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Background

LDL-C and risk of cardiovascular disease SBP and risk of cardiovascular disease
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Per 10 mmHg lower SBP by duration of exposure



Objectives

• To evaluate and quantify the association between long-term exposure to the 

combination of both lower LDL-C and lower SBP on the lifetime risk of cardiovascular 

events using naturally randomized evidence 

• Permit the development of new lifetime risk prediction algorithms

• Inform future cardiovascular prevention guidelines



Study population and primary outcomes

• Primary clinical outcome: Major coronary events (MCE) defined as the first 
occurrence of non-fatal MI, coronary revascularization or coronary death 

• Secondary outcomes: Major cardiovascular events (MCVE) defined as the first 
occurrence of MCE or ischemic stroke; individual components of composite outcomes

• Study population: 438,952 participants enrolled in the UK Biobank

• Mean age 65.2 years [range:40.4-80.0]; 54.1% females

• A total of 24,980 participants experienced a first major coronary event 

• External Validation analyses: 189 539 participants from 48 studies (62 240 cases of CAD)



Randomization scheme and study design



Baseline characteristics

Baseline Characteristics Reference group Group with lower SBP Group with lower LDL-C Group with lower SBP & LDL-C

Number of particpants 113,300 111,097 109,027 105,528
Age, years (SD) 65.2 (8.0) 65.2 (8.0) 65.3 (8.0) 65.3 (8.0)
Women, No. (%) 61,295 (54.1) 60,437 (54.4) 59,202 (54.3) 57,091 (54.1)
Height, cm (SD) 168.6 (9.2) 168.6 (9.2) 168.7 (9.3) 168.8 (9.3)
Weight, kg (SD) 77.9 (15.8) 78.1 (15.9) 78.3 (15.9) 78.5 (16.0)
Body mass index (SD) 27.3 (4.7) 27.4 (4.7) 27.4 (4.8) 27.5 (4.8)
Hip, cm (SD) 103.2 (9.1) 103.4 (9.1) 103.4 (9.2) 103.6 (9.3)
Waist, cm (SD) 90.0 (13.4) 90.2 (13.5) 90.3 (13.5) 90.5 (13.5)
Waist-to-hip ratio, (SD) 0.87 (0.1) 0.87 (0.1) 0.87 (0.1) 0.87 (0.1)
Current smoker, No. (%) 8,044 (7.1) 7,888 (7.1) 8,068 (7.4) 7,492 (7.1)
Former smoker, No. (%) 27,192 (24.0) 26,885 (24.2) 26,385 (24.2) 25,432 (24.1)
Ever smoker, No. (%) 35,236 (31.1) 34,773 (31.3) 34,453 (31.7) 32,925 (31.2)
LDL-C, mg/dL (SD) 144.5 (34.4) 146.3 (34.5) 129.9 (30.9) 130.6 (30.8)
apoB, mg/dL (SD) 108.9 (23.9) 110.1 (24.0) 96.8 (21.9) 97.3 (21.9)
Total cholesterol, mg/dL, (SD) 228.3 (45.5) 230.5 (45.5) 211.5 (41.0) 212.4 (40.9)
HDL-C, mg/dL, (SD) 55.8 (14.6) 55.8 (14.5) 56.6 (15.1) 56.6 (15.0)
Triglycerides, mg/dL (IQR) 157.2 (94.6-193.0) 158.8 (95.2-195.3) 151.8 (91.2-186.3) 152.7 (91.5-188.0)
Non-HDL-C, mg/dL, (SD) 172.5 (42.4) 174.7 (42.6) 154.9 (38.6) 155.8 (38.6)
SBP, mmHg (SD) 139.2 (18.7) 136.3 (18.4) 139.2 (18.7) 136.2 (18.4)

DBP, mmHg (SD) 82.6 (10.1) 81.2 (10.0) 82.8 (10.2) 81.4 (10.1)



Effect of lower LDL-C on Lifetime risk of cardiovascular disease 



Effect of lower SBP on Lifetime risk of cardiovascular disease 



Effect of BOTH lower SBP on Lifetime risk of cardiovascular disease 



Combined effect of lower LDL-C and SBP on various CV outcomes



Combined effect of lower LDL-C and SBP in subgroups



Dose response of combined lower LDL-C and SBP



Conclusions

• Lifetime exposure to lower LDL-C and lower SBP have independent, additive, and 
dose-dependent effects on the lifetime risk of cardiovascular disease

• Any combination of increasingly lower LDL-C and SBP is associated with a dose-
dependent lower lifetime risk of cardiovascular disease that is log-linearly 
proportional to the combined absolute differences in LDL-C and SBP.
• Lifetime exposure to the combination of 1 mmol/L (38.67 mg/dL) lower LDL-C and 10 mmHg 

lower SBP was associated with an 80% lower lifetime risk of cardiovascular disease and a 68% 
lower lifetime risk of cardiovascular death

• The large proportional reductions in risk associated relatively small differences in 
lifetime exposure to LDL-C and SBP in this study suggest that the effect  of LDL-C, 
SBP and combined exposure to both on the risk of cardiovascular disease is 
determined by both the magnitude and duration of exposure.  



Clinical implications

• The results of this study confirm that most cardiovascular events are preventable, 
and suggest that most cardiovascular events potentially can be prevented with 
prolonged exposure to the combination of both lower LDL-C and lower SBP 

• Because the benefit appears to accumulate over time, long-term exposure to even 
small differences in LDL-C and SBP can potentially substantially reduce the lifetime 
risk of cardiovascular disease, if they are sustained over time
• The results of this study thus strongly support the 2019 ESC/EAS Guidelines for the 

management of dyslipidaemias focus on a lifetime approach to CV risk reduction & 
and therapeutic lifestyle interventions to achieve lower LDL-C goals at all risk levels

• The results of this study can be used to design of new algorithms to estimate 
lifetime risk of cardiovascular disease based on a person’s cumulative exposure to 
LDL-C and SBP; and inform the next generation of cardiovascular prevention 
guidelines
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