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Abstract

Background: Postural orthostatic tachycardia syndrome (POTS) is a disorder of orthostatic 

intolerance that primarily affects females of child-bearing age. While the underlying 

pathophysiology of POTS is not fully understood, it has been suggested that autoimmunity 

may play a role. The aim of this study was to compare concentrations of autoantibodies to 

cardiovascular G-protein coupled receptors (GPCR) between POTS patients and healthy controls.

Methods: Sera were collected from 116 POTS patients (91% female; age 29y) and 81 

healthy controls (84% female; age 27y) from Calgary, Canada and Malmö, Sweden. Samples 

Address for correspondence: Satish R. Raj MD MSCI, HRIC GAC70, University of Calgary, 3280 Hospital Dr NW, Calgary, AB, 
T2N 4Z6, CANADA, F: (403) 210-9444 T: (403) 210-6152, Satish.raj@ucalgary.ca, Twitter: @satish_r_raj; @ArturFedorowski; 
@TeamSRRaj; @LibinInstitute; @UCalgaryMed, Tweet: G-protein coupled receptors autoantibodies do not differ between POTS 
patients and controls using commercial methods.
*Co-Senior Authors

Disclosures: S.V. reports grants from Dysautonomia International and NIH; contracts from Genentech, Alterity, and BioHaven; 
licensing contract to Quest Diagnostics; consulting fees from Alterity, Genentech, ArgenX, and Sage Therapeutics; honoraria from 
ACLI, AANEM, AAN, Texas Neurological Society, and is an unpaid Board member for the American Autonomic Society. V.H. 
reports payment for a lecture at The Swedish Society of Cardiology, financial support for attending congresses at the Crafoord 
Foundation. A.F. reports funding for the present manuscript from Dysautonomia International, Hearth and Lung Foundation, and 
the Crafoord Foundation; consulting fees from Medtronic Inc; payment from Medtronic Inc and Biotronik for presentations, and 
participation on a Board for Medtronic Inc. S.R.R. reports receiving funding for the present manuscript from the Canadian Institutes 
of Health Research; grants from Dysautonomia International, the Canadian Institutes of Health Research, and the Cardiac Arrhythmia 
Network of Canada; consulting feess from Lundbeck LLC and Theravance Biopharma USA; payment for development of teaching 
materials by Medscape LCC, Spire Learning, and the Academy for Continued Healthcare Learning; payment for expert testimony by 
Faris Law; participation on a Data Safety Monitoring Board for Arena Pharmaceuticals; past President and member of the Board for 
the American Autonomic Society, and on the Board of Directors for the Canadian Cardiovascular Society Academy. All other authors 
report no conflicts of interest.

HHS Public Access
Author manuscript
Circulation. Author manuscript; available in PMC 2023 August 23.

Published in final edited form as:
Circulation. 2022 August 23; 146(8): 613–622. doi:10.1161/CIRCULATIONAHA.122.059971.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



were evaluated for autoantibodies to 11 receptors (adrenergic, muscarinic, angiotensin-II, and 

endothelin) using a commercially available enzyme-linked immunosorbent assay (ELISA).

Results: Autoantibody concentrations against all of the receptors tested were not significantly 

different between controls and POTS patients. The majority of POTS patients (98.3%) and all 

controls (100%) had alpha-1 adrenergic receptor (α1-AR) autoantibody concentrations above 

the seropositive threshold provided by the manufacturer (7 units/mL). The proportion of POTS 

patients versus healthy controls who fell above the diagnostic thresholds were not different for any 

tested autoantibodies. Similarly, receiver-operating characteristic curves showed a poor ability to 

discriminate between POTS patients and controls.

Conclusion: POTS patients and healthy controls do not differ in their ELISA-derived 

autoantibody concentrations to cardiovascular GPCRs. These findings suggest that these tests are 

not useful for establishing the role of autoimmunity in POTS.
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Introduction

Postural orthostatic tachycardia syndrome (POTS) is a disorder of orthostatic intolerance 

that primarily affects females of child-bearing age 1. It is characterized by orthostatic 

tachycardia (≥ 30bpm) within 10 minutes of standing in the absence of orthostatic 

hypotension (≥20/10mmHg) and symptoms that are worse when upright and improve with 

recumbence 2,3. The cause and underlying pathophysiology of this condition are not yet 

fully understood. Several pathophysiological mechanisms have been described in POTS 

patients, often with multiple mechanisms co-existing within the same patient 3. Included 

among these potential mechanisms are partial autonomic denervation 4, hypovolemia 5, 

and deconditioning 6. One area of particular interest has been the role of autoimmunity 

in the pathophysiology of POTS 7. This hypothesis is supported by the abnormally high 

rates of autoimmune disorders in POTS patients 8. A number of studies have explored 

this area by studying the prevalence and activity of autoantibodies against cardiovascular 

G-protein couple receptors (GPCR) in POTS patients 7,9–15. Some studies have found 

increased concentrations of GPCR autoantibodies, as well as a variety of others, in POTS 

patients 10,11. Despite this extensive research, there is still no consensus as to what role 

autoantibodies against GPCRs and other receptors play in the pathophysiology of POTS. 

