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Bdegl‘OUl‘ld Performance of Pooled Cohort Equations (PCEs) for atherosclerotic cardiovascular disease (ASCVD) risks
varied across populations. Whether the recently developed Prediction for ASCVD Risk in China (China-PAR) model could
accurately predict cardiovascular risks in real practice remains unclear.

Methods A population-based cohort study in rural Beijing in the “stroke belt” in North China was used to externally
validate PCE and China-PAR models for 5-year ASCVD risk prediction. Expected 5-year prediction risk using China-PAR model
was compared with PCE (white). The models were assessed for calibration, discrimination, and reclassification.

Results Among 11,169 adults aged 40 to 79 years over a median 6.44 years of follow-up, 1,921 participants
developed a first ASCVD event during total 70,951 person-years. China-PAR model fairly predicted ASCVD risk in men but
overestimated by 29.4% risk in women (calibration x? = 81.4, P < .001). Underestimations were shown by PCE as 76.2% in
men and 88.2% in women with poor calibration (both P < .001). However, discrimination was similar in both models: G-
statistics in men were 0.685 (95% Cl 0.660-0.710) for China-PAR and 0.675 (95% Cl 0.649-0.701) for PCE; Cstatistics in
women were 0.711 (95% Cl 0.694-0.728) for China-PAR and 0.714 (95% Cl 0.697-0.731) for PCE. Moreover, China-PAR
did not substantially improve accuracy of reclassification compared with PCE.

Conclusions China-PAR outperformed PCE in 5:year ASCVD risk prediction in this rural Northern Chinese population at
average population risk level, fairly predicted risk in men, but overestimated risk in women; however, China-PAR did not
meaningfully improve the accuracy of discrimination and reclassification at individual risk level. (Am Heart J 2019;211:34-

44)

Numerous risk prediction models have been developed
for primary prevention of cardiovascular diseases.' For
example, in 2013, the American College of Cardiology and
the American Heart Association (ACC/AHA) released the
updated Pooled Cohort Equations (PCE) for estimating
atherosclerotic cardiovascular disease (ASCVD) risks.>
However, most risk prediction models derived primarily
from Western populations might not be suitable for direct
application in other ethnic populations, such as Chinese.
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One of the important reasons might be due to the fact that
the proportion of coronary heart disease (CHD) or stroke
among all forms of ASCVD in China is different from the
Western population, and furthermore, the relative risk for
the same risk factor for ASCVD might differ between
stroke-predominant and CHD-predominant ASCVD out-
comes. In China, unlike in Western countries, stroke
predominates,® which may be caused, at least in part, by a
higher population prevalence of hypertension.4 Similar to
the “stroke belt” in the southeast United States, a “stroke
belt” with high stroke incidence was found in north and
west China.’

On the other hand, China's current cardiovascular
epidemic is increasing along with rapid economic develop-
ment, aging population, and changing ]jfestyles.6 Recently,
the Prediction for ASCVD Risk in China (China-PAR) project
published a new risk prediction model designed for Chinese
adults in multiple contemporary Chinese cohorts.” Howev-
er, their ability to accurately predict cardiovascular risks in
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real practice remains unclear. Disparities in risk factor
distributions, baseline survival, and composition of disease
subtypes were observed within China, and patterns of risk in
populations located in the “stroke belt” may be significantly
different from the cohorts used to derive the China-PAR
model. Consequently, evaluation and comparison of the
accuracy of ASCVD risk prediction by both PCE and
China-PAR models are essential for primary prevention in
China.

In this study, we used a population-based cohort of
11,169 Chinese adults aged 40 to 79 years who were
recruited at baseline between 2008 and 2010 in rural
Beijing to investigate the ASCVD risk prediction perfor-
mance when applying the original or recalibrated PCE
and China-PAR models to the “stroke belt” rural
populations in North China. Whether the latest
China-PAR models outperform the recalibrated PCE
models in this Chinese population in terms of risk
prediction is of special interest.

