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Supplementary table 1. Transparent reporting of a multivariable prediction model for individual prognosis or diagnosis checklist (Prediction model validation)
	Section/Topic
	Item
	Checklist Item
	Page/Location in manuscript

	Title and abstract

	Title
	1
	Identify the study as developing and/or validating a multivariable prediction model, the target population, and the outcome to be predicted.
	p. 1

	Abstract
	2
	Provide a summary of objectives, study design, setting, participants, sample size, predictors, outcome, statistical analysis, results, and conclusions.
	pp. 2-3

	Introduction

	Background and objectives
	3a
	Explain the medical context (including whether diagnostic or prognostic) and rationale for developing or validating the multivariable prediction model, including references to existing models.
	pp. 4-5

	Background and objectives
	3b
	Specify the objectives, including whether the study describes the development or validation of the model or both.
	p. 5

	Methods

	Source of data
	4a
	Describe the study design or source of data (e.g., randomized trial, cohort, or registry data), separately for the development and validation data sets, if applicable.
	pp. 5-6

	Source of data
	4b
	Specify the key study dates, including start of accrual; end of accrual; and, if applicable, end of follow-up.
	pp. 6-7

	Participants
	5a
	Specify key elements of the study setting (e.g., primary care, secondary care, general population) including number and location of centres.
	p. 6

	Participants
	5b
	Describe eligibility criteria for participants.
	p. 6

	Participants
	5c
	Give details of treatments received, if relevant.
	N/A - observational cohort; baseline medication predictors reported in Methods

	Outcome
	6a
	Clearly define the outcome that is predicted by the prediction model, including how and when assessed.
	p. 8

	Outcome
	6b
	Report any actions to blind assessment of the outcome to be predicted.
	Not explicitly reported; independent outcome adjudication described on p. 8

	Predictors
	7a
	Clearly define all predictors used in developing or validating the multivariable prediction model, including how and when they were measured.
	pp. 7-10

	Predictors
	7b
	Report any actions to blind assessment of predictors for the outcome and other predictors.
	Not explicitly reported; baseline measurement described on pp. 7-8

	Sample size
	8
	Explain how the study size was arrived at.
	Not explicitly reported; analytic sample and exclusions described on pp. 6 and 12-13

	Missing data
	9
	Describe how missing data were handled (e.g., complete-case analysis, single imputation, multiple imputation) with details of any imputation method.
	p. 6

	Statistical analysis methods
	10c
	For validation, describe how the predictions were calculated.
	pp. 8-10

	Statistical analysis methods
	10d
	Specify all measures used to assess model performance and, if relevant, to compare multiple models.
	pp. 10-12

	Statistical analysis methods
	10e
	Describe any model updating (e.g., recalibration) arising from the validation, if done.
	p. 10

	Risk groups
	11
	Provide details on how risk groups were created, if done.
	p. 11

	Development vs. validation
	12
	For validation, identify any differences from the development data in setting, eligibility criteria, outcome, and predictors.
	pp. 4-5, 8-10, and 18-24

	Results

	Participants
	13a
	Describe the flow of participants through the study, including the number of participants with and without the outcome and, if applicable, a summary of the follow-up time. A diagram may be helpful.
	pp. 6 and 13; Supplementary Figure 1

	Participants
	13b
	Describe the characteristics of the participants (basic demographics, clinical features, available predictors), including the number of participants with missing data for predictors and outcome.
	pp. 12-13; Table 1

	Participants
	13c
	For validation, show a comparison with the development data of the distribution of important variables (demographics, predictors and outcome).
	Not formally tabulated; differences discussed in Introduction/Discussion, pp. 18-24

	Model performance
	16
	Report performance measures (with CIs) for the prediction model.
	pp. 13-18; Tables 2-3; supplementary tables and figures

	Model-updating
	17
	If done, report the results from any model updating (i.e., model specification, model performance).
	pp. 14-18; supplementary calibration and recalibration tables/figures

