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ABSTRACT
Background: Postural orthostatic tachycardia syndrome (POTS) is a
chronic form of orthostatic intolerance that primarily impacts female
patients of childbearing age. The role of sex differences in POTS is not
well understood. We sought to identify sex differences in diagnosis,
symptoms, comorbidities, and treatments in female and male patients
diagnosed with POTS.
Methods: A comprehensive survey was designed in partnership by
Dysautonomia International (East Moriches, NY) and Vanderbilt Uni-
versity Medical Center (Nashville, TN). Patients were recruited through
Dysautonomia International’s website and social media channels. The
Received for publication June 15, 2021. Accepted August 25, 2021.

Ethics Statement: Survey information was stored in a secure Research
Data Capture (REDCap) electronic database at Vanderbilt University
(Nashville, Tennessee, USA). This study received ethical approval from both
the Vanderbilt University Institutional Review Board (IRB#140303; Nash-
ville, Tennessee, USA) and the University of Calgary Conjoint Health
Research Ethics Board (CHREB; REB15-2922; Calgary, Ontario, Canada).

Corresponding author: Dr Satish R. Raj, HRIC GAC70, 3280 Hospital
Dr NW, Calgary, Alberta T2N 4Z6, Canada. Tel.: þ1-403-210-6152; fax:
þ1-403-210-9444.

E-mail: Satish.raj@ucalgary.ca
See page S51 for disclosure information.

https://doi.org/10.1016/j.cjco.2021.08.014
2589-790X/� 2021 The Authors. Published by Elsevier Inc. on behalf of the Canadia
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
R�ESUM�E
Contexte : Le syndrome de tachycardie orthostatique posturale (STOP)
est une forme chronique d’intol�erance orthostatique qui touche prin-
cipalement les femmes en âge de procr�eer. L’incidence du sexe sur le
STOP n’est pas bien comprise. Nous avons cherch�e à d�eterminer les
diff�erences entre les sexes en ce qui a trait au diagnostic, aux symp-
tômes, aux comorbidit�es et aux traitements chez les patients f�eminins
et masculins ayant reçu un diagnostic de STOP.
M�ethodologie : Une enquête exhaustive a �et�e conçue en partenariat
par Dysautonomia International (East Moriches, NY, États-Unis) et le
Vanderbilt University Medical Center (Nashville, TN, États-Unis). Les
Postural orthostatic tachycardia syndrome (POTS) is a
chronic form of orthostatic intolerance that primarily affects
female patients of childbearing age. More than 85% of
POTS patients are female.1,2 Patients with POTS experience
a heart rate increase of 30 beats per minute within 10 mi-
nutes of assuming an upright posture, in the absence of
orthostatic hypotension ( > 20/10 mm Hg), and in associ-
ation with chronic orthostatic symptoms.3 Patienfts with
POTS experience many challenges, including an extreme
diagnostic delay,2 an unsatisfactory quality of life,4 and sig-
nificant economic and employment hardships.5 The Cana-
dian Cardiovascular Society has recently published a position
statement about POTS.3

Although the majority of POTS patients are female, the
effects of biological sex on the patient experience, as well as sex
differences in clinical presentation, are not well understood. In
other cardiovascular conditions primarily viewed through a
male lens, there are sex differences in presentation and access to
care. For example, female patients with chest pain are less likely
than male patients to be referred to a cardiologist,6 and female
patients with myocardial infarction experience a longer delay
from onset to treatment.7 It is not known if sex differences in
POTS, a condition that primarily affects female patients, follow
the same pattern as in other cardiovascular conditions. Using a
large survey of POTS patients, we sought to explore whether
n Cardiovascular Society. This is an open access article under the CC BY-NC-
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survey was delivered online through a secure research data capture
database. Responses were analyzed according to biological sex.
Continuous variables are presented as median (25th percentile-75th
percentile), and categorical variables are presented as number and
proportion of participants.
Results: A total of 8919 patients reported a physician diagnosis of POTS
and were included in this analysis. The majority of respondents were fe-
male (93.7%). Female and male patients experienced misdiagnosis at
similar rates (76.2% vs 74.9%, P ¼ 0.5) and saw a similar number of
doctors before diagnosis (5 [3-8] vs 5 [3-8], P ¼ 0.9). Despite these sim-
ilarities, diagnostic delay was longer for female, compared with male,
patients (1.50 [0.25-5.25] years vs 0.92 [0.08-2.91] years, P < 0.001).
Conclusions: Despite the primarily female demographic of POTS pa-
tients, female patients experience more challenges with diagnosis
than male patients. Increased awareness and recognition of POTS may
help to reduce the diagnostic challenges in both female and male
patients, and improve treatment and management for individuals
living with this debilitating disorder.

