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Abstract
CHADS2 and CHA2DS2-VASc scores have been used to assess the prognostic risk of thromboembolism in non-valvular atrial
fibrillation patients. Recent studies have shown the utility of CHADS2 and CHA2DS2-VASc scores for evaluating the severity
of coronary artery disease (CAD). The newly defined CHA2DS2-VASc-HSF score evaluates atherosclerosis and is associated
with CAD severity. This study investigated the association between the CHA2DS2-VASc-HSF score and acute coronary syn-
drome (ACS) severity as assessed by the Gensini score and the number of vessels. Furthermore, this study also compared
the diagnostic value of the CHADS2, CHA2 DS2-VASc, and CHA2DS2-VASc-HSF score for ACS. A total of 2367 eligible inpa-
tients (ACS group [n= 2030]; non-CAD group [n= 337]) were consecutively enrolled in this study. Receiver operating charac-
teristic curve diagnostic tests and logistic regression models were used to analyze the risk factors for ACS. The CHADS2,
CHA2DS2-VASc, and CHA2DS2-VASc-HSF scores were significantly higher in the ACS group than those in the control group.
After adjusting for numerous traditional CAD risk factors, an increased CHA2DS2-VASc-HSF score was found to be an indepen-
dent risk factor for patients with ACS (odds ratio 1.401, 95% confidence interval 1.044, −1.879; P< 0.05). A newly diagnosed
CHA2DS2-VASc-HSF score predicts the severity of ACS.
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Coronary artery disease (CAD) is responsible for one-third of the
total deaths in people older than 35.1 As a type of CAD, acute cor-
onary syndrome (ACS) is the leading cause of death worldwide,
comprising a group of conditions that include ST-elevation myo-
cardial infarction (STEMI), non-ST-elevation myocardial infarc-
tion (NSTEMI),2 and unstable angina. The most common cause
of ACS is occlusion of a coronary vessel secondary to the dis-
ruption of an atherosclerotic plaque with subsequent thrombus
formation.3 CHA2DS2 and CHA2DS2-VASc score models are
widely used to predict the risk of subsequent thromboembolic
events in patients with atrial fibrillation (AF) and include
similar risk factors for the development of CAD.4,5 Recent evi-
dence has shown that the CHADS2 score has prognostic ability
in CAD,6,7 regardless of the presence of AF,8 and has suggested
the power of CHADS2 and CHA2DS2-VA to assess major adverse
cardiovascular outcomes in the setting of ACS.9 Moreover, a ret-
rospective study found that the CHA2DS2-VASc score was
associated with a higher risk of in-hospital mortality rates in

patients who underwent primary percutaneous coronary inter-
vention (PCI) for STEMI.10 We formulated a new score, the
CHA2DS2-VASc-HSF, which includes the variables hyperlip-
idemia (H), smoking (S), and family history of CAD (F), in
addition to the previous risk factors to assess the risk of CAD
(Table 1).11 We sought to evaluate the ability of this new
score to independently predict ACS and compared its predictive
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ability to that of the CHA2DS2 and CHA2DS2-VASc scores in
patients with ACS with multiple vessels.

