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StudyObjectives:Postural orthostatic tachycardia syndrome (POTS) and restless legs syndrome (RLS) are both characterized by sleep disturbance along with
autoimmune/inflammatory features and autonomic dysfunction. However, to our knowledge, there has been no direct study looking at the prevalence of RLS in
patients with POTS patients compared with healthy participants (controls).
Methods: Ninety-six physician-diagnosed patients with POTS (89 female and 7 male) and 130 controls (99 female and 31 male) were administered the
Cambridge Hopkins questionnaire. Participants who were diagnosed with probable or definite RLS on the Cambridge Hopkins questionnaire were then contacted to
determine the severity of RLS with the International Restless Legs Scale.
Results: More patients with POTS (15 of 96; 15.6%) than controls (6 of 130; 4.6%) were diagnosed with probable or definite RLS on the Cambridge Hopkins
questionnaire (P = .0048). A sensitivity analysis with only female respondents yielded similar results. RLS severity was in the moderate range (12.23 ± 9.22).
Conclusions:There is a higher prevalence of RLS in patients with POTSpatients comparedwith controls. This associationmay have to dowith shared increased
inflammatory/autoimmune load and autonomic dysfunction.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Postural orthostatic tachycardia syndrome and restless legs syndrome are both characterized by sleep
disturbance along with autoimmune/inflammatory features and autonomic dysfunction. However, to our knowledge, there has been no direct study looking
at the prevalence of restless legs syndrome in patients with postural orthostatic tachycardia syndrome compared with healthy participants.
Study Impact: This study shows that the prevalence of restless legs syndrome is greater in patients with postural orthostatic tachycardia syndrome than
controls. This study has implications for clinical recognition, pathophysiology, and treatment. Clinicians should look carefully for restless legs syndrome in
patients with postural orthostatic tachycardia syndrome and vice versa.

INTRODUCTION

It is estimated that 500,000 to 3 million people in the United
States are affected by postural orthostatic tachycardia syndrome
(POTS), which is characterized by orthostatic symptoms in-
cluding palpitation, excessive rise in heart rate (≥30 beats/min
in adults) with upright posture, mental clouding, dyspnea on
standing, chest pain, and concentration difficulties in the absence
of orthostatic hypotension.1–3 Younger individuals, specifically
those in the 15- to 45-year range, have a higher chance of being
affected byPOTS. This is especially true for females,with about
80% of those diagnosed with POTS being female.4

Restless legs syndrome (RLS) is characterized by (1) an
urge to move the legs often associated with uncomfortable
feelings in the legs; (2) symptoms that are worse when at
rest, for example, lying or sitting; (3) symptoms that are worse
later in the day or at night; and (4) at least temporary relief

of the symptoms by activity such as walking, stretching, or
bending the legs. About 2.5% of the population is affected
by RLS in a serious enough way to want to seek medical at-
tention. There is a slight female predominance of RLS in the
general population.5–8

Both disorders can be accompanied by significant sleep dis-
ruption and autoimmune/inflammatory dysfunction; autonomic
dysfunction has also been implicated in both disorders.1–24 This
studywas designed to determinewhetherRLS ismorecommonin
patients with POTS than in healthy participants (controls) and, to
our knowledge, is the first study of its kind.

METHODS

We administered a validated questionnaire for the diagnosis of
RLS, the Cambridge-Hopkins questionnaire (CH-RLSq).25
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The CH-RLSq is a self-administered questionnaire that
probes the 4 major symptoms of RLS and excludes mimics
such as leg cramps and positional discomfort. It is validated as a
stand-alone instrument for the diagnosis of RLS. It was vali-
dated against the Hening-Hopkins Telephone Diagnostic In-
terview for RLS, which served as the gold standard for the
validation study.25,26 It has excellent clinimetric properties,with
a sensitivity of 87.2%, specificity of 94.4%, positive predictive
value of 87.2%, and negative predictive value of 94.53%.25,27

One weakness of the validation study as pointed out by the
authors of the validation study themselves is that the study
was done in blood donors where the prevalence of RLSmight
be expected to be higher than in the general population.
However, the authors provide an estimate of what the pos-
itive predictive value would be in a general population with
an estimate of 63.4%.25 In our study, the CH-RLSq, was self-
administered. If participants were diagnosed with definite or
probable RLS, they were then contacted for a phone interview
to determine RLS severity with the International Restless
Legs Scale.28

