
Michael J. Joyner
Shizue Masuki

POTS versus deconditioning: the same or
different?

Received: 21 May 2008
Accepted: 1 July 2008
Published online: 12 August 2008

M.J. Joyner, MD (&)
Dept. of Anesthesiology
Mayo Clinic
200 First Street SW
Rochester (MN) 55905, USA
Tel.: +1-507/255-4288
Fax: +1-507/255-7300
E-Mail: joyner.michael@mayo.edu

S. Masuki, PhD
Dept. of Sports Medical Sciences
Shinshu University Graduate School of
Medicine
Matsumoto, Japan

j Abstract The 2007 Streeten Lec-
ture focused on the idea that
physical deconditioning plays a
key role in the symptomology and
pathophysiology of POTS. Paral-
lels were drawn between the
physiological responses to ortho-
static stress seen in POTS patients
and the physiological responses
seen in ‘‘normal’’ humans after
prolonged periods of bedrest, de-
conditioning, or space flight.
Additionally, the idea that endur-
ance exercise training might ame-
liorate some of these symptoms
was also advanced. Finally, poten-
tial parallels between POTS,
chronic fatigue syndrome, and
fibromyalgia were also drawn and
the potential role of exercise
training as a ‘‘therapeutic inter-
vention’’ in all three conditions
was raised. The conceptual model
for the lecture was that after some
‘‘initiating event’’ chronic decon-
ditioning plays a significant role in
the pathophysiology of these con-

ditions, and these physiological
changes in conjunction with ‘‘so-
matic hypervigilence’’ explain
many of the complaints that this
diverse group of patients have.
Additionally, the idea that sys-
tematic endurance exercise train-
ing might be helpful was
advanced, and data supportive of
this idea was reviewed. The main
conclusion is that the medical
community must retain their
empathy for patients with unusual
conditions but at the same time
send a firm but empowering mes-
sage about physical activity. As
always, we must also ask what do
the ideas about physical activity
and inactivity and the conditions
mentioned above not explain?

j Key words orthostatic stress Æ
exercise Æ somatic hypervigilance

Introduction

This paper represents an ‘‘editorial’’ review based on
the 2007 Streeten Lecture given at the Combined AAS
and EFAS meetings in Vienna, Austria, in the fall of
2007. The overall goal of the lecture was to compare
and contrast the postural orthostatic tachycardia
syndrome (POTS) with physical deconditioning.

Additionally, questions were raised about how phys-
ical conditioning might serve as a treatment for POTS,
and how it might also serve as a treatment for syn-
dromes such as fibromyalgia and chronic fatigue
syndrome, which appear to have some overlap with
POTS. A fundamental perspective is that decondi-
tioning may be a final common pathway that makes
these conditions, whatever their cause, worse.
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j David Streeten

As noted above, this paper is based on the Streeten
Lecture. In this context, it is always important to
remember exactly who Dr. Streeten was. First, he was
a native of Bloemfontein, South Africa, and he re-
ceived his primary medical degree in 1946 from the
University of Witwatersrand in Johannesburg. He
subsequently received a Doctorate of Pharmacology
from Oxford in 1951 and he went on to a distin-
guished career in clinical investigation. He served as
president of the society in 1996, and he was clearly a
senior and respected investigator as the American
Autonomic Society emerged in the 1990’s. Most
importantly, Dr. Streeten was a classic ‘‘triple threat’’
academic clinician-investigator who was interested in
the detailed and mechanistic phenotyping of patients.
His main interests were hypertension and its re-
ciprocal condition, orthostatic intolerance, and his
papers were known for their high level of scholarship.
As we think back about Dr. Streeten and what he
represents, one can only hope that in the era of
‘‘outcomes’’ research and ‘‘omics’’ individuals inter-
ested in careful phenotyping of unusual patients will
continue to find a place in biomedical research [20,
21].

j What is POTS?

