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Carotid Plaque and Disease Compression

Background:

• Five ideal cardiovascular risk factors during life reduce all cause morbidity and costs
• Compression of Morbidity (J. Fries, NEJM, 1980)
• Cardiovascular risk factors were associated with the cumulative burden of morbidity later in life, as 

assessed by the Chicago Heart Association Study (Circulation, 2017; 135: 1693–1701). 
• The distribution of favorable, elevated and high cardiovascular risk factors, as well as carotid plaque 

burden, in patients attending cardiology clinics may provide clues as to the potential for avoidable 
morbidity and, consequently, the prevention and even compression of disease. 
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Methods: Patient data collection

• Patients: 
• At each visit: 

• Clinical assessment: Diabetes mellitus (DM), lipids, office blood pressure (BP), smoking.
• CTPA at Kardiolab cardiology practice between 2002 and 2024. 
• Disease list adjustments and extraction of diseases at first and last visit

• Patients with the highest CTPA at the last visit were progressors. 
• Events were recorded at follow-up visits or after the last visits by hospital records / phone calls
• Events were myocardial infarction, Stroke, CABG, PTCA, Death, CAD, PAD 
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Methods:

• Ultrasound:
• Linear transducer 14 MHz

• Statistical analysis: 
• Comparison between groups: Mann-Whitney test or Chi-squared test.
• Outcome: Cox proportional hazard models 
• SCORE2/-OP and CTPA posttest risk derived from Bayes Theorem and published

sensitivities and specificities of CTPA for cardiovascular outcome
• Test positive (cTPA > 20 mm2): [(PV × SE)/[PV × SE + (1–PV) × (1–SP)]*
• Test negative (cTPA < 21 mm2): [PV × (1–SE)]/[PV × (1–SE) + SP × (1–PV)]

• Level of significance was set at < 0.05.

* 
PV=prevalence, 
SE=Sensitivity, 
SP=Specificity
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Method: carotid ultrasound examination

• Focal thickening ≥ 1 mm = Carotid plaque
• Total amount of carotid plaque, is easily 

quantified by total plaque area (CTPA)
• No software required
• reproducible and validated method
• CTPA stratifies ASCVD risk beyond SCORE2/-OP  

https://smw.ch/index.php/smw/article/view/3735
• No radiation, POCUS, low cost
• Immediate clinical decisions
• Knowledge transfer to interest group USIM planned

CTPA: total plaque area

https://smw.ch/index.php/smw/article/view/3735
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Method: Chicago Heart Study 

• d



Carotid Plaque and Disease Compression

Method: Chicago Heart Study cardiovascular and all-cause morbidity 

• Derivation of disease 
 multiplyers stratified
 for baseline risk factors

Chicago Paper: original table

CVD Risk CVD incidence men MORBIDITY Incidence men Multiplyer men
low risk 2.5 6.3 2.5

interm risk* 3.1 8.1 2.6
Interm risk 3.7 10.2 2.8

High risk 5.3 13.4 2.5

CVD Risk CVD incidence women MORBIDITY Incidence women Multiplyer women
low risk 1.6 5.6 3.5

interm risk* 2.1 5.9 2.8
Interm risk 2.6 8.0 3.1

High risk 4.0 9.9 2.5
* one single very high risk factor

Chicago Heart Study Multiplyers for All Cause Morbidilty by sex
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Results: Clinical and ASCVD Follow-up Informations in progressors and regressors 
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Kardiolab 2002-2024 Baseline
VARIABLES ALL Progressors Regressors P Progressors Regressors P

Number (N, % primary prevention) 1224 (87%) 611 613 611 613

ASCVD N (%) Baseline 149 (13) 86 (14) 70 (11) NS  

AGE YEARS median (IQR) 57 (54-64) 57 (50-64) 57 (57-64) NS 65 (58-73) 64 (56-71) 0.0045

BP SYSTOLIC (mmHg) median (IQR) 125 (119-137) 125 (120-135) 125 (118-139) NS 127 (120-139) 127 (120-140) NS 

