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The objective of this study was to evaluate the 
usefulness of the China-PAR equations in predicting 
the 10-year risk of cardiovascular disease (CVD) in 
the Inner Mongolians population. A 
population-based, prospective cohort of 2,589 
Mongolians were followed up from 2003 to 2012. 
Participants were categorized into 4 subgroups 
according to their 10-year CVD risks calculated 
using the China-PAR equations: < 5%, 5%-9.9%, 
10%-19.9%, and ≥ 20%. The China-PAR equations 
discriminated well with good C statistics (range, 
0.76-0.86). The adjusted hazard ratios for CVD 
showed an increasing trend among the 4 subgroups 
(P for trend < 0.01). However, the China-PAR 
equations underestimated the 10-year CVD risk in 
Mongolians, and the calibration was unsatisfactory 
(Hosmer-Lemeshow χ2 = 19.98, P < 0.01 for men, χ2 

= 46.58, P < 0.001 for women). The performance of 
the China-PAR equations warrants further 
validation in other ethnic groups in China. 

Cardiovascular disease (CVD) remains the 
leading cause of premature death worldwide and 
have imposes a heavy disease and economy burden 
in China[1]. Risk prediction plays a central role in 
clinical guidelines for both primary and secondary 
prevention of CVD. The sex-specific China-PAR 
equations for 10-year risk prediction of 
atherosclerotic cardiovascular disease were 
successfully developed and validated in Han 
populations in China[2]. However, China is a 
multi-ethnic country comprising Han and other 
minority groups which may or may not share similar 
CVD characteristics with the Han people. The aim of 
this study is to evaluate whether the China-PAR 
equations could be used to predict the 10-year risk 
of cardio-cerebrovascular disease (CCVD) in 

Mongolians, a minority population in northern 
China. 

This prospective cohort study was conducted 
from June 2002 to July 2012 in Inner Mongolia, an 
autonomous region in northern China. Briefly, a total 
of 3,475 Mongolian people aged 20 years and older 
were recruited from 32 villages. The majority of local 
residents were Mongolians who had lived there for 
many generations and maintained a traditional diet 
and lifestyle. Among them, 886 people were 
excluded because they refused to participate, or had 
cardiovascular or endocrine diseases, including 
hyper/hypothyroidism. Finally, a total of 2,589 
individuals (1,064 men and 1,525 women) free of 
baseline CVD were included in our study.  

Written informed consent was obtained for all 
participants. This study was approved by the 
Soochow University Ethics Committee. 

Data on demographic characteristics, lifestyle 
risk factors, family history of CVD, and personal 
medical history were collected by trained staff. 
Family history of CVD was defined as having at least 
1 parent or sibling with myocardial infarction (MI) or 
stroke. Current smokers was defined as having 
smoked at least 1 cigarette per day for 1 year or 
more. Alcohol consumption was defined as 
consuming at least 1 unit (50 g) of alcohol per day on 
average for 1 year or more. 

Three consecutive blood pressure (BP) 
measurements were taken, and the means of the 3 
measurements were used for data analysis. 
Hypertension was defined as a systolic BP of at least 
140 mmHg and/or diastolic BP of at least 90 mmHg, 
or taking antihypertensive medication. Waist 
circumference (WC) was measured at the level of   
1 cm above the umbilicus. 
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Overnight fasting blood samples were obtained 
to test fasting plasma glucose (FPG), total cholesterol 
(TC), high-density lipoprotein cholesterol (HDL-C), 
triglycerides (TG), and low-density lipoprotein 
cholesterol (LDL-C). Diabetes was defined as the 
presence of one of the following: 1) FPG ≥ 7.0 
mmol/L or 2) a self-reported history of diabetes and 
current use of either insulin or oral diabetes 
medication. 

All participants were followed up from June 
2003 to July 2012. CVD events were defined as a 
composite of coronary heart disease (CHD) (coronary 
death, myocardial infarction) and stroke (ischemic 
stroke and hemorrhagic stroke). Since 2003, 
household surveys of all participants were 
conducted on average every 2 years to identify new 
CVD events. Trained staff interviewed either the 
participants or their relatives, if participants were 
dead or unable to communicate, and completed a 
medical status questionnaire. If any participant 
reported the occurrence of a CVD event during the 
period since the last survey, the staff reviewed the 
patient’s hospital records. 