Methods
Study population

The Fangshan Cohort Study (FCS), which is a prospec-
tive population-based cohort study in rural Beijing located
in the “stroke belt” in North China, was designed to
investigate the changing epidemiological characteristics
of cardiovascular diseases among rural Chinese popula-
tions. Details of study design and cohort profile were
published previously.® In brief, a total of 20,115 adults
aged 40 years or older from 3 towns in the Fangshan
District of Beijing were enrolled using cluster sampling
between March 2008 and August 2010. For the current
analysis, we used the same inclusion criteria followed for
the development of the PCE,? that is, including the
participants aged 40 to 79 years without a history of
CHD, stroke, heart failure, or atrial fibrillation at baseline.
We further excluded participants with missing data on
components of the PCE and China-PAR models. The
major reason for exclusion was missing data on
measurements of lipids (n = 6,004) because some
participants refused to provide overnight fasting venous
blood samples at baseline. Overall, 11,169 FCS partici-
pants were included in final analysis (Supplemental
Figure S1). This study was approved by the Ethics
Committee of Peking University Health Science Center,
and all participants provided written informed consent
before beginning the survey.

Baseline assessment

Trained investigators using a structured questionnaire
obtained face-to-face information on participants' age,
sex, smoking status, history and family history of
comorbid conditions, and use of antihypertensive and
antidiabetes medications in community health care
centers within residential areas. At baseline, history of
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CHD, stroke, heart failure, and atrial fibrillation was
determined based on medical records-verified
self-reported data.” Diabetes was defined as having a
fasting glucose >126 mg/dL or self-reported current
treatment with insulin or oral hypoglycemic agents.
Family bistory of ASCVD was defined as at least 1 parent
or 1 sibling having stroke or myocardial infarction (MD).
Those who smoked more than 100 cigarettes in their
lifetime were designated as smokers. Smokers who had
quit more than 1 year prior to the evaluation were
categorized as former smokers. Physical examinations
were conducted by trained investigators following
standardized protocols, and the procedure included
resting blood pressure, height, weight, waist circumfer-
ence, and hip circumference measurements; a 12-lead
resting electrocardiogram; collection of fasting blood
samples; and a review of medications used during the
2-week period prior to the study visit. Blood pressures in
the right arm were measured 3 times and averaged for
analysis. Hypertension was defined as systolic blood
pressure > 140 mm Hg, diastolic blood pressur-
e > 90 mm Hg, or use of any antihypertensive medica-
tion. Overnight fasting venous blood samples were sent
to the certificated central laboratory of the First Hospital
of Fangshan District for measurement of total cholesterol,
high-density lipoprotein cholesterol (HDLC), and blood
glucose. Serum was used for the assay within 6 hours by
the Hitachi 7060 Automatic Biochemical Analyzer (Hita-
chi High-Technologies Corp, Tokyo, Japan).

Follow-up and event definition

Living participants (or their proxy respondents) were
contacted every year via telephone to assess self-reported
incident stroke or CHD events. We also used the New
Rural Cooperative Medical Scheme claims data to identify
probable ASCVD events during January 2008 and
December 2016. In addition, hospitalization medical
records or death registries were retrieved by the
morbidity and mortality surveillance system established
by the Fangshan District Center for Disease Control and
Prevention. Based on record-verified data, all suspected
cases were then adjudicated by trained study clinicians
following published guidelines.'”'" Stroke was defined
by a language or physical impairment with symptoms
lasting for more than 24 hours and confirmed as being
related to a cerebrovascular cause by brain computed
tomography or magnetic resonance imaging. MI was
defined as cases with changed biochemical markers of
myocardial necrosis accompanied by ischemic symp-
toms, pathological Q waves, ST-segment elevation or
depression, or coronary intervention. CHD death includ-
ed all fatal events due to MI or other coronary deaths. The
outcomes of hard ASCVD events that the PCE and the
China-PAR were derived for were the same.” According
to the 2013 ACC/AHA guideline, the hard ASCVD events
in our study included nonfatal or fatal stroke
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Table I. Comparisons of predictor variables used in the PCE and
China-PAR models by sex

Men Women

Predictor variables PCE China-PAR PCE China-PAR

Age

Smoking

Diabetes

Hypertension treatment
SBP

TC

HDLC

Waist circumference
Region

Urban

Family history of ASCYD
Age x age v
Age x smoking N
Age x SBP

Age x TC V V
Age x HDLC Y N
Age x family history of ASCVD J

222 2 2 2 2

222 2 2 2 2 2 2 2 2
2022 2 2 2 <2
222 2 2 2 2 2 2

2 2

SBP, Systolic blood pressure; TC, total cholesterol.

