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Abstract
In a multicenter prospective cohort study of 1187 patients with suspected coronary artery disease (CAD)
undergoing coronary computed tomography, mutual relationships among cardiovascular risk factors,
coronary artery calci�cation (CAC), and incident major adverse cardiovascular events (MACE) were
examined, with emphasis on sex differences. The �nal analysis included 978 patients. Cox proportional
hazards analyses indicated that smoking, hypertension, diabetes mellitus, and dyslipidemia were
associated with MACE in male patients, whereas no risk factors were associated with MACE in female
patients. The C-statistics calculated using Framingham risk score for MACE were 0.639 and 0.656 in
male and female patients, respectively. In male patients, the C-statistic signi�cantly increased in
combined models that added Agatston CAC scores of ≥ 200 to the Framingham risk score (+ 0.056, P = 
0.045). In female patients, the C-statistic increased in the model that added an Agatston CAC score of ≥ 
400 to Framingham risk score (+ 0.057, P = 0.08). CAC, cardiovascular risk factors, and incident MACE
exhibited sex-speci�c differential associations in patients with suspected CAD. Agatston CAC scores of ≥ 
200 in male patients signi�cantly improved the MACE risk prediction over established cardiovascular risk
factors, and an Agatston CAC score of ≥ 400 may improve it in female patients.

Introduction
Coronary artery calci�cation (CAC) is associated primarily with cardiovascular risk factors, such as age,
hypertension, dyslipidemia, diabetes mellitus (DM), and smoking (1, 2), and is considered a direct marker
of the coronary atherosclerotic burden. The evaluation for CAC is useful for the diagnosis and prediction
of coronary artery disease (CAD), a leading cause of death worldwide in both males and females (2, 3). In
addition, several studies have demonstrated that the diagnosis of CAD and prediction of future
cardiovascular events are improved when the Agatston score, an indicator used to determine the extent of
CAC, is added to cardiovascular risk scoring (4, 5). The Agatston score has been shown to aid in the
improved reclassi�cation of patients at risk for CAD (6).

Although CAD is more frequent in males than in females, its incidence in females increases after
menopause and is accompanied by atypical symptoms other than chest pain (7, 8). Prior evidence also
indicates that females of all ages are more likely to be admitted for angina pectoris and experience worse
outcomes after myocardial infarction (9). Numerous studies have examined sex differences in the
relationship between CAC and CAD. For example, CAC is observed more frequently in males and develops
later in females than in males because of decreased serum levels of estrogen after menopause, which
might induce insulin resistance and a proatherogenic lipid pro�le (10, 11). We previously reported the
presence of sex differences in a study examining the impact of a model including the Agatston CAC score
and traditional cardiovascular risk factors on the risk classi�cation of CAD in patients with suspected
CAD (12). In that study, we observed that the bene�t of the combined model, which was greater for males
in all risk stages based on conventional cardiovascular risk factors, was greater only for those females in
the high-risk stage. Thus, it remains unclear whether the impact of CAC on the development of major
adverse cardiovascular events (MACE) is different between the sexes. In this study, we aimed to examine
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sex differences in the mutual associations among cardiovascular risk factors, CAC, and MACE in a cohort
of patients with suspected CAD. Speci�cally, we explored whether the MACE risk prediction model would
be improved by adding the Agatston CAC score to traditional cardiovascular risk factors based on sex-
strati�ed analyses.

Methods
Study design

The Nationwide Gender-Speci�c Atherosclerosis Determinants Estimation and Ischemic Cardiovascular
Disease Prospective Cohort (NADESICO) was a prospective, multicenter cohort study designed to
evaluate sex differences in the association of coronary atherosclerosis, including CAC and MACE. The
study protocol was registered with the UMIN Clinical Trials Registry (UMIN-CTR ID: UMIN000001577) and
approved by the institutional review boards of all participating centers and the National Cerebral and
Cardiovascular Center acted as the leading study institution (M20-029-7). Written informed consent was
obtained from all participants before study enrollment. All methods were performed in accordance with
the relevant guidelines and regulations by including a statement in the methods section.