Methods
A total of 2030 inpatients with ACS (case group) and 337
non-CAD inpatients (control group) were consecutively
enrolled in this retrospective study in the Department of
Cardiology at the Affiliated Hospital of Chengde Medical
University, from December 2015 to May 2019. All patients
were subjected to diagnostic coronary angiography (CAG).
ACS patients included those with unstable angina,
non-STEMI, STEMI, and CAG showing stenosis of ≥50% in
the left main, left anterior descending, left circumflex, right cor-
onary, and/or their main branches. Patients with a history of cor-
onary artery bypass graft surgery, infectious or inflammatory
disease, severe liver or renal disease, neoplasm, or hematological
disorders were excluded. The Gensini score was used to assess
the degree of coronary stenosis in all angiograms, and the
CHADS2, CHA2DS2-VASc, and CHA2DS2-VASc-HSF scores
were calculated. The study complied with the Declaration of
Helsinki, and the protocol was approved by the institutional
ethics committee of the Affiliated Hospital of Cheng de
Medical University(Number:CYFYLL2021174).Demographic
characteristics and clinical data of all patients, including age,
gender, hypertension12 (defined as measurements of systolic
blood pressure [SBP] and diastolic blood pressure [DBP]
≥140/90 mm Hg or taking antihypertensive medications), diabe-
tes mellitus13 (defined as a fasting blood glucose level >126 mg/
dL, blood glucose ≥200 mg/dL, or using antidiabetic drugs),
hyperlipidemia14 (defined as increased level of low-density lipo-
protein cholesterol [LDL-C] according to the National
Cholesterol Education Program-3 recommendations and history
of using lipid lowering medications), previous ischemic stroke
or transient ischemic attack (TIA), vascular disease (defined as
myocardial infarction [MI] and peripheral artery disease, includ-
ing prior revascularization, angiographic evidence, or aortic
plaque), chronic heart failure (CHF) (defined signs/symptoms
of heart failure confirmed with objective evidence of cardiac dys-
function), smoking status15 (defined as smoking >10 cigarettes a
day for ≥1 year without a quit attempt), and family history of

CAD (defined as MI before 55 years of age for men or 65
years of age for women in first-degree relatives).

For each patient, SBP, DBP, ejection fraction (EF), left atrial
diameter, left ventricular end-diastolic dimension (LVEDD),
left ventricular end-systolic diameter (LVESD), white blood
cell (WBC) count, total cholesterol (TC), triglycerides (TG),
high-density lipoprotein cholesterol (HDL-C), LDL-C, uric
acid (UA), blood urea nitrogen (BUN), and renal function test
results were obtained. All participants provided written
informed consent.

CAG was performed using the standard Judkins technique.
CAG: the stenosis at least or more than 50% in one or more
of the left main, left anterior descending, left circumfex, right
coronary, or their main branches. The Gensini score is a com-
prehensive score that assesses the extent of CAD burden on
angiography. This score is calculated as the sum of the severity
scores assigned depending on the degree of angiographic
luminal stenosis in each segment of the coronary artery, expo-
nentially increasing by the severity of lesions (25%, 50%, 75%,
90%, 99%, and 100% coronary stenosis), with a cumulative
effect according to multiple lesions and lesion location.

The CHADS2 nomenclature represents congestive heart
failure (C), hypertension (HT), age (A), diabetes mellitus
(DM), and stroke (S) and is calculated by assigning 1 point
each for the presence of C, HT, A >75 years, and DM, and
by assigning 2 points for history of S or TIA. The
CHA2DS2-VASc score, a modification of the CHADS2 score,
extends the latter by including additional common stroke risk
factors, including vascular disease (V), age 65 to 74 years
(A), and female sex (as a sex category [Sc]). In the
CHA2DS2-VASc score, age >75 years (A2) was assigned 2
points. The CHA2DS2-VASc-HSF score (Table 1) adds hyper-
lipidemia (H), smoking (S), family history (F) and male gender
(instead of female gender) to the previous scores.7 The maximum
CHADS2, CHA2DS2-VASc, and CHA2DS2-VASc-HSF scores
are 6, 9, and 12, respectively.

Statistical analyses were performed using the Statistical
Package for Social Sciences software (version 26.0; SPSS Inc.,
Chicago, IL, USA). The Kolmogorov-Smirnov test was used to
analyze continuous data with normal or skewed distributions.
The mean± standard deviation and quartile median are used to
express normal and skewed continuous data, respectively. To
investigate differences between the groups, the t-test was applied
for normally distributed continuous variables, the Mann-Whitney
U-test for continuous variables with abnormal distribution, and
the Chi-square test for categorical variables. Regression analyses
were performed to identify candidate variables among demograph-
ics, risk factors, and biomarkers. Logistic regression analysis was
performed to investigate the multivariable adjusted association of
CHADS2-VASc-HSF score with ACS. Statistical significance was
set at a two-tailed P-value of <0.05.