There are important differences between different autoantibody assay methods: some assays 

detect the presence of autoantibody binding while others measure biological effects of 

specific antibodies. Additionally, autoantibodies have been found in healthy controls as well 

as in patients 15. Importantly, most studies of GPCR autoantibodies in POTS have had 

small samples sizes and have lacked appropriate internal controls 16. Using a relatively 

large multicenter cohort, we sought to test the null hypothesis that GPCR-autoantibody 

concentrations are not different between POTS patients and healthy controls using an 

established, commercially-available enzyme-linked immunosorbent assay (ELISA).
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Methods:

Participants:

The data that support this study’s findings can be made available from the corresponding 

author upon reasonable request. POTS diagnosis was based on the current consensus 

criteria 2: an orthostatic increase in HR of ≥30 bpm within 10 minutes of standing 

and in the absence of hypotension, the reproduction of orthostatic intolerance symptoms 

during the test, and a duration of characteristic symptoms > 6 months. POTS patient and 

healthy control data came from both Calgary, Canada and Malmö, Sweden. POTS patients 

(ntotal=116) from both Calgary (n=52) and Malmö (n=64) had a physician-confirmed POTS 

diagnosis. None of the healthy controls (ntotal=81) from either Calgary (n=16) nor Malmö 

(n=65) had a known history of autonomic dysfunction, active autoimmune disease or any 

other chronic inflammatory condition.

In Calgary, patient and healthy control data and samples came from participants enrolled in 

the Pathophysiological Role of Adrenergic Antibodies in POTS study. POTS patients and 

controls were recruited for this study as of February 2016. Participants were included if 

they were between 18 and 60 years old and provided their written informed consent. POTS 

patients and controls were both excluded if they had conflicting health conditions (e.g. 

were smokers, had significant cardiovascular, pulmonary, hepatic, or hematological disease). 

This study was approved by the Calgary Conjoint Health Research Ethics Board and was 

registered with http://www.clinicaltrials.gov (NCT02673996).

In Malmö, both POTS patient and healthy control data and samples were from the 

POTS sub-study of the Syncope Study of Unselected Population in Malmö (SYSTEMA). 

Details of the SYSTEMA – POTS cohort are described elsewhere 17. The SYSTEMA 

study protocol consisted of cardiovascular autonomic testing including head-up tilt (HUT) 

testing with continuous hemodynamic monitoring. Data from 64 POTS patients with a 

heart rate increase of ≥30 bpm during HUT and chronic symptoms for ≥6 months from 

the SYSTEMA cohort were selected between October 2017 and January 2020. Sixty-

five controls were recruited through personal invitation, e.g. healthy medical students, 

Skåne University Hospital staff and younger participants of parallel population-based 

epidemiological programs in Malmö, Sweden. Controls had no history of syncope, 

orthostatic intolerance, POTS or endocrine disease. All cardiovascular pharmacological 

agents such as beta-blockers, ivabradine, midodrine and droxidopa were discontinued 72 

hours prior to examination. All participants in the SYSTEMA study and sub-study provided 

informed consent prior to their involvement. These studies were approved by the regional 

ethical review board in Lund (DNR 08/82 and 17/295) and all procedures were performed in 

accordance with the Helsinki Declaration.

