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Background: High mammographic breast density (MBD) reflects cumulative exposure to sex hormones. While it is well established that
breast density declines during the menopausal transition, the association between baseline MBD and the subsequent timing of natural menopause
remains underexplored. We investigated the relationship between baseline MBD and incident natural menopause in Korean women.
Methods: We conducted a retrospective cohort study using the Korean National Health Insurance Service database. A total of 428,998
premenopausal women aged 4055 years who underwent breast cancer screening in 2009 were included. Baseline MBD was classified
using the BI-RADS system. Incident natural menopause was defined by consistent self-reports across at least two subsequent
screenings (2011-2013). Multivariate logistic regression models were used to estimate odds ratios (ORs) for incident menopause,
adjusting for confounders including age, BMI, and reproductive history.

Results: A total of 73,599 women (17.16%) experienced natural menopause. Higher MBD was associated with progressively lower
odds of incident menopause. Women with extremely dense breasts exhibited the lowest likelihood of reaching menopause (adjusted
OR 0.8, 95% CI 0.77-0.83), indicating a delayed menopausal transition. Stratified analyses revealed that the inverse association was
more pronounced in women age <50 years and those with late menarche (>13 years).

Conclusion: High premenopausal MBD was independently and inversely associated with the incidence of natural menopause,
suggesting a potential link between dense fibroglandular tissue and variations in reproductive aging. Clinically, baseline MBD
could potentially serve as a readily available indicator to evaluate reproductive aging patterns, aiding in more personalized health
counseling regarding reproductive health and surveillance strategies.
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Introduction

Mammographic breast density, which refers to the amount of radiologically dense, fibro—glandular and stromal tissue in the
breast, is well-defined as one of the strongest risk factors for breast cancer.' > Women with high breast density are known to
have four— to six—fold greater risk of breast cancer than women with low density, fatty breasts.' The underlying mechanism
behind this association of mammographic density with breast cancer risk is currently unclear, but is hypothesized to be closely
related to cumulative lifetime exposure to sex hormones, particularly estrogen.*”
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Mammographic breast density is known to be influenced by various demographic and reproductive factors. Age and
body mass index (BMI) are inversely associated with breast density,™’ whereas nulliparity, late first birth, and hormone

10—

replacement therapy are typically associated with higher density.'®"'® The most dramatic changes in breast density occur

during the menopausal transition. As ovarian function ceases and circulating estrogen and progesterone levels decline,
the glandular tissue in the breast regresses and is replaced by fat, leading to a decrease in mammographic density.'*'>

However, while the effect of menopause on accelerating the decline of breast density is well documented, the reverse
clinical question — whether baseline breast density can serve as an indicator of the subsequent timing of natural
menopause — remains largely underexplored. Biologically, it is possible to hypothesize that the maintenance of high
breast density might reflect sustained ovarian function and a more robust hormone profile.®'° If validated, establishing
this relationship could carry important clinical implications, as the timing of menopause has profound implications for
long—term health outcomes, including cardiovascular disease and osteoporosis.'”'® While previous literature has hinted
at shared hormonal pathways, large—scale longitudinal studies clarifying this association are lacking, especially in Asian
populations where breast density is generally higher than in Western populations.'®?® Therefore, this study aims to
evaluate the potential association between baseline mammographic breast density and the incidence of natural meno-
pause in a large cohort of premenopausal Korean women.

Materials and Methods

Study Design and Data Source

This study is a large—scale, retrospective cohort study using data from the National Health Screening Program (NHSP) of
the National Health Insurance Service (NHIS) in Korea. The NHIS provides mandatory universal health insurance
coverage for about 97% of the total South Korean population. As part of this service, the NHSP offers biennial health
examinations to all individuals aged 40 years or older. The database contains comprehensive health screening informa-
tion, sociodemographic variables, medical claims, and questionnaire-based health and lifestyle information. The data is
open for use for research through anonymization and deidentification of the subjects.

Study Population

A total of 3,109,491 women aged > 40 years who participated in the national health and cancer screening programs
between January and December 2009 were initially screened. From this cohort, we first included only women aged < 55
years at baseline (n = 1,726,373) to focus on the perimenopausal period. We then excluded those with missing
information on their menopausal status (n = 45,120) and those who were already postmenopausal at baseline (n =
622,066). To ascertain the menopause outcome, we included only participants who underwent at least two follow—up
health screenings between 2011 and 2013 (n = 592,569). Finally, we excluded individuals with missing or implausible
data for key covariates, such as age at menarche and other reproductive history variables. A final study population of
428,998 premenopausal women was included in the analysis (Figure 1).