Results
Both age and the proportion of males was greater in the ACS
group than in the control group (both, P< 0.001).

Table 1. CHADS2-VASc-HSF score.

C Congestive heart failure 1 point

H Hypertension 1 point
A2 Age > 75 years 2 point
D Diabetes mellitus 1 point
S2 Previous stroke or TIA 2 point
V Vascular disease 1 point
A Age 65–74 years 1 point
Sc Sex category (male gender) 1 point
H Hyperlipidemia 1 point
S Smoking 1 point
F Family history of CAD 1 point

CAD: coronary artery disease
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Dyslipidemia, hypertension, type 2 DM (T2DM), vascular
disease, ischemic stroke, current smoker, history of MI, and
history of heart failure (HF)/EF<40% were more common in
the ACS group than in the control group (all P< 0.05).
Similarly, the medians of heart rate, SBP, LVEDD, and
LVESD were higher in the ACS group than in the control
group; however, the median EF was lower in the ACS group
(all P< 0.001). Moreover, the median white blood cell
(WBC) count, TC, TG, and LDL-C levels were higher in the
ACS group than in the control group, whereas HDL-C was
higher in the control group than in the ACS group (all P<
0.05). In addition, the prevalence rate of family history of
CAD was higher in the ACS group than in the control group,
but the difference was not statistically significant (P> 0.05).
Interestingly, the CHADS2,CHA2DS2-VASc, and
CHADS2-VASc-HSF scores were significantly higher in the
ACS group than in the control group (all P< 0.05) (Table 2).

The diagnostic test analysis showed that in the ACS and
control subgroups, the area under the curve (AUC) of the
CHADS2 score, CHA2DS2-VASc score and
CHADS2-VASc-HSF score were 0.593, 0.538, and 0.692,
respectively; the optimal diagnostic cut-off point values were
1.5, 2.5, and 2.5, respectively; the sensitivity was 30.8%,
25.8%, and 76.8%, respectively; and the specificities were
83.7%, 82.5%, and 51.6%, respectively (Table 3).

The median CHADS2,CHA2DS2-VASc, and
CHADS2-VASc-HSF scores were significantly higher in the
multiple vessel disease group than in the single-vessel group
(all P< 0.001) (Table 4).

Multivariate logistic regression mode l showed that male
sex, age ≥60 years, T2DM, SBP ≥140, LDL ≥3.4, EF <50%,
and CHA2DS2 score were independent risk factors for ACS,
and the odds ratios (ORs) of these factors were 3.781 (2.928,

Table 2. Baseline characteristics and laboratory measurements of
patients.

Characteristics
ACS group
(n= 2030)

Control
group (n
= 337) Z/t/x2 P

Age (y) 59 (52,65) 57
(52,62.5)

−4.051 <0.001

Male (n/%) 1458
(71.8)

159
(47.2)

81.076 <0.001

Hypertension(n/%) 1191
(58.6)

153
(45.5)

20.178 <0.001

Dyslipidemia(n/%) 1431
(70.5)

207
(61.6)

10.597 0.001

T2DM(n/%) 478 (23.5) 36 (10.7) 27.877 <0.001
Vascular disease (prior
myocardial infarction /
peripheral artery
disease / aortic
calcification) (n/%)

60 (3.0) 3.0 (0.9) 4.729 0.030

ischemic stroke (n/%) 286 (14.1) 30(8.9) 6.618 0.010
Family history of CAD 260 (12.8) 37 (11.0) 0.842 0.359
History of MI (n/%) 53 (2.6) 0 (0.0) 9.000 0.003
History of HF/EF<40%
(n/%)

72 (3.5) 22 (6.5) 6.816 0.009

Current smoker (n/%) 1007
(49.6)

93 (27.7) 55.601 <0.001

Alcohol abuse (n/%) 363 (17.9) 66 (19.6) 0.565 0.452
HR (bpm) 76.0 (66.0,

86.0)
72.0
(64.0,
81.5)

