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Abstract

Cardiovascular disease (CVD) is becoming the most important burden to health care

systems in most part of the world, especially in Asia. Aiming at identifying high risk

individuals and tailoring preventive treatment, many cardiovascular risk assessment

tools have been established and most of them were developed in Western countries.

However, these cardiovascular risk assessment tools cannot be used interchangeably

without recalibration because of the different risk factor profiles (ie, greater abso-

lute burden of hypertension and lower level of total-cholesterol in Asians and higher

prevalence of metabolic disorders in South Asians) and different CVD profiles (higher

ratio of stroke/coronary heart disease in Asians) between Western and Asian popu-

lations. Original risk models such as Prediction for ASCVD Risk in China (China-PAR)

and Japan Arteriosclerosis Longitudinal Study (JALS) score have been developed and

well validated for specific countries, while most of countries/regions in Asia are using

establishedmodels. Due to higher incidence of stroke in Asians, risk factors like hyper-

tension should weighmore in cardiovascular risk assessment comparing withWestern

populations, but their actual proportions should be based on CVD profiles in specific

countries/regions. The authors encourage the development of new cardiovascular risk

assessment tools for Asians, if possible. Still, modifying establishedmodels with native

epidemiological data of risk factor aswell as CVD is acceptable in regionswhere health

care resources are insufficient.
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1 INTRODUCTION

Cardiovascular disease (CVD), as the leading cause of premature death

worldwide, has become themost important burden on health care sys-

temsover thepast fewdecades.1 It is estimated that about 50%ofCVD

events occur in Asia where a large proportion of the world population

lives. The age-adjusted mortality of CVD in Asia is also higher,1 and

this might be attributable to the limited health care systems in many

parts of this region due to lower level of development in many parts of

the region compared with that ofWestern developed countries. There

are many established risk factors of CVD, that is, age, sex, smoking,

hypertension, and diabetes mellitus. Among these risk factors, hyper-

tension is an important component because of its high prevalence and

its leading role among preventable causes of premature death in the

world.2 The population attributable fractions of hypertension for CVD

were 25.1% in Australia and New Zealand and 28.6% in East Asia, out-

weighing the separate effects of smoking, high total cholesterol (total-

C) and overweight.3 Thus, hypertension control is of great importance

for the prevention of further fatal and non-fatal CVD in this part of the

world.

Hypertension is a cardiovascular syndrome and may complicated

with other risk factors of CVD. The clustering of these risk fac-

tors of CVD tend to interact on target organs and lead to further

increase in CV risk. Aiming at identifying individuals that benefit most

mailto:yqzhang99@yahoo.com
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from intervention and allocating health resources rationally, many risk

assessment models and tools for predicting the risk of CVD in the

general population as well as in the hypertensive population have

been developed.4–10 Currently, many recent hypertension guidelines

strongly recommend risk assessment and stratification strategies for

hypertensive patients with the purpose of guiding and recommending

early intervention for high risk patients and preventing the progres-

sion of to severe CVD.11–15 These tools are mainly designed for indi-

vidualswithout establishedCVDand focus onprimary prevention. Risk

assessment offers a platform for communication between clinicians

and patients, improving patients’ awareness of risk, and promoting

shared decision-making, which eventually enhances patients’ adher-

ence to treatment and lead to better clinical practices. It has direc-

tive significance for the time to initiate medical treatment, especially

statins and aspirin, even though there is lack of consensus surrounding

clinically relevant thresholds. Thus, we suggest calibration when using

them. Besides, CVD risk assessment tools are increasingly used to esti-

mate risk of individuals and indirectly reflect the effects of several

interventions in large randomized controlled trials,16 though the appli-

cability is questionable. Furthermore, they have great impact on health

care policy making where health inequities and cost-effectiveness of

interventions are often taking into consideration.

