Supplementary material 1

1. Model Development and Validation: The mobile application leverages a comprehensive framework that integrates AI, rPPG signal processing, PTT, PWA, and proprietary algorithms to extract valuable physiological information by capturing and analysing multiple data points from different facial regions, including the forehead, eyes, and cheeks in the following steps:
· Facial Video Capture and Signal Extraction: A smartphone or laptop camera recorded facial video at a predefined frame rate. AI detected subtle colour variations in facial regions to extract PPG waveforms.
· Feature Extraction & Pre-processing: Pulse Transit Time (PTT) measured arterial stiffness and BP fluctuations, Pulse Wave Analysis (PWA) assessed arterial compliance and cardiovascular risk, and Photoplethysmography (PPG) uses optical signals to detect volume changes in blood flow, with AC and DC components representing pulsatile and baseline variations in perfusion.
· Motion Artifact Reduction: AI models apply adaptive filtering to eliminate noise caused by head movements, ambient lighting variations, and skin reflectivity.
· Deep Learning-Based Analysis: A Convolutional Neural Network (CNN) processes physiological features through multiple layers of transformation using Edge Detection & Feature Mapping that detects vascular patterns using convolutional filters, followed by pooling & Normalization that enhances feature stability by reducing spatial variation effects and temporal Convolutional Layers that Capture time-dependent changes in BP by analysing waveform periodicity and HRV fluctuations.
a. BP Estimation & Calibration: AI computed systolic and diastolic BP, refining estimates using user demographics, prior readings, and real-time adjustments. using the Bias Detection & Monitoring Framework that helps ensure equitable health assessments. The AI model followed rigorous, Responsible AI (RAI) practices like Dataset Diversity Assessment, as AI was trained on a balanced dataset covering age, gender, skin tone, and health conditions, Real-Time Bias Correction by continuously evaluating performance discrepancies across demographic groups and apply corrective weight adjustments to prevent skewed predictions; Conducted Algorithmic Fairness Audits periodically to retrain models and ensure fairness in predictions, and User-Specific Calibrations by fine-tuning BP estimations based on historical user data, improving personalised accuracy while mitigating bias.
2. AI Model Validation & Performance Metrics: The application (Android, iOS, and web-based) processed rPPG signals to estimate BP, HRV, respiratory rate, oxygen saturation, cardiac workload, and cardiovascular risk. rPPG was validated against clinical and experimental studies, confirming its reliability for non-invasive BP estimation. PTT-based BP estimation demonstrated high agreement with the gold-standard mercury sphygmomanometer, achieving mean estimation errors of ±5.72 mmHg (systolic) and ±7.11 mmHg (diastolic). The AI model was trained on over 10,000 rPPG- labeled BP samples, with clinical performance metrics including Mean Absolute Error (MAE): ¬±5.5 mmHg (systolic), ¬±5.2 mmHg (diastolic); Pearson Correlation Coefficient: 0.85 (systolic), 0.82 (diastolic), and Bland-Altman Analysis: Agreement limits within ¬±7 mmHg. To minimize bias, the AI model was trained on a diverse dataset covering different age groups, skin tones, and demographic conditions. A trained healthcare professional, blinded to AI readings, performed all sphygmomanometer BP measurements to ensure objectivity. Several demographic factors influenced rPPG accuracy, including aging, stress, and variations in skin tone. Reduced vascular elasticity and thinning skin in older individuals weakened PPG signals, which was addressed through age-based calibration for improved accuracy. Stress-induced sympathetic activation affected BP variability, and this was assessed using facial video analysis that detected stress markers, such as micro-expressions and pupil dilation. Variations in melanin levels affected rPPG signal quality, so the AI model was trained on multi-ethnic datasets using adaptive signal enhancement techniques to mitigate potential bias.