(International Classification of Diseases, 10th Revision
[ICD-10] codes 160, 161, 163, and 164), nonfatal MI (ICD-10
codes 121 and I22), and CHD death (ICD-10 codes
120-125). The primary end point of this study is the
first-ever fatal or nonfatal ASCVD events; that is, times
were recorded as the difference between the date of the
baseline examination and the date of occurrence of
ASCVD event, the date of death from a cardiovascular
cause, or the last follow-up date, whichever occurred
first.

Risk prediction models

Comparisons of predictor variables used in the PCE and
China-PAR models were summarized in Table 1. Because
our study followed participants for less than 10 years, we
evaluated the capability of risk prediction at 5 years. The
China-PAR models were originally derived from 2 cohorts
(the International Collaborative Study of Cardiovascular
Disease in Asia [InterASIA] and China Multi-Center
Collaborative Study of Cardiovascular Epidemiology
[China MUCA] 1998) for 10-year ASCVD risk prediction
in Chinese (northern/southern, urban/rural) and further
validated separately for both 10-year risk (in the China
MUCA 1992-1994 cohort) and 5-year risk (in the
Community intervention of Metabolic Syndrome in
China [CIMIC] cohort).” Although the InterASIA study
included rural Chinese in Beijing, the number of
participants in the “stroke belt” was limited (only 1,913
men and 1,849 women in rural North China),'? and there
was no overlap with our FCS cohort. As one of the
validation cohorts for 5-year ASCVD risk prediction by the
China-PAR models, the CIMIC cohort was initiated from
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2007 to 2008 with an average follow-up duration of
5.9 years. Five-year ASCVD risk predictions in our
primary analysis were calculated using the equations
provided in the paper by Yang et al,” where the Sy(£) was
obtained from the published 5-year Kaplan-Meier ASCVD
rate of the CIMIC cohort, that is, Sy(¥) = exp(—5-year
Kaplan-Meier ASCVD event rate) (Supplemental Table
S1). We also assessed the performance affected by the
baseline survival parameters of the China-PAR model. In
the sensitivity analysis, So(#) was replaced by the 5-year
Kaplan-Meier ASCVD rate of China-PAR derivation
cohorts (the InterASIA and China MUCA 1998), where
So(® = exp(—10-year Kaplan-Meier ASCVD rate/2) (Sup-
plemental Table S2). We used original PCE for 5-year risk
prediction calculation. These parameters were originally
obtained from the research team who developed the PCE
through personal communication and were published in
an article using the Reasons for Geographic and Racial
Differences in Stroke (REGARDS) study data.’®> The
recalibrated PCE models were applied by adjusting the
5-year baseline survival rate to a general Chinese
population (ie, using the survival rate in the China-PAR
instead) and keeping other coefficient parameters the
same as the original PCE model. Furthermore, we also
recalibrated PCE models to our FCS (ie, using the Sy[]
and the mean score derived from our high-risk Chinese
population in stroke belt).

Statistical analysis

Baseline characteristics of participants were summa-
rized for sex-specific groups as mean (SD) for continuous
variables and percentage for categorical variables. Differ-
ences between sex groups were evaluated by ¢ test (as
appropriate) for continuous variables and x? test for
categorical variables. The Kaplan-Meier method was used
to calculate the cumulative incidence of ASCVD and the
observed number of ASCVD events at 5 years. The
predicted numbers of events at 5 years were estimated by
specific equations from PCE (white)'? and China-PAR’
separately. Performance of ASCVD risk prediction models
was assessed by discrimination, calibration, and reclassi-
fication. Model discrimination was evaluated using the
Harrell C-index. An overall assessment of calibration was
assessed by the Hosmer-Lemeshow  ° test. A x * value of
greater than 20 or a P value of less than .05 means poor
calibration. We calculated ratios of predicted to observed
events among study participants in 5 categories of 5-year
risk predictions: less than 2.5%, 2.5% to less than 3.75%,
3.75% to less than 5%, 5% to less than 10%, and 10% or
greater, based on the 2013 ACC/AHA guideline? as well as
risk thresholds by the World Health Organization
guideline. " A ratio of 1.0 means perfect calibration
with equal predicted and observed rates; ratios greater
than 1.0 suggest overestimation, whereas those less than 1.0
indicate underestimation.'®> According to the Transparent
Reporting of a Multivariable Prediction Model for Individual
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Table II. Baseline characteristics and ASCVD events of study participants by sex

