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Summary of learning objectives

• How best to predict cardiovascular risk - the ‘plaque-driven’ approach.

• Avenues of risk reduction in 2023.

• Getting to grips with dietary science pertaining to cardiovascular risk reduction.



Deep thoughts



Cardiovascular disease is the leading cause of death 



ACC/AHA ASCVD Risk Estimator - “Pooled Cohort Equation”



Total cholesterol is a poor predictor

Framingham data



LDL cholesterol is also a poor predictor

17.6 % Out of 136,905 MI patients

Median LDL-c was 105 mg/dL



We don’t understand endothelial vulnerability well



Concept

Plaque develops as an interplay between one’s biochemistry, 

and one’s endothelial vulnerability

We can’t measure endothelial vulnerability
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Concept

Plaque develops as an interplay between one’s biochemistry, and one’s endothelial 

vulnerability

We can’t measure endothelial vulnerability

So measure the endpoint of this interplay : LOOK FOR PLAQUE

If there is no plaque, what are you treating? Just the numbers.

If there is plaque, you should treat, regardless of the numbers



Looking for plaque



Symptom/stress test model looking for plaque is a LATE marker



Late markers are often, well, late…  

86% of plaque

leading to MI
undetectable
by stress testing



USA Statistics using this paradigm

805,000 suffer an MI yearly  (605,000 are a first heart attack)

About 400,000 are fatal

About 200,000 are fatal within the first 1 hour of symptom onset

About 150,000 are silent

2022 AHA Heart and Stroke Statistics :

356,000 out of hospital cardiac arrests; 90% are fatal



Deep thoughts



The ‘Plaque-driven’ approach

1) Start by looking for plaque, with the correct tools.



So what is the best screen for plaque in asymptomatic people?



So what is the best screen for plaque in asymptomatic people?

Coronary calcium scan.



Coronary calcium scan

Budoff MJ et al; J Am Coll Cardiol 2007; 49 : 1860 - 1870



CAC in diabetics



CAC in diabetics



c-statistic

Concordance-statistic

Is equal to the area under a ROC (Receiver Operating Characteristic) curve; in 

clinical studies the c-statistic gives the probability a randomly selected patient who 

experienced an event had a higher risk score than a patient who had not 

experienced the event.

Ranges from 0.5 (completely random) to 1.0 (perfect risk prediction)

(IF CI includes 0.5, c-statistic is not significant)

Rough rule : >0.80 very good/strong models

0.70-0.80 good models

<0.70 weak models



Adding markers to risk prediction

For a binary risk marker considered in isolation, a univariate odds ratio of 
9.0 or greater would be required for excellent discrimination of cases from 
noncases. 

When the marker is considered in the context of preexisting risk factors or 
a risk score, multivariable (“independent”) odds ratios in excess of 3.0 for 
the marker would typically be required to increase the c-statistic by an 
additional 5% or more.



What helps risk prediction?

Copyright © 2021 The Authors. Published on behalf of the 

American Heart Association, Inc., by Wiley Blackwell

Phoebe Finneran. Journal of the American Heart Association. 

Lipoprotein(a) and Coronary Artery Disease Risk Without a Family 
History of Heart Disease, Volume: 10, Issue: 5, DOI: 

(10.1161/JAHA.120.017470)  Feb 2021

Lipoprotein (a)



What helps risk prediction?



C-statistic of the coronary calcium scan

Almeida et al; Therapeutic Lipidology 16 Dec 2020; 585-603



Astro-CHARM

“Astronaut Cardiovascular Health and Risk Modification”

Stimulated by the National Aeronautics and Space Admin, for astronaut population
First ASCVD risk calculator to incorporate risk factors (incl hs-CRP) and CAC data

Risk-factor model c-statistic 0.784
Astro-CHARM c-statistic 0.817 (p<0.0001)

