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Supplementary tables for: Body composition and the breast cancer risk associated with dense breasts: a prospective cohort study of 106,813 predominantly premenopausal Korean women
Table S1. Participant flow
	Step
	Excluded
	Remaining

	Women aged 20 years or older meeting initial eligibility, 2012–2022
	—
	191,503

	No bioelectrical impedance measurement
	4,614
	186,889

	History of any cancer at baseline
	6,673
	180,216

	Follow-up shorter than 6 months
	14,682
	165,534

	Aged under 30 years
	25,267
	140,267

	Body weight not recorded (skeletal muscle percentage not calculable)
	75
	140,192

	Missing any Model 3 covariate or bioelectrical impedance measure
	33,379
	106,813

	Full analysis cohort (891 incident breast cancers)
	—
	106,813

	No BI-RADS density category recorded
	30,262
	76,551

	Mammographic density subcohort (713 incident breast cancers)
	—
	76,551



Note. Total follow-up in the full analysis cohort was 695,501 person-years (mean 6.5 years). Follow-up was administratively censored at each woman's most recent registry linkage date: 31 December 2020 for 54,399 women and 31 December 2022 for 52,414 women.
Table S2. Variance inflation factors
	Covariate
	Joint model, with waist
	Joint model, without waist

	Fat mass
	4.40
	1.34

	Skeletal muscle mass
	1.53
	1.31

	Age
	2.75
	2.69

	Examination year
	1.03
	1.03

	Centre
	1.19
	1.16

	Waist circumference
	5.34
	—

	Smoking status
	1.03
	1.03

	Alcohol intake
	1.07
	1.07

	Physical activity
	1.05
	1.05

	Menopausal status
	2.33
	2.32

	Parity
	1.17
	1.15

	Age at menarche
	1.19
	1.19

	Hormone replacement therapy
	1.01
	1.01

	Family history of breast cancer
	1.00
	1.00

	Diabetes mellitus
	1.07
	1.06

	Hypertension
	1.01
	1.01



Note. Models entering fat mass and skeletal muscle mass simultaneously, without body mass index. The model without waist circumference is the primary specification reported in Table 2. In the Model 3 specification used in the mediation analysis (skeletal muscle percentage as exposure, with body mass index and waist circumference retained), variance inflation factors were 2.34 for skeletal muscle percentage, 5.22 for body mass index, 4.77 for waist circumference, 2.87 for age, 2.14 for menopausal status, 1.49 for parity, 1.01 for hypertension, and below 1.2 for all other covariates; excluding waist circumference reduced body mass index to 2.30 and all factors below 3. Hypertension was included in every model; a variable-label error omitted it from an earlier output listing, and its variance inflation factor was 1.01 in the Model 3 specification.
Table S3. Baseline characteristics and crude incidence by availability of mammographic density
	Characteristic
	Density available (n = 76,551)
	Density missing (n = 30,262)
	SMD

	Age, years
	41.95 (8.86)
	33.94 (5.93)
	1.063

	Skeletal muscle percentage, %
	37.72 (3.34)
	37.93 (3.28)
	0.062

	Skeletal muscle mass, kg
	21.28 (2.46)
	21.05 (2.43)
	0.094

	Fat mass, kg
	17.47 (5.84)
	16.94 (5.93)
	0.090

	Body mass index, kg/m²
	22.19 (3.17)
	21.47 (3.12)
	0.230

	Waist circumference, cm
	76.80 (8.39)
	75.17 (8.24)
	0.197

	Postmenopausal
	13,229 (17.3)
	1,587 (5.2)
	0.388

	Parity ≥ 1
	67,531 (88.2)
	21,402 (70.7)
	0.444

	Age at menarche, years
	13.99 (1.65)
	13.51 (1.56)
	0.305

	Hormone replacement therapy use
	1,181 (1.5)
	440 (1.5)
	0.007

	Family history of breast cancer
	2,462 (3.2)
	694 (2.3)
	0.056

	Current smoking
	1,918 (2.5)
	643 (2.1)
	0.030

	Alcohol intake, g/day, median [IQR]
	2.00 [0.00, 4.00]
	2.00 [0.00, 5.00]
	0.028

	Physical activity, high
	11,519 (15.0)
	2,946 (9.7)
	0.181

	Diabetes mellitus
	2,031 (2.7)
	221 (0.7)
	0.150

	Year of examination
	2014.72 (2.74)
	2015.31 (2.86)
	0.212

	Follow-up, years
	6.64 (2.79)
	6.19 (2.92)
	0.156

	Incident breast cancer
	713 (0.9)
	178 (0.6)
	0.040

	Person-years
	508,121
	187,380
	—

	Incidence per 1,000 person-years (95% CI)
	1.403 (1.302–1.510)
	0.950 (0.816–1.100)
	—



