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Results from a Prospective Cohort Study

Objective: To develop and validate a new prediction model for the general population based
on a large panel of both traditional and novel factors in cardiovascular disease (CVD).
Design and Setting: We used a prospective cohort in the Northeast China Rural
Cardiovascular Health Study (NCRCHS).

Participants: A total of 11,956 participants aged >35 years were recruited between 2012
and 2013, using a multistage, randomly stratified, cluster-sampling scheme. In 2015 and
2017, the participants were invited to join the follow-up study for incident cardiovascular
events. The loss to follow-up number was 351. At the study’s end, we obtained the CVD
outcome events for 10,349 participants.

Primary and Secondary Outcome Measures: The prediction model was developed
using demographic factors, blood biochemical indicators, electrocardiographic (ECG) char-
acteristics, and echocardiography indicators collected at baseline (Model 1). Framingham-
related variables, namely age, sex, smoking, total and high-density lipoprotein cholesterol
and diabetes status were used to construct the traditional model (Model 2).

Results: For the observed population (n = 10,349), the median follow-up time was 4.66
years. The total incidence of CVD was 1.1%/year, including stroke (n = 342) and coronary
heart disease (n = 175). The results of Model 1 indicated that in addition to the traditional
risk factors, QT interval (p < 0.001), aortic root diameter (p < 0.001), and ventricular septal
thickness (p < 0.001) were predictive factors for CVD. Decision curve analysis (DCA)
showed that the net benefit with Model 1 was higher than that of Model 2.

Conclusion: QT interval from electrocardiography and aortic root diameter and ventricular
septal thickness from echocardiography should be included in the CVD risk prediction models.
Keywords: CVD, predictive model, general cohort, QT interval, aortic root diameter,
ventricular septal thickness

Introduction

Between 1956 and 1966, investigators in Framingham, Massachusetts identified
age, hypertension, smoking, and hyperlipidemia as major determinants of coronary
heart disease, and coined the term “coronary risk factors”.' Over time, these
traditional markers were codified into risk scores for assessing cardiovascular
disease (CVD).*® Framingham risk score (FRS) mainly applies to white
Americans between the 30 and 62 years old and has become one of the most
widely used risk assessment tools. However, BMI and family history are not
considered in the score, which may underestimate the morbidity and mortality of
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high-risk groups. In addition, some study suggests that
FRS models overestimate the risk of coronary heart dis-
ease (CHD) in the European population.” Systematic
Coronary Risk Evaluation (SCORE)® mainly applies to
Europeans aged 4065 years old. Geographical distribu-
tion is added to make the assessment more rigorous, but
the clinical outcome index is fatal CVD events, so there
may be some limitations for predicts non-fatal CVD. The
China-PAR model’ is designed for Chinese risk assess-
ment of atherosclerotic cardiovascular disease (ASCVD).
It not only includes the sex, age, untreated systolic blood
pressure, total cholesterol, high-density lipoprotein choles-
terol, waist circumference, smoking, diabetes and other
risk factors, but also includes north and south region,
urban and rural areas, ASCVD family history. However,
although the importance of conventional factors is well-
established, studies have concluded that more than 50% of
patients with CVD lack the traditional risk factors.'®"!
This suggests that additional factors play a significant
role in the development of CVD.

The increasing availability of cardiac examinations over
the past half-century, including the convenience of labora-
tory evaluations and popularization of electrocardiography
(ECG) and echocardiography, has offered possibilities for
researchers to detect novel CVD risk factors. For example,
a Chinese study has identified that Serum gamma-glutamyl
transferase (GGT) are closely related to CVD.'? Dekker
reported that long QT interval on an ECG is an independent
risk factor for coronary heart disease and CVD mortality in
healthy people, and other researchers have confirmed that
heart rate is associated with CVD."*"'* Similarly, left ven-
tricular hypertrophy seen on echocardiography is an inde-
pendent predictor of incident CVD.'®'7 Nonetheless,
cardiovascular prediction algorithms still largely rely on
traditional risk factors; there is currently no new predictive
model that integrates the highest possible number of indi-
cators obtained in routine clinical examinations like elec-
trocardiography and echocardiography.

The Northeast China Rural Cardiovascular Health
Study (NCRCHS) is a community-based prospective
cohort study designed to investigate the risk factors and
intervention methods for CVD in the general population.
Here, we report the updated incidence of CVD in the
NCRCHS cohort, and explore a new cardiovascular pre-
dictive model that integrates relevant demographic factors,
blood biochemical indicators, ECG characteristics, and
echocardiography indicators.