patients ont �et�e recrut�es par l’entremise du site Web de Dysautonomia
International et des m�edias sociaux. L’enquête a �et�e r�ealis�ee en ligne
au moyen d’une base de donn�ees s�ecuris�ee de saisie de donn�ees de
recherche. Les r�eponses ont �et�e analys�ees en fonction du sexe bio-
logique. Les variables continues sont pr�esent�ees sous forme de
m�ediane (25e percentile-75e percentile), et les variables nominales
sont pr�esent�ees sous forme de nombre et de proportion de
participants.
R�esultats : Au total, 8 919 patients ont signal�e un diagnostic de STOP
�etabli par un m�edecin et ont �et�e inclus dans cette analyse. La majorit�e
des r�epondants �etaient des femmes (93,7 %). Les patients de sexe
f�eminin et masculin ont �et�e mal diagnostiqu�es dans des proportions
similaires (76,2 % vs 74,9 %, p ¼ 0,5) et ont vu un nombre similaire de
m�edecins avant le diagnostic (5 [3-8] vs 5 [3-8], p ¼ 0,9). Malgr�e ces
similitudes, le retard de diagnostic �etait plus long chez les femmes que
chez les hommes (1,50 [0,25-5,25] an contre 0,92 [0,08-2,91] an, p <

0,001).
Conclusions : Même si les patients atteints de STOP sont principale-
ment des femmes, ces dernières ont plus de difficult�es à recevoir un
diagnostic que les hommes. Une meilleure connaissance et recon-
naissance du STOP peut contribuer à r�eduire les problèmes li�es au
diagnostic chez les patients f�eminins et masculins, et à am�eliorer le
traitement et la prise en charge des personnes atteintes de ce trouble
d�ebilitant.
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there were sex differences in symptom presentation, comorbid
conditions, or access to care in what is primarily a female dis-
order. We tested the hypotheses that female patients would
experience more symptoms and face more healthcare barriers
than male patients.
Materials and Methods

Survey design and delivery

A comprehensive survey was developed by Vanderbilt
University Medical Center (Nashville, TN) in conjunction
with Dysautonomia International (East Moriches, NY), a
POTS patient advocacy group, in 2014. Dysautonomia In-
ternational’s Patient Advisory Board participated in devel-
oping and testing this survey in an iterative process. This
survey aimed to capture the experience of a diverse group of
POTS patients, in contrast to previous research, which
focused on physiological findings in small cohorts at
specialized autonomic centres. The survey addressed several
topics, including diagnostic journey, patient experience,
symptoms, comorbidities, treatments, and the RAND-36
health-related quality-of-life measure (Santa Monica,
CA).2,8 The survey was written in English and delivered
online. Due to the length of time needed to complete this
survey (45-90 minutes), patients had the option to save their
responses and return to complete the survey at a later time.
Survey information was stored in a secure Research Data
Capture (REDCap)9 electronic database at Vanderbilt Uni-
versity. This study received ethical approval from both the
Vanderbilt University Institutional Review Board
(IRB#140303) and the University of Calgary Conjoint
Health Research Ethics Board (CHREB; REB15-2922).
Study participants

The majority of POTS patients were recruited through
Dysautonomia International’s website and social media
channels. An open survey link was provided for participation
in this study, and specific patients were not targeted for a
response. There were no geographic restrictions on partici-
pation. Inclusion criteria were a self-reported physician
diagnosis of POTS, access to an electronic device with an
Internet connection, and the ability to read and understand
English. Informed consent was provided electronically by
patients (parent/guardian consent in addition to patient
assent if the patient was under the age of 18 years) in order to
complete the survey. Participants may have unintentionally
or intentionally completed the survey more than once. Due
to the comprehensive (and lengthy) nature of this survey,
multiple responses from a single participant are considered
unlikely.
Research survey data

Survey data were collected from July 2015 through April
2021. Deidentified data were exported from REDCap and im-
ported into SPSS Statistics for Windows, version 26.0 (IBM
Corp, Armonk, NY). Only patients who provided informed
consent and reported a physician diagnosis of POTS were
included in the analysis. Patients who answered “prefer not to
say” to a specific question were excluded from the total re-
spondents for that question.