Khera, Budoff et al  Circulation. 2018;138:1819-1827



Copyright © 2021 The Authors. Published on behalf of the 

American Heart Association, Inc., by Wiley Blackwell

40-65 years old

Fatal MI

Non-fatal MI

Stroke



Copyright © 2021 The Authors. Published on behalf of the 

American Heart Association, Inc., by Wiley Blackwell



Copyright © 2021 The Authors. Published on behalf of the 

American Heart Association, Inc., by Wiley Blackwell

66-85 years old

CHD event



Concept

If you have plaque - HAMMER EVERYTHING



LDL lowering meds

Icosapent ethyl

SGLT2 and GLP-1-RA

Hypertension meds

Antiplatelet drugs

Exercise and

Avoid being sedentary

Inflammation treatment

Smoking cessation

Facets of risk reduction

Each distinct and unique



Dyslipidemia is the most important risk factor for an MI 



Trials have shown progressive benefit with lower LDL-c



Lower LDL-c WITHIN trials show progressive benefit



Trials have shown progressive benefit with lower LDL-c



Statins for LDL-c lowering

Cholesterol Treatment Trialists Collaborators
Meta-analysis of 27 randomised trials;  n=134,537;   Lancet 2010

For every 38 mg/dL reduction in LDL with statins ::

10% reduction in any cause of death

14% reduction in any vascular death

15% reduction in stroke

21% reduction in any major vascular event

24% reduction in any major cardiac event



How effective is statin monotherapy?

1. Grundy SM, et al. Circulation. 1999;100:1481-1492. 2. Mach F, et al. Eur Heart J. 2020;41:111-188. 3. Gencer B, et al. JAMA Cardiol. 2020 May 20. [Epub ahead of print.]

Statin 

Statin + PCSK9-i



Lowering LDL cholesterol

?

Statins

Ezetimibe

Bempedoic acid

PCSK9 Mab

                        PCSK9 siRNA

                                               WITH DIET

PROVEN             UNPROVEN
BENEFIT             BENEFIT



Understanding Nutrition Data 

This is the basis of most dietary recommendations :

“Total cholesterol has been observed to be associated with higher CVD incidence.”
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Understanding Nutrition Data 

This is the basis of the recommendation :

“Total cholesterol has been observed to be associated with higher CVD incidence.”

“Eating fat, particularly saturated fat, has been observed to raise total cholesterol.”

“Surely eating less fat, to modify your total cholesterol, should modify CVD incidence.”



Understanding Nutrition Data 

Most dietary ‘evidence’ is based on 
prospective cohort data, not randomized trials.

Summary of pitfalls of prospective cohort nutrition data :

Discusses correlation, not causation

Uses highly error-prone FFQ or 24-hr recall patient data

Uses surrogates of outcomes (like LDL-c) frequently, not actual outcomes



Understanding Nutrition Data 

Correlation is NOT causation.

Correlation is NOT definitive evidence. It is hypothesis-generating.

Correlation is prone to bias. If you draw enough statistical lines...

This is why we demand randomized control trials for medications.



Understanding Nutrition Data - Correlation 



Example of observational vs randomized data 

↓Total cholesterol
↓LDL cholesterol
↑HDL

HRT



How are details about diets actually obtained?

Food Frequency Questionnaires :

Total calorie intake underreported by a median of 30-40%
Total protein intake underreported by a median of 30%

True RR of 2.0 : Reported RR of 1.24-1.33

True RR of 1.0 : Reported RR of 1.30-1.40



Food Frequency Questionnaires 

If any FFQ-based nutritional observational study reports a hazard ratio 
up to 1.40,

this falls within the reporting error of that FFQ.



Understanding Nutrition Data - Correlation 

6,500 adults in rural China
3 days of dietary data collected (1983)
Mortality rates documented (from 1973-1975)

8,000 statistically significant associations



Not all cholesterol lowering is beneficial 

The data for SPECIFIC MEDICATION LOWERING is clear…
The data for ANY CHOLESTEROL LOWERING is not…

↓Total cholesterol
↓LDL cholesterol
↓Triglycerides                                       
↓Glucose
↓BMI

?



