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ABSTRACT: This study aimed to define cardiovascular and heart
rate variability (HRV) changes following head-up tilt (HUT) in
children/adolescents with chronic fatigue syndrome (CFS) in com-
parison to age- and gender-matched controls. Twenty-six children/
adolescents with CFS (11–19 y) and controls underwent 70-degree
HUT for a maximum of 30 min, but returned to horizontal earlier at
the participant’s request with symptoms of orthostatic intolerance
(OI) that included lightheadedness. Using electrocardiography and
beat-beat finger blood pressure, a positive tilt was defined as OI with 1)
neurally mediated hypotension (NMH); bradycardia (HR �75% of
baseline), and hypotension [systolic pressure (SysP) drops �25 mm
Hg)] or 2) postural orthostatic tachycardia syndrome (POTS); HR
increase �30 bpm, or HR �120 bpm (with/without hypotension).
Thirteen CFS and five controls exhibited OI generating a sensitivity and
specificity for HUT of 50.0% and 80.8%, respectively. POTS without
hypotension occurred in seven CFS subjects but no controls. POTS with
hypotension and NMH occurred in both. Predominant sympathetic
components to HRV on HUT were measured in CFS tilt–positive
subjects. In conclusion, CFS subjects were more susceptible to OI than
controls, the cardiovascular response predominantly manifest as POTS
without hypotension, a response unique to CFS suggesting further
investigation is warranted with respect to the pathophysiologic mecha-
nisms involved. (Pediatr Res 63: 196–202, 2008)

Myalgic encephalomyelitis (ME)/chronic fatigue syn-
drome (CFS) is, as the name suggests, a persistent

tiredness, but has a clinical definition refined in the 1994
Centers for Disease Control and Prevention (CDC) criteria (1).
These criteria consist of severe and disabling fatigue with a
combination of symptoms lasting for longer than 6 mo, asso-
ciated with four of the following: cognitive difficulties, phar-
yngitis, tender lymphadenopathy, muscle pain, joint pain,
headache, nonrefreshing sleep, and postexercise malaise. For
adolescents and children, 3 mo of symptoms has been sug-
gested as diagnostic and encompassed by the CDC definition
(2). Reliable prevalence data are limited, but the latest esti-
mates range from 0.5% to 1.29% (3,4), with a 2.5:1 female-
to-male ratio (5). CFS is an important illness in adolescence,
and if the diagnostic accuracy can be enhanced, the resultant
improvement in prognosis is then achievable. One way for-
ward is to examine the cardiovascular response in this group
of patients.

Abnormalities in cardiovascular control of blood pressure
and autonomic regulation of the heart may contribute to some
physical symptoms of CFS (6). Cardiovascular changes can be
examined using the head-up tilt (HUT) test, a noninvasive
orthostatic test that in some can yield syncope (i.e. fainting) or
near syncope with symptoms of orthostatic intolerance (OI),
i.e. lightheadedness, nausea, blurred vision, sweating, head-
ache. Cardiovascular changes accompany or are preceded by
OI on HUT. Two forms have been linked with CFS in research
studies: neurally mediated hypotension (NMH) in which there
is an abrupt drop in blood pressure and postural orthostatic
tachycardia syndrome (POTS) in which there is an excessive
tachycardia with HUT. Stewart et al. (7) investigated re-
sponses to 80-degree HUT in 26 CFS patients (11–19 y) and
13 healthy controls. All but one CFS subject and four of 13
controls experienced OI. Another study reported a predispo-
sition to OI symptoms with standing in 57% of young cases
(8). These studies suggest a strong link between OI and
child/adolescent CFS, but few CFS studies in this age group
exist, and few accurately define the normal healthy adolescent
response to HUT. As young age has been positively correlated
with postural tachycardia and syncope during HUT (9), it is
essential to define disease (CFS) as an abnormal HUT that
cannot be explained by the normal physiologic response of an
adolescent.
Autonomic regulation of the heart can be assessed by

