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Abstract: Background
Statin therapy in primary prevention is guided by predicted absolute risk of future
cardiovascular disease. Clinical performance (e.g. sensitivity and specificity) of risk
calculators depends on the recommended decision threshold.

Design
We aimed to assess if clinical performance for detecting subclinical carotid
atherosclerosis (TPA80) could be improved by lowering decision thresholds in younger
age groups.

Methods
We compared sensitivity, specificity, and discriminatory performance of SCORE,
SCORE-HDL, PROCAM, AGLA, FRAM and PCE coronary risk calculators to detect
total plaque area >80 mm2 (TPA80), a coronary risk equivalent, in age groups 40-55,
56-65, 66-75 from Germany (DE, N=2,942) and Switzerland (CH, N=2,202).

Results
All calculators showed good to moderate discriminatory performance to detect TPA80
with AUC ranging from 0.74 (CH-AGLA) to 0.87 (DE- SCORE), but the sensitivity of
high risk decision thresholds varied widely from 39% for DE-FRAM-CVD to 5% for CH-
AGLA. Lowering of the decision threshold increased sensitivity substantially at the
expense of minor losses in specificity, but the sensitivity generally remained <45% at
the 90% specificity threshold.

Conclusion
Current thresholds of American and European coronary risk calculators have a low
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sensitivity for TPA80 consistent with a clinically relevant "ROC-sensitivity paradox",
notably in younger individuals. Assessing subclinical atherosclerosis, such as TPA80,
may improve sensitivity to detect younger subjects at high coronary risk.
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Abstract 

Aims 

Statin therapy in primary prevention is guided by predicted absolute risk of future cardiovascular 

disease. Clinical performance (e.g. sensitivity and specificity) of risk calculators depends on the 

recommended decision threshold. We aimed to assess if clinical performance for detecting subclinical 

carotid atherosclerosis (TPA80) could be improved by lowering decision thresholds in younger age 

groups.  

 

Methods and Results 

We compared sensitivity, specificity, and discriminatory performance of SCORE, SCORE-HDL, 

PROCAM, AGLA, FRAM and PCE coronary risk calculators to detect total plaque area >80 mm2 

(TPA80), a coronary risk equivalent, in age groups 40-55, 56-65, 66-75 from Germany (DE, N=2,942) 

and Switzerland (CH, N=2,202). All calculators showed good to moderate discriminatory performance 

to detect TPA80 with AUC ranging from 0.74 (CH-AGLA) to 0.87 (DE- SCORE), but the sensitivity 

of high risk decision thresholds varied widely from 39% for DE-FRAM-CVD to 5% for CH-AGLA. 

Lowering of the decision threshold increased sensitivity substantially at the expense of minor losses in 

specificity, but the sensitivity generally remained <45% at the 90% specificity threshold.  

 

Conclusion 

Current thresholds of American and European coronary risk calculators have a low sensitivity for 

TPA80 consistent with a clinically relevant “ROC-sensitivity paradox”, notably in younger 

individuals. Assessing subclinical atherosclerosis, such as TPA80, may improve sensitivity to detect 

younger subjects at high coronary risk. 
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Introduction 

The publication of the 2013 ACC/AHA risk assessment and cholesterol guidelines created debates 

about high numbers of patients recommended to treat with statins in the USA1: over 80% of patients 

aged 60 years or older would require statins2. In Europe and Switzerland, the SCORE and the 

PROCAM risk calculators are used in primary care to stratify coronary risk. The performance of the 

SCORE and the PROCAM risk calculators to detect subjects with high coronary risk is an important 

public health issue in order to identify and treat the atherosclerotic epidemic early and with high 

sensitivity and specificity.  

The comparison of different risk calculators has shown considerable need for recalibration, since risk 

overestimation occurred in four out of five risk calculators when applied to the MESA cohort3. 

Further, both the SCORE and SCORE-HDL models overestimate risk in the contemporary 

Copenhagen General Population Study by a factor of 5.0 and 3.6 respectively despite a sensitivity of 

42% and 26% for the detection of fatal cardiovascular disease4. Attempts to recalibrate calculators 

have been made, e.g. using historical mortality data from the MONICA project5. However, the 

translation of historical data to contemporary risk may be a source of bias because of changes of 

disease prevalence over time. Further, calibration of risk calculators may reduce the performance at 

the clinical level, where effective prevention should take place: for the clinician, the decision 

thresholds of coronary risk are used to target preventive therapies to those at high risk. If such 

thresholds have a low sensitivity, deterioration in the performance of risk assessments may occur 

because of high numbers of false negative test results, despite excellent results from ROC analysis4,6. 

Therefore attempts were made in a recent Framingham Offspring Study to improve coronary risk 

stratification by reducing risk thresholds to lower levels of coronary risk in younger subjects, which 

increases the sensitivity performance of a test at the expense of only a minor decrease in specificity 6. 

These findings were confirmed in the Copenhagen General Population Study4. 

An elegant way to evaluate the performance of coronary risk equations in real-life uses coronary risk 

derived results from various calculators in patients admitted for a first myocardial infarction: an 

extraordinary low sensitivity was observed for the SCORE  threshold of 5% fatal cardiovascular 

disease risk in 10 years 4,7. Instead of waiting until a myocardial infarction occurs, atherosclerosis 

imaging offers another way to evaluate coronary risk equation performance on behalf of contemporary 

data: subjects having a coronary risk equivalent e.g. defined by the total carotid plaque burden. 

Compared to coronary calcifications, total carotid plaque burden has similar prognostic information 

and reclassification ability8.  Hence, such information about the total plaque burden can be used to test 

risk calculators for their performance before the eventual occurrence of an acute coronary event9.  

For the purpose of this study, we selected a well-validated coronary risk equivalent in order to test the 

performance of various risk calculators and to look at the effect of different coronary risk thresholds 

on sensitivity and specificity in three different age groups.   

 



 

Methods 

Subject selection 

Both groups of subjects were assessed at the practice based level as described elsewhere10. In the 

Swiss Imaging Center in Olten, subjects were referred by their primary care physician (57%) or self-

referred to the vascular risk foundation (43%; www.varifo.ch). In the German Imaging Center in 

Koblenz, all subjects were referred within a working medicine setting11. Subjects had to be free of 

cardiovascular symptoms or diseases. Laboratory values, blood pressure and medical history were 

measured locally and entered into a data spread-sheet (Excel, Microsoft, Richmond, USA).  

Carotid Imaging 

Presence and burden of longitudinal carotid plaque surface was imaged with a high resolution 

ultrasound linear transducer using a 7.5–12.0 MHz probe, which identified all plaques defined by 

intimal thickening ≥1.0 mm. The longitudinal area of all plaques was summed up to compute the value 

for the total plaque area (TPA) in mm2. All TPA measurements were made by A.A. in Koblenz and by 

M.R. in Olten. A TPA≥80 mm2 (TPA80) defined a coronary risk equivalent (risk > 20% for fatal and 

non-fatal myocardial infarction in 10 years)12. 

Computation of Risk 

Cardiovascular risk was computed using the published risk formulae in an Excel spread sheet. We 

used the European Society of Cardiology risk calculators for low risk populations (SCORE  and 

SCORE-HDL13), the pooled risk equation (PCE) and the Framingham risk calculator for major cardiac 

(FRAM-CHD) and major cardiovascular events (FRAM-CVD). The PROCAM risk was calculated 

manually online, since the algorithm is not published. For Switzerland, PROCAM risk was multiplied 

by the factor 0.7 (according to the Swiss AGLA guidelines 201414). The SCORE risk was calculated 

using the algorithm published by Conroy15 and the SCORE-HDL16 risks were calculated as previously 

described by Descamps17. 

