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Background: World Health Organization (WHO) released region-specific cardiovascular disease (CVD) risk 

prediction charts recently, but the extent to which the charts can apply to Chinese population is un- 

known. We aimed to validate the WHO CVD risk charts for East Asia, and evaluate their practicability 

combining with China-PAR (Prediction for Atherosclerotic Cardiovascular Disease Risk in China) equations 

among Chinese adults. 

Methods: The China-PAR cohort with 93,234 participants aged 40–80 years was followed up during 1992–

2015, including 29,337 participants from three sub-cohorts with follow-up period of over 10 years. We 

validated the WHO CVD risk charts using the China-PAR cohort by assessment of the predicted number 

of events, C index, calibration χ ², and calibration plots, further elaborated the concordance between the 

China-PAR equations and the WHO risk charts. 

Findings: During an average follow-up of 13 • 64 years, 1849 incident CVD cases were identified from 

29,337 participants. Both the laboratory-based and non-laboratory-based charts overestimated CVD events 

by 59% and 58% in men, and by 72% and 85% in women, respectively. However, 92% of participants iden- 

tified as high risk by the China-PAR equations could be successfully detected by the laboratory-based 

charts at the cut-off point of 10%. We also observed that the non-laboratory-based charts demonstrated 

the poor performance for diabetic population, with high proportion of high-risk individuals (17% for men, 

31% for women) would be missed. 

Interpretation: Although the WHO CVD risk charts for East Asia apparently overestimated CVD risk among 

Chinese population, they could be pragmatic pre-selection tools, as potential supplement to the China- 

PAR equations. The widespread use of the WHO risk charts along with the China-PAR equations might 

facilitate the implementation of the risk-based CVD prevention in China. 

Funding: Full funding sources are listed at the end of the paper (see Acknowledgments). 

© 2021 The Authors. Published by Elsevier Ltd. 
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esearch in context 

Evidence before this study 

We aimed to validate the WHO cardiovascular disease risk 

harts published online on Sep 2, 2019 as applied to East Asian 

opulation. We searched PubMed to identify articles on validation 

f the WHO risk charts by East Asian cohorts using the following 

trategy: (World Health Organization) AND (cardiovascular disease) 

ND (risk chart OR risk score OR risk equation OR risk algorithm 

R risk prediction) AND (East Asia), published in any language af- 

er Sep 2, 2019. No study was found to evaluate the performance of 

he WHO risk charts in East Asia. Therefore, uncertainties still exist 

s applied the WHO risk charts to East Asian population, especially 

o Chinese population. It needs to be validated and evaluated in 

hinese national cohorts. 

Added value of this study 

WHO has developed simple and practical region-specific car- 

iovascular disease risk prediction charts, and mainly aimed to 

he low- and middle-income countries. As the largest developing 

ountry, China has most enormous burden of cardiovascular dis- 

ases. Therefore, it is critical to validate the WHO risk charts and 

valuate their practicability in China. The current study provided 

owerful evidence from a large, contemporary, Chinese national, 

opulation-based prospective cohort. It indicated that the WHO 

isk charts could detect most individuals at high risk of cardio- 

ascular disease, despite existing apparent overestimation of car- 

iovascular risk in China. Consequently, they could be considered 

s pragmatic pre-selection tools, which are potential supplement 

o the China-PAR (Prediction for Atherosclerotic Cardiovascular Dis- 

ase Risk in China) equations. 

Implications of all the available evidence 

The WHO risk charts removed major obstacles in implementing 

isk-based prevention strategies in China. Their widespread use in 

ombination with the China-PAR equations might promote risk as- 

essment and risk factor management, and reduce the burden of 

ardiovascular diseases in China. 

. Introduction 

Cardiovascular disease (CVD) has resulted in enormous global 

isease burden and deaths worldwide, especially in developing 

ountries, such as China [ 1 , 2 ]. Guidelines have emphasized that 

ssessment of CVD risk is the foundation of primary prevention, 

nd can assist in identifying individuals at high risk and making 

ogical management decisions [3-5] . Considering lack of models 

or CVD risk assessment, particularly in developing regions, World 

ealth Organization (WHO) released CVD risk prediction charts for 

ll WHO regions in 2007 [6] . However, the validity issues still ex- 

sted when applied them to different countries [7] . Therefore, WHO 

eveloped new CVD risk prediction models recently, revised them 

ore tailored to low- and middle-income countries, and simplified 

o 21 region-specific CVD risk charts [8] . 

