Preventive Medicine Reports 36 (2023) 102503

ELSEVIER

Contents lists available at ScienceDirect
Preventive Medicine Reports

journal homepage: www.elsevier.com/locate/pmedr

Preventive
Medicine

Reports

The predictive accuracy of coronary heart disease risk prediction models in

rural Northwestern China

Jiangwei Qiu™"™"', Zhenqi Chang ™', Kai Wang ¢, Kexin Chen?, Qingan Wang >,

Jiaxing Zhang *¢, Juan Li?, Chan Yang ®‘, Yi Zhao®"™%", Yuhong Zhang

& School of Public, Ningxia Medical University, Yinchuan, China

a,b,c,*

Y NHC Key Laboratory of Metabolic Cardiovascular Diseases Research, Ningxia Medical University, Yinchuan, China
¢ The Key Laboratory of Environmental Factors and Chronic Disease Control, Ningxia Medical University, Yinchuan, China
4 Department of Community Nursing, School of Nursing, Ningxia Medical University, Yinchuan, China

ARTICLE INFO ABSTRACT

Keywords:

Coronary heart disease
Risk assessment
Prediction model

Cardiovascular risk models developed may have limitations when applied to rural Chinese. This study validated
and compared the Framingham Risk Score (FRS) and Prediction for Atherosclerotic Cardiovascular Disease Risk
in China (PAR) models in predicting 10-year risk of coronary heart disease (CHD) in a rural cohort in Ningxia,
China from 2008 to 2019. The FRS and PAR models were validated by estimating predicted events, C index,
calibration 42 and plots. 1381 adults without CHD at baseline were followed up for 9.75 years on average. 168
CHD cases were observed. The FRS and PAR underestimated CHD events by 22 % and 46 % for the total pop-
ulation, while overestimated for males by 152 % and 78 %, respectively. The C index was slightly higher for PAR
than FRS. Both models showed weak calibration with chi-square values above 20 (p < 0.001). Bland-Altman plots
indicated FRS predicted higher CHD risk than PAR, lacking consistency. Overall, FRS and PAR demonstrated
limited performance in predicting 10-year CHD risk in this rural population. PAR had slightly better discrimi-
nation than FRS, but require further improvement in calibration and individual risk estimation to suit the rural
population in Northwest China.

External validation
Rural population

1. Background

Coronary heart disease (CHD) remains a significant global health
issue and is the leading cause of mortality (Zaidi and Brueckner, 2017).
Therefore, effective tools for assessing CHD are vital for early screening
and primary prevention (Abd El-Wahab, 2021). Several cardiovascular
disease risk assessment models are available worldwide, the classical
Framingham Risk Score (FRS) established by the Framingham Heart
Study (Mahmood et al., 2014), Systematic Coronary Risk Evaluation
(SCORE), Pooled Cohort Equations (PCE), and the World Health Orga-
nization/International Society of Hypertension (WHO/ISH) risk pre-
diction charts (Hense et al., 2008), etc. However, existing research
suggests that the WHO/ISH model performs poorly in terms of cardio-
vascular risk stratification in Asian populations (Selvarajah et al., 2014).
while the PCE equations provide poor accuracy in Hong Kong Chinese

(Lee et al., 2015). Although both the Framingham and SCORE models
can stratify risk for Asian men and women, the FRS is more accurate in
stratifying risk for women than the SCORE model (Tzoulaki, 2009).
These models are based on data from Caucasians and Blacks in Europe
and the United States. Because the nature or distribution of cardiac risk
variables may be different in the Chinese population, these models may
over or under predict CHD events in Chinese patients. Additionally, rural
Chinese populations have a unique lifestyle compared to Europeans in
terms of diet, physical activity, work, and rest (Colpani et al., 2018; Lv
et al., 2017). Despite the use of risk assessment models in clinical
practice to identify high-risk individuals, these models still have a long
way to go in the Chinese population (Zhang et al., 2020).