Participants

The detailed protocol is described elsewhere (12). Brie�y, the NADESICO study included patients treated in
15 participating hospitals in Japan between December 2008 and April 2013. The study enrolled patients
aged 50–74 years with suspected stable CAD who had adequate indications for plain computed
tomography (CT) and coronary CT angiography (CCTA) and did not have a history of myocardial
infarction or coronary artery revascularization. Patients ful�lling the following criteria were excluded: (1) a
history of Kawasaki disease; (2) coronary artery malformation; (3) familial hypercholesterolemia; (4)
demonstrably, limited prognosis because of malignant tumors; (5) undergoing dialysis; and (6) under
treatment for serious mental or neurological disorders.

Data collection

Clinical information on diagnostic and therapeutic measures was collected by investigators at each
hospital and sent to the National Cerebral and Cardiovascular Center. Hypertension was de�ned as
systolic blood pressure of >140 mmHg or a diastolic blood pressure of >90 mmHg, or the current use of
antihypertensive agents. DM was de�ned based on a self-reported history of adult-onset fasting glucose
≥ 126 mg/dL or the use of insulin or oral glucose-lowering medications. Dyslipidemia was de�ned as the
current use of any lipid-lowering agents or a high level of triglycerides (≥150 mg/dL) or low-density
lipoprotein (LDL) cholesterol (≥140 mg/dL), or a low level of high-density lipoprotein (HDL) cholesterol
(≤40 mg/dL in males and ≤50 mg/dL in females). Data on smoking habits and medical and
reproductive history were collected at enrollment using a questionnaire. Laboratory examinations
included complete blood count, lipid pro�le, and fasting plasma glucose level. As female-speci�c factors,
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age at menarche and complications during pregnancy, including pregnancy hypertension, gestational DM,
gestational proteinuria, and preeclampsia, were examined.

CT was performed using 64 or more channels with electrocardiography gating according to the Japanese
Circulation Society guidelines and institutional protocols. CT images were transferred to the National
Cerebral and Cardiovascular Center using the Digital Imaging and Communications in Medicine and
interpreted in a blind fashion by an independent imaging core laboratory using SYNAPSE VINCENT® 

(FUJIFILM Medical IT Solutions, Tokyo, Japan). A Japan Radiological Society Board–certi�ed radiologist
with extensive experience in coronary CT who was blinded to all clinical data interpreted plain CT scans
and assigned CAC scores using the Agatston method. Coronary artery stenosis (CAS) was de�ned as the
presence of one or more vessels with at least 50% luminal diameter stenosis identi�ed in CCTA imaging.

Follow-up

Annual follow-up evaluations were conducted from enrollment to March 2020 or death. Attending
physicians in each hospital assessed for the presence of MACE. The patients who did not visit the
hospital on an annual basis were contacted by telephone or mail every year. For patients who visited
other hospitals with suspected CAD, the attending physician inquired the details of the event at
admission.

Outcome

The primary outcome was sex differences in the degree of increase in Harrell’s concordance statistic (C-
statistic) for predicting MACE by adding CAC and/or CAS to the cardiovascular risk factor model
calculated using Framingham risk score, which includes age, sex, total cholesterol, HDL cholesterol, blood
pressure, DM, and current smoking (13). The secondary outcomes were sex differences in baseline
characteristics associated with CAC and factors associated with the development of MACE. MACE were
de�ned as the composite of cardiovascular death, myocardial infarction, stroke, revascularization, and
hospitalization for heart failure. Cardiovascular death was de�ned as death due to myocardial infarction,
heart failure, cardiac arrhythmia, sudden cardiac death, aortic disease, or stroke.