POTS emerged as a recognized syndrome in the
1990’s and is marked by baseline sinus rhythm with
no evidence of cardiac disease but with a sustained
increase in heart rate of more than 30 BPM with
10 minutes of upright tilting [12]. However, there is
no sustained or marked orthostatic hypotension but
patients frequently complain of lightheadedness,

weakness, palpitations, blurred vision, breathing dif-
ficulties, nausea, and headaches, and these symptoms
resolve with re-assumption of the supine position.
Finally, there is no other obvious cause or explanation
for the marked tachycardia with tilting. Figure 1 is an
individual record of a normal patient and a patient
with POTS showing the marked rise in heart rate
during standing in POTS. It is also of note that both
blood pressure and heart rate are far less stable in the
POTS patient than in the control patient.

j Is POTS psychogenic?

Anyone who has interacted with POTS patients and
other types of orthostatic syndromes occasionally ask
themselves to what extent are these conditions psy-
chogenic? There are likely complex sociologic reasons
about how patients interact with physicians and other
caregivers that lead to this question and at some level
it may reflect frustration on the part of clinicians
because they can’t find anything ‘‘obviously’’ wrong
with the patients and conclude, therefore, the prob-
lems are likely psychogenic. Additionally, it is well
known that patients with POTS do have a condition
called ‘‘somatic hypervigilence’’ meaning that they
tend to report relatively mild or routine sensory
information as more intense or distressing than
‘‘normal’’ [1, 2].

In an effort to address this idea in a more definitive
way, we studied 14 patients with an established
diagnosis of POTS [13]. These patients were subjected
to venous pooling via lower body negative pressure
(LBNP) and they were also subjected to two forms of
sham LBNP [8, 13]. We initially hypothesized that at
least some of the patients with POTS would have a
marked tachycardic response to the sham LBNP, thus
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Fig. 1 Individual records of the arterial pressure (AP)
and heart rate (HR) responses to the upright posture.
The record includes 120 seconds of supine rest
followed by 120 seconds of upright posture. In
addition to having a more marked rise in heart rate
during the upright posture, the POTS patient also
showed much more variability in their heart rate and
arterial pressure responses
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confirming a psychogenic contribution to POTS.
However, while we found the expected marked rise in
heart rate during venous pooling with LBNP, during
sham LBNP there was no increase in heart rate (Fig-

ure 2). Additionally, these patients did not have
excessive heart rate responses to mental stress.
However, psychological testing confirmed that these
patients did in fact have somatic hypervigilence
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Fig. 2 The upper panels (a) show heart rate (HR) and mean arterial pressure (MAP) responses to standard lower body negative pressure (left upper panels), HR and
mean arterial pressure MAP responses to sham-LBNP with MAST trouser inflation to prevent venous pooling (middle upper panels), and HR and MAP responses to
the vacuum sound only (right upper panels). These are representative tracings from an individual control subject and a POTS patient. The bottom bar graphs (b)
demonstrate the group responses. A key point from this slide is that the excessive heart rate response in POTS only occurred during real venous pooling. Figure from
reference [13]
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(Figure 3). This means that while patients with POTS
perceive and report sensory information in a more
dramatic way than control subjects, the tachycardic
response that they experience during venous pooling
is truly a compensatory physiological response.

j Is the rise in heart rate with POTS really
‘‘excessive?’’

If one accepts the proposition that the rise in heart
rate with POTS is ‘‘physiological’’ the question is why
is it so marked? Does this represent some sort of al-
tered or excessive regulatory response, or does it re-
flect a normal regulatory response? In this context, it
seemed like there were several possible explanations
and experiments that might help distinguish between
these possibilities.

First, is there any evidence that baroreflex control
of heart rate is altered in POTS so that small reduc-
tions in blood pressure evoke larger than normal in-
creases in heart rate? Second, a host of bed rest
deconditioning studies suggest that after periods of
bed rest deconditioning there is a reduction in heart
volume (cardiac atrophy), a reduction in blood vol-
ume, and marked tachycardic responses to standing
or upright tilting which can also include unusually
high levels of blood pressure variability [4, 9–11, 18]
(Figure 4). To address these issues we performed both
baroreflex testing and supine vs. upright exercise
studies in the same POTS patients who were subjected
to the sham vs. real LBNP [13–15].