The Framingham Risk Score is a crucial classical tool for predicting
CHD events. However, its direct application in China may lead to an
overestimation or underestimation of risk (Jiang et al., 2020; Sun et al.,
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2017). Fortunately, the Prediction for Atherosclerotic Cardiovascular
Disease Risk in China (PAR), a new risk predictive model for Athero-
sclerotic Cardiovascular Disease (ASCVD) in China, was introduced in
2016 (Yang et al., 2016). In addition to the six major risk factors
considered in existing risk projections, including age, treated and un-
treated systolic blood pressure, current smoking status, diabetes status,
total cholesterol, and high-density lipoprotein cholesterol levels, PAR
also includes other factors that explain Chinese characteristics, such as
urbanization (urban or rural) and residence (north/south), family his-
tory of cardiovascular and cerebrovascular illnesses, and waist circum-
ference (which offers better predictive power than BMI) (Zhang et al.,
2020). Therefore, PAR equations may be superior to the FRS assessment
tool in identifying ASCVD risk among Chinese adults (Li et al., 2019).

The objective of this study was to validate and compare the predic-
tive abilities of the PAR Equations and FRS in estimating 10-year CHD
risk using an external population cohort. The goal was to identify an
accurate, convenient, and efficient tool for predicting CHD risk among
rural Chinese populations and to establish a scientific basis for primary
and secondary prevention (Bansilal et al., 2015).

2. Methods
2.1. Study population

This study is a retrospective, population-based cohort investigation.
The baseline survey design was previously published (Zhao et al., 2020).
In brief, from 2008 to 2012, a cross-sectional study was carried out in
Qingtongxia county and Pingluo county of Ningxia, China. Two towns
were randomly selected, and from those towns, two villages were
randomly chosen, yielding a total of four administrative villages as
research units. Stratified cluster sampling was used to recruit 2,209
subjects between the ages of 25 and 74 years from each county. Each
participant completed a questionnaire survey, underwent a physical
examination, and had their blood biochemistry levels measured. Those
who were older than 75 years or younger than 30 years (43 subjects) and
those who had CHD at baseline (93 subjects) were excluded from the
study. All participants provided written informed consent. The study
met institutional guidelines for the protection of human subjects safety
and privacy and was approved by Ningxia Medical University Ethics
Committee (Ethics ID 2018-012, 2020-689).

2.2. Baseline assessment

Trained investigators administered standardized questionnaires to
collect information from participants on their age, gender, residence,
smoking status, alcohol intake, physical activity, antihypertensive
medicine usage, and history or family history of CHD in a face-to-face
setting during the baseline assessment. Physical examinations were
also conducted, which included taking blood pressure at sitting by an
electronic sphygmomanometer (Omron-HEM 7301-IT, China) and tak-
ing blood pressure in the right arm three times for average analysis. In
addition, a portable ruler was used to measure waist and hip circum-
ference, while a weight scale (Omron, China) was used to measure
height and weight. Before measuring body composition, individuals
were instructed to remove their shoes and socks, wear light clothing, and
remove any rings or other jewelry. Furthermore, blood samples were
collected from participants after a minimum of 10 h of fasting and
avoiding alcohol. Fasting plasma glucose (FPG), total cholesterol (TC),
triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), and
low-density lipoprotein cholesterol (LDL-C) were measured using the
enzymatic assay (CHOD-PAP, Roche diagnosis) (Zhao et al., 2020,
2014).

2.3. Follow-up and events definition

Of the initial 2,209 participants, 1,655 subjects underwent
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comprehensive follow-up between 2019 and 2020, with an average
follow-up duration of 9.75 years, ranging from 7.33 years to 12.17 years.
Among them, 124 individuals were lost to follow-up due to relocation,
and 430 had missing data for blood pressure, lipid profiles, and waist
circumference. There were 138 deaths from non-cardiac causes. In
addition, 38 deaths from cardiac causes were included in the outcome
events. And the tracking of death events was conducted through the
local Center for Disease Control and Prevention’s (CDC) monitoring
system (including routine monitoring such as health records and cause-
of-death surveillance, as well as targeted monitoring through village
doctors). Among the survivors, 133 subjects were diagnosed with CHD.
In the end, we conducted the analysis on a sample size of 1,381 in-
dividuals (as shown in Fig. 1).

The follow-up survey used the same questionnaire as the baseline
survey, with body measurements taken using an InBody370 device from
Seoul, Korea. CHD was defined as myocardial ischemia and hypoxia
(angina) or myocardial necrosis caused by organic coronary artery
(atherosclerosis or dynamic vasospasm) stenosis or obstruction
(myocardial infarction) (ICD-10 code 120-125) based on self-reported
verified by medical records (confirmed by secondary and above hospi-
tals). Current smoking or non-smoking was defined as smoking one or
more cigarettes per day, while alcohol intake for six months or more was
defined as drinking at least once a week for six months or more. Hy-
pertension was defined as systolic blood pressure higher than 140
mmHg, diastolic blood pressure higher than 90 mmHg, or the use of
antihypertensive medication. Diabetes was defined as fasting blood
glucose higher than 7.0 mmol/L or current self-reported use of insulin or
oral hypoglycemic medicine (Zhao et al., 2014).