Statistical analyses

Continuous data were presented as means ± standard deviation or medians (interquartile range), and
categorical data were presented as numbers (%). Student’s t-test or the Mann–Whitney U test was used to
compare continuous variables between two groups, and the chi-squared test was used to compare
categorical variables between two groups. In the analyses of cardiovascular risk factors and MACE, the
Cox proportional hazards model for MACE was adjusted for age. Logistic regression models were used to
examine cardiovascular risk factors associated with the level of CAC (any CAC, Agatston score > 0;
100CAC, Agatston score ≥ 100; and 400CAC, Agatston score ≥ 400). The C-statistic for predicting MACE
in each sex was examined by adding the level of CAC (any CAC, Agatston score > 0; 100CAC, Agatston
score ≥ 100; 200CAC, Agatston score ≥ 200; 300CAC, Agatston score ≥ 300; and 400CAC, Agatston
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score ≥ 400) and/or CAS to the risk factor model calculated by Framingham risk score. The 95%
con�dence intervals (CIs) of C-statistic were estimated using 200 bootstrap samples. In addition,
Kaplan–Meier analyses were used to examine the incidence of MACE according to the stage of CAC (no
CAC, Agatston score = 0; mild CAC, 0 < Agatston score < 100; moderate CAC, 100 ≤ Agatston score < 400;
severe CAC, Agatston score ≥ 400). Furthermore, in each sex, receiver operating characteristic (ROC)
curve analyses for MACE during a follow-up period were conducted and areas under the ROC curve
(AUCs) were compared among CAC Agatston score, Framingham risk score and combined Framingham
risk score and CAC Agatston score models. Statistical signi�cance was de�ned as a two-tailed P value of
<0.05. Statistical analyses were performed using STATA 17 (StataCorp, College Station, TX, USA).

Results
Association of traditional cardiovascular risk factors with MACE

The present study cohort was composed of 978 patients with suspected CAD (mean age, 64.7 ± 6.6
years), including 448 (45.8%) female patients (Supplementary Fig. 1). Compared with the male patients,
the female patients tended to be older and had lower rates of current or past smoking history,
hypertension, DM, and body mass index ≥ 25 kg/m2. The rate of dyslipidemia was higher, with higher
total, LDL cholesterol, and HDL cholesterol (Table 1) levels in the female patients than in the male
patients. CAS using CCTA was identi�ed in 196 (37.0%) male and 98 (21.9%) female patients. During a
median follow-up of 1475.5 (1045–1881) days, 65 male and 21 female patients developed MACE. The
Cox proportional hazard model for MACE indicated that age, current or past smoking history,
hypertension, DM, and dyslipidemia were signi�cantly associated with MACE in male patients, whereas
none of the cardiovascular risk factors, including age, were associated with MACE in female patients
(Table 2). None of the female-speci�c factors were signi�cantly associated with MACE (Table 2,
Supplementary Table 1).
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Table 1
Baseline characteristics according to sex

  Total Male patients Female patients P value

Number 978 530 448  

Age, years 64.7 ± 6.6 64.4 ± 6.6 65.1 ± 6.5 0.07

Body mass index ≥ 25 kg/m2 340 (34.8) 202 (38.1) 138 (30.8) 0.02

Current or past smoking 513 (52.5) 427 (80.6) 86 (19.2) < 0.01

Hypertension 587 (60.0) 335 (63.2) 252 (56.3) 0.03

Systolic blood pressure, mmHg 134.7 ± 18.0 134.7 ± 17.4 134.6 ± 18.6 0.93

Diastolic blood pressure, mmHg 78.2 ± 11.5 78.4 ± 11.3 77.8 ± 11.8 0.44

Diabetes mellitus 249 (25.5) 153 (28.9) 96 (21.4) < 0.01

HbA1c, % 6.0 ± 0.9 6.1 ± 1.0 6.0 ± 0.9 0.55

Dyslipidemia 491 (50.2) 248 (46.8) 243 (54.2) 0.02

Total cholesterol, mg/dL 201.7 ± 35.0 193.6 ± 32.8 211.2 ± 35.2 < 0.01

Triglyceride, mg/dL 148.8 ± 89.6 157.8 ± 99.2 138.3 ± 75.5 < 0.01

LDL cholesterol, mg/dL 115.2 ± 29.6 110.9 ± 27.8 120.3 ± 30.8 < 0.01

HDL cholesterol, mg/dL 56.3 ± 14.4 52.5 ± 12.6 60.7 ± 15.0 < 0.01

CAC stage       < 0.01

No CAC 319 (32.6) 119 (22.5) 200 (44.6)  

Mild CAC 327 (33.4) 177 (33.4) 150 (33.5)  

Moderate CAC 191 (19.5) 121 (22.8) 70 (15.6)  

Severe CAC 141 (14.4) 113 (21.3) 28 (6.3)  

CAS 294 (30.1) 196 (37.0) 98 (21.9) < 0.01

MACE during follow-up 86 (8.8) 65 (12.3) 21 (4.7) < 0.01

Follow-up duration, days 1475.5

(1045–1881)

1511.5

(1019–1925)

1438.5

(1070.5–1820.5)

0.77

Data are presented as means ± standard deviation, N (%), or median (interquartile range).