ELISA Autoantibody Assay:

In both Calgary and Malmö, patient and control blood samples were collected during 

dedicated study visits following overnight fasting. A trained nurse performed an antecubital 

venipuncture in a designated room after 10 minutes rest in a supine position. Serum was 

separated by centrifugation, divided into aliquots, and stores at −80°C. The serum aliquots 
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were thereafter collected in an automatized way from the freezer, blinded, and shipped on 

dry ice to CellTrend GmbH (14943 Luckenwalde, Germany) for evaluation9. According 

to the manufacturer, at this stage the appropriate human G-protein coupled receptor was 

pre-coated onto a microtiter pate. During the first incubation, the anti-GPCR antibodies of 

the studied sample were immobilized on the plate. The auto-antibodies were detected with a 

peroxidase labeled anti-human IgG antibody. In the following enzymatic substrate reaction, 

the intensity of the colour correlated with the concentration and/or avidity of respective anti-

GPCR receptor antibodies. Serum samples were evaluated for autoantibody concentrations 

to several cardiovascular GPCRs: angiotensin II receptor type 1 (AT1R), endothelin receptor 

A (ETAR), alpha-1 adrenergic receptors (α1-AR), alpha-2 adrenergic receptors (α2-AR), 

beta-1 adrenergic receptors (β1-AR), beta-2 adrenergic receptors (β2-AR), and muscarinic 

receptor 1 to 5 (M1R, M2R, M3R, M4R, M5R). These concentrations were determined 

using CellTrend’s commercially available enzyme-linked immunosorbent assay (ELISA).

Statistical Analysis

Continuous results for demographic information and autoantibody concentrations are 

reported as median [interquartile range (IQR)]. Statistical analyses were conducted through 

a Mann-Whitney U test. Categorical demographic information was compared using a 

Pearson chi-square test. Analyses of “positive” versus “negative” serotypes on an individual 

basis were done according to the threshold concentrations in units/mL (U/mL) that were 

provided by the manufacturer (CellTrend), except for autoantibodies to M1R, M2R, or 

M5R, where thresholds were not provided. As an alternative to the manufacturer-provided 

thresholds, we determined our own thresholds for each receptor as 2 standard deviations 

(SD) above the mean autoantibody concentration of the control sample. Participants 

who had an autoantibody concentration above the threshold value for a given receptor 

autoantibody were considered seropositive for that autoantibody. The proportions of 

seropositive participants are reported as percentages. Statistical analysis for these categorical 

data were conducted using a Fisher’s exact test.

Receiver operating characteristic (ROC) curves were generated to create a graphical 

representation of the diagnostic ability of a given autoantibody concentration to discriminate 

between POTS patients and healthy controls. The area under the curve (AUC; Harrel’s C 

statistic) is a reliable indication of the validity of a given diagnostic test, where an AUC 

of 0.5 suggests that the ability of a test to discriminate between those with or without the 

disease is left to chance 18. In general, an AUC above 0.7 has good discrimination ability, 

whereas an AUC between 0.9 and 1.00 is able to discriminate between healthy and diseased 

with excellent accuracy 19. ROC data are reported as AUC (95% confidence interval).

In an effort to generate ROC curves that encompassed several GPCR-autoantibodies, 

we combined data from GPCR-autoantibodies that were most promising when evaluated 

separately. For instance, ROC curves for autoantibodies to AT1R, ETAR, and a1-AR each 

had a greater AUC compared to the other receptors tested. The results of these tests were 

combined and then divided by results of autoantibodies to receptors which were higher in 

the control population, such as M3R.
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Tests results were considered statistically significant if a 2-sided p value was ≤ 0.05. 

Statistical analyses were performed using IBM SPSS Statistics version 26 (IBM Corp., 

Armonk, N.Y., USA). Figures were made in GraphPad Prism version 7 (GraphPad Software, 

La Jolla, CA, USA).

Results:

Study population characteristics

The majority of both POTS patients (91%) and healthy controls (84%) were female (p=0.2). 

The median age for POTS patients 29.0 [23.0–37.0] years was not significantly different 

from that of healthy controls 27.0 [23.5–38.5] years (p=0.9). When analyzed by centre, the 

findings were concordant. In Calgary, the majority of POTS patients (96%) and healthy 

controls (100%) were female (p=0.4). In Malmö, POTS patients (86%) and healthy controls 

(80%) were also mostly female (p=0.4). The median age of POTS patients did not differ 

between Calgary (29.5 [24.3–36.8] years) and Malmö (26.5 [23.0–37.0] years; p=0.4), but 

the median age of healthy controls was lower in Calgary (24.5 [22.0–27.8] years) than in 

Malmö (29.0 [24.0–40.5] years; p=0.041).

Antibody Concentrations

There were no significant differences between POTS patients and healthy controls in median 

autoantibody concentration against any of the receptors evaluated (Table 1 and Figure 1). 

The same result was observed when data from each centre was evaluated separately (Table 

1).