Not all cholesterol lowering is beneficial 

The data for SPECIFIC MEDICATION LOWERING is clear…
The data for ANY CHOLESTEROL  LOWERING is not…

↓Total cholesterol
↓LDL cholesterol
↓Triglycerides
↓Glucose
↓BMI



Understanding Nutrition Data - Correlation



Randomized Controlled Nutrition Trials 

Women’s Health Initiative Study

Largest ever dietary RCT;  n=48,835;  mean 8.1 years follow-up

Intervention : low fat (20% of cal), 5+ servings fruit/vegetables, 6+ servings grains



Randomized Controlled Nutrition Trials 

Women’s Health Initiative Study

40% were randomly assigned to a low-fat dietary pattern intervention 
(target of 20% of energy from fat)

60% were randomly assigned to a usual diet comparison group. 

The 8.3-y intervention period ended in March 2005, after which >80% of 
surviving participants consented to additional active follow-up through 
September 2010; all participants were followed for mortality through 2013. 

The American Journal of Clinical Nutrition, Volume 106, Issue 1, July 2017, Pages 35–43,



Randomized Controlled Nutrition Trials  



Randomized Controlled Nutrition Trials  



Randomized Controlled Nutrition Trials 



Randomized Controlled Nutrition Trials 

Healthy normotensive women : CHD benefit offset by increased ischemic stroke risk

Women with CVD at baseline (3.4%) : 47% increased risk of CHD during study duration
61% increased risk in the post-study follow-up



Randomized Controlled Nutrition Trials 

Minnesota Coronary Experiment

Second largest ever dietary RCT;  n=9,570;  5 years follow-up

Intervention : exchanging saturated fat for PUFA (linoleic acid - corn oil and margarine)

The intervention group lowered cholesterol by 31 mg/dL; and significantly lower than 
control group (p < 0.001) 



Randomized Controlled Nutrition Trials 

Myocardial infarction

HR 1.86



Randomized Controlled Nutrition Trials 

Sydney Diet Heart Study

Dietary RCT;  n=458;  5 years follow-up

Intervention : exchanging saturated fat for PUFA (linoleic acid), in post-MI patients

Number Needed to Kill

17



Randomized Controlled Nutrition Trials 



Dietary lowering of cholesterol 

In RANDOMIZED CONTROLLED DIETARY TRIALS

Eating to lower cholesterol DID lower cholesterol levels

But INCREASED cardiovascular and all-cause mortality risk

In a DOSE-DEPENDENT fashion.



Lowering LDL cholesterol

Statins

Ezetimibe

Bempedoic acid

PCSK9 Mab

                        PCSK9 siRNA

                                               WITH DIET

PROVEN             UNPROVEN         PROVEN
BENEFIT             BENEFIT           HARM



Deep thoughts



Concept

If you don’t have plaque - CHILL OUT



Coronary calcium scan
Very powerful prognosticator

44,052 consecutive asymptomatic patients sent for CAC

mean follow-up 5.6 years

19,898 had CAC : 0

All-cause mortality : 0.52%

2-fold risk for CAC 1-10

7.5-fold risk for CAC >10

Blaha M et al JACC Cardiovasc Imaging 2009 June; 2 (6) : 692 - 700



Coronary calcium scan

if CAC = 0 : <0.1%/yr event rate

at least 99% 5-yr survival (regardless of risk factors)

‘warranty period’ of about 5 years

much more powerful risk stratification than biomarkers; arguably the best 

current risk assessor (and best negative risk predictor)

Johns Hopkins Group, AHA Scientific Sessions 
2014



Coronary Artery Calcium scan and statin benefits

12 years of follow-up

CAC = 0

“The power of zero”