ACE, angiotensin-converting enzyme; ARBs, angiotensin  receptor blockers; CAC, coronary artery
calci�cation; CAS, coronary artery stenosis; HbA1c, glycated hemoglobin; HDL, high-density
lipoprotein; LDL, low-density lipoprotein, MACE, major adverse cardiac events
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  Total Male patients Female patients P value

Medication        

Statins 290 (29.7) 145 (27.4) 145 (32.4) 0.09

ACE inhibitors/ARBs 344 (35.2) 217 (40.9) 127 (28.4) < 0.01

β-blockers 137 (14.0) 92 (17.4) 45 (10.0) < 0.01

Symptoms       < 0.01

Typical chest pain 482 (49.3) 223 (42.1) 259 (57.8)  

Atypical chest pain 215 (22.0) 119 (22.5) 96 (21.4)  

Others 281 (28.7) 188 (35.5) 93 (20.8)  

Data are presented as means ± standard deviation, N (%), or median (interquartile range).

ACE, angiotensin-converting enzyme; ARBs, angiotensin  receptor blockers; CAC, coronary artery
calci�cation; CAS, coronary artery stenosis; HbA1c, glycated hemoglobin; HDL, high-density
lipoprotein; LDL, low-density lipoprotein, MACE, major adverse cardiac events
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Table 2
Univariable and multivariable analyses of baseline factors associated with MACE according to sex

  Male patients Female patients

  HR 95% CI P
value

HR 95% CI P
value

Age (per year) 1.04 1.00–
1.09

0.04 0.99 0.93–1.06 0.81

Body mass index ≥ 25 kg/m2 0.90 0.54–
1.50

0.69 1.75 0.74–4.17 0.21

Current or past smoking 3.55 1.29–
9.78

0.01 1.13 0.37–3.39 0.83

Hypertension 2.69 1.44–
5.03

< 0.01 1.59 0.63–4.00 0.32

Blood pressure category            

sBP < 140 mmHg and dBP < 90
mmHg

1.00 Reference   1.00 Reference  

sBP ≥ 140 mmHg or dBP ≥ 90
mmHg

1.12 0.68–
1.84

0.65 1.10 0.46–2.62 0.82

Diabetes mellitus 2.73 1.67–
4.45

< 0.01 1.91 0.77–4.73 0.16

HbA1c (per 1.0%) 1.37 1.15–
1.63

< 0.01 1.38 0.99–1.92 0.06

Dyslipidemia 2.13 1.28–
3.54

< 0.01 1.71 0.69–4.25 0.25

Total cholesterol (per 1 mg/dL) 1.00 0.99–
1.01

0.92 1.00 0.99–1.01 0.92

Triglycerides (per 1 mg/dL) 1.00 1.00–
1.01

< 0.01 1.00 1.00–1.01 0.24

LDL-C (per 1 mg/dL) 1.00 0.99–
1.01

0.97 1.00 0.99–1.02 0.73

HDL-C (per 1 mg/dL) 0.96 0.94–
0.98

< 0.01 0.97 0.94–1.00 0.08

Female-speci�c factors            

Age at menarche, years - - - 0.85 0.70–1.03 0.10

CI, con�dence interval; dBP, diastolic blood pressure; HbA1c, glycated hemoglobin; HDL-C, high-density
lipoprotein cholesterol; HR, hazard-ratio; LDL-C, low-density lipoprotein cholesterol; MACE, major
adverse cardiovascular event; sBP, systolic blood pressure.

HR in age was calculated by univariable analysis. HRs in factors except for age were adjusted by age.
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  Male patients Female patients

Complications during pregnancy            

None - - - 0.79 0.30–2.06 0.64

Gestational hypertension - - - 1.53 0.20–
11.72

0.68

Gestational diabetes mellitus - - - 3.11 0.42–
23.27

0.27

Gestational proteinuria - - - 0.61 0.08–4.57 0.63

Gestational toxicosis - - - 1.04 0.24–4.53 0.95

CI, con�dence interval; dBP, diastolic blood pressure; HbA1c, glycated hemoglobin; HDL-C, high-density
lipoprotein cholesterol; HR, hazard-ratio; LDL-C, low-density lipoprotein cholesterol; MACE, major
adverse cardiovascular event; sBP, systolic blood pressure.