measures of heart rate variability (HRV) reflecting the con-
tinuous oscillation of the R-R interval around its mean (10).
Information about HRV in CFS patients (11,12) has com-
monly been obtained using linear methods such as spectral
analysis that analyzes the frequencies of R-R interval wave-
forms with respect to time. Linear methods yield conflicting
results with regard to CFS (13–16). They rely on stationary
and long recordings, not differentiating between increasing
and decreasing heart rates, and provide no information on time
direction (17). To calculate variations related to fluctuating
interbeat intervals with HUT, nonlinear methods should also
be applied.
The aims of the present study were to 1) define the cardio-

vascular responses in a moderate sample of children and
adolescents with CFS using a standard 70-degree HUT, 2)
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provide an age- and sex-matched comparison of healthy chil-
dren and adolescents to define the normal physiologic re-
sponse in this age group, 3) characterize the HRV changes
with respect to HUT and CFS patients with OI employing
linear and nonlinear techniques.

METHODS

Twenty-six children/adolescents with a confirmed diagnosis of CFS (1)
and 26 controls matched by age (�3 mo), sex, and body mass index status
completed the study. Median age was 15 y 2 mo (range, 10 y 11 mo to 19 y
0 mo), the and female-to-male ratio was 1.6:1. Participants gave informed
written consent. The Otago Ethics Committee approved the protocol.

CFS. Twenty-nine possible CFS subjects were recruited through General
Practices and Pediatric Outpatient Departments. They were free of acute
illness and neurally active or vasoactive medication at the time of study. All
underwent physical examination and full blood chemistry analysis (including
full blood count, thyroid function, and erythrocyte sedimentation rate). A
pediatrician took a full history that included duration and symptomology as
covered in the CDC criteria (1) as well as any precipitants, drug history, or
other exposures. Two screening questions about depression (previously val-
idated) (18) and family history of psychological conditions were asked. The
examination ruled out other causes of fatigue so that only 26 meeting the CDC
criteria went on to participate, thus excluding three with psychiatric, autoim-
mune, and gastrointestinal disorders.

Controls. Control participants were recruited by invitation through local
schools. They were free of illness and neurally active or vasoactive medica-
tions at the time of study. All underwent a brief examination and history to
rule out significant symptoms suggestive of CFS. Included in the history
taking were numbers of previous syncopal or near syncopal events and
palpitations.

Setup. Children/adolescents were studied at 0900 (following an overnight
fast) in a quiet room with temperature at 19°–21°C. An electrocardiogram
(ECG) was recorded continuously as were thoracic and abdominal move-
ments (Respitrace model 150; Respitrace Co.), hemoglobin oxygen saturation,
and pulse waveform (Nellcor N-200, Nellcor, Hayward, CA). A digital pulse
pressure provided continuous noninvasive beat-beat blood pressure recorded
by photoplethysmography (Portapres Model-2). An arm sling supported the
Portapres weight and kept the forearm horizontal. All signals were relayed
through an analog-to-digital converter (PowerLab, ADInstruments Pty Ltd.).

HUT protocol. A motorized tilt table, with footboard for weight bearing
and body straps for stability, was used. Baseline recordings were obtained for
15 min while subjects were supine. Subjects were then tilted 70 degrees head
up for a maximum of 30 min or returned to horizontal earlier on request with
symptoms of presyncope consistent with OI and, in one case, syncope.
Subjects then remained horizontal for 15 min. A positive tilt was defined as:
1) NMH when OI was associated with bradycardia (HR �75% of baseline)
and hypotension (systolic pressure (SysP) drops �25 mm Hg); 2) POTS in
which OI was associated with an HR increase �30 bpm or reached �120 bpm
during the first 10 min of the tilt with or without hypotension. HR and SysP
data were averaged at time points of 1) baseline (15 min before tilt); 2) early
response (3–5 min into tilt); 3) mid-response (average of 5 min midway, time
adjusted according to duration of tolerance); 4) pre-return (1 min before
event/if no event, 1 min before return to horizontal).

Measurement of HRV. ECG data recorded at 500 Hz were analyzed using
the HRV extension to PowerLab on five consecutive minutes of data: at
baseline (pre-tilt), mid-tilt, and mid-recovery (5–10 min). For recordings
ending well before the 30 min of HUT, the mid-tilt period was adjusted such
that if 5 min was not available, at least 256 consecutive cycles were analyzed
midway.