The WHO risk models enhanced the accuracy, validity, gener- 

lizability and practicability of CVD risk prediction in 21 regions 

sing powerful, extensive, and complementary global datasets [8] . 

owever, some limitations should be noted. First, the original 

HO risk models were derived from 85 prospective cohorts mostly 

n high-income countries, but not in developing countries, e.g. 

hina. Second, WHO declaimed that the risk models might over- 

stimate or underestimate CVD risk, because of insufficient con- 

ideration on recurrent CVD events and prevention therapies when 

hey were recalibrated to 21 global regions [8] . Third, the WHO 

isk models for East Asia mainly aimed at Chinese adults, while 

o external validation was conducted comprehensively from Chi- 

ese nationally representative cohorts. In addition, aside from the 

HO laboratory-based models, the non-laboratory-based models 
2 
ere also developed for the resource-constrained regions, where 

aboratory measurements were unavailable. It indicated the poor 

erformance among individuals with diabetes [8] . In brief, some 

ncertainties should exist as applied the WHO risk models for East 

sia to Chinese population directly. Therefore, it is urgent to eval- 

ate the performance and practicability of the charts in Chinese 

ational cohort. 

The China-PAR (Prediction for Atherosclerotic Cardiovascular 

isease Risk in China) equations were derived and validated using 

he China-PAR project, which is a large, population-based Chinese 

rospective cohort study [9] . The equations have excellent perfor- 

ance on CVD risk prediction, and their accuracy has been con- 

rmed by other Chinese cohorts [ 10 , 11 ]. They have been adopted

y the American College of Cardiology/American Heart Association 

uideline and the Chinese guideline as pragmatic tools to facilitate 

VD risk assessment and risk factor management [ 3 , 12 ]. 

In this article, we aimed to validate the WHO CVD risk charts 

or East Asia using the China-PAR cohort, and explore the practica- 

ility of the charts in combination with the China-PAR equations. 

. Methods 

.1. Study design and participants 

Study participants were selected from the China-PAR project, 

ncluding the China Multi-Center Collaborative Study of Cardiovas- 

ular Epidemiology (China MUCA) (1992–1994), the China MUCA 

1998), the International Collaborative Study of Cardiovascular 

isease in Asia (InterASIA), and the Community Intervention of 

etabolic Syndrome in China & Chinese Family Health Study 

CIMIC). The China MUCA (1992–1994) and the China MUCA (1998) 

elected 14,392 (9 clusters) and 11,480 participants (11 clusters) 

ged 35–59 years using cluster random sampling method in 1992–

994 and 1998, respectively. Each cluster contained nearly 10 0 0 

r 20 0 0 participants. The InterASIA used a 4-stage stratified sam- 

ling method to enroll 15,540 participants aged 35–74 years from 

0 provinces as nationally representative sample of China in 20 0 0–

001. The CIMIC is a large community-based study, which recruited 

6,428 participants aged ≥18 years by a 3-stage cluster random 

ampling method in 20 07–20 08. The study design, methods of 

he China-PAR project have been previously described in detail 

9] . In brief, four sub-cohorts of the China-PAR project were es- 

ablished during 1992–2008. The follow-up surveys of the China 

UCA (1992–1994) were conducted every two years during 1996–

004. The China MUCA (1998) and the InterASIA were followed up 

etween 2007 and 2008. All four sub-cohorts were followed up to- 

ether during 2012–2015. The China-PAR project was approved by 

he Institutional Review Board at Fuwai Hospital in Beijing. Written 

nformed consent was signed by each participant before examina- 

ion. 

In summary, among 127,840 participants aged ≥18 years, 

19,388 participants (93 • 4%) completed the follow-up survey suc- 

essfully. After excluding 1704 participants with CVD at base- 

ine, 23,222 participants aged < 40 or > 80 years (the WHO risk 

harts were available for participants aged 40–80 years), and 1228 

articipants without complete data for the WHO CVD risk non- 

aboratory-based charts, 93,234 participants entered into the final 

nalysis. Of which, 29,337 participants from three sub-cohorts with 

ollow-up period over 10 years were used for external validation of 

he WHO risk charts, including the China MUCA (1992–1994), the 

hina MUCA (1998), and the InterASIA ( Fig. 1 ). 

.2. Procedures 

In baseline survey of each sub-cohort, demographic character- 

stics, lifestyle information, medical history, family history, and an- 
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Fig. 1. Flowchart of study participants included and excluded in the analysis. 