HR in age was calculated by univariable analysis. HRs in factors except for age were adjusted by age.

 

Association of CAC with Framingham risk score and MACE

The rate of CAC was different between the male and female patients. CAC was detected in 411 (77.5%)
male and 248 (55.4%) female patients, and mild, moderate, and severe CAC were present in 177 (33.4%),
121 (22.8%), and 113 (21.3%) male patients and 150 (33.5%), 70 (15.6%), and 28 (6.3%) female patients,
respectively (Table 1).

Age and hypertension were strongly associated with the formation of all levels of CAC in both sexes
(Table 3). Moreover, DM was associated with moderate and severe CAC in male patients and only with
severe CAC in female patients. Dyslipidemia was associated with mild CAC in male patients and severe
CAC in female patients. No female-speci�c factors were signi�cantly associated with CAC
(Supplementary Table 2).
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Table 3
Multivariable analysis for baseline factors associated with CAC (Agatston score)

Male patients Any CAC 100CAC 400CAC

  (n = 411) (n = 234) (n = 113)

  OR 95% CI P
value

OR 95%
CI

P
value

OR 95%
CI

P
value

Age (per year) 1.09 1.05–
1.13

< 
0.01

1.09 1.05–
1.12

< 
0.01

1.08 1.04–
1.12

< 
0.01

Body mass index ≥ 
25 kg/m2

1.30 0.81–
2.08

0.28 0.89 0.61–
1.32

0.58 0.79 0.50–
1.26

0.33

Hypertension 1.99 1.27–
3.12

< 
0.01

1.72 1.14–
2.58

< 
0.01

2.03 1.20–
3.41

< 
0.01

Diabetes mellitus 1.63 0.95–
2.82

0.08 2.22 1.47–
3.35

< 
0.01

2.16 1.37–
3.40

< 
0.01

Dyslipidemia 1.54 0.97–
2.44

0.07 1.81 1.23–
2.67

< 
0.01

1.47 0.93–
2.33

0.10

Current or past
smoking

1.44 0.86–
2.40

0.17 1.19 0.74–
1.93

0.47 1.71 0.89–
3.29

0.11

Female patients Any CAC 100CAC 400CAC

  (n = 248) (n = 98) (n = 28)

  OR 95% CI P
value

OR 95%
CI

P
value

OR 95%
CI

P
value

Age (per year) 1.10 1.06–
1.14

< 
0.01

1.09 1.05–
1.14

< 
0.01

1.11 1.02–
1.21

0.02

Body mass index ≥ 
25 kg/m2

1.05 0.65–
1.69

0.85 0.78 0.46–
1.35

0.38 0.55 0.22–
1.38

0.21

Hypertension 2.19 1.44–
3.33

< 
0.01

1.89 1.13–
3.16

0.02 5.52 1.58–
19.24

< 
0.01

Diabetes mellitus 1.95 1.12–
3.39

0.02 1.65 0.93–
2.91

0.09 2.41 1.00–
5.80

0.049

Dyslipidemia 1.41 0.93–
2.14

0.11 1.11 0.68–
1.82

0.67 2.80 1.05–
7.50

0.04

CI, con�dence interval; HR, hazard ratio; CAC, coronary artery calci�cation; OR, odds ratio

Any CAC, Agatston score > 0; 100CAC, Agatston score ≥ 100; 400CAC, Agatston score ≥ 400

ORs were adjusted for all factors.
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Male patients Any CAC 100CAC 400CAC

Current or past
smoking

1.62 0.94–
2.79

0.09 1.17 0.64–
2.17

0.61 1.14 0.39–
3.34

0.81

CI, con�dence interval; HR, hazard ratio; CAC, coronary artery calci�cation; OR, odds ratio

Any CAC, Agatston score > 0; 100CAC, Agatston score ≥ 100; 400CAC, Agatston score ≥ 400

ORs were adjusted for all factors.

 
The rate of MACE was highest in the severe CAC group in both sexes (Fig. 1). Additionally, Kaplan–Meier
analyses and the Cox proportional hazards model indicated that the prognosis was worst in patients with
severe CAC in both sexes (Fig. 2, Supplementary Table 3).