	Discussion

	Limitations
	18
	Discuss any limitations of the study (such as nonrepresentative sample, few events per predictor, missing data).
	pp. 25-26

	Interpretation
	19a
	For validation, discuss the results with reference to performance in the development data, and any other validation data.
	pp. 20-23

	Interpretation
	19b
	Give an overall interpretation of the results, considering objectives, limitations, results from similar studies, and other relevant evidence.
	pp. 18-26

	Implications
	20
	Discuss the potential clinical use of the model and implications for future research.
	pp. 25-26

	Other information

	Supplementary information
	21
	Provide information about the availability of supplementary resources, such as study protocol, Web calculator, and data sets.
	p. 5; p. 28; Supplementary material

	Funding
	22
	Give the source of funding and the role of the funders for the present study.
	p. 28

















Supplementary Table 2: Model coefficients and baseline survival of the SCORE2 algorithm
	Risk factor (units)
	Transformation equation
	Log SHR
	SHR

	
	
	Male
	Female
	Male
	Female

	Age (yrs)
	cage = (age - 60)/5
	0.3742
	0.4648
	1.45
	1.59

	Smoking (current vs. other)
	Current = 1, other = 0
	0.6012
	0.7744
	1.82
	2.17

	Systolic blood pressure (SBP, mm Hg)
	csbp = (sbp - 120)/20
	0.2777
	0.3131
	1.32
	1.37

	Diabetes* (yes vs. no)
	Yes = 1, no = 0
	0.6457
	0.8096
	1.91
	2.25

	Total cholesterol (mmol/L)
	ctchol = (tchol - 6)/1
	0.1458
	0.1002
	1.16
	1.11

	HDL cholesterol (mmol/L)
	chdl = (hdl - 1.3)/0.5
	-0.2698
	-0.2606
	0.76
	0.77

	Smoking x age interaction
	cage x smoking
	-0.0755
	-0.1088
	0.93
	0.90

	SBP x age interaction
	cage x csbp
	-0.0255
	-0.0277
	0.98
	0.97

	Total cholesterol x age interaction
	cage x ctchol
	-0.0281
	-0.0226
	0.97
	0.98

	HDL cholesterol x age interaction
	cage x chdl
	0.0426
	0.0613
	1.04
	1.06

	Diabetes* x age interaction
	cage x diabetes
	-0.0983
	-0.1272
	0.91
	0.88

	Baseline survival
	
	0.9605
	0.9776
	
	


*Diabetes mellitus was included in the modelling since this was necessary for the recalibration approach, which relies data from the whole population, including those with diabetes. However, SCORE2 is not intended for use in individuals with diabetes and has not been validated in this population. For risk prediction in the target population of individuals without diabetes this risk factor will always be 0, meaning the coefficient can effectively be ignored.




Supplementary Table 3: Region and sex-specific recalibration scales of the SCORE2 algorithm
	
	Male
	Female

	Risk region
	Scale1
	Scale2
	Scale1
	Scale2

	Low risk region
	-0.5699
	0.7476
	-0.7380
	0.7019

	Moderate risk region
	-0.1565
	0.8009
	-0.3143
	0.7701

	High risk region
	0.3207
	0.9360
	0.5710
	0.9369

	Very high-risk region
	0.5836
	0.8294
	0.9412
	0.8329


Rescaling factors for the SCORE2 model to scale individual predicted risks to the target population, based recent nationally representative estimates of incident cardiovascular disease and risk factor levels. 