Autoantibody concentrations against all but 2 of the GPCRs tested, M4R (p=0.176) and 

M5R (p=0.242), were different between POTS patients in Calgary and in Malmö. The 

autoantibody concentrations that were different between centres were significantly higher in 

Calgary except those to α2-AR (p=0.037) and M3R (p<0.001), which were higher in Malmö 

(Table 1). Likewise, healthy controls in Calgary had significantly higher autoantibody 

concentrations against 6 of the 11 GPCR’s tested compared to the healthy controls in Malmö 

(Table 1).

Categorical Seropositivity Using Manufacturer Thresholds

The assay manufacturer provided threshold (upper limit of normal) autoantibody 

concentrations for 8 of the 11 GPCR’s tested. Based upon these thresholds, a large 

number of both POTS patients and healthy controls were considered seropositive for several 

autoantibodies (Table 2). The majority of POTS patients (98%) and all healthy controls 

(100%) were seropositive for anti-α1-AR (p=0.5). While the seropositivity rate for the 

remaining autoantibodies was lower, there were no significant differences in the proportion 

of POTS versus healthy controls who were seropositive for any of the autoantibodies tested.

When comparing POTS patients to healthy controls, both centres had a similar proportion 

of POTS patients and healthy controls who were seropositive for each of the autoantibodies 

tested (Table 2).
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Between centres, POTS patients in Calgary were more likely to be seropositive for anti-

AT1R (p=0.033), anti-ETAR (p=0.005), and anti-β1-AR (p=0.002) than POTS patients in 

Malmö. Similarly, healthy controls in Calgary were more likely to be seropositive for 

anti-β1-AR (p=0.026) and anti-β2-AR (p=0.050) (Table 2).

Categorical Seropositivity Using the “Mean+2SD” Threshold

Using a threshold based on the control sample’s mean + 2SD, there were no significant 

differences in the proportion of POTS patients versus healthy controls who were seropositive 

for antibodies against any of the GPCRs tested. Using this criterion, very few participants 

in either the POTS group or the healthy control group were considered positive for 

autoantibodies to any of the receptors. The receptors with the greatest seropositive rates 

from both POTS patients and healthy controls were AT1R (12.9% of POTS patients vs. 7.4% 

of controls; p=0.2) and ETAR (8.6% of POTS patients vs. 7.4% of controls; p=0.8; Table 3). 

These findings were unchanged when the two sites were analyzed individually.

Receiver Operating Characteristic Curves

The ROC curves for each of the GPCR-autoantibodies tested are shown in Figure 2. None 

of the autoantibody tests had significant ability to discriminate between POTS patients 

and healthy controls. Most provided a C-statistic below 0.51, and no autoantibody had a 

C-statistic >0.6. These findings held true for the individual centres.

The most promising combinations of GPCR-autoantibody improved the ROC C-statistic to 

between 0.60–0.65 and are shown in Figure 3.

Discussion:

The results of our study indicate that the commercially-available ELISA assays offered 

by the manufacturer used in this study have no diagnostic value when evaluating GPCR-

autoantibody levels in patients with POTS, and should not be used as a clinical test. Based 

on this assay, there are no significant differences in GPCR-autoantibody concentrations, 

categorical seropositivity rates, and ROC curves between POTS patients and healthy 

controls. Previous research focused on POTS patients only, without a control group, 

providing misleading results supporting the validity of these tests in patients POTS10. 

However, our study includes healthy controls, allowing for direct comparison between 

POTS patients and the control group. With the addition of this control group, we have 

demonstrated that there are no differences in GPCR-autoantibody concentrations between 

POTS patients and healthy controls based on the results of this assay.

Importantly, these findings do not negate the potential role of immune dysregulation in the 

pathophysiology of POTS. However, this role cannot be shown using the ELISA-based tests 

of GCPR-autoantibodies in serum presented here, and these tests should not be used in the 

clinical diagnosis of POTS.
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Antibody concentrations:

Autoantibody concentrations to AT1R, ETAR, α1-AR, α2-AR, β1-AR, β2-AR, and M1R to 

M5R, were not different between POTS patients and healthy controls. This was consistent 

whether analyzed in total or separately in two geographically distinct populations. These 

results are in line with other studies which have found that autoantibodies exist in healthy 

populations at the same concentrations that they do in patients with autoimmune disease20. 

As such, all future studies of autoantibody markers in POTS must include an adequate 

number of relevant matched controls.

Categorical Seropositivity:

There were no significant differences in the proportion of participants in each group who 

were seropositive based on the manufacturer-provided antibody concentration thresholds. 