However, there is no universal cardiovascular risk assessment tool

around the world until most recently. The most widely used tools

are mainly developed in Western populations, that is, Framingham

CVD risk model,4 Systematic COronary Risk Evaluation (SCORE),5

and pooled cohort equations (PCEs).6 However, taking into consider-

ation of the inequalities of risk factor profiles as well as CVD pro-

files between Western countries and non-Western countries, direct

application of above-mentioned tools may result in over or under-

estimation of cardiovascular risk in Asia. Thus, risk assessment tools

designed for Asian populations are encouraged, as they may provide

more accurate risk prediction.

In this article, we select and evaluate several common risk assess-

ment tools in Western countries, aiming at identifying key attributes

of them as well as pointing out their strengths and limitations. More

importantly,wealsohighlight theuseof cardiovascular risk assessment

tools in Asia by inviting member countries or regions of HOPE-Asia

to provide their tools. Finally, we propose our comments and recom-

mendations for the application of cardiovascular risk assessment tools

across a range of resource settings in Asia, with the purpose of proper

application of these tools.

2 COMMON CARDIOVASCULAR RISK
ASSESSMENT TOOLS IN WESTERN COUNTRIES

Currently, the most commonly used risk assessment tools are mainly

derived from Western cohorts, with Framingham CVD,4 PCE6 from

American, SCORE5 from European, and QRISK317 from United

Kingdom. Table 1 shows the basic characteristics of above four cardio-

vascular risk assessment tools. Framingham coronary heart disease

(CHD) risk assessment tool is the first risk assessment tool in the

cardiovascular field, which leads the trend of focusing on overall

risk of individuals rather than single risk factor.18 The subsequent

Framingham CVDmodel adjusted the original risk calculator by incor-

porating stroke, peripheral artery diseases, and heart failure into its

outcomes.4 Furthermore, it also presented the definition and metrics

of an individual’s heart age with the aim of facilitating patients’ under-

standing of the CVD risk. The risk factors included in the Framingham

model are age, sex, smoking, systolic blood pressure (SBP), total-C,

high-density lipoprotein cholesterol (HDL-C), hypertensive treatment

status, and diabetes.4 As the first in the area of cardiovascular risk

assessment, this model has been validated in different populations

and its modified version has been widely used in many regions,

although there are several inherent limitations like the predominantly

white Framingham sample (limited representativeness), historically

dated populations, and end points that are need to be cautiously

explained.4,19

SCORE has incorporated traditional risk factors except for diabetes

status, with two versions separately for low-risk countries and high-

risk countries in Europe.5 Due to large sample size and resources from

multiple countries’ cohorts, it has great representativeness of Euro-

pean populations and acquires internal validation among these coun-

tries. However, non-fatal CVDs like non-fatal myocardial infraction

(MI) also impose severe burden on individuals’ health as well as social

medical security system, are not evaluated in the SCORE tool and

hence cannot be predicted through the SCORE tool. Furthermore, it

may underestimate individuals’ cardiovascular risk in countries with a

very-high background risk and hence whether it is applicable in other

populations remains uncertain.

PCE can be considered as an upgrade of the Framingham model

where it includes Atherosclerosis Risk in Communities study (ARIC),

Coronary Artery Risk Development in Young Adults study (CARDIA),

and Cardiovascular Health Study (CHS) cohorts besides the Framing-

ham cohorts. PCE shares the same risk factors as the original Framing-

ham model, but now with inclusion of different ethnic groups making

it more applicable in both Whites and African Americans.6 Compar-

ingwith the original FraminghamCHDmodel, PCE has a broader range

of applicable populations and more comprehensive end points. Due to

its main purpose of instructing lipid-lowering therapies, it mainly eval-

uates and predicts the risk of arteriosclerotic CVD (ASCVD), which

is more common in Western countries. And when it comes to inform

antihypertensive treatment, extra attention should be put on the risk

of hemorrhagic stroke that accounts for a considerable proportion in

CVD, especially among non-Western countries.1

Recently, the Million Hearts Longitudinal ASCVD risk assessment

tool was developed on the basis of PCE tool. Notably, this tool could

provide not only baseline 10-year ASCVD risk estimates, but also

updated 10-year ASCVD risk estimates after implementing cardio-

vascular preventive strategies (aspirin therapy, blood pressure man-

agement, cholesterol management, and smoking cessation), serving as

important supplement to risk estimates for individuals at follow-up.20

However, its applicable populations are basically identical to PCE, lim-

iting its generalization to other populations. Still, further studies are

needed to validate its precision and applicability.
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TABLE 1 Characteristics of currently common cardiovascular risk assessment tools inWestern countries