We asked participants to tell us their assigned “gender at
birth.” This was used as a surrogate for biological sex, as ge-
netic testing was not performed.

Symptoms were grouped into composite symptom vari-
ables based on body system. For example, if a patient had one
or more of nausea, vomiting, diarrhea, constipation, bloating,



Figure 1. (A) Median time from postural orthostatic tachycardia syndrome (POTS) symptom onset to first physician presentation for POTS (left), and
time from first physician presentation for POTS to POTS diagnosis (right) in female vs male patients. Time from onset to presentation and from
presentation to diagnosis were both significantly longer in female patients. The inset is a zoomed-in version of the main figure, to better illustrate
the median and interquartile range. (B) Challenges with diagnosis in female and male patients. A similar proportion of female and male patients
were misdiagnosed and were told their illness was psychological. More female than male patients were told their illness was “all in their head.”
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or stomach pain, they were categorized as “yes” for gastroin-
testinal symptoms. This process was also used to combine
autoimmune disorders and neuropathies into a single com-
posite variable. Analysis of the RAND-36 health-related
quality-of-life data was limited to participants age � 18 years,
as this tool has been validated primarily in adults.

Statistical analysis

Continuous variables are reported as median (25th
percentile, 75th percentile). Categorical variables are pre-
sented as frequencies and percentages. Mann-Whitney U
tests were used to compare continuous variables for female
vs male patients. Pearson’s c2 tests were used to compare sex
differences in diagnosis, symptoms, and treatments. Odds
ratios (ORs) and 95% confidence intervals (95% CIs) were
calculated to compare sex differences and comorbidities. A
2-sided P value of < 0.05 was considered statistically sig-
nificant. Bonferroni correction for multiple comparisons was
used for analysis of the RAND-36 health-related quality-of-
life data.
Results

Participants

A total of 8919 individuals consented to participate in this
survey and reported a physician diagnosis of POTS. The
majority of patients were female (93.7%; n ¼ 8355). More



Figure 2. (A) Emergency department (ED) utilization for postural orthostatic tachycardia syndrome (POTS) symptoms before and after diagnosis. (B)
Median number of ED visits for POTS before (left) and after (right) diagnosis. The inset is a zoomed-in version of the main figure, to better illustrate
the median and interquartile range. Extreme outlier values (375 visits in 1 female patient before diagnosis, and 600 visits in 1 female patient after
diagnosis) were excluded from this box plot.
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female than male patients identified their race as white (93.7%
vs 89.8%, P < 0.001, and more female than male patients
were 18 years of age or older (89.6% vs 73.5%, P < 0.001).
Of participants who disclosed their geographic location (n ¼
6436), 86% were residing in the United States at the time of
the survey.

Diagnostic journey

The median time from symptom onset to first physician
presentation was longer in female than male patients (0.25
[0.00-3.00] years vs 0.08 [0.00-1.00] years, P < 0.001;
Fig. 1A). Before a POTS diagnosis, female and male patients
saw a similar number of doctors for their POTS symptoms (5
[3-8] vs 5 [3-8], P ¼ 0.9). Female and male patients also
experienced misdiagnosis at similar rates (76.2% vs 74.9%,
P ¼ 0.5; Fig. 1B). Despite the similar rates of misdiagnosis
and the number of physicians seen, diagnostic delay was
significantly longer in female than male patients (1.50 [0.25-
5.25] years vs 0.92 [0.08-2.92] years, P < 0.001). The mean
diagnostic delay (as opposed to the median delay) was almost
2 years longer in female than male patients (4.36 � 0.08 vs
2.67 � 0.08 years, P < 0.001).

More female than male patients were diagnosed with
POTS by a cardiologist or cardiac electrophysiologist, and
fewer female than male patients were diagnosed with POTS
by a neurologist. More female than male patients also saw one
or more doctors who said they had “never heard of POTS”
after diagnosis (69.7% vs 58.3%, P < 0.001).