Overall Men Women

Characteristics (N=11,169) (n = 3578) (n=7591) P value*
Age,y 552+8.9 555+ 9.0 551 +88 017
Current smoker, n (%) 2661 (23.8) 1811 (50.6) 850 (11.2) <.001
Waist circumference, cm 87.0+10.2 88.6 +10.2 86.2 +10.1 <.001
SBP, mm Hg 131.2+18.0 1316 +17.4 131.0+18.2 135
DBP, mm Hg 82.8 +10.1 84.1 +10.6 82199 <.001
Antihypertensive treatment, n (%) 1830 (16.4) 563 (15.7) 1267 (16.7) .203
Total cholesterol, mg/dL 189.1 +37.8 180.8 + 36.0 193.0 + 38.0 <.001
HDLC, mg/dL 48.9 +12.0 473 £12.2 496 +11.8 <.001
Diabetes, n (%) 1101 (9.9) 342 (9.6) 759 (10.0) 466
Family history of ASCVD, n (%) 3874 (34.7) 1211 (33.9) 2663 (35.1) 201
To convert total cholesterol and HDL-C to mmol/L, multiply by 0.0259. DBP, diastolic blood pressure.
*Compared between men and women.

Table Ill. Outcomes of ASCVD events in study participants by sex

Overdll Men Women

Qutcomes (N=11,169) (n = 3578) (n=7591) P value*
Incident ASCVD events, n (%) 1921 (17.2) 671 (18.8) 1250 (16.5) .003

Stroke events, n (%) 1064 (9.5) 437 (12.2) 627 (8.3) <.001

CHD events, n (%) 857 (7.7) 234 (6.5) 623(8.2) .002
Incidence of ASCVD (n/100,000 person-year) 2707.5 3028.8 2561.6 <.001
5-y Kaplan—Meier ASCVD rate (%) 10.7 12.0 10.1
*Compared between men and women.
Prognosis or Diagnosis guidelines, 16 we also illustrated the Results

prediction ability of the equations by using calibration charts
and plots. In addition, for model comparison in the context
of clinical relevance, change in risk reclassification between
the PCE and the China-PAR model was analyzed using the
continuous net reclassification improvement and integrated
discrimination improvement (IDI) methods. 7 Moreover, to
further explore the heterogeneity in effects of predictors,
PCE (white) and China-PAR models were refitted in our FCS
population using sex-specific Cox proportional-hazards
models with all continuous variables natural
log-transformed. We used centering continuous predictors
by subtracting the mean from each variable in the regression
model. Regression coefficients for components in the PCE
(white)'? and China-PAR” were compared with those in our
FCS population, and hazard ratios were illustrated by forest
plots. Two-sided P values of less than .05 were considered
statistically significant, and 95% CI was used. All statistical
analyses were conducted using the STATA version 14 (Stata
Corporation, College Station, TX).

Sources of funding

This study was supported by the National Natural
Sciences Foundation of China (81573226, 91546120, and
81230066) and Beijing Natural Science Foundation
(7162107). The authors are solely responsible for the
design and conduct of this study, all study analyses, the
drafting and editing of the paper, and its final contents.

Baseline characteristics of total 11,169 participants
were presented in Table II. At baseline, the average age of
participants was 55.2 years, and 68% of adults were
women. Men were slightly older, had higher levels of
waist and diastolic blood pressure, and were more likely
to be smokers, whereas women had a higher level of total
cholesterol and lower level of HDLC (all P < .05).
Comparisons of participants included and excluded in
final analysis were shown in the Supplemental Table S3
and suggested that baseline characteristics were broadly
similar between the 2 groups, except educational
level and family history of ASCVD. Among 11,169
adults without history of ASCVD included in our
study, 1,921 participants (671 men and 1,250 women)
had an incident fatal or nonfatal ASCVD event over a total
follow-up of 70,951 person-years (median follow-up
6.44 years). Observed incidence rate were 3,028.8 (95%
CI 2,807.1-3,263.0) and 2,561.6 (95% CI 2,423.3-2,705.7)
for men and women, respectively, per 100,000 person-years
(Table IID).