Linear methods. 1) Two time domain measures quantified total variation
in HR: the root mean square of successive differences in R-R intervals
(rMSSD) and the proportion of the number of interval differences between
successive R-R intervals �50 ms (pNN50). 2) Power spectral analysis
expressed dominant frequencies within a series of waveforms, quantifying
beat-beat variability representing high-frequency (HF) bands (HF: 0.15–0.4
Hz) indicative of parasympathetic modulation (19), low-frequency (LF) bands
(LF: 0.04–0.15 Hz) indicative of sympathetic and parasympathetic modula-
tion and the LF/HF ratio, an index of sympathovagal balance (10,20). LF and
HF power is presented in normalized units representing the relative power of
each in proportion to the total power minus the very low frequency compo-
nent (�0.04 Hz).

Nonlinear method. R-R intervals plotted as a function of the previous R-R
interval create a scattergram (Poincaré plot). Quantitative data from Poincaré
plots yield 1) changes in overall variability [standard deviation of the con-

tinuous beat-beat intervals (SDRR)] reflecting both parasympathetic and
sympathetic modulation of HR (21,22); 2) beat-beat changes reflecting para-
sympathetic modulation [SD of the change between instantaneous beat-beat
intervals (SD�RR)] (21). SDRR and SD�RR are calculated in absolute and
then normalized units by dividing the SD by the average R-R interval. A
higher ratio (SDRR/SD�RR) is assumed to measure sympathetic predomi-
nance (23,24).

Statistical analysis. The significance of positive responses to HUT be-
tween groups was determined using McNemar’s test for paired binary data.
Values given at one time point were compared using a paired t test, and over
continuous time points, mixed linear modeling was used controlling for any
remaining variability in age, sex, or body mass index. Kaplan-Meier survival
curves and Cox proportional hazards models were used to compare the
between-group risk of developing OI, tachycardia, or hypotension to HUT.
Further statistical comparisons between control and CFS groups excluded
control children with a positive tilt response to eliminate any possibility of
these children having a different sympathetic profile on HUT than the negative
responding controls (25,26). A p value �0.05 was considered statistically
significant.

RESULTS

Participants. CFS characteristics of the 26 cases are given
(Table 1). Nonrefreshing sleep and postexercise malaise were
the most common symptoms occurring “often” or always” in
76% and 93%, respectively, followed by headaches (50%),
impaired memory (38.6%), tender lymph nodes (34.6%), mus-
cle pain (36.4%), sore throat (26%), and joint pain (26%).
Previous syncope was reported in 10 (38%) cases, one of
whom also had many previous episodes of presyncope and
two of whom “often” felt presyncopal. Seven reported expe-
riencing palpitations. Among possible triggers to the illness,
glandular fever was the most commonly assumed in 14 (56%);
10 were confirmed positive for Epstein-Barr virus by antibody
detection. Three identified a sore throat as the precipitant; two,
a sore stomach; one, gingivitis; and eight, an unknown virus.
Cases reported school absenteeism for a median 25% (range,
6%–100%) of the previous year; two were unable to attend
school at all. All reported levels of physical activity well
below previously, 10 reported difficulties with walking and 7
reported reduced muscle power at rest. All but one reported
daytime sleepiness and frequent daytime rests, but no one was
bedridden. All blood test results were within normal limits.
In the control group, the most common CFS-related symp-

tom was headache occurring “often” or “always” in five
(20%). Two reported nonrefreshing sleep and, five daytime
sleepiness, but none experienced postexercise malaise or any
of the weakening physical symptoms of CFS. Six (23%)
reported past incidences of syncope and two reported presyn-
cope. Two subjects experienced palpitations occasionally.
Two had a history of glandular fever and the median time off
school in the preceding year was 1% (range, 0%–10%).
Response to HUT. Table 1 also summarizes the tilt re-