Methods

Study Population
The NCRCHS involved rural areas of Northeast China,
and its design and inclusion criteria were described
previously.'® Briefly, 11,956 participants aged > 35 years
were recruited from Dawa, Zhangwu, and Liaoyang coun-
ties in Liaoning province between 2012 and 2013, using
a multi-stage, randomly-stratified, cluster-sampling
scheme. Participants who were pregnant, or who had
malignant tumors, malnutrition, hepatic disease, and/or
mental disorders were excluded from the present study.
Detailed information was collected at baseline for each
participant, namely demographic characteristics, blood
biochemical indicators, ECG characteristics, and echocar-
diography indicators. In 2015 and 2017, we invited parti-
cipants to be involved in a follow-up study, to which
10,700 of the original 11,956 subjects consented and qua-
lified. A total of 10,349 participants (86.6%) completed at
least one follow-up visit. This study was approved by the
Ethics Committee of China Medical University
(Shenyang, China); ID: 2018194. Written informed con-
sent was obtained from all participants; illiterate partici-
pants had their consents signed by close relatives. This
study was conducted in accordance with the Declaration of
Helsinki.

The cohort was divided into a primary cohort and
a validation cohort according to region, with the primary
set constituting patients from Dawa and Liaoyang, and the
validation set constituting patients from Zhangwu.

Study Variables and Data Collection

At baseline, detailed information on the patients’ demo-
graphic characteristics, dietary and lifestyle factors, and
medical history was obtained through interviews using
a standardized validated questionnaire.

Smoking and drinking statuses were defined as current
use. A history of stroke, coronary heart disease, or heart
failure at bascline was self-reported and confirmed by
medical records. Weight and height were measured with
participants wearing lightweight clothing and no shoes.
Waist circumference (WC) was measured at the umbilicus
using a nonelastic tape. Body mass index (BMI) was
computed as weight in kilograms divided by the square
of the height in meters. Blood pressure was assessed three
times (mean of all three measurements) with participants
seated after at least 5 minutes of rest using a standardized
(HEM-907,;

automatic electronic sphygmomanometer
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Omron, Tokyo, Japan). Hypertension was defined as sys-
tolic blood pressure (SBP) > 140 mm Hg, diastolic blood
pressure (DBP) > 90 mm Hg, or the use of antihyperten-
sive medications.”” Blood samples were collected in the
morning from all participants to measure white blood cell
count, total red blood cells, mean red blood cell volume,
hemoglobin, plateletcrit (PCT), hematocrit (HCT), and
mean corpuscular hemoglobin (MCH) after 12 h of fasting.

Alanine aminotransferase (ALT) and aspartate amino-
transferase (AST), fasting plasma glucose (FPG), total
cholesterol (TC), low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-C),
triglyceride (TG), serum creatinine (SCr), blood urea
nitrogen (BUN), uric acid (UA), serum chlorine (SCl),
serum calcium (SCa), serum phosphorus (SP), serum mag-
nesium (SMg), and serum sodium (SNa) were analyzed
enzymatically. Estimated glomerular filtration rate (eGFR)
was calculated using the Chronic Kidney Disease
Epidemiology Collaboration equation.?

All laboratory equipment was calibrated, and blinded
duplicate samples were analyzed. Data were collected by
cardiologists and trained nurses using a standard question-
naire and an in-person interview during a single clinic
visit. Before the survey was performed, we invited all
eligible investigators to attend an organized training ses-
sion. The training involved the purpose of this study, how
to administer the questionnaire, the standard measurement
methodology, the importance of standardization, and the
study procedures. A strict test was conducted after this
training, and only those who scored perfectly on the test
were allowed to serve as investigators. During data collec-
tion, our inspectors provided further instructions and

support.

ECG Method

Standard 12-lead ECGs were used with a MAC 5500 (GE
Healthcare, Little Chalfont, UK), as previously

described,”’ and the ECGs were analyzed automatically
with the MUSE Cardiology Information System, version
7.0.0 (GE Healthcare). ECG parameters, including heart
rate (HR), QRS width, QT interval, PR interval (PR), and
RR interval (RR), were measured automatically. QT inter-
val was measured from the earliest detection of depolar-
ization in any lead to the latest detection of repolarization
in any lead. Because QT interval is influenced by heart
rate, it was necessary to adjust QT interval for heart rate.?>
In this study, the QTc interval corrected by heart rate was

calculated with the Bazett, Fredericia, and Framingham

formulas.>>2°

Echocardiography Method
Echocardiography methods were consistent with our pre-
vious study.>' Briefly, echocardiography was performed in
all participants according to American Society of
Echocardiography guidelines. A Doppler echocardiogra-
phy (Vivid; GE Healthcare, Connecticut, USA) with
a 3.0-MHz transducer was used by the sonographers.
Transthoracic echocardiography constituted M-mode, two-
dimensional, spectral, and color Doppler formats with
subjects in the supine position. We took a parasternal
acoustic window to record the systolic diameter and pos-
terior wall thickness of left ventricular, as well as the
M-mode images of the aortic root and left atrium. An
apical acoustic window was used to record four-chamber
and five-chamber images. The orientation of the imaging
planes and Doppler recordings were verified according to
previous procedures. Interventricular septal thickness
(IVSd), posterior wall thickness (LVPW), and left ventri-
cular internal dimensions were measured at the end of
diastole (LVIDD); left ventricular internal dimensions
were measured at the end of systole (LVIDS).%¢

