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ARTICLE INFO ABSTRACT

Keywords: Background: Orthostatic intolerance (OI) is the inability to tolerate orthostatic stress during any

Orthostatic intolerance postural change. The etiology of OI varies, and methods to obtain a specific diagnosis and plan

Autonomic reflex screen ) appropriate treatment are important. The tools available within the Chinese context to swiftly

Orﬂ_losmnc discriminant and severity scale identify orthostatic intolerance syndrome (OIS) are currently limited.

Supine-to-stand test . . . . . . .

Valsalva maneuver Methods: Patients with OI symptoms were included in this study and categorized into two groups

Transcranial Doppler based on the results of the supine-to-stand test. Those with abnormal test results were assigned to
the OIS group, while those with normal test results were placed in the non-OIS group. We
evaluated the internal consistency and predictive value of the Chinese Orthostatic Discriminant
and Severity Scale (ODSS) by comparing patients’ scores with their physiological measurements
collected during orthostatic stress tests and the results of other available questionnaires, including
the orthostatic Symptom Questionnaire and Orthostatic Grading Scale (OGS).
Results: Patients with OIS scored significantly higher on all three questionnaires and showed
significant differences in autonomic responses during orthostatic stress tests compared with non-
OIS patients. Receiver operating characteristic curve analysis showed that the orthostatic score
from the ODSS had moderate predictive value for the supine test (area under the curve [AUC] =
0.754). Further subgroup analysis revealed that the orthostatic score from the ODSS had uniquely
high specificity and sensitivity for identifying patients with orthostatic hypotension with
abnormal cerebral blood flow (OH-U, AUC = 0.919).
Conclusions: We conclude that the Chinese version of the ODSS has sufficient reliability and
validity to distinguish patients with OIS and could possibly be used as a diagnostic tool for OH-U
patients. Thus, the Chinese ODSS offers a beneficial screening tool for quickly assessing whether
patients have OIS that requires further clinical assessment.

1. Introduction

Orthostatic intolerance (OI) is a broad term describing the inability to tolerate orthostatic stress during any postural change, for
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example, from a supine to upright position [1,2]. During a postural change, a natural dip in blood pressure (BP) occurs due to the
pooling of blood in the lower extremities, and the autonomic nervous system mediates compensatory mechanisms to increase the heart
rate in order to maintain a normal BP [2,3]. Patients with OI struggle to regulate their BP, and thus, OI manifests as symptoms
including lightheadedness, dizziness, syncope and heart palpitations [4-7]. Treatments and management plans for orthostatic
symptoms are often challenging due to the varied etiology of OI and can range from vasopressin analogs to increasing salt intake to
drinking cold water in the morning [8,9]. As such, a clear understanding of the origin of orthostatic symptoms is critical to determining
the appropriate treatment.

BP and heart rate monitoring as well as orthostatic stress tests such as the supine-to-stand, supine-to-sitting and head-up tilt tests
are commonly used to diagnose conditions of OI [10,11]. Although autonomic physiological responses during orthostatic stress tests
are thought to be largely stable, studies have reported poor reproducibility upon repeated challenges [11-14]. Inconsistent assessment
procedures and contextual differences can contribute to poor reproducibility, as OI can be influenced by factors such as time of day,
diet and current medications [9,14,15]. A questionnaire tool that can help identify orthostatic symptoms in patients would be
insightful by identifying contributing lifestyle factors.

The Orthostatic Discriminant and Severity Scale (ODSS) was developed by Baker and colleagues in 2018 [16]. It is aimed at un-
derstanding whether patients who experience OI-like symptoms, such as dizziness, faintness, heart palpitations, lightheadedness and
syncope, have orthostatic or non-orthostatic symptoms [16]. The ODSS is more advantageous compared to previously developed
questionnaires such as the Autonomic Symptom Profile (ASP) and Orthostatic Hypotension Question (OHQ), because it is more concise
and does not focus on only orthostatic hypotension but also includes other types of OI [16].