Interestingly, during supine exercise at 25, 50, and
75 watts, cardiac output was similar and heart rate
was higher in the POTS patients, suggesting that even
when cardiac filling was optimized by the supine
position, stroke volume was reduced in POTS (Fig-
ure 5). The differences in stroke volume were much
greater during upright exercise, but again cardiac
output was similar between the control subjects and
POTS patients. Pulse pressure tended to be lower in
the POTS patients and there was much greater beat-
to-beat variability in arterial pressure [14, 15].

When phenylephrine boluses were given during
exercise to raise blood pressure and test baroreflex
control of heart rate, the reflex bradycardic responses
to a rise in pressure were different at given workloads
between the control subjects and the POTS patients
suggesting that baroreflex control of heart rate was
blunted in POTS [14]. However, when the responses
were corrected for heart rate things were surprisingly
‘‘normal.’’ In fact, as we thought more about the
exercise responses in POTS patients they appeared
strikingly similar to those seen in either highly de-
conditioned humans or subjects who have undergone
prolonged periods of bed rest [4, 9–11, 18].

At about the same time, investigators in both
Dallas and Austria, with collaborators from Vander-
bilt, were coming to similar conclusions [6, 7, 9, 24].
Since deconditioning is marked by cardiac atrophy
and reduced blood volume, and POTS is also marked
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Fig. 3 Differences between control subjects and POTS
patients on psychological markers associated with their
tendency to report physiological responses as more
intensely experienced than control subjects. Figure from
reference [13]
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by cardiac atrophy and reduce blood volume, the idea
is that perhaps deconditioning plays a role in the
clinical manifestations of POTS.

j Is peripheral vasoconstrictor tone ‘‘abnormal’’ in
POTS?

Another idea that has received some attention as a
potential explanation for POTS is that there is
somehow either inadequate activation of peripheral
sympathetic vasoconstrictor nerves during the up-
right posture, or that activation of these nerves does
not evoke a ‘‘normal’’ vasoconstrictor response [3, 5,
17]. While there have been limited studies that re-
corded muscle sympathetic nerve activity in patients
with POTS, in general, baseline MSNA does not ap-
pear to be markedly increased [3, 6, 17]. However,
during either upright tilt or infusions of nitroprus-
side, it appears as if there is an augmented MSNA
response in patients with POTS. Curiously, aug-

mented MSNA responses to tilting are also seen after
the deconditioning associated with space flight or bed
rest. Again, the MSNA responses in POTS look very
similar to those seen in normal subjects after periods
of deconditioning.

The next question is whether or not a given rise in
MSNA causes the expected vasoconstriction in POTS
or is there somehow inadequate vasoconstriction for a
given rise in MSNA? The most comprehensive data set
on this topic comes from Fu et al. in Dallas who
showed that MSNA responses for a given change in
heart volume were normal in POTS, and that the
vasoconstriction evoked by these changes in MSNA
were also normal [6, 7]. So again, there is nothing
grossly physiologically abnormal about POTS; it is
just as if these individuals are on different parts of
stimulus response curves that relate afferent signals
from barosensitive areas in the cardiovascular system
to efferent heart rate and MSNA responses (Figure 6).

j Interim summary

So far the case has been made that the physiological
responses seen in POTS reflect primarily a decondi-
tioned cardiovascular system and in fact ‘‘normal’’
relationships between afferent signals in the cardio-
vascular system and efferent responses that should be
considered reasonable for individuals with small
hearts and small plasma volumes (e.g., decondi-
tioned). If that is the case, the obvious question is,
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how do patients with POTS and perhaps other forms
of orthostatic intolerance respond to physical condi-
tioning? In this context, Fu et al. in Dallas have started
prolonged graded exercise training in POTS patients
and preliminary data demonstrates a dramatic reso-
lution in symptoms that accompanied increases in
cardiac volume. Likewise, Winker et al. studied Aus-
trian army recruits and subjected individuals with
histories of orthostatic intolerance to a 3 month
period of endurance exercise training [24]. This
training dramatically reduced the symptoms in these

individuals and also improved their physiological
responses to orthostatic stress. Together this data
suggests that exercise training can work in these
conditions.

j POTS, chronic fatigue syndrome, fibromyalgia: the
same or different?