−3.747 <0.001

SBP (mmHg) 141.0
(127.0,
158.0)

130.0
(120.0,
145.0)

−8.028 <0.001

DBP (mmHg) 80.0 (74.0,
90.0)

81.0
(73.5,
90.0)

−0.375 0.708

LA (mm) 34.0 (32.0,
37.0)

34.0
(31.0,
38.0)

−1.295 0.195

LVEDD (mm) 50.0 (47.0,
54.0)

49.0
(46.0,
53.0)

−4.094 <0.001

LVSDD (mm) 34.0 (31.0,
38.0)

32.0
(30.0,
36.0)

−6.307 <0.001

EF% 59.0 (53.0,
64.0)

61.0
(57.0,
66.0)

−6.038 <0.001

WBC (1012/L) 7.17 (5.01,
9.86)

6.41
(5.24,
7.67)

−4.005 <0.001

TC (mmol/L) 4.33
(3.67,5.08)

4.13
(3.395,
4.685)

−4.406 <0.001

TG (mmol/L) 1.535
(0.990,
2.35)

1.380
(0.980,
2.115)

−2.016 0.044

HDL-C (mmol/L) 1.08
(0.910,
1.280)

1.12
(0.960,
1.33)

−2.802 0.005

(continued)

Table 2. (continued)

Characteristics
ACS group
(n= 2030)

Control
group (n
= 337) Z/t/x2 P

LDL-C (mmol/L) 2.31 (1.83,
2.90)

2.09
(1.58,
2.65)

−4.928 <0.001

Blood Glucose (mmol/
L)

6.57 (5.49,
8.86)

5.56
(4.98,
6.58)

−9.334 <0.001

CHADS2 score 1.0 (0.0,
2.0)

1.0 (0.0,
1.0)

−5.779 <0.001

CHA2DS2-VASc score 2.0 (1.0,
3.0)

1.0 (1.0,
2.0)

−2.289 0.022

CHA2DS2-VASc-HSF
score

3.0 (3.0,
4.0)

2.0 (1.0,
3.0)

−11.562 <0.001

CAD: coronary artery disease; DBP: diastolic blood pressure; EF: ejection
fraction; HDL-C: high-density lipoprotein-cholesterol; HF: heart failure; HR:
heart rate; LA: left atrial; LDL-C: low-density lipoprotein-cholesterol; LVEDD:
left ventricular end-diastolic dimension; LVESD: left ventricular end-systolic
diameter; SBP: systolic blood pressure; TC: total cholesterol; TG: triglycerides;
T2DM: type 2 diabetes mellitus; WBC: white blood cell
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4.883), 2.058 (1.583, 2.675), 2.029 (1.317, 3.125), 2.095
(1.629, 2.695), 2.231 (1.382, 3.602), 2.800 (1.826, 4.292),
and 1.573 (1.085, 2.279), respectively (all P< 0.05). Mode 2
revealed that male sex, age ≥60 years, T2DM, SBP ≥140,
LDL ≥3.4, EF <50%, and CHA2DS2-VASc score were inde-
pendent risk factors of ACS, and the ORs of these factors
were 4.241 (3.238, 5.556), 1.899 (1.445, 2.496), 2.171
(1.456, 3.238), 2.072 (1.610, 2.667), 2.245 (1.388, 3.631),
2.696 (1.756, 4.139), and 1.689 (1.153, 2.474), respectively
(all P< 0.05). Mode 3 showed that male sex, age ≥60 years,
T2DM, SBP ≥140, LDL ≥3.4, EF <50%, and the
CHADS2-VASc-HSF score were independent risk factors for
ACS, and the ORs of these factors were 2.890 (2.172, 3.845),
1.971 (1.515, 2.565), 2.168 (1.469, 3.200), 2.039 (1.583,
2.627), 2.060 (1.272, 3.337), 2.788(1.817, 4.276), and 1.751
(1.319, 2.324), respectively (all P< 0.05) (Table 5).