As the ODSS was developed in Western populations, it is important to validate the translated Chinese version of the questionnaire to
confirm that it is sufficiently reliable for application in the clinical setting in China. Other questionnaires also are available in Chinese
for measuring orthostatic symptoms, including the orthostatic Symptom Questionnaire and orthostatic grading scale (OGS) [17].
However, the Symptom Score was largely developed to assess Ol in children and adolescents and might not be appropriate for the
general population, and the OGS is a brief 5-item questionnaire that does not provide sufficiently in-depth information. In the present
study, we generated the first Chinese version of the ODSS by translating it from English to Chinese. We validated its effectiveness for
screening and diagnosing patients with orthostatic intolerance syndrome (OIS), who presented with orthostatic intolerance symptoms
and showed abnormal results in the supine-to-stand test.

2. Methods
2.1. Study design and participants

Patients with OI symptoms were recruited on a rolling basis from June 2019 to December 2020, from the outpatient or inpatient
Affiliated 2nd Hospital of Hainan Medical University. Healthy controls were recruited from among staff members or the family
members of patients who had no orthostatic symptoms. All control participants were assessed and confirmed to have had no syncope or
fall incidents in the previous year. Patients were assessed by a neurologist to confirm the presence of orthostatic symptoms during
postural changes, including dizziness, syncope, amaurosis, inattention, fatigue, heart palpitations, chest tightness and nausea. Addi-
tionally, healthy controls were also assessed to ensure the absence of any autonomic dysfunctions. The exclusion criteria for both
patients and healthy controls included abnormal or unstable cerebral blood flow signal during transcranial doppler (TCD) ultrasound,
inability to complete a supine-to-stand test, arterial stenosis >50 %, a history of cardiac procedures or surgeries for coronary artery
disease, and the inability to comprehend or complete the assessment procedures. Basic information, including name, gender, age,
smoking and drinking habits, and past medical history (relating to hypertension, diabetes, coronary heart disease, arrythmia, syncope/
fall), were collected for all participants. All participants also completed various clinical tests, which are described below. In total, we
collected data from 100 patients (85 included and 15 excluded in the study) and 20 healthy controls. Data are available upon request.

Ethical approval was obtained from the Second Affiliated Hospital of Hainan Medical University (2019R005-E02). Written
informed consent was obtained from all participants, and they were allowed to withdraw from the study at any point. Written informed
consent for participation of minors in the study was obtained from the individual patient’ s parent or guardian.

2.2. Chinese version of the ODSS

The original English Orthostatic Discriminant and Severity Scale (ODSS) did not include any sociocultural-specific or lifestyle-
related questions. As such, we carried out direct translation of the questionnaire without modifications. After translation of the text
into Chinese, we back translated the text into English to ensure there were no mistranslations of the questionnaire text. Like the English
version, the Chinese version of the ODSS has 33 items (see Appendix 1), of which 22 are related to orthostatic symptoms and 11 are
related to non-orthostatic symptoms. Items 7, 8, 9, and 16 to 23 relate to non-orthostatic symptoms, while the remaining items are
related to orthostatic symptoms. Questions relating to OIS include the frequency, severity, duration and resolution of symptoms during
an orthostatic episode as well as factors that can contribute to orthostatic stress, such as prolonged standing, eating, and heat stress.
The non-orthostatic questions are related to generalized weakness, fatigue, pain, as well as symptoms of dizziness unrelated to any
postural changes. Participants are asked to self-report based on the symptoms they have experienced in the previous year.

The ODSS includes 10 conditional questions and 23 questions to be answered on a 7-point Likert scale. For the conditional
questions, participants are asked to select “yes” or “no”. A “yes” answer is scored as 1 point, whereas a “no” answer is scored as 0 points.
Although this is different from the original ODSS published by Baker et al. we chose to score 0 and 1 for ease of calculation. After each
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conditional question, participants then answer a follow-up 7-point Likert scale question. The scores for these questions correspond to
the answers on a Likert scale. If a participant answers “no” on a conditional question, they then skip the corresponding Likert scale
question and proceed to the next conditional question. The purpose of the Likert scale questions is to further understand the symptoms
experienced by patients with respect to their frequency, duration, and severity, with each symptom rated on a scale from 1 to 7. The
score out of 7 corresponds proportionally to the frequency and severity of the symptoms. For example, if symptoms are completely
relieved after a positional correction, the item would be scored as 7, whereas if no relief occurs at all, the item would be scored as 1.
Scores were summed for the orthostatic and non-orthostatic questions separately to obtain an orthostatic score (OS) and a non-
orthostatic score (NS). The highest possible OS and NS scores are 100 and 71 points. respectively.