Note. Values are mean (standard deviation) or number (percentage) unless stated otherwise. SMD, standardised mean difference. The two groups differed markedly in age and in age-related reproductive characteristics, but differed little in body composition (all standardised mean differences below 0.10), which supports the representativeness of the mediation subcohort with respect to the exposure.
Table S4. Distribution of BI-RADS categories and prevalence of an extremely dense breast by quartile of skeletal muscle percentage
	BI-RADS category
	n
	%

	A, almost entirely fatty
	659
	0.86

	B, scattered fibroglandular densities
	7,386
	9.65

	C, heterogeneously dense
	35,036
	45.77

	D, extremely dense
	33,470
	43.72

	Categories A and B combined
	8,045
	10.51



	Skeletal muscle percentage quartile
	Range, %
	n
	Dense breast (D), n
	Prevalence, %

	Q1
	19.63–35.47
	19,138
	4,361
	22.79

	Q2
	35.47–37.76
	19,138
	7,131
	37.26

	Q3
	37.76–40.08
	19,138
	9,435
	49.30

	Q4
	40.08–59.25
	19,137
	12,543
	65.54



Note. Mammographic density subcohort (n = 76,551). The primary definition of a dense breast was category D versus categories A, B and C. The alternative dichotomy (categories C and D versus A and B) leaves 8,045 women (10.5%) in the non-dense group.
Table S5. Mediation analysis of skeletal muscle percentage on the hazard ratio and risk ratio scales
	Effect
	Per 1%, HR (95% CI)
	Per 1%, RR (95% CI)
	Q4 vs Q1, HR (95% CI)
	Q4 vs Q1, RR (95% CI)

	Total effect
	0.999 (0.962–1.038)
	1.003 (0.968–1.040)
	0.982 (0.708–1.368)
	1.012 (0.749–1.389)

	Natural direct effect
	0.989 (0.951–1.028)
	0.992 (0.959–1.029)
	0.879 (0.615–1.238)
	0.903 (0.642–1.255)

	Natural indirect effect
	1.010 (1.006–1.015)
	1.011 (1.006–1.015)
	1.117 (1.060–1.181)
	1.120 (1.061–1.187)

	a-path, OR
	1.109 (1.101–1.118)
	—
	2.410 (2.267–2.583)
	—

	b-path, HR
	1.459 (1.230–1.734)
	—
	1.242 (0.918–1.689)
	—



Note. Estimates on the two scales agreed to within 0.04 throughout, indicating that non-collapsibility of the hazard ratio does not materially affect the decomposition. The b-path is evaluated at the mean exposure (37.72%) for the continuous scale and at the first quartile for the quartile contrast.
Table S6. Mediation analysis of skeletal muscle percentage by menopausal status, per 1%
	Effect
	Premenopausal (n = 63,322; 644 events)
	Postmenopausal (n = 13,229; 69 events)

	Total effect, HR
	1.002 (0.965–1.038)
	0.920 (0.836–1.027)

	Natural direct effect, HR
	0.993 (0.956–1.030)
	0.914 (0.829–1.020)

	Natural indirect effect, HR
	1.009 (1.004–1.014)
	1.007 (1.001–1.013)

	Total effect, RR
	1.006 (0.968–1.044)
	0.941 (0.861–1.044)

	Natural direct effect, RR
	0.996 (0.959–1.033)
	0.930 (0.854–1.034)

	Natural indirect effect, RR
	1.009 (1.004–1.014)
	1.012 (1.001–1.026)

	a-path, OR
	1.110 (1.100–1.119)
	1.081 (1.050–1.106)

	b-path, HR
	1.379 (1.146–1.637)
	2.925 (1.102–6.431)

	Minimum detectable total effect
	1.054
	1.158



Note. The likelihood ratio test for the dense breast × menopausal status product term gave an interaction hazard ratio of 2.664 (95% CI 1.537–4.618; P = 0.001) under the primary density definition and 1.506 (0.701–3.239; P = 0.289) under the alternative definition.
Table S7. Alternative exposure specifications, highest versus lowest quartile
	Exposure
	a-path, OR
	b-path, HR
	Total effect, HR
	NDE, HR
	NIE, HR