Table 1. Diagnostic features reported by postural orthostatic tachycardia syndrome (POTS) patients

Female patients Male patients P

n % n %

Misdiagnosed 5893 76.2 388 74.9 0.5
Physical illness acknowledged but

physician was unsure how to
proceed

5580 71.5 377 72.2 0.7

Physician said it was a psychological
disorder

6074 77.7 389 74.2 0.07

Physician said it was all in your head 5370 68.8 328 62.5 0.002
Suggested POTS to physician before

physician suggested it
2839 36.3 199 37.9 0.5

Diagnosed by a cardiologist 4668 56.6 288 41.7 0.02
Diagnosed by a neurologist 1491 18.1 127 22.8 0.005
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Before diagnosis, a similar proportion of female and male
patients visited the emergency department at least once for
POTS symptoms (64.6% vs 63.5%, P ¼ 0.6; Fig. 2A), but
female patients reported more emergency department visits than
male patients (3 [2-6] vs 3 [2-6] visits, P < 0.03; Fig. 2B). The
mean number (not median) of emergency department visits
before diagnosis was 6.6� 0.2 for female patients and 4.9� 0.3
for male patients. After diagnosis, a larger proportion of female
than male patients attended the emergency department at least
once for POTS symptoms (44.0% vs 38.7%, P ¼ 0.02), but
female and male patients who did attend reported a similar
number of visits (3 [1-5] vs 3 [1-5], P ¼ 0.09).

When asked “When you were symptomatic, but
BEFORE you were diagnosed with POTS, did any doctor
tell you that you were suffering from a psychological or
psychiatric problem?,” a similar proportion of male and fe-
male patients were told that they had a psychological dis-
order (Table 1). However, more female than male patients
were told that their ”symptoms were ‘all in their head’ or
something similar.” Before diagnosis, more female than male
patients felt that “in their own opinion” they did have a
psychological or psychiatric disorder (32.6% vs 22.6%,
P < 0.001).

After diagnosis, a similar proportion of female and male
patients were told that they had a psychological disorder
(38.0% vs 34.8%, P ¼ 0.1), but more female than male
patients continued to be told by a doctor that their illness was
“all in their head” or something similar (26.8% vs 21.2%,
Table 2. Symptoms

Symptom

Overall Fe

n % n

Lightheadedness 7382 98.7 6934
Headache 7050 94.4 6638
Difficulty concentrating 7035 94.4 6603
Nausea 6688 89.5 6331
Shortness of breath 6574 88.1 6206
Palpitation 6537 88.1 6171
Chest pain 5857 78.6 5527
Tremulousness 5715 76.8 5408
Blurred vision 5574 74.8 5261
� 1 GI symptoms 7350 98.4 6905
Neurologic symptomsdfoot 6896 92.6 6516
Neurologic symptomsdhand 6821 91.7 6473
Allergic-like symptoms 5081 68.7 4789

GI, gastrointestinal.
P ¼ 0.005), and more female than male patients were being
treated for a psychological disorder at the time of the survey
(35.7% vs 28.5%, P ¼ 0.001).

After diagnosis, more female than male patients were told
that their POTS was caused by a lack of exercise (26.5% vs
22.5%, P ¼ 0.048) and that POTS could be cured by exercise
(39.7% vs 35.1%, P ¼ 0.04). However, after diagnosis, more
female than male patients were also told that they should not
exercise (14.3% vs 10.0%, P ¼ 0.006).

POTS onset and symptoms

The age of initial POTS symptom onset was marginally
older in male compared to female patients (17 [13-31] vs 17
[13-27] years, P ¼ 0.04). The most common age of onset for
both female and male patients was 14 years. More male than
female patients experienced POTS onset within 3 months
after a specific event (46.1% vs 40.9%, P ¼ 0.02). The most
common event preceding POTS onset was an infection (fe-
male patients: 42.1% vs male patients: 37.6%, P ¼ 0.2).
More male than female patients reported that a family
member had also been diagnosed with POTS (15.3% vs
10.6%, P ¼ 0.002).

