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Objective: To evaluate the relationship between Renin-Angiotensin-Aldosterone System (RAAS) activity and Perfusion Index (PI) in 
children with Postural Tachycardia Syndrome (POTS), and to assess the diagnostic performance of Angiotensin II (AngII) and PI for 
POTS status.
Methods: A total of 65 children with POTS and 65 age- and sex-matched healthy controls were enrolled. Plasma renin, angiotensin 
I (AngI), AngII, and aldosterone were quantified via enzyme-linked immunosorbent assay, and PI was measured using a pulse 
oximetry-based monitor during head-up tilt testing. Statistical analyses included Receiver Operating Characteristic (ROC) curve 
analysis of AngII and PI for POTS status, binary logistic regression, and Pearson correlation.
Results: Compared to controls, children with POTS demonstrated a significantly lower PI (4.64 ± 1.54 vs 6.19 ± 1.64%; adjusted p < 
0.005) and higher AngII levels (114.07 ± 7.69 vs 109.20 ± 10.44 pg/mL; adjusted p = 0.012). ROC analysis indicated that PI had 
a stronger diagnostic value (AUC = 0.753, 95% CI: 0.670–0.836) than AngII (AUC = 0.654, 95% CI: 0.559–0.749) in identifying 
POTS. In logistic regression, only PI remained an independent predictor of POTS (Odds Ratio = 0.577, 95% CI: 0.442–0.755, p < 
0.001). A significant inverse correlation was observed between AngII and PI (r = –0.459, p < 0.001).
Conclusions: PI is a valuable, noninvasive clinical marker for POTS in children, demonstrating superior diagnostic utility compared 
to AngII. While elevated AngII retains clinical significance by reflecting underlying pathophysiology and disease severity, its 
independent predictive value is limited. The combined assessment of PI and AngII may enhance the pathophysiological understanding 
and management strategies for pediatric POTS.
Keywords: postural tachycardia syndrome in children, renin-angiotensin-aldosterone system, perfusion index

Introduction
Postural Tachycardia Syndrome (POTS) is one of the most common forms of Orthostatic Intolerance (OI) in children, 
accounting for approximately one-third of the causes of syncope in children. It is one of the main hemodynamic types of 
Neurally Mediated Syncope (NMS) in children and adolescents.1 The incidence of POTS in school-age children is high, 
about 6.8%. POTS is characterized by a rapid increase in heart rate (≥40 beats/min or ≥130 beats/min in children aged 
6–12 years or ≥125 beats/min in adolescents aged 13–18 years) in the upright state, without a decrease in blood pressure 
(<20/10 mmHg). Most of them appear within 2.9–6.1 minutes after postural change.2

The Renin-Angiotensin-Aldosterone System (RAAS) plays a pivotal role in maintaining blood pressure and fluid 
homeostasis during postural changes by promoting vasoconstriction and increasing blood volume. Normally, standing 
triggers RAAS activation, resulting in the release of renin, formation of angiotensin II (AngII), and subsequent secretion 
of aldosterone, which together help preserve hemodynamic stability. However, in children with POTS, RAAS dysfunc
tion—including impaired activation or an imbalance between the classic Angiotensin Converting Enzyme (ACE)—AngII 
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-AngII Type 1 Receptor (AT1R) receptor axis vs ACE2-Ang (1–7)-Mas receptor axis-can lead to insufficient vasocon
striction and volume expansion during orthostatic stress, contributing to orthostatic intolerance and related symptoms.3

Perfusion Index (PI), a parameter obtained by non-invasive and continuous monitoring of pulse oximetry, is an indicator of 
peripheral blood flow perfusion, representing the ratio of pulsatile to nonpulsatile blood flow in peripheral tissues. It is 
regulated by the autonomic nervous system and can reflect the intensity of pulsatile blood flow in peripheral microvascular bed 
in real time. It is a sensitive index to evaluate the perfusion status of local tissues.4 PI is computed by the oximeter as the ratio 
of the pulsatile amplitude (AC) to the non-pulsatile baseline (DC) of the infrared plethysmographic signal (AC/DC × 100%). It 
reflects the relative magnitude of arterial pulsations at the sensor site and is commonly interpreted as a non-invasive surrogate 
of peripheral perfusion and vasomotor tone, not a direct flow meter.

