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Abstract
Background The most effective prevention strategy for atherosclerotic cardiovas-
cular disease (ASCVD) is implementing primary care management, with risk as-
sessment as its core measure. Existing ASCVD prediction models for the elderly
cannot effectively guide TCM primary care management. Therefore, it is neces-
sary to integrate TCM elements into the development of prediction models to
guide the integrated Chinese and Western medicine primary care management
of ASCVD.

Objective To construct and validate an ASCVD prediction model for the elderly
based on TCM constitution.

Methods A total of 1,418 elderly individuals who underwent health examinations
in 2017 at Huayuan Street Community Health Service Center, Chentangzhuang
Street Community Health Service Center, Xiangyang Road Street Community
Health Service Center, and Daqiuzhuang Town Central Hospital were enrolled
as study subjects. General data of the subjects were collected, and constitution
identification was performed. The incidence of ASCVD (clinical outcome) was
followed up from 2017 to 2022. The subjects’data were randomly split into
training and validation sets at an 8 � 2 ratio. In the training set, a conventional
ASCVD prediction model for the elderly (Model 1) and a conventional + con-
stitution ASCVD prediction model for the elderly (Model 2) were constructed
using forward stepwise selection. A nomogram of the ASCVD prediction model
for the elderly based on TCM constitution was plotted. Calibration curves
were plotted and Hosmer-Lemeshow goodness-of-fit test was performed to eval-
uate model calibration. Receiver operating characteristic curves were plotted
and area under the curve (AUC) was calculated to evaluate model discrimina-
tion. AUC, net reclassification improvement (NRI), integrated discrimination
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improvement (IDI), and decision curve analysis (DCA) were used to compare
Model 2 with Model 1 and assess improvement efficacy.

Results There was no statistically significant difference in general data between
the training and validation sets (P>0.05). Multivariate analysis results showed
that Model 1 included seven predictive variables: sex, age, waist circumference,
systolic blood pressure, triglycerides, BMI, and systolic blood pressure × history
of hypertension medication; Model 2 included eight predictive variables: sex,
age, waist circumference, systolic blood pressure, triglycerides, BMI, systolic
blood pressure × history of hypertension medication, and constitution type. The
Hosmer-Lemeshow goodness-of-fit test indicated good fit for Model 2. Delong’
s test results showed that the AUC of Model 2 was higher than that of Model 1
(Z=2.741, P=0.006), NRI=0.511［95%CI=（0.359~0.663），P<0.001］, IDI=0.038
［95%CI=（0.024~0.051），P<0.001］, suggesting that adding constitution predictive
variables could improve model prediction accuracy. Clinical utility comparison
results showed that the net benefit of using Model 2 to predict severe ASCVD
events in the elderly was superior to Model 1 at threshold probabilities of 5~74%.

Conclusion This study constructed an ASCVD prediction model for the elderly
comprising eight predictive variables: sex, age, waist circumference, systolic
blood pressure, total cholesterol, body mass index, systolic blood pressure ×
history of hypertension medication, and constitution type. After validation, the
model demonstrated good discrimination and calibration, outperforming conven-
tional prediction models, and can be applied to individualized risk assessment
of ASCVD in the elderly and guide integrated Chinese and Western medicine
primary care management of ASCVD.
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Abstract

Background: The most effective prevention strategy for atherosclerotic car-
diovascular disease (ASCVD) is primary management, with risk assessment as
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its core component. Existing ASCVD prediction models for elderly popula-
tions cannot adequately guide Traditional Chinese Medicine (TCM)-based pri-
mary management. Therefore, integrating TCM elements into prediction model
development is necessary to guide integrated TCM-Western medicine primary
management of ASCVD.

Objective: To construct and validate an ASCVD prediction model for the
elderly based on TCM constitution.