Supplementary table 4: Beta coefficients of PREVENT ASCVD risk prediction model (Full Model for women).
	Variable
	Transformation
	Coefficient

	
	
	WOMEN
	MEN

	Intercept
	—
	-3.819975
	-3.500655

	Age
	(Age−55)/10
	0.719883
	0.7099847

	Non-HDL
	(nonHDL−3.5)
	0.1176967
	0.1658663

	HDL
	(HDL−1.3)/0.3
	-0.151185
	-0.1144285

	SBP low
	(min(SBP,110)−110)/20
	-0.0835358
	-0.2837212

	SBP high
	(max(SBP,110)−130)/20
	0.3592852
	0.3239977

	Diabetes
	0/1
	0.8348585
	0.7189597

	Smoking
	0/1
	0.4831078
	0.3956973

	eGFR low
	(min(eGFR,60)−60)/(-15)
	0.4864619
	0.3690075

	eGFR high
	(max(eGFR,60)−90)/(-15)
	0.0397779
	0.0203619

	Antihypertensive
	0/1
	0.2265309
	0.2036522

	Statin
	0/1
	-0.0592374
	-0.0865581

	Age × Non-HDL
	(Age−55)/10 * (nonHDL−3.5)
	-0.0395762
	-0.0322916

	Age × HDL
	(Age−55)/10 * (HDL−1.3)/0.3
	0.0844423
	0.114563

	Age × SBP low
	(Age−55)/10 * (min(SBP,110)−110)/20
	-0.0567839
	-0.0300005

	Age × SBP high
	(Age−55)/10 * (max(SBP,110)−130)/20
	0.0325692
	0.0232747

	Age × Diabetes
	(Age−55)/10 * diabetes
	-0.1035985
	-0.0927024

	Age × Smoking
	(Age−55)/10 * smoking
	-0.2417542
	-0.2018525

	Age × eGFR low
	(Age−55)/10 * (min(eGFR,60)−60)/(-15)
	-0.0791142
	-0.0970527

	Age × eGFR high
	(Age−55)/10 * (max(eGFR,60)−90)/(-15)
	-0.1671492
	-0.1217081

	Age × Antihypertensive
	(Age−55)/10 * antihypertensive
	0.719883
	0.7099847

	Age × Statin
	(Age−55)/10 * statin
	0.1176967
	0.1658663
















Supplementary Table 5: Model parameters for predicting 10-year ASCVD risk.
	Model
	Parameter
	Women
	Men

	SCORE2 original
	Baseline survival, S₀(10 years)
	0.977600
	0.960500

	
	Equation
	Risk = 1 − S₀^exp(LP)
	Risk = 1 − S₀^exp(LP)

	SCORE2 recalibrated
	Local cumulative baseline hazard, H₀,local(10 years)
	0.117922
	0.145076

	
	Local baseline survival, S₀,local(10 years)
	0.888766
	0.864957

	
	Equation
	Risk = 1 − S₀,local^exp(LP)
	Risk = 1 − S₀,local^exp(LP)

	PREVENT original
	Original intercept, α
	-3.819975
	-3.500655

	
	Equation
	Risk = logit⁻¹(α + ΣβᵢXᵢ)
	Risk = logit⁻¹(α + ΣβᵢXᵢ)

	PREVENT recalibrated
	Local recalibration shift, Δ
	1.147488
	1.232371

	
	Final recalibrated intercept, α + Δ
	-2.672487
	-2.268284

	
	Equation
	Risk = logit⁻¹(α + Δ + ΣβᵢXᵢ)
	Risk = logit⁻¹(α + Δ + ΣβᵢXᵢ)



aSCORE2 performance was calculated excluding participants with positive history of diabetes mellitus at baseline.








Supplementary Table 6: Risk estimation in each risk prediction model.
	Model
	Min
	Q1
	Median
	Mean
	Q3
	Max

	Original 

	PREVENT 
	0.001472
	0.008884
	0.017795
	0.028439
	0.036859
	0.439061

	SCORE2a
	0.0003835
	0.0044008
	0.0096927
	0.0165520
	0.0209107
	0.2065891

	Recalibration 

	PREVENT 
	0.004623
	0.028182
	0.055587
	0.082591
	0.111551
	0.711466

	SCORE2a 
	0.001994
	0.020334
	0.042035
	0.066253
	0.085467
	0.700173


[bookmark: _Hlk228869924]aSCORE2 performance was calculated excluding participants with positive history of diabetes mellitus at baseline.