Typical POTS symptoms, including lightheadedness, pre-
syncope, chest pain, and palpitations, were more common in
female than male patients. Additionally, a slightly larger pro-
portion of female than male patients reported symptoms
indicative of multi-system involvement, including
male patients Male patients

P% n %

99.0 448 95.3 < 0.001
94.9 412 87.8 < 0.001
94.4 432 92.1 0.04
90.4 357 76.0 < 0.001
88.7 368 78.5 < 0.001
88.7 366 79.4 < 0.001
79.1 330 70.7 < 0.001
77.6 307 65.3 < 0.001
75.4 313 66.7 < 0.001
98.6 445 94.7 < 0.001
93.4 380 81.7 < 0.001
92.2 391 83.9 < 0.001
69.1 292 62.4 0.003



Table 3. Comorbid disorders

Comorbid disorder

Overall (N ¼ 7307) Female patients (n ¼ 6847) Male patients (n ¼ 460)

Odds ratio 95% CIn % n % n %

Migraine 2901 39.7 2801 40.9 100 21.7 2.5 2.0e3.1
Irritable bowel syndrome 2185 29.9 2107 30.8 78 17.0 2.2 1.7e2.8
Ehlers-Danlos syndrome 1796 24.2 1724 25.2 72 15.7 1.8 1.4e2.3
Asthma 1540 21.1 1472 21.5 68 14.8 1.6 1.2e2.1
Chronic fatigue syndrome 1453 19.9 1387 20.3 66 14.3 1.5 1.2e2.0
Fibromyalgia 1367 18.7 1330 19.4 37 8.0 2.8 2.0e2.9
Raynaud’s phenomenon 1159 15.9 1133 16.5 26 5.7 3.3 2.2e4.9
� 1 neuropathy 1143 15.6 1077 15.7 66 14.3 1.1 0.9e1.5
� 1 autoimmune disease 1156 15.8 1124 16.4 32 7.0 2.6 1.8e2.8
Gastroparesis 966 13.2 942 13.8 24 5.2 2.9 1.9e4.4
Vasovagal syncope 831 11.4 804 11.7 27 5.9 2.1 1.4e3.2
Inappropriate sinus tachycardia 850 11.6 824 12.0 26 5.7 2.3 1.5e3.4
Mast cell activation syndrome 777 10.6 755 11.0 22 4.8 2.5 1.6e3.8

CI, confidence interval.
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gastrointestinal symptoms, allergic-like symptoms, and
neurologic symptoms in the hands and feet. A summary of
symptoms is shown in Table 2. The most common symptoms
in female compared to male patients are shown in
Supplemental Table S1, with a full summary of symptoms
shown in Supplemental Table S2.

Comorbidities

More female than male patients reported one or more
comorbidities (85.0% vs 70.9%, P < 0.001). More female
than male patients reported comorbid diagnoses of Ehlers-
Danlos syndrome (EDS), mast cell activation syndrome
(MCAS), and autoimmune disorders. Rates of neuropathies
were not different in female compared to male patients. A
summary of the most common comorbidities is shown in
Table 3, and a full summary is shown in Supplemental
Table S3.

Treatments

At the time of taking the research survey, more female than
male patients were taking beta-blockers (Supplemental
Table S4A), selective-serotonin reuptake inhibitors, and
benzodiazepines. Desmopressin use was higher in male than
female patients. The use of other medication was not different
between male and female patients. More female than male
Table 4. RAND-36 health-related quality-of-life domain scores for participan

Domain Female patients

Physical functioning 35 (20e55)
Role limitations due to physical health 0 (0e0)
Role limitations due to emotional

health
67 (0e100)

Energy and fatigue 15 (5e30)
Emotional well-being 64 (48e76)
Social functioning 38 (25e63)
Pain 45 (23e68)
General health 25 (15e40)
Composite scores
Physical health 32 (21e46)
Mental health 53 (37e69)
Overall health 49 (36e63)

Median scores (25th-75th percentiles) are reported. After correction for multip
boldface.

RAND-36, short-form, 36-item health questionnaire (Santa Monica, CA).
patients reported increasing their dietary salt intake
(Supplemental Table S4B) and taking electrolyte supple-
ments, but the use of salt supplements (salt tablets, salt sticks)
was not different. More female than male patients also re-
ported using compression garments.

Social and educational aspects

More female than male patients report losing at least one
friend due to POTS (56.3% vs 48.0%, P < 0.001). A similar
proportion of male and female patients have lost a serious
relationship with a partner or spouse due to POTS (22.1% vs
21.0%, P ¼ 0.06), but more female than male patients have
lost relationships with other family members due to POTS
(23.6% vs 18.7%, P ¼ 0.016). In patients age 18 years or
older, more female than male patients developed POTS before
completing their formal education (58.2% vs 45.3%, P <
0.001). A similar proportion of female and male patients age
18 years or older missed school due to POTS (85.9% vs
90.6%, P ¼ 0.09) or dropped out of school due to POTS
(23.3% vs 28.4%, P ¼ 0.1).