China MUCA = China Multi-Center Collaborative Study of Cardiovascular Epidemiology. InterASIA = International Collaborative Study of Cardiovascular Disease in Asia. 

CIMIC = Community Intervention of Metabolic Syndrome in China & Chinese Family Health Study. China-PAR = Prediction for Atherosclerotic Cardiovascular Disease Risk in 

China. WHO = World Health Organization. CVD = cardiovascular disease. 
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hropometric measurements were collected by well-trained health- 

are staffs using the standard protocol and questionnaires with 

tringent quality control. Smoking was self-reported, and defined 

s having smoked at least 400 cigarettes, or at least 1 cigarette 

er day for 1 year, or 500-g tobacco leaves. Smoking was fur- 

her categorized into former and current smoking. Family history 

f CVD referred to participants having at least one relative (parent 

r sibling) with myocardial infarction or stroke. Anthropometric 

easurements, including body height, weight and waist circum- 

erence (at 1 cm above the navel with minimal respiration) were 

btained from participants in light indoor clothing without shoes. 

ody mass index was calculated as weight (kg) divided by height 

m 

2 ). Blood pressures were measured three times for participants 

ith an interval of 30 s after they had rested for at least 5 min.

he average of the three readings was used for this analysis. Ten- 

our fasting venous blood samples were drawn from participants 

y venipuncture to measure serum glucose and lipids levels. Dia- 

etes was diagnosed as fasting blood glucose 7 • 0 mmol/L or above, 

r self-reported current antidiabetic treatment. 

.3. Outcomes 

Follow-up surveys were conducted using standard protocol 

nd questionnaires. The disease and vital information were ob- 
c

3 
ained through 1) tracking study participants or their prox- 

es to acquire their hospital records or death certificates by 

ell-trained interviewers; 2) integrating local routine monitoring 

ata of disease and death. All endpoint events were ascertained 

y a study-wide endpoint assessment committee established at 

uwai Hospital in Beijing. Two committee members independently 

etermined the final endpoint events by reviewing incidence 

nd death information according to the pre-specified criteria, 

nd discrepancies were adjudicated by an additional committee 

ember. 

CVD included acute myocardial infarction, fatal coronary heart 

isease, and nonfatal or fatal stroke. To ensure the accuracy and 

onsistency of CVD definition, we identified CVD events during 

he follow-up period using standard pre-specified criteria as be- 

ow. Acute myocardial infarction was defined as changed bio- 

hemical markers of myocardial necrosis with at least one of 

he 4 symptoms (ischemic symptoms, pathological Q waves, ST- 

egment elevation or depression, or coronary intervention). Fa- 

al coronary heart disease included fatal myocardial infarction 

nd other coronary deaths. Stroke defined as clinical signs and 

ymptoms of subarachnoid or intracerebral hemorrhage or cere- 

ral infarction, with signs of focal (or global) disturbances in cere- 

ral function for 24 h and above, excluding apparent nonvascular 

auses [9] . 
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Table 1 

Baseline characteristics of the study participants stratified by sex. 

Variable Men Women 

N 38,537 54,697 

Age (years) 54 • 29 (47 • 22–61 • 08) 53 • 74 (46 • 62–60 • 42) 

Northern China 18,115 (47%) 25,588 (47%) 

Urban 5647 (15%) 5925 (11%) 

Current Smoker 20,876 (54%) 1669 (3%) 

Body mass index (kg/m 

2 ) 23 • 05 (20 • 82–25 • 48) 23 • 84 (21 • 48–26 • 44) 

Waist circumference (cm) 81 • 00 (74 • 00–88 • 75) 80 • 00 (73 • 00–87 • 00) 

Systolic blood pressure (mm Hg) 126 • 67 (115 • 33–141 • 00) 126 • 33 (113 • 33–142 • 67) 

Diastolic blood pressure (mm Hg) 80 • 00 (72 • 33–88 • 00) 78 • 00 (70 • 67–86 • 00) 

Diabetes 2152 (6%) 3451 (7%) 

Total Cholesterol (mmol/L) 4 • 45 (3 • 90–5 • 05) 4 • 62 (4 • 06–5 • 24) 

Family history of CVD 4417 (11%) 5911 (11%) 

The 10-year CVD risk (%) according to: 

WHO CVD risk laboratory-based charts for East Asia 8 • 00 (5 • 00–14 • 00) 5 • 00 (3 • 00–9 • 00) 

WHO CVD risk non-laboratory-based charts for East Asia 8 • 00 (5 • 00–14 • 00) 5 • 00 (3 • 00–10 • 00) 

China-PAR equations 5 • 22 (2 • 60–9 • 74) 3 • 24 (1 • 45–6 • 59) 

Data are median (25–75th centiles) or n (%). 