Methods: A total of 1,418 elderly individuals who underwent health exami-
nations in 2017 at Huayuan Street Community Health Service Center, Chen-
tangzhuang Street Community Health Service Center, Xiangyang Road Street
Community Health Service Center, and Daqiuzhuang Town Central Health Cen-
ter were enrolled as study subjects. General demographic and clinical data were
collected, and TCM constitution identification was performed. ASCVD inci-
dence (clinical outcomes) was followed up from 2017 to 2022. The dataset was
randomly split into a training set and validation set at an 8:2 ratio. Using for-
ward stepwise selection, a conventional ASCVD prediction model for the elderly
(Model 1) and a conventional plus constitution prediction model (Model 2) were
constructed in the training set. A nomogram for the TCM constitution-based
ASCVD prediction model was developed. Model calibration was assessed using
calibration curves and the Hosmer-Lemeshow goodness-of-fit test. Model dis-
crimination was evaluated using receiver operating characteristic (ROC) curves
and area under the curve (AUC). Model 2 was compared against Model 1 using
AUC, Net Reclassification Index (NRI), Integrated Discrimination Improvement
(IDI), and Decision Curve Analysis (DCA) to evaluate improvement in predic-
tive performance.

Results: No significant differences were observed in baseline characteristics be-
tween the training and validation sets (P>0.05). Multivariate analysis revealed
that Model 1 included seven predictors: gender, age, waist circumference, sys-
tolic blood pressure, triglycerides, BMI, and the interaction term systolic blood
pressure × hypertension medication history. Model 2 included eight predictors:
the aforementioned variables plus constitution type. The Hosmer-Lemeshow
test indicated good fit for Model 2. Delong’s test showed that Model 2’s
AUC was significantly higher than Model 1’s (Z=2.741, P=0.006). The NRI
was 0.511 [95%CI=(0.359–0.663), P<0.001] and IDI was 0.038 [95%CI=(0.024–
0.051), P<0.001], demonstrating that adding constitution as a predictor im-
proved model accuracy. Clinical utility comparison showed that Model 2 pro-
vided better net benefit than Model 1 for predicting severe ASCVD events in
the elderly across threshold probabilities of 5% to 74%.

Conclusion: This study developed an ASCVD prediction model for the elderly
comprising eight predictors: gender, age, waist circumference, systolic blood
pressure, total cholesterol, body mass index, systolic blood pressure × hyperten-
sion medication history, and constitution type. The model demonstrated good
discrimination and calibration, outperforming conventional prediction models.
It can be applied to individualized risk assessment for ASCVD in the elderly
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and guide integrated TCM-Western medicine primary management of ASCVD.

Keywords: Coronary disease; Atherosclerosis; Constitutional type (TCM);
Aged; Risk prediction model

1. Introduction
Atherosclerotic cardiovascular disease (ASCVD) represents the foremost threat
to public health in China [1-2]. Currently, the most effective prevention strat-
egy for ASCVD is implementing primary management, with risk assessment as
its core measure. Based on assessment results, risk stratification and individual-
ized prevention and treatment plans can be implemented [3]. Clinical prediction
models (CPM) serve as crucial tools for comprehensive risk assessment and per-
sonalized health management. By analyzing the combined effects of multiple
variables (such as patient demographics, laboratory indicators, and treatment
measures), CPMs can accurately predict disease risk in target populations [4].
In addition to facilitating screening of high-risk groups, CPMs analyze risk fac-
tors affecting disease occurrence and prognosis along with their effect sizes, pro-
viding healthcare professionals and patients with more objective and intuitive
information for decision-making [5]. Applying well-performing CPMs in clinical
practice can improve disease prevention and treatment levels while enhancing
cost-effectiveness.

TCM constitution possesses characteristics of holism, objectivity, differentiation,
and modifiability. The relationship between constitution and disease provides
new perspectives and evidence for disease prevention and treatment. Numer-
ous studies have demonstrated that TCM constitution is closely associated with
ASCVD onset and prognosis [6-8], suggesting that high-risk groups for ASCVD
can be identified from a constitutional perspective to facilitate precise predic-
tion of disease occurrence, progression, and prognosis. Moreover, constitution is
modifiable—it exhibits both relative stability and dynamic variability. Through-
out an individual’s life cycle, constitution can change under the influence of
various internal and external environmental factors [9]. Research has shown
that comprehensive constitution-based interventions in ASCVD management
can significantly improve risk factor profiles and reduce event incidence [10-11].