Predicted 5-year incidence using original PCE and
recalibrated PCE by CIMIC was lower than that using
China-PAR, whereas recalibrated PCEs by FCS were
higher in both men and women (Table IV). Sex-specific
C-statistics for China-PAR model were 0.685 (95% CI
0.660-0.710) for men and 0.711 (95% CI 0.694-0.728)
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Table IV. Exteral validation of 5-year ASCVD risk prediction by the PCE and China-PAR models

Predicted ASCVD Kaplan-Meier Expected-observed  Calibration x?  Discrimination

Model events* (n) adjusted eventst (n) ratio (P value) C-statistic (95% Cl)
Men (418 cases/3578 participants during 5 y)

Original PCE (white) 102.5 430.1 0.238 ( fod D e |

Recalibrated PCE (white) by CIMIC 76.0 430.1 0.177 “336803]) © 63;%570”

Recalibrated PCE (white) by FCS 734.0 430.1 1707 ( P“f%g” o 62;7‘?(7)570”

Original China-PAR 4293 430.1 0.998 " f'757) o o8 0
Women(749 cases/7591 participants during 5'y)

Original PCE (white) 90.2 765.9 0.118 “25213(2)01]) © 62.77—2)473])

Recalibrated PCE (white) by CIMIC 129.7 765.9 0.169 ( ;863651) o 68'77_2)"'73”

Recalibrated PCE (white) by FCS 1205.0 765.9 1.573 [P3<8%(9)]) © 68.77-(1)473])

Original China-PAR 990.7 765.9 1.294 " 8l 6401) o 68;17_:)]728)

* Expected number of events based on the 5-year ASCVD prediction models.

t Observed number of ASCVD events after Kaplan-Meier adjustment through follow-up.

for women, which were similar to 0.675 (95% CI
0.649-0.701) for men and 0.714 (95% CI 0.697-0.731)
for women using original PCE or recalibrated PCE. The
original PCE underestimated the 5-year risk of ASCVD
by 76.2% and 88.2% in men and women with poor
calibration (both P <.001). The recalibrated PCE
model by CIMIC which adjusted the baseline survival
to that in a general Chinese population did not improve
the performance, that is, the underestimations were
still as high as 82.3% in men and 83.1% in women with
poor calibration (both P < .001). On the contrary, the
recalibrated PCE model by FCS which adjusted to a
high-risk Chinese population in stroke belt indicated
that the overestimations were 70.7% in men and
57.3% in women with poor calibration (both
P <.001). In contrast, the China-PAR model fairly
predicted ASCVD risk in men but overestimated risk
in women by 29.4% (calibration x* = 81.4, P < .001).
China-PAR outperformed PCE at average population
risk level in men.

As shown in Figure 1, in predicted 5-year ASCVD risk
categories using China-PAR of <2.5%, 2.5% to <3.75%,
3.75% to <5%, 5% to <10%, and >10%, the observed rates
in those categories were 2.54%, 3.85%, 4.49%, 7.05%, and
18.17% in men and 0.86%, 1.76%, 3.49%, 5.71%, and
15.96% in women. However, their counterparts in
above categories using recalibrated PCE by CIMIC were
8.56%, 17.81%, 18.11%, 23.92%, and 38.12% in men and
7.28%, 16.75%, 19.94%, 26.56%, and 30.62% in women,
respectively. The calibration plots also illustrated that
there were no substantial differences between the
observed and the predicted rate in men, whereas
overestimation occurred in the highest-risk category in

women using China-PAR. However, significant underesti-
mations were observed in both men and women using
original PCE or recalibrated PCE by CIMIC, whereas
overestimations were indicated using recalibrated PCE by
FCS (Figure 2) or recalibrated China-PAR by FCS (Supple-
mental Figure S2).