AngII exerts rapid arteriolar vasoconstriction via AT1R, elevating vascular resistance and reducing microvascular 
perfusion, which should lower PI at the finger probe. Experimental work shows that AngII dynamically regulates skeletal- 
muscle microvascular blood volume, and vascular studies confirm its direct constrictor effects. In POTS, multiple cohorts 
report elevated circulating AngII, consistent with dysregulated RAAS and impaired volume expansion; therefore, a negative 
association between AngII and PI was hypothesized. By contrast, AngI is a precursor peptide whose relationship to end-organ 
perfusion depends on conversion to AngII (ACE), counter-regulation by ACE2 (ANG-(1-7)), and local tissue RAAS; arterial 
AngI may therefore decouple from peripheral vasomotor tone and show no clear link to PI.

Therefore, the aim of this study is to evaluate the level of RAAS activity and its correlation with the perfusion index 
under postural stress in patients with POTS, and to explore the feasibility of combining RAAS activity and PI as potential 
noninvasive auxiliary indicators for the diagnosis of POTS.

Subjects and Methods
Subjects
In this study, 65 children who were diagnosed with POTS by Head-Up Tilt Test (HUTT) in the Department of Pediatrics of the 
First Affiliated Hospital of Shihezi University, The Second Division of Xinjiang Production and Construction Corps, Third 
Division Hospital of Xinjiang Production and Construction Corps, The Fourth Division Hospital of the Xinjiang Production 
and Construction Corps and Manas County Hospital from August 2024 to July 15th 2025 were selected as the POTS group. 
Routine evaluation was performed, including detailed medical history investigation, comprehensive physical examination, 12- 
lead standard electrocardiogram and related laboratory tests. In addition, 65 healthy children who visited the Department of 
Pediatrics for physical examination during the same period and had no discomfort were selected as the control group. The 
control group underwent routine evaluation (age, gender, past history, family history, etc). This study was approved by the 
Ethics Committee of the First Affiliated Hospital of Shihezi University.

Inclusion Criteria
① The patients met the diagnostic criteria of POTS in the 2016 Chinese Medical Association Diagnostic Guidelines for 
Syncope in Children (2016 Revision);5② patients aged between 8 and 14 years old; ③ Complete clinical data; ④ Written 
informed consent was obtained from the guardians of the children.

Exclusion Criteria
Patients who met any of the following criteria were excluded: ① Previous history of surgery, metabolic diseases (such as 
chronic renal failure or insufficiency, hypertension, obesity, diabetes, etc), cardiovascular diseases (such as congenital 
heart disease, arrhythmia, etc), and nervous system diseases; ② Taking hormone drugs, RAAS inhibitors (angiotensin- 
converting enzyme inhibitors or angiotensin receptor antagonists, aldosterone antagonists, renin inhibitors, etc) within 3 
months; ③ Uncooperative patients in HUTT; ④ Refused to sign the informed consent; And incomplete clinical data.

Research Methods
To standardize testing conditions and minimize the influence of confounding factors, all participants and their guardians were 
instructed to ensure the child adhered to the following protocols before the study: fasting for at least 8 hours, abstaining from 
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caffeinated beverages and strenuous physical activity for 24 hours. All experimental procedures, including the head-up tilt test 
and blood sample collection, were performed in a controlled laboratory environment in the morning (8:00–11:00 AM) to 
mitigate the effects of diurnal variation on physiological parameters.

(1) Blood specimen collection: children in both groups had no fever, did not take drugs or foods that affect endothelial 
function, and avoided menstrual period within 2 weeks before blood collection. Blood samples (3–5 mL) were 
collected from elbow vein at 60° tilt and added into EDTA-Na2 anticoagulant tubes, and timely detected. The 
ELISA kits for renin, angiotensin and aldosterone were produced by Shanghai Jianglai Biological Engineering Co, 
LTD, item number: JL12316.

