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Abstract
The utility of assessment of cardiovascular calcifications for predicting stroke incidence remains unclear. This study assessed 
the relationship between cardiovascular calcifications including coronary artery calcification (CAC), aortic valve (AVC), 
and aortic root (ARC) assessed by coronary computed tomography (CT) and stroke incidence in patients with suspected 
CAD. In this multicenter prospective cohort study, 1187 patients suspected of CAD who underwent coronary CT were 
enrolled. Cardiovascular events including stroke were documented. Hazard ratio (HR) and confidence interval (CI) were 
assessed by Cox proportional hazard model adjusted for the Framingham risk score. C statistics for stroke incidence were 
also examined by models including cardiovascular calcifications. A total of 980 patients (mean age, 65 ± 7 years; females, 
45.8%) were assessed by the CAC, AVC, and ARC Agatston scores. During a median follow-up of 4.0 years, 19 patients 
developed stroke. Cox proportional hazard model showed severe CAC (Agatston score ≥ 90th percentile [580.0 value]) and 
presence of AVC and ARC were associated with stroke incidence (HR; 10.33 [95% CI; 2.08–51.26], 3.08 [1.19–7.98], and 
2.75 [1.03–7.30], respectively). C statistic in the model with CAC and AVC severity for predicting stroke incidence was 
0.841 (95% CI; 0.761–0.920), which was superior to the model with CAC alone (0.762 [95% CI; 0.665–0.859], P < 0.01). 
CAC, AVC, and ARC were associated with stroke incidence in patients suspected of CAD. Assessment of both CAC and 
AVC may be useful for prediction of stroke incidence.

Keywords Stroke · Coronary artery disease · Coronary artery calcification · Aortic root calcification · Aortic valve 
calcification

Abbreviations
ARC   Aortic root calcification
AVC  Aortic valve calcification
CAC   Coronary artery calcification
CAD  Coronary artery disease
CAS  Coronary artery stenosis

CI  Confidence interval
CT  Computed tomography
CVD  Cardiovascular disease
FRS  Framingham risk score
HR  Hazard ratio
MACE  Major adverse cardiovascular events
OR  Odds ratio

Introduction

Stroke is the fourth leading cause of death in Japan; 
therefore, primary prevention is essential [1]. Since ath-
erosclerosis is one of the important causes of stroke, 
the prognostication using atherosclerosis index, such as 
carotid intima-media thickness, has been previously inves-
tigated in cohort studies [2]. Coronary artery calcification 
(CAC), illustrated by chest computed tomography (CT) 
reflects the atherosclerotic stage and is one of the indica-
tors for predicting coronary artery disease (CAD) [3–5]. 

 * Yoshitaka Iwanaga 
 yiwanaga@kuhp.kyoto-u.ac.jp

1 Department of Medical and Health Information 
Management, National Cerebral and Cardiovascular Center, 
6-1 kishibe-shimmachi, Suita, Osaka 564-8565, Japan

2 Department of Neurology, Kansai Electric Power Hospital, 
Osaka, Japan

3 Department of Cardiology, Sakurabashi-Watanabe Hospital, 
Osaka, Japan

4 Clinical Research Support Center, University of Miyazaki 
Hospital, Miyazaki, Japan

5 Department of Cardiology, National Cerebral 
and Cardiovascular Center, Suita, Japan

http://orcid.org/0000-0002-1391-2864
http://crossmark.crossref.org/dialog/?doi=10.1007/s00380-024-02394-6&domain=pdf


755Heart and Vessels (2024) 39:754–762 

This assessment has been recommended in few guide-
lines, whereby CAC is examined in clinical practice [6]. 
Prospectively, CAC may be also associated with stroke 
incidence; however, its evidence is scarce and not fully 
investigated especially in the Asian population [7–10]. The 
difference between the Western and Asian population is 
because in Japan, hemorrhagic and lacunar stroke is more 
prevalent than in Western countries [11]. Moreover, aor-
tic valve and aortic root calcification can be assessed by 
coronary CT. Aortic valve calcification (AVC), primarily 
caused by aging, is considered to be an indicator of ath-
erosclerosis. Although a study showed positive correlation 
of AVC with stroke incidence in the Western population 
[7], it still remains controversial [12–14]. In particular, it 
has been suggested that AVC was milder in Asians than in 
the Western population due to racial/ethnic differences via 
lipoprotein little A antigen particles or the associated fac-
tors, which could affect the impact of AVC on stroke inci-
dence in the Asian population [15]. Although plaque in the 
aortic arch was considered as one of the embolic sources 
for ischemic stroke [16], the association between plaque 
in the aortic root and stroke has not been elucidated [17].