	Skeletal muscle percentage (%)
	2.410 (2.267–2.583)
	1.242 (0.918–1.689)
	0.982 (0.708–1.368)
	0.879 (0.615–1.238)
	1.117 (1.060–1.181)

	Skeletal muscle mass (kg), height unadjusted
	1.406 (1.326–1.495)
	1.478 (1.174–1.922)
	1.309 (1.057–1.712)
	1.268 (1.012–1.656)
	1.033 (1.014–1.054)

	Skeletal muscle mass (kg), height adjusted
	1.145 (1.069–1.246)
	1.484 (1.176–1.933)
	1.038 (0.729–1.358)
	1.026 (0.726–1.348)
	1.012 (1.004–1.025)

	Skeletal muscle mass index (kg/m²)
	1.121 (1.059–1.198)
	1.518 (1.177–1.967)
	1.041 (0.778–1.306)
	1.030 (0.774–1.298)
	1.011 (1.003–1.021)



Note. Mammographic density subcohort. In the full analysis cohort the total effect of height-unadjusted skeletal muscle mass was 1.313 (1.072–1.608). Per-unit estimates: skeletal muscle mass, height unadjusted, total effect 1.045 (1.009–1.092) per 1 kg; height adjusted 1.006 (0.950–1.051) per 1 kg; skeletal muscle mass index 1.021 (0.878–1.145) per 1 kg/m².
Table S8. Mediation estimates per 1 standard deviation of exposure
	Exposure
	Total effect, HR
	NDE, HR
	NIE, HR
	Total effect, RR

	Skeletal muscle percentage
	0.996 (0.879–1.133)
	0.962 (0.844–1.096)
	1.035 (1.020–1.051)
	1.009 (0.896–1.142)

	Skeletal muscle mass, height unadjusted
	1.115 (1.023–1.243)
	1.100 (1.004–1.228)
	1.013 (1.008–1.019)
	1.114 (1.020–1.242)

	Skeletal muscle mass, height adjusted
	1.015 (0.880–1.131)
	1.010 (0.878–1.125)
	1.005 (1.002–1.009)
	1.015 (0.883–1.127)

	Skeletal muscle mass index
	1.016 (0.905–1.110)
	1.012 (0.903–1.108)
	1.004 (1.001–1.008)
	1.015 (0.907–1.101)



Note. Standard deviations in the mediation subcohort: skeletal muscle percentage 3.34%, skeletal muscle mass 2.46 kg, skeletal muscle mass index 0.77 kg/m², fat mass 5.84 kg. Estimates for fat mass and skeletal muscle mass in the joint model, given per 1 SD in Table 2, were obtained by rescaling the per-unit log estimates. The a-path (odds ratio for an extremely dense breast) per 1 SD of skeletal muscle percentage was 1.413 (1.379–1.451); this value and the per-SD total effect are the coordinates of the SMI point in Figure 1.
Table S9. Height diagnostics
	Correlation
	r

	Skeletal muscle mass and height
	0.592

	Skeletal muscle mass and body weight
	0.771

	Skeletal muscle percentage and height
	0.269

	Skeletal muscle mass index and height
	0.020

	Skeletal muscle percentage and fat mass
	−0.871

	Skeletal muscle percentage and skeletal muscle mass
	0.072



	Skeletal muscle mass quartile
	n
	Muscle mass, kg
	Height, cm
	Weight, kg

	Q1
	19,138
	18.35
	155.91 (4.57)
	49.74

	Q2
	19,138
	20.36
	159.12 (4.22)
	54.16

	Q3
	19,138
	21.89
	161.24 (4.31)
	57.90

	Q4
	19,137
	24.51
	164.06 (4.60)
	65.57



Note. Mean height rose by 8.2 cm across quartiles of skeletal muscle mass. Applying the pooled relative risk of breast cancer of 1.17 per 10 cm of height to this difference predicts a hazard ratio of approximately 1.14, about half of the observed log hazard ratio for height-unadjusted skeletal muscle mass (1.313 in the full cohort); the whole of the association disappeared after adjustment for height and when muscle mass was normalised to height squared.
Table S10. Minimum detectable effects at 80% power
	Estimate
	n / events
	Observed HR (95% CI)
	SE (log HR)
	MDE

	Skeletal muscle percentage, per 1%
	76,551 / 713
	0.999 (0.962–1.038)
	0.019
	1.056

	Skeletal muscle percentage, per 1 SD
	76,551 / 713
	0.996 (0.879–1.133)
	0.065
	1.199

	Skeletal muscle percentage, Q4 vs Q1
	76,551 / 713
	0.982 (0.708–1.368)
	0.168
	1.601