(2) For Renin (Sandwich ELISA): 100 µL of standards or undiluted plasma samples were added to the antibody-pre- 
coated microplate wells and incubated for 90 minutes at 37°C. After washing, 100 µL of biotinylated detection 
antibody was added and incubated for 60 minutes at 37°C. Following another wash, 100 µL of horseradish 
peroxidase (HRP)-conjugated streptavidin was added and incubated for 30 minutes at 37°C. After a final wash, 
90 µL of tetramethylbenzidine (TMB) substrate was added and incubated for 15–20 minutes at 37°C in the dark. 
The reaction was stopped by adding 50 µL of stop solution, and the absorbance was immediately measured at 450 
nm using a microplate reader (BioTek Epoch 2).

(3) For Aldosterone, AngI, and AngII (Competitive ELISA): 50 µL of standards or plasma samples (Aldosterone: 
undiluted; AngI: 1:2 dilution; AngII: 1:4 dilution, as per kit instructions) were added to the pre-coated wells, 
followed immediately by 50 µL of the HRP-conjugated antigen. The plate was incubated for 60 minutes at 37°C. 
After thorough washing, 100 µL of TMB substrate was added and incubated for 15–20 minutes at 37°C in the 
dark. The reaction was stopped with 50 µL of stop solution, and absorbance was read at 450 nm.

(4) Determination of PI: A multi-parameter monitor (Philips IntelliVue MX550) with a children’s finger cuff probe 
was used. The measurement was carried out in strict dark (ambient illuminance <5 lux, probe hood wrapped), 
constant temperature (24.0±0.5°C) and constant humidity (50±3%RH) conditions. The blood oxygen probe was 
fixed at the end of the ring finger of the left hand (less limb movement on the dominant hand), and the arm was 
naturally placed flat on the support frame, at the same height as the heart. The subjects underwent tilt test at 60° 
position, and the raw PI data were continuously recorded.

Statistical Methods
We implemented blinding procedures at key stages to minimize bias. The physicians performing and interpreting the 
head-up tilt tests (HUTT) for diagnosis were blinded to all subsequent laboratory and perfusion data. For ELISA analysis, 
all plasma samples were de-identified and randomized, and the laboratory personnel were blinded to the clinical groups. 
Perfusion Index (PI) measurement was objective and operator-independent, as it was automatically generated by the 
monitor. Finally, the statistician performed all analyses using an anonymized dataset, with group identities revealed only 
after the completion of statistical testing.

All analyses were performed using SPSS 25.0 (IBM Corp., Armonk, NY, USA). Data distribution was assessed by the 
Kolmogorov–Smirnov test. Continuous variables conforming to normality are presented as mean ± SD and were 
compared by independent-samples t test; non-normal variables are reported as median (P25, P75) and compared by 
Mann–Whitney U-test. Categorical data are expressed as counts and proportions and were analyzed byχ2test. To control 
the family-wise error rate across multiple comparisons, p values for the five demographic and the five biochemical/ 
perfusion parameters were adjusted using the Holm–Bonferroni step-down procedure (m = 5, overall α = 0.05), with 
adjusted p < 0.05 considered statistically significant. Receiver operating characteristic (ROC) curve analyses were 
conducted to evaluate the diagnostic performance of Ang II and PI for POTS and for low perfusion (PI ≤ 5.35%), 
reporting area under the curve (AUC), optimal cut-off (Youden index), sensitivity, and specificity. A combined Ang II + 
PI predictive model was constructed using binary logistic regression, with regression coefficients (B), standard errors 
(SE), Wald χ2, odds ratios (OR) and 95% confidence intervals (CI) presented, and model discrimination assessed by 
Receiver operating characteristic area under the curve. Pearson correlation analysis was used to examine the relationship 
between Ang II and PI. All tests were two-tailed.
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Results
Demographic Characteristics
Demographic characteristics, including age, gender, height, weight, and body mass index (BMI), were comparable 
between the POTS group and the healthy control group after Holm-Bonferroni correction for multiple comparisons (all 
adjusted *p* ≥ 0.05). This confirms that the two groups were well matched, and any observed differences in biochemical 
or hemodynamic parameters are unlikely to be attributed to these baseline variables (Table 1).