The study was approved by the Vanderbilt University In-
stitutional Review Board, and all participants provided their
informed consent and signed a written consent form before
distribution of any materials. The CH-RLSq was administered
as part of a more generalized questionnaire that queried de-
mographics of the patients, such as age, sex, previous medical
problems, and medications. To eliminate bias, the CH-RLSq
questionnaire was administered without the participants knowing
that the goal of the study was to determine whether RLS was
present. All questionnaires were self-administered. Each ques-
tionnaire was then reviewed for final determination of RLS by the
senior author (AW).

We recruited 81 patients with POTS from a national
POTS patient meeting. We also recruited 15 patients with
POTS from a Vanderbilt employee email distribution list.
We recruited 65 control participants from the aforemen-
tioned patient meeting and 65 control participants from
the Vanderbilt employee email distribution list. Altogether,
there were 96 patients with POTS (89 female and 7 male;
age, 32.8 ± 11.6 years; range, 18–62 years) and 130 controls
(99 female and 31 male; age, 40.7 ± 12.5 years; range, 20–
64 years). For conference attendees, the CH-RLSq was ad-
ministered in person in paper format, but for participants
who were recruited through the Vanderbilt email distribution
list, the CH-RLSq was administered via REDCap, which is an
internet-based database.

Patients with POTS had to answer affirmatively that POTS had
been diagnosed by a physician. If this question was not answered
positively, the patient was excluded from further analysis.

RLS was diagnosed by the 4 standard criteria developed
by the International RLS Study Group as incorporated into the
CH-RLSq. The CH-RLSq also excludes common mimics of
RLS such as leg cramps and positional discomfort.25

The CH-RLSq was scored using the specific algorithm de-
veloped with the questionnaire. A definite diagnosis of RLS re-
quiredquestions 1–10 to all be answered affirmatively.Aprobable
diagnosis of RLS can be obtained if either question 1 or 10 is
answered negatively, with the remaining 9 questions answered

affirmatively. Question 1 asks “Do you have or have you had
recurrent uncomfortable feelings or sensations in your legs
while you are sitting or lying down?” Question 10 asks “Do
these feelings occur only when sitting or only when lying
down?” and is considered negative if the respondent answers
“only when sitting.”A diagnosis of indeterminate RLS is made
when questions 1 and 2 are both answered affirmatively but the
criteria for definite or probable RLS or no RLS are not met. A
diagnosis of not RLS is made when both questions 1 and 2 are
answered negatively.Question 2 asks “Doyou, or have you had,
a recurrent need or urge tomove your legswhile youwere sitting
or lying down?” The last 3 questions, 11–13, are used as a
severity index and to determine age of onset and are not used to
make the diagnosis.25

The International Restless Legs Scale is a validated instru-
ment for determining RLS severity over the week before scale
administration and consists of 10 questions, each ratedwith 0–4,
with a maximum severity score of 40.28

Statistical analysis
Age and scale data are reported as mean ± standard deviation,
with categorical data presented as percentages with statistical
significance calculated by χ2.