Quality of life

RAND-36 health-related quality-of-life scores were evalu-
ated in female and male participants age 18 years of age or
older. Female patients had lower RAND-36 physical healthe
ts age � 18 years

Male patients P

45 (25e70) < 0.001
0 (0e0) 0.8

33 (0e100) 0.001

20 (10e30) 0.2
56 (40e72) < 0.001
38 (13e50) 0.03
45 (33e70) < 0.001
30 (20e45) < 0.001

38 (24e51) < 0.001
48 (33e65) 0.001
49 (24e51) 0.6

le comparisons, a P value of 0.005 was considered significant, indicated by
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related composite scores, male patients had lower mental
health composite scores, and overall health-related composite
scores were not different in male vs female patients. A sum-
mary of the RAND-36 health-related quality-of-life domains
and composite scores is shown in Table 4.
Discussion
The majority of survey respondents meeting inclusion

criteria for this study were female and white, consistent with
our understanding of the POTS demographic.3,10,11 The
reasons for the female predominance are not well understood
but may be related to female sex hormones12 or baseline
differences in autonomic function.13

Overall, both female and male patients with POTS expe-
rience challenges with diagnosis, multi-system symptoms, and
comorbidities. There is a lack of awareness and recognition of
POTS in the medical community, and this is reflected in the
high rates of misdiagnosis and the prolonged diagnostic delay
in some patients with POTS. Despite the primarily female
demographic of this disorder, female patients with POTS are
impacted more than male patients regarding challenges with
diagnosis, symptom burden, rates of comorbidities, and
quality of life. The reasons for this disparity are unknown, but
it may be related to sex differences in the underlying patho-
physiology of POTS, or diagnostic and treatment biases
affecting female patients differently than male patients.

Diagnostic journey

Both female and male patients experienced a significant
diagnostic delay, although the mean delay was almost 2 years
longer in female than in male patients. Prolonged diagnostic
delay is consistent with findings in a UK-based POTS cohort,
in which the mean time from symptom onset to diagnosis
ranged from 5 to 8 years.14 In a study of patients at the Mayo
Clinic, the mean time from symptom onset to diagnosis was 4
years.1 The explanation for this discrepancy, despite male and
female patients being misdiagnosed at similar rates, and seeing
a similar number of doctors before diagnosis, may be related
to a sex bias in diagnosis. Misdiagnosis with a psychological
illness was common in both male and female patients, and has
been reported in other POTS cohorts, including a UK-based
survey of POTS patients in which 48% received an incorrect
psychological diagnosis.15 Although both male and female
patients were told their POTS symptoms might be psycho-
logical in nature, despite no increased rate of significant psy-
chiatric illness in this population,16 female patients were more
likely to be told their illness was “all in their head.” Another
possible explanation for the sex difference is that female pa-
tients might have a more complex presentation, with increased
comorbidities, which could contribute to the diagnostic delay.
At this time, it is not known what features of POTS lead to
this sex difference in diagnostic delay.

The time from symptom onset to physician presentation
was also longer in female than male patients. It is possible that
female patients are more likely to think these symptoms are
“just normal” and downplay the severity of their symptoms.
Alternatively, based on their prior interactions with the
medical system, some female patients might feel that their
doctor will not take their symptoms seriously.
After the diagnosis of POTS, the proportion of patients
who were told their illness was “all in their head” decreased,
but it was still significantly larger in female compared to male
patients. More female than male patients were also being
treated for a psychological disorder after diagnosis. This dif-
ference is consistent with data from the general population,
which show that more women and girls than men and boys
are diagnosed with depression and anxiety.17,18 In addition,
more female patients visited the emergency department for
POTS even after a POTS diagnosis, potentially indicating a
gap in the medical management of POTS, or more severe
symptoms in female patients.

POTS onset and symptoms

Although the most common (mode) age of onset in both
female and male patients was 14 years, the median age of
POTS onset was slightly higher in male than female patients.
More male patients also reported onset of POTS after a spe-
cific event, reflecting the heterogeneity of pathophysiology in
POTS. In a study of pediatric POTS patients, about one third
reported POTS onset after an event, and more male than
female patients reported POTS onset after infection.11 This
result is different than our findings that a similar proportion of
male and female patients reported POTS after infection, but
this may reflect a difference between adult and pediatric
populations.