WHO = World Health Organization. CVD = cardiovascular disease. China-PAR = Prediction for Atherosclerotic Cardiovascular 

Disease Risk in China. 
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.4. CVD risk prediction models 

We used three models to assess the CVD risk: the China- 

AR equations including sex, age, geographic region (Northern 

hina/Southern China), urbanization (urban/rural), waist circumfer- 

nce, treated or untreated systolic blood pressure, total cholesterol, 

igh-density lipoprotein cholesterol, current smoking (yes/no), di- 

betes mellitus (yes/no), and family history of CVD (yes/no); the 

HO CVD risk laboratory-based charts for East Asia including sex, 

ge, current smoking, systolic blood pressure, diabetes mellitus, 

nd total cholesterol; and the WHO CVD risk non-laboratory-based 

harts for East Asia including sex, age, current smoking, systolic 

lood pressure, and body mass index [ 8 , 9 ]. 

.5. Statistical analysis 

The 10-year CVD risk was estimated for each participant ac- 

ording to the WHO CVD risk laboratory-based, non-laboratory- 

ased charts for East Asia, and the China-PAR equations. Sex- 

pecific baseline characteristics of study participants were pre- 

ented as medians with 25–75th centiles for continuous variables, 

nd numbers with percentages for categorical variables. 

We applied the WHO risk charts for East Asia to three China- 

AR sub-cohorts with follow-up period over 10 years, and calcu- 

ated predicted number of events, discrimination C index, and cal- 

bration χ ² to assess their performance [13-15] . We also illustrated 

rediction ability of these models using calibration plots by deciles 

f the predicted CVD risk. Based on the cut-off points in Chinese 

uideline [12] , participants were divided into three categories (low 

isk [ < 5%], moderate risk [5% −9 • 9%], and high risk [ ≥10%]) accord-

ng to the predicted 10-year CVD risk, the observed CVD event 

ates were obtained by the Kaplan-Meier methods [14] , and com- 

ared with the predicted event rates in each category. 

WHO CVD risk was classified into 5 levels using cut-off points 

f 5%, 10%, 20%, and 30%. A proper cut-off point for detecting high- 

isk individuals should be selected based on social realities in dif- 

erent countries. Therefore, we categorized participants into low- 

oderate risk group ( < 10%) and high risk group ( ≥10%) accord- 

ng to the China-PAR equations, and elaborated the concordance 

etween the China-PAR equations and the WHO CVD risk charts 

or East Asia using the cut-off points pre-specified by WHO among 

our China-PAR sub-cohorts. Due to the poor discrimination ability 

or the cut-off points of 5% and 30%, only 10% and 20% were used. 

urthermore, considering WHO statement of poor performance 

n the WHO CVD risk non-laboratory-based charts for diabetic 
4 
atients, the concordance between the WHO CVD risk laboratory- 

ased charts and the non-laboratory-based charts in identifying in- 

ividuals at high risk was further estimated among participants 

ith or without diabetes. 

All analyses were performed using SAS 9 • 4 (SAS Institute Inc., 

ary, NC). 

.6. Role of the funding source 

The funders had no role in study design, data collection, data 

nalysis, data interpretation, or writing of the report. The corre- 

ponding author had full access to all data in the study and had 

nal responsibility for the decision to submit for publication. 

. Results 

Sex-specific baseline characteristics of study participants are 

resented in Table 1 . Of all 93,234 participants, the median age 

as 53 • 95 years old, and 38,537 (41%) of them were men. Com- 

ared with women, men had higher waist circumference, diastolic 

lood pressure, prevalence of smoking, and the 10-year predicted 

VD risk, as well as lower body mass index, total cholesterol, and 

revalence of diabetes. 