2.3. Orthostatic Symptom Questionnaire

A questionnaire was used to assess orthostatic symptoms during the previous month such as nausea, hand tremors, dizziness, heart
palpitations, headache, profuse sweating, blurred vision, chest tightness, and difficulty concentrating (see Appendix 2) [17]. Partic-
ipants were asked whether symptoms occurred as they transitioned from a supine to upright position or after they remained in an
upright position for a long period of time. If a symptom was present, participants then rated the frequency of the symptom on a scale
from O to 4, where 0: never, 1: once a month, 2: 2-4 times a month, 3: 2-7 times a week, and 4: at least once a day on average. The
answers to these questions were summed to obtain an overall orthostatic symptom score based on symptom frequency.

2.4. Orthostatic grading scale

The Orthostatic Grading Scale (OGS) is a 5-item self-report scale that measures the severity of symptoms of orthostatic hypotension
(see Appendix 3) [18]. We asked participants to complete the questionnaire, and the scores for the individual items were added to
obtain a final score.

2.5. Supine-to-stand test

Headgear holding the TCD probe was first placed on the participants for cerebral blood flow monitoring. Participants also wore a
wrist sphygmomanometer to measure BP and heart rate during the test. Participants were instructed to lie down in a supine position for
3 min, then stand up quickly within 8 s and remain standing for 10 min without leaning on any surfaces. Participants then had to
quickly return to a supine position and maintain the position for another 3 min before the test was concluded.

BP and heart rate were recorded at six time points: after 3 min in the initial supine position (baseline reading) and at 0, 1, 3, 5, 8 and
10 min after standing. Changes in BP and heart rate were calculated by subtracting baseline readings collected after 3 min in the initial
supine from the readings at 3 min after standing.

Changes in cerebral blood flow were recorded throughout the test, and the average cerebral blood flow velocity (CBFV) during the
3 min in supine position was taken as the baseline reading. Normal changes in cerebral blood flow typically include an initial dip in
flow velocity, which reaches the lowest value within 30 s before rebounding back to the baseline reading, forming a “W” wave (above
80 % of baseline CBFV) [19]. Abnormal cerebral blood flow is identified by a lack of rebound in cerebral blood flow after 30 s of
standing. For calculation of a velocity score, CBFV was measured at four time points: at baseline, and after 1, 5, and 10 min of standing.
Baseline blood flow was taken as 100 %. After 1 min of standing, blood flow equal to 80-89 % that at baseline was scored as 1 point,
70-79 % as 2 points, and <70 % as 3 points. At 5 min, blood flow equal to 79-88 % that at baseline was scored as 1 point, 69-78 % as 2
points, and <69 % as 3 points. At 10 min, blood flow equal to 77-85 % that at baseline was scored as 1 point, 67-76 % as 2 points, and
<67 % as 3 points. The scores at 1, 5, and 10 min were summed, and a score of 0 was considered normal, 1-2 mildly abnormal, 3-4

Table 1
Diagnostic criteria for subtypes of OI [20].
Subtype Diagnostic criteria Differential
Orthostatic hypotension- OH with normal orthostatic CBFv. If systolic and diastolic BP drop after 3 min of standing,
compensated (OH-C) Systolic BP drop of >20 mmHg or diastolic BP drop of >10 mmHg the diagnosis of delayed orthostatic hypotension (L-
within 3 min of standing. Orthostatic CBFV score = 0. OH) is considered.
Orthostatic hypotension- OH with abnormal cerebral blood flow.
uncompensated (OH-U) Systolic BP drop of >20 mmHg or diastolic BP drop of >10 mmHg

within 3 min of standing. Orthostatic CBFV score >1.
Orthostatic hypertension (OH-  Systolic BP increase of >20 mmHg, or increase by 20 % of baseline.

T) Orthostatic CBFV score = 0. No significant changes in heart rate
upon standing.
Postural tachycardia No significant drop in BP after standing. Average heart rate <100 If the maximum heart rate does not exceed 120 bmp,
syndrome (POTS) beats per minute (bpm) when in supine position with increase by >  the diagnosis of chronic isolated OI is considered.

30 bpm after standing up that persists for >3 min. Maximum heart
rate >120 bpm.

Orthostatic cerebral Orthostatic CBFV score >1. No significant drop in BP or increase in
hypoperfusion syndrome heart rate upon standing.
(OCHOs)
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moderately abnormal and >4 severely abnormal.