sponses in which 13 of 26 (50%) of CFS and five of 26 (20%)
control subjects exhibited OI (p � 0.04), yielding sensitivity
and specificity for the test of 50.0% and 80.8%, respectively.
In CFS, responses were predominantly POTS without hypo-
tension occurring in seven (p � 0.01). NMH was a feature in
two CFS subjects (one resulting in syncope) and one control
subject. POTS with hypotension was featured in four CFS and
four control children/adolescents. Six of the 13 CFS patients
with a positive tilt had had previous syncope or symptoms of
presyncope, as did two of the five controls.
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Kaplan-Meier survival curves in relation to onset of tachy-
cardia, hypotension, and OI are shown (Fig. 1). A significant
difference between groups was the time to onset of tachycar-
dia, with the hazard ratio calculated at 3.2 [95% confidence
interval (CI): 1.03–10.2) indicating that the risk of a CFS
patient developing tachycardia with HUT was 3.2 times higher
than controls, assuming a constant ratio over time. Hazard
ratios for the onset of hypotension or OI were not significant
at 1.24 (95% CI: 0.38–4.1) and 2.6 (95% CI: 0.9–7.4),
respectively.
Analyses of HR data at baseline, comparing the 21 controls

(Fig. 2) and 13 CFS patients with a negative response (Fig. 3)
showed no significant differences between groups (72 bpm,

95% CI: 67–75 vs 70 bpm, 95% CI: 63–76, respectively).
However, the pattern of change over time was significantly
different for HR averaged over the mid-tilt; HR increase from
baseline was significantly higher in CFS (22 bpm, 95% CI:
17–26) than controls (17 bpm, 95% CI: 13–20). There was no
significant difference for SysP at any time point.
HRV. Table 2 summarizes the HRV variables for three

subject groups divided according to their tilt response. At
baseline, there were no significant group differences in any
HRV variables despite a trend for the nonlinear data (SDRR
and SD�RR) to be reduced in CFS (tilt positive) compared
with healthy controls (p � 0.06 for both). All variables
changed significantly at mid-tilt: R-R interval and time do-

Table 1. CFS symptoms, syncope history, and tilt responses in individual cases and controls

Cases Controls

Age
(y) Sex

Symptom
duration

Symptoms rated
“often” or “always”

Syncope
history

Tilt
response

Symptoms rated
“often” or “always”

Syncope
history

Tilt
response

12 F �6 y MP, JP, NrS, PEM — POTS� H — —
14 M �1 y MP, NrS, PEM — POTS� — — —
13 F 4 y CI, ST, TLN, MP, JP, H, NrS, PEM 1x POTS� — 3x NMH
12 M 2 y H, NrS, PEM — NMH — — —
18 F �2 y NrS, PEM, JP — — H 1x —
14 F 2 y TLN, MP, NrS 2x POTS� — — —
18 F 14 mo TLN, JP, NrS 4x — — 1x —
17 M 2 y CI, MP, NrS, PEM 1x — — — —
13 F 1 y ST, TLN, H, NrS, PEM — POTS� — —
12 F �1 y ST, H, PEM — — — — —
17 M 6 y CI, NrS 1x — — — —
15 F �4 y CI, NrS, PEM — — H — —
11 M 2 y CI, TLN, NrS — — — — POTS�
16 F 2 y 2 mo H, NrS, PEM — — NrS 2x —
14 F 1 y CI, ST, MP, H, NrS 2/wk POTS� H — —
13 F 6 mo ST, TLN, JP, H, NrS Presync — — — —
15 M 18 mo JP, NrS, PEM — POTS� — — POTS�
17 F 6 y CI, H, NrS, PEM 1x — H — POTS�
16 F 7 mo CI, TLN, NrS, PEM 1x POTS� NrS 1x
16 F 5 y ST, TLN, H, NrS, PEM 1x — CI Presync —
14 M 20 mo NrS, PEM — POTS� — —
15 F 1 y ST, TLN, MP, JP, H, NrS, PEM Presync POTS� — 1x POTS�
12 M 4.5 mo CI, MP, H, NrS, PEM — POTS� — Presync —
15 F 2 y JP, H, NrS, PEM — — — — —
14 M 6 mo CI, MP — — — — —
18 M 3 y CI, MP, NrS, H, PEM 1x � Presync NMH — — —

CI, cognitive impairment; ST, sore throat; TLN, tender lymph nodes; JP, joint pain; MP, muscle pain; H, headaches; NrS, nonrefreshing sleep; PEM,
postexercise malaise; Presync, often episodes of dizziness on standing from lying; POTS�, POTS without hypotension; POTS�, POTS with hypotension.