RESULTS

Figure 1 is a flow diagram of the study. Altogether, there were
96 patients with POTS (89 female and 7 male; average age,
32.8 years; range, 18–62 years) and 130 controls (99 female and
31 male; average age, 40.7 ± 12 years; range, 20–64 years).
There were no significant differences in the usual types of
medical problems that are known to precipitate RLS between
our patients with POTS and controls with RLS. None of our
participants with RLS had peripheral neuropathy or renal
failure. One control participant had diabetes and 1 control
participant had anemia. More patients with POTS (15 of
96; 15.6%) than controls (6 of 130; 4.6%) were diagnosedwith
definite or probable or indeterminate RLS on the CH-RLSq
(P= .0048).DefiniteRLSwas diagnosedbased on theCH-RLSq
in 12 of 14 patients with POTS and all 6 controls, whereas
2 patients with POTS had probable RLS and 1 patient with
POTS had indeterminate RLS. Because our 130 control pa-
tients were slightly older than our 96 patients with POTS, we
performed a sensitivity analysis comparing the 96 patients
with POTS with the 96 of 130 controls who most closely
resembled the 96 patients with POTS in age and sex (89 female
and 7male), and results were similar (P= .037). Because there
was a disproportionate number of females compared with
males in our sample, in addition, we performed a sensitivity
analysis restricted only to females. This analysis also showed
similar results (14 of 89 female patients with POTS had
RLS and 6 of 99 female controls had RLS (P = .032). We were
able to contact 13 of 20 of the participants who were diagnosed
with definite or probable RLS on the CH-RLSq for a follow-up
telephone call to administer the International Restless
Legs Scale to determine RLS severity. The other 7 could not
be contacted and were lost to follow-up. The overall average
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for the International Restless Legs Scale was 12.23, with
a standard deviation of 9.2 for all participants combined
(10 patients with POTS and 3 controls), which is in the
moderate range (10–20).

DISCUSSION

The principal finding of this study is that RLS is more
common in patients with POTS. We found that 15.6% of
patients with POTS and 4.6% of controls were diagnosed with
RLS on the CH-RLSq (P = .0048). A sensitivity analysis re-
stricted to a subgroup of more closely age and sex matched
controls and a sensitivity analysis restricted to only female
respondents yielded similar results. This is the first report to
our knowledge that has assessed the rate of RLS in patients
with POTS.

The personal patient interview is considered the gold stan-
dard for the diagnosis of RLS.27 As previously mentioned, the
CH-RLSq,which is a self-administered questionnaire, was used
to diagnose RLS in this study. The CH-RLSq uses the 4 basic
criteria for the diagnosis of RLS, excludes RLS mimics such as
leg cramps and positional discomfort, has strong clinimetric
properties, and is validated as a stand-alone instrument for the
diagnosis of RLS.25,27 Based on the original validation study,
the Ch-RLSq has a calculated false-negative rate of 12.96%
and a false-positive rate of 5.46% against the Hening-Hopkins
Telephone Diagnostic Interview,27 with a false-negative rate
to false-positive rate differential of 7.5%. This suggests that, if
we had used an instrument with a personal patient interview
such as theHening-Hopkins TelephoneDiagnostic Interview as
part of our procedure, there would be a very slightly higher,

although inconsequential, increase in the prevalence of RLS in
both our POTS and control populations above what we found in
the current study. This calculation might be different, of course,
if the original validation of the Ch-RLS had been performed in
the general population as opposed to blood donors.

Both RLS and POTS are characterized by sleep disrup-
tion, auto immune/inflammatory dysfunction, and autonomic
dysfunction.1–24 These commonalities may be the link that tie
the 2 disorders together. Furthermore, RLS is associated with
anemia and POTS may be as well. It has been reported that
adolescents with POTS have a higher prevalence of iron defi-
ciency, low iron storage, and anemia compared with controls.29

This could be an additional link between the 2 disorders.
There are 3 major pathophysiologic mechanisms known to

underlie POTS, which include partial autonomic neuropathy,
hypovolemia, and the hyperadrenergic state. Two of these are
characterized by autonomic dysfunction. Autoimmune mech-
anisms may also be pertinent to autonomic dysfunction. For
example, activating autoantibodies to the α1-adrenergic and
β1- and β2-adrenergic receptors have been observed in POTS.
Angiotensin II type 1 receptor autoantibodies have been noted
in POTS, and sympathetic activation in POTS is associatedwith
increased interleukin-6.12–17

Autonomic dysfunction has also been documented in
RLS. Patients with RLS have increased autonomic complaints
relative to controls including constipation, early abdominal
fullness, lightheadedness when standing, heat intolerance,
oversensitivity to light, and increased saliva production.30

On autonomic testing, patients with RLS have changes in
cardiovagal control related to the arterial baroreflex and greater
peripheral vascular resistance.31 Patients with RLS also ex-
hibit a tendency to daytime increases in blood pressure and

Figure 1—Flow diagram for the study.