Computation of statin indication 

Subjects recommended for statin therapy were based on the 2013 ACC/AHA cholesterol guideline for 

age-specific (40 to 55 years, 56 to 65 years, and 66 to 75 years) and sex-specific (women and men) 

groups. Therefore, subjects exceeding risk thresholds in Tables 5 to 7 were computed as having a 

treatment indication for a statin, irrespective of LDL levels. 

Statistics 

We used MedCalc software (Version 13.3.3.0) to calculate ROC curves and their comparisons18. For 

comparison of risk calculators (Tables 5 to 7), equivalent SCORE risk was set to be four times lower 

than in the remainder, therefore, a PROCAM or FRAM risk of 20% would correspond to an SCORE 

risk of 5%. Level of statistical significance was set at p <0.05. 

 

 

 



 

Results 

Patient characteristics 

We assessed 2202 healthy Swiss and 2294 healthy German subjects. Subjects characteristics are 

shown in Table 1. On average, the Swiss group was older than the German group (57 ± 9 versus 46 ± 

10 years) with more women (49% versus 34%). The assessment of 10-year risk for both groups 

showed that most subjects were in the low risk category. The prevalence of TPA80 was higher in 

Switzerland than in Germany (22% versus 15%). Lipid profiles were comparable.  

Prevalence of TPA80 for different age groups and sex 

The prevalence of TPA80 was low in Swiss women aged 40-55 years (4%), but increased to 14% and 

36% in the two remaining age groups. For men, TPA80 was prevalent in all age groups above the 15% 

level, and was present in 57% in Swiss men aged 66 to 75 years (Table 2). 

C-Statistics for the Evaluation of coronary risk calculators  

Using ROC curves, we found that the performance of all cardiovascular risk calculators was similar in 

Switzerland and Germany, but with slightly higher values for Germany and with some significant 

difference among the calculators (Table 4): especially the CH-AGLA risk calculator showed a 

significantly lower area under the curve (AUC 0.743), while the same was true for the DE-PCE risk 

calculator (AUC 0.769). Uniformly good and comparable performance was found both for the FRAM-

CVD and the SCORE and the SCORE-HDL risk calculators. 

Sensitivity and Specificity of high risk coronary risk thresholds for the detection of TPA80 

Using high risk thresholds for high coronary risk (5% for the SCORE and SCORE-HDL risk 

calculators, 20% for the remaining cardiovascular risk calculators), global sensitivity to detect TPA80 

showed some variability, but was generally below 20% in Switzerland and Germany. Of note, CH-

AGLA had a sensitivity of only 5% (Table 3).  

Effect of different risk thresholds on sensitivity and specificity to detect TPA80 by sex and age 

groups for SCORE, PROCAM and CH-AGLA. 

Tables 5 to 7 show the sensitivity and specificity by age groups and various risk thresholds for 

PROCAM and SCORE for women and men respectively to detect TPA80. As expected, by increasing 

risk thresholds sensitivity is reduced to zero or near zero, with specificities at near 100% or 100%.  

Age group 40 to 55: in Swiss women at the SCORE threshold of 0.75%, 12% would be treated with a 

statin with a sensitivity of 39% and a specificity of 89%, while in Swiss men a threshold of 1.88% 

shows a sensitivity of 34% and a specificity of 79% with 23% qualifying for statins.  

In German women the sensitivity of SCORE 0.75% was 41% (7% with statin indication), for German 

men at a threshold of 1.88%, sensitivity was 43 (16% with statin indication). Similar results were 

found for AGLA and PROCAM at the 10% risk threshold. The recommendation of the Swiss Medical 

Board (SCORE ≥ 7.5% for a statin indication19) had a sensitivity of 0% for Swiss and German men 

and women.  



 

Age group 56 to 65: in Swiss women and at a SCORE threshold of 2.5%, 17% would be treated with 

a statin with a sensitivity of 32% and a specificity of 85%, while in Swiss men at a threshold of 2.5% 

69% qualified for statins with a sensitivity of 76% and a specificity of 34%.  In German women, the 

sensitivity of SCORE at 2.5% was 13% (12% with statin indication), for German men at a threshold of 

2.5%, sensitivity was 74% (66% with statin indication). Similar results were found for AGLA and 

PROCAM at the 10% risk threshold. 

The recommendation of the Swiss Medical Board (SCORE ≥ 7.5% for a statin indication19) had a 

sensitivity of 0% for Swiss and German men and women.  

Age group 66 to 75: For this age group we have no data from Germany. In Switzerland, women at the 

risk threshold of SCORE of 3.75% showed a sensitivity of 68%, a specificity of 55% and a statin 

indication in 53%. In men, the SCORE threshold of 5% had a sensitivity of 81% and a specificity of 

30% with a statin indication in 77%. 

The recommendation of the Swiss Medical Board (SCORE ≥ 7.5% for a statin indication19) had a 

sensitivity of  12% for Swiss men and women.  

Sensitivity of different risk thresholds to detect TPA80 for each risk calculators by age groups 

Appendix Tables 8 and 9 show the sensitivities for each risk calculator at three different thresholds 

(1%, 2% and 5% for SCORE; 5%, 10% and 20% for the remainders) and for the age group 40-55 

(Table 8) and the age group 56-65 (Table 9). 

Age group 40 to 55: the CH and DE prevalence of TPA80 was 11% and 13% respectively. At the 

SCORE threshold of 1%, sensitivity was 61% (SCORE-HDL 55%) in Switzerland and was 69% 

(SCORE-HDL 59%) in Germany respectively. At the FRAM-CVD/PCE/PROCAM/AGLA risk 

threshold of 5%, sensitivities were 95%, 61%, and 36% in Switzerland and 96%, 68%, and 64% in 

Germany. For the intermediate risk threshold (SCORE 2.0%, FRAM-CVD/PCE/PROCAM/AGLA 

7.5%), sensitivities were 26% and 21% for the SCORE calculators and 81%, 37%, and 23% in 

Switzerland and were 34% and 27% for  the SCORE calculators and 88%, 48%, and 47% in Germany. 

For the high risk threshold (SCORE 5.0%, FRAM-CVD/PCE/PROCAM/AGLA 20%), sensitivities 

were 2% and 1% for  the SCORE calculators and 22%, 3%, and 2% in Switzerland and were 3% and 

2% for  the SCORE calculators and 13%, 4%, and 12% in Germany. 

Age group 56 to 65: the CH and DE prevalence of TPA80 was 25% and 41% respectively. At the 

SCORE threshold of 1%, sensitivity was 96% (SCORE-HDL 90%) in Switzerland and was 94% 

(86%) respectively in Germany. At the FRAM-CVD/PCE/PROCAM/AGLA risk threshold of 5%, 

sensitivities were 99%, 88%, and 51% in Switzerland and 99%, 88%, and 75% in Germany.  For the 

intermediate risk threshold (SCORE 2.0%, FRAM-CVD/PCE/PROCAM/AGLA 7.5%), sensitivities 

were 77% and 62% for  the SCORE calculators and 92%, 72%, and 36% in Switzerland and were 74% 

and 62% for  the SCORE calculators and 93%, 76%, and 58% for FRAM-CVD/PCE/PROCAM in 

Germany. For the high risk threshold (SCORE 5.0%, FRAM-CVD/PCE/PROCAM/AGLA 20%), 

sensitivities were 19% and 12% for  the SCORE calculators and 39%, 6%, and 4% in Switzerland and 



 

were 20% and 12% for  the SCORE calculators and 48%, 8%, and 18% for FRAM-

CVD/PCE/PROCAM in Germany. 

