Table S1. Age-adjusted comparison of baseline characteristics between participants in the mammographic density analysis only and those in the hormone analysis
Unit: %
	Baseline characteristics
	Women in MD analysis only 1 
(n = 4,499)
	Women in hormone analysis 
(n = 255)
	P value 2

	
	Age-adjusted percentage (95% CI) 2
	

	Age at baseline3
	41.0 ± 3.3
	45.9 ± 2.4
	< 0.001

	Age at menarche
	
	
	

	< 14 years old
	39.1 (37.6-40.5)
	50.7 (44.1-57.3)
	0.002

	14–16 years old
	57.4 (55.9-58.8)
	47.4 (40.9-54.0)
	

	≥ 17 years old
	3.6 (3.0-4.1)
	1.9 (0.5-3.3)
	

	Smoking
	
	
	

	Never smoker
	87.5 (86.6-88.5)
	94.3 (91.0-97.6)
	0.006

	Currently/formerly
	12.5 (11.5-13.4)
	5.7 (2.4-9.0)
	

	Alcohol consumption
	
	
	

	< 10 g/day
	90.6 (89.7-91.5)
	89.8 (85.8-93.8)
	0.685

	≥ 10 g/day
	9.4 (8.5-10.3)
	10.2 (6.2-14.2)
	

	Parity
	
	
	

	Nulliparous
	7.2 (6.5-8.0)
	8.1 (4.4-11.8)
	0.621

	Parous
	92.8 (92.0-93.5)
	91.9 (88.2-95.6)
	

	Marital status
	
	
	

	Unmarried
	4.4 (3.8-5.0)
	3.9 (1.2-6.6)
	0.121

	Married/cohabitating
	94.2 (93.5-94.9)
	95.7 (92.9-98.5)
	

	Divorced/separated/widowed
	1.4 (1.0-1.8)
	0.4 (-0.1-0.9)
	

	Education
	
	
	

	≤ High school
	20.7 (19.5-21.9)
	10.4 (7.1-13.7)
	< 0.001

	≥ College
	79.3 (78.1-80.5)
	89.6 (86.3-92.9)
	

	Body mass index
	
	
	

	<18.0 kg/m2
	6.7 (6.0-7.5)
	5.7 (2.0-9.4)
	0.482

	18.0–22.9 kg/m2
	62.1 (60.7-63.6)
	66.6 (60.6-72.6)
	

	23.0–24.9 kg/m2
	17.7 (16.5-18.8)
	16.7 (12.3-21.2)
	

	≥25.0 kg/m2
	13.5 (12.4-14.5)
	10.9 (7.5-14.4)
	

	Physical activity4
	
	
	

	Low
	47.6 (46.1-49.1)
	46.8 (40.3-53.3)
	0.699

	Moderate
	39.9 (38.4-41.4)
	42.2 (35.7-48.6)
	

	High5
	12.5 (11.5-13.5)
	11.0 (7.3-14.8)
	

	History of hypertension
	
	
	

	Yes
	3.4 (2.9-4.0)
	3.5 (1.7-5.2)
	0.981

	History of diabetes
	
	
	

	Yes
	1.7 (1.3-2.1)
	0.8 (0.0-1.7)
	0.179

	Medication for hyperlipidemia
	
	

	Yes
	0.7 (0.5-1.0)
	0.9 (0.1-1.6)
	0.661


1 Of the 255 women in the hormonal analysis, 238 (93.3%) had hormone measurements obtained on the same day as their mammographic density examination. Excluding these 238 women from the 4,737 participants in the mammographic density analysis resulted in 4,499 women who were included in the mammographic density analysis only.
2 Age-adjusted percentages were derived from logistic regression models, and P values were calculated using likelihood ratio tests.
3 Baseline age (continuous) was compared between groups using a t-test.
4 The Korean version of the short form of the International Physical Activity Questionnaire was used to assess physical activity.
5 High levels of physical activity indicate health-enhancing physical activity.









Table S2. Associations between mammographic density of the right and left breasts and the menopausal transition stratified by BMI categories (n = 4,737)
	Variable
	Main estimate 1
	Stratified analyses by obesity status 2
	P for interaction

	
	
	BMI <18.5 kg/m2
	BMI 18.5–23.0 kg/m2
	BMI 23.0–25.0 kg/m2
	BMI ≥25.0 kg/m2
	

	
	
	Coefficient (95% CI)
	

	MD of the right breast
	
	
	

	Time-varying age
	-0.91 (-0.96, -0.85)
	　
	　
	　

	Menopausal transition
	　
	　
	　
	　
	<0.001

	Pre-menopause
	Ref
	Ref
	Ref
	Ref
	Ref
	　

	Early transition
	-0.36 (-0.84, 0.12)
	1.87 (-0.08, 3.82)
	-0.92 (-1.51, -0.33)
	-0.13 (-1.10, 0.85)
	0.72 (-0.32, 1.75)
	　

	Late transition
	-2.14 (-2.73, -1.55)
	-0.98 (-3.47, 1.50)
	-3.27 (-4.03, -2.52)
	-1.35 (-2.52, -0.18)
	-0.30 (-1.44, 0.84)
	　

