nmol/L 0.45

(0.37 to 0.55)
0.36

(0.21 to 0.49)
0.28

(0.23 to 0.40)
0.21

(0.17 to 0.35)
�0.11

(�0.13 to �0.06)
�0.12

(�0.19 to �0.05)
Metanephrine, nmol/L 0.30

(0.27 to 0.34)
0.34

(0.20 to 0.41)
0.25

(0.19 to 0.27)
0.18

(0.13 to 0.35)
�0.05

(�0.09 to �0.01)
�0.05

(�0.15 to �0.02)
3-Methoxytyramine, nmol/L 0.08

(0.07 to 0.09)
0.10

(0.06 to 0.13)
0.08

(0.05 to 0.09)
0.09

(0.04 to 0.12)
0.00

(�0.01 to 0.01)
�0.01

(�0.04 to 0.01)

Blood samples were not obtained from 3 control subjects because of technical difficulties. To reduce the methodologic problem of multiple comparisons, statistical tests were only performed for
the variables precooling and � cooling.
a P � .01 for differences between groups, using Wilcoxon-Mann-Whitney’s test.
b P � .05 for differences between groups, using Wilcoxon-Mann-Whitney’s test.
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found in the CFS group, because skin AVAs are strongly
controlled by sympathetic neural activity.22,34

Taken together, our baseline observations might in-
dicate a general enhancement of sympathetic nerve ac-
tivity to different regions and organs, including the fore-
arm, the adrenals, and the heart. Patients’ report of
shivering, sweating, and paleness further suggest en-
hanced sympathetic outflow to skeletal muscles, sweat
glands, and skin arterioles, respectively, a possibility that
should be the subject of further research.

Observations During and After Cooling
Strong, rapid cooling of 1 hand normally promotes a
general enhancement of sympathetic nerve activity,
causing increased plasma levels of both norepinephrine
and epinephrine.7 The stimuli for this response are not
only reduced skin temperature in the immersed hand
but also painful sensations. The similar increase in nor-
epinephrine and epinephrine among control subjects
and patients with CFS, as documented in this study,
suggests that patients with CFS have preserved response
abilities toward local cooling within the sympathetic
nervous system. Thus, there are no indications of gross
autonomic neuropathy, as have been proposed by oth-
ers.35 Although not the focus of this report, the signifi-
cant reduction of normetanephrine and metanephrine
on cooling observed in both groups is an interesting
finding, which seems to be unique to this report.

Moderate, slow cooling of 1 hand normally causes a
gradual reduction of ASBF down to a certain tempera-
ture level, at which ASBF suddenly ceases, presumably
because of a coordinated closure of all of the AVAs23 (Fig
1). Although the precise mechanisms behind this phe-
nomenon have not been fully elucidated, one possible
explanation is synthesis of local signal substances that
increase the postsynaptic sensitivity for norepinephrine
or antagonize neuronal reuptake.36,37 Still, the closure is
also dependent on central sympathetic outflow.23 We
have provided evidence of abnormally increased core
body temperature at baseline among patients with CFS.
If the part of the effector system that controls the AVAs
functions normally, an adequate response would be to
elicit heat loss, that is, ensuring preserved blood flow in
the AVAs as the temperature in the water bath falls.
Consequently, our observation of prolonged preserva-
tion of ASBF left in patients with CFS on cooling, which
has not been reported before, might be interpreted as a
normal regulatory response to abnormally increased
core temperature at baseline. Accordingly, TT did fall in
the CFS group during the experiment, indicating suc-
cessful heat loss and normalization of core temperature,
whereas the normal ASBF responses in the control sub-
jects seemed to maintain TT constant in that group.

Alternatively, our results might indicate a defect in
local vasoconstrictor mechanisms. Interestingly, recent
experimental studies applying acetylcholine to smallTA
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skin areas have found stronger vasodilative responses
among patients with CFS than healthy control subjects,
suggesting subtle alteration of the endothelial microvas-
cular regulatory system.38,39 Other studies have docu-
mented a strong relation between CFS and the postural
orthostatic tachycardia syndrome,40 a condition that
seems to be characterized by reduced norepinephrine
reuptake in the sympathetic synapse.41 Altogether, the
previous studies and our own results underscore the
need for research specifically addressing the complicated
interaction of adrenergic, cholinergic, and other micro-
vascular control mechanism in patients with CFS.

Study Limitations
We instructed the participants to abstain from tobacco
products and alcohol/caffeine-containing beverages be-
fore the experiments and also asked about alcohol/to-
bacco/narcotics in the questionnaire without finding any
differences between the 2 groups. Still, we cannot com-
pletely rule out ingestion of illicit or nonillicit substances
that might have influenced the results. Female repro-
ductive hormones exert strong influence on sympathetic
cardiovascular regulation42; thus, differences among the
girls in the 2 groups with regard to sexual development
and menstrual cycle might have introduced a bias. How-
ever, items addressing menstrual function in the ques-
tionnaire did not reveal any significant differences be-
tween the 2 groups.

Several symptoms reported by the patients with CFS
are not specifically related to thermoregulatory distur-
bances but could be explained by, for instance, circula-
tory abnormalities, which indeed have been demon-
strated in this group.2–4 The neuroendocrine and
cardiovascular responses to cooling were addressed in 2
separate experiments. A combined setup might have
been more informative; in particular, measuring cardio-
vascular variables during strong cooling could have
yielded better insight into the autonomic responses.
Normetanephrine is the product of extraneuronal break-
down of catecholamines, whereas dihydroxyphenyleth-
ylene glycol mainly results from intraneuronal metabo-
lism.7,29 Concomitant measurement of this metabolite
would have given more information on sympathetic
nerve function. Between the 2 sets of experiments, the
participants were allowed to eat, which might have al-
tered skin blood flow. However, because the meals were
standardized, this could hardly account for the observed
differences between the 2 groups. In the moderate-cool-
ing experiment, ASBF and TT were not measured before
the acclimatization period; thus, the findings are not
necessarily valid for ordinary ambient temperatures.

This study used a healthy control group, having a
higher level of activity than the patient group. Thus, it is
possible that our findings are a mere consequence of
inactivity rather than of the underlying CFS pathophys-
iology. Additional research projects should consider us-

ing sedentary healthy control subjects or patients with
other diseases having a comparable activity level to the
patients with CFS. Finally, only 15 adolescent patients
with CFS were studied, reducing the statistical power
and bringing into question the generalizability of the
results.

CONCLUSIONS
Taken together, our results suggest that adolescent pa-
tients with CFS have abnormal catecholaminergic-de-
pendent thermoregulatory responses both at rest and
during local skin cooling. These results seem to support
a hypothesis of sympathetic dysfunction in CFS.5,6 Fur-
thermore, they might explain important clinical symp-
toms.
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