Comparison of expected risk defined by coronary risk calculators at 10 years 

When SCORE was set at 1.0%, Swiss calibration factors were 0.8 for SCORE-HDL (DE 0.7), for 

Swiss PROCAM 2.6 (DE 3.9), for Swiss PCE 3.3 (DE 7.1), for Swiss FRAM-CHD 3.8 (DE 5.9) and 

for Swiss FRAM-CVD 5.50 (DE 8.5). AGLA without the correction factor of 0.7 had a calibration 

factor of 1.8 as compared to SCORE. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Discussion  

To the best of our knowledge, this is the first study to correlate carotid plaque burden with the 

performance of coronary risk calculators in Europe. Our study serves to determine the sensitivities of 

currently used coronary risk calculators to detect a coronary risk equivalent defined by a measure of 

the total plaque burden of both carotid arteries in healthy subjects from Germany and Switzerland. 

Further, by using various age groups and gender we further could define clinically relevant thresholds 

of coronary risk in order to improve sensitivities.  

 

C-statistics, sensitivity, specificity performance of coronary risk calculators for Germany and 

Switzerland at the high risk threshold 

We assessed sensitivity, specificity and discriminatory performance (area under curve (AUC)) of 

American and European risk calculators to detect a coronary risk equivalent defined by the total 

carotid plaque burden (TPA80) in a practice-based setting in our 5,145 subjects from the German 

Koblenz (N=2942) and the Swiss Olten area (N=2202), where the prevalence of TPA80 ranged from 

4% in younger women to 57% in elderly men (Table 2). While results from ROC curves showed 

equally acceptable discriminatory performance to detect TPA80 with AUC ranging from 0.74 for CH-

AGLA to 0.87 for DE-SCORE-HDL (Table 4), the high risk threshold for SCORE (5%) and for the 

remainder of the calculators (20%) had sensitivities below 30% except for CH-FRAM-CVD (39%) 

and DE-FRAM-CVD (39%). Extremely low sensitivity (< 10%) was observed for CH-AGLA (5%), 

DE-SCORE-HDL (7%), DE-PCE (6%), while specificity remained above 97% except for CH-FRAM-

CVD with 87% (Table 3).  Reliance on high risk thresholds would therefore largely eliminate statin 

indications in primary care with the exception of FRAM-CVD. These findings were confirmed by the 

Copenhagen General Population Study, where 68 fatal and 767 fatal and non-fatal cardiovascular 

events occurred over an observation time of 7 years. Sensitivity at the 5% SCORE level was 42% and 

26% respectively4. Therefore, at the population level, there exists a paradox between high values 

found for ROC analysis (> 0.70) with low sensitivities for fatal and non-fatal cardiovascular outcomes 

(< 30%).  

Effect of lowering risk thresholds on sensitivity and specificity of AGLA/PROCAM and SCORE 

We could replicate the results of the Framingham Offspring Study when using our surrogate marker of 

risk for incident myocardial infarction for the coronary risk calculators PROCAM/AGLA and 

SCORE, calculators that are most widely used in continental Europe6. Only at a threshold of 0.75% 

had the SCORE calculators acceptable sensitivities and specificities in men and women aged 40-55, 

which is 10 times lower than a recent recommendation from the Swiss Medical Board about statins19. 

Comparison of sensitivities for various risk thresholds, age groups, and coronary risk 

calculators  

We compared the sensitivity performance of various coronary risk calculators including the pooled US 

risk equation (PCE) and the Framingham risk calculators for incident cardiac (FRAM-CHD) and 



 

cardiovascular (FRAM-CVD) events by the age groups 40 to 55 and 56 to 65, by country but not by 

sex and found very low sensitivities especially for the SCORE calculators and confirm the study 

results by Mortensen et al., who found similar results: of 162 men and 85 women with a first 

myocardial infarction, only 8% and 1% respectively would have qualified for a statin treatment before 

the event when using a cutoff of SCORE 5% or more7.   

For SCORE and SCORE-HDL, we could replicate the results from the Copenhagen General 

Population Study, where lower risk thresholds (e.g. 1% instead of 5% 10 year risk) increased the 

sensitivity for fatal and non-fatal cardiovascular events from SCORE 26% (SCORE-HDL 17%) to 

79% (SCORE-HDL 71%) in men and women aged 40-65 years4. Further, we could replicate the 

counter-intuitive finding that the addition of HDL in the SCORE model reduced the sensitivity of 

SCORE-HDL when compared to SCORE (Tables 8 and 9).  

The ROC-Sensitivity paradox, down-calibration and the AGLA risk calculator 

Our results indicate that subjects with expression of coronary risk equivalents in mid-life remain 

frequently undetected (sensitivity below 75%), when conventional or age specific thresholds for 

intermediate or high cardiovascular risk are used to stratify their coronary risk. By selectively lowering 

risk thresholds especially in younger age groups, higher sensitivity with only minor losses in 

specificity (and treatment costs) can be obtained. But, even when we adopt the various risk thresholds 

for an eventual statin therapy in the age groups 40 to 65, important issues about low sensitivity remain. 

Therefore, the conundrum of risk prediction is not resolved20. If thresholds for statins should maintain 

a specificity of at least 90%, Tables 5 to 7  show that sensitivities usually remain below 25% 

(especially in women), a similar finding in the Framingham Offspring Study6.  

From a clinical point of view, sensitivities of coronary risk calculators should to be as high as possible 

in order to create a situation, where high cardiovascular risk is detected, since sensitivity is a 

composite of those with disease (true positives) and is low, when positives are missed frequently (false 

negatives). Although ROC analysis show generally good discriminatory performance of coronary risk 

calculators externally3, reliance on recalibration based upon predicted-to-observed (P/O) event ratio in 

cohorts where true negatives (the non-diseased) by far outweigh numerically true positives (the 

diseased) usually creates a calibration in favor of true negatives3,4,6. Such a down-calibration was 

performed with the Swiss AGLA coronary risk calculator, which is the German PROCAM coronary 

risk calculator simply multiplied by 0.721, therefore reducing coronary risk as compared to Germany 

by 30%. This down-calibration may be the cause for the extremely low sensitivities found for AGLA 

to detect TPA80. Either calibration factors are set to increase sensitivity globally – irrespective of age 

groups – or age groups are chosen and coronary risk thresholds are defined in order to have acceptable 

sensitivities. However, waiting to recalibrate coronary risk calculators until hard coronary events 

occur, may create a source of bias especially in Europe, where higher coronary risks are likely to be 

transferred by migration from low-income countries22. Further, calibration factors are different for 

different populations, since we found for SCORE risk of 1.0% an equivalent risk for Swiss PCE of 



 

3.33% (DE 7.09%) and for FRAM-CVD in CH 5.5% (DE 8.45%). The reason for such differences 

warrants further investigation.  