Multivariate logistic regression mode l showed that male
sex, age ≥60 years, T2DM, SBP ≥140, LDL ≥3.4, EF <50%,
and the CHA2DS2 score were independent risk factors for a
high Gensini score, with ORs of 3.082 (2.468, 3.849),
1.794(1.436, 2.242), 1.429 (1.018, 2.006), 2.025 (1.635,
2.507), 2.012 (1.368, 2.959), 2.589 (1.844, 3.635), and 1.661
(1.219, 2.263), respectively (all P< 0.05). Mode 2 reflected
that male sex, age ≥60 years, T2DM, SBP ≥140, LDL ≥3.4,
EF <50%, and the CHA2DS2-VASc score were independent
risk factors for a high Gensini score, and the ORs of these
factors were 3.473 (2.735, 4.410), 1.692 (1.342, 2.133), 1.616
(1.186, 2.202), 2.016 (1.628, 2.497), 2.002 (1.360, 2.946),
2.496 (1.776, 3.507), and 1.630 (1.179, 2.255), respectively
(all P< 0.05). Mode 3 indicated that male sex, age ≥60 years,
T2DM, SBP ≥140, LDL ≥3.4, EF <50%, and the
CHADS2-VASc-HSF score were independent risk factors of a

high Gensini score, and the ORs of these factors were 2.499
(1.952, 3.200), 1.780 (1.424, 2.225), 1.658 (1.227, 2.241),
1.998 (1.613, 2.476), 1.861 (1.263, 2.740), 2.577(1.835,
3.619), and 1.553 (1.212, 1.991), respectively (all P< 0.05)
(Table 6).

Table 7 manifests the results of multivariate logistic regres-
sion for the association of the CHADS2-VASc-HSF score
among multiple vessels. There were 7 models after adjusting
for age, sex, dyslipidemia, hypertension, T2DM, vascular
disease, current smoking, history of HF, history of kidney
failure, cardiogenic shock, family history of CAD, alcohol
abuse, heart rate, ventricular EF, elevated SBP, WBC count,
BUN, creatinine level, UA level, elevated fasting glucose,
reduced HDL-C, elevated TG, TC, and LDL-C. The ORs
were 1.879, 1.363, 1.504, 1.369, 1.345, 1.376, and 1.360 for
ACS with multiple vessels in models 1, 2, 3, 4, 5, 6, and 7,
respectively (all P< 0.05) (Table 7).

Discussion
The main findings of this present study were as follows: (1) the
CHADS2, CHA2DS2-VASc, and CHA2DS2-VASc-HSF scores
were significantly different for various numbers of diseased
vessels; (2) the CHA2DS2-VASc-HSFscore showed better pre-
dictability for patients with ACS than did the CHADS2 and
CHA2DS2-VASc scores; (3) the CHA2DS2-VASc-HSF score
was an independent risk factor for patients with ACS; (4) the
CHA2DS2-VASc-HSF score was the best score scheme to
predict ACS severity, and a score >2.5 may predict ACS
severity. The results suggest that the CHA2DS2-VASc-HSF
score is a comprehensive risk scoring tool for the risk stratifica-
tion of patients with ACS.

In addition to predicting outcomes of patients with AF, the
individual score components of the CHADS2 score are tradi-
tional risk predictors of coronary arteriosclerosis. Chan et al.
previously reported an important association between the
CHADS2 score and vascular endothelial function assessed by
flow-mediated dilation in non-AF patients.16 Patients with
HF, HT, older age, and DM without AF have elevated
markers of endothelial dysfunction and hypercoagulability,17–19

indicating that platelet activation might be attributed to underly-
ing risk factors other than AF. Li et al. found that a higher
CHADS2 score was associated with a higher risk of combined
outcomes, all-cause death, and cardiovascular death in patients
with CAD.20 Chen et al. suggested that the CHA2DS2-VASc
score may play a vital role in predicting MI and HF in patients

Table 3. Receiver operator characteristic curves of the CHADS2 score, CHA2DS2-VASc score and CHA2DS2-VASc-HSF score value for
prediction of acute coronary syndrome.