2.4. Predictive risk models

The FRS model includes seven risk factors such as age, gender, sys-
tolic blood pressure, TC, HDL-C, smoking status, and diabetes status. The
10-year risk score for the start of cardiovascular disease was calculated,
and the results were grouped into low, medium, and high risk categories.
However, the PAR Equations model includes eleven risk factors, which
incorporates additional factors such as current residence, geographic
area, waist circumference, blood pressure level, presence or absence of
antihypertensive medicine, smoking and drinking habits, and family
history of CHD. The PAR Equations model also provides 10-year risk
stratification categories. Unlike the FRS, the PAR Equations take into
account the Chinese geographical factors, making it more suitable for
Chinese populations. In this cohort, we used both models to calculate
scores for 10-year CHD risk prediction and compared their accuracy in
predicting CHD.

2.5. Statistical analysis

The baseline characteristics of subjects were summarized as Mean
(SD) for continuous variables and percentages for categorical categories.
To account for potential bias due to loss of follow-up, the Kaplan-Meier
method was used to adjust the observed number of events during follow-
up. (D’Arrigo et al., 2021). This approach adjusted for the effect of
censoring data on the number of incidents. The number of expected
incidents after ten years was estimated using an exact formula derived
from FRS and PAR, respectively. All risk scores were expressed as the
median (Inter-Quartile Range, IQR).

After that, we evaluated the calibration for both the FRS and the
PAR. This refers to the consistency of observed and expected risk. The
discrimination, which refers to how well the model distinguishes be-
tween different risk levels, means that a model with superior discrimi-
nating ability will provide higher predicted probabilities (Alba et al.,
2017; D’Agostino and Nam, 2003; Y et al., 2020, p. 202). These are used
to demonstrate the effectiveness of risk prediction models. The area
under the Receiver Operating Characteristic (ROC) curve was used for
discriminating (Hanley and McNeil, 1982) using the R package
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Fig. 1. Flowchart of the inclusion criteria used to choose study participants, RNC, 2008-2020. CHD, coronary heart disease; RNC, Rural Northwest China.

(timeROC) (Heagerty et al., 2000). It is widely believed that 0.7 or
higher is better (Uno et al., 2011, p. 20). The Pearson Chi-square test
statistic is used to calculate the calibration statistic (Hosmer and
Lemeshow 1980). The 4? value of greater than 20 and the p value less
than 0.05 indicate that the calibration effect is weak (Nattino et al.,
2017). We also used calibration plots to show the projected ability of
these models by decile of predicted risk. Participants were classified into
three categories based on the cut-off points in the Chinese guidelines:
<5.0 %, 5.0 %-9.9 %, and > 10.0 %.

We used decision curve analysis (DCA) to evaluate the net benefit of
the FRS and PAR in predicting 10-year ASCVD risk to compare their
clinical utility (Vickers and Elkin, 2006). Finally, we computed the ratio
of expected occurrences to observed events among study participants
based on the 10-year risk prediction. A ratio of 1.0 shows ideal cali-
bration, with equal anticipated and observed rates, while a ratio less
than 1.0 indicates an underestimation, and a ratio greater than 1.0 in-
dicates an overestimation (Cook and Ridker, 2016). The statistical an-
alyses were conducted using R software version 4.1.0 (https://www.r-pr
oject.org).

3. Results
3.1. Baseline characteristics

Our study included 1381 participants (570 men and 811 women)
who met the inclusion and exclusion criteria. Table 1 presents the
baseline characteristics of the 1,381 study participants. The mean age
was 49.0 (SD = 9.8) years, with 58.7 % being female. The prevalence of
current smoking and drinking was 17.3 % and 9.3 %, respectively. The
mean waist circumference was 79.7-82.5 cm. Average total cholesterol
was 4.0 (SD = 0.8) mmol/L and HDL-C was 1.3 (SD = 0.3) mmol/L. The
mean SBP was 125.2 (SD = 19.0) mmHg and 8.0 % reported taking
antihypertensive medication. The prevalence of diabetes and family

Table 1
Baseline characteristics stratified by sex of cohort participants, RNC, 2008-2012
(N =1381).