Among 29,337 participants from three China-PAR sub-cohorts 

ith follow-up period of over 10 years, 1849 incident CVD 

ases (1073 in men and 776 in women) were identified dur- 

ng an average follow-up of 13 • 64 years, with an incidence of 

62 • 12/10 0,0 0 0 person-year (574 • 40/10 0,0 0 0 person-year in men

nd 363 • 79/10 0,0 0 0 person-year in women). We applied the WHO 

VD risk charts for East Asia to the China-PAR cohort and esti- 

ated their performance ( Table 2 ). The WHO CVD risk charts ap- 

arently overestimated CVD risk in China. After adjusted by the 

aplan-Meier method, the observed CVD events within the 10-year 

eriod were 640 • 3 and 449 • 9 in men and women, respectively. 

owever, the WHO CVD risk laboratory-based charts overestimated 

VD events by 59% with predicted events of 1017 • 6 in men, and by

2% with predicted events of 775 • 8 in women, respectively. Sim- 

larly, the WHO CVD risk non-laboratory-based charts also over- 

redicted CVD events by 58% and 85% in men and women, re- 

pectively. In addition, the WHO CVD risk charts, both laboratory- 

ased charts and non-laboratory-based charts had good discrimi- 

ation ability, with all C indices of 0 • 75 and above. However, their 

alibration χ2 values of greater than 280, which suggested a poor 

bility of calibration. 
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Table 2 

Validation of WHO CVD risk charts for East Asia as applied to the China-PAR cohort ∗ . 

Men Women 

WHO CVD risk 

laboratory-based 

charts 

WHO CVD risk 

non-laboratory-based 

charts 

WHO CVD risk 

laboratory-based 

charts 

WHO CVD risk 

non-laboratory-based 

charts 

Total N 12,958 13,962 14,363 15,375 

Actual events 610 642 435 449 

KM-adjusted events 640 • 3 674 • 3 449 • 9 464 • 6 
Predicted events 1017 • 6 1064 • 2 775 • 8 860 • 9 
C index 0 • 759 0 • 762 0 • 752 0 • 754 

95% confidence interval 0 • 740–0 • 779 0 • 744–0 • 781 0 • 728–0 • 777 0 • 731–0 • 777 

P Value < 0 • 001 < 0 • 001 < 0 • 001 < 0 • 001 

Calibration χ ² 321 • 55 386 • 18 280 • 69 439 • 99 

P Value < 0 • 001 < 0 • 001 < 0 • 001 < 0 • 001 

∗ Involved three China-PAR sub-cohorts with follow-up period over 10 years, including the China MUCA (1992–1994), the China 

MUCA (1998), and the InterASIA.Actual events: actual number of events through 10-year follow-up period.KM-adjusted events: 

observed number of events after Kaplan-Meier adjustment through 10-year follow-up period.Predicted events: expected number 

of events through 10-year follow-up period based on the WHO CVD risk charts or the China-PAR equations.WHO = World Health 

Organization. CVD = cardiovascular disease. China-PAR = Prediction for Atherosclerotic Cardiovascular Disease Risk in China. China 

MUCA = China Multi-Center Collaborative Study of Cardiovascular Epidemiology. InterASIA = International Collaborative Study of Car- 

diovascular Disease in Asia. 

Fig. 2. Calibration plots for the China-PAR cohort ∗ using the WHO CVD risk charts for East Asia. 
∗ Involved three China-PAR sub-cohorts with follow-up period over 10 years, including the China MUCA (1992–1994), the China MUCA (1998), and the InterASIA. 

WHO = World Health Organization. CVD = cardiovascular disease. China-PAR = Prediction for Atherosclerotic Cardiovascular Disease Risk in China. China MUCA = China Multi- 

Center Collaborative Study of Cardiovascular Epidemiology. InterASIA = International Collaborative Study of Cardiovascular Disease in Asia. 
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Calibration plots were drawn by deciles or three risk categories 

f the predicted CVD risk ( Figs. 2 and 3 ). Substantial differences 

ere found between the observations and the predictions using ei- 

her the WHO CVD risk laboratory-based or non-laboratory-based 

harts for East Asia. The two WHO CVD risk charts notably over- 

stimated the CVD event rates across all risk categories. For exam- 

le, according to the WHO CVD risk laboratory-based charts, the 

redicted 10-year CVD event rates in the China-PAR cohort were 

%, 6%, and 16% among men at low, moderate, and high risk, re- 

pectively, while the corresponding observed event rates were only 

%, 4%, and 12%, respectively. The predicted event rates were also 

uch higher than the observed rates in low (3% vs. 1%), moderate 

6% vs. 4%), and high risk categories (15% vs. 10%) among women. 

n addition, Bland-Altman plots indicated the WHO CVD risk charts 

redicted higher CVD risk than the China-PAR equations and the 

unnel-shaped form suggested that the differences became more 
5 
pparent especially among participants with higher CVD risk (Sup- 

lementary Fig. S1). 