Score AUC SE P 95% CI Se (%) Sp (%) Cut off

CHADS2 score 0.593 0.016 <0.001 0.562–0.625 30.8 83.7 1.5
CHA2DS2-VASc score 0.538 0.016 0.026 0.507–0.569 25.8 82.5 2.5
CHA2DS2-VASc-HSF 0.692 0.017 <0.001 0.661–0.723 76.8 51.6 2.5

AUC: area under the curve; CI: confidence interval; SE :standard error;Se: sensitivity; Sp: specificity

Table 4. Comparison of CHADS2 score, CHA2DS2-VASc score and
CHA2DS2-VASc-HSF score and number of diseased vessels.

Score

Single
vessel
disease

Multiple
vessel
disease Z P

CHADS2 1.0 (0.0,
1.0)

1.0 (0.0, 2.0) −6.293 <0.001

CHA2DS2-VASc 1.0 (0.0,
2.0)

2.0 (1.0, 3.0) −5.335 <0.001

CHA2DS2-VASc-HSF 3.0 (2.0,
4.0)

4.0 (3.0, 5.0) −7.202 <0.001
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without AF.21 Furthermore, in patients who underwent primary
PCI, the CHA2DS2-VASc score was shown to predict thrombus
burden,22 no-reflow phenomenon,23 major adverse cardiac
events,24 in-hospital mortality, and long-term adverse clinical
outcomes.25–27 By incorporating the majority of risk factors for
CAD, the CHA2DS2-VASc-HSF score provides a comprehen-
sive risk assessment for CAD.11

This newly developed score has been independently associ-
ated with the severity of atherosclerosis and CIN development28

in patients with STEMI. In line with previous reports, in our
study the CHADS2, CHA2DS2-VASc, and
CHA2DS2-VASc-HSF scores were obviously higher in the
ACS group than those in the control group; the sensitivity
value of the CHA2DS2-VASc-HSF score was greater than the
specificity value, and the diagnostic efficiency of the
CHA2DS2-VASc-HSF score in the ACS group was greater
than that in the control group. The higher AUC in the
CHA2DS2-VASc-HSF score (compared to that of the
CHADS2 and CHA2DS2-VASc scores) indicates that it could
be used as a predictive indicator for ACS. In Tabata’s study,
CAD patients with multivessel disease had a significantly
higher CHADS2 score than those with single-vessel disease.9

In particular, we recognize that all 3 scores were higher in mul-
tivessel disease than in single-vessel disease.

Cetin et al. showed that the CHADS2 and CHA2DS2-VASc
scores correlated significantly with the Gensini score (r=0.383
and 0.300, P<0.001), suggesting that the CHA2DS2-VASc
score reflects the severity of CAD.15 However, our study is the
first to report that the risk of elevated CHADS2,
CHA2DS2-VASc, and CHA2DS2-VASc-HSF scores were higher
in a high Gensini score group than in the low Gensini score.

Orcun et al. demonstrated that the CHA2DS2-VASc score
was correlated with severe CAD by univariate analysis, but it
did not independently predict severe CAD following multivar-
iate analysis, whereas the CHA2DS2-VASc-HSF score did.29

However, in contrast to previous studies, we demonstrated
that CHADS2, CHA2DS2-VASc, and CHA2DS2-VASc-HSF
scores were independent risk factors for patients with ACS
using multivariate logistic regression models for ACS analysis.
The CHA2DS2-VASc-HSF scores differed between the ACS
and control groups. Our study demonstrated that the risk of ele-
vated CHADS2, CHA2DS2-VASc, and CHA2DS2-VASc-HSF
scores was greater in the ACS group than in the control group.

Zhang et al. demonstrated that the components of the 3
scores are common risk factors for atherosclerosis, vascular
spasm, and microvascular dysfunction.30 Hyperglycemia may
be associated with vascular smooth muscle cell proliferation
and migration, oxidative stress, a hypercoagulable state, and

Table 5. Results of the multivariate regression analyses for the predictors of acute coronary syndrome.