Based on the BP, heart rate and orthostatic CBFV in the supine-to-stand test, participants who met the criteria for an abnormal
diagnosis were included in the OIS group, while those who did not meet the diagnostic criteria were included in the non-OIS (NOIS)
group. Specifically, participants in the NOIS group did not have abnormal heart rate, blood pressure, and cerebral blood flow mea-
surements during the clinical testing. The diagnostic criteria for each subtype of OIS are presented in Table 1, and representative traces
are shown in Supplemental Fig. 1.

2.6. Valsalva maneuver

Blood pressure of the participants was measured before and after the test. Participants were instructed to continuously exhale with
an expiratory pressure of 40 mmHg into a manometer for 15 s, while wearing the TCD headgear to measure cerebral blood flow. CBFV
during the 3 min in the supine position was taken as the baseline. The Valsalva ratio (VR) was calculated by taking the highest heart
rate during the Valsalva maneuver (VM) divided by the lowest heart rate occurring within 30 s of the VM peak heart rate. VM ratios
were also calculated using the Quantitative Autonomic Reflex and Small Fibers Tests (QASAT) method, where VM1 was obtained by
dividing the CBFV at the end of phase II by the baseline CBFV and VM2 was obtained by dividing the CBFV at the end of phase IV by the
baseline CBFV [21].

2.7. Data analysis

Data collected from participants are presented as mean and standard deviation for a normally distributed population with ho-
mogenous variance. Differences between groups were analyzed using the analysis of variance (ANOVA) F-test. Data with unequal
variances are presented as M (Pzs, Py5) and analyzed using the Kruskal-Wallis test. For data presented as percentages (%), we used the
Chi-square test and Fisher’s exact test. The Spearman’s rank-order correlation was used to study correlations between questionnaires
and tests. A Cronbach’s alpha of <0.6 indicates poor internal consistency and reliability, while values of 0.7-0.8 indicate considerable
reliability, and values of 0.8-0.9 indicate good reliability. Receiver operating characteristic (ROC) curve analysis was performed to
evaluate the predictive ability of the Chinese version of the ODSS for O, and an area under curve (AUC) value of 0.5-0.7 indicates low
predictive ability, 0.7-0.9 indicates moderate predictive ability and >0.9 indicates good predictive ability. Youden’s J statistic was
used as a summary measure to estimate the sensitivity and specificity of the Chinese version of the ODSS. P < 0.05 was applied as the
cut-off for statistical significance.

3. Results

A total of 100 patients with orthostatic symptoms and 20 healthy controls with no orthostatic symptoms were recruited into the
study. From the patient group, 15 patients were excluded for having a pacemaker (n = 1), severe cerebral and arterial stenosis (n = 7),
or poor temporal insonation window quality during TCD measurements (n = 7). The basic and clinical characteristics of the remaining
85 patients and the 20 control participants included in the statistical analyses are presented in Table 2. No significant differences in
gender, age or the incidence rates of hypertension, diabetes and smoking history were observed between the control and patient groups
(all p > 0.05). However, a significantly higher percentage of patients in the patient group had a history of syncope/fall (30.59 %)
compared with that in the control group (10.0 %; p < 0.05).

3.1. Assessment of autonomic functions

The autonomic reflex screening results for the control, NOIS and OIS groups measured during the supine-to-stand test are presented
in Table 3. Using the BP, heart rate and CBFV changes during the supine-to-stand test, 32 patients (37.6 %) met the diagnostic criteria
for OIS in the supine-to-stand test, while none of the participants in the control group did. The OIS group consisted of 13 cases of
orthostatic hypotension (OH-C), 7 cases of orthostatic hypotension with abnormal cerebral blood flow (OH-U), 1 case of orthostatic
hypertension (OHT), 8 cases of orthostatic cerebral hypoperfusion syndrome (OCHOs) and 3 cases of postural tachycardia syndrome
(POTS). The other 53 patients did not meet the diagnostic criteria for OIS and were included in the NOIS group. The supine-to-stand
test showed that the changes in systolic and diastolic BP as well as the upright cerebral blood flow score were significantly higher in the

Table 2
General characteristics of the study population, comparing the control and patient groups using Fisher’s exact test.
Control group (n = 20) Patient group (n = 85) P

