Table 1 Participants summary characteristics by lifestyle modifiable risk factor
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	Study Population
(N=371,102)
	Current Smoker
(N=39,472)
	Obese
(N=91,454)
	Daily alcohol user
(N=75,266)
	Low Physical Activity
(N=56,150)

	Age (years)1
	58 (50,63)
	55 (48,61)
	58 (51,63)
	60 (53,64)
	57 (50,62)

	Gender2
Male
Female
	
162,968 (43.91)
208,134 (56.09)
	
20,724 (52.50)
18,748 (47.50)
	
41,473 (45.35)
49,981 (54.65)
	
41,962 (55.75)
33,304 (44.25)
	
25,833 (46.01)
30,317 (53.99)

	Ethnicity2
White
Asian
Black
Chinese
Mixed
	
355,640 (95.83)
6992 (1.88)
5919 (1.59)
1119 (0.30)
1432 (0.39)
	
37,672 (95.44)
685 (1.74)
778 (1.97)
70 (0.18)
267 (0.68)
	
87,091 (95.23)
1563 (1.71)
2346 (2.57)
71 (0.08)
383 (0.42)
	
74,100 (98.45)
479 (0.64)
385 (0.51)
78 (0.10)
224 (0.30)
	
53,387 (95.08)
1367 (2.43)
963 (1.72)
196 (0.35)
237 (0.42)

	BMI Weight Categories2
Underweight <18.5
Normal:  18.5-25
Overweight: - 25-30
Obese >=30
	
1845 (0.50)
120,141 (32.37)
157,662 (42.48)
91,454 (24.64)
	
429 (1.09)
13,834 (35.05)
16,295 (41.28)
8914 (22.58)
	
NA
NA
NA
91,454 (100.00)
	
420 (0.56)
27,151 (36.07)
33,658 (44.72)
14,037 (18.65)
	
255 (0.45)
14,423 (25.69)
23,011 (40.98)
18,461 (32.88)

	Smoking2
No or ex
Yes
	
331,630 (89.4)
39,472 (10.6)
	
NA
39,472 (100.0)
	
82,540 (90.3)
8914 (9.7)
	
65,057 (86.4)
10,209 (13.6)
	
49,333 (87.9)
6817 (12.1)

	Alcohol2
Never
Special occasion
1x to 3x a month
1x or 2x a week
3x or 4x a week
Daily or almost daily
	
29,736 (8.0)
43,489 (11.7)
41,846 (11.3)
95,614 (25.8)
84,758 (22.8)
75,266 (20.3)
	
3124 (7.9)
5234 (13.3)
4437 (11.2)
8990 (22.8)
7430 (18.8)
10,209 (25.9)
	
9254 (10.1)
14,604 (16.0)
12,441 (13.6)
23,749 (26.0)
17,227 (18.8)
14,037 (15.3)
	
NA
NA
NA
NA
NA
75,266 (100.0)
	
5063 (9.0)
7000 (12.5)
6714 (12.0)
14,155 (25.2)
11,778 (21.0)
11,440 (20.4)

	Physical Activity ( IPAQ)2
Missing
Low
Moderate
High
	
72,242 (19.5)
56,150 (15.1)
121,245 (32.7)
121,465 (32.7)
	
8649 (21.9)
6817 (17.3)
11,856 (30.0)
12,150 (30.8)
	
 20,706 (22.6)
18,461 (20.2)
28,323 (31.0)
23,964 (26.2)
	
11,894 (15.8)
11,440 (15.2)
26,310 (35.0)
25,622 (34.0)
	
0 (0%)
56,150 (100.0)
NA
NA

	Systolic blood pressure (mmHg)1
	136.5 (125.0,149.5)
	134.0 (122.5,147.0)
	140.0 (129.0,152.5)
	139.0 (127.0,152.5)
	136.0 (124.0,148.5)

	Diastolic blood pressure (mmHg)1
	82.0 (75.0,89.0)
	81.5 (74.5,88.5)
	86.0 (79.0,92.0)
	83.5 (76.5,90.0)
	82.5 (75.5,89.5)

	Low-density lipoprotein cholesterol (mmol/L)1
	3.56 (3.00,4.13)
	3.57 (3.00,4.18)
	3.57 (2.98,4.17)
	3.56 (3.02,4.14)
	3.56 (2.99,4.15)

	High-density lipoprotein cholesterol (mmol/L)1
	1.45 (1.21,1.71)
	1.38 (1.14,1.65)
	1.30 (1.10,1.57)

	1.57 (1.31,1.83)
	1.40 (1.15,1.67)

	HbA1c (mmol/mol)1
	35.3 (32.8,38.0)
	36.2 (33.7,39.0)
	36.6 (33.9,39.6)
	34.9 (32.5,37.4)
	35.4 (32.8,38.3)

	Diabetes2
	6767 (1.8)
	773 (2.0)
	3567 (3.9)
	921 (1.2)
	1474 (2.6)