The 10-year predictive risk of CVD was 
calculated for each participant using the China-PAR 
equations. Participants were categorized into 4 
subgroups according to their 10-year CVD risks:    
< 5%, 5%-9.9%, 10%-19.9%, and ≥ 20%. Baseline 
characteristics were described separately in each 
CVD risk subgroup and the cumulative incidence of 
CVD was estimated using Kaplan-Meier curves and 
compared by log-rank test. Furthermore, hazard 
ratios (HR) and 95% confidence intervals (CI) of 
observed CVD events were computed across each 
subgroup compared with the < 5% category in a 
multiple Cox proportional hazard model, adjusting 
for other variables not included in the China-PAR 
equations, such as hypertension, alcohol drinking 
and BMI. Age was the most heavily weighted 
variable in the 10-year risk model[3]; therefore, the 
model was adjusted for age as a covariate. 

We evaluated the calibration and discrimination 
ability of the China-PAR equations for 10-year CVD 
risk prediction in Mongolians. For this purpose, we 
divided the participants into 10 deciles according to 
their 10-year CVD risks based on the China-PAR 
equations. We evaluated calibration graphically by 
comparing the average predicted CVD rates to the 
observed CVD rates among participants in each 
decile. Model fit was assessed by using a modified 
Hosmer-Lemeshow ‘goodness-of-fit’ test. 
Discrimination was estimated by calculating the 

concordance (C) statistic. The above analyses were 
performed for the overall population and separately 
for men and women. 

The study included 2,589 participants (mean age: 
46.4 ± 12.3 years, men: 40.79%) without previous 
CVD at baseline. The participants had been followed 
up for an average of 9.2 years and 23,400 
person-years. Six participants were lost to follow-up 
and 48 were excluded for missing key variables; thus, 
a total of 2,535 persons were included in the final 
analysis. A total of 195 CVD events, including 120 
strokes and 75 cases of CHD were observed, and the 
cumulative incidence rate was 7.69%. The 
cumulative incidence of CVD in the < 5%, 5%-9.9%, 
10%-19.9%, and ≥ 20% subgroups was 2.56%, 
12.96%, 20.54%, and 40.00%, respectively (log-rank 
P < 0.001). 

In discriminatory assessment, as shown in Table 
1, the adjusted hazard ratios of CVD were 4.94 (95% 
CI: 3.15-7.74), 7.78 (95% CI: 4.88-12.39), and 15.37 
(95% CI: 9.13-25.87), respectively, using the < 5% 
category as a reference (P for trend < 0.01). The 
hazard ratios of CVD events significantly and 
positively increased with the levels of 10-year 
predicted CVD risk obtained from the China-PAR 
equations, even after adjustment for age, 
hypertension, alcohol drinking, and BMI as 
covariates. The C statistics were 0.816 (95% CI: 
0.769-0.849) for all participants, 0.808 (95% CI: 
0.766-0.856) for men, and 0.810 (95% CI: 
0.787-0.846) for women. The China-PAR equations 
discriminated well between low and high-risk 
participants and had a good ability to distinguish 
CVD cases from non-cases. There was no indication 
that the performance of the China-PAR equations 
differed between men and women. 

Figure 1 showed comparisons between the 
observed and predicted incidence of CVD in each 
decile of the predicted CVD risk for all participants, 
men only, and women only. The predicted CVD 
incidence rates were significantly lower than those 
observed according to deciles of risk, indicating that 
the China-PAR equations may underestimate 10-year 
CVD risk in the Mongolian population. The 
Hosmer-Lemeshow ‘goodness-of-fit’ test was also 
unsatisfactory calibrated for all participants (χ2 = 
64.80, P < 0.001), men (χ2 = 19.98, P < 0.01), and 
women (χ2 = 46.58, P < 0.001) (Table 2). 

The discrepancy in performance of the 
China-PAR equations between Chinese Mongolian 
and Chinese Han populations may be attributed   
to different genetic determinants and environmental 
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Table 1. Hazard Ratios and Discrimination among Mongolians by 10-year Predicted Risk 

10-year Predicted 
Risk of CVD, % 

Observed Events/ 
Person-year 

Un-adjusted 
HR (95% CI) 

Adjusted* 
HR (95% CI) 

C Statistics 
(95% CI) 

All participants 
< 5 45/16786.52 1.00 (reference) 1.00 

0.816 (0.769-0.849) 
5-9.9 49/3367.03 5.52 (3.68-8.28) 4.94 (3.15-7.74) 
10-19.9 61/2472.55 9.43 (6.41-13.86) 7.78 (4.88-12.39) 
≥ 20 40/774.83 20.11 (13.12-30.81) 15.37 (9.13-25.87) 
P value for trend  < 0.0001 < 0.0001  