Gunning et al. have previously reported that 89% of POTS patients demonstrated 

seropositivity to α1-AR, similar to our finding of 98% 10. However, 100% of healthy 

controls in our study were also positive, highlighting again the importance of a control 

group. These data questions the idea that the presence of autoantibodies above a certain 

concentration, as measured by ELISA, can be used to diagnose POTS. These results 

were also consistent across centres, highlighting the fact that results were not skewed by 

extraneous, centre-dependent variables.

There were no differences between POTS patients and healthy controls for the percentage 

of participants who were seropositive when using the “mean + 2SD” threshold. In contrast 

to the manufacturer thresholds, few participants from either population were seropositive 

for any of the autoantibodies tested using this more rigorous threshold. Regardless of the 

threshold value used, there were no differences between the POTS patients and healthy 

controls.

Discriminating Value of GPCR Autoantibody Seropositivity

ROC curves allowed us to examine the use of GPCR-autoantibody concentrations in the 

diagnosis of POTS. The largest C-statistic for any of the GPCR-autoantibodies individually 

was 0.581 (with 0.5 being totally uninformative), suggesting that none of the GPCR-

autoantibodies tested are accurately able to discriminate between POTS patients and healthy 

controls. Even when we added several GPCR-autoantibody concentrations together, the best 

area under the curve we found was 0.621. This diagnostic yield is not high enough to 

be of clinical significance for the diagnosis of POTS. Our results highlight the fact that 

GPCR-autoantibody concentrations derived from the commercially available ELISA-based 

assays that are currently available cannot be used to discriminate POTS patients from 

healthy patients, and for therapy monitoring.

Calgary vs. Sweden:

Autoantibody concentrations and seropositivity were the same in POTS patients compared 

to controls in both the Calgary and Malmö cohorts. These data increase our confidence that 

these findings are likely representative of the broader patient population. Interestingly, when 

we compared autoantibody concentrations between POTS patients in Calgary and Malmö, 

we found that autoantibodies against several GPCRs were significantly higher in the Calgary 
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POTS population. Likewise, healthy controls in Calgary tended to have higher median 

autoantibody concentrations compared to healthy controls in Malmö. These differences in 

GPCR-autoantibody concentrations between centres parallel previous findings of geographic 

differences in autoantibody profiles and highlights the need for studies to have locally 

recruited healthy controls for comparison 21.

Previous Research on Autoimmune Involvement in POTS

ELISA: Previous work asserted that elevated autoantibody levels to various GPCR’s in 

POTS patients could be used to help diagnose POTS10. Unfortunately, these studies failed 

to consider whether high GPCR autoantibody levels were unique to POTS patients, or 

if comparably high levels were present in healthy controls. Our main finding is that we 

cannot use the current commercially available ELISA methods of determining the presence 

of autoantibodies to GPCRs as a diagnostic criterion for POTS, since these metrics are 

similar between individuals who do and do not have POTS. These data also demonstrate the 

importance of having control data available to ensure that a given variable is truly different 

in a diseased group.

Functional Assays: Functional assays evaluate the ability of autoantibodies to activate 

GPCR receptors, rather than just evaluating for the presence of the autoantibodies. Previous 

studies have found that cardiovascular GPCR activity, to both α1-AR and β1-AR9, is 

elevated when exposed to sera from POTS patients compared to controls22. This has raised 

the question of whether the mere presence of autoantibodies in POTS can be used as a 

surrogate measure of altered autoantibody activity. The results of the current study suggest 

that exclusively measuring autoantibody presence through an ELISA may not be a good 

surrogate. Yu et al.13 found that POTS patients displayed significantly higher autoantibody 

activity to the angiotensin-II type I receptor, even when seropositivity was the same between 

POTS patients and controls. Alternative methods to commercial ELISA are needed to 

evaluate the role of GPCR autoantibodies in POTS.

Our findings do not reject a role for autoantibodies in the pathophysiology of POTS, and 

several prior studies have shown that serum- or IgG-dependent GPCR activity may be 

altered in the POTS patient population 9,13,14,22. It is important that POTS research explores 

the mechanisms which underlie altered autoantibody activity in POTS, what the downstream 

effects of this altered activity are, and how this contributes to the pathogenesis of this 

syndrome.