Symptom burden was high in both female and male pa-
tients, consistent with findings in other studies,1,11 but a
higher proportion of female patients reported symptoms,
particularly multi-system symptoms. The reasons for this
finding are not clear. The top 10 symptoms in female
compared to male patients were the same, except for muscle
pain reported commonly among female patients and trouble
falling asleep reported commonly by male patients. In a UK-
based survey of POTS patients, 90% of patients reported
lightheadedness, consistent with our findings.15

Comorbidities

Comorbidities were common in both male and female pa-
tients, but a larger proportion of female patients reported one or
more comorbidities. Common POTS comorbidities, including
EDS, MCAS, and gastroparesis were more common in female
patients. UK-based POTS surveys found that 18%14 and
51%15 of patients had comorbid diagnoses of EDS, and an
evaluation of POTS patients found that 31% met the criteria
for hypermobile EDS.19 In our cohort, 26% reported comorbid
EDS, within the range of other studies. An association among
POTS, EDS, and MCAS has also been reported,20 but the
underlying pathophysiology linking these 3 disorders is not
fully understood. Autoimmune disorders were also more
common in female patients, and are generally more common
among women and girls in the general population.21 A higher
rate of comorbidities in the female patients may indicate a sex
difference in the underlying pathophysiology of POTS.

Treatments

Beta-blockers were used more commonly in female than in
male patients. The overall usage of beta-blockers in this group
(42%) was lower than that in a cohort from the Mayo Clinic, in
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which 77% of patients were using beta-blockers.1 This disparity
could be due to differences in care at a specialist centre compared
to clinical care in the general population. More female patients
than male patients were diagnosed by a cardiologist, which may
explain the increased beta-blocker use among female patients.
Female patients reportedmore frequent use of nonpharmacologic
treatments, including increased salt and electrolyte intake, as well
as compression garments. This could result from the greater
symptom burden in female patients, leading them to be more
likely to engage in multiple treatment modalities.

Quality of life

Past research has demonstrated reduced quality of life in
POTS patients compared to healthy individuals.4,22 Review of
sex differences revealed that female patients had lower physical
healtherelated quality-of-life composite scores, and male pa-
tients had lower physical healtherelated quality-of-life scores.
Lower physical healtherelated quality of life in female patients
may be reflective of their increased comorbidities and symp-
toms, or it may indicate a gap in the treatment of these pa-
tients. Lower mental healtherelated quality of life in male
patients may be related to being the minority, as the disorder
primarily impacts female patients. Male patients may feel
more isolated and have more difficulty finding support.

Limitations

Sex is defined as a set of biological attributes, and gender is
defined as socially constructed identities, roles, and behav-
iours.23 This survey asked participants about their biological
sex only, not gender, and therefore, the role of gender dif-
ferences in POTS could not be explicitly evaluated.

These research survey data are self-reported, and POTS
patients could intentionally or unintentionally report inaccu-
rate information, or complete the questionnaire more than
once. This comprehensive research survey took some POTS
patients up to 90 minutes to complete. It is unlikely that a
patient would take the time to complete such a survey more
than once. Patients were primarily recruited through online
social media, which may have created a barrier to survey access
for patients who do not use social media. As participants may
have completed the survey several years after POTS diagnosis,
it is possible that recall bias influenced participant responses,
although the large impact of the illness on patient lives makes
recollection more likely. There may also be selection bias,
whereby patients who have had significant improvement in
symptoms may be less engaged in the patient community and
therefore less likely to participate than participants who have
ongoing symptoms. The survey was also written in English,
and patients were required to read English (or use a translator)
to complete this survey, limiting its accessibility to none
English-speaking patients.

Finally, a larger proportion of male patients, compared
with female patients, were under the age of 18 years. It is
possible that some of the observed differences could be due to
differences in age and not sex.

Future directions

This study has revealed significant challenges in the diag-
nosis of POTS, including diagnostic delays that are worse for
female patients. Further research to understand these differ-
ences may help increase awareness and recognition of POTS. A
future study including gender differences, in addition to sex
differences, in POTS may also reveal a greater understanding of
societal impact on POTS patients.
Conclusions
Female patients with POTS experience more symptoms,

and a higher burden of comorbidities, than male patients.
Despite their sicker phenotype, female patients experience a
longer diagnostic delay than male patients. Increasing
knowledge and awareness about POTS, and targeted physi-
cian education, may help reduce this diagnostic delay and
improve care for all patients with POTS.
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