Characteristics No. (%) of participants

Overall (n = Men (n = Women (n =

1381) 570) 811)
Age, yrs., Mean (SD) 49.0 £ 9.8 50.6 +10.0 47.9 +£ 9.6
Smoking, n (%)
Nonsmoker 1109 (80.3) 306 (53.7) 803 (99.0)
Smoker 239 (17.3) 231 (40.5) 8(1.0)
Former smoker 33 (2.4) 33 (5.8) 0
Current drinker, n (%)
Nondrinker 1226 (9.3) 426 (74.7) 800 (98.6)
Drinker 128 (9.3) 118 (20.76) 10 (1.2)
Former drinker 26 (1.9) 25 (4.4) 1(0.1)
Waist circumference, cm, 80.8 £ 9.1 82.5 +£9.0 79.7 £ 9.0

Mean (SD)
Body mass index, Mean (SD) 23.5 + 3.2 23.3 + 3.0 23.7 £ 3.3
Lipid measurements, mmol/L, Mean (SD)
Total cholesterol 4.0+ 0.8 3.9+0.8 4.0+0.8
HDL cholesterol 1.3+0.3 1.3+0.3 1.4 +£0.3
LDL cholesterol 2.0 £0.7 2.0+ 0.6 2.0+0.7
Diabetes mellitus, n (%) 26 (1.9) 9(1.6) 17 (2.1)
SBP, mmHg, Mean (SD) 125.2 +19.0 125.1 £17.8 125.3 £ 19.9
DBP, mmHg, Mean (SD) 79.5 +£11.3 80.1 +11.1 79.2 +11.4
Antihypertensive 110 (8.0) 49 (8.6) 61 (7.5)
Family history of CVD, n (%) 22 (1.6) 7 (1.2) 15 (1.8)
Ten-year CHD risk %, median(P35-P7s)
Framingham Risk Score 4.0 (2.0-8.0) 7.0 3.0 (1.0-5.0)
(4.0-10.0)
China- PAR Equation 2.4 (0.9-5.5) 4.3 1.6 (0.7-3.5)
(1.9-8.33)

RNC, Rural Northwest China; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; SBP, systolic blood pressure; DBP, diastolic blood pressure; CHD,
coronary heart disease.
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history of CVD was 1.9 % and 1.6 %, respectively.

3.2. Risk score

Among the 1381 participants, a total of 168 CHD events were
identified, with 69 occurring in men and 99 in women. The median
(IQR) 10-year predicted risk estimated by the FRS and PAR was 4.0
(2.0-8.0) and 2.4 (0.9-5.5), respectively. The FRS risk scores were
higher than the PAR scores, and males had higher scores than females in
both models. Supplementary Fig. S1 compares the FRS and PAR for
predicting the 10-year risk of CHD. The risk of CHD was concentrated in
the 5 % to 10 % range for men and less than 5 % for women. The risk of
CHD in the PAR model was significantly lower than in the FRS model.

3.3. Discrimination and calibration

Table 2 displays the observed CHD event rates (adjusted using the
Kaplan-Meier method) of 102.2 for men, while the predicted rates for
FRS and PAR were 79.9 and 55.4, respectively. The expected-observed
ratio (EOR) for males was 2.52 for FRS and 1.78 for PAR, whereas for
females, it was 0.96 for FRS and 0.65 for PAR. This indicates that both
models overestimated the risk for men but underestimated the risk for
women. The PAR demonstrated good discrimination, as evidenced by
the ROC Curve, with an overall C-index of 0.72 (greater than 0.7 for both
men and women) compared to FRS of 0.64, as shown in Supplementary
Fig. S2. However, their calibration y? values were greater than 20,
indicating weak calibration ability, as shown in Table 2.

Based on the data presented in Fig. 2, the observed incidence of 10-
year CHD events was consistently higher than predicted for both FRS
and PAR, regardless of the risk category. However, the predicted event
rate for PAR was closer to the observed rate than for FRS in the high-risk
category (>10 %). The calibration plot of deciles indicated a significant
difference between FRS and PAR (p < 0.05), and both models under-
estimated event rates across all categories. Furthermore, both models
deviated from the 45° calibration line, and the deviation was greater for
higher predicted risk levels, particularly among women, as shown in
Fig. 3. The Bland-Altman plot revealed that the CHD risk predicted by
FRS was higher than PAR, and the funnel-shaped chart demonstrated
that the difference was more significant at higher CHD risk levels. These
findings suggest that while PAR may have better discrimination, both
models demonstrate poor calibration and consistently overestimate the
risk of CHD.