Supplementary Table S1: Subgroup analysis showing mean bias (SD) of difference, limits of agreement, Intra-class Correlation, Kappa, Lin’s CCC and RMSE determined by artificial Intelligence (AI)-based mobile phone application vs standard method during measurement of Heart rate

	Variable
	Heart Rate (bpm) measurement: Artificial Intelligence (AI)-based mobile phone application vs standard method

	
	Mean bias of difference (SD)
	Lower limit of agreement
	Upper limit of agreement
	ICC
	Weighted kappa (95% CI)
	Lin’s CCC (95% CI)
	RMSE

	Skin tone
	
	
	
	
	
	
	

	Dark- very dark brown
	-0.48 (4.06)
	-8.43
	7.47
	0.96*
	0.77 (0.69-0.83)*
	0.96 (0.94-0.98)*
	4.10

	Light -medium brown
	-0.11 (3.92)
	-7.80
	7.58
	0.97*
	0.82 (0.81-0.84)*
	0.97 (0.96-0.98)*
	3.93

	Very light beige
	1.46 (5.75)
	-9.81
	12.73
	0.79*
	0.64 (0.43-0.84)*
	0.78 (0.52-0.93)*
	5.60

	Facial features Hidden
	
	
	
	
	
	
	

	No
	-0.07 (4.02)
	-7.93
	7.81
	0.96*
	0.81 (0.79-0.83)*
	0.96 (0.95-0.97)*
	4.01

	Yes
	-0.29 (3.98)
	-8.09
	7.50
	0.96*
	0.83 (0.78-0.88)*
	0.98 (0.97-0.99)*
	4.00

	Age-group (completed years)
	
	
	
	
	
	
	

	18-30
	-0.52 (3.81)
	-7.99
	6.96
	0.97*
	0.81 (0.77-0.85)*
	0.96 (0.95-0.97)*
	3.83

	31-45
	0.38 (4.51)
	-8.45
	9.22
	0.95*
	0.78 (0.75-0.82)*
	0.95 (0.94-0.97)*
	4.53

	46-60
	-0.29 (3.69)
	-7.54
	6.96
	0.97*
	0.81 (0.78-0.85)*
	0.97 (0.96-0.98)*
	3.70

	>60
	-0.07 (3.67)
	-7.28
	7.14
	0.98*
	0.85 (0.80-0.90)*
	0.99 (0.98-0.99)*
	3.52

	BMI 
	
	
	
	
	
	
	

	Underweight
	-0.55 (3.38)
	-7.18
	6.09
	0.97*
	0.81 (0.73-0.89)*
	0.98 (0.91-0.99)*
	3.57

	Normal
	-0.04 (4.15)
	-8.17
	8.09
	0.96*
	0.81 (0.77-0.84)*
	0.96 (0.94-0.97)*
	4.16

	Overweight
	0.20 (3.74)
	-7.13
	7.54
	0.97*
	0.83 (0.79-0.87)*
	0.97 (0.96-0.99)*
	3.77

	Obese
	-0.22 (4.06)
	-8.17
	7.74
	0.97*
	0.81 (0.78-0.84)*
	0.97 (0.06-0.98)*
	4.07

	Hypertension status
	
	
	
	
	
	
	

	Non-Hypertensive
	-0.16 (3.97)
	-7.95
	7.62
	0.96*
	0.81 (0.79-0.84)*
	0.97 (0.96-0.97)*
	3.97

	Hypertensive
	0.02 (4.08)
	-7.99
	7.99
	0.96*
	0.81 (0.78-0.84)*
	0.97 (0.95-0.99)*
	4.09

	Overall
	-0.11 (4.00)
	-7.96
	7.74
	0.96*
	0.82 (0.80-0.84)*
	0.97 (0.96-0.98) *
	4.01


* p-value <0.001, CCC= Concordance Correlation Coefficient, ICC= Intra-class Correlation, RMSE (Root Mean Square Error)


Supplementary Table S2: Subgroup analysis showing mean bias (SD) of difference, limits of agreement, Intra-class Correlation, Kappa, Lin’s CCC and RMSE determined by artificial Intelligence (AI)-based mobile phone application vs standard method during measurement of Systolic blood pressure

	Variable
	Systolic blood pressure measurement: Artificial Intelligence (AI)-based mobile phone application vs standard method

	
	Mean bias of difference (SD)
	Lower limit of agreement
	Upper limit of agreement
	ICC
	Weighted kappa (95% CI)
	Lin’s CCC (95% CI)
	RMSE

