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ABSTRACT 

Background and Aim: Cardio Vascular Diseases are the leading cause of death globally and these death rates are expected to rise to 

23.6 million by 2030. Several Risk estimation systems are developed for assessing the future risk of CVD events. This article reviews 

various CVD risk estimation systems and the barriers associated with their effective utilization. 

Methods:  Literature search was done through Google Scholar, Cochrane libraries, and Pub med search engines. Inclusion criteria: 

studies looking on 10 models of CVD risk scores–FRS, SCORE, ASSIN, QRISK-1, QRISK-2, PROCAM, WHO/ISH, Reynolds Risk 

Score, ACC/AHA ASCVD risk calculator and JBS2 risk calculator and barriers associated with their usage. Exclusion criteria: 

studies which are assessing at the critical statistical analysis of effectiveness of these CVD risk score algorithms, their cost 

effectiveness and also barriers associated with these risk scores at the statistical level. 

Results: This paper highlights the various cardiovascular risk scores available with their strengths and limitations and also the barriers 

in their utilization were identified at physician level, patient level, health system level and risk score algorithm level.  

Conclusion: Substantial limitations do exist in the risk scoring algorithms in use and there are also efforts being made to increase their 

validity by adjusting them with regional CVD data. In order to increase the utilization and to gain maximum benefit from a CVD risk 

score the health care professionals are encouraged to use the cardiovascular risk equation that they feel most appropriate for day-to-

day risk evaluation and management. 
 

Keywords: Risk score, Cardiovascular disease, risk estimation. 
 
 

INTRODUCTION

Cardio Vascular Disease is a global problem that 

affects every ethnic group and is the leading cause of 

death worldwide(1). The mortality rate due to CVD is 

expected to rise to 24 million by 2030 (2). In such 

scenario risk prediction plays a critical role in the 

prevention of CVD. To estimate the risk of future 

cardiovascular events and for effective 

implementation of prevention strategies clinicians 

need reliable tools to identify individuals at high risk 

for developing CVD. For this purpose, multivariable 

risk assessment tools, combining different sets of 

variables have been developed and validated such as 

Framingham risk score (Risk FRS)(3,4,5). 

Prospective Cardiovascular Munster Score 

(PROCAM)(3,14), Systemic Coronary Risk 

Evaluation (SCORE)(3,5,7,8), QRISK(1,3,12,13), 

and the more recently developed World Health 

Organization/International Society of Hypertension 

CVD risk prediction charts (Risk WHO)(3,15), 

American College of Cardiology/ American Heart 

Association (ACC/AHA)(17) pooled cohort 

equations (Risk ACC/AHA) and the 3rd Joint British 

Societies' risk calculator (Risk JBS)(18) etc. 

Although these CVD risk scores have attracted 

considerable attention, their effect on clinical 

outcomes is uncertain due to the limitations of the 

risk score algorithms and also barriers that prevent 

their effective utilization at various levels. The 

current study focuses on the strengths and limitations 

of various cardiovascular risk scores and identifying 

the barriers that prevent their effective utilization at 

various levels.  
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Objectives: The two main objectives of this review 

article are  

A) To identify the various cardiovascular risk 

score available with their strengths and 

limitations. 

B) To find the barriers for the utilization of the 

cardiovascular risk scores. 

Methodology 

Searching: We conducted a literature search of 

systemic analysis and full text articles which included 

observational and comparison studies to identify 

various cardiovascular risk scores that are used to 

estimate future CVD risk their strengths and 

limitations and barriers associated with the effective 

utilization of CVD risk scores.  Studies were 

identified through searches of Google Scholar, 

Cochrane libraries, and Pub med. Additional studies 

were identified through hand searches of key 

references lists and WHO Regional databases. 

Studies in English were included, and the literature 

search covered studies published from 2002 to 

January 2018. The search strategy included 

combinations of the terms: Cardiovascular risk 

scores, risk assessment, comparison of cardio 

vascular risk scores, limitations, strengths, barriers, 

knowledge, attitudes and practices. 

Inclusion/exclusion criteria: We included 

comparison and observational studies looking only 

on 10 models of CVD risk scores those are –FRS, 

SCORE, ASSIN, QRISK-1, QRISK-2, PROCAM, 

WHO/ISH, Reynolds Risk Score, ACC/AHA 

ASCVD risk calculator and JBS2 risk calculator. 