Integrating TCM constitution into CPMs can provide targeted individualized
constitution-based intervention guidance, help standardize primary TCM health
management, and thereby enhance ASCVD primary management levels. How-
ever, current ASCVD prediction models for the elderly lack TCM constitution
elements. Therefore, this study aims to develop a TCM-characteristic ASCVD
prediction model for the elderly by incorporating TCM constitution elements
based on the China-PAR model [13] recommended in the Guidelines for Com-
prehensive Management of Cardiovascular Disease in Primary Care 2020 [12]
and combined with primary care clinical practice. This model is expected to
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provide an excellent risk assessment tool for ASCVD primary management and
promote integrated TCM-Western medicine primary management of ASCVD.

2. Methods
2.1 Study Subjects

This retrospective cohort study enrolled elderly individuals who underwent
health examinations in 2017 at four community health centers in Tianjin:
Huayuan Street, Chentangzhuang Street, Xiangyang Road Street, and Daqi-
uzhuang Town Central Health Center. After excluding individuals with missing
constitution identification data, a simple random sampling method was used to
select 30% of eligible individuals from each primary care institution as study
subjects. Inclusion criteria were: (1) age ≥ 65 years; (2) permanent Tianjin
residents (residence duration ≥ 10 years) willing to participate in follow-up
surveys. Exclusion criteria were: (1) existing ASCVD at enrollment; (2)
severely missing data for key study indicators. Ultimately, 1,418 subjects were
included. The enrollment flowchart is shown in [Figure 1: see original paper].

2.2 Data Collection

2.2.1 General Data Collection: General information collected included age,
gender, waist circumference, BMI, systolic blood pressure, hypertension medi-
cation use, diabetes history, smoking history (defined as $�$1 cigarette/day for
$�$6 months), ASCVD family history, total cholesterol (TC), and triglycerides
(TG). Laboratory test results including serum TC and TG were also collected.

2.2.2 Constitution Identification: The “TCM Constitution Identification
Questionnaire”from the Tianjin Community Health Service System was admin-
istered to identify subjects’constitution types. This questionnaire references the
Classification and Determination of TCM Constitution (Elderly Version) stan-
dard issued by the National Administration of Traditional Chinese Medicine,
classifying constitution into nine types: balanced, qi-deficient, yang-deficient,
yin-deficient, phlegm-dampness, damp-heat, blood-stasis, qi-stagnation, and
special diathesis. For individuals with mixed constitution types, the consti-
tution type with the highest score was used for analysis.

2.3 Follow-up Data Collection

A combination of telephone follow-up and community health service system
queries was employed. Tianjin’s family doctor teams conduct comprehensive
health assessments for enrolled residents annually and update their electronic
health records. Our research team performed telephone follow-up from Febru-
ary to November 2022, focusing on ASCVD occurrence (clinical outcomes). Self-
reported information was cross-verified with residents’electronic health records,
and verified information was entered into our research database by investigators.

chinarxiv.org/items/chinaxiv-202310.03366 Machine Translation

https://chinarxiv.org/items/chinaxiv-202310.03366


Clinical outcome diagnosis followed the China-PAR study criteria: ASCVD was
defined as non-fatal acute myocardial infarction, coronary heart disease death,
and fatal or non-fatal stroke [13]. Acute myocardial infarction was defined by
changes in biochemical markers of myocardial necrosis accompanied by ischemic
symptoms, pathological Q waves, ST-segment elevation or depression, or coro-
nary intervention. Coronary heart disease death included all fatal events caused
by myocardial infarction or other coronary artery diseases. Stroke included is-
chemic stroke, hemorrhagic stroke (including subarachnoid hemorrhage), and
unclassified stroke, but excluded minor stroke (TIA) and cerebrovascular dis-
ease from other causes. If an individual experienced multiple events (myocardial
infarction, coronary death, or stroke) during follow-up, only one ASCVD event
was recorded.