Figure 1. Kaplan-Meier survival curves showing the time to reach tachycardia (A), hypotension (B), and OI (C) in CFS (solid line) and control (dashed line)
subjects.
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main measures (rMSSD and pNN50) decreased significantly;
spectral data showed this as a shift to sympathetic over
parasympathetic dominance as LF/HF increased significantly,
also apparent with the nonlinear method (significantly higher
SDRR/SD�RR). The shift was highest in the CFS tilt–positive
group detected by the relative changes in SDRR/SD�RR from
baseline to mid-tilt of 1.6-fold in healthy controls to 2.0-fold
in CFS with a positive tilt.
At mid-tilt, group differences emerged with shorter R-R

intervals in both CFS tilt–negative and CFS tilt–positive
groups compared with controls, plus a concomitant decrease
in rMSSD and pNN50. Nonlinear methods revealed reduced

HRV in the CFS tilt–positive group in comparison with
healthy controls, represented as enhanced sympathetic activity
(increase SDRR/SD�RR). Spectral analyses did not detect
these group differences.

DISCUSSION

The main findings of this study were that children/
adolescents with CFS exhibited more episodes of OI than their
age- and gender-matched controls, predominantly manifested
as POTS without hypotension. In POTS with hypotension, the
tachycardiac event always preceded the hypotensive event.

Figure 2. Control subjects. (A) Mean HR
data and 95% CI for the 21 control subjects
with a negative response to HUT plotted
from baseline (0 min) to completion of
HUT (maximum 30 min). (B) Correspond-
ing SysP data. (C) Individual HR plots
from the five children/adolescents with a
positive response to HUT. POTS, solid
lines; NMH, dashed lines. D: Correspond-
ing SysP data. Downward markers indicate
time points at which symptoms of OI ap-
peared.

Figure 3. CFS subjects. (A) Mean HR data and 95% CI for the 13 subjects with a negative response to HUT plotted from baseline (0 min) to completion of
HUT (maximum 30 min). (B) Corresponding SysP data. (C) Individual HR plots from the six children/adolescents with a positive response to HUT meeting
criteria for POTS with hypotension (solid lines) and NMH (dashed lines). (D) Corresponding SysP data. (E) Individual plots of HR from the six
children/adolescents with a positive response to HUT meeting criteria for POTS without hypotension. (F) Corresponding SysP data. Downward markers indicate
time points at which symptoms of OI appeared.
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Therefore, in those meeting criteria for POTS without hypo-
tension, it is possible that hypotension may have ensued had
we been able to extend the duration of HUT. Tachycardia on
HUT follows a reflex decrease in parasympathetic nerve ac-
tivity and an increase in sympathetic nerve activity to the
heart. An excessive tachycardia occurs in POTS appearing as
the most sensitive and earliest index of OI (27), most likely
representing a failure of the peripheral vasculature to constrict
appropriately under stress (28). Other possible physiologic
abnormalities involve a redistributive form of hypovolemia
resulting from specific pooling within the splanchnic and
thoracic vascular beds and defective muscle pumps (29).
Reduced hydration status may be an important contributor.
The cardiovascular response of a few participants met the

criteria for NMH (two CFS and one control). This is assumed
to be a centrally mediated response to HUT signaling the heart
to slow, inducing reflex vasodilatation leading to sudden
hypotension and bradycardia (30). POTS may be an immature
precursor to NMH possibly related to the balance of epineph-
rine and norepinephrine release in the system. If POTS is an
immature precursor of NMH, it is worth speculating that
demonstration of POTS without hypotension in the CFS cases
with OI could indicate a mild form of autonomic depression
manifested as absent or a delayed hypotension. A limitation of
our study was the small number of controls meeting the
criteria for POTS with hypotension (four), thus not a useful
sample size for comparative analyses.