Gender (male/female) 15/5 52/33 0.185
Age (years) 55.65 + 16.52 58.35 £ 16.50 0.512
Hypertension, n (%) 5(25.0) 34 (40.0) 0.161
Diabetes, n (%) 3(15.0) 10 (11.8) 0.468
Smoking history, n (%) 5 (25.0) 23 (27.1) 0.548
History of syncope/fall, n (%) 2(10.0) 26 (30.6) 0.049*

*p < 0.05.
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Autonomic function results in control, NOIS and OIS groups.
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Control group (n = 20)

NOIS group (n = 53)

OIS group (n = 32)

Baseline heart rate (bpm)
/\heart rate (bpm)

Supine systolic BP (mmHg)
Supine diastolic BP (mmHg)
A\systolic BP (mmHg)
A\diastolic BP (mmHg)
“W” wave rebound (n)
CBFV score

VM CBFV phase [
VM CBFV phase II
VM CBFV phase III
VM CBFV phase IV
VR

69 (64.5, 73.30)
9.38 (4.25, 14.75)
126 (107, 137)
76 (70, 85.25)
25(-4,7)

4.5 (-4.75, 8)

3

0 (0, 0.75)

—8.1 (-12.03, —3.83)
8.2 (5.90, 14.60)
2.48 (—4.46, 6.5)
15.76 (8.95, 28.27)
1.48 (1.34, 1.65)

67 (61.93, 75.50)
8.77 (5, 14.23)
128 (113, 143)
77 (67.5, 85)
~3(-10, 3.5)
2(-2,7)

5

0 (0, 0)

—11 (-15.97, —6.05)
10.8 (5.65, 16.10)
—1.2 (-5.04, 6.15)
19.63 (12.49, 28)
1.35(1.23,1.54)

70.5 (57.44, 80.23)
11.39 (4.48, 19)

136.5 (114.5, 160)

80 (71.5, 92)

—21.5 (-33.75, 10.25)" ¢
—9.5(—18.75,1.5)" ¢

6

20, 4)b d

—16.37 (—20.38, —11.36)"
6.9 (3.3, 16.8)

—7.37 (-12.09, —1.22)"
15.74 (8.43, 26.92)

1.25 (1.19, 1.46)"

Data are presented as M (P25, Pys), unless otherwise specified.

% p < 0.05 vs control.
® p < 0.01 vs control.
¢ p < 0.05 vs NOIS.
4 p < 0.01 vs NOIS.

OIS group than in the control and NOIS groups (p < 0.01). No significant differences were detected between the groups when
comparing baseline BP and heart rate in the supine position, as well as “W” wave rebound in the CBFV while standing (p > 0.05).

3.2. Validity of Chinese version of ODSS

Across all questionnaires, including the Chinese version of the ODSS, Symptom Score and OGS, healthy controls had significantly
lower scores compared with patients in the OIS and NOIS groups (Supp Fig. 1A). Comparison of scores between the OIS and NOIS
groups revealed that the OIS group had significantly higher scores on the OS component of the ODSS (p = 0.003; Fig. 1A), the Symptom
Score (p = 0.002; Fig. 1C) and the OGS (p = 0.019; Fig. 1D). No significant difference in the NS component of the ODSS was detected
between the OIS and NOIS groups (p = 0.225; Fig. 1B). Additionally, both the OS and NS values from the Chinese ODSS correlated
significantly with the Symptom Score (OS: r = 0.0813, p < 0.001; NS: r = 0.660, p < 0.001; Fig. 1E) and the OGS score (0OS:r=0.918, p
< 0.001; NS: r = 0.748, p < 0.001; Fig. 1F).
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Fig. 1. Comparison of test scores and correlation between scores of NOIS and OIS groups. (A) The OIS group had a significantly higher OS from the
ODSS than the NOIS group. (B) The NS did not differ significantly between the NOIS and OIS groups. (C) The Symptom Score of the OIS group was
significantly higher than that of the NOIS group. (D) The OGS score of the OIS group also was significantly higher than that of the NOIS group. Both
the OS and NS values correlated well with the Symptom Score (E) and OGS score (F).
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Both the OS and NS from the ODSS showed significant negative correlations with the change in systolic BP (OS: r = —0.273; p =
0.005; NS: r = —0.224, p = 0.022; Fig. 2A) and the change in diastolic BP (OS: r = —0.227; p = 0.020; NS: r = —0.223, p = 0.022;
Fig. 2B) in the supine-to-stand test. Both the OS and NS also were significantly correlated with the CBFV score in the supine-to-stand
test (OS: r = 0.438; p < 0.001; NS: r = 0.278, p = 0.005; Fig. 2C). The OS also had significant negative correlations with the CBFV
during phase I (r = —0.337, p = 0.001; Fig. 2D) and phase III (r = —0.305, p = 0.004; Fig. 2E) during the VM.