In the context of clinically relevant improvements in
prediction, we compared the China-PAR model with the
reference of original PCE and found that reclassification
measured with the continuous net reclassification improve-
ment was not significant in men (0.14%; 95% CI —8.26% to
8.53%) and in women (0.03%; 95% CI —6.03% to 6.10%). IDIs
comparing China-PAR versus original PCE were both
significant at 2.97% (2.30%-3.64%) in men and 6.58%
(5.87%-7.30%) in women; however, IDIs for
China-PAR versus recalibrated PCE by FCS were both
significant at —9.24% (-11.30% to —7.18%) in men and —
5.14% (—=6.01% to —4.27%) in women (Supplemental Table
$4). These results indicated that, after adjustment for the
baseline risk in our FCS population, the China-PAR model
inversely predicted worse than the recalibrated PCE by FCS
in both men and women at individual risk level. Even after
the China-PAR model was also recalibrated by FCS, the
results seemed broadly similar (Supplemental Table S5), so
the results suggested that the China-PAR model was not
necessary to be recalibrated by FCS.

In the sensitivity analyses using the So(#) from the
China-PAR derivation cohorts, the China-PAR model
underestimated the risk by 16.7% in men and over-
estimated the risk by 10.9% in women with poor
calibration (both P < .001) (Supplemental Table S6 and
Figure S3). In terms of reclassification measures, similar
results were shown (Supplemental Table S7) and also
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(E) Five-year ASCVD Risk Prediction:
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(F) Five-year ASCVD Risk Prediction:
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Five-year Kaplan-Meier observed and predicted ASCVD event rates using the China-PAR and PCE.

indicated that, after adjustment for the baseline risk in our
FCS population, the China-PAR model inversely predicted

worse than the recalibrated PCE in both men and women
at individual risk level.
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Figure 2
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Calibration plots for the external validation of 5-year ASCVD risk prediction using the China-PAR and PCE.
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To better understand what components of the PCE or
China-PAR influenced the association the most in our
rural Chinese population, we compared the regression
coefficients in the models and found that the level of
systolic blood pressure has major effects besides age
(Supplemental Table S8-S9 and Figure S4).

Discussion

To the best of our knowledge, this study is among the
first to externally validate the performance of both PCE
and China-PAR when applied to data collected in a rural
Chinese population located in the “stroke belt” in China.
The current analysis suggested that both original PCE and
recalibrated PCE by CIMIC using a general Chinese
population underestimated the 5-year risk of ASCVD with
poor calibration in our study; however, recalibrated PCE
by FCS using our high-risk Chinese population in the
stroke belt overestimated the 5-year risk of ASCVD with
poor calibration.

Researches on performance of the PCE in Asian popula-
tions, especially in Chinese, are limited. The Hong Kong
Cardiovascular Risk Factor Prevalence Study'® validated the
PCE among 1,476 Chinese adults who were aged 40 to
79 years at baseline recruited in 1995. Model discrimination
was moderate (Cindex was 0.714 for men and 0.765 for
women) with poor calibration in men (X2 was 24.1 for men
and 10.1 for women). The Korean Heart Study (KHS)
validated the PCE (white) among 192,605 participants and
indicted that 10-year risk was overestimated by 56.5% in men
and underestimated by 27.9% in women. 19 Moreover, the
KHS developed a Korean Risk Prediction Model for ASCVD
and showed an appropriate predictive ability in the KHS
cohort. They concluded that PCE should not be directly
applied for cardiovascular risk prediction in the Korean
population. ' Besides, the Japan Atherosclerosis Society also
commented that it is not necessary to change their guidelines
because applying PCE to the Asian population can
overestimate the risk.”® The Japan Public Health Center-
based prospective study developed own risk equations for
coronary artery disease and ischemic stroke incidence in
Japanese.?' However, all these specific prediction models
for the Asian population should be further validated
independently by others before they are adopted as the
ASCVD risk calculator by the guidelines. Similarly, the
China-PAR model for Chinese was published in 2016;
however, the recently updated Chinese guidelines for the
prevention of cardiovascular diseases (2017)*? still recom-
mended cardiovascular risk assessment only based on count
of the total number of risk factors instead of the quantitative
risk assessment calculator such as the China-PAR. In addition,
we used Markov models to compare the effectiveness of
different screening strategies for primary prevention of
cardiovascular diseases in this rural Chinese population in
the “stroke belt” and found that screening strategy based
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on China-PAR risk calculator could gain more health
benefit than that based on count of the total number of risk
factors by the Chinese guidelines (2017) at the population risk
level.* These results were consistent with the current study
and suggested the implications of validation of cardiovascular
risk prediction models in real-world circumstances.

