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Supplementary Methods
Recalibration Procedure
Logistic recalibration was applied in logit space: recalibrated logit(risk) = slope × original logit(risk) + intercept. Recalibration coefficients were derived by fitting calibration models (observed outcome regressed on logit-transformed predicted risk) separately within each of 40 multiply imputed datasets, then pooling slope and intercept parameters using Rubin's rules to account for missing data uncertainty. These pooled coefficients were applied uniformly across all participants.
ESC Risk Category Derivation
Ten-year risk was estimated using SCORE2 in participants without diabetes and SCORE2-Diabetes in those with diabetes; SCORE2-OP and SMART were not applicable, as participants were aged 40 to 69 years without prevalent atherosclerotic disease. Both algorithms estimate risk of total (fatal and non-fatal) cardiovascular events, whereas the four-level ESC SCORE classification is defined on risk of fatal events. Recalibrated risk of fatal and non-fatal events was therefore converted to a risk of fatal events using the multiplier given in the 2019 ESC/EAS guideline, dividing by 3 in men and 4 in women, and a single set of thresholds were applied to both those with and without diabetes: low (<1%), moderate (1 to <5%), high (5 to <10%), very high (≥10%). 
The clinical criteria for high and very high risk set out in that guideline were applied in addition, except for target organ damage and imaging criteria, which were unavailable. The 2019 framework was adopted because no contemporaneous alternative yields four categories across participants both with and without diabetes. Three departures should be noted: the rule for diabetes duration exceeding 20 years, specified for early-onset type 1 diabetes, was applied to all individual with diabetes; and eGFR used the CKD-EPI 2009 equation, which has been subsequently superseded. 
Sensitivity Analyses: Robustness Checks
Inverse propensity weighting and generalised linear models underwent systematic robustness  testing to validate identification assumptions. Placebo tests randomly permuted treatment assignments; validity was confirmed when the residual effect was non-significant (p>0.05), indicating effects were not artefactual. For all remaining tests, validity was assessed by magnitude of change in the treatment effect estimate. Random common cause tests introduced simulated confounders; stability was confirmed when estimates changed <20%. Data subset validation assessed estimate consistency across ten random 80% subsamples, with robustness indicated by <30% change in estimates. Sensitivity analyses introduced hypothetical unobserved confounders with specified effect strengths on treatment (binary flip probability 0.01) and outcome (linear effect 0.02); estimates changing <50% of the original effect were deemed reasonably robust; those changing ≥50% were flagged as requiring cautious interpretation.. Thresholds were selected to reflect conventional tolerance for model sensitivity in observational causal inference, balancing stringency with the inherent imprecision of large epidemiological datasets.
Causal Inference Methods	
Four causal inference methods were applied to provide robust quantification of risk difference between lifestyle risk factor contrasts. They differ in how the causal estimate is reached: from the probability of exposure given covariates, from the probability of the outcome given exposure and covariates, from both, or from the residuals of both. Each therefore relies on a different set of assumptions, and agreement between them is more informative than any one alone.
Throughout, T denotes the binary exposure, Y the binary ten-year cardiovascular outcome, X the adjustment set specified for that exposure, and θ the average treatment effect on the risk-difference scale. 
Inverse propensity weighting (IPW) models the propensity score e(X) = P(T = 1 | X), the probability of exposure given covariates. Each participant is then weighted by the inverse of their probability of receiving the exposure they actually received, so that the exposed and unexposed groups resemble one another with respect to those covariates. The risk difference is the difference between the weighted mean outcome in each group, θ = E[ TY / e(X) ] − E[ (1−T)Y / (1−e(X)) ]. 
Generalised linear models (GLM) take the opposite approach, modelling the outcome given exposure and covariates. A single logistic model is fitted, logit P(Y = 1 | T, X) = α + βT + γᵀX with fitted probability μ(T, X) = expit(α + βT + γᵀX). The contrast is obtained by g-computation: each participant's risk is predicted with the exposure set to one and to zero in turn, and the mean difference taken, θ = E[ μ(1, X) − μ(0, X) ]. Consistency requires that the outcome model is correctly specified. Because the exposure enters through the single coefficient β, the modelled effect on the log-odds scale is common to all participants, and individual risk differences vary only through the non-linearity of the link function. Heterogeneity can therefore be accommodated only by specifying interaction terms and their functional form in advance, and no such terms were included here.
Augmented inverse propensity weighting (AIPW) uses both models. The outcome model μ(T, X) provides the estimate, as in g-computation, and the propensity score e(X) weights its residuals as a correction, θ = E[ μ(1, X) − μ(0, X) ] + E[ T(Y − μ(1, X)) / e(X) ] − E[ (1−T)(Y − μ(0, X)) / (1−e(X)) ]. The first term is the g-computation estimate and the remaining two are the weighted residuals of the outcome model in each exposure group. The estimator is doubly robust: consistency requires only one of the two models to be correctly specified. If the outcome model is correct, its residuals have mean zero and the correction terms vanish. If the propensity model is correct, the weighted residuals recover the bias left by a mis-specified outcome model. This relaxes the assumptions required by either approach alone.
Double machine learning (DML) with causal forests uses two nuisance models, one predicting the outcome from the covariates and one predicting the exposure from the covariates, and estimates the effect from their residuals alone, so that only the variation the covariates do not explain contributes (derivation in the box 1 below). The causal forest partitions the covariate space and estimates a local effect within each partition, so it yields individualised estimates as well as an average, and accommodates non-linearity and interactions without their being specified in advance.
Estimates from IPW, GLM and AIPW are average treatment effects. DML additionally provides individualised treatment effects, which are retained for the heterogeneity analyses.