 

Total carotid plaque burden, long-term coronary outcome and prevalence in the younger 

population 

Use of carotid imaging, especially of the total plaque burden such as measurable by the total plaque 

area allows for cardiovascular risk prediction8,23,24. As confirmed by in the long-term Tromsø study, 

TPA80 – a rapid and cheap test that does not need expensive radiology, radiation exposure  and 

software – is a high risk finding for incident myocardial infarction12: 6,257 subjects with 894 incident 

cases of myocardial infarction were observed over a median follow-up time of 15.4 years.  TPA of 

40±22 mm2 derived from the right carotid artery was associated with an unadjusted coronary risk of 

23.9% (95%CI: 21.2–27.1) in 10 years. The Hazard Ratio per 1-SD increase in TPA (2.43 mm2) was 

1.23 (95%CI: 1.15–1.32) using age as time scale and adjustments for sex, body mass index, smoking, 

total cholesterol, high-density lipoprotein cholesterol, diabetes mellitus, and hypertension. Considering 

further that some subjects were treated with preventive medication, TPA80 (which by inference is the 

amount of TPA from the right and left carotid artery) is a true coronary risk equivalent with a high 

confidence.  Further, a high prevalence of atherosclerosis identified by imaging in middle-aged 

subjects was recently confirmed by the PEMA study25. Imaging of atherosclerosis, where appropriate 

expertise is available, transfers coronary risk from stratification derived from population based data to 

individualization as outlined in Mayo Clinic guidelines 26.  

We found that one in six men aged 40 to 55 years had a silent coronary risk equivalent (Table 3). 

Earlier preventive therapy may therefore better protect against harms due to atherosclerosis later in 

life, which has been shown both for arterial hypertension27 and hypercholesterolemia28; further, statin 

treatment is still highly effective even in the fittest29;  a five year treatment of 1000 healthy men aged 

between 45 to 54 years with pravastatin (40 mg/day) saved the British Health Care System £710 000 

over a 15-year period and savings were even higher (£840’000) in those at low risk (7.5% in 10 years 

risk)30.  

 

Need for individualized risk assessments in the younger population 

Recent Guidelines from the U.S. Department of Veterans Affairs and U.S. Department of Defense 

Clinical Practice Guideline31 recommend against additional screening tests because improved risk 

prediction appears too low when assessed by ROC analysis and reclassification improvement (NRI)32. 

However, these recommendations are not derived from specific age groups, where effects of 

reclassification may become much higher in younger subjects, nor do they take into consideration that 

both ROC and NRI analysis reduce emerging test performance to an average, while medicine operates 

at the individual level, where much larger reclassification effects may occur, e.g. using the Bayes 

kernel to determine the posttest-risk for an individual33. A 50-year old woman with a CH-FRAM-CVD 



 

risk of 7% and TPA80 has an arterial age of 75 years10 and a posttest risk of 35%34.  Therefore, instead 

of repeating risk factor based screening every two years as suggested by these guidelines, assessments 

for carotid plaque burden are likely to detect important cardiovascular risk earlier in the younger, and 

allows for a more rapid decision making with respect to the initiation of preventive therapies24.  

Imaging of carotid artery global plaque burden may be more efficient than coronary risk calculators 

based risk stratification with respect to public health issues in an increasingly restrictive statin 

prescription environment in Europe7: it would allow for an individualized detection and earlier 

allocation of preventive therapies. Based upon our observations, men aged 40-55 and women aged 56-

65 may be candidates for carotid imaging screening, since the prevalence of high risk atherosclerosis 

is at least 14% with a number needed to image of about one in five to seven to detect TPA80. Further, 

atherosclerosis imaging lends support to the new 2013 American College of Cardiology/American 

Heart Association (ACC/AHA) guidelines for cholesterol management defined new eligibility criteria 

for statin therapy35 and cost-efficiency analysis found acceptable costs for an PCE risk down to 3%36. 

Based upon our calibration factors, this would correspond to a CH-SCORE risk of 0.57 (DE =0.34). 

 

Limitations 

Our work has some limitations:  it examines practice based groups of subjects that cannot be 

generalized to the whole population. However, this may also be viewed as a strength of the study, 

since practice based subjects may serve as an external validation for coronary risk calculators.  

Second, images were obtained within a clinical setting as part of routine measurements by two 

different observers. However, the remarkable congruence of the findings from Koblenz and Olten may 

be viewed as a mutual validation. Further, the total plaque area, a measure of the total carotid plaque 

burden anticipated the results from the IMPROVE-IT study, thus confirming the high prognostic 

validity of such measurements37–40. 

Further, we do not present hard coronary outcome data in this study. However, there is high 

confidence for TPA80 being a true coronary risk finding, and we could confirm the poorer sensitivity 

performance of SCORE-HDL versus SCORE, originally described in the Copenhagen General 

Population Study4. Therefore, from an ethical point of view, we believe that subjects with relevant 

amounts of atherosclerosis should be offered effective preventive treatments. This is also in line with 

the recommendations of US and European guidelines, to treat atherosclerosis evidenced by imaging 

medically1,41,42.   

Although we cannot provide a comparison of TPA with coronary calcium scoring (CAC), we found 

that 14% of 1766 subjects with PCE ≥7.5% had no visible plaque in the carotid arteries. This number 

is lower than the 44% found with zero CAC in the MESA study43,44. However, zero CAC does not 

exclude soft plaque and depending on various populations screened, a varying number of subjects may 

have advanced soft coronary plaque. In a comparative observation of Swiss subjects (N=432), where 

both CAC and TPA could be assessed (VARIFO data on file), we found that severe CAC (Agatston 



 

score > 400 found in 54 out of 432 subjects) was present in only 2 subjects with zero TPA, while in 

151 subjects with zero CAC, significant amounts of TPA (>50 mm2) were present in 40 (26%) of 

subjects and moderate amounts of TPA (>25 mm2) where present in 77 (51%) of subjects; similar 

observations were made in the BIOIMAGE and the PESA studies8,25. Therefore, early carotid plaque 

formation may be more valuable for life time risk assessments, where event may occur more than 10 

years after the initial risk assessment with CAC. A direct comparison of TPA and CAC for risk 

assessment e.g. in those with PCE ≥7.5% may be needed with observation times over 10 to 20 years, 

since there are no very long-term data on risk in subjects with zero CAC, a problem that may become 

more prominent, when younger subjects are assessed by CAC.  

Finally, validation by plaque imaging as a tool to test the 2013 ACC/AHA guideline on the treatment 

of blood cholesterol to reduce atherosclerotic cardiovascular disease risk guidelines is widely accepted 

for the PCE calculator45,46.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Conclusion 

In our practice-based group of 5,145 subjects without cardiovascular disease, we find a clinically 

relevant “ROC-sensitivity paradox”: Discriminatory performance of all coronary risk calculators 

assessed by ROC analysis to detect TPA80 were acceptable; however, with respect to coronary risk 

prevention at the individual level, where high sensitivity should exist to detect subjects with a 

coronary risk equivalent derived from the total carotid plaque burden, we observed a poor sensitivity 

of risk factor-based  assessments when using recommended decision thresholds. We note that 

improvement in sensitivity can be achieved by lowering risk thresholds for the initiation of a statin 

therapy without major losses in specificity, similar to the results of the recent Framingham Offspring 

Study. Furthermore, we note that using established calibration factors, FRAM-CVD outperformed 

other coronary risk calculators both in Switzerland and Germany when using the 5% and 10% risk 

thresholds.  

However, even when adopting age-specific risk thresholds, sensitivity remains almost uniformly 

below 30% if specificity is maintained at 90% or more. Therefore a problem emerges, especially in 

younger subjects with coronary risk equivalents, when coronary risk calculators are used for clinical 

decision making. This may pose an important public health problem for the early prevention of 

atherosclerotic burden. Further we show that high ROC values of coronary risk calculators do not 

reflect a high clinical performance; we expect that down-calibration based on predicted-to-observed 

(P/O) event ratios, as performed with the AGLA calculator in Switzerland, further reduces the 

detection rate of subjects with future events by calibrating excessively in favor of the majority: those 

without future cardiovascular events.   