LV ejection fraction (LVEF) was calculated using the
modified Simpson’s rules.”” Doppler echocardiographic
recordings were performed with the sample volume at
the tips of the mitral valve leaflets in the apical four-
chamber view. Peak early diastolic filling wave velocity,
peak atrial diastolic filling wave velocity, and deceleration
time were measured. Aortic root diameter (ARD) was
measured at the aortic annulus level in the parasternal
long-axis view. Doppler waves of aortic blood flow were
recorded in the apical five-chamber view or subcostal
view. The aortic velocity—time integral was measured at
end-expiration, and maximum peak aortic blood flow velo-
cities (AV peak) were obtained during a single respiratory
cycle. Echocardiography readings and analyses were per-
formed by three medical doctors who are experts in this
field. If questions or uncertainties arose, the option for
consultation with two additional specialists was available.

Adjudication of Endpoints

In this study, we defined an incident CVD event as
a composite of new onset stroke or coronary heart disease
during the follow-up period. Specific incidences of stroke
and coronary heart disease were also determined. All
available clinical information was collected, including
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medical records and death certificates. All materials were
independently reviewed and adjudicated by the endpoint
assessment committee. Stroke was defined according to
the World Health Organization (WHO) Multinational
Monitoring of Trends and Determinants in CVD criteria
as rapidly developing signs of focal or global disturbance
of cerebral function lasting more than 24 hours (unless
interrupted by surgery or death), with no apparent nonvas-
cular cause.”® Hemorrhagic stroke was specifically defined
as stroke with a diagnosis of subarachnoid hemorrhage or
intracerebral hemorrhage, and ischemic stroke was defined
as stroke with a diagnosis of thrombosis or embolism.
Transient ischemic attack and chronic cerebrovascular dis-
ease were excluded. Coronary heart disease was defined as
a diagnosis of hospitalized angina, hospitalized myocardial
infarction, coronary heart disease death, or any revascular-
ization procedure.*’

Data Selection and Grouping

To evaluate all information available in this study for CVD
occurrence, we assessed 76 variables (details are shown in
Supplemental Table 1) from the patients’ basic informa-

tion, biochemical results, ECG results, and echocardiogra-
phy results.

Statistical Analysis

Variable Screening and Model Construction

Least absolute shrinkage and selection operator (LASSO)
regression is a method of latitude reduction for multidi-
mensional data.>® We used LASSO regression to reduce
the dimension of the current variables, then we used the
selected variables to construct prognostic models
(Model 1). Furthermore, we classified participants into
low- and high-risk groups according to the CVD models.
We then constructed Model 2 for comparison using COX

regression with Framingham-related variables.*!

Evaluation of Clinical Usefulness, and Visualization

Traditional diagnostic performance metrics, namely sensi-
tivity, specificity, and area under the curve, can measure only
the diagnostic accuracy of one predictive model relative to
another, but cannot explain the clinical applicability of
a specific model. Decision Curve Analysis (DCA) quantified
net benefit under different thresholds in the dataset to eval-
uate clinical applicability. A nomogram is a tool that visua-
lizes and scores a model. We created a nomogram to
evaluate the model visually with a contour map. In addition,
we used the C-index to evaluate the distinction between the

primary and verification sets. Calibration diagrams and
Hosmer—Lemeshow testing were used to evaluate the cali-
bration of the model. In addition, we explored the potential
nonlinear associations using triple-knotted restricted cubic
spline regression to test the correlation between hazard ratios
(HR) and model score.

Compare Old Models with New Models
We used the Net Reclassification Index (NRI) statistical

method>>3?

to compare the old with new models according
to the continuous variables. Briefly, the old diagnostic index
classified the people into patients and non-patients, and the
new diagnostic index would reclassify them. At this time, we
found that some people who were originally misclassified in
the old diagnostic indicators, were correctly classified in the
new diagnostic indicators and vice versa. We used this reclas-
sification change to calculate the net reclassification Index
(NRI). Compared with the old model, the reclassification rate
of the new model increased by 20% (95% CI: 16.8-34.6%).

All data analysis was completed using R (version 3.6.1;
http://www.Rproject.org). Missing values were filled using

MICE packages. Descriptive statistics were calculated for all
variables, namely continuous variables (reported as mean
values and standard deviations if normally distributed, used
nonparametric test if abnormally distributed) and categorical
variables (reported as numbers and percentages).
Differences between categories were evaluated using the
t-test, analysis of variance (ANOVA), nonparametric test,
or y’-test as appropriate. LASSO regression was performed
using glmnet packages and COX regression was performed
using the MASS package. The CompareC package was used
to compare the C-index of two models; DCA analysis was
based on rmda packages, and the contour map was visua-
lized by rms. All of the statistical analyses were performed
using SPSS version 20.0 software, and p values less than

0.05 were considered statistically significant.