Risk assessment tools FraminghamCVD4

Systematic COronary

Risk Evaluation

(SCORE)5
Pooled cohort equations

(PCE)6 QRISK317

Derivation cohort(s) Framingham original

cohort and

Framingham

offspring cohort

12 European cohorts in

11 countries

ARIC, CARDIA, CHS,

Framingham cohorts

QRESEARCH database

Sample size 8491 participants

(4522women)

205 178 participants

(88 080women)

24 626 participants (11 381

women)

10.56million participants

(5.38million women)

Age range 30–74 40–65 40–79 25–84

Follow-up (years) 12 2.7million person years At least 12 4.4 (median)

Risk factors Age; sex; smoking;

BP; total-C;

HDL-C;

hypertensive

treatment status;

diabetes

Age; sex; smoking; SBP;

total-C or total-C:

HDL-C ratio (low-risk

countries and

high-risk countries

versions)

Age; sex; race

(white/African American);

smoking; SBP; total-C;

HDL-C; hypertensive

treatment status;

diabetes

Age; sex; ethnicity; smoking;

SBP; total-C: HDL-C ratio;

BMI; family history;

hypertensive treatment

status; diabetes; CKD; AF;

RA; Townsend deprivation

score; a measure of SBP

variability; migraine;

corticosteroids; SLE;

atypical antipsychotics;

severemental illness;

erectile dysfunction

End points 10-year CVD events

(CHD, stroke, PAD,

or HF)

10-year fatal CVD

events

10-year hard ASCVD events

(non-fatalMI or CHD

death or fatal or non-fatal

stroke)

10-year CVD events (CHD,

ischemic stroke, or TIA)

Tool characteristics Risk score sheets

(tables)

Risk charts Risk calculators Risk calculators

Statistical analysis c-statistics: 0.763 in

men; 0.793 in

women

χ2 statistics: 13.48 in
men; 7.79 in

women

ROC area: 0.70–0.84 in

different European

cohorts

c-statistics: 0.713–0.818

χ2 statistics: 4.86–7.25
R2: 59.6% in women; 54.8% in

men

D statistic: 2.48 in women;

2.26 inmen

Harrell’s

C statistic: 0.88 in women;

0.86 inmen

Abbreviations: AF, atrial fibrillation; ARIC, Atherosclerosis Risk in Communities study; ASCVD, arteriosclerotic cardiovascular disease; BMI, bodymass index;

CARDIA, Coronary Artery Risk Development in Young Adults study; CHD, coronary heart disease; CHS, Cardiovascular Health Study; CKD, chronic kidney

disease; CVD, cardiovascular disease; HDL-C, high-density lipoprotein cholesterol; HF, heart failure; MI, myocardial infraction; PAD, peripheral artery dis-

ease; RA, rheumatoid arthritis; ROC, receiver operating characteristics curve; SBP, systolic blood pressure; SLE, systemic lupus erythematosus; TIA, transient

ischemic attack; total-C, total cholesterol.

QRISK3 is designed to predict cardiovascular risk in the United

Kingdom, which is based on the national QRESEARCH database and

overall data resources from 10.56 million participants.17 Unlike the

other tools, QRISK3 contains a few non-traditional risk factors, like

ethnicity, body mass index (BMI), social deprivation, family history, a

measure of SBP variability, special medicine (like corticosteroids and

atypical antipsychotics), and specific diseases associatedwith high car-

diovascular risk (like chronic kidney disease, systemic lupus erythe-

matosus, etc).17 Including the additional above-mentioned risk factors

may enhance the accuracy and precision of individuals’ risk assessment

in United Kingdom, as it promotes attention to social issues like health

inequalities and may propel reallocation of health resources appropri-

ately.

