Response to the comment from the Reviewer #1.
Thank you for your careful review of our manuscript. We have attempted to incorporate your valuable suggestion. We believe that your suggestion has significantly improved the overall scientific content of this work. Response to the specific question is given below:

Specific comment1:
The authors enrolled patients undergoing standby diagnostic CAG for any reason.
In the study, there might be no control patients, in other words, healthy subjects. This may be a limitation of the study.

Response 1. We agree with reviewer 1. The training data for our model may not have included healthy subjects. We revised the following sentence in the study limitations according to the reviewer #1’s suggestion:

[bookmark: _Hlk114587630]“Since we enrolled patients undergoing standby diagnostic CAG to train the model for any reason, there might be no control patients, in other words, healthy subjects.” (Please see line 20 of page 17 and line1 of page 18.)


Specific comment2:
Methods: CAGs with PCI and CABG were excluded in the study. Does this mean that patients undergoing PCI or CABG after index CAG were excluded? Or were only patients with ad-hoc PCI excluded? Please clarify.

Response 2.
We agree with reviewer 1. Patients undergoing PCI or CABG after index CAG were included in the study. We excluded patients who underwent ad-hoc PCI. If for some reason a wire or balloon used for PCI or measurement of fractional flow reserve was captured on the images, these images were manually excluded, as were contrast images of coronary artery bypass. We revised the following sentence in the study Methods according to the reviewer #1’s suggestion:

“Consecutive patients aged ≥18 years who underwent standby diagnostic CAG for any reason between January 2010 and December 2015 at The University of Tokyo Hospital were reviewed. Patients undergoing PCI or CABG after index CAG were included in the study. Patients who underwent PCI concurrently diagnostic catheterization (i.e., ad-hoc PCI) were excluded. CAGs that a highly trained cardiologist judged as showing insufficient contrast effect were excluded after image processing, and at the same time, if for some reason a wire or balloon used for PCI or measurement of fractional flow reserve was captured on the images, these images were manually excluded, as were contrast images of coronary artery bypass.” (Please see line 1-8 of page 4.)


Specific comment3:
Methods, ‘Only those CAGs evaluated as “without clinically meaningful coronary stenosis (defined as 75% in at least one branch)” were included. ‘: Even if coronary stenosis <75%, it may be the reason for cardiac ischemia. Therefore, FFR, iFR, scintigraphy, and so on are needed in the clinical settings.

Response 3.
We agree with reviewer 1. FFR, iFR, scintigraphy, and so on are needed in the clinical settings to consider clinically meaningful coronary stenosis. In this study, it was difficult to obtain FFR, iFR, and scintigraphy information, so we revised following sentence in the method in order to accurately present the reality of this study.

[bookmark: _Hlk114667924]“Only those CAGs evaluated as “without coronary artery stenosis greater than 75%” were included.” (Please see lines 9-10 of page 4.)


Specific comment4:
In the study, 65 y/o was a cut off age for younger and older vascular age groups. However, in Japanese clinical practice, average age for PCI seems much older (Cardiovasc Interv Ther. 2022 Apr;37(2):243-247.). Please refer it and discuss.

Response 4.
We agree with reviewer 1. The average age for PCI is higher in Japanese clinical practice. In this single-center study, the mean age of patients was 67 years, and the cutoff was set at 65 years, which is younger than in Japanese epidemiological studies (32, Cardiovasc Interv Ther. 2022 Apr;37(2):243-247.). The results of this study are difficult to generalize, as noted in the limitations. In the future, we would like to examine the cutoff and usefulness of the method proposed in this study more deeply using National Registry data. We revised the following sentence in the study Methods according to the reviewer #1’s suggestion. We believe that your suggestion has significantly improved the discussion of this work.

[bookmark: _Hlk114667961]“In addition, the cut off age for younger and older vascular age groups was set at 65 years old, based on the average age of the ACS patients included in this study. It is difficult to generalize the method used in this study because, as already mentioned, it is the result of a single-centre retrospective study with a limited number of patients. In fact, the average age for PCI patients in Japanese clinical practice is known to be higher. In the future, it may be useful to examine the usefulness of predictive age from coronary angiography by large amount of CAG images and clinical data from ACS patients.” (Please see lines 4-10 of page 18.)


Specific comment5:
Table 4: As a predictive value, LVEF is an important factor after onset of ACS. In addition, how did the authors adjust medical treatments to predict MACE?

[bookmark: _Hlk114583344]Response 5.
We agree with reviewer 1. Information on LVEF and medications at discharge for ACS patients was added to table 2; unfortunately, multivariate analysis including LVEF and medications did not show a significant association between predicted age and prognosis. The sample size of this study was very small, which may have limited its power, and further studies using larger data are warranted. The example of the results of the multivariate analysis will be submitted as " Response to Reviewers.docx".

(Please see Response table1 and Response table2 in " Response to Reviewers.docx".)