Exposure Assessment: Breast Density

The primary exposure was mammographic breast density, assessed at the baseline health screening in 2009. Breast
density was categorized by radiologists according to the American College of Radiology’s Breast Imaging—Reporting and
Data System (BI-RADS) into four groups based on the percentage of fibroglandular tissue:*'

< 25% (Almost entirely fatty)

25-50% (Scattered areas of fibroglandular density)
51-75% (Heterogeneously dense)

76-100% (Extremely dense)

b

For our analysis, we used these four categories, with the < 25% group serving as the reference.
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Women (aged = 40 years) who participated in
the National health examination between
January 2009 to December 2009 (n = 3,109,491)

Women (aged > 55 years)
(n=1,383,118)

A 4

Missing data on menopausal status
(n =45,120)

> Postmenopausal at baseline
(n =622,066)

A 4

Premenopausal women
(n=1,059,187)

Less than two follow-up health
screenings between 2011 and 2013
(n = 466,618)

\ 4

Missing or implausible data for key
> covariates
(n=163,571)

\ 4

Women included in the final analysis
(n =428,998)

Figure | Study participant selection flowchart.

Outcome Ascertainment: Menopause

The primary outcome of the study was incident natural menopause. Menopause status was determined based on self—
reported questionnaires administered during the follow—up health screenings from 2011 to 2013. To ensure the reliability
of the outcome, menopause was strictly defined as participants who reported being “menopausal” on at least two separate
occasions in the health screenings conducted between 2011 and 2013.

Other Baseline Characteristics

Data on a range of potential confounders was collected from the baseline health screening questionnaires and examina-
tions in 2009. Demographic and socioeconomic factors included age and income level (25" percentile or medical aid
beneficiary). Body mass index (BMI) was calculated with participants’ height and weight. Lifestyle factors included
smoking status, alcohol consumption, and regular physical activity level (moderate exercise for >5 days or vigorous
exercise for >3 days per week). Reproductive history included age at menarche, parity (number of live births),
breastfeeding history, and history of oral contraceptive use. All baseline anthropometric and physiological parameters,
including waist circumference, systolic blood pressure (SBP), and diastolic blood pressure (DBP), were acquired as
single—time—point measurements on the specific day of the 2009 baseline health examination.

Statistical Analysis
For the baseline characteristics, we used the Chi—square test for categorical variables and one—way analysis of variance
(ANOVA) for continuous variables to compare characteristics across the four breast density groups.

To investigate the association between breast density and incident menopause, we used multivariate logistic regres-
sion models to calculate odds ratios (ORs) with 95% confidence intervals (CIs). Logistic regression was selected over
time—to—event analyses, because menopausal status was assessed at discrete intervals via biennial health screening
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questionnaires rather than continuous, exact—date tracking. We developed a series of nested models to adjust for potential
confounders (Model 1: non—adjusted; Model 2: adjusted for age; Model 3: adjusted for age, income, smoking, regular
exercise; Model 4: adjusted for variables in model 3 plus diabetes mellitus, hypertension, dyslipidemia, and chronic
kidney disease; Model 5: adjusted for variables in mode 4 plus age at menarche, parity, breastfeeding, and oral
contraceptive). Covariates for the nested multivariate models were selected based on known epidemiological associations
with ovarian aging.

Finally, we conducted stratified analyses to assess whether the association between breast density and menopause was
consistent across different subgroups, including age (<50 vs. >50 years), age at menarche (<13 vs. >13 years), parity,
breastfeeding history, and oral contraceptive use duration (<1 vs. >1 year).

Statistical significance was defined as p < 0.05. Statistical analyses were performed using SAS, version 9.4 (SAS
Institute In., Cary, NC, USA).

Statement of Ethics

This study was conducted using fully anonymized data provided by the NHIS (REQ2025110855—-002). The study was
conducted in accordance with the Declaration of Helsinki and was approved by the Institutional Review Board (IRB) of
the Catholic University of Korea (KC25ZASI0761). The requirement for informed consent was waived due to the
retrospective nature of the study and the use of deidentified data.