The addition of carotid plaque burden imaging offers a solution to the risk stratification conundrum, in 

that a more individualized diagnostic strategy may allow for a more tailored and earlier preventive 

therapy. Further studies would be helpful to assess the return on investment of our imaging approach.   
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Tables  

Table 1: Baseline Characteristics, average and prevalence of cardiovascular 

risk and average TPA for Switzerland (CH) and Germany (DE) 

Country CH DE 

Number of subjects (N) 2202 

  

2942 

  Female, N, % 1082 

 

49% 989 

 

34% 

Mean age (N ± SD) 57 ± 9 46 ± 10 

Family history for CAD (N, %) 386 

 

18% 660 

 

22% 

Current smoker (N, %) 458 

 

21% 770 

 

26% 

Blood pressure systolic, mm Hg mean ± SD 129 ± 16 123 ± 16 

TPA mm2 mean ± SD 52 ± 50 36 ± 50 

Individuals with TPA≥80 mm2 (N, %) 484   22% 452   15% 

Total cholesterol, mmol/l, mean ± SD 5.9 ± 1.2 5.9 ± 1.2 

HDL cholesterol, mmol/l, mean ± SD 1.5 ± 0.5 1.4 ± 0.4 

LDL cholesterol, mmol/l, mean ± SD 3.7 ± 1.0 3.8 ± 0.9 

Triglycerides, mmol/l, mean ± SD 1.5 ± 0.9 1.7 ± 1.2 

FRAM-CHD 9.0 ± 7.1 6.5 ± 6.0 

% individuals with risk <10% 67% 

  

79% 

  FRAM-CVD 13.2 ± 9.8 9.3 ± 8.4 

% individuals with risk <10% 47% 

  

66% 

  SCORE 2.4 ± 2.6 1.1 ± 1.4 

% individuals with risk <5% 87% 

  

99% 

  SCORE-HDL 1.8 ± 2.0 0.8 ± 1.2 

% individuals with risk <5% 93% 

  

99% 

  PCE 8.0 ± 7.4 7.8 ± 13.8 

% individuals with risk <10% 70% 

  

80% 

  PROCAM 6.2 ± 7.3 4.3 ± 6.2 

% individuals with risk <10% 81% 

  

87% 

  AGLA 4.3 ± 5.1 

   % individuals with risk <10% 89% 

   

 

  

 

 

 

 

 

 

 

 

 



 

Table 2: Prevalence (N, %) of TPA80 by age groups and sex for CH and DE 

    CH DE 

TPA80 Age Group N % N % 

Women 40-55 18 4.5 27 4.4 

  56-65 60 14.0 45 25.7 

  66-75 78 36.3     

            

Men 40-55 79 15.7 195 17.5 

  56-65 150 37.2 179 48.2 

  66-75 97 56.7     

            

All 40-55 97 10.7 222 12.8 

  56-65 210 25.2 224 41.0 

 

66-75 175 45.3 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 3: sensitivity (SENS) and specificity (SPEC) of coronary risk 

calculators at the high risk threshold (SCORE 5%, 20% remainders) to 

detect TPA80 

 
Switzerland (CH, N=2202)   SENS 95%CI SPEC 95%CI 

SCORE 32.64 28.5 - 37.0 92.08 90.7 - 93.3 

SCORE-HDL 19.21 15.8 - 23.0 96.33 95.3 - 97.2 

PCE 17.36 14.1 - 21.0 96.39 95.4 - 97.2 

FRAM-CHD 21.07 17.5 - 25.0 95.81 94.8 - 96.7 

FRAM-CVD 39.05 34.7 - 43.6 87.14 85.5 - 88.7 

PROCAM 12.81 10.0 - 16.1 97.09 96.2 - 97.8 

AGLA 5.17 3.4 - 7.5 98.95 98.3 - 99.4 

 

Germany (DE, N=2942)   SENS 95%CI SPEC 95%CI 

SCORE 11.73 8.9 - 15.1 99.4 99.0 - 99.7 

SCORE-HDL 7.3 5.1 - 10.1 99.64 99.3 - 99.8 

PCE 6.42 4.3 - 9.1 93.29 92.2 - 94.2 

FRAM-CHD 18.14 14.7 - 22.0 98.71 98.2 - 99.1 

FRAM-CVD 39.38 34.8 - 44.1 94.9 94.0 - 95.7 

PROCAM 15.27 12.1 - 18.9 98.8 98.3 - 99.2 
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Appendix 

Table 4: Area under the curve (AUC) of risk calculators to detect TPA80 

and level of significance for the differences in AUC results 

Switzerland 

(CH) 
AUC 95%CI p 

SCORE 0.773 0.755 to 0.790 <0.0001 

SCORE-HDL 0.782 0.764 to 0.799 <0.0001 

FRAM-CHD 0.765 0.747 to 0.782 <0.0001 

FRAM-CVD 0.767 0.749 to 0.785 <0.0001 

PCE 0.778 0.760 to 0.795 <0.0001 

AGLA 0.743 0.725 to 0.762 <0.0001 

 

Switzerland (CH) SCORE 
SCORE-

HDL 

FRAM-

CHD 

FRAM-

CVD 
PCE 

SCORE           

SCORE-HDL P = 0.0075         

FRAM-CHD P = 0.3312 P = 0.0062       

FRAM-CVD P = 0.4613 P = 0.0100 P = 0.0991     

PCE P = 0.3653 P = 0.3014 P = 0.0331 P = 0.0610   

AGLA P = 0.0030 P < 0.0001 P = 0.0035 P = 0.0008 P < 0.0001 

 

Germany (DE) AUC 95%CI p 

SCORE 0.868 0.856 to 0.880 <0.0001 

SCORE-HDL 0.867 0.854 to 0.879 <0.0001 

FRAM-CHD 0.856 0.843 to 0.868 <0.0001 

FRAM-CVD 0.859 0.846 to 0.871 <0.0001 

PCE 0.769 0.754 to 0.784 <0.0001 

PROCAM 0.830 0.816 to 0.844 <0.0001 

 

Germany (DE) SCORE 
SCORE-

HDL 

FRAM-

CHD 

FRAM-

CVD 
PCE 

SCORE           

SCORE-HDL P = 0.6090         

FRAM-CHD P = 0.0066 P = 0.0009       

FRAM-CVD P = 0.0320 P = 0.0150 P = 0.0024     

PCE P < 0.0001 P < 0.0001 P < 0.0001 P < 0.0001   

PROCAM P < 0.0001 P < 0.0001 P < 0.0001 P < 0.0001 P < 0.0001 
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Table 5: PROCAM and SCORE thresholds, percent of subjects qualifying 