[image: ]
Box 1: Mathematical framework for causal effect estimation using Double Machine Learning. 

[bookmark: _Toc240449333]Supplementary Table 1: Covariates included in the adjustment set for each exposure contrast
	Covariate
	Smoking
	Obesity
	Physical activity
	Alcohol

	Age
	✓
	✓
	✓
	✓

	Sex
	✓
	✓
	✓
	✓

	Ethnicity (4 indicator terms)
	✓
	✓
	✓
	✓

	Current smoking
	exposure
	✓
	✓
	✓

	Cumulative pack-years
	–
	✓
	✓
	✓

	Body mass index
	✓
	exposure
	✓
	✓

	Physical inactivity
	✓
	✓
	exposure
	✓

	Alcohol frequency
	✓
	✓
	✓
	exposure

	LDL cholesterol
	✓
	✓
	✓
	✓

	Familial hypercholesterolaemia
	✓
	✓
	✓
	✓

	Lipid-lowering therapy
	✓
	✓
	✓
	✓

	Systolic blood pressure
	✓
	–
	–
	–

	Hypertension
	✓
	–
	–
	–

	Antihypertensive therapy
	✓
	–
	–
	–

	HbA1c
	✓
	–
	–
	–

	Diabetes
	✓
	–
	–
	–

	Glucose-lowering therapy
	✓
	–
	–
	–

	C-reactive protein
	–
	–
	–
	–

	Total covariates
	18
	13
	13
	13

	
Adjustment sets were derived from the exposure-specific causal diagrams in Supplementary Figures 1 to 4. Each exposure is excluded from its own adjustment set. Ethnicity was entered as four indicator terms, which are counted individually in the totals. Cumulative pack-years was not entered into the smoking model, being a component of that exposure.






[bookmark: _Toc240449334]Supplementary Table 2: Sensitivity of the alcohol contrast to exclusion of participants in poor baseline health
	Exclusion
	n
	Events
	Excluded (%)
	ARD, % (95% CI)
	Change vs none (%)

	None
	371,102
	15,752
	–
	-0.432 (-0.581 to -0.283)
	–

	eGFR <60 mL/min/1.73m²
	362,245
	14,983
	2.4
	-0.409 (-0.558 to -0.261)
	-5.3

	eGFR <45 mL/min/1.73m²
	369,835
	15,549
	0.3
	-0.421 (-0.570 to -0.272)
	-2.5

	BMI <18.5 kg/m²
	369,257
	15,670
	0.5
	-0.434 (-0.584 to -0.285)
	+0.5

	BMI <20 kg/m²
	362,512
	15,486
	2.3
	-0.452 (-0.603 to -0.300)
	+4.6

	Type 1 diabetes
	369,752
	15,569
	0.4
	-0.421 (-0.570 to -0.272)
	-2.5

	Combined
	359,228
	14,753
	3.2
	-0.399 (-0.548 to -0.250)
	-7.6

	Abbreviations: ARD, absolute risk difference; BMI, body mass index; CI, confidence interval; eGFR, estimated glomerular filtration rate.

Estimated by logistic regression, using the adjustment set specified for the alcohol contrast (Supplementary Table 1). ARD, absolute risk difference in ten-year cardiovascular risk, in percentage points; negative values indicate lower risk with less-than-daily consumption. Change expressed as the relative change in the magnitude of the estimate, so negative values denote attenuation. The combined exclusion required eGFR ≥60 mL/min/1.73m², BMI ≥18.5 kg/m² and absence of type 1 diabetes. Exclusions were applied to the alcohol contrast only; the primary analysis sample is unchanged. Estimates derive from a single completed dataset and are not pooled across imputations.