Included studies could either be an intervention 

focused on the assessment of a particular CVD risk 

scores among the chosen 10 models and barriers 

associated with usage which only concentrated on 

knowledge, attitude and practices of healthcare 

providers and patients. We limited our search to 

studies conducted only on the above mentioned 10 

risk models and rest were excluded. We did not 

include studies looking at the critical statistical 

analysis of effectiveness of these CVD risk score 

algorithms, their cost effectiveness and also barriers 

associated with these risk scores at the statistical 

level.

Data extraction: Studies were screened using a two-stage process: First we screened titles and abstracts in 

order to select studies published in English that potentially met the inclusion criteria. Then we reviewed the 

shortlist of studies to assess whether studies met the inclusion criteria. 

 

 

 

 

 

 

 

 

 

 

 

  

Google Scholar Pub Med Cochrane 

Screened for eligibility, duplicates are removed. Abstracts reviewed for inclusion criteria 

 

 14 Full text articles 

1 Systematic Review 

Article 

11 full text articles 

1systematic review 

article 

2 Review Article 

Study characteristics 

Objective 1: Various cardiovascular risk scores. 

 

20 full text articles are reviewed. 

Studies on FRS, SCORE, ASSIGN, QRISK 1,QRISK 

2,PROCAM,WHO/ISH,RRS,ACC/AHA, ASCVD JBS2 risk 

scores are included. 

Study characteristics 

Objective 2: Barriers in the utilization of cardio vascular 

risk scores. 

7 full text articles are reviewed 

Knowledge, attitudes and practices are assessed to 

know the barriers 
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Results:  

Search results ----- studies. After excluding 

duplicates and considering abstracts for relevant 

inclusion criteria, 27 full text articles were reviewed. 

Observational and comparison studies were found 

and were organized into the following categories: 

cardiovascular risk scores, strengths and limitations 

of the risk scores and barriers in their utilization. 

After excluding studies , we were able to conduct 

review on two categories of Cardiovascular risk 

scores : Strengths and limitations of cardiovascular 

risk scores and barriers for their effective utilization 

at various levels. The results of review articles are as 

follows.

 

Table 1: VARIOUS CARDIOVASCULAR RISK SCORES 

 

RISK 

SCORE 

 

ESTIM

ATE 

 

AGE 

RAN

GE 

 

VARIABLES 

ASSESSED 

 

STRENGTHS 

  

LIMITATIONS 

 Framing

ham Risk 

Score (3) 

(4) (5) 

(2008) 

 

10-year 

risk of 

CVD 

events 

 

30-75 

 Dyslipidemia , Age, 

Sex, HTN  

Treatment, Smoking 

and Total 

Cholesterol.  

 

*Framingham Risk 

Score gives an 

indication of the likely 

benefits of prevention. 

*Validated in the USA, 

both in men and 

women, both in 

European Americans 

and African American. 

 . 

*Overestimate (or underestimate) risk in 

populations other than the US population. 

*Underestimated risk in diabetic & patients with 

F/H/O CHD. 

*Inferior performance when compared with 

other models.(6) 

 

 SCORE 

Risk Mod

el(3) (5) 

(7) (8) 

 

10-yr 

risk of 

CVD 

mortality 

 

40-65 

 Gender, Age, Smokin

g  SBP, 

Total Cholesterol. 

 *It accommodates 

more of the 

heterogeneity across 

Europe in terms of 

baseline CVD risk.  

*Simple and easy to 

use.  

*The use of CVD 

mortality as the end 

point facilitates the 

recalibration process. 

*Restricted age range of application (40-65).(9) 

*Recalibration approach most likely leads to 

overestimation of risk in the healthy 

subpopulation where SCORE is going to be 

used. (9) 

*The SCORE prevention paradox.(9) 

*Estimates risk of fatal CVD events only(9) 

 

ASSIGN 

SCORE(3

, 10) 

 

10-yr 

risk of 

CVD 

events 

 

30-74 

Sex, Age, Total 

Cholesterol, 

HDL Cholesterol, 

SBP, 

Smoking—No. of 

Cigarettes, Diabetes, 

 

*ASSIGN addresses 

the issues of 

social deprivation and 

family history of  

disadvantaged, high-

risk, minority groups 

*Only based on Scottish populations. 