Results
Updated Incidence of CVD from the
NCRCHS

The baseline characteristics of the included participants in
the NCRCHS cohort were published in 2016.*' For the
entire population completing the current follow-up study
(n=10,349), the median follow-up time was 4.66 years.
After we excluded participants with a history of CVD at
baseline (n=821), results indicated a total incidence den-
sity of CVD of 1.1%/year (incidence of fatal CVD
per year: 0.3%; nonfatal CVD: 0.7%), including stroke
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Table | Incidence of CVD in NCRCHS Cohort (Subjects with
a Specific Disease History Were Excluded from the Baseline
According to the Corresponding Outcome Events)

Incidence | CVD (% | Stroke Coronary Heart Myocardial
per (%per Disease (%per Infarction (%
Year) Year) Year) per Year)
Total 470 (1.1) | 342(0.7) 175 (0.4) 80 (0.2)
Fatal 161 (0.3) | 109 (0.2) 68 (0.1) 53 (0.1)
Nonfatal 309 (0.7) | 233 (0.5) 107 (0.2) 27 (0.1)

Abbreviation: CVD, cardiovascular disease (including stroke and coronary heart
disease).

(n=342) and coronary heart disease (n=175). The specific
incidences of stroke and coronary heart disease are shown
in Table 1. The patient’s flow is shown in Figure 1.

Risk Factors for CVD from the Predictive
Model

To assess the impact of demographic characteristics, bio-
chemical results, ECG results, and echocardiography
results on CVD occurrence, we divided the study group
into a primary cohort and a validation cohort according to
region. Complete information on co-variables from the
baseline visit was required for inclusion in this analysis,
and sufficient data was available for 6606 participants in
the primary cohort (training data) and 2918 in the

validation cohort (external validation) (Figure 2). There
was no significant difference in CVD incidence between
the cohorts: 1.1%/year in the primary cohort and 1.3%/
year in the validation cohort (P = 0.39). Participant char-
acteristics for both cohorts are given in Supplemental
Table 2.

We constructed Model 1 using the variables selected by
LASSO according to data for 313 CVD patients in the
primary cohort. From all information, namely demo-
graphic characteristics, blood biochemical indicators,
ECG characteristics, and echocardiography indicators, 70
factors for each participant were reduced to 23 potential
predictors with nonzero coefficients in the LASSO regres-
sion model, including age, gender, and LDL-C, and others.
We first established the minimum lambda value of 0.0030
through LASSO regression analysis, then used this value
to filter the variables (Supplemental Figure 1 and Table 2).

The influence of the factors on CVD occurrence are seen
in Figure 3 and Supplemental Table 2 (Model 1). As evident

from the results, age, smoking, diabetes, FPG, waist circum-
ference, blood pressure, LDL, BUN, SCr, eGFR, and
a family history of stroke were CVD risk factors. In addition
to the above, QTc (Framingham) hazard radio (HR): 1.013;
95% confidence interval (CI: 1.010-1.016; p<0.001), ARD
(HR: 1.462; 95% CI: 1.223-1.748; p<0.001), and IVSd (HR:

11,956 participants were recruited at baseline

1,256 people in Tangma were removed

10,700 people remaining

In the study’s end

loss to follow up (n=351)

10,349 participants’ outcome were obtained

l

A 4

stroke (n=342)

coronary heart disease (n=175)

Figure | Patient’s flow.
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Data with 77 features
(n=9524)

v

Training data
(n = 6628)

/\

Model 1 with lasso features

Y

External validation
(n=2918)

Model 2 with classic Framingham
features

v

Assessment clinical utility
with Decision curve analysis

Y

Y

Internal validation

Validation of the discrimination and
calibration of the model

Y

Visualization of the best model with nomogram

Figure 2 Study flowchart. LASSO, least absolute shrinkage and selector operation. The model’s discrimination was validated with the C-index. The model’s calibration was

validated with a calibration plot and the Hosmer—Lemeshow test.

1.487; 95% CI: 1.287-1.717; p<0.001) were also predictive
factors for CVD.

Evaluation and Validation of the Predictive
Model

Framingham-related variables, namely age, sex, smoking,
TC, HDL-C, and diabetes status were used to construct
Model 2 using Cox regression. A DCA curve was then
used to compare the clinical practicability of the two
models. As Figure 4A shows, the net benefit of Model 1
was higher than that of Model 2, P=0.0053.

Moreover, a linear and positive association between the
model total score and the risk of incident CVD events
using restricted cubic spline regression was also seen (for
nonlinearity, P = 0.617) (Figure 4B).

Model 1 was validated in both the primary and verifica-
tion cohorts, with a C-index of 0.785 (95% CI: 0.784-0.786)
and 0.749 (95% CI: 0.748—0.751). We then evaluated whether
there was a difference in the C-index of the two models.
Statistical analysis showed that the C-index of the two models
differed significantly (P = 0.0024). We also verified the

calibration of the model. As shown in Figure 5, the validation
and primary sets were comparatively consistent. In addition,
the Hosmer-Lemeshow test yielded nonsignificant results:
P =1 (validation sets) and P = 1 (primary sets).