Supplementary table 7. Observed-to-expected event ratios before and after local recalibration.
	[bookmark: _Hlk228706672]Model
	Version
	Population
	n
	Observed 10-year events
	Expected events
	O/E ratio
	Mean predicted risk (%)

	PREVENT

	Original

	Overall
	9069
	748.87
	257.91
	2.904
	2.84

	
	
	Men
	3584
	362.34
	120.62
	3.004
	3.37

	
	
	Women
	5485
	386.68
	137.29
	2.817
	2.50

	
	Recalibrated

	Overall
	9069
	748.87
	749.02
	1.000
	8.26

	
	
	Men
	3584
	362.34
	362.34
	1.000
	10.11

	
	
	Women
	5485
	386.68
	386.68
	1.000
	7.05

	SCORE2

	Original

	Overall
	7836
	519.06
	129.70
	4.002
	1.66

	
	
	Men
	3131
	262.33
	77.31
	3.393
	2.47

	
	
	Women
	4705
	256.85
	52.39
	4.902
	1.11

	
	Recalibrated

	Overall
	7836
	519.06
	519.16
	1.000
	6.63

	
	
	Men
	3131
	262.33
	262.31
	1.000
	8.38

	
	
	Women
	4705
	256.85
	256.84
	1.000
	5.46


Note: Observed-to-expected ratios were calculated overall and separately by sex by comparing Kaplan–Meier estimated 10-year observed ASCVD events with the total number of predicted events. Values greater than 1 indicate underestimation of risk, whereas values below 1 indicate overestimation. Recalibrated predictions were obtained using sex-specific local recalibration to align predicted 10-year event risk with the observed event burden.



Supplementary table 8. Clinical performance of the PREVENT ASCVD model at predefined risk thresholds.
	Sex
	Version
	Threshold
	n
	Events
	High-risk population (%)
	Event rate in high-risk group (%)
	Sensitivity, % (95% CI)
	Specificity, % (95% CI)
	PPV, % (95% CI)
	NPV, % (95% CI)
	Net benefit (95% CI)

	Men

	Original

	5%
	3584
	333
	21.3
	20.1
	46.2 (41.0–51.6)
	81.2 (79.8–82.5)
	20.1 (17.4–23.1)
	93.7 (92.7–94.5)
	0.0340 (0.0267–0.0409)

	
	
	7.5%
	3584
	333
	9.9
	23.4
	24.9 (20.6–29.8)
	91.6 (90.6–92.5)
	23.4 (19.3–28.1)
	92.3 (91.3–93.1)
	0.0170 (0.0120–0.0223)

	
	
	20%
	3584
	333
	0.2
	0.0
	0.0 (0.0–1.1)
	99.8 (99.6–99.9)
	0.0 (0.0–35.4)
	90.7 (89.7–91.6)
	-0.0005 (-0.0008–-0.0001)

	
	Recalibrated

	5%
	3584
	333
	67.0
	12.5
	90.1 (86.4–92.9)
	35.4 (33.7–37.0)
	12.5 (11.2–13.9)
	97.2 (96.1–98.0)
	0.0529 (0.0439–0.0626)

	
	
	7.5%
	3584
	333
	49.6
	14.5
	77.2 (72.4–81.4)
	53.2 (51.5–54.9)
	14.5 (12.9–16.2)
	95.8 (94.8–96.6)
	0.0373 (0.0284–0.0467)

	
	
	20%
	3584
	333
	12.4
	21.6
	28.8 (24.2–33.9)
	89.3 (88.2–90.3)
	21.6 (18.0–25.6)
	92.4 (91.5–93.3)
	0.0024 (-0.0037–0.0085)

	Women

	Original

	5%
	5485
	345
	13.2
	17.2
	36.2 (31.3–41.4)
	88.3 (87.4–89.2)
	17.2 (14.7–20.2)
	95.4 (94.7–95.9)
	0.0170 (0.0134–0.0210)

	
	