*Not reported any studies of external 

validation.(3) 

https://en.wikipedia.org/wiki/Dyslipidemia
https://en.wikipedia.org/wiki/Gender
https://en.wikipedia.org/wiki/Ageing
https://en.wikipedia.org/wiki/Smoking
https://en.wikipedia.org/wiki/Smoking
https://en.wikipedia.org/wiki/Cholesterol
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Area-Based Index Of 

Deprivation, Family 

History Of CHD. 

thus shifting preventive 

treatment towards the 

socially deprived in the 

population(10) 

*Uses a quantitative 

measure of smoking. 

 

QRISK -

1(1) (12) 

 

10-yr 

risk of 

CVD 

events 

 

35-74 

Sex, Age, 

Total Cholesterol To 

HDL, Cholesterol 

Ratio, SBP, Smoking 

Status, Diabetes, 

Area-Based Index Of 

Deprivation, Family 

History, BMI, 

Antihypertensive 

Use. 

 

*Better calibrated to 

the UK population than 

either the Framingham 

model or ASSIGN. 

*It includes additional 

variables which 

improve risk estimates 

for patients with a 

positive family history 

or those on 

antihypertensive 

treatment 

* Only from England and Wales. 

*QRISK is not based on a cohort study with 

randomly selected participants. 

 *The hazard ratio for TCL/HDL in cholesterol 

is completely inconsistent with numerous 

previous studies.  

*Underestimates risk in European 

Populations. 

 

QRISK-

2(3) (13) 

 

10-yr 

risk of 

CVD 

events 

 

35-74 

 

Sex, Age, 

Total Cholesterol To 

HDL Cholesterol 

Ratio, SBP, Smoking 

Status, Diabetes, 

Area-Based Index Of 

Deprivation, Family 

History, BMI, 

Antihypertensive 

Treatment, Ethnicity, 

Chronic Diseases 

  

*Ethnicity influences 

cardiovascular risk, so 

using the QRISK2 may 

help to reduce health 

inequalities that arise 

when people are 

misclassified using 

tools that exclude 

ethnicity. 

*Not reported any studies of external validation. 

*large missing data. 

 *The inclusion of postcode as a measure of 

deprivation may limit the applicability of this 

tool in areas outside the UK. 

 *The risk factors were measured at varying 

times relative to the date of study entry and not 

specifically for the purposes of the study 

. 

 

PROCA

M(3) (14) 

2 

separate 

scores 

calculate 

10-yr 

risks of 

major 

coronary 

events 

and 

cerebral 

 

20-75 

 

Age, Sex, LDL 

Cholesterol, 

HDL Cholesterol, 

Diabetes, Smoking, 

SBP. 

 

*Takes into account 

family history of 

premature myocardial 

infarction, diabetes and 

triglycerides. 

*Only based on German males. 

*Underpowered for risk estimation for 

women.(14) 

*Included only the “hard” end points of definite 

myocardial infarction or sudden coronary 

death.(14)  
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ischemic 

events. 

 

WHO/IS

H(3,15) 

 

10-yr 

risk of 

CVD 

events 

 

40-79 

 

Sex, Age, SBP, 

Smoking 

Status, Diabetes 

,Total 

Cholesterol.  

*Different charts 

available for 

Worldwide 

Regions  . 

*The risk prediction 

charts were developed 

separately for each  

WHO sub region.(15) 

*Using available 

information excluding 

lipid measurement is 

particularly well suited 

to areas in the 

developing world 

where access to 

medical facilities is 

limited.(15) 

*Charts were developed by creating a 

hypothetical dataset for each region—on the 

basis of the risk factor prevalence in that area. 

*Not reported any studies of external validation 

 

REYNOL

DS RISK 

SCORE(3

) 

(11) (16) 

 

10-yr 

risk of 

incident 

myocardi

al 

infarctio

n, 

stroke, 

coronary 

revascula

rization, 

or 

cardiovas

cular 

death 

 

45-80 

 

Sex, Age, SBP, 

Smoking, 

Hs CRP, Total 

Cholesterol 

HDL Cholesterol, 

F/H/O Premature 

MI(Parent Age<60) 

Hba1c If Diabetic. 