Comparison of Plasma Renin, Angiotensin I (AngI), AngII, Aldosterone Levels and PI 
Between POTS Group and Control Group
As hypothesized, children with POTS exhibited significant alterations in key study parameters compared to controls. 
Plasma Angiotensin II (AngII) levels were significantly higher in the POTS group (114.07 ± 7.69 pg/mL) than in the 
control group (109.20 ± 10.44 pg/mL; adjusted *p* = 0.012). Concurrently, the Perfusion Index (PI) was markedly lower 
in POTS patients (4.64 ± 1.54%) compared to healthy children (6.19 ± 1.64%; adjusted *p* < 0.005). In contrast, no 
significant differences were observed between the groups in plasma levels of renin, Angiotensin I (AngI), or aldosterone 
(all adjusted *p* > 0.05) (Table 2).

Diagnostic Performance of AngII and PI Separately for POTS
We evaluated the potential of AngII and PI as diagnostic biomarkers for POTS using Receiver Operating Characteristic 
(ROC) curve analysis.

Table 1 Demographic Characteristics of Children with POTS and Controls (x� s/M(P25, P75))

Group Gender  
(Male/ Female)

Age  
(Years)

Height  
(cm)

Weight  
(kg)

BMI  
(kg/m2)

K-S P (POTS) <0.001 0.080 0.084 0.200*

K-S P (Control) <0.001 0.055 0.200* 0.200*
POTS 29/36 12(11,13) 148.85 ±7.90 38.72 ± 5.60 17.47 ± 2.09

Control 31/34 12(11,14) 146.42 ± 8.94 37.72 ± 5.90 17.52 ± 1.66

t/H/χ2 0.164 −1.24 1.644 0.988 −0.154
p value 0.685 0.215 0.103 0.325 0.878

p Holm–Bonferroni 1.000 0.860 0.515 0.975 0.878

Notes: A value of 0.200* indicates P≥0.200, ie, data are highly consistent with a normal distribution.Holm–Bonferroni 
correction: Rank original p-values from smallest to largest (i = 1 to 5).Multiply the ith smallest p by (5–i + 1).Enforce 
nondecreasing order and cap values at 1.Adjusted p < 0.05 indicates significance after correction.

Table 2 Comparison of Plasma Renin, AngI, AngII, Aldosterone Levels and PI When POTS Children and 
Control Group Tilted 60° (x� s)

Group Renin  
(pg/mL)

AngI  
(pg/mL)

AngII  
(pg/mL)

Aldosterone  
(pg/mL)

PI (%)

K-S P (POTS) 0.200* 0.200* 0.200* 0.200* 0.068
K-S P (Control) 0.200* 0.200* 0.200* 0.200* 0.200*

POTS group 69.779 ± 7.535 105.627 ±10.700 114.065 ± 7.690 27.044 ± 6.892 4.642 ± 1.537

Control group 67.589 ± 12.776 104.980 ± 9.432 109.203 ± 10.435 25.772 ± 3.572 6.191 ± 1.643
t 0.966 0.366 3.024 1.321 −5.552

p value 0.336 0.715 0.003 0.188737 <0.001

p Holm–Bonferroni 0.672 0.715 0.012 0.566 < 0.005

Notes: A value of 0.200* indicates P≥0.200, ie, data are highly consistent with a normal distribution.Holm–Bonferroni correction: Rank 
original p-values from smallest to largest (i = 1 to 5).Multiply the ith smallest p by (5–i + 1).Enforce nondecreasing order and cap values at 1. 
Adjusted p < 0.05 indicates significance after correction.
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AngII demonstrated a moderate ability to discriminate POTS patients from controls, with an Area Under the Curve 
(AUC) of 0.654 (95% CI: 0.559–0.749, *p* = 0.002). At the optimal cutoff value of 110.13 pg/mL, the sensitivity was 
72.3% and the specificity was 58.5%.

PI showed better diagnostic performance than AngII, with an AUC of 0.753 (95% CI: 0.670–0.836, *p* < 0.001). The 
optimal PI cutoff was 5.35%, yielding a sensitivity of 67.7% and a specificity of 67.7% (Figure 1).