Response table1. Revised part of table2 (Comparison of clinical characteristics between the younger vascular age group and older vascular age group)
	Variables
	All 
(n = 298)
	Younger vascular age group
(n = 114)
	Older vascular age
group (n = 184)
	P value

	Left ventricular ejection fraction < 40%
	31 (10.8%, n=288)
	17 (15.2%, n=112)
	14(8.0%, n=176)
	0.078

	Medication at discharge
	
	
	
	

	Beta blocker
	223 (80.0%, n=286)
	99 (90.8%, n=109)
	124 (70.1%, n=177)
	<0.001

	  ACE- inhibitor
	169 (59.1%, n=286)
	82 (75.2%, n=109)
	87 (49.2%, n=177)
	<0.001

	  ARB
	76 (26.6%, n=286)
	14 (12.8%, n=109)
	62 (35.0%, n=177)
	<0.001

	　MRA
	31 (10.8%, n=286)
	15 (13.8%, n=109)
	16 (9.0%, n=177)
	0.242

	Statin
	260 (90.9%, n=286)
	100 (91.7%, n=109)
	160 (90.4%, n=177)
	0.833



ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; MRA, mineralocorticoid receptor antagonist.


Response table2. Multivariate Cox hazards analysis to predict MACE including left ventricular ejection fraction and beta blocker at discharge
	Independent variables
	Dependent variable: MACE

	
	Hazard ratios
	95% confidence interval
	P value

	Older vascular age group (vs. younger vascular age group)
	0.98
	0.73–1.35
	0.989

	Age (per one year increase)
	1.02
	1.01–1.03
	0.004

	Male sex (vs. female sex)
	1.06
	0.78–1.46
	0.699

	Left ventricular ejection fraction < 40%
	2.35
	1.33-4.13
	0.003

	Beta blocker at discharge
	1.00
	0.71–1.40
	0.998


MACE, major adverse cardiac events.



Response to the comment from the Reviewer #2.
Thank you for your careful review of our manuscript. We have attempted to incorporate your valuable suggestion. We believe that your suggestion has significantly improved the overall scientific content of this work. Response to the specific question is given below:


Specific comment1:
òprobably it appears a buit out of focus to use deep learning to derive vascular age
"gold standard" for vasciular age shoul,d be added

Response 1.
Thank you for your careful comment. The gold standard of the vascular age is evaluated as coronary artery calcium (CAC) scanning by computed tomography (CT) and carotid intima-media thickness (CIMT) assessment by B-mode ultrasonography (Cuocolo A, Klain M, Petretta M. Coronary vascular age comes of age. J Nucl Cardiol. 2017 Dec;24(6):1835-1836. doi: 10.1007/s12350-017-1078-6. Epub 2017 Oct 3. PMID: 28975506.). In our study, we used deep learning to analyze from a different perspective (age-related changes in coronary angiography) from the gold standard of vascular age. To show the gold standard for vascular age we describe in introduction as following sentence.

“Vascular age is a concept in relation to the hypothesis that the conversion of chronological age to age derived from vascular imaging features will lead to more accurate assessment of an individual’s cardiovascular risk. Although coronary artery calcium (CAC) scoring by computed tomography (CT)(6) and carotid intima-media thickness (CIMT)(7) assessment by B-mode ultrasonography can be used to define vascular age(8), it is not clearly known whether CAG contains useful age-related imaging features.” (Please see lines 7-12 of page 3.)


Specific comment2:
Impact of vascular age on outcomes should be added

Response 2.
Thank you very much for your comment. In this study, the clinical prognosis may be worse in the older vascular age group predicted from CAG images. Patients undergoing coronary angiography are expected to be at high risk of arteriosclerosis, but age-related information obtained from coronary arteries may be used to assess these patient risk. To show the impact of vascular age on outcome we describe in discussion as following sentence.

“In our analysis of ACS patients who underwent PCI at our institution, we showed that when the patients were stratified according to the vascular age estimated from pre-PCI CAG, the stratification showed a significant association with long-term outcomes. This suggests that pre-treated coronary artery status may provide useful information reflecting the patient prognosis. In general, the training of a neural network requires a large quantity of labelled data and the cost of labelling sufficient numbers of data entries to create the network can be enormous. However, the method used in this study to extract prognosis-related features from images on the basis of age, which has a well-established association with prognosis (30, 31), may have a potential for creating prognostic models.” (Please see lines 1-8 of page 17.)


Specific comment3:
Practical and clinical implications of vascular age should be added

Response 3.
Thanks very much for your comment. Since this study is a single-center retrospective study, it is difficult to generalize the findings obtained in this study immediately, but we consider the following opinions as a proof of concept.

“The potential clinical implications of the present study should be noted. The age predicted using CAG imaging by neural network had high predictive value. Our study is particularly relevant because it adds further value to CAG and may lead to the exploration of new clinical findings that are potentially modifiable. For example, there is a method such as observing changes in vascular age over time to assist in determining drug therapy and follow-up periods, although this could not be assessed in the present study. Future studies to assess the impact of age-related coronary artery features in the clinical practice are warranted.” (Please see lines 9-14 of page 17.)