Our findings are in agreement with a previous study by
Stewart et al. (7) in relation to more CFS than control chil-
dren/adolescents exhibiting a positive response to HUT. How-
ever, unlike their study in which 96% of CFS subjects and
31% of controls responded positively, only 50% of our CFS
subjects and 20% of controls responded this way. It is not
clear why some had perfectly normal responses to the tilt,
despite clear CFS symptomatology. Perhaps it represents the
variable nature of the disease and/or the fact that we used a
more conservative protocol than Stewart et al. (7). Thus, the
HUT was shorter (30 min versus 40 min), a slighter tilt angle
was used (70 degrees versus 80 degrees) and no i.v. line was
used; use of the latter has been attributed to adding a false-
positive rate (31). However, both studies were conducted after
an overnight fast, which may have increased the susceptibility
of some subjects to OI on HUT.
Predominant cardiovascular responses to HUT in CFS pa-

tients were those meeting the criteria for POTS without hy-
potension. This agrees with the findings of Stewart et al. (7).
No controls responded this way, suggesting this aspect de-
serves further investigation in respect of the pathophysiologic
mechanisms, but without more detailed history with regard to
any orthostatic symptoms before the onset of illness, we
cannot rule out the possibility that POTS in some may be the
cause rather than a manifestation of the illness, as previously
suggested (32). POTS, like CFS, may follow a viral infection.

Table 2. HRV variables according to position and subject group with respect to the linear and nonlinear methods used

Healthy control (tilt negative)
(n � 21)

CFS tilt negative
(n � 13)

CFS tilt positive
(n � 13)

Baseline (horizontal)
Linear variables
R-R interval (ms) 833 (795–871) 879 (805–952) 791 (699–884)
rMSSD 64 (49–78) 80 (37–123) 46 (30–63)
pNN50 30 (21–39) 31 (17–45) 22 (10–35)
LF power (nu) 0.51 (0.42–0.59) 0.56 (0.47–0.65) 0.52 (0.40–0.64)
HF power (nu) 0.42 (0.34–0.49) 0.38 (0.29–0.47) 0.42 (0.32–0.53)
LF/HF 1.9 (0.8–3.1) 1.9 (1.1–2.7) 1.9 (0.5–3.3)

Nonlinear variables
SDRR (nu) 90 (79–101) 96 (66–127) 71 (57–85)
SD�RR (nu) 75 (60–89) 85 (46–124) 57 (38–75)
SDRR/SD�RR 1.3 (1.1–1.5) 1.3 (1.1–1.5) 1.4 (1.1–1.7)

Mid-tilt‡ (70 degrees upright)
Linear variables
R-R interval (ms) 693 (659–726) 662 (615–707)* 581 (506–656)*§
rMSSD 29 (22–35) 21 (15–26)* 15 (11–19)†§
pNN50 6 (4–8) 4 (0.9–7)* 2 (0.7–3)*
LF power (nu) 0.77 (0.72–0.82) 0.80 (0.74–0.85) 0.80 (0.76–0.86)
HF power (nu) 0.21 (0.16–0.25) 0.19 (0.04–0.35) 0.19 (0.13–0.24)
LF/HF 4.9 (3.5–6.3) 5.0 (3.7–6.3) 5.8 (3.3–8.3)

Nonlinear variables
SDRR (nu) 80 (72–88) 69 (60–77) 65 (53–76)*
SD�RR (nu) 41 (33–49) 31 (24–37)* 25 (19–30)†
SDRR/SD�RR 2.1 (1.9–2.3) 2.4 (2.1–2.7) 2.8 (2.3–3.2)*