3 CURRENT STATUS OF CARDIOVASCULAR
RISK ASSESSMENT TOOLS IN ASIA

Because more than half of CVD events worldwide occur in Asia, pre-

vention through targeting the most vulnerable individuals is the prior-

ity to reduce the CVD burden in this region. Although there are many

cardiovascular risk assessment tools available, only a few of them are

originally derived from Asian populations. There are many differences

in the risk factor and CVD profiles between the Asian and Western

populations. Many countries and regions in the East Asia have greater

absolute burden of hypertension, but with lower rates of awareness,

treatment, and control.2 Epidemiologic studies presented that popula-

tion attributable fraction forCVDrelated tohypertensionwere around
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25–30% in Asia-Pacific region, indicating that more attention should

be paid to hypertension while predicting individuals’ cardiovascular

risk.3,21 While the SBP and total-C were reported to be lower in Asian

cohorts, comparing with the Framingham cohort, the rate of smoking

in men was higher.22 Diabetes is more prevalent among South Asians,

along with lower levels of HDL-C.23 Furthermore, the proportion of

subtypes of CVD also differs. As evidenced by a meta-analysis, fatal

stroke/CHD ratioswere 1.5:1 in a long-term period (over 10 years) and

2:1 in a short-term period in Asians, while theWestern population has

the opposite ratios (long-term 1:3 vs. short-term 1:4 in men and 1:2

in women).24 Given the high prevalence of metabolic diseases espe-

cially diabetes mellitus in South Asians, the prevalence of stroke is still

higher than CHD in this area, which might be attributable to uncon-

trolled higher DBP and relatively lower total-C and LDL-C thanWest-

ern populations.25

Table 2 shows the characteristics of cardiovascular risk assessment

tools in several Asian regions. Prediction for ASCVD Risk in China

(China-PAR), was derived from two contemporary Chinese cohorts

and validated in two independent Chinese cohorts, is an effective risk

assessment tool in China, aiming at identifying high risk individuals in

terms of the 10-year ASCVD risk.9 The end point events were defined

as non-fatal acuteMI or CHD death or non-fatal or fatal stroke, similar

toPCE.9 As for risk factors, other than traditional risk factors, four non-

traditional risk factors (waist circumference [WC], geographic region,

urbanization, and family history) were added to the equation for men,

and two of them (WC and geographic region) were added to the equa-

tion for women, for their relative integrated discrimination improve-

ment indices ≥6% (predefined inclusion criterion).9 One study showed

it has great ability of discrimination (c-statistic: 0.811 for women and

0.794 for men) and calibration (χ2 statistics: 12.8 for women and 13.1

for men), with a better performance than PCE in predicting 10-year

ASCVD risk among Chinese populations.9 WC, as an indicator of vis-

ceral fat, is closely associated with ASCVD risk but whether there are

confounding factors remains unknown. Geographic region and urban-

ization variables focusing on the gap of incidence of ASCVD both

between Northern and Southern China and between urban and rural

areas can enhance the precision capability of the tool. On the other

hand, it makes the tool more complicated and harder to generalize to

other populations.

Japan Arteriosclerosis Longitudinal Study (JALS) score is designed

to estimate 5- and 10-year absolute risk for stroke, acute MI, com-

posite outcome of stroke and acute MI, and CVD death, respectively,

based on a large cohort study in Japan with a median follow-up of 6.9

years.8 In addition to traditional risk factors, the tool has incorporated

BMI and estimated glomerular filtration ratio into the score for the

risk of CVDdeath and establishedwith/without AFmodelswithin each

score.8 However, different from previous findings, the study showed

that lower BMI, instead of overweight and obesity, is the risk factor for

CVD death. Interestingly, the study first reported that among individu-

als with Grade II or III hypertension, the cardiovascular risk of treated

hypertension is lower than untreated hypertension. Although the rea-

son is unclear, it challenges conventional perspective that patients

with treated hypertension are at a higher risk compared with patients

with untreated and similar level of BP.26 Further studies are needed

to explain this discrepancy. From another perspective, it does high-

light the importance of predicting updated risk after intervention with

new tools (eg,MillionHearts LongitudinalASCVDrisk assessment tool)