To clarify the relationship between these cardiovascular 
calcifications and incidence of stroke, we examined the Japa-
nese patients suspected of CAD to prognosticate not only 
cardiac events but also stroke. Therefore, we performed a 
sub-study based on the Nationwide Gender-Specific Ath-
erosclerosis Determinants Estimation and Ischemic Cardio-
vascular Disease Prospective Cohort (NADESICO) study, 
comprising a long-term follow-up study of patients sus-
pected of CAD using coronary CT imaging, and attempted 
to prognosticate the major adverse cardiovascular events 
(MACEs) [18–20].

Materials and methods

Study design

The NADESICO study was a prospective, multicenter cohort 
study designed to evaluate the difference in impact of coro-
nary atherosclerosis, including CAC, on MACEs according 
to sex [18]. Our study protocol was registered in the Univer-
sity Hospital Medical Information (UMIN) Clinical Trials 
Registry (UMIN-CTR ID: UMIN000001577) before data 
were released to the lead author. The protocol was approved 
by the institutional review board of each center including the 
National Cerebral and Cardiovascular Center (NCVC, M20-
029-7), and written informed consent was obtained from 
each patient before participation. Author did not have access 
to information that could identified individual participants 
during or after data collection.

Participants

The NADESICO study is a prospective cohort study of 
outpatients who examined coronary multi-slice CT with 
suspicious of CAD in multicenter hospitals in Japan. 
Patients for this study were enrolled from the cardiology 
department of each of the 15 hospitals in Japan participat-
ing in the NADESICO study between December 2008 and 
April 2013. The inclusion and exclusion criteria for the 
NADESICO study have been described elsewhere [19, 20]. 
The inclusion criteria were: (1) patients aged 50–74 years 
suspected of CAD in a stable setting and adequate indi-
cations for plain CT and coronary CT angiography and 
(2) patients without a history of myocardial infarction or 
coronary artery revascularization at enrollment. In the 
NADESICO study, patients with rare diseases and patients 
who were not expected long-term survival were excluded. 
Therefore, the patients who met the following criteria were 
excluded: (1) with a history of Kawasaki disease, (2) diag-
nosis of coronary artery malformation, (3) diagnosis of 
familial hypercholesterolemia, (4) with poor prognosis 
due to malignant tumors, (5) undergoing dialysis, or (6) 
undergoing treatment for a serious mental or neurological 
disorder. Attending physicians at each hospital screened 
the outpatients suspected CAD with adequate indications 
for coronary CT angiography, and, when they met the 
inclusion criteria and did not meet the exclusion criteria, 
they were enrolled after the informed consent was given 
and consent was obtained. The patients had been enrolled 
until the target number of patients was reached.

The sample size in NADESICO study was determined 
based on the previous study [21]. When setting 10% event 
rate at 3 years with power = 0.80 and α = 0.05, sample size 
was 454. When considering 10% dropout rate, the sample 
size would be 500, which the patient’s number 980 in our 
dataset has satisfied.

Data collection

Clinical data for diagnosis and treatment were collected by 
investigators at each hospital and sent to the NCVC. The 
definitions of each baseline characteristic were described 
elsewhere [18–20].

CT was performed according to the guidelines of the 
Japanese Circulation Society and institutional protocol 
with electrocardiogram gating and at least 64 channels. 
CT images were digitally transferred to the NCVC and 
evaluated in an independent imaging core laboratory. 
CAC, AVC, and ARC scores were calculated using the 
Agatston method by SYNAPSE VINCENT® (FUJIFILM 
Medical IT Solutions Co., Ltd., Tokyo, Japan). CAC was 
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measured as the total Agatston score in all coronary arter-
ies, AVC was measured as the total Agatston score in the 
aortic valve leaflets and annular calcification, and ARC 
was measured as the total Agatston score at the site of 
ARC within 3 cm of the aortic annulus, including the sinus 
of Valsalva and sinotubular junction [22, 23]. The meas-
urement was performed by an experienced radiologist or 
cardiologist who were blinded to all clinical data.