2.4 Candidate Predictor Variables

Based on the China-PAR model [13] and clinical practice, conventional predic-
tors were selected and TCM constitution type was added as a new candidate
predictor. Conventional predictors included: age, gender, waist circumference,
BMI, systolic blood pressure, hypertension medication use, diabetes history,
smoking history, ASCVD family history, TC, and TG (11 variables total). Con-
stitution type was included as one predictor variable encompassing nine consti-
tution categories.

2.5 Sample Size Calculation

The criterion of $�10𝑒𝑣𝑒𝑛𝑡𝑠𝑝𝑒𝑟𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒(𝐸𝑃𝑉 )ℎ𝑎𝑠𝑏𝑒𝑒𝑛𝑤𝑖𝑑𝑒𝑙𝑦𝑎𝑑𝑜𝑝𝑡𝑒𝑑𝑡𝑜𝑚𝑖𝑛𝑖𝑚𝑖𝑧𝑒𝑜𝑣𝑒𝑟𝑓𝑖𝑡𝑡𝑖𝑛𝑔, 𝑚𝑒𝑎𝑛𝑖𝑛𝑔𝑡ℎ𝑒𝑛𝑢𝑚𝑏𝑒𝑟𝑜𝑓𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑜𝑢𝑡𝑐𝑜𝑚𝑒𝑒𝑣𝑒𝑛𝑡𝑠𝑖𝑛𝑡ℎ𝑒𝑡𝑟𝑎𝑖𝑛𝑖𝑛𝑔𝑠𝑒𝑡𝑠ℎ𝑜𝑢𝑙𝑑𝑒𝑥𝑐𝑒𝑒𝑑10𝑡𝑖𝑚𝑒𝑠𝑡ℎ𝑒𝑛𝑢𝑚𝑏𝑒𝑟𝑜𝑓𝑐𝑎𝑛𝑑𝑖𝑑𝑎𝑡𝑒𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑜𝑟𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠[14].𝑊𝑖𝑡ℎ12𝑐𝑎𝑛𝑑𝑖𝑑𝑎𝑡𝑒𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑜𝑟𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠𝑎𝑛𝑑𝑎𝑛𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑𝐴𝑆𝐶𝑉 𝐷𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒𝑜𝑓𝑎𝑝𝑝𝑟𝑜𝑥𝑖𝑚𝑎𝑡𝑒𝑙𝑦16.00×10×$(1+0.1)/b,
where a represents the number of independent variables and b represents dis-
ease incidence. The final training set included 1,127 eligible subjects, and the
validation set included 291 subjects.

2.6 Statistical Methods

SPSS 26.0 was used for outlier and missing value processing, dataset splitting
(random 8:2 ratio for training and validation sets), and statistical analysis. Cat-
egorical variables were expressed as frequencies and compared using �2 tests.
In the training set, univariate logistic regression analysis (P<0.1) was used for
initial predictor screening, with significant variables entered into multivariate
analysis. Forward stepwise selection (P<0.05) was used to construct the conven-
tional ASCVD prediction model (Model 1) and the conventional plus constitu-
tion prediction model (Model 2) for the elderly. The R package“rms”was used
to develop the nomogram for the TCM constitution-based ASCVD prediction
model. Model calibration was assessed using calibration curves and the Hosmer-
Lemeshow goodness-of-fit test. Model discrimination was evaluated using ROC
curves and AUC. Model 2 was compared against Model 1 using AUC, NRI, IDI,
and DCA to assess improvement in predictive performance. P<0.05 was con-
sidered statistically significant. AUC differences were analyzed using MedCalc
(V20.0.22.0), while NRI and IDI were analyzed using R (V4.2.2).
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3. Results
3.1 Baseline Characteristics

A total of 1,418 subjects were included, comprising 777 females (54.80%) and 641
males (45.20%). No statistically significant differences were found between the
training and validation sets in terms of gender, age, smoking history, ASCVD
family history, diabetes history, systolic blood pressure, hypertension medication
use, waist circumference, BMI, TC, TG, constitution type, or ASCVD events
(P>0.05), as shown in .