 

*Separate risk scores 

are available for men 

and women(16),(11) 

*High-sensitivity C-

reactive protein and 

family history are 

independently 

associated with future 

cardiovascular events 

and have been 

incorporated into risk 

prediction 

models.(11,16) 

 

*Limitations related to ethnicity, socioeconomic 

status and age exist in RRS  as the score was 

developed for Caucasian patients aged 45years 

or older who live in developed countries. 

 

ACC/AH

A ASCVD 

RISK 

CALCUL

ATOR(17

)  

 

10-year 

risk of 

atheroscl

erotic 

cardiovas

cular 

disease 

 

40-79 

 

Age , Gender, Race, 

Total cholesterol, 

HDL , SBP , DBP, 

Treated for high BP, 

diabetes, 

Smoking status.  

 

*Provides statin 

recommendations(17) 

 

*Overestimated the risk .(17) 
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JOINT 

BRITISH 

SOCIETI

ES 2 

RISK 

CALCUL

ATOR 

(18) 

 

10-year 

risk 

estimatio

n of 

CVD 

30–75 Age, sex, SBP, 

DBP, TC, HDL, 

TC/HDL, TG, 

smoking, glucose, 

central obesity, S.A 

origin, FHx, LVH 

*Well-established 

model  

*Has been 

validated in 

different 

populations 

 

*Less accurate for women and ethnic 

minority groups. 

*Estimates the risk of CHD alone but not 

other CVD’s. 

 

The Barriers for the effective utilization of 

Cardiovascular Risk Scores Exist At Various 

Levels And Can Broadly Be Classified As Follows. 

Patient Specific Barriers 

There are wide spread variations in lifetime risk 

level, prevalence of risk factors  based on ethnicity or 

socio-economic strata. So, the Risk-scoring 

assessments developed in one patient population may 

over or underestimate when applied to other 

population and the strength of the risk scores changes 

with population health status.(19)(20). Most of the 

risk scores require various biochemical investigations 

that are required for which the patient may show non-

compliance due to inability to afford requested 

investigations. The problem encountered in a general 

and regular application of risk scores in primary care 

is that the specific physician-patient interaction is 

neglected and so the patient may become suspicious 

if other themes are addressed that may take 

consultation time away from his or her stated 

concern.(21). 

Physician Specific Barriers  

Lack of knowledge is only one reason among many 

for the underuse of risk scores by the physicians. 

Majority of them fear that the risk assessment scores 

might over simplify (58%) or lead to over use of 

medical therapy (54%) especially among men and 

elderly individuals as “risk scores do not allow 

calculation of risk in the elderly” (80.0% in Germany 

vs 67.5% in the ROE). (19) (20) (22). They believe 

that the number of individuals who would need 

primary prevention for CVD could double compared 

with baseline numbers and thus an  increase in 

numbers of patients receiving medications may result 

in higher healthcare costs.(19)  Another widely 

recognized barrier is Time constraint as conducting a 

risk assessment requires time but this is not possible 

as the length of patient visits are usually very low in 

Public Health Care settings which allows for very 

little discussion(23). The physicians are very unclear 

about the differences between scores and the benefits 

and drawbacks of more recent scores derived in 

partially treated populations. They also exhibited 

substantial variation in opinion about whether they 

could legitimately use any risk score to show patients 

the change in risk from treatment and, if so, how best 

to do that(20) (24). Many studies have shown that 

though majority of physicians recognize the 

importance of cardiovascular risk scores, they still 

believe their own estimation to be more accurate and 

use a subjective assessment of cardiovascular risk 

rather than specific risk calculators in practice.(25). A 

survey of 36 Australian GPs indicated that CVD risk 

assessment was more valuable as a patient education 

tool than as an aid for treatment decisions.(26)  

Health System Specific Barriers  

In the low and middle income countries the health 

care system at the primary level is not well equipped 

at present for routine risk-score use due to lack of  

facilities required for the assessment of Biochemical 

parameters for CVD risk stratification(15) which 

include - lack of human resources, lack of lab 

facilities, lack of reimbursement for time and 

resources spent, increase in medication prescription 

and diagnostics, lack of appropriate preventive 

programs for those patients identified as being at 

increased risk requiring intensified behavioral 

interventions or regular checkups.(18),(21) 