Follow‑up

Patients were followed up annually and evaluated for the 
presence or absence of events by their attending physicians 
at each hospital. Stroke was defined when more than two 
items of the following three criteria according to the pro-
tocol in the NADESICO study were met: (1) neurological 
symptoms, including disturbance consciousness, and focal 
neurological symptoms such as paralysis or sensory distur-
bance, (2) lesions detected by brain CT or MRI, and (3) 
exclusion of other causes of neurological symptoms, such 
as hypoglycemia and hepatic encephalopathy. As a reference 
analysis, the association of CAC, AVC, and ARC with the 
incidence of cardiac events was also examined in this study, 
and a cardiac event was defined as the composite of car-
diovascular death except for stroke, myocardial infarction, 
revascularization, and hospitalization for unstable angina, 
heart failure, or aortic disease [18–20]. Each attending phy-
sician annually followed up the patients by using medical 
examination, telephone, and mail as long as possible until 
March 2020. The follow-up period was originally set at 
3 years based on JCAD study [21]; however, it finally took 
time to collect follow-up data which ended up at approxi-
mately 5 years.

Statistical analysis

Continuous data are presented as means ± standard devia-
tions and categorical data are displayed as numbers (%). 
One-way analysis of variance and chi-square tests were 
used to analyze significant differences between three 
groups (stroke, cardiac event, and no-event) for continuous 
and categorical variables, respectively. The correlation was 
examined between the stroke or cardiac event group and 
no-event group. The staging of CAC, AVC, or ARC sever-
ity based on its 90th percentile was determined consider-
ing the distribution of the CAC, AVC, or ARC Agatston 
scores as described in previous studies (Agatston score = 0, 
0 < Agatston score < 90th percentile, Agatston score ≥ 90th 
percentile) [19]. Hazard ratio (HR) was calculated for stroke 
and cardiac events by univariate analysis including baseline 
characteristics, blood examination, the Framingham risk 
score (FRS), and Agatston score.

Cox proportional hazard models of the Agatston score 
for the incidence of stroke or cardiac events were devel-
oped along with HRs, and 95% confidence intervals (CIs) 
were calculated after adjustment for the FRS. Harrell’s con-
cordance statistic (C-statistic) for predicting incidence of 
stroke or cardiac events was examined by various models, 
including the FRS calculated directly in each patient, CAC, 
AVC, and ARC staging [19, 24].The 95% CIs of C-statistics 
were estimated using 200 bootstrap samples. Kaplan–Meier 
analysis was performed to examine the incidence of stroke 
and cardiac events according to the category of CAC, AVC, 
or ARC. Statistical significance was defined as a two-tailed 
P-value of < 0.05. Statistical analyses were performed using 
Stata 17 (StataCorp, College Station, TX, USA).

Results

Cardiovascular risk factors and stroke incidence

A total of 980 patients (mean age; 65 ± 7 years, median 
follow-up period; 4.04 years) suspected of CAD with avail-
ability of the Agatston scores of CAC, AVC, and ARC were 
investigated. Among them, 19 patients developed stroke 
and 67 patients developed cardiac events (Supplementary 
Fig. 1). Patients who developed stroke were likely to have 
hypertension, dyslipidemia, and chronic kidney disease more 
frequently and higher hemoglobin A1c and serum triglycer-
ide levels (Table 1). These factors were also associated with 
stroke incidence in the univariate analysis (Supplementary 
Table 1). More patients who developed cardiac events were 
male, who current or past smokers, had hypertension, dys-
lipidemia, chronic kidney disease, higher HbA1c and serum 
triglyceride levels, and lower levels of high-density lipopro-
tein cholesterol and estimated glomerular filtration rate. In 
the univariate analysis, these factors, except dyslipidemia, 
were associated with the incidence of cardiac events. FRS 
was not associated with stroke incidence (HR: 1.07 [95% CI: 
0.92–1.23]); however, it was significantly associated with 
cardiac events in the univariate analysis (HR: 1.13 [95% CI: 
1.05–1.22]).

Association of cardiovascular calcifications 
and stroke incidence

The median values (interquartile range) of the CAC, AVC, 
and ARC Agatston scores in this study were 23.0 (0–180.1), 
0 (0–8.3), and 0 (0–25.8), respectively. Each patient with 
stroke or a cardiac event had significantly higher CAC, AVC, 
and ARC than patients without a cardiac event (Table 1). 
Figure 1 shows results of the incidence rates for stroke and 
cardiac events according to the category using the 90th 
percentile of the Agatston score (CAC: 580.0, AVC: 76.5, 
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ARC: 174.8). Kaplan–Meier analysis according to the 
category using the 90th percentile value also showed that 
the three calcification indexes were associated with stroke 
events (Fig. 2). Cox proportional hazard model using the 

category with the 90th percentile value showed severe CAC 
(Agatston score ≥ 90th percentile), and presence of AVC and 
ARC (Agatston score > 0) was significantly associated with 
stroke incidence (Table 2). C-statistics in CAC, AVC, or 