rather than initial risk assessment tools. Given themedian follow-up of

less than 10 years, the prediction of 10-year risk in this tool should be

tested in future studies. TheHisayama study27 is also recommendedby

the Japanese hypertension guideline 201914 for risk assessment, but

its sample size is much smaller. The estimated vascular age provided

byHisayama study presents an intuitive form of individuals’ risk, which

could facilitate patients’ perceptionof cardiovascular risk andmotivate

their adherence to treatment.

World Health Organization/International Society of Hypertension

(WHO/ISH) chart is also being used, especially in many countries and

regions in Southeast Asia,10 This is a risk prediction tool particular for

low andmiddle-income countries (LMICs) where health care resources

and national epidemiological data are insufficient. The prediction tool

uses major risk factors (age, sex, smoking, SBP, total-C, and diabetes)

to assess 10-year risk of acute MI and stroke. Given that total-C

might be unavailable in some settings, the tool has developed two

versions: total-C included/total-C excluded, and the two versions

were shown to have close correlation in risk prediction.28 A study

has shown that WHO/ISH chart performed in a similar manner to

the Framingham risk models and SCORE in risk prediction among

South Africans.28 Additionally, WHO/ISH chart is an easy-to-use

tool that facilitates its generalization to considerable LMICs. WHO

package of essential noncommunicable disease interventions (WHO

PEN) is an initiative project aiming at prioritize cost-effective tools

and interventions to low-resource settings, in which WHO/ISH chart

was strongly recommended to identify high-risk groups who would

benefit most from interventions.29 In order to improve precision of

the tool, national epidemiological data can be considered to recal-

ibrate and modify original chart when they are applied in certain

countries. Although there are established risk assessment tools for

Asian populations by Barzi and colleagues,22 major variables like

HDL-C and diabetes were ignored in this tool, limiting its accuracy

and applicability. Comparing with establishing large cohorts with

long periods of follow-up to derive new risk assessment tools, inves-

tigating and monitoring risk factors as well as the morbidity and

mortality of CVD nationwide to modify WHO/ISH chart might be a

priority for many LMICs. Overall, this tool can be adopted by most

LMICs in Asia where original cardiovascular risk assessment tools are

unavailable.

Based on available evidence, there are also marked variations in

risk profiles as well as CVD profiles among different regions in Asia.

East Asians have higher prevalence of hypertension, relatively lower

total-C, which might provide an explanation for higher ratio of stroke:

CHD as well as hemorrhagic: ischemic stroke in this area. Unlike East

Asians, SouthAsians suffers fromhigher rates of dyslipidemia (ie, lower

level of HDL-C, elevated lipoprotein (a)), insulin resistance, and dia-

betes, whereas lower rates of hypertension, obesity, and hypercholes-

terolemia. As a result, the incidence and mortality of CHD are much

higher and the occurrence of CHD is much earlier in South Asians
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TABLE 2 Characteristics of currently common cardiovascular risk assessment tools in Asian region

Country/

region

Risk assessment

tools Original/established Derivation cohort(s) Age range Risk factors

China9 China-PAR Original InterASIA and China

MUCA (1998)

N/A Age; sex; smoking; SBP; total-C;

HDL-C; hypertensive

treatment status; diabetes;

WC; geographic region;

urbanization (only for men);

family history of ASCVD (only

for men)

Japan8 JALS score Original JALS cohorts 40–89 Age; sex; smoking; BP;

non-HDL-C; HDL-C;

hypertensive treatment status;

diabetes; BMI; eGFR; AF (AF

model and non-AFmodel)