	Skeletal muscle percentage, premenopausal, per 1%
	63,322 / 644
	1.002 (0.965–1.038)
	0.019
	1.054

	Skeletal muscle percentage, postmenopausal, per 1%
	13,229 / 69
	0.920 (0.836–1.027)
	0.052
	1.158

	Skeletal muscle mass, per 1 kg
	76,551 / 713
	1.044 (1.006–1.083)
	0.019
	1.054

	Skeletal muscle mass, Q4 vs Q1
	76,551 / 713
	1.299 (1.036–1.629)
	0.116
	1.382

	Skeletal muscle mass, full cohort, Q4 vs Q1
	106,813 / 891
	1.313 (1.072–1.608)
	0.103
	1.336

	Skeletal muscle mass index, per 1 kg/m²
	76,551 / 713
	1.021 (0.900–1.158)
	0.065
	1.198

	Skeletal muscle mass index, Q4 vs Q1
	76,551 / 713
	1.040 (0.815–1.328)
	0.124
	1.417

	Dense breast × skeletal muscle percentage interaction, per 1%
	76,551 / 713
	1.038 (0.989–1.089)
	0.025
	1.071

	Dense breast × skeletal muscle percentage, alternative density definition
	76,551 / 713
	0.994 (0.891–1.109)
	0.056
	1.170



Note. The minimum detectable effect is the smallest hazard ratio detectable with 80% power at a two-sided alpha of 0.05, given the observed standard error, and equals exp(2.802 × SE). Observed hazard ratios in this table are Cox regression estimates with Wald confidence intervals; the corresponding total effects from the mediation models (Table S7), which have bootstrap percentile intervals, differ slightly in the second or third decimal.
Table S11. E-values
	Estimate
	HR (95% CI)
	E-value, point
	E-value, lower limit
	E-value, upper limit

	SMI per 1%, total effect
	0.999 (0.962–1.038)
	1.03
	1.24
	1.24

	SMI per 1%, natural direct effect
	0.989 (0.951–1.028)
	1.12
	1.29
	1.20

	SMI per 1%, natural indirect effect
	1.010 (1.006–1.015)
	1.11
	1.08
	1.14

	SMI Q4 vs Q1, total effect
	0.982 (0.708–1.368)
	1.16
	2.17
	2.08

	SMI Q4 vs Q1, natural direct effect
	0.879 (0.615–1.238)
	1.53
	2.64
	1.78

	SMI Q4 vs Q1, natural indirect effect
	1.117 (1.060–1.181)
	1.48
	1.31
	1.64

	Skeletal muscle mass per 1 kg, total effect
	1.045 (1.009–1.092)
	1.26
	1.10
	1.41

	Skeletal muscle mass Q4 vs Q1, total effect
	1.309 (1.057–1.712)
	1.95
	1.30
	2.82

	Skeletal muscle mass Q4 vs Q1, natural indirect effect
	1.033 (1.014–1.054)
	1.22
	1.13
	1.29

	Height-adjusted skeletal muscle mass Q4 vs Q1, total effect
	1.038 (0.729–1.358)
	1.24
	2.08
	2.06

	Skeletal muscle mass index Q4 vs Q1, total effect
	1.041 (0.778–1.306)
	1.25
	1.89
	1.94



Note. For null estimates the E-value for the confidence limit closest to the null is the informative quantity. The natural indirect effect of skeletal muscle percentage, on which the principal quantitative claim rests, has an E-value of 1.31 at its lower confidence limit, meaning that an unmeasured confounder associated with both exposure and outcome by a risk ratio of at least 1.31, above and beyond the measured covariates, could account for it.
Table S12. Effect modification of the association between a dense breast and breast cancer
	Stratum
	n
	Events
	HR (95% CI)

	By quartile of skeletal muscle percentage

	Q1 (lowest)
	19,138
	159
	1.299 (0.854–1.977)

	Q2
	19,138
	170
	1.554 (1.082–2.232)

	Q3
	19,138
	181
	1.358 (0.953–1.935)

	Q4 (highest)
	19,137
	203
	1.665 (1.165–2.380)

	By quartile of fat mass

	Q1 (lowest)
	19,138
	204
	1.737 (1.213–2.486)

	Q2
	19,138
	177
	1.208 (0.848–1.719)

	Q3
	19,138
	168
	1.512 (1.043–2.193)

	Q4 (highest)
	19,137
	164
	1.436 (0.948–2.174)