We used our model to group the test set with high and
low risks. After analysis, we found that out of 2918 parti-
cipants, 1344 were qualified as high-risk while 1574
belonged to the low-risk group (Supplemental Table 3).

Finally, we used the Net Reclassification Index (NRI)
statistical method to compare the old and new models

according to the continuous variables. Compared with the
old model, the reclassification rate of the new model
increased by 20% (95% CI: 16.8-34.6%).

Visualization of the Predictive Model

To predict the possibility of CVD in 2 or 4 years, we
created a nomogram to visualize Model 1. As shown in
Figure 6, we used Cox regression to measure the values of
the variables and identify the corresponding position of
each variable on the nomogram. The total score of the
value was obtained by adding the individual scores.
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Table 2 Participant Characteristics in the Primary and Validation Cohorts

Variables Primary Data Set Validation Data Set
CvD CVD
No Yes P No Yes p

n 6293 313 2762 156

Age (years) 53.1£10.1 62.2+9.7 <0.001 52.0£10.5 60.1+9.3 <0.001
Family_income (CNY/year) 25,101+25,808 20,522+24,673 0.002 18,983+21,358 19,404+34,480 0818
Medical_expense (CNY/year) 4082+11,321 45338759 0.487 5846+15,731 6279+11,583 0.734
Sleep_duration (hours) 7217 7.0+1.8 0.036 7.7x1.6 7.5¢1.8 0.302
BMI (kg/m?) 24.5+3.5 24.9+3.5 0.068 25.3+3.8 26.2+3.6 0.007
Mean_TW (cm) 95.1+6.8 95.1£7.3 0.981 97.5+£7.5 98.5+8.6 0.107
Mean_SBP (mmHg) 137.3+20.8 152.8+25.5 <0.001 147.2+23.8 168.1+28.5 <0.001
Mean_DBP (mmHg) 8l.6x11.3 86.3+14.1 <0.001 81.8+11.7 88.6+15.8 <0.001
Mean_pulse (bpm) 80.1+13.3 80.3+14.4 0.88 73.6x11.4 76.0+12.3 0.012
Aortic root diameter (cm) 22403 2.3204 <0.001 2.3+0.4 2.310.3 0.203
Interventricular septal thickness (cm) 0.9+0.2 0.9+0.2 <0.001 0.9+0.2 0.9£0.1 0.003
End-diastolic diameter of left ventricle (cm) 4.7+04 4.840.5 0.010 4.7+04 4.840.6 0.003
Left ventricular end systolic diameter (cm) 3.1+0.4 3.2+0.5 0.025 3.1+0.5 3.3+x0.7 <0.001
Left ventricular posterior wall thickness (cm) 0.9+0.3 0.9+0.2 0.008 0.9+0.3 1.0£0.6 <0.001
Left ventricular ejection fraction (%) 63.3+3.7 62.2+4.5 <0.001 62.2+3.4 60.7+4.0 <0.001
Mitral valve E peak velocity (cm/s) 73.0£20.9 66.8+20.7 <0.001 78.1£35.9 71.1£20.9 0.017
Mitral valve A peak velocity (cm/s) 76.4£23.7 83.3+20.5 <0.001 74.3£18.0 83.0£17.9 <0.001
Aortic valve velocity (cm/s) 120.84£22.6 122.8427.6 0.133 117.1£193 117.7£23.78 0.684
Interventricular septal hypertrophy (cm) 0.02+0.2 0.1+0.3 <0.001 0.02+0.1 0.06£0.3 0.001
WBC (10°/L) 6.1£2.0 6.3£2.0 0.191 6.2£1.6 6.2x1.7 0.927
Hb (g/L) 136.2£16.6 136.9£15.5 0.492 144.4x15.7 144.6+20.1 0.879
RBC (10'%/L) 4.620.5 4.6£0.5 0.765 4.6+0.4 4.7+0.5 0.533
HCT (%) 36.1+15.3 37.8+13.7 0.053 42.5+12.4 424442 0.894
MCV (fL) 96.7+66.6 94.7+45.6 0.599 97.5+237.9 91.4+54 0.752
MCH (pg) 29.7£2.8 29.7£3.1 0.983 31.2£25 312425 0.974
MCHC (g/L) 32524234 324.4+19.2 0.540 344.3+83.4 341.4+123 0.663
PLT (10%/L) 208.7+60.8 203.2+68.9 0.124 230.7£57.1 224.0+£56.3 0.154
MPV (fL) 10.6+2.3 10.4+2.0 0.334 11.4+2.8 11.4+0.8 0.980
PDW (%) 15.5+1.9 15.6x1.6 0.476 13.4+4.8 13.3+2.0 0.718
PCT (%) 0.2+0.1 0.20.1 0.041 0.3+0.2 0.3£0.1 0.482
ALT (u/L) 22.5+16.6 21.9+15.1 0.586 224158 25.3+25.5 0.035
AST (u/L) 21.4£12.2 22.1£13.7 0.303 24.2+14.0 27.1%16.2 0.015
AST_AL 1.1+0.5 1.2+0.6 0.030 1.2+0.6 1.3+0.6 0.185
BUN (mmol/L) 5.5+2.4 57x1.6 0.168 5.71.6 6.0+1.8 0.012
SCr (umol/L) 74.8+15.1 81.9+44.0 <0.001 62.1£16.3 65.5%17.3 0.011
eGFR (mL/min) 90.6+14.3 8l.1£13.6 <0.001 103.7+12.2 95.8+13.9 <0.001
UA (umol/L) 295.6+82.4 314.0+88.6 <0.001 266.9£77.9 279.4+80.1 0.051
GLU (mmol/L) 5.9+1.4 6.3+2.0 <0.001 5.7+1.82 6.09+1.53 0.021
TCH (mmol/L) 5.3%1.1 5.6%1.1 <0.001 5.0£1.0 5.3x1.0 <0.001
TG (mmol/L) 1.6x1.4 1.7x1.1 0.202 1.5¢1.5 1.7x1.9 0.139
HDL_C (mmol/L) 1.4+0.3 1.3+0.3 0.074 1.6+0.5 1.6+0.5 0.671
LDL_C (mmol/L) 2.9+0.8 3.1£0.8 <0.001 3.0£0.8 3.2410.92 <0.001
Ca (mmol/L) 2.340.1 2.310.1 0.492 2.4£0.1 2.4£0.1 0.484
P (mmol/L) 1.1£0.2 1.1£0.2 0.140 1.1£0.2 1.1£0.2 0.864
Mg (mmol/L) 0.8+0.1 0.8+0.1 0.215 0.9+0.1 0.9+0.1 0.791
K (mmol/L) 4.2+0.3 42404 0.851 42104 42+0.4 0.632
SNa (mmol/L) 141.3+1.8 141.6x1.7 0.001 140.8+2.9 141.2+3.0 0.085
SCI (mmol/L) 101.5+2.2 101.8+2.3 0.025 103.8+2.5 103.7+2.8 0.926
PR (ms) 151.4+22.8 153.2+28.5 0.189 151.2+22.3 150.7+26.1 0.792
PRms 416.3£20.7 423.3+21.0 <0.001 152.1+20.7 152.0+20.5 0.952