Malaysia26 FraminghamCVD4 Established Framingham original

cohort and

Framingham

offspring cohort

30–74 Age; sex; smoking; SBP; total-C;

HDL-C; hypertensive

treatment status; diabetes

Indonesia10 WHO/ISH chart Established N/A ≥40 Age; sex; smoking; SBP; total-C;

diabetes

Vietnam27 FraminghamCVD4 Established Framingham original

cohort and

Framingham

offspring cohort

30–74 Age; sex; smoking; SBP; total-C;

HDL-C; hypertensive

treatment status; diabetes

Taiwan28,29 A point-based

predictionmodel

Original CCCC original cohort ≥35 Clinical model: Age; sex; BMI;

SBP; smoking

Total-C-basedmodel: Age; sex;

BMI; SBP; total-C; HDL-C

LDL-C-basedmodel: Age; sex;

BMI; SBP; LDL-C; HDL-C

FraminghamCHD18 Established Framingham original

cohort/TwSHHH

35–70 Age; sex; smoking; SBP; total-C;

HDL-C; diabetes

Singapore30 FraminghamATPIII31 Established Framingham cohort 20–79 Age; sex; smoking; SBP; total-C;

HDL-C; hypertensive

treatment status

Country/

region End points

Statistic

characteristics

External

validation

Recommended

by native

guideline

(yes/no) Comments/developments

China9 10-year ASCVD events

(non-fatal acuteMI or

CHD death or fatal or

non-fatal stroke)

c-statistics: 0.794 in

men; 0.811 inwomen

χ2 statistics: 13.1 in
men; 12.8 in women

Yes No

Japan8 5-/10-year stroke/acute

MI/composite

outcome of stroke and

acuteMI/all

cardiovascular death

events

ROC area: (model of all

cardiovascular death

prediction)

0.828 in non-AFmodel

0.832 in AFmodel

No Yes

Malaysia26 10-year CVD events

(CHD, stroke, PAD, or

HF)

ROC area: 0.63

χ2 statistics: 3.25
Yes No CKD is advised in risk

prediction for medium-risk

patients.32

Continued
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TABLE 2 Continued

Country/

region End points

Statistic

characteristics

External

validation

Recommended

by native

guideline

(yes/no) Comments/developments

Indonesia10 10-year fatal or

non-fatal major

cardiovascular events

(myocardial infarction

or stroke)

N/A N/A No

Vietnam27 10-year CVD events

(CHD, stroke, PAD, or

HF)

N/A Yes N/A Modification and calibration

of an existing score for the

Vietnamese population.

Taiwan28,29 10-year incident CHD

events (fatal and

nonfatalMI and cases

undertaking PCI or

CABG)

ROC area: 0.73–0.78;

IDI: 0.2%, p= .11

NRI: 8.2%, p= .11

Yes No Models as well as point

systemswere developed.

10-year CHD events χ2 statistics: 5.668 in
men; 389.086 in

women

Yes Yes The adjustment factors were

submitted to the

International Society of

Lipids and Atherosclerosis.

Singapore30 10-year hard CHD

events (MI and

cardiovascular death)

N/A Yes Yes The tool wasmodified and

adjusted for three ethnic

groups in Singapore

(Chinese, Malay, and

Indian).

Abbreviations: AF, atrial fibrillation; ASCVD, arteriosclerotic cardiovascular disease; ATP III, Third Report of the Adult Treatment Panel; BMI, body mass

index; CCCC, Chin-San Community Cardiovascular Cohort; CHD, coronary heart disease; China MUCA, China Multi-Center Collaborative Study of Car-

diovascular Epidemiology; China-PAR, Prediction for ASCVD Risk in China; CKD, chronic kidney disease; CVD, cardiovascular disease; HDL-C, high-density

lipoprotein cholesterol; HF, heart failure; IDI, integrated discrimination improvement; InterASIA, International Collaborative Study of Cardiovascular Dis-

ease in Asia; JALS, Japan Arteriosclerosis Longitudinal Study; LDL-C, low-density lipoprotein cholesterol; MI, myocardial infraction; NRI, net reclassification

improvement;N/A, data unavailable; PAD, peripheral artery disease; ROC, receiver operating characteristics curve; SBP, systolic blood pressure; total-C, total

cholesterol; TwSHHH, Taiwanese Survey on Hypertension, Hyperglycemia, and Hyperlipidemia;WC, waist circumference;WHO/ISH,World Health Organi-

zation/International Society of Hypertension.

than the other area.30 Therefore, CVD risk prediction should be made

according to specific national conditions.