CH-RLSq = Cambridge Hopkins RLS questionnaire, POTS = postural orthostatic tachycardia syndrome.
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reduction of sympathetic and parasympathetic amplitude re-
sponses during head-up tilt table testing. They are also reported
to have a blunted parasympathetic drive to changes in blood
pressure.32 The involuntary movements that occur in 80% of
adult RLS, the so-called periodic limb movements in sleep, are
accompanied bymarked rises in pulse and blood pressures,with
rises of blood pressure sometimes more than 20 mm Hg, pre-
sumably triggered by the autonomic nervous system. We have
postulated that these rises in blood pressure may be the possible
reason why RLS is more highly associated with hypertension,
heart disease, and stroke. Patients with RLS display a non-
dipping pattern of blood pressure at night, a well-known risk
factor for the development of cardiovascular disease.9,11,19,20 It
is noteworthy, however, that in our previous polysomnographic
study of patients with POTS, we did not find an increased prev-
alence of periodic limb movements in sleep.2

Many other medical disorders that are frequently associated
with RLS, such as multiple sclerosis and rheumatoid arthritis,
have an autoimmune or inflammatory diathesis.24 RLS has
also been noted to have an association with autoimmune dis-
eases such as inflammatory bowel disease (eg, Crohn’s
disease) and celiac disease, and we recently noted an increased
prevalence of RLS in mast cell activation syndrome, which
is characterized by both autoimmune and inflammatory
components.18,22–24 Irritable bowel syndromeandsmall intestinal
bacterial overgrowth suggestive of inflammation occur more in
patients with RLS than controls.21

This study has implications for clinical recognition,
pathophysiology, and treatment. First, because RLS is more
common in POTS than in the general population, clinicians
should look carefully for RLS in patients with POTS. The
reverse is perhaps true as well. Given that both disorders are
characterized by autonomic and autoimmune dysfunction,
further studies are needed to explore the potential nexus of
POTS andRLS through common autonomic and autoimmune/
inflammatory mechanisms. The similarities in anemia and
low iron stores would also be beneficial for follow-up. These
explorations could potentially lead to treatments common to
both disorders.

ABBREVIATIONS

CH-RLSq, Cambridge Hopkins Questionnaire
IRLS, International Restless Legs Scale
POTS, postural orthostatic tachycardia syndrome
RLS, restless legs syndrome

REFERENCES

1. Bagai K, Song Y, Ling JF, et al. Sleep disturbances and diminished quality of life
in postural tachycardia syndrome. J Clin Sleep Med. 2011;7(2):204–210.

2. Bagai K, Peltier AC, Malow BA, et al. objective sleep assessments in patients
with postural tachycardia syndrome using overnight polysomnograms. J Clin Sleep
Med. 2016;12(5):727–733.

3. Bagai K, Wakwe CI, Malow B, et al. Estimation of sleep disturbances using wrist
actigraphy in patients with postural tachycardia syndrome. Auton Neurosci. 2013;
177(2):260–265.

4. Fedorowski A. Postural orthostatic tachycardia syndrome: clinical
presentation, aetiology and management. J Intern Med. 2019;285:352–366.

5. Allen RP, Walters AS, Montplaisir J, Hening W, Myers A, Bell TJ, Ferini-Strambi
L. Restless legs syndrome prevalence and impact: RESTgeneral population study.
Arch Intern Med. 2005;165(11):1286–1292.

6. Allen RP, Bharmal M, Calloway M. Prevalence and disease burden of primary
restless legs syndrome: results of a general population survey in the United States.
Mov Disord. 2011;26(1):114–120.

7. Hening W, Walters AS, Allen RP, Montplaisir J, Myers A, Ferini-Strambi L.
Impact, diagnosis and treatment of restless legs syndrome (RLS) in a primary care
population: theREST (RLSepidemiology, symptoms, and treatment) primary care
study. Sleep Med. 2004;5(3):237–246.

8. Allen RP, Picchietti DL, Garcia-Borreguero D, et al.; International Restless Legs
Syndrome Study Group. Restless legs syndrome/Willis-Ekbom disease diagnostic
criteria: updated International Restless Legs Syndrome Study Group (IRLSSG)
consensus criteria: history, rationale, description, and significance. Sleep Med.
2014;15(8):860–873.
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