Model1 Model2 Model3

Factor OR 95%CI P OR 95%CI P OR 95%CI P

Male 3.781 2.928–4.883 ＜0.001 4.241 3.238–5.556 ＜0.001 2.890 2.172–3.845 ＜0.001
Age ≥60 2.058 1.583–2.675 ＜0.001 1.899 1.445–2.496 ＜0.001 1.971 1.515–2.565 ＜0.001
T2DM 2.029 1.317–3.125 0.001 2.171 1.456–3.238 ＜0.001 2.168 1.469–3.200 ＜0.001
SBP ≥140 2.095 1.629–2.695 ＜0.001 2.072 1.610–2.667 ＜0.001 2.039 1.583–2.627 ＜0.001
LDL ≥3.4 2.231 1.382–3.602 0.001 2.245 1.388–3.631 0.001 2.060 1.272–3.337 0.003
EF <50% 2.800 1.826–4.292 ＜0.001 2.696 1.756–4.139 ＜0.001 2.788 1.817–4.276 ＜0.001
CHA2DS2 1.573 1.085–2.279 0.017 - - - - - -
CHA2DS2-VASc - - - 1.689 1.153–2.474 0.007 - - -
CHA2DS2-VASc-HSF - - - - - - 1.751 1.319–2.324 ＜0.001

CI: confidence interval; EF: ejection fraction; LDL: low-density lipoprotein; OR: odds ratio; SBP: systolic blood pressure; T2DM: type 2 diabetes mellitus

Table 6. Predictors of Gensini score in multivariate analyses.

Model1 Model2 Model3

Factor OR 95%CI P OR 95%CI P OR 95%CI P

Male 3.082 2.468–3.849 ＜0.001 3.473 2.735–4.410 ＜0.001 2.499 1.952–3.200 ＜0.001
Age ≥60 1.794 1.436–2.242 ＜0.001 1.692 1.342–2.133 ＜0.001 1.780 1.424–2.225 ＜0.001
T2DM 1.429 1.018–2.006 0.039 1.616 1.186–2.202 0.002 1.658 1.227–2.241 0.001
SBP ≥140 2.025 1.635–2.507 ＜0.001 2.016 1.628–2.497 ＜0.001 1.998 1.613–2.476 ＜0.001
LDL ≥3.4 2.012 1.368–2.959 ＜0.001 2.002 1.360–2.946 ＜0.001 1.861 1.263–2.740 0.002
EF <50% 2.589 1.844–3.635 ＜0.001 2.496 1.776–3.507 ＜0.001 2.577 1.835–3.619 ＜0.001
CHA2DS2 1.661 1.219–2.263 0.001 - - - - - -
CHA2DS2-VASc - - - 1.630 1.179–2.255 0.003 - - -
CHA2DS2-VASc -HSF - - - - - - 1.553 1.212–1.991 0.001

CI: confidence interval; EF: ejection fraction; LDL: low-density lipoprotein; OR: odds ratio; SBP: systolic blood pressure; T2DM: type 2 diabetes mellitus
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the inflammatory response, which contribute to CAD.31

Dyslipidemia also contributes to cerebrovascular and cardio-
vascular disorders, which are considered in the
CHA2DS2-VASc model.32 In addition, male patients are more
likely to smoke and suffer from obesity than female patients.30

Compared with the CHADS2 and CHA2DS2-VASc scores, the
CHA2DS2-VASc-HSF score provided similar discrimination
for ACS. After adjusting these factors and other traditional
CAD factors, we consider that the CHA2DS2-VASc-HSF
score remains a significant predictor for patients with ACS in
multiple vessels, even following a multivariate analysis for tra-
ditional CAD characteristics, further supporting our hypothesis.