3.3. Predictive value of the Chinese ODSS for OI

To first understand the internal consistency and reliability of the ODSS, we calculated Cronbach’s a values for the OS, NS and total
ODSS score (Table 4). All three Cronbach’s a values were greater than 0.8, suggesting the ODSS has good internal consistency and
reliability.

ROC curve analysis was performed to evaluate the sensitivity and specificity of the ODSS, Symptom Score and OGS for OIS pre-
diction (Fig. 3A-C). The AUC values for the OS and NS of the ODSS, the Symptom Score and the OGS were 0.754 (p < 0.001), 0.609 (p
= 0.092), 0.779 (p < 0.001) and 0.735 (p < 0.001), respectively. The AUC value confidence interval of 0.65-0.808 for the OS of the
ODSS indicated that the OS of the ODSS has moderate predictive value for the supine-to-stand test. The Symptom Score and OGS
similarly showed good predictive value for OIS detection relative to the supine-to-stand test.

Next, we calculated the sensitivity and specificity of different OS scores as cut-off points for OIS detection. Since the scale scores
cannot be 0.5, the cut-off value was selected from whole numbers. It was found that when 18 points were used, the Youden index was
the highest, providing the best predictive results for both positive and negative outcomes of the supine-to-stand test. Specifically, the
sensitivity was 87.5 % (n = 28/28 + 4), specificity was 52.8 % (n = 28/25 + 28), positive predictive value was 52.83 % (n = 28/28 +
25), and negative predictive value was 87.5 % (n = 28/4 + 28), with an accuracy rate of 65.88 % (n = 56/85) in identifying patients
with positive and negative results in the supine-to-stand test. A cut-off score was not generated for the NS, because the NS did not differ
significantly between the OIS and NOIS groups.

Comparing the different subtypes of OIS, we found that patients with POTS experience the largest change in heart rate during the
supine-to-stand test, and the heart rate change in this group was significantly greater than that in the NOIS group and that in patients
with the OH-C subtype within the OIS group (p < 0.05; Table 5). Patients with OH-C had the highest supine systolic BP. The OH-C and
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Fig. 2. Correlations between ODSS scores and various physiological measurements during supine-to-stand test and VM. Correlations of test scores
with (A) systolic BP in baseline supine position, (B) change in systolic BP when standing, (C) CBFV score, and (D) VM CBFV during phase I and (E)
phase III.
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Fig. 3. ROC curve analysis evaluating the ability of the (A) OS and NS of the ODSS, (B) Symptom Score and (C) the OGS to detect OI.

OH-U subtypes experienced the greatest change in systolic BP, and specifically, patients with OH-U had significantly greater changes
in systolic BP compared with the NOIS and OCHOs groups. The CBFV values for OH-U, OCHOs and POTS patients were also signif-
icantly higher than those of the NOIS group and OH-C patients (p < 0.05). Additionally, OH-U patients had significantly higher “W”

wave rebound and lower VR and VM CBFV during phases II and III compared with the NOIS group (p < 0.05).

Among patients in the OIS group, patients with OH-U had the highest OS from the ODSS, followed by patients with OCHOs, POTS
and finally OH-C. Only the OS of OH-U patients differed significantly from that of the NOIS group. The rankings of the four subtypes
for the NS followed the same order as those for the OS, but none of the groups had an NS that was significantly different from that of the
NOIS group. For the Symptom Score, the highest to lowest scores were observed in the POTS, OH-U, OH-C, and OCHOs groups, while
the highest to lowest OGS scores were found in the OH-U, POTS, OCHOs and lastly, OH-C groups. None of the Symptom Scores and