Table 1  Patient characteristics

Data are presented as means ± standard deviation, numbers (%), or medians [interquartile range]
ARC  aortic root calcification, AVC aortic valve calcification, BP blood pressure, CAC  coronary artery calcification, CI confidence interval, eGFR 
estimated glomerular filtration ratio, HbA1c glycated hemoglobin, HDL high-density lipoprotein, N number

No event
(N = 894)

Stroke event
(N = 19)

P value
(vs. no event)

Cardiac event
(N = 67)

P value
(vs. no event)

Age, years 65 ± 7 67 ± 5 0.20 66 ± 6 0.28
Sex, male 466 (52.1) 13 (68.4) 0.16 52 (77.6)  < 0.01
Body mass index, kg/m2 24.0 ± 3.4 24.4 ± 3.0 0.84 24.6 ± 3.1 0.19
Comorbidity 466 (52.1) 13 (68.4) 0.16 52 (77.6)  < 0.01
 Hypertension 521 (58.3) 16 (84.2) 0.02 51 (76.1)  < 0.01
 Diabetes mellitus 209 (23.4) 8 (42.1) 0.06 33 (49.3)  < 0.01
 Dyslipidemia 435 (48.7) 15 (79.0)  < 0.01 41 (61.2) 0.048
 Chronic kidney disease 116 (13.0) 6 (31.6) 0.02 19 (28.4)  < 0.01
 Current or past smoker 448 (50.1) 13 (68.4) 0.11 52 (77.6)  < 0.01
 Systolic BP, mmHg 135 ± 18 136 ± 18 0.77 136 ± 17 0.68
 Diastolic BP, mmHg 78 ± 12 77 ± 13 0.59 78 ± 11 0.71

Laboratory examination
 HbA1c, % 6.0 ± 0.9 6.6 ± 1.3  < 0.01 6.4 ± 1.0  < 0.01
 Total cholesterol, mg/dL 202.2 ± 34.4 191.8 ± 46.3 0.20 198.8 ± 38.2 0.44
 HDL cholesterol, mg/dL 56.9 ± 14.4 50.8 ± 16.6 0.07 49.2 ± 11.5  < 0.01
 Triglyceride, mg/dL 145.1 ± 85.3 197.5 ± 110.3  < 0.01 180.7 ± 122.5  < 0.01
 eGFR, mL/min/1.73m2 76.4 ± 16.1 68.4 ± 17.8 0.32 71.9 ± 17.0 0.02
 Framingham risk score 8 [6–10] 8 [7–11] 0.25 9 [7–11] < 0.01

Cardiovascular imaging
 CAC Agatston score 17.1 [0–142.1] 591.9 [25.8–1344.8] < 0.01 244.3 [22.3–793.3] < 0.01
 AVC Agatston score 0 [0–5.8] 3.2 [0–25.9] < 0.01 0 [0–54.7] < 0.01
 ARC Agatston score 0 [0–19.7] 29.9 [0–372.0] < 0.01 20.6 [0–165.9] < 0.01

Fig. 1  The incidence rate of stroke and cardiac events stratified by 
CAC, AVC, or ARC severity. Agatston score = 0, no calcification; 
0 < Agatston score < 90th percentile, mild calcification; 90th percen-

tile ≤ Agatston score, severe calcification. ARC, aortic root calcifica-
tion; AVC, aortic valve calcification; CAC, coronary artery calcifica-
tion
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ARC values alone were 0.768, 0.704, and 0.726, respec-
tively, for stroke incidence (Table 3). In the model developed 
by adding AVC and CAC values, the C-statistic significantly 

increased compared with that in the model with CAC value 
alone, and no other models with the addition of the FRS 
were superior to the combined model comprising CAC and 

Fig. 2  Kaplan–Meier analysis for stroke incidence based on cardio-
vascular calcifications severity. Grouping for stoke event: A–C Group 
1, Agatston score = 0; Group 2, 0 < Agatston score < 90th percentile; 
Group 3, Agatston score ≥ 90th percentile; D Group 1, CAC Agatston 
score < 90th percentile and AVC Agatston score = 0; Group 2, CAC 

Agatston score < 90th percentile and AVC Agatston score > 0; Group 
3, CAC Agatston score ≥ 90th percentile and AVC Agatston score > 0. 
ARC, aortic root calcification; AVC, aortic valve calcification; CAC, 
coronary artery calcification

Table 2  Multivariable analysis of predictive factors for stroke and cardiac events

Data are presented as hazard ratio (95% confidence interval)
ARC  aortic root calcification, AVC aortic valve calcification, BP blood pressure, CAC  coronary artery calcification
Hazard ratio was adjusted for total Framingham risk score
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AVC values. In the Kaplan–Meier analysis, the patients 
with the CAC Agatston score ≥ 90th percentile and the AVC 
Agatston score > 0 showed the worst prognosis (Fig. 2D).