	Skin tone
	
	
	
	
	
	
	

	Dark- very dark brown
	0.63 (9.06)
	-17.13
	18.39
	0.89*
	0.65 (0.54-0.77)*
	0.88 (0.82-0.94)*
	9.13

	Light -medium brown
	-0.57 (8.86)
	-17.95
	16.79
	0.91*
	0.72 (0.67-0.77)*
	0.90 (0.87-0.92)*
	8.87

	Very light beige
	0.64 (8.25)
	-15.53
	16.81
	0.83*
	0.54 (0.24-0.83)*
	0.77 (0.55-0.98)*
	8.30

	Facial features Hidden
	
	
	
	
	
	
	

	No
	-0.55 (8.63)
	-17.47
	16.36
	0.91*
	0.72 (0.68-0.75)*
	0.90 (0.88-0.92)*
	8.65

	Yes
	0.31 (9.76)
	-18.82
	19.47
	0.89*
	0.64 (0.55-0.73)*
	0.87 (0.82-0.93)*
	9.79

	Age-group (completed years)
	
	
	
	
	
	
	

	18-30
	0.47 (9.11)
	-18.32
	17.39
	0.89*
	0.63 (0.55-0.72)*
	0.88 (0.83-0.92)*
	9.14

	31-45
	-0.10 (7.85)
	-15.49
	15.28
	0.88*
	0.76 (0.72-0.81)*
	0.92 (0.89-0.95)*
	7.74

	46-60
	-0.41 (9.40)
	-18.83
	18.02
	0.93*
	0.64 (0.56-0.72*)
	0.85 (0.80-0.90)*
	9.43

	>60
	-0.84 (9.71)
	-19.87
	18.19
	0.87*
	0.69 (0.59-0.78)*
	0.88 (0.82-0.95)*
	9.73

	BMI 
	
	
	
	
	
	
	

	Underweight
	3.90 (9.60)
	-14.91
	22.73
	0.76*
	0.47 (0.09-0.85)*
	0.70 (0.40-0.99)*
	10.12

	Normal
	-0.81 (10.17)
	-20.73
	19.11
	0.85*
	0.65 (0.57-0.72)*
	0.84 (0.79-0.89)*
	10.20

	Overweight
	-0.53 (7.61)
	-15.45
	14.38
	0.90*
	0.69 (0.60-0.77)*
	0.90 (0.85-0.95)*
	7.67

	Obese
	-0.35 (8.44)
	-16.89
	16.19
	0.92*
	0.73 (0.69-0.77)*
	0.91 (0.89-0.93)*
	8.45

	Hypertension status
	
	
	
	
	
	
	

	Non-Hypertensive
	-0.59 (9.15)
	-18.52
	17.34
	0.88*
	0.69 (0.64-0.73)*
	0.88 (0.83-0.92)*
	9.12

	Hypertensive
	0.06 (8.24)
	-16.08
	16.22
	0.91*
	0.72 (0.68-0.77)*
	0.92 (0.90-0.94)*
	8.18

	Overall
	-0.38 (8.86)
	-17.74
	16.99
	0.90*
	0.70 (0.67-0.74)*
	0.90 (0.88-0.92) *
	8.87


* p-value <0.001, CCC= Concordance Correlation Coefficient, ICC= Intra-class Correlation, RMSE (Root Mean Square Error)


Supplementary Table S3: Subgroup analysis showing mean bias (SD) of difference, limits of agreement, Intra-class Correlation, Kappa, Lin’s CCC and RMSE determined by artificial Intelligence (AI)-based mobile phone application vs standard method during measurement of Diastolic blood pressure 

	Variable
	Diastolic blood pressure measurement: Artificial Intelligence (AI)-based mobile phone application vs standard method

	
	Mean bias of difference (SD)
	Lower limit of agreement
	Upper limit of agreement
	ICC
	Weighted kappa (95% CI)
	Lin’s CCC (95% CI)
	RMSE

	Skin tone
	
	
	
	
	
	
	

	Dark- very dark brown
	-0.04 (4.82)
	-9.50
	9.42
	0.92*
	0.75 (0.68-0.82)*
	0.92 (0.87-0.96)*
	4.88