CHOLESTEROL (mmol/l) median (IQR) 5.6 (4.7-6.4) 5.5 (4.7-6.3) 5.6 (4.7-6.4) NS 4.6  (3.8-5.6) 4.4  (3.7-5.3) NS 

HDL-C (mmol/l)  median (IQR) 1.3 (1.1-1.6) 1.3 (1.1-1.6) 1.4 (1.1-1.6) NS 1.4 (1.1-1.7) 1.4 (1.1-1.7) NS 

LDL-C (mmol/l) median (IQR) 3.4 (2.7-4.1) 3.4 (2.7-4.1) 3.4 (2.7-4.2) NS 2.5 (1.8-3.5) 2.4 (1.8-3.3) NS 

CTPA median (IQR)  45 (20-86) 64 (34-103) <0.001 81 (43-140) 40 (20-75 <0.0001

SEX FEMALE N (%) 464 (38) 198 (32) 266 (43) 0.009  

DIABETES MELLITUS N (%) 130 (11) 54 (8.8) 76 (12.4) 0.01    

CURRENT SMOKER N (%) 278 (22.7) 146 (23.9) 132 (21.5) NS 104 (17.0) 98 (16.0) NS 

SCORE2-/OP mean ± SD 5.3 (3.5) 5.4 (3.5) 5.3 (3.6) NS 7.8 (5.1) 6.9 (4.8) 0.0009

SCORE2-/OP + CTPA posttest mean ± SD 12.7 (10.7) 11.8 (10.7) 13.6 (10.6) 0.003 19.6 (13.1) 13.7 (12.5) <0.0001

EVENT (ASCVD) N (%)   41 (6.7) 11 (1.8) <0.0001

Extrapolated 10-Y event rate ASCVD % 9.1 3.1 0.0001

Expected EVENT 10 YEARS (ASCVD)  11.8 13.6  

FOLLOW UP TIME median  7.4 5.7  

Estimated absolute risk reduction   2.7 10.5  

Number needed to treat 36.6 9.6

Baseline Follow Up



Results:  adjusted Cox proportional hazards model (HR=hazard ratio)
for ASCVD outcome

CTPA-progression versus 
CTPA regression 
HR 3.5 (1.8-7.0, p=0.0003)

(Adjusted for SCORE2/-OP CTPA
Posttest risk)
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Results ASCVD Compression Potential: 

• 1224 patients. Potential of CVD Risk Reduction in relation to risk calculator
• Calculation of risk and posttest risk (Bayes Theorem with the CTPA information)
• Finding: relative risk reduction between 28% and 41% for all 5 risk factors

• SCORE2/-OP difference ODDS
• 1.10 (0.98-1.23, p=0.088)

• CTPA difference ODDS
• 1.12 (1.00-1.25, p=0.042)
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Results ASCVD Compression Potential: 

• 1224 patients. Potential of ASCVD compression, expressed as numbers-needed-to treat NNT
• Finding for NNT (NNT=100/ARR): between 16-59
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CVD Risk ARR Baseline Systolic BP Cholesterol Diabetes BMI NICOTINE ALL

FRAM-Lipids 10.5 1.7 1.1 0.8  1.2 4.3

FRAM-Lipids cTPA posttest 20.4 2.5 1.7 1  1.8 6.5

FRAM-BMI 12.3 2  0.9 1.5 0.9 4.6

FRAM-BMI cTPA posttest 22.7 2.6  1 2 1.1 6.4

SCORE2/-OP 5.3 0.6 0.3 0.4  0.6 1.7

SCORE2/-OP cTPA posttest 12.7 1.4 0.7 0.9  1.2 3.6

CVD Risk NNT Systolic BP Cholesterol Diabetes BMI NICOTINE ALL

FRAM-Lipids 59 91 125  83 23

FRAM-Lipids cTPA posttest 40 59 100  56 15

FRAM-BMI 50  111 67 111 22

FRAM-BMI cTPA posttest 38  100 50 91 16

SCORE2/-OP 167 333 250  167 59

SCORE2/-OP cTPA posttest 71 143 111  83 28



Results Disease Compression Potential with multiplyers from the Chicago Cohort:

• 1224 patients. Potential for disease compression, expressed as numbers-needed-to treat NNT
• Finding for NNT (NNT=100/ARR): between 4 to 60
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SEX

 NNT ARR NNT ARR NNT ARR NNT ARR NNT ARR NNT ARR

FEMALE

MALE

FEMALE 46 2.2 26 3.9 57 1.8 34 2.9 119 0.8 60 1.7

MALE 42 2.4 25 4.0 46 2.2 29 3.5 96 1.0 48 2.1

FEMALE 16 6.1 9 11.1 18 5.4 11 9.3 36 2.8 20 5.0

MALE 11 8.8 7 13.7 12 8.6 8 12.0 27 3.6 14 7.3

FEMALE 8 12.8 5 22.1 7 13.7 5 22.1 20 5.0 9 10.8

MALE 5 18.7 4 25.7 5 21.5 4 26.4 14 7.0 6 15.8

FRAM=FRAMINGHAM,  L=LIPID CALCULATOR, B=BMI CALCULATOR, P=POSTTEST NUMBERS (SCORE2-/OP + CTPA)

* = one single very high cardiovascular risk factor

reference

RISK 

reference reference reference reference reference

SCORE2_P

LOW
reference reference reference reference

FRAM-L FRAM_L_P FRAM_B FRAM_B_P SCORE2

INTERMED *

INTERMED  

HIGH

reference reference



Results Real Disease Prediction: 

• 1224 patients. Disease prevalence at first and at last visit
• Prediction of Any New Disease by Quartiles of SCORE2/-OP and Quartiles of CTPA  

• Logistic Regression with 
individual data analysis 
(any new disease = 1)

• SCORE2/-OP difference ODDS
• 1.10 (0.98-1.23, p=0.088)

• CTPA 4th quartile ODDS
• 1.12 (1.00-1.25, p=0.042)
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Disease Baseline Last Visit Difference %

Alcohol abuse 5 9 4 1

Cardiovascular Diseases 199 233 34 9

Chronic lung diseases 79 136 57 15

Cancer 28 51 23 6

Cerebrovascular disease 0 9 9 2

Rheumatological diseases 36 47 11 3

Adiposity 255 290 35 9

Depression / Anxiety 129 151 22 6

Nicotin abuse 68 131 63 17

Other diseases 23 144 121 32

ALL 822 1201 379 100
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Discussion  

• The effectiveness of disease prevention is a central activity in internal medicine
• Costs and benefits of preventive efforts are not always in a favorable balance.

• Efforts to encourage a healthy lifestyle – such as giving up smoking and losing weight – are 
still too often unsuccessful.

• The CTPA method makes the risks of disease immediately apparent  to the patients
• a powerful motivator.

• The CTPA method provides doctors with a powerful tool for determining, whether patients are 
already in secondary prevention due to carotid atherosclerosis.

• Carotid plaque also develops years before coronary calcification, 
making it a tool for identifying and monitoring people at risk at an early stage.
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Discussion  

• Our study findings provide further support for the Sydenham paradigm that “you are as old as 
your arteries”

• In our experience, when patients are shown that they have arterial disease and that it is possible 
to reverse it, they are significantly more motivated to successfully treat their own risk factors. 
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Conclusions

• CTPA: we present hypothesis generating evidence that CTPA regression is associated with
• Fewer cardiovascular events (hazard ratio for plaque progression is 3.4) 
• The possibility of disease compression (by modeling expected disease compression)
• Lower incidence of new diseases in those with successful CTPA regression 

• CTPA monitoring may be useful for 
• intensifying preventive therapy and 
• improving patient adherence 
• Higher efficacy of preventive counseling

• CTPA may become a low-cost disease management tool 
• in primary and 
• secondary prevention 
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