(Continued)
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Table 2 (Continued).

Variables Primary Data Set Validation Data Set

CVvD CVD
No Yes p No Yes p

QTcFramingham (ms) 415.6+22.0 422.9+21.9 <0.001 421.9+21.4 428.8+22.3 <0.001
QTcFredericia (ms) 428.1+24.9 435.9+23.9 <0.001 421.4+22.1 428.5+23.5 <0.001
QTcBazett (ms) 12.0£2.1 12.1£2.2 0.462 430.14£25.3 440.6+24.9 <0.001
QRS (ms) 843.7+137.7 841.6+142.8 0.788 11.4£1.9 11.9£2.2 <0.001
RR (ms) 81.2+9.6 83.5+9.3 <0.001 890.3+137.9 850.1+140.0 <0.001
Mean_WC (cm) 81.9+9.7 84.7£10.2 <0.001 83.5+9.8 87.1£11.4 <0.001
Gender (male) 3416 (54.3%) 143 (45.7%) 0.004 1339 (48.5%) 86 (55.1%) 0.125
Marriage (married) 5814 (92.4%) 265 (84.7%) <0.001 2504 (90.8%) 127 (81.4%) <0.001
Race (Mongolian) 145 (2.3%) 11 (3.5%) 0.236 221 (8.0%) 14 (9.0%) 0.777
Kidney disease 123 (2.0%) 1 (0.3%) 0.062 132 (4.8%) 6 (3.8%) 0.734
DM 242 (3.8%) 29 (9.3%) <0.001 68 (2.5%) 6 (3.8%) 0419
Family_DM 968 (15.4%) 49 (15.7%) 0.960 220 (1%) 16 (10.3%) 0.384
Family_HT 1232 (19.6%) 69 (22.0%) 0318 783 (28.3%) 48 (30.8%) 0.575
Family_CHD 818 (13.0%) 35 (11.2%) 0.396 436 (15.1%) 19 (12.2%) 0.274
Family_stroke 833 (13.2%) 57 (18.2%) 0.015 614 (22.2%) 34 (21.8%) 0.977
Family_AF 458 (7.3%) 28 (8.9%) 0.321 17 (0.6%) 1 (0.6%) 1.000
Current_smoke 2124 (33.8%) 130 (41.5%) 0.006 1096 (39.4%) 65 (41.7%) 0.683
Current_drink 1380 (21.9%) 69 (22.0%) 1.000 757 (27.3%) 47 (30.1%) 0.517
Snoring 2444 (38.8%) 131 (41.9%) 0313 992 (35.4%) 67 (42.9%) 0.091
Degenerative 1192 (18.9%) 94 (30.0%) <0.001 969 (35.5%) 80 (51.3%) <0.001
Long QTC 487 (7.7%) 45 (14.4%) <0.001 267 (9.7) 35 (224) <0.001