	Post-menopause
	-3.66 (-4.42, -2.91)
	-3.46 (-6.63, -0.28)
	-4.90 (-5.86, -3.93)
	-3.08 (-4.56, -1.60)
	-1.00 (-2.54, 0.55)
	　

	MD of the left breast
	
	
	

	Time-varying age
	-0.84 (-0.89, -0.78)
	　
	　
	　

	Menopausal transition
	　
	　
	　
	　
	<0.001

	Pre-menopause
	Ref
	Ref
	Ref
	Ref
	Ref
	　

	Early transition
	-0.21 (-0.69, 0.27)
	1.51 (-0.46, 3.47)
	-0.69 (-1.28, -0.10)
	0.15 (-0.83, 1.13)
	0.59 (-0.45, 1.63)
	　

	Late transition
	-2.34 (-2.93, -1.75)
	-4.12 (-6.61, -1.62)
	-3.49 (-4.25, -2.73)
	-1.23 (-2.41, -0.06)
	-0.20 (-1.34, 0.94)
	　

	Post-menopause
	-3.64 (-4.40, -2.88)
	-0.88 (-4.06, 2.31)
	-5.09 (-6.06, -4.12)
	-3.35 (-4.83, -1.86)
	-0.64 (-2.19, 0.91)
	　


1 Main estimates were obtained from a linear mixed-effects model with a random intercept (subject identifier), adjusted for time-varying covariates including smoking status (never, former/current, unknown); parity (nulliparous, parous, unknown); marital status (unmarried, married/cohabiting, divorced/separated/widowed, unknown); education level (≤high school, ≥college, unknown); and BMI (<18.5, 18.5–22.9, 23.0–24.9, ≥25.0), with age at menarche (<14, 14–16, ≥17 years, unknown) treated as a fixed covariate and without an interaction term.
2 Stratified analyses by BMI category were conducted using a linear mixed-effects model with a random intercept (subject identifier), adjusted for time-varying covariates including age (years, continuous); smoking status (never, former/current, unknown); parity (nulliparous, parous, unknown); marital status (unmarried, married/cohabiting, divorced/separated/widowed, unknown); and education level (≤high school, ≥college, unknown), with age at menarche (<14, 14–16, ≥17 years, unknown) treated as a fixed covariate, including an interaction term between menopausal transition stage and BMI (<18.5, 18.5–22.9, 23.0–24.9, ≥25.0).
Abbreviations: CI, confidence interval; BMI, body mass index.









Table S3. Pearson correlations among estradiol (E2), follicle-stimulating hormone (FSH), and anti-Müllerian hormone (AMH) (n=255)
	
	E2
	FSH
	AMH

	E2
	1.00
	-0.50 (P<0.001)
	0.22 (P <0.001)

	FSH
	-0.50 (P <0.001)
	1.00
	-0.33 (P <0.001)

	AMH
	0.22 (P <0.001)
	-0.33 (P <0.001)
	1.00























Table S4. Sensitivity analysis examining mammographic density across menopausal transition stages after adding log-transformed hormone levels to the model (n=238)
	Variable
	Model 1 (+ Log-transformed E2)
	Model 2 (+ Log-transformed FSH)
	Model 3 (+ Log-transformed AMH)
	Model 4 (+ Log-transformed E2, FSH, AMH)

	
	Coefficient (95% CI)

	Age (years)
	-0.93 (-1.44, -0.42)
	-0.81 (-1.35, -0.27)
	-0.79 (-1.40, -0.17)
	-0.74 (-1.35, -0.12)

	Menopausal transition

	Pre-menopause
	Ref
	Ref
	Ref
	Ref

	Early transition
	0.31 (-2.28, 2.91)
	0.70 (-1.89, 3.29)
	1.09 (-1.54, 3.72)
	0.57 (-2.07, 3.22)

	Late transition
	-1.70 (-4.49, 1.08)
	-0.91 (-3.80, 1.98)
	-1.35 (-4.25, 1.55)
	-1.03 (-3.96, 1.90)

	Post-menopause
	-1.60 (-5.45, 2.25)
	-1.41 (-5.29, 2.47)
	-2.15 (-5.99, 1.69)
	-1.25 (-5.13, 2.63)

	Log-transformed 
E2
	1.08 (0.35, 1.82)
	
	
	0.68 (-0.27, 1.63)

	Log-transformed FSH
	
	-1.54 (-2.59, -0.49)
	
	-0.76 (-2.28, 0.77)

	Log-transformed AMH
	
	
	0.93 (-0.04, 1.89)
	0.29 (-0.84, 1.42)


The analysis was performed using a linear mixed-effects model with a random intercept for subject identifier, adjusted for time-varying covariates (smoking status, parity, marital status, BMI (continuous), and education level), with age at menarche treated as a fixed covariate, and no interaction term included.
Abbreviations: CI, confidence interval; BMI, body mass index; E2, estradiol; FSH, follicle-stimulating hormone; AMH, anti-Müllerian hormone. 