for statin therapy, sensitivities, specificities and positive and negative 

predictive values to detect TPA80 for Germany 
 

Women PROCAM Women SCORE 

cut statin SENS SPEC PPV NPV cut statin SENS SPEC PPV NPV 

40 - 55           40 – 55           

3.0  6% 37 96 28 97 0.75 7% 41 95 27 97 

4.0 3% 26 98 41 97 1.00 1% 15 99 44 96 

5.0 2% 15 99 33 96 1.25 1% 4 99 25 96 

7.5 1% 7 99 33 96 1.88 0% 0 100 0 96 

10.0 0% 4 100 33 96 2.50 0% 0 100  - 96 

15.0 0% 0 100 0 96 3.75 0% 0 100  - 96 

20.0 0% 0 100  - 96 5.00 0% 0 100  - 96 

56 - 65           56 - 65           

3.0 51% 62 53 31 80 0.75 85% 89 17 27 81 

4.0 35% 42 67 31 77 1.00 66% 71 35 28 78 

5.0 29% 38 75 34 78 1.25 51% 58 51 29 78 

7.5 12% 20 91 43 77 1.88 25% 31 78 33 77 

10.0 9% 20 95 56 77 2.50 12% 13 88 29 75 

15.0 3% 7 98 50 75 3.75 5% 4 95 25 74 

20.0 2% 4 98 50 75 5.00 1% 2 99 50 75 

Men PROCAM Men SCORE 

cut statin SENS SPEC PPV NPV cut statin SENS SPEC PPV NPV 

40 - 55           40 – 55           

3.0 60% 84 45 24 93 0.75 58% 88 48 27 95 

4.0 49% 76 57 27 92 1.00 44% 76 63 30 93 

5.0 39% 71 68 32 92 1.25 33% 66 74 35 91 

7.5 24% 52 82 38 89 1.88 16% 43 90 47 88 

10.0 17% 45 89 48 88 2.50 8% 28 96 61 86 

15.0 7% 23 96 55 85 3.75 2% 11 100 88 84 

20.0 4% 14 99 69 84 5.00 1% 4 100 88 83 

56 - 65           56 - 65           

3.0 91% 92 11 49 60 0.75 100% 100 0 48  - 

4.0 87% 91 17 50 65 1.00 100% 99 0 48 0 

5.0 79% 84 27 52 65 1.25 99% 99 2 49 80 

7.5 61% 68 45 54 60 1.88 84% 91 21 52 71 

10.0 47% 57 63 59 61 2.50 66% 74 42 54 63 

15.0 25% 33 82 63 57 3.75 32% 42 78 64 59 

20.0 15% 21 91 69 55 5.00 15% 24 93 77 57 

 



Table 6: AGLA and SCORE thresholds, percent of subjects requiring 

preventive therapy, sensitivities, specificities and positive and negative 

predictive values to detect TPA80 for Switzerland, women only 
Women AGLA Women SCORE 

cut statin SENS SPEC PPV NPV cut statin SENS SPEC PPV NPV 

40 - 55           40 – 55           

3.0 5% 22 95 18 96 0.75 12% 39 89 15 97 

4.0 4% 17 96 17 96 1.00 6% 28 95 20 97 

5.0 2% 0 98 0 95 1.25 2% 22 99 44 96 

7.5 1% 0 99 0 95 1.88 1% 6 99 33 96 

10.0 1% 0 99 0 95 2.50 0% 6 100 50 96 

15.0 0% 0 100  - 96 3.75 0% 0 100  - 96 

20.0 0% 0 100  - 96 5.00 0% 0 100  - 96 

56 - 65           56 - 65           

3.0 30% 53 74 25 91 0.75 88% 97 14 15 96 

4.0 20% 45 84 31 90 1.00 76% 90 26 17 94 

5.0 15% 37 89 35 90 1.25 63% 85 41 19 94 

7.5 8% 20 94 34 88 1.88 35% 57 68 23 91 

10.0 4% 10 97 38 87 2.50 17% 32 85 26 89 

15.0 1% 2 99 33 86 3.75 5% 15 97 43 88 

20.0 0% 0 99 0 86 5.00 2% 3 98 20 86 

66 - 75           66 - 75           

3.0 66% 74 39 41 73 0.75 100% 100 0 36  - 

4.0 56% 63 48 41 69 1.00 100% 100 0 36  - 

5.0 42% 51 64 44 70 1.25 100% 100 0 36  - 

7.5 24% 32 81 49 68 1.88 97% 96 3 36 57 

10.0 13% 13 88 37 64 2.50 87% 91 16 38 76 

15.0 5% 9 98 70 65 3.75 53% 68 55 46 75 

20.0 3% 5 99 67 65 5.00 33% 47 74 51 71 

 

 

 

 

 

 

 

 



Table 7: AGLA and  SCORE thresholds, percent of subjects requiring 

preventive therapy, sensitivities, specificities and positive and negative 

predictive values to detect TPA80 for Switzerland, men only 

 

Men AGLA Men SCORE 

cut statin SENS SPEC PPV NPV cut statin SENS SPEC PPV NPV 

40 - 55           40 – 55           

3.0 30% 53 74 25 91 0.75 72% 87 31 19 93 

4.0 20% 45 84 31 90 1.00 55% 68 47 19 89 

5.0 15% 37 89 35 90 1.25 42% 54 60 20 88 

7.5 8% 20 94 34 88 1.88 23% 34 79 24 87 

10.0 4% 10 97 38 87 2.50 13% 24 90 30 86 

15.0 1% 2 99 33 86 3.75 4% 10 97 40 85 

20.0 0% 0 99 0 86 5.00 1% 3 100 67 85 

56 - 65           56 - 65           

3.0 66% 74 39 41 73 0.75 100% 100 0 37  - 

4.0 56% 63 48 41 69 1.00 99% 99 0 37 33 

5.0 42% 51 64 44 70 1.25 99% 99 2 37 67 

7.5 24% 32 81 49 68 1.88 88% 90 13 38 68 

10.0 13% 13 88 37 64 2.50 69% 76 34 41 71 

15.0 5% 9 98 70 65 3.75 36% 45 69 46 68 

20.0 3% 5 99 67 65 5.00 19% 25 84 49 66 

66 - 75           66 - 75           

3.0 49% 71 55 23 91 0.75 100% 100 0 57  - 

4.0 39% 56 65 23 89 1.00 100% 100 0 57  - 

5.0 31% 44 71 22 87 1.25 100% 100 0 57  - 

7.5 18% 28 83 24 86 1.88 100% 100 0 57  - 

10.0 11% 23 91 32 86 2.50 99% 99 1 57 50 

15.0 4% 6 96 25 85 3.75 95% 96 5 57 50 

20.0 1% 3 99 29 84 5.00 77% 81 30 60 55 

 

 

 

 

 

 



Table 8: Sensitivity of various thresholds of coronary risk calculators by 

age group 40-55, by country (CH and DE) to detect TPA80 at a prevalence 

of CH 11% and DE 13% 

40 - 55             

Other / 

SCORE 

CH-

FRA

M-

CH

D 

CH-

FRA

M-

CVD 

CH-

SCO

RE 

CH-

SCO

RE-

HDL 

CH-

PCE 

CH-

AGL

A 

DE-

FRA

M-

CHD 

DE-

FRA

M-

CVD 

DE-

SCO

RE 

DE-

SCO

RE-

HD

L 

DE-

PCE 

DE-

PROC

AM 

0.0-2.5/1% 96 100 61 55 90 64 98 100 69 59 92 81 

0.0-5.0/2% 86 95 26 21 61 36 91 96 34 27 68 64 

0.0-7.5/3% 66 81 11 8 37 23 68 88 17 13 48 47 

0.0-10.0/4% 48 70 7 4 24 19 51 75 6 4 34 40 

0.0-12.5/5% 28 55 2 1 14 8 39 59 3 2 22 27 

0.0-15.0/6% 19 40 1 1 8 5 28 50 2 1 14 20 

0.0-17.5/7% 13 28 1 1 3 3 22 39 1 0 8 15 

0.0-20.0/8% 10 22 1 0 3 2 13 30 1 0 4 12 

0.0-22.5/9% 3 18 0 0 1 1 9 25 0 0 2 10 

0.0-25.0/10% 3 13 0 0 1 1 5 21 0 0 1 7 

0.0-27.5/11% 2 10 0 0 0 0 4 13 0 0 1 6 

0.0-30.0/12% 0 8 0 0 0 0 1 9 0 0 1 4 

 