Diagnostic Performance of the Combined AngII and PI Model for POTS: Binary 
Logistic Regression and Receiver Operating Characteristic Analysis
Binary logistic regression showed that AngII was not significantly associated with POTS (B = 0.0202, SE = 0.0238, 
Waldχ2= 0.717, p = 0.397), yielding an odds ratio (OR) of 1.020 (95% CI: 0.974–1.069). In contrast, PI emerged as 
a strong independent predictor (B = –0.5491, SE = 0.1367, Wald χ2 = 16.125, p < 0.001), with an OR of 0.577 (95% CI: 
0.442–0.755), indicating that each one-unit increase in PI reduced the odds of POTS by approximately 42.3% (Table 3).

The combined predictive model achieved an area under the Receiver operating characteristic curve (area under the 
curve) of 0.750 (Figure 2).

Correlation Analysis Between Angiotensin II and PI Values
Pearson’s correlation analysis revealed a moderate, statistically significant inverse relationship between AngII and PI 
(r = –0.459, p < 0.001), indicating that higher AngII levels were associated with lower PI values (Figure 3).

Figure 1 Receiver operating characteristic Curve of AngII or PI for the POTS.

Table 3 Binary Logistic Regression Analysis of AngII and PI for Prediction 
of POTS

Variable B SE Wald χ2 p Value OR (95% CI)

AngII 0.0202 0.0238 0.717 0.397 1.020 (0.974–1.069)
PI –0.5491 0.1367 16.125 <0.001 0.577 (0.442–0.755)
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Receiver Operating Characteristic Curve of Angiotensin II for Predicting 
Hypoperfusion State
In our cohort, the PI cutoff for hypoperfusion (PI ≤ 5.35%) was determined from the Receiver operating characteristic analysis of 
PI for diagnosing POTS, thereby optimizing the balance between sensitivity and specificity. Receiver operating characteristic 
analysis was performed to evaluate the diagnostic accuracy of AngII for identifying low perfusion (PI ≤ 5.35). Under nonpara
metric assumptions, the area under the curve was 0.702 (SE = 0.048; asymptotic p < 0.001; 95% CI: 0.608–0.796), indicating 
moderate discriminative ability. The optimal threshold, determined by the maximum Youden index, was 112.44 pg/mL, at which 
sensitivity was 70.5%, specificity was 29.5%, and the Youden index was 0.391 (Figure 4).

Discussion
Our study demonstrates two principal findings in children with POTS: first, a significant dysregulation of the RAAS, 
characterized by a selective elevation of AngII without a concomitant rise in renin or aldosterone; and second, a marked 
reduction in peripheral perfusion as measured by PI. The moderate inverse correlation between AngII and PI (r= −0.459) 
provides a crucial pathophysiological link, suggesting that RAAS overactivity, possibly via unopposed AT1R-mediated 
vasoconstriction, contributes to microcirculatory deficits. Conceptually, these findings position PI not just as 
a hemodynamic parameter but as a practical, noninvasive clinical tool for screening and monitoring POTS, outperform
ing AngII in diagnostic accuracy (AUC 0.753 vs 0.654) and emerging as a strong independent predictor. The clinical 
implication is immediate: PI can be integrated into tilt-testing protocols for real-time, objective assessment of perfusion 
status. Meanwhile, elevated AngII, while less diagnostically powerful, offers mechanistic insight for stratifying patients 
and future targeted interventions, moving beyond syndromic diagnosis toward pathophysiology-guided management.

Figure 2 Receiver operating characteristic curve of combined model (AngII and PI).

Figure 3 Correlation between Angiotensin II and PI.
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This study explored the relationship between RAAS activity, particularly AngII and PI in children with POTS, 
focusing on their diagnostic value and clinical significance.