Kaplan–Meier analysis according to the category based 
on the 90th percentile value also showed that all the three 
calcification indexes were associated with cardiac events 
(Supplementary Fig. 2). C-statistics in CAC, AVC, or ARC 
alone were 0.640, 0.598, and 0.604, respectively, for cardiac 
events (Table 3). C-statistic increased significantly by adding 
the FRS or FRS and AVC values to the CAC value compared 
with that when CAC (P = 0.03 or < 0.01, respectively) or the 
FRS was staged alone (P = 0.04 or 0.02, respectively).

Discussion

Cardiovascular system calcification and stroke 
incidence

We previously reported the association between calcifi-
cations in the cardiovascular system and MACEs in the 
NADESICO study [19]. However, because mechanisms of 
stroke and cardiac events are not entirely similar, the asso-
ciation may be different with respect to stroke and cardiac 
events [25]. With further detailed analysis, we aimed to 
explore the association between cardiovascular calcifications 

and stroke incidence in the primary prevention popula-
tion. The present study is unique because the association 
of CAC, AVC, and ARC with the incidence of stroke and 
cardiac events were simultaneously examined in the Asian 
population. The findings of this study correspond to those 
of previous studies on the Western population concerning 
the association between CAC and stroke incidence [7–10]. 
Our results may be rational because no significant differ-
ences were reported in characteristics of CAC between the 
Asian and Western populations in the primary cohort [26]. 
Although the detailed mechanisms linking CAC and stroke 
incidence have not been clarified, CAC may be associated 
with cardiovascular events, including stroke, because CAC 
occurs during the inflammatory process of atherosclerosis 
and reflects its severity [27]. Especially, CAC also reflects 
atherosclerosis in muscular arteries, such as intracranial 
arteries; therefore, CAC may be associated with stroke inci-
dence [28, 29]. Furthermore, it has been suggested that atrial 
fibrillation is associated with arteriosclerosis or inflamma-
tion; therefore, severe CAC may also be associated with 
stroke incidence and atrial fibrillation [28].

In this study, AVC was also associated with stroke inci-
dence. For prognosticating stroke incidence, although the 
impact did not seem to be superior to that of CAC, addi-
tional assessment of AVC to CAC severity effectively pre-
dicted stroke incidence. AVC was one of the atherosclerotic 

Table 3  C-statistics for predicting stroke and cardiac events

CAC, AVC and ARC were used by category in each Agatston score (Agatston score = 0, 0 < Agatston score < 90% tile, Agatston score ≥ 90% 
tile). Framingham risk score was used by continuous value
ARC  aortic root calcification, AVC aortic valve calcification, CAC  coronary artery calcification, CI confidence interval, FRS Framingham risk 
score

Stroke event Cardiac event

C-statistic P value C-statistic P value

Calcification model
 CAC 0.768 (0.671–0.865) Reference 0.640 (0.566–0.713) Reference
 AVC 0.704 (0.589–0.819) 0.48 0.598 (0.533–0.663) 0.24
 ARC 0.726 (0.599–0.852) 0.59 0.604 (0.536–0.673) 0.37
 CAC + AVC 0.847 (0.776–0.918) < 0.01 0.657 (0.577–0.736) 0.37
 CAC + ARC 0.817 (0.721–0.912) 0.13 0.649 (0.571–0.727) 0.51
 AVC + ARC 0.777 (0.652–0.902) 0.92 0.638 (0.563–0.713) 0.97
 CAC + AVC + ARC 0.845 (0.759–0.932) 0.04 0.670 (0.591–0.748) 0.10