The long-term trend shows a decline in
age-standardized cardiovascular mortality in the United
States from 300 deaths per 100,000 in 1990 to 176 deaths
per 100,000 in 2015,24 whereas cardiovascular death
rates in China are estimated to have declined from 389.93
only to 307.18 per 100,000 between 1990 and 2013.%
Age-standardized rates of death (per 100,000 people) for
stroke in China were 188.8 and 127.5 for men and
women in 2013; however, there is substantial
province-level variability in stroke mortality with in-
creased rates in the north and west of China.” For
example, the age-standardized death rates for stroke were
higher in Hebei province, which is in the northern
Chinese region neighboring Beijing, that is, 258.0 and
160.7 per 100,000 people for men and women.>’
Mortality rates of CHD range from overall 137.6 deaths
per 100,000 people in China to 186.0 per 100,000 people
in Hebei for men and from 95.1 per 100,000 people in China
to 120.1 per 100,000 people in Hebei for women. A
relatively clear north-to-south gradient also exists, with the
highest rates in the north, and may be explained by
differences in cardiovascular risk factors across populations.
> Thus, the higher rates for ASCVD events in North China as
compared with the United States might partially explain
why the PCE underestimated the ASCVD risk in our study.

Most of the published studies in some contemporary US
cohorts found that PCE overestimated the observed risk
for ASCVD due to decline in cardiovascular incidence in
Western population, which may in part be due to
increased use of statins.'>*® Although the Multi-Ethnic
Study of Atherosclerosis showed overestimation in all
ethnic groups and especially in Chinese Americans (252%
for women and 314% for mer1),27’28 the PCE was never
intended to be applied in a rural Chinese population. The
population in China might be quite different from US
whites and blacks, as well as Chinese Americans,
regarding levels of cardiovascular risk factors. For
example, blood pressure levels are higher with low
rates of awareness, treatment, and control of hyperten-
sion in China. This may be responsible for China's high
stroke prevalence.” Because the average blood pressure
levels in our population were more than 130/80 mm Hg, it is
not surprising that the original PCE and recalibrated PCE by
CIMIC using a general Chinese population underestimated
ASCVD risk in this “stroke belt” population in North China.
Using the baseline survival and mean score derived from our
high-risk population in the FCS, the recalibrated PCE by FCS
showed overestimations which were consistent with most
of other published studies.
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Another plausible reason suggested for the underesti-
mation by both original and recalibrated PCE by CIMIC in
our population may be related to the socioeconomic
status of the population. A recent published large
population-based study in New Zealand indicated that
measures of socioeconomic deprivation should be
included as predictors to identify vulnerable high-risk
subpopulations in prediction models.? Recently, Dalton
et al®’ suggested that PCE systematically underestimated
5-year ASCVD risk among participants from disadvan-
taged communities of the Cleveland Clinic Health System,
and model discrimination was also poor among partici-
pants from socioeconomically disadvantaged neighbor-
hoods (C-index was 0.70 [95% CI 0.67-0.74]). In addition,
the REGARDS study found that PCE underestimated the
5-year ASCVD risk among participants with more social
deprivation, whereas it overestimated risk among those
without deprivation. Social deprivation in their evaluation
was defined using information on annual household income,
education, and relationship status.®' The PCE overestimated
risk in prior validation studies, such as the Women's Health
Study, Physicians' Health Study, and Women's Health
Initiative observational study, which usually included
participants without social deprivation.>* Notably, the
REGARDS study was known to elucidate regional and racial
differences in residents of the stroke belt, located in
southeastern United States. Given that our participants
were based on rural populations also located in the stroke
belt but in China with less education (eg, 39.5% participants
have educational levels of only primary school or lower in
the Supplemental Table S3) and lower income, > our results
are consistent with the conclusion of the REGARDS study
and demonstrated that even after recalibration using Chinese
populations, the PCE in the 2013 ACC/AHA guideline might
not be appropriate for rural Chinese population.