We further assessed the concordance of identifying high-risk 

ndividuals between the China-PAR equations and the two WHO 

VD risk charts for East Asia using different cut-off points among 

3,234 participants in all four China-PAR sub-cohorts ( Table 3 ). 

enerally, more high-risk individuals identified by the China-PAR 

quations would be detected when WHO CVD risk cut-off point 

as set at 10% rather than 20%, no matter using the laboratory- 

ased or non-laboratory-based charts. For example, among men at 

hina-PAR high risk, 92% (22%/24%) had the risk of ≥10% based 

n the WHO CVD risk laboratory-based charts, while only 38% 

9%/24%) had the risk of ≥20%. Among women at China-PAR high 

isk, 92% (12%/13%) and 31% (4%/13%) were over the cut-off point 

f 10% and 20%, respectively. We also conducted risk reclassifica- 

ion analysis for participants with and without 10-year CVD event 
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Table 3 

Concordance between the China-PAR equations and the WHO CVD risk charts for East Asia 

with different cut-off points. 

Distribution (%) 

China-PAR equations 

Men Women 

Low-moderate risk High risk Low-moderate risk High risk 

N 27,397 8688 44,403 6880 

Total 76% 24% 87% 13% 

WHO CVD risk laboratory-based charts for East Asia 

< 10% 56% 2% 74% 1% 

≥10% 20% 22% 13% 12% 

< 20% 75% 15% 86% 9% 

≥20% 1% 9% 1% 4% 

WHO CVD risk non-laboratory-based charts for East Asia 

< 10% 56% 2% 73% 2% 

≥10% 20% 22% 14% 11% 

< 20% 75% 15% 86% 9% 

≥20% 1% 9% 1% 4% 

According to the China-PAR equations, low-moderate risk refers to the predicted 10-year 

CVD risk < 10%, and high risk refers to the predicted risk ≥10%. 

WHO = World Health Organization. CVD = cardiovascular disease. China-PAR = Prediction for 

Atherosclerotic Cardiovascular Disease Risk in China. 

Fig. 3. The observed and predicted 10-year CVD event rates among participants in 

different risk categories. 

WHO = World Health Organization. CVD = cardiovascular disease. 
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o determine the proper cut-off points using the net reclassifica- 

ion improvement and evaluate the concordance, after excluding 

he CIMIC sub-cohort for its shorter follow-up time (Supplemen- 

ary Table S1). We observed consistent results with the concor- 

ance analysis. 

Furthermore, we observed the poor performance of the WHO 

on-laboratory-based chart for diabetic patients ( Table 4 ). The 

ast majority of diabetic patients with high China-PAR risk could 

e detected by the laboratory-based chart at the cut-off point of 
6 
0% (98% [52%/53%] for men, 98% [51%/52%] for women), whereas a 

igh proportion of high-risk diabetic participants would be left out 

hen using the non-laboratory-based chart, especially in women, 

ith nearly one third of high-risk individuals (31% [16%/52%]) be- 

ng missed. 

In addition, the non-laboratory-based chart could efficiently 

creen out most low-moderate-risk individuals without diabetes 

57% for men, 75% for women), and the laboratory-based chart 

ould screen out nearly 20% diabetic patients without high risk 

18% for men, 28% for women) ( Table 4 ). Therefore, the WHO CVD 

isk charts could be used as pre-selection tools prior to the China- 

AR equations. 

. Discussion 

Using a large population-based prospective cohort, we validated 

he WHO CVD risk charts for East Asia, and suggested that both 

he laboratory-based and the non-laboratory-based charts appar- 

ntly overestimated 10-year CVD risk for Chinese population. How- 

ver, they had good discrimination ability, and could screen most 

ndividuals at high CVD risk correctly at the cut-off point of 10%. 

ence the WHO CVD risk charts can be used as pre-selection tools 

o identify potential high-risk population with less variables, and 

urther ascertainment should be done using the China-PAR equa- 

ions among Chinese adults. Combining the China-PAR equations 

ith the WHO risk charts might optimize CVD risk assessment in 

hina. In addition, the non-laboratory-based charts were not appli- 

able to diabetic patients. 