The RAAS plays a core physiological role in maintaining blood pressure stability and blood volume regulation, mainly by 
regulating vascular tone and sodium and water retention in response to blood flow redistribution caused by postural change.6 

Normally, when the human body changes from supine to upright positions, blood pressure receptor sensitivity decreases, and 
renin secretion increases, initiating the RAAS cascade that promotes the production of angiotensin I and its conversion to 
angiotensin II via ACE.7 Ang II, a key effector molecule in the RAAS, is a potent vasoconstrictor that promotes sympathetic 
activity, inhibits parasympathetic conduction, induces heart rate increase, and peripheral vasoconstriction by activating 
angiotensin type 1 receptors (AT1R).8 Additionally, Ang II stimulates aldosterone release, promoting the reabsorption of 
sodium and water in the distal tubule and increasing blood volume, thus helping maintain stable blood pressure.9 However, 
these regulatory mechanisms are often dysregulated in patients with POTS. The present study found that although Ang II was 
significantly increased in the POTS group, other downstream factors of the RAAS such as renin and aldosterone did not 
concurrently increase, suggesting the existence of a “renin-aldosterone paradox”.10 This paradox may result from decreased 
ACE2 activity, which impairs conversion of Ang II into the vasodilator Ang-(1-7), leading to Ang II accumulation, sustained 
vasoconstriction, peripheral hypoperfusion, and excessive heart rate response—key clinical manifestations of POTS.11,12

The PI is the ratio of pulsatile to nonpulsatile blood flow, commonly used to monitor microcirculatory perfusion status.13,14 In 
pediatric research and clinical practice, PI has been increasingly used to assess the functional status of the circulatory system due to 
its non-invasive, rapid, and sensitive characteristics.15 PI values are influenced by stroke volume, vascular resistance, and local 
microcirculatory dynamics, making it a comprehensive indicator of tissue perfusion.16,17 In the present study, children with POTS 
had significantly lower PI values compared to controls, indicating impaired peripheral tissue perfusion under tilt stimulation. This 
hypoperfusion state may be attributable to vasoconstriction caused by RAAS hyperactivation. Ang II directly increases vascular 
tone and enhances sympathetic tone through central mechanisms, exacerbating local small-vessel constriction and reducing 
pulsatile blood flow, thus decreasing PI.18,19 Therefore, the role of Ang II in POTS extends beyond systemic circulation, 
potentially deeply involved in controlling microcirculatory perfusion, representing a critical upstream mechanism influencing PI.

Our results showed that children with POTS had significantly higher plasma AngII levels (114.07 ± 7.69 pg/mL) compared to 
healthy controls (109.20 ± 10.44 pg/mL), and markedly lower PI values (4.64 ± 1.54% vs 6.19 ± 1.64%; both p < 0.05 after 
Holm–Bonferroni correction). These findings suggest that increased AngII is associated with enhanced neurohumoral activation, 
while the reduction in PI indicates impaired peripheral perfusion, which is a key feature in the hemodynamic profile of POTS.

Figure 4 Receiver operating characteristic Curve: Angiotensin I Predicting Low Perfusion (PI ≤ 5.35).

Vascular Health and Risk Management 2025:21                                                                                https://doi.org/10.2147/VHRM.S553129                                                                                                                                                                                                                                                                                                                                                                                                    933

Zhang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Correlation analysis revealed a moderate but significant negative relationship between AngII and PI (r = –0.459, p < 0.001), 
supporting the notion that higher neurohumoral activity is linked to more pronounced microcirculatory dysfunction. This 
relationship highlights a potential pathophysiological mechanism in POTS, where excessive RAAS activation could contribute 
to decreased peripheral blood flow and the resultant symptoms of orthostatic intolerance.

In terms of diagnostic performance, Receiver operating characteristic curve analysis indicated that PI alone is a strong 
discriminator for POTS (area under the curve = 0.753), demonstrating high sensitivity and specificity. AngII also showed 
moderate diagnostic value (area under the curve = 0.654), though less robust than PI. When AngII and PI were combined 
in a predictive model, the diagnostic accuracy (area under the curve = 0.750) was essentially comparable to PI alone. The 
reason for the minimal increase in area under the curve when AngII is added to PI may be due to the moderate correlation 
between these two variables, as well as the fact that PI directly captures hemodynamic changes associated with POTS, 
whereas AngII primarily reflects upstream neurohumoral alterations.