Table 5
Comparison of scores, supine-to-stand results, and measurements of autonomic function among patients of the OIS group with different subtypes of
OL
NOIS group (n = OH-C group (n =13)  OH-U group (n = 7) OCHOs group (n=8)  POTS group (n = 3)
53)
Age (years) 58 (49-68.5) 66 (55.5, 70) 55 (51, 56) 54.5 (25.25, 62) 15 (14, 21)"
Gender (Male/female) 39/19 9/4 4/3 3/5 1/2
oS 17 (8.5, 38) 29 (18.5, 44.5) 56 (48, 68)" 34.5 (19.25, 54.5) 26 (20, 68)
NS 3 (0, 8.5) 5(0,8) 9(8,12) 4 (0.75, 11.25) 5(3,11)
Symptom Score 4(1,6) 8 (4.5, 10)° 10 (4, 13)° 4.5 (2, 11.25) 17 (8, 28)°
OGS score 7(2.5,9) 10 (7.5, 14)b 16 (12, 17)h 7.5 (5.5, 11) 11 (7, 18)
A heart rate (bpm) 8.77 (5, 14.23) 6 (0.53,12) 14 (5.23, 20)* 13.61 (4.25,19) 33(32,37)" ¢
Asystolic BP (mmHg) —~3(-10, 3.5) —33(—44.5, —21.5)"  —27 (-56, —24)" ¢ —5.5 (—11, —1.75) -10 (~15, —2)
d
“W” wave rebound (incomplete 9.43 27.27 42.86" 0 0
ratio %)
CBFV score 0(0, 0) 0(0,1) 5 (2, 6)"%* 22, 3.75)""# 3(3,5)"°¢
VM CBFV phase I —11 (-15.97, —14.58 (—16.62, —18.75 (—39.71, —18.63 (—40.27, —16.37 (—30.37,
—6.05) —7.83) —14.46) —9.25) —11.36)
VM CBFV phase II 10.8 (5.65, 16.10) 5.9 (1.35,12.33) 4.15 (2, 15.50) 11.7 (5.78, 19.95) 14.3 (10.6, 23)
VM CBFV phase III —1.2(-5.04, 6.15) —5.38 (—9.45, 3.08) —11.94 (—20.81, —8.47 (—16.58, —5.77 (-7.37, 2.94)
-11.11)" 8.46)

VM CBFV phase IV
VR

19.63 (12.49, 28)
1.35(1.23,1.54)

15.59 (10.68, 18.95)
1.22 (1.12, 1.54)

6. (1.95, 15.24)'
1.21 (1.13,1.23)

29.21 (15.71, 35.7)
1.32(1.25, 1.70)

22.03 (8.43, 31.94)
1.46 (1.28, 2.05)

Data are presented as M (P25, Pys), unless otherwise specified.

% p < 0.05 vs NOIS.

® p < 0.01 vs NOIS group.
¢ p < 0.05 vs OH-C.
4 p < 0.05 vs OCHOs.
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OGS scores of the four OIS subtypes differed significantly from the values of the NOIS group.

We used ROC curve analysis on data from the 85 participants with OI symptoms to evaluate the predictive value of the Chinese
version of the ODSS for the different subtypes of OI, we found that only the OS from the ODSS had reliable predictive value for OH-U,
whereas it was not as useful for OH-C, OCHOs or POTS (Fig. 4A-D). The AUC value for the OS for OH-U was 0.917, with a 95 %
confidence interval of 0.916-0.978. Using a cut-off value of 41.5 points, the sensitivity and specificity of the OS for detecting OH-U
were 100 % and 82.7 %, respectively.

4. Discussion

In this study, we aimed to evaluate whether the Chinese version of the ODSS can be a useful tool for identifying patients with OI
symptoms and abnormal results in the supine-to-stand test. Participants were divided into NOIS and OIS groups based on the changes
in heart rate, BP and CBFV observed during the supine-to-stand test. We also administered self-report tests including the Chinese ODSS,
Symptom Score and OGS to gauge OI. As expected, the ASBP, ADBP, CBFV score, VM CBFV in phases I and III, and VR observed in the
OIS group differed significantly from those of the NOIS group and healthy controls. Importantly, this was reflected in self-reported test
scores, with the OIS group having significantly higher scores on the OS of the ODSS as well as higher Symptom Score and OGS scores.
The NS of the ODSS did not differ among the groups. We also found good correlations between the OS and physiological measurements,
with higher OS scores tending to correspond with larger changes in physiological measurements during autonomic function tests. ROC
curve analyses indicated that the Chinese version of the ODSS had similar moderate sensitivity and specificity for detecting patients
with OIS compared with the Symptom Score and OGS. These results suggest the OS of the ODSS can reliably identify patients with
orthostatic symptoms and could be used as a screening tool within clinical settings. To further delineate the predictive value of the
ODSS, we divided the OIS group according to different types of OI based on the various diagnostic criteria. We concluded that the OS of
the ODSS had uniquely high specificity and sensitivity for identifying OH-U among patients in the OIS group, while having moderate
specificity and sensitivity for the detection of OH-C, OCHOs and POTS.