	Hypertension2
	24,896 (6.7)
	2185 (5.5)
	11,068 (12.1)
	4674 (6.2)
	4443 (7.9)

	Lipid lowering medication2
	66,349 (17.9)
	6729 (17.0)
	23,220 (25.4)
	14,037 (18.6)
	10,953 (19.5)

	ESC Risk Category2
Low
Moderate
High
Very-high
	
308,937 (83.2)
18,310 (4.9)
43,484 (11.7)
371 (0.1)
	
28,704 (72.7)
6091 (15.4)
4650 (11.8)
27 (0.1)
	
72,838 (79.6)
5217 (5.7)
13,252 (14.5)
147 (0.2)
	
61,244 (81.4)
5148 (6.8)
8828 (11.7)
46 (0.1)
	
46,457 (82.7)
2718 (4.8)
6872 (12.2)
103 (0.2)

	Incident CVD (10-years)2
	15,752 (4.2)
	2809 (7.1)
	4783 (5.2)
	3462 (4.6)
	2639 (4.7)

	1  Median (IQR)
2  N (%)
Abbreviations: BMI, body mass index; IPAQ, International Physical Activity Questionnaire; FH, familial hypercholesterolaemia; HbA1c, glycated haemoglobin; ESC, European Society of Cardiology; CVD, cardiovascular disease; IQR, interquartile range; NA, not applicable.

Characteristics of the study population are presented as an overall description; the exposure groups are subsets of this population and are not mutually exclusive, so differences between an exposure column and the study population column should not be interpreted as between-group contrasts.  Four separate 'unexposed' columns are not shown as participants may belong to multiple exposure categories simultaneously and given the low prevalence of individual risk factors (10–25%), unexposed subgroups largely approximate the overall cohort characteristics.



Table 2: Average predicted treatment effect of lifestyle modifiable risk factors with four methods and robustness checks
	Lifestyle Contrasts and Causal Analysis Methods
	ARD % (95% CI)
	Predicted
RRD % (95% CI)
	Predicted NNT /  NNH (95% CI)
	Sensitivity (robustness) Tests

	
	
	
	
	Placebo1
	Random Cause2
	Subset Refuter3
	Unobserved  cause4

	Smoking 
between patients: former/never vs current smoker at baseline

	IPW
	3.67 (3.38, 3.95)
	51.60 (47.57, 55.63)
	27 (25,30)
	✗(e=0.33%)
	✓ (Δ=0%)
	✓(Δ=0.01%)
	✓ (Δ=0.82%)

	GLM
	3.83 (3.58, 4.07)
	53.86 (50.44, 57.29)
	26 (25,28)
	✓(e=0.00%)
	✓ (Δ=0%)
	✓(Δ=0.03%)
	✓ (Δ=0.84%)

	AIPW5
	3.23 (2.33, 4.13)
	45.47 (32.74, 58.19)
	31 (24,47)
	-

	DML5
	3.50 (2.20,4.80)
	49.27 (31.01, 67.53)
	29 (21,45)
	-

	Obesity
between patients: <30 vs ≥30 kg/m2 at baseline

	IPW
	1.00 (0.84, 1.17)
	19.18 (15.96, 22.40)
	100 (85,119)
	✗(e=0.30%)
	✓ (Δ=0%)
	✓(Δ=0.08%)
	✓(Δ=0.20%)

	GLM
	1.09 (0.93, 1.25)
	20.83 (17.82, 23.83)
	92 (80,108)
	✓(e=0.01%)
	✓ (Δ=0%)
	✓(Δ=0.01%)
	✓(Δ=0.19%)

	AIPW5
	0.99 (0.53, 1.44)
	18.86 (10.20, 27.53)
	101 (69,189)
	-

	DML5
	1.10 (0.32, 1.88)
	21.00 (6.03, 35.96)
	91 (53,312)
	-

	Physical Activity
between patients: moderate/high (≥600 MET-minutes/week) vs low (<600 MET-minutes/week) IPAQ category at baseline

	IPW
	0.40 (0.21, 0.59)
	8.51 (4.52, 12.51)
	250 (169,476)
	✓(e=0.07%)
	✓ (Δ=0%)
	✓(Δ=0.00%)
	⚠ (Δ=0.22%)

	GLM
	0.41 (0.26, 0.55)
	8.63 (5.47, 11.78)
	244 (182,384)
	✓(e=0.01%)
	✓ (Δ=0%)
	✓(Δ=0.03%)
	⚠ (Δ=0.35%)

	AIPW5
	0.24 (-0.21, 0.69)
	5.04 (-4.57, 14.66)
	NNT 417 (145, NNH 476)
	-

	DML5
	0.40 (-0.38, 1.18)
	8.51 (-8.17, 25.19)
	NNT 250 (87, NNH 263)
	-

	Alcohol Consumption
between patients: less-than-daily vs daily alcohol consumption at baseline