Binary logistic regression further emphasized the independent predictive value of PI for POTS (OR = 0.577, 95% CI: 
0.442–0.755, p < 0.001). Although AngII was elevated in the POTS group, its association with POTS was not statistically 
significant in the multivariate model (OR = 1.020, 95% CI: 0.974–1.069, p = 0.397). This lack of significance may be 
explained by the shared physiological pathway and moderate correlation between AngII and PI, which attenuate the 
unique contribution of AngII when both are included in the same model.

The role of Ang II in POTS extends beyond systemic circulation, potentially deeply involved in controlling 
microcirculatory perfusion, representing a critical upstream mechanism influencing PI. Another critical result from our 
analysis pertains to the relative importance of the biomarkers. While both AngII and PI were altered in POTS children, 
only PI retained its status as a significant, independent predictor in the multivariate logistic regression model. The loss of 
statistical significance for AngII when PI was included in the model is a pivotal finding. It suggests that the pathophy
siological effects of elevated AngII—primarily vasoconstriction—are ultimately captured and more directly reflected in 
the reduction of peripheral perfusion, as measured by PI. Therefore, from a diagnostic standpoint, PI serves as a more 
robust and immediate integrator of the final common hemodynamic pathway in POTS, whereas AngII’s role is more that 
of an upstream mediator.

Notably, our results confirm the high clinical value of PI as a noninvasive, rapid, and reliable tool for diagnosing 
pediatric POTS. The ability of PI to reflect real-time peripheral perfusion changes offers significant advantages in routine 
clinical settings, facilitating timely screening, diagnosis, and monitoring of children with POTS.

Nevertheless, the clinical value of AngII should not be underestimated. Unlike PI, which reflects peripheral perfusion 
at a single time point, AngII provides critical information about the neurohumoral status and pathophysiological process 
underlying POTS. AngII may help identify specific subgroups of patients with more pronounced RAAS activation, guide 
future individualized therapeutic interventions, and improve our mechanistic understanding of the disease beyond what 
PI alone can offer. Thus, AngII serves as a meaningful adjunct in both research and select clinical scenarios where deeper 
insight into neurohumoral regulation is required.

Taken together, these data underscore that while PI is a powerful, noninvasive tool for the diagnosis of POTS in 
children, AngII remains valuable for understanding disease mechanisms and may inform future stratification or targeted 
intervention strategies. The integration of PI and neurohumoral AngII assessments provides a more comprehensive 
perspective on pediatric POTS and may support more individualized approaches to patient care.

Although suggestive, this study has several limitations. First, the relatively small sample size from a single center 
may limit the statistical power and generalizability of our findings, particularly for subgroup analyses and the precise 
estimation of cutoff values. Second, we measured only part of the RAAS system. The absence of data on the counter- 
regulatory ACE2/Ang-(1-7)/Mas axis means our pathophysiological model is incomplete, and the drivers of AngII 
accumulation remain partially explained, which could affect the interpretation of the AngII results. Third, this cross- 
sectional study lacks dynamic tracking data. Consequently, the temporal and causal relationship between AngII elevation 
and PI reduction cannot be established, and our proposed mechanism, while plausible, remains speculative. Future 
studies should incorporate follow-up and interventional designs to further explore the role of Ang II and PI changes in 
disease progression and treatment response, providing a stronger evidence basis for the mechanistic understanding and 
clinical management of POTS.
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Conclusion
In children with POTS, RAAS dysregulation is evident, characterized by elevated Ang II alongside reduced peripheral 
perfusion indexed by PI. PI outperformed Ang II for diagnosis (area under the curve 0.753 vs 0.654) and remained an 
independent predictor (OR 0.577, 95% CI 0.442–0.755; p<0.001). Ang II correlated inversely with PI (r=−0.459; 
p<0.001), and adding Ang II to PI did not meaningfully improve discrimination (combined area under the curve 
0.750). PI thus represents a practical, noninvasive tool for screening and monitoring, whereas Ang II adds mechanistic 
and potential stratification value. Larger multicenter, longitudinal and interventional studies—integrating the ACE2/Ang- 
(1–7)/Mas axis—are warranted to refine risk stratification and guide targeted therapy.20
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