	By menopausal status

	Premenopausal
	63,322
	644
	1.379 (1.146–1.637)

	Postmenopausal
	13,229
	69
	2.925 (1.102–6.431)



	Product term
	HR (95% CI)
	Wald P
	LRT P

	Dense breast × skeletal muscle percentage (per 1%)
	1.038 (0.989–1.089)
	0.126
	0.125

	Dense breast × skeletal muscle percentage, alternative density definition
	0.994 (0.891–1.109)
	0.909
	0.909

	Dense breast × fat mass (per 1 kg)
	0.980 (0.954–1.007)
	0.150
	0.149

	Dense breast × postmenopausal status
	2.664 (1.537–4.618)
	0.001
	0.001

	Dense breast × postmenopausal status, alternative density definition
	1.506 (0.701–3.239)
	0.294
	0.289



Note. Because skeletal muscle percentage and fat mass are inversely correlated (r = −0.871), the two body-composition stratifications order the same women in almost opposite ways; both indicate that the hazard associated with a dense breast is, if anything, greater rather than smaller in leaner and more muscular women.
Table S13. Tests of the proportional hazards assumption and age-stratified estimates
	Term
	Joint fat and muscle model
	Mediation outcome model (additive)
	Mediation outcome model (with product term)

	Fat mass
	0.799
	—
	—

	Skeletal muscle mass
	0.172
	—
	—

	Skeletal muscle percentage
	—
	0.748
	0.668

	Dense breast
	—
	0.216
	0.247

	Exposure × dense breast
	—
	—
	0.259

	Age
	0.002
	0.013
	0.014

	Examination year
	0.958
	0.729
	0.731

	Centre
	0.239
	0.328
	0.335

	Body mass index
	—
	0.685
	0.761

	Waist circumference
	0.354
	0.179
	0.215

	Smoking status
	0.784
	0.236
	0.235

	Alcohol intake
	0.366
	0.206
	0.208

	Physical activity
	0.444
	0.544
	0.548

	Menopausal status
	0.975
	0.928
	0.943

	Parity
	0.521
	0.195
	0.197

	Age at menarche
	0.806
	0.285
	0.284

	Hormone replacement therapy
	0.039
	0.062
	0.022

	Family history of breast cancer
	0.667
	0.623
	0.621

	Diabetes mellitus
	0.090
	0.109
	0.111

	Hypertension
	0.117
	0.143
	0.152

	GLOBAL
	0.079
	0.059
	0.067



	Estimate with baseline hazard stratified by age group
	HR (95% CI)
	P

	Fat mass, per 1 kg
	1.015 (0.991–1.039)
	0.232

	Skeletal muscle mass, per 1 kg
	1.034 (1.000–1.069)
	0.052

	Skeletal muscle percentage, per 1%
	0.992 (0.959–1.027)
	0.649

	Dense breast
	1.444 (1.204–1.733)
	<0.001



Note. P values are from Schoenfeld residual tests (cox.zph). The assumption was satisfied globally and for both exposures and the mediator. Age showed evidence of non-proportionality, and hormone replacement therapy, recorded in 1.5% of the cohort, showed borderline evidence. With the baseline hazard stratified by age group the estimates of interest were essentially unchanged; in particular the mediator–outcome coefficient moved from 1.459 to 1.444. For the joint fat and muscle model the Schoenfeld tests were performed in the specification that includes waist circumference.
Table S14. Minimally adjusted models and physical activity diagnostics
	Exposure
	Scale
	HR (95% CI)
	P

	Skeletal muscle percentage
	per 1%
	1.006 (0.985–1.027)
	0.574

	Skeletal muscle mass
	per 1 kg
	1.024 (0.996–1.052)
	0.089

	Skeletal muscle mass index
	per 1 kg/m²
	0.987 (0.903–1.078)
	0.769



	Physical activity category
	n
	Events
	Skeletal muscle mass, kg
	Fat mass, kg

	Low
	43,270
	412
	21.14 (2.45)
	17.56

	Moderate
	21,762
	193
	21.29 (2.43)
	17.43

	High
	11,519
	108
	21.77 (2.49)
	17.21



Note. The minimally adjusted model removed body mass index, waist circumference, physical activity and diabetes mellitus while retaining the remaining Model 3 covariates. None of the three exposures was associated with breast cancer in that model. Mean skeletal muscle mass differed little across categories of physical activity (0.63 kg, or 0.26 standard deviations, between the lowest and highest categories), and the crude proportion developing breast cancer was similar across categories (0.95%, 0.89% and 0.94%).