3.4. Decision curve analysis (DCA)

As shown in Fig. 4, we used DCA to compare the clinical usefulness of
the two risk models in predicting 10-year ASCVD risks. For CHD risk
thresholds ranging from approximately 0.1 to 0.2 in men, the net ben-
efits of both FRS and PAR were similar. At a threshold of 10 %, the net
benefits of both FRS and PAR were 0.045 and 0.022 higher, respectively,
than the values obtained by assuming a positive result for all individuals.

Preventive Medicine Reports 36 (2023) 102503

Similarly, for women, the net benefits of FRS and PAR were 0.046 and
0.047, respectively. For risk thresholds ranging from approximately 0.1
to 0.4, the net benefits of FRS were slightly greater than those of PAR.

4. Discussion

Accurately assessing and calibrating cardiovascular risk is essential
for the prevention and management of CHD, especially in rural pop-
ulations (Lloyd-Jones et al., 2019). In this prospective rural cohort study
with 9.75 years of follow-up, we found that the FRS and PAR models had
limited performance in predicting 10-year CHD risk. Although the PAR
model showed better discrimination, both models underestimated the
risk in women and overestimated risk in men. The calibration was un-
satisfactory for both models. The clinical utility appeared limited based
on decision curve analysis. Our findings indicate that directly applying
the existing FRS or PAR model to predict CHD risk in the rural Chinese
population may have limitations. Further efforts to improve individual
risk assessment tailored to this population are needed.

Numerous risk assessment tools have been developed to evaluate the
risk of CHD, but many of them are derived from Western populations
and may not apply to the Chinese population (Sun et al., 2017). More
than ten years ago, Liu and Yang developed risk prediction models for
coronary heart disease and ischemic heart disease in China based on the
Framingham model. However, significant changes have occurred in
cardiovascular risk factors in China due to changes in per capita income,
an aging population, the westernization of lifestyles, and extended life
expectancy (Ahn et al., n.d.; Janssen et al., 2009). It remains unclear
whether the FRS is still effective in predicting 10-year CHD events in
China. Rodondi reported that the FRS underestimated the risk of CHD in
both black and white older people (Rodondi et al., 2012). while other
researchers believed that the FRS is a direct and feasible method that can
be used as a clinical tool to predict coronary heart disease (Sayin et al.,
2014).

In our study, the FRS demonstrated limited discrimination for pre-
dicting CHD risk with C-statistics of 0.65 and 0.67 for men and women,
respectively. Although models specifically developed for the Chinese
population like the PAR have been validated (Yang et al., 2016), their
applicability in rural populations requires further evaluation (Jiang
et al., 2020). The PAR incorporates a rural variable and has shown good
discrimination in some Chinese cohorts, albeit with overestimation in
women (Tang et al., 2019). The PAR takes into account the rural factor
in the model, which may be more accurate for Chinese rural individuals.
Tang (Tang et al., 2019) reported that the PAR performed well in pre-
dicting 5-year ASCVD disease in the Fangshan cohort, accurately pre-
dicting risk in men but overestimating risk in women (C-statistic 0.685
for men; 0.711 for women). However, our findings indicate that directly
applying the PAR to rural populations may have limitations. Developing
and validating optimized CHD risk assessment tools tailored for the rural
Chinese population should be a focus of future research.

Cardiovascular risk is influenced by a complex interplay of genetic,
biochemical, sociocultural and lifestyle factors (Lv et al., 2017; Sadeghi

Table 2

External validation of CHD risk prediction equations between China-PAR and FRS among cohort participants, RNC, 2008-2012.
Variable Overall Men Women

FRS China-PAR FRS China-PAR FRS China-PAR

Actual events®, n 168 168 69 69 99 99
Kaplan-Meier-adjusted events (rate)’, n (%) 102.2 (7.4) 102.2 (7.4) 45.6 (8.0) 45.6 (8.0) 57.6 (7.1) 57.6 (7.1)
Predicted events, n 79.9 55.4 114.9 81.0 55.3 37.4
Expected-observed ratio 0.78 0.54 2.52 1.78 0.96 0.65
C statistic, % 64.02 72.45 65.45 74.78 67.33 74.5
95 % CI, % 56.80-71.24 66.25-78.65 55.50-75.41 64.77-84.78 58.72-75.94 67.91-81.09
Calibration y2 170.06 486.75 26.73 83.41 175.27 479.94
p value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