Combination of CAC, CAS, and Framingham risk score for predicting MACE

In the ROC analysis for MACE, AUCs of Framingham risk score were 0.653 (95% CI: 0.585–0.722) in male
patients and 0.637 (95% CI: 0.506–0.769) in female patients (Supplementary Table 4). AUCs in additional
model of CAC Agatston score were higher in both sexes (AUC: 0.737, 95% CI: 0.669–0.805, P < 0.01 in
male, AUC: 0.693, 95% CI: 0.549–0.838, P = 0.097 in female). The C-statistic of the model using
Framingham risk score was 0.639 (95% CI: 0.564–0.724) in male patients and 0.656 (95% CI: 0.522–
0.789) in female patients (Supplementary Table 5). In the models combining CAC stage with
Framingham risk score, the C-statistic signi�cantly increased with adding 200CAC in male patients
compared with that using Framingham risk score alone (ΔC-statistics: +0.056, P = 0.045, Fig. 3A),
whereas it increased with adding only 400CAC in female patients, although not signi�cant (ΔC-statistics:
+0.057, P = 0.08, Fig. 3B). The C-statistic of the model using Framingham risk score and CAS in male
patients was signi�cantly higher than that using Framingham risk score alone (ΔC-statistics: +0.086, P < 
0.01), and not in female patients (ΔC-statistics: +0.025, P = 0.46). Analyses of the models combining
Framingham risk score and CAS with CAC revealed that the C-statistics did not increase signi�cantly by
adding any CAC levels in both sexes (Fig. 3C, Fig. 3D). However, when CAS was added to the model
combining Framingham risk score and 200CAC in male patients, the C-statistic signi�cantly increased
(ΔC-statistics: +0.041, P = 0.03), whereas it did not signi�cantly increase in the model combining
Framingham risk score and 400CAC with CAS in female patients

Discussion
In this study exploring sex differences in MACE prediction models including traditional cardiovascular risk
factors, CAC, and CAS in 978 patients with suspected CAD, we found sex-speci�c associations among the
cardiovascular risk factors, CAC, and incident MACE. Although the overall risk model combining the
conventional cardiovascular risk factors (Framingham risk score) and CAC was useful in both male and
female patients, the model including CAC based on an Agatston score of ≥ 200 in male patients and an
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Agatston score of ≥ 400 in female patients improved the prediction of MACE risk over the established
cardiovascular risk factors. These results suggest that a lower cutoff value of the Agatston score may be
useful for the prediction model of MACE in male patients compared with female patients.

In this study of patients with suspected CAD, the extent and degree of CAC were less severe in female
patients than in male patients, which might be explained by differences in the characteristics of
atherosclerotic lesions between the sexes. For example, pathological studies report less calci�cation in
the atherosclerotic plaques of coronary arteries in females than in males (14). The sex difference in the
association of traditional cardiovascular risk factors with CAC suggests differences in the atherosclerotic
lesions between the sexes. Although none of the female-speci�c factors included in this study were
signi�cantly associated with CAC, high levels of testosterone, the primary male sex hormone, might be
associated with the increased risk of CAC (15). In addition, microvascular angina, which is more frequent
in postmenopausal females and is characterized by the absence of severe coronary stenosis, might have
been present in some of the patients in this study and might have affected the distribution of CAC (16).

Of the entire cohort of 978 patients, 930 patients were followed for more than 2 years or died within 2
years of enrollment in this study (data not shown). Of them, 47 (5.1%, 35 in male and 12 in female)
patients developed MACE, and the incidence rate was similar to that reported in a previous study of
patients with suspected CAD (17). However, the novelty of this study is derived from the evaluation of sex
differences in MACE risk prediction models using the C-statistic. Our analyses using the Cox proportional
hazards model revealed that each conventional cardiovascular risk factor was signi�cantly associated
with the development of MACE in male but not female patients with suspected CAD. Not only
conventional cardiovascular risk factors but also sex-speci�c factors, which are not included in the
Framingham risk scoring system, might contribute to the development of MACE in female patients. The
concept of risk-enhancing factors speci�c to female patients has been recently recognized (18). For
example, premature menopause and preeclampsia may increase cardiovascular disease risk in female
patients (19). In this study, we failed to observe an association between MACE and female-speci�c
factors, including age at menarche and complications during pregnancy, including gestational
hypertension, gestational DM, gestational proteinuria, and preeclampsia. It is necessary to explore the
contribution of these female-speci�c factors in larger cohorts with a wide spectrum.