Abbreviations: CNY, China Yuan (ICNY = 0.1542 USD); bpm, beat per minute; CVD, cardiovascular disease; Family_CHD, participant with immediate family member who
has coronary atherosclerotic heart disease; Family_DM, participant with immediate family member who has diabetes mellitus; Family_HT, participant with immediate family
member who has hypertension; Family_stroke, participant with immediate family member who has stroke; Family_AF, participant with immediate family member who has
atrial fibrillation; BMI, body mass index; TW, hip circumference; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma
glucose; LDL-C, low-density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; Hgb, hemoglobin; BUN, blood
urea nitrogen; SCr, serum creatinine; MCH, mean concentration of hemoglobin; AST, aspartate aminotransferase; SCl, serum chlorine; SNa, serum sodium; HCT, hematocrit;
TC, total cholesterol; TG, triglyceride; HR, heart rate; QRS, the width of QRS; PR, PR interval; RR, RR interval; QT, QT interval.

Finally, the total score was be used to visualize the prob-
ability of CVD in the next 2 or 4 years.

Analysis of Long QTc

Long QTc was defined according to our previous research.*
After analysis, we found that there were significant differ-
ences of long QTc in both primary data set and validation
data set (Table 2). Then the relationship between long QTc
and CVD was also analyzed, HR: 2.001 (95% CI 1.459-
2.744). P = 1.68e-5. We put this variable in the Model 1 for
analysis. However, it was removed by lasso regression
maybe because collinear with other variables.

Discussion

In the past NCRCHS cohort, we discovered the relation-
ship between alcohol consumption and cardiovascular
diseases,”® metabolism was associated with ischemic
stroke,>® associated with

diagnosed diabetes was

depression and so on.*’ In this study, we updated the
CVD incidence in the NCRCHS cohort. Based on this
general population, we developed and validated a novel
predictive model for CVD. We found that QT interval
from electrocardiography, and aortic root diameter and
ventricular septal thickness from echocardiography should
be included in the CVD risk prediction models.
Compared with the classic CVD prediction model, for
pooled cohort equations that are used mostly for White
and African American men and women,>® the model we
built is based mainly on data for Asian people. In addition,
regarding the included indicators, we used more clinical
indicators like electrocardiography and echocardiography,
which were feasible since the costs of the examinations
was inexpensive and these examinations were widespread
and convenient. Furthermore, we used the NRI statistical
method’ to compare the Framingham and our new models

according to continuous variables. The reclassification rate
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Lasso regression for CVD
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Figure 3 Influence of the factors screened by the LASSO regression on CVD occurrence.

Abbreviations: LASSO, least absolute shrinkage and selector operation; Family stroke, participant with an immediate family member who has experienced stroke; SBP,
systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol;
eGFR, estimated glomerular filtration rate; Hgb, hemoglobin; BUN, blood urea nitrogen; SCr, serum creatinine; HCT, hematocrit; QTc Framingham, corrected QT interval
calculated by the Framingham formula; LVEF, left ventricular ejection fraction; AV peak, maximum peak aortic blood flow velocity.

of the new model was increased by 20% (95% CI: 16.8—
34.6%) as compared to the old model. We believe that our
model is optimized compared with classical models, espe-
cially when applied to Chinese populations.

In the current study, we identified novel risk factors for
CVD from laboratory examinations, namely ECGs and
echocardiography. In the general population, Dekker et al*°
reported that QT prolongation was associated with an
increased danger of coronary heart disease (CHD)- and
CVD-related mortality in Black and White healthy men
and women. In an Asian population in Pima, India, Kim
et al*! discovered that prolonged QTc measurements and
high heart rate both forecast all-cause mortality; however,

heart rate was the better predictor. Maebuchi et al** found
that long QTc measurements were connected with stroke
progress and CHD among Japanese men. The potential
mechanism between long QTc and CVD is unidentified,

but it has been reported to be associated with autonomic

3

system dysfunction,” genetic mutation of cardiac ion

4

channels involved in cardiac repolarization,** scar tissue

after myocardial infarction,” elevated blood sugar

concentration,*®*” high insulin level,*”* hypokalemia,*’
obesity,”” and ventricular hypertrophy.>' Standard echocar-
diography can be used to evaluate myocardial function,
cardiac hemodynamics, valvular heart disease, and conge-

nital heart disease.’> Utsunomiya et al’® revealed that
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restricted cubic spline regression (for nonlinearity, P = 0.617).
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Figure 5 Calibration curves of the nomogram for the two cohorts. (A) Calibration curves in the primary cohort. (B) Calibration curves in the validation cohort.

echocardiographic total heart calcification (THC) score,
which was composed of aortic valve calcification, mitral
annular calcification, and aortic root calcification, had an
enhancing and independent role in forecasting the mortal-
ity and morbidity of CVD. Liu et al**
root diameter (AoD) could be a useful marker to identify

showed that aortic

cardiovascular risk and heart failure (HF). The authors

found that advanced age, and worse hypertension and
diastolic blood pressure were associated with greater
AoD. Hoang et al’® reported that left ventricular mass
was related to CVD risk in older population with and
without metabolic syndrome. Lin et al>® proved that left
ventricular hypertrophy was a usual complication of

157

hypertension. Park et al’’ found that in nonhypertensive
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Figure 6 Nomogram for the best model. Family stroke = participant with immediate family member who has experienced stroke.