Among these risk assessment tools used in different Asia regions

(Table 2), original tools are still the minority, while Framingham mod-

els are commonly used in many countries/regions with or without

recalibration. Besides, WHO/ISH chart is also being used. However,

it is reported that Framingham models might overestimate CVD risk

in Asians due to much higher blood pressure, TC, and CV events in

Framingham cohorts.31 Additionally, WHO/ISH chart was reported to

underestimate CVD risk in several Asian regions.32

As for the desirable attributes of CVD risk assessment tools, they

depend on socio-economic conditions andmedical resources. For high-

resource settings, electronic scoring systems are always available and

it is convenient to apply them. In contrast, for low-resource settings,

risk charts might be more appropriate for them for their simplicity and

clearness.

In summary, we encourage the development of novel CVD risk

assessment tools in high resource settings, and recommend recalibra-

tion of established models in LMICs. Importantly, the ratio of stroke:

CHD aswell as ischemic: hemorrhagic stroke should be taken into con-

sideration when selecting and modifying CVD risk assessment tools.

Furthermore, we suggest considering different CVD risk assessment

tools in regard to different clinical decision to benefit the most, and

different versions of the same score for different clinical decisions are

potential choices.

While developing original tools, some non-traditional variables

could be incorporated if meaningful. Statistical incremental value

might be imperative, which means that the novel risk factors should

improve prediction over previous risk assessment tools. There are

many statistical performance measures, including calibration (eg, cali-

bration plot, ratio of observed to expected events), discrimination (eg,

c-statistic andareaunder the curve), and reclassification (eg, net reclas-

sification index, integrated discrimination improvement).33 However,

there is a robust debate about which measures are more useful to

evaluate novel risk factors. Besides, whether they could instruct clini-

cal practices and promote clinical outcomes should also be taken into

consideration.34 Furthermore, from the prospective of public health,

cost-effectiveness and health equalities are of great importance. Some

social risk factors like social-economic status are possible candidates.

However, their ascertainment is critically based on methods and it is
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hard to standardize them. Besides, with the rapid development of soci-

ety, SES parameters also change quickly and it is hard to identify cur-

rent SES based on data from 10 years ago.

Unfortunately, the utilization of CVD risk assessment tools is rela-

tively low even in high resource settings. Hitherto, no RCT has demon-

strated its clinical benefit. But it should be highlighted that risk assess-

ment tools per se cannot promote patients’ outcomes unless being

properly used in clinical practices and we urge the widely use and test

of them.

4 CONCLUSIONS

Given that risk factors andCVDprofiles are of some different between

Western and Asian populations, cardiovascular risk assessment tools

cannot be used interchangeably without recalibration. Due to higher

incidence of stroke in Asians, risk factors like hypertension should

weighmore in cardiovascular risk assessment comparingwithWestern

populations, but their actual proportions should be based on CVD pro-

files in specific countries/regions. The ratio of stroke: CHD as well as

hemorrhagic: ischemic stroke should be taken into considerationwhen

developing andmodifying CVD risk assessment tools.

Original and native risk models for Asian populations are still lim-

ited. While using current local risk assessment tools in the specific

regions in Asia that need to be improved in future studies, we encour-

age the establishment of current, large, representative cohorts to

develop new CVD risk assessment tools and taking into account some

non-traditional risk variables. On the other hand, modifying and recali-

brating established models likeWHO/ISH chart and Framingham CVD

model might also be solutions in many LMICs where health care

resources are insufficient.
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