Men 
< 5 15/5356.05 1.00 (reference) 1.00 

0.808 (0.766-0.856) 
5-9.9 21/1639.41 4.63 (2.39-8.99) 4.40 (2.20-8.78) 
10-19.9 39/1598.44 8.75 (4.82-15.88) 7.90 (4.04-15.45) 
≥ 20 33/665.79 18.48 (10.03-34.06) 15.45 (7.51-31.75) 
P value for trend  < 0.0001 0.0309  

Women 
< 5 30/11430.47 1.00 1.00 

0.810 (0.787-0.846) 
5-9.9 28/1727.62 6.26 (3.74-10.48) 4.91 (2.65-9.07) 
10-19.9 22/874.11 10.22 (5.89-17.72) 7.89 (4.00-15.58) 
≥ 20 7/119.04 23.14 (10.15-52.76) 17.82 (6.87-46.25) 
P value for trend  < 0.0001 0.0007  

Note. *Adjusted for age, hypertension, alcohol drinking, and BMI. 

Table 2. Comparison of Observed and Predicted Incidence of CVD in Mongolians by 10-year CVD Risk 

10-year Predicted 
Risk of CVD, % 

Incidence of Observed  
CVD Risk (%) 

Incidence of Predicted  
CVD Risk (%) 

Calibration χ2 P Value 

All participants     
< 5 2.56 1.55 64.80 < 0.001 
5-9.9 12.96 7.20   
10-19.9 20.54 14.03   
≥ 20 40.00 27.79   

Men     
< 5 2.62 2.00 19.98 < 0.01 
5-9.9 11.35 7.18   
10-19.9 20.42 14.20   
≥ 20 38.82 28.39   

Women     
< 5 2.53 1.34 46.58 < 0.001 
5-9.9 14.51 7.23   
10-19.9 20.75 13.72   
≥ 20 46.67 24.37   

 

Figure 1. Observed and predicted incidence of CVD event among Mongolians by deciles of predicted risk
based on the China-PAR. 
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exposure. First, the susceptibility to CVD was higher 
in Mongolians than in the Chinese Han population, 
as suggested by a higher occurrence of the 
apolipoprotein E gene ε4 allele[4] and RGS5 gene 
variants (rs16849802 and haplotype GAA)[5]. Second, 
the Mongolian participants in our study had a higher 
prevalence of current smoking (44% vs. 33%) and 
hypertension (37.39% vs. 25.73%) than the Chinese 
Han cohort[6]. In addition, the higher prevalence of 
CVD in Mongolians may be attributed to differences 
in lifestyle. In China, the epidemic of CVD and risk 
factors, including occupation and lifestyle, have 
changed vastly in the past decade. However, Chinese 
Mongolian retain traditional dietary habits, which 
are characterized by heavy drinking, high 
consumption of saturated fatty acids, and few fresh 
vegetables[7]. 

It is worthy of mention that the Framingham 
General Cardiovascular Score, which was designed 
for the American population, has been found to 
perform well in the Mongolian population in China. 
A previous study indicated that the risk of CVD in 
Mongolians is as high as that in the Framingham 
population[8]. Investigators have identified 
hypertension, diabetes, dyslipidemia, and smoking as 
key risk factors that account for most of the CVD 
burden in the community. Chinese Mongolian people 
had a higher prevalence of hypertension and other 
cardiovascular risk factors, as well as risk factor 
clustering, than Chinese Han people. Thus, risk factors 
which were not included in the China-PAR equations 
should also be taken into consideration in predicting 
10-year CVD risk in Mongolians. The clustering of 
multiple risk factors has more detrimental 
cardiovascular effects than a single risk factor[9,10]. 

There were some limitations to our study. First, 
our study only included Mongolian farmers and 
herdsmen and excluded urban Mongolian residents. 
The risk score for urbanization included in the 
China-China-PAR equations requires validation to 
determine its predictive utility. Second, treatment 
details, especially for high blood-pressure patients 
during follow-up period, were not obtained; 
therefore, it is possible that residual confounding 
factors affected our results, although we collected 
data on major cardiovascular risk factors at baseline. 
Third, we did not collect data on dynamic changes in 
risk factors for the participants and not adjust for the 
change status. 

In summary, the China-PAR equations 
underestimated the 10-year risk of CVD among Chinese 

Mongolians. The performance of the China-PAR 
equations warrants further validation in other ethnic 
groups in China. 
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