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density
lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; Hgb, hemoglobin; BUN, blood urea nitrogen; SCr, serum creatinine; HCT, hematocrit; QTc Framingham,
corrected QT interval calculated by the Framingham formula; LVEF, left ventricular ejection fraction; AV peak, maximum peak aortic blood flow velocity.

populations, left ventricular geometry change, including
left ventricular mass index, relative wall thickness, inter-
ventricular septal thickness (IVST), posterior wall thick-
ness (PWT), and IVST plus PWT were closely related to
an increased risk of hypertension. Loncaric et al>® revealed
that basal ventricular septal hypertrophy could be
a prognostic marker of the heavy load of hypertensive
heart disease.

The findings of current studies have significant impli-
cations for public health policy. Currently, both doctors
and patients rely heavily on traditional cardiovascular risk
factors to evaluate potential CVD, which could lead to
that QTc
independent

assessment. We  found
ARD, and IVSd were

inadequate
(Framingham),

predictive risk factors for CVD in the general population.
It is possible that patients with pathological echocardio-
graphy and ECGs represent patients with more advanced
CVD than those without, which may be more likely to
result in CVD in the short term. With the popularization of
electrocardiography and echocardiography, we have more
chances to identify patients who have potential risk factors
and provide early intervention.

First, to our knowledge, this large-scale, community-
based study is the first to evaluate CVD risk by LASSO
and to integrate demographic characteristics, blood bio-
chemical indicators, ECG characteristics, and echocardio-
graphy indicators in a general cohort. A total of 10,349
among 11,956 participants (86.6%) completed at least one
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follow-up visit; therefore, loss to follow-up may have
slightly impacted our results. Our study further offers
evidence to confirm that BUN, SCr, and eGFR are risk
factors for CVD, as reported in recent studies.’” We also
obtained consistent results indicating that the traditional
factors of age, smoking, WC, SBP, DBP, FPG, LDL-C,
and family history are indeed risk factors for CVD.
Second, we used DCA® to evaluate whether a diagnostic
method is clinically useful. It is well known that many
authors use receiver operating characteristic (ROC) curves
to calculate areas under the curves (AUCs). However,
ROC curve analysis focuses only on the specificity and
sensitivity of the method. Is accuracy enough? How does
the patient benefit? The net benefit with DCA is defined as
the proportion of true positives minus the proportion of
false positives, weighted by the relative harm of false-
positive and false-negative results. As a consequence,
DCA curves integrate the preferences of doctors or other
decision-makers to select a high-risk threshold based on
their preferences; for example, how worried they are about
CVD underdiagnosis or overdiagnosis, allowing them to
evaluate the benefit of the model at that threshold.®"-%?
Third, we with
a nomogram and emphasized the integration of compre-

visualized a predictive model
hensive patient information, which is often used in oncol-
ogy to estimate prognosis.”> However, it is rare to apply
nomograms in the cardiovascular and cerebrovascular
fields. Nomograms are convenient when evaluating risk
and provide superior information when determining the
need for prevention and intervention in CVD. Therefore,
nomograms can improve the understanding of CVD risk
factors for both patients and doctors.

Although our methods offer powerful predictive per-
formance, there are several limitations. First, our study
population was from a high-risk area in northern China;
therefore, caution is needed when generalizing our results
to populations in other regions. To allow for more general-
izable results, our team is expanding the scope of our
research. Second, although we collected clinical informa-
tion, such as stroke and coronary heart disease history,
biochemical results, ECG results, and echocardiography
results. We did not include rheumatoid arthritis, previous
hypertensive pregnancy disorders, depression and abnor-
mal Q wave in ECG,** which may be important risk
factors for CVD. Third, although a strict test was con-
ducted after training investigators, we did not evaluate
inter- and intra-rater variability for the investigators’ scor-
ing, we do not know the extent of measurement error.

Fourth, the follow-up period of 4.66 years was relatively
short, which might have influenced the reliability of the
results for the following reasons: it is hard to compare to
a 10-year risk prediction setting which was most com-
monly used; we may only be capturing events early in
a person’s life, especially since our population was young,
and those events might have different associations with
CVD risk factors affecting our generalizability.

However, follow-up is on-going, and we will evaluate
this prediction model in greater depth, in the future.

Conclusion

Using the updated incidence of CVD in the NCRCHS
cohort, we established a new predictive model. This
novel predictive model indicated that ECG and echocar-
diography indicators should be included in the prediction
model to improve the assessment of CVD.
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