 

Other denotes FRAM, PROCAM, AGLA, PCE 

 

 

 

 

 

 

 

 

 

 

 



Table 9: Sensitivity of various thresholds of coronary risk calculators by 

age group 56-65, by country (CH and DE) to detect TPA80 at a prevalence 

of CH 25% and DE 41% 

56 - 65             

Other / 

SCORE 

CH-

FRA

M-

CH

D 

CH-

FRA

M-

CVD 

CH-

SCO

RE 

CH-

SCO

RE-

HDL 

CH-

PCE 

CH-

AGL

A 

DE-

FRA

M-

CHD 

DE-

FRA

M-

CVD 

DE-

SCO

RE 

DE-

SCO

RE-

HD

L 

DE-

PCE 

DE-

PROC

AM 

0.0-2.5/1% 100 100 96 90 100 77 100 100 94 86 96 89 

0.0-5.0/2% 91 99 77 62 88 51 92 99 74 62 88 75 

0.0-7.5/3% 80 92 50 34 72 36 83 93 51 34 76 58 

0.0-10.0/4% 65 87 31 21 51 23 72 86 31 22 59 50 

0.0-12.5/5% 48 76 19 12 35 16 59 79 20 12 38 40 

0.0-15.0/6% 34 63 12 8 22 10 45 70 13 7 23 28 

0.0-17.5/7% 23 50 6 3 14 7 32 60 8 4 13 21 

0.0-20.0/8% 16 39 5 2 6 4 23 48 4 2 8 18 

0.0-22.5/9% 11 30 4 1 3 4 16 42 3 1 4 13 

0.0-25.0/10% 10 22 2 1 1 2 11 31 2 1 2 9 

0.0-27.5/11% 6 17 2 0 1 1 8 25 2 1 1 5 

0.0-30.0/12% 4 14 0 0 0 1 5 18 1 0 0 4 

 

Other denotes FRAM, PROCAM, AGLA, PCE 
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JOURNAL CONTRIBUTOR'S PUBLISHING AGREEMENT 

To be completed by the owner of copyright in the Contribution 

TITLE OF CONTRIBUTION:  

INTENDED FOR PUBLICATION IN: European Journal of Preventive Cardiology  

AUTHOR NAME(S): 

CORRESPONDING AUTHOR: 

ADDRESS: 

 

Please read the notes attached, then complete, sign and return this form (using BLOCK LETTERS) to: 

MARIE WESTON, SAGE PUBLICATIONS LTD, 1 OLIVER’S YARD, 55 CITY ROAD, LONDON EC1Y 

1SP, UK (Email: Marie.Weston@sagepub.co.uk, FAX: + 44(0) 207 324 8600) 

 
COPYRIGHT ASSIGNMENT 

I represent that the Contribution is owned by me unless the following is checked: 

    Work made for hire for employer/Work done in the course of employment – The Contribution was 
prepared by me at the request of my employer and within the scope of my employment and copyright in the 
Contribution is owned by my employer.  (Both the Contributor and an authorized representative of the 
Contributor’s employer must sign this Agreement.)  Employer name:  ________________________________ 

 U. S. Government work - I am an employee of the United States Government and prepared the Contribution 
as part of my official duties. (If the Contribution was not prepared as part of the Contributor’s official duties, it is 
not a U.S. Government work. If the Contribution was jointly authored, all the co-authors must have been U.S. 
Government employees at the time they prepared the Contribution in order for it to be a U.S. Government 
work; if any co-author was not a U.S. Government employee, then the Contribution is not a U.S. Government 
work. If the Contribution was prepared under a U.S. Government contract or grant, it is not a U.S. Government 
work - in such case, copyright is usually owned by the contractor or grantee.) 

 

In consideration for publication in the above Journal, of the above Contribution, I hereby assign to the 

European Society of Cardiology (‘the Proprietor’) copyright in the Contribution and in any abstract 

prepared by me to accompany the Contribution for the full legal term of copyright and any renewals 

thereof throughout the world in all formats, and through any medium of communication now known or 

later conceived or developed. 

If you or your funder wish your article to be freely available online to non-subscribers immediately upon 

publication (gold open access), you can opt for it to be included in SAGE Choice, subject to payment of 

a publication fee. For further information, please visit SAGE Choice.  

 

In the event I provide Supplemental Material to the Journal, I hereby grant to the Proprietor the non-

exclusive right and licence to produce, publish and make available and to further sub-license the 

material, in whole or in part, for the full legal term of copyright and any renewals thereof throughout the 

world in all languages and in all formats, and through any medium of communication now known or later 

conceived or developed. 

 
By signing this Contributor Agreement I agree both to the above provisions and to the terms of the 

agreement attached below. 

 

Contributor 

Signed:………………………………………………………………..Date:……………………………………. 

 

The author who has signed above warrants that he/she is authorized to sign on behalf of him/herself  

and, in the case of a multi-authored Contribution, on behalf of all other authors of the Contribution. 

 

Authorised Representative of Employer (if Work made for hire/done in the course of employment box 

is checked) 

Signed:………………………………………………………………..Date:……………………………………. 

 

 

       

Copyright Form

mailto:Marie.Weston@sagepub.co.uk
http://www.uk.sagepub.com/sagechoice.sp
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TERMS OF THE AGREEMENT 

 
Warranties  
 
I warrant to the Proprietor and to SAGE that the Contribution is my original work, that I have the full 

power and authority to enter into this Agreement and to convey the rights granted herein to the 

Proprietor and to submit the work for first publication in the Journal and that it is not being considered for 

publication elsewhere and has not already been published elsewhere, either in printed or electronic 

form,  that I have obtained and enclose all necessary permissions for the reproduction of any copyright 

works not owned by me (including artistic works, e.g. illustrations, photographs, charts, maps, other 

visual material, etc.) contained in the Contribution and in any Supplemental Material I provide and that I 

have acknowledged all the source(s), that the Contribution and any Supplemental Material I provide 

contain no violation of any existing copyright, other third party rights or any libellous or untrue 

statements and does not infringe any rights of others, and I agree to indemnify, defend and hold 

harmless the Proprietor and SAGE against any claims in respect of the above warranties. I further agree 

to be bound by the Terms of the Agreement provided herein as part of this Agreement which outline the 

circumstances under which work may be reused.   

 

SAGE for its benefit in accordance with the provisions of the Contracts (Rights of Third Parties) Act 1999 

hereby asserts its right to the protection of the above warranties and indemnities.  

 

 

Declaration of Conflicting Interests  
 

I certify that:  

1. All forms of financial support, including pharmaceutical company support, are acknowledged in 

the Contribution 

2. Any commercial or financial involvements that might present an appearance of a conflict of 

interest related to the Contribution are disclosed in the covering letter accompanying the 

Contribution and all such potential conflicts of interest will be discussed with the Editor as to 

whether disclosure of this information with the published Contribution is to be made in the 

Journal. 

3. I have not signed an agreement with any sponsor of the research reported in the Contribution 

that prevents me from publishing both positive and negative results or that forbids me from 

publishing this research without the prior approval of the sponsor.  

4. I have checked in the manuscript submission guidelines whether this Journal requires a 

Declaration of Conflicting Interests and complied with the requirements specified where such a 

policy exists. 