	IPW
	-0.40 (-0.52, -0.29)
	-8.75 (-11.29, -6.22)
	NNH 250 (192, 345)
	✗(e=0.82%)
	✓ (Δ=0%)
	✓(Δ=0.01%)
	⚠ (Δ=0.28%)

	GLM
	-0.44 (-0.55, -0.33)
	-9.49 (-11.88, -7.09)
	NNH 227 (182, 303)
	✓(e=0.01%)
	✓ (Δ=0%)
	✓(Δ=0.01%)
	✓ (Δ=0.21%)

	AIPW5
	-0.33 (-0.78, 0.13)
	-7.16 (-17.04, 2.72)
	NNH 303 (128, NNT 769)
	-

	DML5
	-0.40 (-0.99, 0.19)
	-8.70 (-21.50, 4.09)
	NNH 250 (101, NNT 526)
	-

	¹ Placebo: Treatment assignments were randomly permuted; e = residual effect. ✓ p>0.05 (effect not distinguishable from chance); ✗ p≤0.05 (residual effect detected).
² Random Cause: A simulated common confounder was introduced; Δ = absolute change in ARD. ✓ <20% relative change in estimate; ✗ ≥20% relative change.
³ Subset Refuter: Estimate stability was assessed across ten random 80% subsamples; Δ = absolute change in ARD. ✓ p>0.05 or <30% relative change; ✗ otherwise.
⁴ Unobserved Cause: A hypothetical unmeasured confounder was introduced (effect on treatment: binary flip probability 0.01; effect on outcome: linear effect 0.02); Δ = absolute change in ARD. ✓ <50% relative change; ⚠ ≥50% relative change. 
5 Sensitivity tests were not applied to AIPW and DML as they were not available for these estimators in the software used.
Predicted number needed to treat and number needed to harm are the reciprocals of a modelled counterfactual risk difference between groups defined at baseline. They are not equivalent to values derived from randomised trials, in which a treatment strategy is assigned, and should not be read as the number of individuals who must change a behaviour in order to prevent one event.
Abbreviations: ARD: absolute risk difference; RRD: relative risk difference; NNT: number needed to treat; NNH: number needed to harm; CI: confidence interval; IPW: inverse propensity weighting; GLM: generalised linear model; AIPW: augmented inverse propensity weighting; DML: double machine learning; IPAQ: International Physical Activity Questionnaire. 
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Figure 1: Overview of the analytical workflow
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Figure 2: Absolute (A) and relative (B) risk difference associated with each lifestyle contrast, stratified by ESC cardiovascular risk category (low, moderate, high, very high) at baseline. Points represent mean treatment effects estimated using double machine learning causal forests; horizontal bars represent 95% confidence intervals.
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Figure 3: Absolute (A) and relative (B) risk difference associated with each lifestyle contrast, stratified by number of co-existing lifestyle risk factors (0, 1, 2, ≥3) at baseline, excluding the lifestyle factor under study. Points represent mean treatment effects estimated using double machine learning causal forests; horizontal bars represent 95% confidence intervals. Co-existing lifestyle risk factors comprised current smoking, obesity (BMI ≥30 kg/m²), low physical activity (<600 MET-minutes/week), and daily alcohol consumption.
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Figure 4: Absolute risk difference associated with (A) smoking status (former/never vs current) by cumulative pack-year exposure, and with (B) BMI category (<30 vs ≥30 kg/m²) by baseline BMI; both estimated using double machine learning causal forests adjusted for all covariates in their respective directed acyclic graphs. Note the differing vertical scales.
Predicted absolute risk difference was regressed on standardised pack-years and standardised baseline BMI respectively; neither variable was included in the corresponding causal forest. Panel A conditions on cumulative pack-years within the pooled comparator and does not distinguish former from never smokers. The gradient across baseline BMI in panel B is small and rests on few participants at the highest values.
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Figure 5 (Central Illustration): Projected 30-year cardiovascular disease risk trajectories for a high-risk (SCORE2-DM 12%) and lower-risk (SCORE2 6%) patient, under alternative lifestyle risk factor profile.
Trajectories assume proportional hazards, with individual treatment effects estimated using double machine learning causal forests. Dashed lines represent the projected risk had the same participant been in the alternative exposure category for each lifestyle contrast at recruitment; they do not represent the consequence of a change in behaviour. Note: less-than-daily vs daily alcohol consumption is associated with increased cardiovascular risk and is not shown. Abbreviations: SCORE2, Systematic COronary Risk Evaluation 2; SCORE2-DM, SCORE2 for patients with diabetes mellitus; SBP, systolic blood pressure; TC, total cholesterol; HDL, high-density lipoprotein cholesterol; HbA1c, glycated haemoglobin; BMI, body mass index; MET, metabolic equivalent of task; CVD, cardiovascular disease.
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