Limitations

This study looked only at a single proprietary ELISA assay method, and not functional 

autoantibody assays. The latter may be more relevant to the role of autoimmunity in POTS, 

and should be the focus of future studies. Our approach was reasonable given that it is 

currently in clinical use by POTS patients. Another limitation is that the present study did 

not control of the role of disease ‘flares’ in the detection of autoantibodies. Autoimmune 

conditions can go through active and inactive states. Thus, differences between the POTS 

patients and controls may be absent during quiescent periods. That being said, despite the 

fact that disease flares may play a role, it remains that based on the manufacturer threshold 
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concentrations that were used to deem a given participant ‘positive’ or ‘negative’ for a 

certain autoantibody, even some control patients were ‘positive’ in unflared states. As such, 

the conclusion that the commercially-available ELISA method is unable to differentiate 

between POTS patients and controls based on these thresholds holds true.

Conclusions

Our results support the hypothesis that GPCR-autoantibody concentrations, as detected by 

standard ELISA, are not different between POTS patients and healthy controls. Future 

studies are needed to further characterize the role of autoimmunity in POTS using alternative 

assays and methodology.
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Non-standard Abbreviations and Acronyms:

POTS postural orthostatic tachycardia syndrome

GPCR G-protein coupled receptor

ELISA enzyme-linked immunosorbent assay

SYSTEMA Syncope Study of Unselected Population in Malmö

HUT head-up tilt

AT1R angiotensin II receptor type 1

ETAR endothelin receptor A

α1-AR alpha-1 adrenergic receptors

α2-AR alpha-2 adrenergic receptors

β1-AR beta-1 adrenergic receptors

β2-AR beta-2 adrenergic receptors

M1R-M5R muscarinic receptor 1 to 5

ROC receiver operating characteristic
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AUC area under the curve
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Clinical Perspective

What is new?

• Commercially available autoantibody concentrations to G-protein coupled 

receptors (GCPR) are not increased or altered in POTS patients relative to 

healthy controls as assessed using ELISA.

• While this study suggests that GCPR autoantibody concentrations alone 

cannot explain the pathophysiology of POTS, autoantibody activity and 

signals not picked up by ELISA should be explored as these results may 

provide more insights into POTS.

Clinical complications

• Commercially available autoantibody concentrations alone cannot be used to 

differentiate between POTS patients and healthy controls.

• The mere presence of GPCR autoantibodies is not diagnostic of POTS.
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Figure 1. Autoantibody concentrations to 11 cardiovascular GPCRs in POTS patients versus 
healthy controls.
Autoantibody concentrations in (units/mL) to angiotensin II receptor type 1 (AT1R), 

endothelin receptor A (ETAR), alpha-1 adrenergic receptors (α1-AR), alpha-2 adrenergic 

receptors (α2-AR), beta-1 adrenergic receptors (β1-AR), beta-2 adrenergic receptors (β2-

AR), and muscarinic receptor 1 to 5 (M1R, M2R, M3R, M4R, M5R). Data are presented as 

box and whiskers plots where the box represents the interquartile range (IQR) and the line 

represents the median. The whisker (error bar) length is 1.5x the IQR. The individual points 
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are outliers above or below the whiskers. GPCRs: G-protein coupled receptors; POTS: 

Postural Orthostatic Tachycardia Syndrome.
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Figure 2. Receiver operating characteristic (ROC) curves for autoantibodies to 11 cardiovascular 
GPCRs, split by group (POTS patients versus healthy controls).
Data are presented as area under the curve (AUC) and 95% confidence interval (CI). 

A greater AUC indicates greater ability for the concentration of that autoantibody to 

discriminate whether a person has POTS. If 0.5 is contained within the 95% CI, then there 

is no significant difference between POTS patients and healthy controls. Abbreviations as in 

Figure 1.
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Figure 3. Receiver operating characteristic (ROC) curves for combinations of autoantibody 
concentrations to GPCRs.
Data are presented as area under the curve (AUC) and 95% confidence interval (CI). 

A greater AUC indicates greater ability for the concentration of that autoantibody to 

discriminate whether a person has POTS. Abbreviations as in Figure 1.
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Table 3.

Percent seropositive based off mean+2SD threshold

Autoantibody Against POTS (n=116) Control (n=81) p-value

AT1R 12.9% 7.4% 0.249

ETAR 8.6% 7.4% 0.798

α1-adr 5.2% 6.2% 0.763

α2-adr 0.0% 3.7% 0.068

β1-adr 2.6% 7.4% 0.165

β2-adr 3.4% 3.7% 1.000

M1R 1.7% 2.5% 1.000

M2R 2.6% 2.5% 1.000

M3R 0.0% 2.5% 0.168

M4R 0.9% 1.2% 1.000

M5R 0.9% 3.7% 0.308

Abbreviations as in Table 1.
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