3.2 Predictor Selection Through Univariate and Multivariate Logistic
Regression

Using ASCVD event occurrence (yes=1, no=0) as the dependent variable and
gender, age, smoking history, ASCVD family history, diabetes history, systolic
blood pressure, hypertension medication use, waist circumference, BMI, TC,
TG, and constitution type as independent variables, univariate logistic regres-
sion analysis identified gender, age, ASCVD family history, waist circumference,
systolic blood pressure, TC, TG, BMI, constitution type, and the interaction
term systolic blood pressure × hypertension medication history as candidates
for multivariate analysis (P<0.1), as presented in .

Multivariate analysis incorporating these variables revealed that Model 1 in-
cluded seven predictors: gender, age, waist circumference, systolic blood pres-
sure, TC, BMI, and systolic blood pressure × hypertension medication history.
Model 2 included eight predictors: the aforementioned variables plus constitu-
tion type, as detailed in .

3.3 Nomogram Development and Model Evaluation

Variables selected through multivariate logistic regression were incorporated into
a nomogram prediction model with ASCVD event occurrence as the outcome
variable [Figure 2: see original paper]. The Hosmer-Lemeshow goodness-of-
fit test indicated good calibration for Model 2 [training set (�2=7.602, df=8,
P=0.473); validation set (�2=3.756, df=8, P=0.878)], and the nomogram demon-
strated accurate prediction of ASCVD event probability , [Figure 4: see original
paper].

ROC curves were plotted to assess Model 2’s discrimination. The AUC was
0.818 (95%CI=0.787–0.848) in the training set and 0.794 (95%CI=0.761–0.826)
in the validation set, indicating good discriminative ability [Figure 4: see original
paper]. Calibration curves for Model 2 are shown in [Figure 3: see original
paper].
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3.4 Comparison Between TCM Constitution-Based Model and Con-
ventional Model

Likelihood ratio testing showed Model 2’s Nagelkerke R2 exceeded Model 1’
s (0.342 vs. 0.277), suggesting improved model fit after adding constitution
predictors. Delong’s test demonstrated Model 2’s AUC was significantly higher
than Model 1’s (Z=2.741, P=0.006). The NRI was 0.511 [95%CI=(0.359–0.663),
P<0.001] and IDI was 0.038 [95%CI=(0.024–0.051), P<0.001], confirming that
adding constitution predictors enhanced prediction accuracy. Clinical decision
curve analysis indicated Model 2 provided superior net benefit for predicting
severe ASCVD events in the elderly across threshold probabilities of 5% to 74%
compared to Model 1 [Figure 5: see original paper].

4. Discussion
Currently, the most effective ASCVD prevention strategy is primary manage-
ment centered on risk assessment, which enables risk stratification and indi-
vidualized prevention and treatment plans [3]. Clinical prediction models are
essential tools for comprehensive risk assessment and personalized health man-
agement. TCM constitution represents a modifiable risk factor for ASCVD and
serves as an excellent predictor for CPM development. This study integrated
TCM constitution elements into CPM construction, developing an integrated
TCM-Western medicine ASCVD prediction model for the elderly. Evaluation
of discrimination and calibration demonstrated that the model enables individ-
ualized and precise prediction of ASCVD onset in the elderly, with superior
performance compared to conventional models, and can guide integrated TCM-
Western medicine primary management of ASCVD.

CPMs primarily include diagnostic prediction models (estimating current dis-
ease probability) and prognostic prediction models (estimating future disease
or outcome probability). CPM development involves identifying data sources,
selecting predictors, establishing modeling strategies, and evaluating model per-
formance [5]. Characteristics, predictors, and clinical outcomes recorded in
residents’electronic health records exhibit broader data distributions that align
with clinical practice [15], and CPMs developed from such data tend to have
better generalizability [16]. China’s electronic health records have been imple-
mented for nearly 20 years with continuous updates during follow-up, providing
long follow-up duration and sufficient sample sizes that offer ideal high-quality
data for prediction model development. Since our CPM is intended for elderly
ASCVD primary management, we selected residents’electronic health records
from Tianjin’s community health service system as our data source.