CAC = 100-400



Benefit of statins of there is no plaque

JUPITER Trial

Ridker PM et al, 
NEJM 2008 : 359; 
2195-2207



Benefit of statins if there is no plaque



Concept

We are both over- and undertreating people



Risk reclassification

Relook at MESA, incorporating all ASCVD events (not just CHD); median 11.1 years

CAC=0 all were <5% risk

CAC >100 all were >7.5% risk

Budoff et al  Eur Heart J. 2018 Jul 1;39(25):2401-2408



Coronary calcium scans in severely elevated LDL



Coronary calcium scans in severely elevated LDL



CAC as the gatekeeper

CAC : 0 Reasonable to withhold medication for most

CAC > 0 Reasonable to treat with something

ESPECIALLY IF CAC > 100

CAC > 75th percentile for age/gender/race (MESA)

CAC > 0 and age < 55 yrs



CAC and deciding on aspirin use

MESA

6,814 primary prevention patients (45-84 yrs old)

followed for median of 7.6 years

if CAC>100 : 9-fold risk CHD events

6.5-fold risk of CVD event (compared to CAC : 0)

Net benefit with ASA therapy (regardless of risk factors)

Miedema et al (MESA subanalysis); Circ. Cardiovasc. Qual. Outcomes 2014 May



What I do

1 If someone has declared ASCVD, I treat aggressively.

2 If there is no known ASCVD, I trawl through CT chests, abdomens etc.
3 If no known plaque, I order a calcium scan, and advanced lipid panel.

4 I calculate Astro-CHARM risk if 40-65 yrs old. MESA risk if 66-85 yrs old.

5 If no CAC, and they are younger, I add a carotid U/S with IMT.

6 NO PLAQUE : I work on lifestyle optimization (exercise, insulin, TG/HDL ratio, inflammation, EPA)

I am unlikely to medicate, but I discuss the concept of lifetime risk, and give a choice.
Repeat CAC in 5 years.

7 PLAQUE : I work on lifestyle optimization (exercise, insulin, TG/HDL ratio, inflammation, EPA)
(CAC>0) I recommend at least some medication addition. Typically statins first.

Goal Apo-B <60 ideally. This is the job SOLELY OF MEDICATION.
Anti-platelets? ACE-I? SGLT-2i/GLP-1-RA? Icosapent ethyl? Colchicine? Rivaroxaban?

Repeat CAC in 3-5 years to ‘audit’ the treatment plan efficacy.
If >15%/annum increase in plaque - intensify.



LDL lowering

With medication

Icosapent ethyl

SGLT2 and GLP-1-RA

Hypertension meds

Antiplatelet drugs

Exercise and

Avoid being sedentary

Inflammation treatment

Smoking cessation

Facets of risk reduction

Each distinct and unique





Summary

Best prediction of cardiovascular risk is plaque, using the coronary calcium scan.

If one has plaque, there are many avenues for risk reduction.

If one does not have plaque, your risk is very low already.

Cholesterol lowering has the biggest impact on risk reduction. There are many

medication options to achieve this. Achieving this by diet is irrelevant/harmful.



Summary

Best prediction of cardiovascular risk is plaque, using the coronary calcium scan.

If one has plaque, there are many avenues for risk reduction.

If one does not have plaque, your risk is very low already.

Cholesterol lowering has the biggest impact on risk reduction. There are many

medication options to achieve this. Achieving this by diet is irrelevant/harmful.

QUESTIONS ?





Cardiometabolic medications and mortality

1. Statins reduce CV mortality, compared to placebo (4S : NNT 31; median 5.4 yrs)

2. Increasing statin intensity/adding other LLT does not further lower CV mortality

3. ACE inhibitors lower all-cause mortality (NNT 67; mean 4.3 yrs)

4. Icosapent ethyl lowers all-cause mortality in USA cohort (NNT 39; mean 4.9 yrs)

5. Empagliflozin lowers CV mortality (NNT 46; median 3.1 yrs)

6. Liraglutide reduces CV and all-cause mortality (NNT 77/72; median 3.8 yrs)

7. Semaglutide reduces CV and all-cause mortality (NNT 100/72; median 1.4 yrs)

8. Rivaroxaban + ASA reduces all-cause mortality, esp in diabetics (NNT 52; 1.9 yrs)
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