Values are presented as mean and 95% CI.
Linear method: R-R interval, time between two successive waves; rMSSD, root mean square of successive differences; pNN50, percentage of R-R difference

between R-R intervals that are �50 ms; LF, low-frequency power of HRV; HF; high-frequency power of HRV; nu, normalized unit.
Nonlinear method: SDRR, standard deviation of continuous beat-beat variability; SD�RR, standard deviation of instantaneous beat-beat variability.
* p � 0.05; † p � 0.001 compared with healthy controls.
‡ All values at mid-tilt significantly different from the corresponding group at baseline.
§ p � 0.05 compared with CFS tilt negative.
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As far as we are aware, this is the only matched case-control
study of CFS in children/adolescents. Compared with adults,
adolescents are more prone to syncope; 15% to 50% will have
at least one episode by the end of adolescence (33). However,
the study was limited by having only one control for each
case; two or more controls for each would improve the power
of the study. Although 12 of 26 CFS subjects and eight of 26
controls had previous episodes of syncope/presyncope, only
six CFS subjects and two controls demonstrated OI under our
laboratory conditions. Stewart et al. (7) excluded control
children with a history of syncope, but we purposely did not
do this so as to get a broad a range of orthostatic responses,
representative of a normal healthy population. This approach
led to a better picture of the prevalence of OI in cases relative
to healthy controls and thus a better picture of any possible
clinical value of the test.
An important finding was that nonlinear methods more

readily detected enhanced sympathetic responses to HUT in
CFS tilt–positive subjects than traditional linear methods. A
previous study of adolescents that used the same tilt protocol
and linear techniques reported sympathetic predominance in
CFS (12); subjects were chosen by design to have OI and
more responded with hypotension, perhaps reflecting a group
with more severe autonomic imbalance. Evidence of enhanced
sympathetic activity in adolescent CFS is strengthened by a
recent study using nonlinear methods (time-varying spec-
trums) to demonstrate this even under conditions of low-grade
HUT (20 degrees) (34). It needs to be emphasized, however,
that attaching precise physiologic interpretation of any HRV
index has its limitations because the autonomic nervous sys-
tem is highly integrated. In addition, despite vast numbers of
pharmacologic studies characterizing changes in HRV indices
with autonomic modulation, there are both criticism and de-
bate in the literature regarding these (35,36).
Clearly, illness in the cases studied here primarily followed

a viral insult/infection. The host response to such an insult
may reduce hydration and lead to a lowering of blood volume.
Gravitational deconditioning as a result of inactivity and
prolonged bed rest that follows illness onset may play a role in
the pathophysiologic mechanism of OI and autonomic distur-
bances in CFS (15,37). Prolonged bed rest causes a redistri-
bution of blood flow from the periphery to intravascular
compartments and a reduction in plasma volume. Atrophy of
the leg muscles allowing increased venous pooling and loss of
venomotor tone also occurs. These factors may combine to tip
the balance in favor of OI on experimental upright tilt in some
CFS patients. Although no cases were bedridden at the time of
study, reduced activity and daytime bed rest were common.
However, a limitation was that we did not include a physical
or ambulatory index to investigate correlations with cardio-
vascular responses. Alternative explanations for the mecha-
nisms include a postviral neuropathy (15), decreased barore-
ceptor reflex responsiveness involving reduced gain (12,38),
abnormalities in afferent or efferent pathways, and/or abnormal-
ities in integration of cardiovascular control at the brainstem.
There are no published controlled trials of treatment of

children/adolescents with CFS. The management approach
deals with individual symptoms. While symptoms persist for

many months or years, prognosis for complete recovery is
better than for adults (39,40). Undoubtedly, children/
adolescents with CFS suffer many symptoms that are disturb-
ing, and OI in itself can be extremely debilitating. The find-
ings of the present study add to the body of evidence that there
is likely a shift in favor of increased sympathovagal balance of
the autonomic nervous system on HUT that could account for
some of the symptoms of CFS in those with a positive tilt
response. Our findings did not allow further delineation of the
mechanisms involved in autonomic disturbances, but rather
fill a void in the literature providing comprehensive matched
case-control data over this young age range and using a
standard tilt protocol. We suggest further research should take
a prospective approach to capture CFS early by enrolling
children/adolescents at the stage of glandular fever diagnosis.
By thoroughly detailing medical events before and surround-
ing the onset and progression of illness, many of the unknown
factors regarding both autonomic and immunologic disturbances
in those who go on to develop CFS could be delineated.
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