	7.5%
	5485
	345
	6.1
	20.2
	19.7 (15.9–24.2)
	94.8 (94.1–95.4)
	20.2 (16.3–24.9)
	94.6 (94.0–95.2)
	0.0084 (0.0055–0.0113)

	
	
	20%
	5485
	345
	0.3
	29.4
	1.4 (0.6–3.3)
	99.8 (99.6–99.9)
	29.4 (13.3–53.1)
	93.8 (93.1–94.4)
	0.0004 (-0.0005–0.0013)

	
	Recalibrated

	5%
	5485
	345
	45.8
	10.2
	74.2 (69.3–78.5)
	56.1 (54.8–57.5)
	10.2 (9.1–11.4)
	97.0 (96.3–97.6)
	0.0250 (0.0195–0.0308)

	
	
	7.5%
	5485
	345
	31.5
	13.1
	65.5 (60.3–70.3)
	70.8 (69.5–72.0)
	13.1 (11.6–14.7)
	96.8 (96.2–97.3)
	0.0190 (0.0136–0.0245)

	
	
	20%
	5485
	345
	6.3
	19.8
	19.7 (15.9–24.2)
	94.6 (94.0–95.2)
	19.8 (16.0–24.4)
	94.6 (94.0–95.2)
	-0.0001 (-0.0033–0.0032)


Abbreviations: CI, confidence interval; NPV, negative predictive value; PPV, positive predictive value.
Note: Net benefit was calculated as TP/N − FP/N × threshold/(1 − threshold). Test tradeoff is not shown because values were unstable or not estimable when net benefit approached zero.



Supplementary table 9. Clinical performance of the SCORE2 model using age-specific risk thresholds.
	Sex
	Version
	Age group
	Threshold
	High-risk %
	Event rate in high-risk %
	Sensitivity
	Specificity
	PPV
	NPV
	Net benefit

	Men

	Original

	Less than 50 years

	2.5%
	7.0
	9.4
	14.1 (8.3–23.1)
	93.3 (92.0–94.4)
	9.4 (5.5–15.8)
	95.7 (94.6–96.5)
	0.0050 (0.0017–0.0090)

	
	
	
	7.5%
	0.0
	NA
	0.0 (0.0–4.3)
	100.0 (99.8–100.0)
	NA
	95.3 (94.2–96.2)
	0.0000 (0.0000–0.0000)

	
	
	50–65 years

	5%
	28.7
	17.1
	41.9 (34.5–49.8)
	73.1 (70.5–75.5)
	17.1 (13.7–21.2)
	90.5 (88.4–92.2)
	0.0365 (0.0251–0.0488)

	
	
	
	10%
	3.4
	17.8
	5.2 (2.6–9.9)
	96.8 (95.7–97.7)
	17.8 (9.3–31.3)
	88.5 (86.7–90.1)
	0.0029 (-0.0012–0.0075)

	
	Recalibrated

	Less than 50 years

	2.5%
	70.9
	5.5
	82.4 (72.9–89.0)
	29.7 (27.6–31.9)
	5.5 (4.4–6.9)
	97.1 (95.3–98.3)
	0.0216 (0.0129–0.0306)

	
	
	
	7.5%
	10.6
	9.9
	22.4 (14.8–32.3)
	90.0 (88.5–91.3)
	9.9 (6.5–15.0)
	95.9 (94.8–96.8)
	0.0028 (-0.0016–0.0078)

	
	
	50–65 years

	5%
	96.1
	11.9
	98.1 (94.5–99.3)
	4.2 (3.2–5.5)
	11.9 (10.3–13.8)
	94.2 (84.4–98.0)
	0.0702 (0.0524–0.0874)

	
	
	
	10%
	61.7
	14.8
	78.1 (70.9–83.9)
	40.5 (37.7–43.4)
	14.8 (12.5–17.4)
	93.3 (90.8–95.2)
	0.0330 (0.0154–0.0490)