Furthermore, the current study indicated that the
China-PAR model fairly predicted ASCVD risk in men but
overestimated risk in women at average population risk level.
With the addition of geographical (northern/southern, urban/
rural) information, family history of ASCVD, and waist
circumference in the China-PAR model, average population
risk was shown to have good fit over the calibration plot. 3435
Geographical (northern/southern, urban/rural) risk factors
were generally correlated with neighborhood social depriva-
tion status we discussed above in China. Furthermore, family
history of ASCVD has been shown to be a strong predictor of
ASCVD events, that is, the Canadian Cardiovascular Society
recommended that a person's calculated risk should be
doubled when a family history of ASCVD is positive.5(’ In
addition, a high proportion (34.7%) of participants were
observed to have family history of ASCVD in our “stroke belt”
population. However, family history of ASCVD was included
in the China-PAR model only for men, which may explain
why China-PAR models outperformed the PCE models at
population risk level, especially in men.
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Nevertheless, at individual risk level, China-PAR model
did not meaningfully improve the capability of either
discrimination or reclassification in our population. The
CIMIC study showed that China-PAR models overesti-
mated 5-year ASCVD risk by 12.0% in men and 27.5% in
women among 70,838 Chinese participants aged
35-74 years who were free of ASCVD at baseline.” Our
study was comparative to the CIMIC in terms of cohort
initiation period, follow-up time, sex proportion, and
average age of participants. The consistent overestima-
tion for China-PAR in women might also be ascribed to
some sex-specific cardiovascular risk factors. Further
investigations are required to confirm whether additional
enhancement to include novel risk markers in women
could add wvalue to risk prediction models for clinical
practice.>”*® Using local electronic health records data,
such as data from the Veterans Affairs ambulatory care
services,”® physicians might constantly recalibrate and
readily updated risk scores; however, most general practi-
tioners could hardly recalibrate flawed risk equations for
their own population in practice. Performance of risk
prediction models varied across changing populations, and
there are too many unique risk factors to consider. At
individual risk level, some researchers suggested assessing
atherosclerosis directly such as with coronary artery calcium
scores, which have been shown to have superior risk
prediction than many of the risk scores. i

The main strengths of the current analysis include the large
number of participants in a genetically homogenous
population, thus enhancing the internal validity of our
findings. Furthermore, ASCVD events were all adjudicated
by trained physicians. Several limitations in our study should
also be addressed. Twice as many women as men were
included, likely because men in the labor force tend to move
to cities such as downtown Beijing for better work
opportunities and higher wages. Other studies enrolling
subjects in rural China, such as the Asia Pacific Cohort
Studies Collaboration,*' had similar proportions of women
and men as in our study. In addition, many participants
(29.8%) in FCS cohort were excluded because of missing
lipids, and this is common in Asian cohort studies, for
example, the Japan Public Health Center-based prospective
study also excluded 26.3% (16,310/61,984) and 22.1%
(12,009/54,360) participants because of missing biochemi-
cal data in their derivation and validation cohorts, respec-
tively.>! However, comparisons of participants included and
excluded in the final analysis suggested that baseline
characteristics were broadly similar between the 2 groups
in our study, except educational level and family history of
ASCVD (Supplemental Table S3). Moreover, our validation
study only focused on estimating risk of ASCVD within a
5-year period because of the limited follow-up period of the
FCS. Whether the 10-year risk assessment could have better
performance is to be evaluated in the future. Finally, our
study was based only on a distinct Chinese population
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located in the “stroke belt” in North China. Therefore,
additional studies in other populations in China are still
needed to independently validate the ASCVD risk prediction
models for primary prevention.

Conclusions

In summary, our findings suggested that at average
population risk level, China-PAR model outperformed
PCE in 5-year ASCVD risk prediction in this rural Northern
Chinese population, fairly predicted risk in men, but
overestimated risk in women; however, in contrast to the
PCE, China-PAR model did not meaningfully improve the
accuracy of discrimination and reclassification at individual
risk level. Therefore, future ASCVD risk prediction models
specifically aiming to improve the accuracy at individual risk
level, especially for women, are still demanded.
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