The current study demonstrated that the WHO CVD risk charts 

or East Asia overestimated 10-year CVD events by more than 50% 

mong Chinese population with poor calibration. Consequently, 

hey would exaggerate the costs of risk-based CVD primary pre- 

ention in China. The apparent risk overestimation by the WHO 

isk charts existed in both sexes and across all risk categories. As 

s known, all derivation cohorts of the original WHO models were 

rom developed countries, where strikingly different risk factors 

attern and CVD profile from China [ 1 , 2 , 16-18 ]. In addition, high

ncidence and significant upward trend of recurrent CVD in past 

wo decades were observed in China [19-21] , but recurrent CVD 

vents could not be excluded completely when the models were 

urther recalibrated based on region-specific incidence at the pop- 

lation level from the Global Burden of Disease studies [8] . There- 
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Table 4 

Concordance between the WHO CVD risk laboratory-based and non-laboratory-based charts 

among participants with or without diabetes. 

Distribution (%) 

China-PAR equations 

Men Women 

Low-moderate risk High risk Low-moderate risk High risk 

Participants without diabetes 

N 26,400 7556 42,782 5094 

Total 78% 22% 89% 11% 

WHO CVD risk laboratory-based charts for East Asia 

< 10% 59% 2% 77% 1% 

≥10% 19% 20% 12% 10% 

WHO CVD risk non-laboratory-based charts for East Asia 

< 10% 57% 1% 75% 1% 

≥10% 21% 21% 14% 10% 

Participants with diabetes 

N 997 1132 1621 1786 

Total 47% 53% 48% 52% 

WHO CVD risk laboratory-based charts for East Asia 

< 10% 18% 1% 28% 1% 

≥10% 29% 52% 20% 51% 

WHO CVD risk non-laboratory-based charts for East Asia 

< 10% 39% 9% 44% 16% 

≥10% 8% 44% 4% 36% 

According to the China-PAR equations, low-moderate risk refers to the predicted 10-year 

CVD risk < 10%, and high risk refers to the predicted risk ≥10%. 

WHO = World Health Organization. CVD = cardiovascular disease. China-PAR = Prediction for 

Atherosclerotic Cardiovascular Disease Risk in China. 
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ore, the WHO models would inevitably overestimate the CVD risk 

f Chinese population, as other models from Western countries 

 9 , 22-24 ]. 

WHO stated that the cut-off point of the CVD risk charts should 

e set according to economic and social realities of each country 

25] , and did not provide the region-specific cut-off points for the 

isk charts [8] . In reference to the China-PAR equations, we ex- 

lored the appropriate cut-off point of the WHO CVD risk charts 

mong Chinese adults. The WHO risk charts at the cut-off point of 

0% could identify most of individuals at high risk indeed, although 

ncluding nearly half of false high-risk individuals. More than 60% 

f high-risk individuals were left out if the cut-off point of 20% 

as used. Hence, some uncertainty should exist in the results of a 

ost recent study, which assessed the prevalence of high CVD risk 

n China using the WHO CVD risk charts with the cut-off point of 

0% [26] . In brief, our findings indicated that the WHO risk charts 

t cut-off point of 10% rather than 20% showed greater advantage 

or screening individuals at high risk in China. 

In consideration of the impractical laboratory measurements in 

ome poor resource settings, the WHO CVD risk non-laboratory- 

ased charts were developed, with body mass index instead of 

erum glucose and total cholesterol level [8] . Our study compared 

he non-laboratory-based charts with the laboratory-based charts, 

nd indicated similar performance among individuals without di- 

betes. Thus, the non-laboratory-based charts are simple and op- 

imal pre-selection tools for population without diabetes, espe- 

ially taking account of the imbalance of Chinese economic and so- 

ial development. In resource scarcity settings, the CVD risk could 

e assessed under the limited costs and inconvenience of labo- 

atory measurements [27] . Meanwhile, the poor performance of 

he non-laboratory-based charts among diabetic population should 

e noted, as declaimed by WHO [8] . As an important risk factor, 

iabetes increased CVD risk significantly, [ 28 , 29 ] and most dia- 

etes patients had moderate or high CVD risk [3] . However, the 

on-laboratory-based charts tended to underestimate the CVD risk 

mong Chinese diabetic patients. Therefore, the laboratory-based 

harts should be given priority when implementing screening in 

ndividuals with diabetes. Nowadays, the community-based screen- 

ng of diabetic patients in the Chinese National Essential Public 
7 
ealth Services made it available for selecting the suitable tools 

or CVD risk assessment. It also improved the applicability of the 

hina-PAR equations in Chinese adults. Meanwhile, the WHO CVD 

isk non-laboratory-based charts would be optional tools when 

ack of lipid measurements for the China-PAR equations, consid- 

ring the low awareness of lipid abnormalities in China [30] . 