Our study had several limitations. First, this was a single-
center study; further studies are needed to establish the value
of this finding in the context of current clinical practice.
Second, the sample size of patients in this study was relatively
small. Third, the CHA2DS2-VASc-HSF score can be developed
with other biochemical and echocardiographic predictors of ath-
erosclerosis in further studies. Hence, a multi-regional and
multi-ethnic study is needed in the future.

In summary, the CHA2DS2-VASC-HSF score may be con-
venient and easily applied in clinical practice, and it can be
used to assess high-risk patients and prepare therapeutic
interventions.
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22. Satılmış S, Durmuş G.Predictive accuracy of CHA 2 DS 2-VASc
score in determining the high thrombus burden in patients with
non-ST-elevation myocardial infarction. Acta Cardiol.
2021;76(2):140‐146.

23. Wang Y, Zhao HW, Zhang XJ, et al. CHA2DS2-VASC Score as a
preprocedural predictor of contrast-induced nephropathy among
patients with chronic total occlusion undergoing percutaneous cor-
onary intervention: a single-center experience. BMC Cardiovasc
Disord. 2019(1);19:74.

24. Orvin K, Bental T, Assali A. Usefulness of the CHA2DS2-VASC
score to predict adverse outcomes in patients having percutane-
ous coronary intervention. Am J Cardiol. 2016;117(9):1433‐
1438.

25. Baydar O, Kilic A. CHA2DS2-VASC Score predicts risk of
contrast-induced nephropathy in non-ST elevation myocardial
infarction patients undergoing percutaneous coronary interven-
tions. Kidney Dis (Basel). 2019;5(4):266‐271.

26. Shuvy M, Klein E, Cohen T, Shlomo N, Rozenbaum Z, Pereg D.
Value of adding the CHA2DS2-VASc score to the GRACE score
for mortality risk prediction in patients with acute coronary syn-
drome. Am J Cardiol. 2019;123(11):1751‐1756.

27. Kilic S, Kocabas U, Can LH, Yavuzgil O, Çetin M, Zoghi M.
Predictive value of CHA2DS2-VASc and CHA2DS2-VASc-HS
scores for failed reperfusion after thrombolytic therapy in patients
with ST-segment elevation myocardial infarction. Cardiol J.
2019;26(2):169‐175.

28. Cicek G, Yıldırım E. CHA2DS2-VASc Score predicts
contrast-induced nephropathy in patients with ST-segment eleva-
tion myocardial infarction, who have undergone primary percuta-
neous coronary intervention. Kardiol Pol. 2018;76(1):91‐98.

29. Ciftci O, Yilmaz KC, Karacaglar E, Yilmaz M, Ozin B,
Muderrisoglu IH. The novel CHA2DS2-VASC-FSH score is pre-
dictive of severe coronary artery disease on coronary angiography
in patients with atrial fibrillation and unstable symptoms. Eurasian
J Med. 2019;51(2):165‐171.

30. Zhang QY, Ma SM, Sun JY. New CHA2DS2-VASc-HSF
score predicts the no-reflow phenomenon after primary percu-
taneous coronary intervention in patients with ST-segment
elevation myocardial infarction. BMC Cardiovasc Disord.
2020;20(1):346.

31. Bessonov IS, Kuznetsov VA, Potolinskaya YV, Zyrianov IP,
Sapozhnikov SS. Vliianie giperglikemii na rezul’taty chreskozh-
nykh koronarnykh vmeshatel’stv U bol’nykh ostrym infarktom
miokarda s pod’’emom segmenta ST [impact of hyperglycemia
on the results of percutaneous coronary interventions in patients
with acute ST-segment elevation myocardial infarction]. Ter
Arkh. 2017;89(9):25‐29.

32. Ashoori A, Pourhosseini H, Ghodsi S, et al. CHA2DS2-VASc
Score as an independent predictor of suboptimal reperfusion and
short-term mortality after primary PCI in patients with acute ST
segment elevation myocardial infarction. Medicina (Kaunas).
2019;55(2):35.

Liu et al 7


	 Methods
	 Results
	 Discussion
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