Patients with OIS have a greater fall risk, and this can result in fractures, traumatic brain injury and soft tissue injuries [22,23].
Elderly patients are particularly vulnerable to falls due to OIS, and a fall can further lower their quality of life [24]. Therefore, it is
critical to have a healthcare framework that can facilitate and support clear diagnosis of OIS and appropriate standardized man-
agement or treatment of these patients. Currently, the Chinese healthcare system faces a spectrum of challenges, mostly surrounding
making healthcare affordable and accessible to its people while ensuring the load on the healthcare system does not increase [25,26].
With the increased use of mobile technology to provide healthcare in China, having a questionnaire that can aid the diagnostic process
without medical equipment or healthcare workers on-site would be greatly beneficial [27]. The present study found that the Chinese
version of the ODSS could be a useful tool for screening for orthostatic symptoms, and importantly, it can be administered by any
healthcare worker via tele-consult without the need for additional equipment and being on-site [28]. Additionally, the original ODSS
showed that good test-retest reliability within 2 weeks of testing, suggesting that the test can be potentially used on patients several
times [16]. This is important as current orthostatic stress tests have limited reproducibility and can produce fluctuating results on
repeated challenges [11,12]. The ODSS thus provides another avenue for accurate diagnosis and could potentially even be utilized to
track a patient’s progress throughout the treatment process. Accordingly, it will be worth exploring the test-retest reliability of the
ODSS over longer periods of time in future studies. Our results further showed that the Chinese version of the ODSS achieved a 65.88 %
accuracy in distinguishing between OIS and NOIS patients with a cut-off value of 18. Further investigations are warranted to optimize
the selection of the cut-off value for the Chinese ODSS to improve its positive or negative predictive value. If the tool is intended for
screening purposes, greater sensitivity may be required, whereas if it is intended as the gold standard for final diagnosis, higher
specificity is essential.

One limitation of the present study is that the Chinese version of the ODSS showed only modest predictive value for patients with
OIS, particularly for those with OH-C, OCHOs or POTS. This may be due to the small patient sample sizes of the OI subtype groups.
Although non-significant, we still observed that patients with OH-C, OCHOs and POTS were more likely to have higher OS values
compared with patients in the NOIS group. As such, the ODSS could still be used as an initial screening tool, and follow-up clinical tests
can then be ordered to provide an accurate diagnosis and treatment plan if necessary. This would be particularly useful in the context
of rural medicine, where community doctors can first use the tool to screen patients before referring them for more thorough ex-
aminations in city hospitals. It would be useful to recruit patients based on the different subtypes of OI to have a better understanding
of whether the ODSS could also be useful for identifying these sets of patients. Given that the different subtypes of OI have different
physiological signatures, it also will be possible to develop questionnaires in the future that can identify these conditions without the
need for clinical tests. Another limitation was the lack of independence between the patients and controls, as we recruited some of the
family members as controls. Although OI is not known to be primarily influenced by genetic factors, such factors may have contributed
to some degree of statistical weakness. It would be useful to repeat this study with more control participants. Lastly, the Chinese
version of the ODSS was scored and organized differently from the English version, which may introduce variability in interpretation.

In conclusion, the Chinese version of the ODSS can be used efficiently in the healthcare system to diagnose patients with OH-U and
to identify patients that may have OIS and thus require further clinical testing to confirm. We foresee that the implementation of this
questionnaire can help to alleviate both the burden on the healthcare system while providing affordable and accessible healthcare to
patients.
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Fig. 4. ROC curves for evaluating the sensitivity and specificity of the Chinese version of the ODSS for detecting different types of OI (A) The OS of
the ODSS had very high sensitivity and specificity for detecting OH-U. (B-D) The OS did not show good sensitivity or specificity for detecting OH-C,
OCHOs, or POTS, respectively.
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