	Light -medium brown
	0.36 (5.36)
	-10.45
	10.87
	0.90*
	0.69 (0.65-0.72)*
	0.91 (0.89-0.93)*
	5.37

	Very light beige
	1.18 (6.45)
	-11.45
	13.81
	0.80*
	0.54 (0.28-0.81)*
	0.78 (0.53-.0.93)*
	6.75

	Facial features Hidden
	
	
	
	
	
	
	

	No
	0.34 (5.32)
	-10.10
	10.77
	0.91*
	0.69 (0.65-0.72)*
	0.91 (0.88-0.93)*
	5.33

	Yes
	0.31 (5.33)
	-10.14
	10.74
	0.90*
	0.70 (0.63-0.78)*
	0.91 (0.87-0.95)*
	5.34

	Age-group (completed years)
	
	
	
	
	
	
	

	18-30
	0.80 (5.93)
	-10.82
	12.43
	0.89*
	0.60 (0.52-0.68)*
	0.88 (0.84-0.92)*
	5.96

	31-45
	0.40 (5.69)
	-10.75
	11.56
	0.89*
	0.67 (0.61-0.73)*
	0.89 (0.84-0.92)*
	5.71

	46-60
	0.02 (4.23)
	-8.27
	8.31
	0.91*
	0.70 (0.65-0.76)*
	0.92 (0.89-0.95)*
	4.23

	>60
	-0.13 (5.29)
	-10.49
	10.23
	0.91*
	0.71 (0.62-0.80)*
	0.91 (0.87-0.96)*
	5.34

	BMI 
	
	
	
	
	
	
	

	Underweight
	1.27 (6.50)
	-11.46
	14.01
	0.60
	0.33 (0.19-0.53)*
	0.54 (0.14-0.94)*
	6.82

	Normal
	0.52 (5.26)
	-9.78
	10.83
	0.90*
	0.68 (0.61-0.74)*
	0.90 (0.85-0.92)*
	5.26

	Overweight
	-.07 (4.68)
	-9.24
	9.10
	0.93*
	0.66 (0.57-0.75)*
	0.93 (0.89-0.96)*
	4.70

	Obese
	0.30 (5.49)
	-10.46
	11.07
	0.91*
	0.69 (0.65-0.73)*
	0.91 (0.88-0.93)*
	5.49

	Hypertension status
	
	
	
	
	
	
	

	Non-Hypertensive
	0.41 (5.35)
	-10.06
	10.89
	0.89*
	0.69 (0.64-0.73)*
	0.89 (0.87-0.92)*
	5.35

	Hypertensive
	0.15 (5.28)
	-10.19
	10.49
	0.91*
	0.71 (0.68-0.75)*
	0.92 (0.90-0.94)*
	5.28

	Overall
	0.33 (5.32)
	-10.09
	10.75
	0.90*
	0.71 (0.67-0.75)*
	0.91 (0.89-0.92) *
	5.32


* p-value <0.001, CCC= Concordance Correlation Coefficient, ICC= Intra-class Correlation, RMSE (Root Mean Square Error)


Supplementary Table S4: Subgroup analysis showing mean bias (SD) of difference, limits of agreement, Intra-class Correlation, Kappa, Lin’s CCC and RMSE determined by artificial Intelligence (AI)-based mobile phone application vs standard method during measurement of Oxygen saturation (SpO2)

	Variable
	Oxygen saturation (SpO2) measurement: Artificial Intelligence (AI)-based mobile phone application vs standard method

	
	Mean bias of difference (SD)
	Lower limit of agreement
	Upper limit of agreement
	ICC
	Weighted kappa (95% CI)
	Lin’s CCC (95% CI)
	RMSE

	Skin tone
	
	
	
	
	
	
	

	Dark- very dark brown
	-0.69 (1.65)
	-3.92
	2.55
	0.51*
	0.40 (0.26-0.54)*
	0.66 (0.51-0.81)*
	1.65

	Light -medium brown
	-0.35 (1.80)
	-3.89
	3.19
	0.50*
	0.27 (0.18-0.35)*
	0.74 (0.70-0.79)*
	1.79

