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Table S1. Risk of incident breast cancer by ordinal LIBRA, radiologist, and AI-driven breast density (N=74,610)
	Invasive Breast cancer
	Person-years
(PY)
	Incidence
Cases
	Incidence rate
(/103 PY)
	Age-adjusted
HR (95% CI)
	Multivariable-adjusted 
HRa (95% CI)

	LIBRA breast density 
	
	
	
	
	

	 Non-dense (N=53,987)
	192.86
	265
	1.37
	1.00 (reference)
	1.00 (reference)

	 Dense (N=20,623)
	73.30
	115
	1.57
	1.36 (1.07-1.72)
	1.37 (1.07-1.75)

	Radiologist breast density
	
	
	
	
	

	 Non-dense (N=9,185)
	41.38
	35
	0.85
	1.00 (reference)
	1.00 (reference)

	 Dense (N=65,425)
	224.78
	345
	1.53
	2.79 (1.91-4.08)
	2.43 (1.65-3.58)

	AI-driven breast density 
	
	
	
	
	

	Non-dense (N=11,576)
	51.11
	44
	0.86
	1.00 (reference)
	1.00 (reference)

	Dense (N=63,034)
	215.06
	336
	1.56
	2.91 (2.05-4.13)
	2.46 (1.71-3.55)

	DCIS
	Person-years
(PY)
	Incidence
Cases
	Incidence rate
(/10^3 PY)
	Age-adjusted
HR (95% CI)
	Multivariable-adjusted 
HRa (95% CI)

	LIBRA breast density 
	
	
	
	
	

	Non-dense (N=53,987)
	192.54
	70
	0.36
	1.00 (reference)
	1.00 (reference)

	Dense (N=20,623)
	73.17
	29
	0.40
	1.17 (0.73-1.85)
	1.08 (0.67-1.75)

	Radiologist breast density
	
	
	
	
	

	 Non-dense (N=9,185)
	41.35
	9
	0.22
	1.00 (reference)
	1.00 (reference)

	 Dense (N=65,425)
	224.36
	90
	0.40
	2.39 (1.13-5.04)
	2.12 (0.98 -4.59)

	AI-driven breast density 
	
	
	
	
	

	 Non-dense (N=11,576)
	51.07
	9
	0.17
	1.00 (reference)
	1.00 (reference)

	 Dense (N=63,034)
	214.64
	90
	0.42
	3.37 (1.59-7.16)
	2.91 (1.33-6.35)


Breast density dichotomized into dense and non-dense categories based on the BI-RADS; Dense breast: ≥50%, Heterogeneously dense (C) and Extremely dense (D). Non-dense breast: 0~50%, Almost entirely fat (A) and Scattered fibroglandular densities (B)
a. Hazard ratios  adjusted for age, BMI, age at menarche, family history of breast cancer, parity, menopausal status, female hormone use, education, physical activity, smoking, and alcohol intake



Table S2. Risk of invasive breast cancer according to the discrepancy between Radiologist's and LIBRA and AI-method breast density (n= 74,610)
	[bookmark: _Hlk167236885]
	
	No
	Person-years
(PY)
	Incidence
Cases
	Incidence rate
(/103 PY)
	Multivariable-adjusted 
HRa (95% CI)

	Radiologist 
	LIBRA
	
	
	
	
	

	Nondense
	Nondense
	9,138
	41,270
	34
	0.824
	1.00 (reference)

	Dense
	Nondense
	44,849
	151,600
	231
	1.524
	2.50 (1.66-3.67)

	Nondense
	Dense
	47
	112
	1
	8.891
	14.75 (2.01-108.51)

	Dense
	Dense
	20,576
	73,190
	114
	1.558
	3.22 (2.03-5.09)

	Radiologist 
	AI-methods
	
	
	
	
	

	Nondense
	Nondense
	7,095
	35,110
	25
	0.712
	1.00 (reference)

	Dense
	Nondense
	4,481
	16,000
	19
	1.190
	2.07 (1.13-3.78)

	Nondense
	Dense
	2,090
	6,273
	10
	1.599
	2.60 (1.23- 5.47)

	Dense
	Dense
	60,944
	208,800
	326
	1.569
	3.32 (2.10-5.26)


Breast density dichotomized into dense and non-dense categories based on the BI-RADS; Dense breast: ≥50%, Heterogeneously dense (C) and Extremely dense (D). Non-dense breast: 0~50%, Almost entirely fat (A) and Scattered fibroglandular densities (B)
a. Hazard ratios adjusted for age, BMI, age at menarche, family history of breast cancer, parity, female hormone use, menopausal status, education, physical activity, smoking, and alcohol intake 
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Table S3. Risk of DCIS according to the discrepancy between Radiologist's, LIBRA and AI-method breast density (n= 74,610)
	
	
	No
	Person-years
(PY)
	Incidence
Cases
	Incidence rate
(/103 PY)
	Multivariable-adjusted 
HRa (95% CI)

	Radiologist 
	LIBRA
	
	
	
	
	

	Nondense
	Nondense
	9,138
	41,240
	9
	0.218
	1.00 (reference)

	Dense
	Nondense
	44,849
	151,300
	61
	0.403
	2.10 (0.97-4.57)

	Nondense
	Dense
	47
	112
	0
	-
	-

	Dense
	Dense
	20,576
	73,060
	29
	0.397
	2.21 (0.91-5.40)

	Radiologist 
	AI-methods
	
	
	
	
	

	Nondense
	Nondense
	7,095
	35,080
	7
	0.199
	1.00 (reference)

	    Dense
	Nondense
	4,481
	15,990
	2
	0.125
	0.78 (0.16-3.79)

	Nondense
	Dense
	2,090
	6,268
	2
	0.319
	1.79 (0.36-8.80)

	Dense
	Dense
	60,944
	208,400
	88
	0.422
	2.81 (1.16-6.81)


Breast density dichotomized into dense and non-dense categories based on the BI-RADS; Dense breast: ≥50%, Heterogeneously dense (C) and Extremely dense (D). Non-dense breast: 0~50%, Almost entirely fat (A) and Scattered fibroglandular densities (B)
a. Hazard ratios adjusted for age, BMI, age at menarche, family history of breast cancer, parity, female hormone use, menopausal status, education, physical activity, smoking, and alcohol intake






[bookmark: _Hlk167227620]Table S4.  Comparison of the discriminatory power of LIBRA, Radiologist, and AI-driven breast density in prediction of breast cancer
	Density measures
	Harrell's C (95% CI)
	P- value

	base modela
	0.503 (0.498 – 0.509)
	ref

	base model + Radiologist 
	0.533 (0.519 – 0.548)
	0.000

	base model + LIBRA 
	0.518 (0.496 – 0.539)
	0.181

	base model + AI-driven 
	0.540 (0.524 – 0.556)
	0.000

	base model + Radiologist + LIBRA
	0.536 (0.514 – 0.559)
	0.004

	base model + Radiologist + AI-driven
	0.542 (0.526 – 0.559)
	0.000

	base model + LIBRA + AI-driven
	0.539 (0.517 – 0.562)
	0.002

	base model + Radiologist + LIBRA + AI-driven
	0.543 (0.520 – 0.566)
	0.001


a. Base model: five-year risk based on Gail model