Clinicians who treat patients with POTS frequently
comment that there is some ‘‘overlap’’ between POTS
and conditions like chronic fatigue syndrome and
fibromyalgia. Additionally, those who take care of
patients with chronic fatigue syndrome and fibro-
myalgia sometimes comment on their impression that
orthostatic intolerance is more common in these pa-
tients. These observations, and a variety of reports
suggesting that all of these conditions are associated
with marked deconditioning, raise a number of
interesting questions. The most obvious question is,
will programs of therapeutic exercise ‘‘rehabilitation’’
be effective in all three conditions. As mentioned
above, there is at least some evidence that suggests
exercise training will be effective in POTS and other
forms of orthostatic intolerance. In this context, the
physiological responses to exercise appear remark-
ably normal in many patients with chronic fatigue
syndrome, but there is a mismatch between the per-
ception of effort and objective measures of the
physiological stress [16, 22]. These results seem
analogous to the somatic hypervigilence seen in pa-
tients with POTS. In other words, normal physiolog-
ical responses are perceived very differently in these
patients (Figure 7). Additionally, in at least one ran-
domized clinical trial of exercise training for chronic
fatigue syndrome graded exercise training resulted in
improvements in the relationships between physio-
logic markers of stress and perceptions of stress [23].

Exercise training has also been shown in a number
of trials to improve symptoms and functionality in
fibromyalgia [19]. All of these observations suggest
that graded exercise training might be affected in
conditions that defy a clear pathophysiological
explanation but are marked by ‘‘mismatches’’ between
a given level of physiological stress and the perceptual
experience of certain individuals.

j How might all of this fit together?

Clearly, patients with POTS, chronic fatigue syn-
drome, and fibromyalgia all have symptoms that are
‘‘very real’’ to them. Many can also describe a rela-
tively normal life that was ‘‘interrupted’’ by a flu-like
syndrome or some other precipitating event followed
by the observation that since then they have essen-
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tially ‘‘never been the same.’’ A question raised by the
data reviewed above is whether or not there is typi-
cally a triggering event followed by a prolonged per-
iod of inactivity. Deconditioning could then operate
in concert with somatic hypervigilence to lead to a
disturbing mismatch between physiological responses
and perception in some individuals. This could then
lead to a vicious cycle of less activity and more de-
conditioning which makes a difficult situation worse.
This scenario could also be made worse by the
‘‘medicalization’’ of these patients who then go from
doctor to doctor convinced that there is something
wrong with them but unable to find a satisfactory
explanation for it.

j Summary and what to do next

The ideas presented above suggest that:

• After some initiating event, deconditioning plays a
major role in sustaining POTS. This is made worse
by somatic hypervigilance.

• There is nothing physiologically abnormal about
POTS; but these individuals appear to be on dif-
ferent parts of stimulus response curves that relate
afferent signals from barosensitive areas in the
cardiovascular system to efferent heart rate and
MSNA responses.

• Increasing evidence suggests that exercise training
is a viable therapeutic option in POTS.

Based on the above ideas, it seems that exercise-
based rehab would appear to be a wise prescription
for many patients with POTS and other forms of
orthostatic intolerance. This might best be done in a
setting that de-medicalizes the training and purposely
avoids the hospital or clinic setting. So-called ‘‘phase
III cardiac rehabilitation,’’ which is frequently con-
ducted in community-based exercise facilities, can be
very effective and send patients a powerful message
that they are in fact able to be active just like everyone
else. In addition to exercise training and the de-
medicalization of these conditions, perhaps more
attention should be paid to perceptual re-training and
psychological coping strategies that might be of high
value to these patients. Finally, it is important that the
medical community retain their empathy for patients
with unusual conditions, but at the same time perhaps
we should send a firm but empowering message about
physical activity to them. Last but not least, we must
always ask ourselves, �what do the ideas presented
above fail to explain?’
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