 Risk Scores Specific Barriers 

The different CVD scores available have wide 

variations as they are developed outside a specific 

physician-patient interaction. This can increase the 

chance that an individual's risk may differ 

substantially from the risk predicted by a population-

based instrument. (21)Current 10-year risk models 

have the limitation that they are drawn from 
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populations in adult age spectrum making the age the 

most crucial variable(27).Because of which the 

modest elevations in risk factors in younger adults 

(men <45 years of age and women <65 years of age) 

will have less effect on their 10-year risk leading to 

underestimation. This is strengthened by the fact that 

though many younger patients have significant risk 

factor burden, they do not reach treatment thresholds 

based on current ATP-III recommendations (27) The 

10-year risk equations are unable to predict the 

greater long term risk of CVD especially among men 

as the methods and data available for life term risk 

estimation are limited. The Cardiovascular risk scores 

fail to adjust for changes in treatment effects during 

the years of follow-up and underestimate the 

predicted risk as they only measure baseline risk 

factors to predict future cardiovascular morbidity and 

mortality. This makes the use of most cardiovascular 

risk scores for treatment decisions problematic(25). 

The outcomes of the CVD Risk scores are unclear 

even the Framingham study risk scores have been 

criticized for the inclusion of ‘soft’(subjective) 

outcomes such as angina(25). The SCORE study 

cohorts, unlike the Framingham study, were not 

designed specifically to study CVD, and for this 

reason SCORE predicts only fatal CVD events, 

excluding non-fatal events.(28) 

Discussion 

The use of computerized instruments that allow time-

saving and practical risk calculations, ideally for 

different diseases simultaneously based on medical 

record data, and improved computer-generated visual 

presentation of risk estimates including aspects of 

behavior modification as part of the presentation of 

risk estimates gives good results (19). This has been 

proven by a study
 
from New Zealand that shows  the 

use of computerized risk-prediction instruments can 

considerably increase the frequency of risk-score use 

and documentation of a patient's risk in private 

practice(29).
 

Development of patient educational 

materials may be necessary to increase patient 

understanding, and this may also facilitate physician–

patient communication(23). Further studies are 

needed for examining the effect of global CVD 

calculation on actual patient outcomes. A local 

validation and the demonstration that risk scores may 

actually help in refining and improving therapies and 

outcomes in particular would certainly be of help. To 

promote the utilization of CVR scores in clinical 

practice, effective communication among CVRPT 

stakeholders and health care policy makers, adopting 

a simple, cost effective CVRPT, and physician 

training are suggested (25). Long-Term and Lifetime 

Risk Estimation as an Adjunct to 10-Year Risk 

Estimation as suggested  by Canadian2 and AHA3 

guidelines are needed to assess the burden of disease 

in a population, predict the future burden of disease, 

and directly compare lifetime risks between common 

diseases. Pencina et al recently published a 

quantitative method for estimating long-term (30-

year) risks for CVD that also accounts for competing 

risks (30). By comparison with subclinical 

atherosclerosis imaging data the concept of 

identifying younger individuals at low short-term but 

high lifetime risk was recently validated .In the 

Coronary Artery Risk Development in Young Adults 

Study among  32 to 47 years of age  group,  >90% of 

participants  had a 10-year predicted risk <10% 

however approximately half of them had high 

predicted life time risk of >=39% therefore it is 

recommends to Lower treatment thresholds for 

younger adults (eg- treat those <50 years of age with 

10-year risk >5%)(31). A study has shown that the  

correlation between non-laboratory-based and 

laboratory-based risk scores is very high for both 

men and women, so relatively simple tools can be 

used to detect potentially large numbers of high-risk 

individuals especially in low resource settings. (32)  

Conclusion 

Risk scoring algorithms can be used not only to 

produce a risk estimate but also to help in 

determining preventive measures  which would 

provide the most benefit for reducing CVD risk. Most 

of the risk scores in use have substantial limitations 

like recalibration, the effect of incorporating newer 

risk factors and the challenges of risk estimation in 

the young and the old that needs more research.  The 

amended NICE guidelines now encourage healthcare 

professionals to use the cardiovascular risk equation 

that they feel most appropriate for day-to-day risk 

evaluation and management. In fact, many current 

algorithms were adjusted with regional CVD data to 

increase their validity. Our future goal is 

implementation of a global risk-scoring algorithm 

which is standardized, easy to use and that which 

thoroughly evaluates CVD risk. 
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