RNC, Rural Northwest China; CI, confidence interval; CHD, coronary heart disease; o, the actual number of CHD events through follow-up; f, the observed number of
CHD events (rate) after Kaplan-Meier adjustment through follow-up; FRS, Framingham Risk Score; China-PAR, China-PAR risk equation.
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et al., 2020). Our rural cohort has distinct characteristics including di-
etary habits, physical activity patterns and religious beliefs compared to
the populations in which the FRS and PAR models were developed
(Wang et al., 2015; Yi et al., 2010). However, current risk assessment
tools are based on traditional risk factors and may not fully account for
these unique factors. Additionally, external validation may lead to dif-
ferences in accuracy between the original cohort and the validation
population due to changes in population structure. The unique lifestyle
behaviors and sociocultural characteristics of this cohort, including di-
etary patterns, physical activity levels, and spiritual beliefs, may not be
fully captured by the variables included in the existing risk models. This
could contribute to the underestimation of CHD risk.

Traditional risk factors such as gender, age and lifestyle behaviors
are important predictors of CHD risk (Khamis et al., 2016; Nichols et al.,
2013). In this study, the proportion of females was higher than males,
and males had a higher average age than females, potentially leading to
underestimation of risk. Moreover, the low smoking and drinking rates
in the rural population may also lead to an underestimation of risk,
especially among females. This reflects the unique characteristics of our
rural cohort. As reflected in many Chinese references, the smoking and
drinking rates among women in rural areas of northwest China are very
low. Moreover, the women in this study are relatively older, these
groups themselves have relatively low smoking and alcohol consump-
tion rates. Therefore, the low prevalence of smoking and drinking
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represents the distinctive lifestyle pattern in this population, which is
markedly different from other regions. Additionally, as Ningxia is
located in the “stroke belt” and has a high prevalence of metabolic
syndrome among rural adults (Xu et al., 2013; Yi et al., 2010). the risk of
CHD in rural populations may be higher than in urban populations.
Therefore, it is crucial to account for these unique factors when assessing
CHD risk in the rural population.

There are several limitations that need to be addressed. First, the
outcome event of this study was CHD, but there are other
atherosclerosis-related events that could also be associated with the risk
models. Second, while the diagnosis of coronary heart disease was based
on oral reports, we used medical documents from patients to ensure
accurate diagnosis and avoid underestimation of risk. Nonetheless, the
lack of clear diagnosis documents based on the hospital information
system is still a limitation of our study. Third, the single follow-up design
at 10 years is a limitation. Additional follow-up assessments could have
allowed evaluation of the changes in predictive abilities and calibration
of the models over longer periods. Finally, the loss to follow-up was 25.1
% in our study. Although we used statistical approaches such as the
Kaplan-Meier method to minimize the potential influence of missing
data.

Our study validated the Framingham Risk Score and PAR model for
predicting 10-year CHD risk in a prospective rural Chinese cohort.
Although the PAR model showed better discrimination, both models
demonstrated limitations in risk estimation and calibration. The findings
indicate that directly applying existing tools to the rural population may
have reduced accuracy due to unaccounted sociocultural and lifestyle
factors. Developing and validating risk assessment models tailored for
the rural Chinese population through incorporating additional bio-
markers and lifestyle variables is warranted. Our study provides valu-
able insights into the predictive performance of current cardiovascular
risk models in the understudied rural population. Future research should
focus on optimizing CHD risk assessment strategies suitable for diverse
Chinese subgroups.

5. Conclusion

Our study suggests that the performance of the PAR Equations and
Framingham Risk Score in predicting 10-year CHD risk is limited for the
rural Northwest population cohort. Overall, both models under-
estimated risk in females but slightly over-predicted risk in males. While
PAR showed better discrimination, its calibration was similar to FRS and

unsatisfactory. In addition, the DCA curve indicated controversial clin-
ical utility of these models. Although the Risk Score was developed to
estimate the risk of CHD occurrence within a 10-year time-frame rather
than providing a specific risk estimate at 10 years, our findings indicate
that directly applying existing risk assessment tools to this population
may have certain limitations. Further research could benefit from
increased follow-up times to obtain more informative data. However,
the present study confirms that developing risk assessment tailored to
Chinese rural populations is necessary for more precise individual risk
estimation and primary prevention in the future.
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