Although the C-statistic increased with each increment of Agatston score combined with Framingham
risk score in both sexes, a lower Agatston score cutoff performed better for MACE risk prediction in male
patients than in female patients, which was con�rmed with the Kaplan-Meier analysis for MACE in each
sex. This �nding suggests that the incidence of MACE increases in male patients despite the presence of
a lower level of CAC and that the association between CAC and incidence of MACE may be stronger in
male patients, probably because of sex differences in the plaque characteristics of coronary artery (14).
In agreement with a previous study (20), CAS had a signi�cant impact on the development of MACE in
male patients, not in female in the prediction model of this study. The difference may be explained by
development of microvascular angina in some female patients. The C-statistic signi�cantly increased
most by adding CAS to the model including the Framingham risk score and 200CAC in male patients. The
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evaluation of both CAS and the Agatston score may be desirable for a more precise prediction of MACE in
male patients. In contrast, the C-statistic did not reveal a signi�cant difference between the models
including the Framingham risk score and CAC, and the Framingham risk score and CAS in female
patients. Considering the increasement of C-statistic in the model with Framingham risk score and
CAC400 was observed compared with that with Framingham risk score alone, simultaneous assessments
of cardiovascular risk factors and CAC using the Agatston score may be reasonable for the prediction for
MACE in patients with suspected CAD, because the Agatston score can be determined without contrast-
enhanced CT, which carries a certain risk of side effects (21). In particular, the assessment of CAC may be
considered in older male patients with hypertension and older female patients with hypertension and DM,
based on the strong association of these factors with the presence of any level of CAC.

This study has several limitations. First, the small number of MACE might have affected the results,
especially in female patients. For example, a larger number of female patients with MACE can potentially
reveal associations between female-speci�c factors and MACE. Second, data on sex-speci�c factors were
collected primarily by questionnaires administered to the study participants and more detailed data could
not be obtained. Third, information regarding medications during the follow-up period was not collected
or included in the analyses. Finally, these results based on an Asian cohort might not be generalizable to
other ethnic groups because of racial differences in the prevalence and severity of CAC and the incidence
of CAD (22).

We observed sex differences in the level of CAC and the performance of risk prediction models in patients
with suspected CAD. There was a signi�cant sex difference in the Agatston score cutoff for predicting
MACE. Assessing CAC in addition to conventional cardiovascular risk factors is useful for the prediction
of MACE in both male and female patients with suspected CAD.
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Figures

Figure 1

Rates of MACE according to CAC severity in each sex

The rate of MACE was highest in the severe CAC group in both sexes.

CAC, coronary artery calci�cation; MACE, major adverse cardiovascular events

No CAC, Agatston score = 0; mild CAC, 0 < Agatston score < 100; moderate CAC, 100 ≤ Agatston score <
400; severe CAC, Agatston score ≥ 400
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Figure 2

Kaplan–Meier analyses of MACE according to CAC severity in each sex

Kaplan–Meier analyses indicated that the prognosis was worst in patients with severe CAC in both sexes.

CAC, coronary artery calci�cation; MACE, major adverse cardiovascular events

No CAC, Agatston score = 0; mild CAC, 0 < Agatston score < 100; moderate CAC, 100 ≤ Agatston score <
400; severe CAC, Agatston score ≥ 400.
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Figure 3

Comparison of C-statistics with the reference model in each sex

In the models combining CAC stage with Framingham risk score, the C-statistic signi�cantly increased
with CAC stage of 200CAC in male patients compared with that by Framingham risk score alone (Figure
3A), whereas it had a trend toward an increase with only 400CAC in female patients (Figure 3B). Analyses
of the models combining the Framingham risk score and CAS revealed that the C-statistic did not
signi�cantly increase by adding CAC level in both sexes (Figure 3C and 3D).

CAC, coronary artery calci�cation; CAS, coronary artery stenosis; CI, con�dence interval; FRS, Framingham
risk score

Any CAC, Agatston score > 0; 100CAC, Agatston score ≥ 100; 200CAC, Agatston score ≥ 200; 300CAC,
Agatston score ≥ 300; 400CAC, Agatston score ≥ 400
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