	Women

	Original

	Less than 50 years

	2.5%
	0.6
	26.3
	5.2 (2.2–11.6)
	99.5 (99.2–99.7)
	26.3 (11.8–48.8)
	96.9 (96.3–97.5)
	0.0015 (0.0002–0.0032)

	
	
	
	7.5%
	0.0
	0.0
	0.0 (0.0–3.8)
	100.0 (99.8–100.0)
	0.0 (0.0–79.3)
	96.8 (96.1–97.4)
	0.0000 (-0.0001–0.0000)

	
	
	50–65 years

	5%
	6.6
	20.4
	17.2 (11.7–24.4)
	94.3 (93.0–95.3)
	20.4 (14.0–28.7)
	93.0 (91.7–94.2)
	0.0107 (0.0056–0.0163)

	
	
	
	10%
	0.8
	15.4
	1.5 (0.4–5.3)
	99.3 (98.8–99.6)
	15.4 (4.3–42.2)
	92.2 (90.8–93.4)
	0.0005 (-0.0009–0.0023)

	
	Recalibrated

	Less than 50 years

	2.5%
	35.0
	5.8
	63.5 (53.6–72.5)
	65.9 (64.2–67.6)
	5.8 (4.5–7.4)
	98.2 (97.5–98.7)
	0.0119 (0.0071–0.0171)

	
	
	
	7.5%
	2.9
	10.3
	9.4 (5.0–16.9)
	97.3 (96.7–97.8)
	10.3 (5.5–18.5)
	97.0 (96.3–97.6)
	0.0009 (-0.0009–0.0031)

	
	
	50–65 years

	5%
	81.3
	9.2
	94.8 (89.6–97.4)
	19.8 (17.9–21.8)
	9.2 (7.7–10.8)
	97.8 (95.5–98.9)
	0.0356 (0.0229–0.0493)

	
	
	
	10%
	39.1
	11.7
	58.2 (49.7–66.2)
	62.6 (60.2–64.9)
	11.7 (9.5–14.4)
	94.6 (93.1–95.8)
	0.0074 (-0.0029–0.0186)


Abbreviations: CI, confidence interval; NPV, negative predictive value; PPV, positive predictive value.
Note: Net benefit was calculated as TP/N − FP/N × threshold/(1 − threshold). Test tradeoff is not shown because values were unstable or not estimable when net benefit approached zero.



[bookmark: _Hlk203459988]Supplementary Figure 1: Flow diagram of the study participants for 10-year ASCVD prediction. 
Abbreviation: ASCVD, atherosclerotic cardiovascular disease; PREVENT, Predicting Risk of Cardiovascular Disease EVENTS; SCORE2, Systematic Coronary Risk Evaluation 2, BMI; Body mass index, SBP; systolic blood pressure, HDL-C; high-density lipoprotein cholesterol, TC; total cholesterol, CVD; cardiovascular disease, eGFR; estimated glomerular filtration rate, MASHAD: Mashhad stroke and heart atherosclerotic study.















9704 individuals aged 35-65 years from MASHAD study population


Exclusions:
Prevalent CVD at baseline=201
TC <130 and >320=29
HDL-c<20 and >100=8
SBP <90 and >200=70
BMI<18.5 and >=40=76
eGFR<15 and >=150=41
Missing data at baseline=78
No follow-up on CVD outcome=132 


9069 eligible participants with follow-up data
912 ASCVD events observed during total available follow-up through 2020
678 ASCVD events occurred within the 10-year analytic horizon and were used for PREVENT validation
SCORE2 was evaluated in 7836 participants without diabetes at baseline, among whom 470 ASCVD events occurred within the 10-year analytic horizon


SCORE2 model was evaluated in 7,836 non-diabetic participants.


Because SCORE2 is designed for individuals without diabetes, participants with a positive history of diabetes at baseline (n = 1,233) were excluded.


The PREVENT model was applied to the entire follow-up cohort (n = 9,069), including both diabetic and non-diabetic individuals.
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