FRS model
 FRS 0.594 (0.458–0.731) – Reference 0.621 (0.556–0.686) – Reference

Calcification + FRS model
 CAC + FRS 0.780 (0.667–0.892) 0.71 < 0.01 0.687 (0.614–0.760) 0.03 0.04
 AVC + FRS 0.704 (0.577–0.831) 0.50 0.08 0.662 (0.595–0.729) 0.58 0.07
 ARC + FRS 0.752 (0.635–0.870) 0.84 0.048 0.647 (0.574–0.719) 0.86 0.29
 CAC + AVC + FRS 0.845 (0.771–0.918) 0.01 < 0.01 0.699 (0.626–0.772) < 0.01 0.02
 CAC + ARC + FRS 0.826 (0.739–0.913) 0.05 < 0.01 0.680 (0.605–0.756) 0.12 0.06
 AVC + ARC + FRS 0.776 (0.649–0.904) 0.92 0.02 0.676 (0.603–0.748) 0.34 0.04
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indicators, and most patients with AVC had hypertension, 
diabetes mellitus, and atrial fibrillation [12]. These factors 
were also associated with stroke incidence, which contrib-
uted to the association between AVC and stroke incidence 
[12]. AVC has also been reported as a major cause of cardi-
oembolism in bicuspid aortic valve patients [30]. However, 
since inflammation due to mechanical endothelial damage 
caused by local blood turbulence around the valve also 
affects AVC, the impact of AVC on stroke incidence may be 
attenuated compared with that of CAC [31, 32].

Although severe ARC was significantly associated with 
stroke incidence, the impact was not strong. ARC was also 
one of the atherosclerotic markers, which might be associ-
ated with stroke incidence to some degree [33]. There may 
be a difference in the atherosclerotic process between the 
aortic root with elastic artery and the intracerebral artery as 
muscular artery, and it may explain the differences in asso-
ciation with stroke incidence [34, 35]. In addition, a lower 
distribution of ARC may also attenuate the association with 
stroke incidence compared to that in the aortic arch [32].

Models including the FRS model

Model with CAC alone was useful for prediction of stroke 
incidence, and additional impact of the FRS, which con-
sisted of atherosclerotic risk factors, was not observed. One 
of the possibilities was that the FRS did not include atrial 
fibrillation, which was a trigger for cardiogenic cerebral 
embolism accounting for about 20–30% of stroke cases [36].
Additionally, although age, hypertension, and diabetes were 
particularly associated with the development of atrial fibril-
lation as shown in the  CHADS2 score, the distribution of 
scores for these factors in the FRS model might be insuffi-
cient for predicting stroke incidence [37]. Moreover, conges-
tive heart failure and history of stroke were not included in 
the FRS model, which might have lowered the C-statistic of 
the FRS. Regarding cardiac events, although all three calci-
fication indicators were associated with incidence of cardiac 
events, the combination model of CAC/AVC and FRS was 
the most useful in predicting stroke incidence [3].

Limitations

First, although this study was planned to include the consec-
utive patients who met inclusion and did not meet exclusion 
criteria, the difference in the number of registered patients 
among institutions occurred due to the variability of patients 
who agreed to informed consent or differences in the way 
physicians thought about study entry between institutions. 
It may lead to selection bias and there may be limitations 
to the generalization of this study. Second, some detailed 
information associated with stroke incidence was not avail-
able in this study. It included comorbidities such as atrial 

fibrillation, heart failure, previous stroke, or antithrombotic 
agents as reported in previous studies [38–41]. Echocardio-
graphic findings including aortic valve stenosis were not also 
available, which may be associated with stroke incidence. 
Moreover, we could not clarify etiologies of stroke, such as 
acute ischemic stroke, intracerebral hemorrhage, and suba-
rachnoid hemorrhage in the present study. Third, since the 
number of stroke events was small, the relationship between 
calcifications and other clinical markers for incidence pre-
diction were not fully investigated. Especially, we were 
unable to perform the multivariate analysis adjusted for vari-
ous clinical atherosclerotic factors. These limitations may 
be caused by the plan that the NADESICO study primarily 
included patients with suspected coronary artery disease. 
However, the need for collaboration between cardiology and 
neurology has been reported to prevent incidence of stroke 
in recent years [42], our study is significant in the point of 
view. Future studies with a larger sample size including both 
perspectives are expected. Fourth, this was a cohort study 
including patients suspected of having CAD; therefore, cau-
tion should be exercised when extrapolating our results to 
primary prevention in general.

Conclusions

Cardiovascular calcifications including CAC, AVC and 
ARC were associated with the future incidence of stroke 
in patients suspected of having CAD. Further evaluation of 
cardiovascular calcifications may be necessary to determine 
the incidence of cardiovascular events, including stroke, in 
patients at a mild to moderate cardiovascular risk.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00380- 024- 02394-6.
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