Predictor variables are fundamental components of CPMs and must possess
practicality, clinical relevance, and appropriate accuracy [17]. Suitable predic-
tors are essential for developing well-performing CPMs [4]. When selecting
predictors, comprehensive literature review should first identify disease-related
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factors, with risk factors commonly used as predictors [18]. Practical feasibil-
ity, accessibility, and testing costs must be considered to ensure measurement
is simple, economical, stable, and reliable [19]. Statistical testing combined
with clinical significance and expert discussion then determines final predictor
inclusion. China’s ASCVD risk prediction research began gradually in the
1980s [20], and multiple assessment tools have been developed, among which
the widely influential China-PAR model based on large-scale prospective Chi-
nese cohorts [13] can predict 10-year and lifetime ASCVD risk and has been
incorporated into the Guidelines for Comprehensive Management of Cardiovas-
cular Disease in Primary Care 2020 [12]. However, this model includes only
conventional Western medicine predictors and cannot adequately guide TCM
health management. Numerous studies have confirmed that TCM constitution
types are closely associated with ASCVD onset and prognosis [21]. Therefore,
we selected conventional predictors based on the China-PAR model and added
TCM constitution type as a new candidate predictor.

No consensus exists regarding optimal CPM modeling methods. Traditional
statistical models mainly include regression models, classification models, and
neural network models [22]. Regression models (e.g., logistic regression, Cox
regression) are most widely used in medicine, as exemplified by the U.S. Fram-
ingham model [23] and China’s China-PAR model [13]. Machine learning
methods have recently gained attention, including classification models, neu-
ral networks, and methods requiring fewer assumptions [16], such as cardiovas-
cular disease prediction models [24] and elderly stroke prediction models [25]
developed in recent years. Generally, when candidate predictors are limited
($�25)𝑎𝑛𝑑𝑠𝑎𝑚𝑝𝑙𝑒𝑠𝑖𝑧𝑒𝑖𝑠𝑠𝑢𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡(�$20 times the number of candidate predic-
tors), non-machine learning and machine learning approaches achieve compa-
rable accuracy. However, machine learning algorithms may suffer from poor
interpretability [16]. As research progresses, studies increasingly incorporate
more predictors—for instance, omics research generates extremely complex data
with numerous candidate predictors (>10,000), where machine learning models
offer accuracy advantages but require larger sample sizes [16]. Since our study
included fewer than 25 candidate predictors, we employed logistic regression
modeling.

Prediction model performance must be quantitatively evaluated and validated,
primarily assessing discrimination and calibration [26]. To determine whether
added predictors improve model performance, incremental value must be evalu-
ated using metrics such as likelihood ratio tests, AUC, and NRI [27]. For binary
outcome models with nested structures (as in our study, where the new model
adds only constitution type), likelihood ratio tests can evaluate model improve-
ment and identify better-fitting models [28-29]. AUC is an overall discrimination
measure that helps determine new predictors’utility and whether the new model
offers better discrimination [30]. NRI is a risk reclassification metric that catego-
rizes probabilities into clinically meaningful risk strata, showing the proportion
of correctly reclassified individuals and whether the new model improves predic-
tion accuracy [31]. Therefore, we evaluated model discrimination and validation
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using ROC curves and AUC; assessed calibration using Hosmer-Lemeshow tests
and calibration curves; and evaluated constitution predictors’incremental value
using likelihood ratio tests, AUC comparison, and NRI calculation. Our model
demonstrated good performance, with constitution predictors enhancing model
performance.

This study has several limitations: (1) As a retrospective study using 2017 health
examination data from electronic health records, missing data were addressed
through baseline data verification and supplementation during final follow-up,
which may introduce recall bias; (2) Model validation was based on internal
data only, demonstrating reproducibility but not external generalizability; (3)
Due to sample size constraints, sex-specific models were not developed. Future
research should expand sample sizes, conduct prospective studies, obtain data
from different temporal or spatial sources for external validation, and perform
impact studies to evaluate the model’s effectiveness in integrated TCM-Western
medicine ASCVD primary management.

In summary, we developed a TCM constitution-based ASCVD prediction model
for the elderly that demonstrated good discrimination and calibration, outper-
forming conventional models. This model can be applied to individualized AS-
CVD risk assessment and risk stratification in the elderly, guiding integrated
TCM-Western medicine primary management of ASCVD.
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