The WHO CVD risk charts removed major obstacles for global 

mplementation of risk-based prevention [31] , and they are easy to 

e used in developing countries, particularly the non-laboratory- 

ased charts. It makes sense for an initial screening to be done 

ith a more parsimonious set of variables, before proceeding with 

 more accurate model that requires more variables to be col- 

ected. Therefore, in combination with the China-PAR equations, 

he risk charts could help screen people who would benefit most 

rom intervention with the lower cost, inform individuals about 

heir CVD risk level, promote self-management, guide doctor thera- 

eutic decision-making, and consequently improve CVD prevention 

nd treatment [ 8 , 25 , 32 , 33 ]. Accurate and practical risk assessment

nd management would enable limited healthcare resources to be 

ocused on the population most in need, promote both individu- 

lized and community-based CVD prevention, and further reduce 

he burden of CVD in China [ 8 , 12 , 25 ]. 

Due to large burden of high CVD risk and the low implemen- 

ation of risk reduction intervention in China [34] , it makes ur- 

ent the need to provide the practical and feasible tool for CVD 

isk assessment. Our findings implied that the China-PAR equa- 

ions in combination with the WHO risk charts might be opti- 

al tools. First, the WHO risk laboratory-based chart at the cut- 

ff point of 10% could be used as a preferable pre-selection tool 

ith less assessing variables in China, and the non-laboratory- 

ased chart was an optional tool for non-diabetic population. It 

ould be helpful to narrow the target population for further ac- 

urate risk assessment. More accurate CVD risk assessment should 

e conducted subsequently by the China-PAR equations to iden- 

ify high-risk individuals most in need for intervention. Further- 

ore, lifestyle modification, risk factors management, and drug 

reatment should be implemented among identified people accord- 

ng to the related guidelines. The effectiveness of risk factors con- 

rol needs to be further evaluated at individual and population 
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evel by integrating the WHO CVD risk charts and the China-PAR 

quations. 

There are several strengths in the current study. For the first 

ime, we comprehensively evaluated the accuracy and practica- 

ility of the WHO CVD risk charts using the China-PAR project, 

hich is a large, Chinese national, contemporary, population-based 

rospective cohort. This research could provide insights to guide 

pplication of the WHO CVD risk charts along with the China-PAR 

quations to Chinese population. The China-PAR project has a high 

ate of follow-up (93 • 4%) and high-quality data for its standard 

rotocol and stringent quality control. The well-validated China- 

AR equations have been established based on this project and 

een recommended to be used in China [ 3 , 12 , 35 ]. It also provided

s an opportunity to estimate the concordance of the WHO CVD 

isk charts with the China-PAR equations sufficiently. Inevitably, 

ur study also has several potential limitations. Using the China- 

AR CVD risk, but not actual risk, as the reference might induce 

isclassification bias, while the effect should be slight due to the 

xcellent performance of the China-PAR equations. We validated 

he WHO CVD risk charts excluding the CIMIC sub-cohort. It might 

ffect the generalizability of our findings in China. However, the 

mpact might be slight because the CIMIC had no apparently sys- 

ematical difference from other 3 sub-cohorts considering their 

imilar good performance in the China-PAR equations [9] . More- 

ver, the concordance analysis was conducted subsequently using 

ll four sub-cohorts. In addition, the China-PAR cohort came from 

hinese population, which could not reflect the whole East Asia 

egion, and further researches from the other countries of the East 

sia region are needed. 

In conclusion, despite the WHO CVD risk charts for East Asia 

pparently overestimated CVD risk in China, they could still be 

onsidered as pragmatic pre-selection tools for identifying high- 

isk population with less variables. In addition, the non-laboratory- 

ased charts are applicable to the non-diabetic population, while 

iabetic patients should use the laboratory-based charts. Combin- 

ng the China-PAR equations with the WHO risk charts might op- 

imize the process of CVD risk assessment. The widespread use of 

he two tools could perhaps enhance the generalizability, practica- 

ility and accuracy of effort s to implement risk-based CVD preven- 

ion, and further reduce the disease burden in China. 
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