[bookmark: _Toc240449335]Supplementary Figure 1: Causal diagram for smoking and cardiovascular disease risk
The Directed Acyclic Graph used to model the relationship between smoking and cardiovascular disease onset within the next 10 years. The treatment variable (smoking status in blue) and confounder/mediator variables (in yellow) were measured at baseline, and the outcome (onset of CVD within the next 10 years in red) was derived from hospital episode data. Dashed lines represent correlated lifestyle and metabolic factors without assumed causal direction, acknowledging that lifestyle behaviours such as smoking, alcohol consumption, physical inactivity, and obesity frequently co-occur and are mutually interrelated, but with no established or consistent directional pathway between them.
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[bookmark: _Toc240449336]Supplementary Figure 2: Causal diagram for obesity status and cardiovascular disease risk
The Directed Acyclic Graph used to model the relationship between obesity status and the onset of cardiovascular disease within the next 10 years. The treatment variable (obesity status, in blue) and confounder variables (in yellow) were measured at baseline, and the outcome (onset of CVD within the next 10 years, in red) was derived from hospital episode data. Dashed lines represent correlated lifestyle and metabolic factors without assumed causal direction, acknowledging that lifestyle behaviours such as smoking, alcohol consumption, physical inactivity, and obesity frequently co-occur and are mutually interrelated, but with no established or consistent directional pathway between them.
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[bookmark: _Toc240449337]Supplementary Figure 3: Causal diagram for physical activity and cardiovascular disease risk
The Directed Acyclic Graph used to model the relationship between physical activity status and cardiovascular disease onset within the next 10 years. The treatment variable (activity status, in blue) and confounder variables (in yellow) were measured at baseline, and the outcome (onset of CVD within the next 10 years, in red) was derived from hospital episode data. Dashed lines represent correlated lifestyle and metabolic factors without assumed causal direction, acknowledging that lifestyle behaviours such as smoking, alcohol consumption, physical inactivity, and obesity frequently co-occur and are mutually interrelated, but with no established or consistent directional pathway between them.
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[bookmark: _Toc240449338]Supplementary Figure 4: Causal diagram for alcohol frequency and cardiovascular disease risk
The Directed Acyclic Graph used to model the relationship between alcohol frequency and cardiovascular disease onset within the next 10 years. The treatment variable (alcohol frequency, in blue) and confounder variables (in yellow) were measured at baseline, and the outcome (onset of CVD within the next 10 years, in red) was derived from hospital episode data. Dashed lines represent correlated lifestyle and metabolic factors without assumed causal direction, acknowledging that lifestyle behaviours such as smoking, alcohol consumption, physical inactivity, and obesity frequently co-occur and are mutually interrelated, but with no established or consistent directional pathway between them.
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[bookmark: _Toc240449339]Supplementary Figure 5: Absolute (A) and relative risk (B) difference by lifestyle contrast and main risk factor subgroup (familial hypercholesterolaemia, hypertension, diabetes, obesity, and overall cohort).
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[bookmark: _Toc240449340]Supplementary Figure 6: Calibration plot SCORE2 and SCORE2-DM before re-calibration
Models were evaluated in primary prevention cohorts free from cardiovascular disease at baseline. SCORE2 (left panel, n=364,335): individuals aged 40-69 years without diabetes mellitus. SCORE2-DM (right panel, N=6,767): individuals aged 40-69 years with diabetes mellitus. Points show mean observed event rate versus mean predicted risk within deciles of predicted risk distribution. The dashed diagonal line represents perfect calibration. Calibration metrics include calibration slope and intercept from logistic regression of observed outcomes on logit-transformed predictions; Predicted vs Observed Ratio (E/O); Brier score measuring overall prediction accuracy; C-statistic for discrimination; Spiegelhalter Z-statistic for calibration; modified Hosmer-Lemeshow test adjusted for large sample size; Emax (maximum absolute difference between predicted and observed); and Eavg (mean absolute difference). Predictions were recalibrated using logistic recalibration with pooled slope and intercept parameters derived from multiply imputed datasets.
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[bookmark: _Toc240449341]Supplementary Figure 7: Calibration plot SCORE2 and SCORE2-DM after re-calibration
Model calibration for 10-year cardiovascular disease risk prediction in primary prevention cohorts. SCORE2 (left panel, n=364,335): individuals aged 40-69 years without diabetes. SCORE2-DM (right panel, n=6,767): individuals aged 40-69 years with diabetes. Original model predictions were recalibrated in logit space using: recalibrated_logit = original_logit × slope + intercept, where slope and intercept were pooled across 40 multiply imputed datasets. Points show mean observed event rate versus mean recalibrated predicted risk within deciles. The dashed diagonal line represents perfect calibration. Calibration statistics were calculated on individual-level data and include: calibration slope and intercept from logistic regression of observed outcomes on logit-transformed recalibrated predictions; Predicted vs Observed Ratio (E/O); Brier score; C-statistic for discrimination; Spiegelhalter Z-statistic; modified Hosmer-Lemeshow test adjusted for large sample size (epsilon: sample-size-independent miscalibration measure); Emax (maximum absolute calibration error); and Eavg (mean absolute calibration error).
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