 

This Agreement may be signed and executed in the following ways: 

 

 Traditional hard copy – please sign and return the Agreement. 

 By fax – please sign and fax a copy of the Agreement. 

 By e-mail – a scanned hard copy of the Agreement with your signature on it or a digital original 

copy with your electronic signature are equally acceptable. 

Further 

 One contributor may sign on behalf of any co-authors if authorized to do so by the co-authors. 

 All parties may sign one document OR 

 Individual parties may sign separate copies of the same agreement (using any of the methods 

described above) and return them individually. 
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It is not expected that the details of financial arrangements should be disclosed. If the Journal does 

require a Declaration of Conflicting Interests and no conflicts of interest are declared, the following will 

be printed with your article: ‘None Declared’.  

 

Termination 
 
The Proprietor and SAGE, together in their sole, absolute discretion, may determine that the 

Contribution should not be published in the Journal.  If in the rare circumstance the decision is made not 

to publish the Contribution after accepting it for publication, then all rights in the Contribution granted to 

the Proprietor shall revert to you and this Agreement shall be of no further force and effect, and neither 

you nor the Proprietor nor SAGE will have any obligation to the other with respect to the Contribution.  
 

Supplemental Material 
 
Supplemental Material includes all material related to the Contribution, but not considered part of the 

Contribution, provided to SAGE by you as the Contributor.  Supplemental Material may include but is not 

limited to datasets, audio-visual interviews including podcasts (audio only) and vodcasts (audio and 

visual), appendices, and additional text, charts, figures, illustrations, photographs, computer graphics, 

and film footage.  Your grant of a non-exclusive license for these materials to SAGE in no way restricts 

re-publication of Supplemental Material by you or anyone authorized by you.   
 

Counterparts; Facsimile 
 
This Agreement may be executed in counterparts each of which shall be deemed the original, all of 

which together shall constitute one and the same Agreement.  A faxed copy or other electronic copy 

shall be deemed as an original.   

 
Electronic Signature Authorization 
 

This transaction may be conducted by electronic means and the parties authorize that their electronic 

signatures act as their legal signatures of this Agreement. This Agreement will be considered signed by 

a party when his/her/its electronic signature is transmitted. Such signature shall be treated in all respects 

as having the same effect as an original handwritten signature. (You are not required to conduct this 

transaction by electronic means or use an electronic signature, but if you do so, then you hereby give 

your authorization pursuant to this paragraph.) 

 

Modification; Entire Agreement; Severability 
 
No amendment or modification of any provision of this Agreement shall be valid or binding unless made 

in writing and signed by all parties. This Agreement constitutes the entire agreement between the parties 

with respect to its subject matter, and supersedes all prior and contemporaneous agreements, 

understandings and representations.  The invalidity or unenforceability of any particular provision of this 

Agreement shall not affect the other provisions, and this Agreement shall be construed in all respects as 

if any invalid or unenforceable provision were omitted.  

  

Governing Law; Arbitration 
 
This Agreement shall be deemed to be a contract made in England and shall be construed and applied 

in all respects in accordance with English law and the parties submit and agree to the jurisdiction of the 

English courts.  

 

If any difference shall arise between you and SAGE touching the meaning of this Agreement or the 

rights and liabilities of the parties thereto, the same shall be referred to the arbitration of two persons 

(one to be named by each party) or their mutually agreed umpire, in accordance with the provision of the 

England Arbitration Act 1996 or any amending or substituted statute for the time being in force. 
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Your rights as author 
 

 You may do whatever you wish with the version of the article you submitted to the journal – 
version 1. 

 You may not post the accepted version (version 2) of the article on your own personal website, 
your department’s website, the repository of your institution, the repository of another institution 
or a subject repository, until 12 months after first publication of the article in the journal. 

 Once the article has been accepted for publication, you may use the accepted article (version 
2) for your own teaching needs or to supply on an individual basis to research colleagues, 
provided that such supply is not for commercial purposes. 

 You may use the accepted article (version 2) in a book you write or edit any time after 
publication in the journal. 

 You may not post the published article (version 3) on any website or in any repository without 
permission from SAGE. 

 When posting or re-using the article please provide a link to the appropriate DOI for the 
published version of the article on SAGE Journals (http://online.sagepub.com).  

 
All commercial or any other re-use of the published article should be referred to SAGE. More 
information can be found at: https://uk.sagepub.com/en-gb/eur/journals-permissions  

 

 

When posting or re-using the article, you should provide a link/URL from the article posted to the SAGE 

Journals Online site where the article is published: http://online.sagepub.com and please make the 

following acknowledgment: ‘The final, definitive version of this paper has been published in 

<journal>, Vol/Issue, Month/Year by SAGE Publications Ltd, All rights reserved. © 

[PROPRIETOR] 

 

 

The Proprietor and SAGE’s use of the work  
 

You have assigned copyright in your article to the Proprietor. This helps us to ensure adequate 

protection against infringement of copyright protected material through breach of copyright or piracy 

anywhere in the world. It also ensures that requests by third parties to reprint or reproduce a 

contribution, or part of it in any format, are handled efficiently in accordance with our general policy 

which encourages dissemination of knowledge inside the framework of copyright. 

 

Where practicable, we advise third parties to inform you of their request to re-use your material. This 

does not apply to blanket arrangements covering the Journal as a whole. Please keep our mailing list up 

to date with your institutional or business address changes to help us to do this.  Inadvertent failure to 

inform you will not constitute a material breach of this Agreement. 

 

 
 
  

http://online.sagepub.com/
https://uk.sagepub.com/en-gb/eur/journals-permissions
http://online.sagepub.com/
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Your responsibilities as author: inclusion of other copyright material  

 

SAGE is sympathetic to the needs of scholars to include other copyright material, and is happy to 

provide guidance on this.  Responsibility for obtaining permission to use any other copyright 

material rests with you as the author of the Contribution. 

 

If your Contribution includes material which is not your copyright, you are responsible for submitting 

with your manuscript the written permission from those who control copyright in that material to 

include it and reproduce it within your Contribution. In most cases this will be the publisher of the 

work.  As the Journal is available in both print and electronic media and may be translated or 

archived, this permission needs to be for all media in all languages in perpetuity. You are 

responsible for the payment of any permission fees. 

 

Fair Dealing information for your reference: 
 

Fair Dealing provisions under UK  copyright law  and/or the Fair Use provisions under US law for 

use of material in review, and/or other International Copyright Laws allow for the limited use of third 

party copyright materials in particular circumstances, without the requirement to obtain permission 

as above. 
 

The term ‘fair dealing’ is not defined in UK legislation itself but should be viewed from a qualitative 

as well as a quantitative perspective. There are no set rules which cover what is or is not fair 

dealing. For guidance: 

 
 

 Fair dealing can only apply to material used for specific purposes including those of criticism 
and review and news reporting and incidental use. 
 

 Permission should always be sought where reproduction could reasonably be construed as 
competing with the sale of the original source and/or where the amount of copying is 
substantial. 
 

 Whether you are including material with permission, or on the basis that it falls under ‘fair 
dealing’ or ‘fair use’, you must include acknowledgement of the copyright holder and original 
publication of the material.  

 

If you are in doubt, please ask for advice from SAGE or the journal editor. 

 

 
 

 

 
 
 



  

Author Responsibility Form

Click here to access/download
Author Responsibility Form

ejpc_authorship_responsibility_form.docx

http://www.editorialmanager.com/ejpc/download.aspx?id=90737&guid=28dda712-f873-4b46-9a79-5b5fb1d9b044&scheme=1