	Very light beige
	0.36 (1.91)
	-3.38
	4.11
	0.45*
	0.17 (0.06-0.30)*
	0.37 (0.09-0.67)*
	1.99

	Facial features Hidden
	
	
	
	
	
	
	

	No
	-0.36 (1.77)
	-3.83
	3.11
	0.50*
	0.31 (0.23-0.39)*
	0.77 (0.72-0.81)*
	1.75

	Yes
	-0.43 (1.89)
	-4.13
	3.27
	0.49*
	0.17 (0.04-0.30)*
	0.38 (0.22-0.54)*
	1.89

	Age-group (completed years)
	
	
	
	
	
	
	

	18-30
	-0.44 (1.74)
	-3.85
	2.97
	0.48*

	0.27 (0.14-0.40)*
	0.81 (0.74-0.88)*
	1.71

	31-45
	-0.59 (1.71)
	-3.96
	2.76
	0.49*
	0.18 (0.17-0.38*)
	0.76 (0.69-0.83)*
	1.71

	46-60
	-0.43 (1.81)
	-3.98
	3.11
	0.50*
	0.31 (0.19-0.43*)
	0.66 (0.57-0.76)*
	1.81

	>60
	0.49 (1.87)
	-3.17
	4.14
	0.49*
	0.20 (0.09-0.32)*
	0.29 (0.04-0.53)*
	1.73

	BMI 
	
	
	
	
	
	
	

	Underweight
	-1.00 (1.61)
	-4.16 
	2.16
	0.43*
	0.27 (0.07-0.53)*
	0.53 (0.12-0.94)*
	1.45

	Normal
	-0.25 (1.70)
	-3.59
	3.10
	0.48*
	0.28 (0.14-0.42)*
	0.82 (0.75-0.88)*
	1.64

	Overweight
	-0.57 (1.80)
	-4.09
	2.96
	0.50*
	0.23 (0.11-0.35)*
	0.47 (0.30-0.64)*
	1.80

	Obese
	-0.35 (1.85)
	-3.96
	3.27
	0.50*
	0.29 (0.19-0.39)*
	0.72 (0.66-0.79)*
	1.84

	Hypertension status
	
	
	
	
	
	
	

	Non-Hypertensive
	-0.28 (1.73)
	-3.68
	3.11
	0.48*
	0.30 (0.21-0.39)*
	0.77 (0.70-0.84)*
	1.72

	Hypertensive
	-0.55 (1.90)
	-4.30
	3.18
	0.50*
	0.25 (0.15-0.35)*
	0.70 (0.65-0.76)*
	1.87

	Overall
	-0.37 (1.79)
	-3.88
	3.14
	0.49*
	0.30 (0.23-0.36)*
	0.73 (0.69-0.78) *
	1.77


* p-value <0.001, CCC= Concordance Correlation Coefficient, ICC= Intra-class Correlation, RMSE (Root Mean Square Error)

 

Supplementary Table S5: 2 by 2 confusion matrix for AI-based Detection of Hypertension
	
	
	Gold standard test
	

	
	
	HTN Standard Positive
	HTN Standard Negative
	Total

	AI-based Test
	Abnormal (Positive)
	109 (True Positive)
	30 (False Positive)
	139

	
	Normal (Negative)
	9 (False Negative)
	218 (True Negative)
	227

	
	Total
	118
	248
	366




Supplementary Table S6: Diagnostic Accuracy of AI-based Test for Hypertension

	Parameter
	Estimate
	95% CI (Lower – Upper)

	Prevalence
	32.2%
	27.5 – 37.3

	Sensitivity
	92.4%
	86.0 – 96.5

	Specificity
	87.9%
	83.2 – 91.7

	ROC Area (AUC)
	0.90
	0.87 – 0.93

	Likelihood Ratio (+)
	7.64
	5.44 – 10.72

	Likelihood Ratio (−)
	0.09
	0.05 – 0.16

	Diagnostic Odds Ratio
	88.01
	40.75 – 189.55

	Positive Predictive Value (PPV)
	78.4%
	70.6 – 84.9

	Negative Predictive Value (NPV)
	96.0%
	92.6 – 98.2