Results

Baseline Characteristics of the Study Population

A total of 428,998 women were included in the final analysis. The baseline characteristics of the study subjects,
categorized by mammographic breast density, are presented in Table 1. The mean age of the participants was 44.99 +
3.85 years. Women with higher breast density were, on average, younger (mean age [SD], 44.37 [3.65] in the highest
density group vs. 45.7 [4.03] in the lowest density group). Higher breast density was associated with an earlier age at
menarche (menarche before age 14; 37.46% in the highest density group vs. 32.16% in the lowest density group), lower
parity (percentage of no live birth; 4.83% vs. 1.98%), and a lower likelihood of having breastfed (no history of

Table | Baseline Characteristics

Characteristics Total, No. (%) Breast Density p-value
<25% 25-50% 51-75% 76-100%
428,998 39,865 88,235 180,498 120,400
Age, mean * SD 44.99 + 3.85 45.7 + 4.03 45.49 + 3.96 44.99 + 3.82 44.37 + 3.65 <0.0001
Age group <0.0001
4044 218,256 (50.88) 17,368 (43.57) 40,328 (45.71) 91,416 (50.65) 69,144 (57.43)
45-49 141,484 (32.98) 13,608 (34.14) 30,104 (34.12) 60,247 (33.38) 37,525 (31.17)
50-51 43,119 (10.05) 5163 (12.95) 10,588 (12) 18,183 (10.07) 9185 (7.63)
52-53 19,606 (4.57) 2644 (6.63) 5294 (6) 8080 (4.48) 3588 (2.98)
54-55 6533 (1.52) 1082 (2.71) 1,921 (2.18) 2572 (1.42) 958 (0.8)
Obesity 102,115 (23.8) 14,373 (36.05) 28,038 (31.78) 41,276 (22.87) 18,428 (15.31) <0.0001
Smoking 0.0088
Non 410,393 (95.66) 38,210 (95.85) 84,288 (95.53) 172,708 (95.68) 115,187 (95.67)
Ex 6320 (1.47) 518 (1.3) 1301 (1.47) 2713 (1.5) 1788 (1.49)
Current 12,285 (2.86) 1137 (2.85) 2,646 (3) 5077 (2.81) 3425 (2.84)
Drinking <0.0001
Non 308,137 (71.83) 29,200 (73.25) 63,834 (72.35) 129,263 (71.61) 85,840 (71.3)
Mild 110,629 (25.79) 9609 (24.1) 22,099 (25.05) 46,927 (26) 31,994 (26.57)
Heavy 10,232 (2.39) 1056 (2.65) 2302 (2.61) 4308 (2.39) 2566 (2.13)
(Continued)
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Table | (Continued).

Characteristics Total, No. (%) Breast Density p-value
<25% 25-50% 51-75% 76-100%
428,998 39,865 88,235 180,498 120,400

Regular exercise 76,419 (17.81) 7218 (18.11) 16,128 (18.28) 32,082 (17.77) 20,991 (17.43) <0.0001
Income (lower 25%) 114,720 (26.74) 10,772 (27.02) 24,233 (27.46) 47,576 (26.36) 32,139 (26.69) <0.0001
Diabetes mellitus 14,246 (3.32) 1999 (5.01) 3795 (4.3) 5676 (3.14) 2776 (2.31) <0.0001
Hypertension 57,927 (13.5) 7338 (1841) 14,770 (16.74) 23,543 (13.04) 12,276 (10.2) <0.0001
Dyslipidemia 44,630 (10.4) 5348 (13.42) 10,858 (12.31) 18,491 (10.24) 9933 (8.25) <0.0001
CKD 10,951 (2.55) 1153 (2.89) 2195 (2.49) 4919 (2.73) 2684 (2.23) <0.0001
Age at menarche <0.0001

<12 18,492 (4.31) 1631 (4.09) 3724 (4.22) 8057 (4.46) 5080 (4.22)

<14 135,062 (31.48) 11,189 (28.07) 26,313 (29.82) 57,535 (31.88) 40,025 (33.24)

<16 196,739 (45.86) 17,858 (44.8) 40,419 (45.81) 82,549 (45.73) 55,913 (46.44)

> 16 78,705 (18.35) 9187 (23.05) 17,779 (20.15) 32,357 (17.93) 19,382 (l6.1)
Parity <0.0001

0 14,170 (3.3) 791 (1.98) 1819 (2.06) 5748 (3.18) 5812 (4.83)

| 53,913 (12.57) 4213 (10.57) 9688 (10.98) 22,736 (12.6) 17,276 (14.35)

2 360,915 (84.13) 34,861 (87.45) 76,728 (86.96) 152,014 (84.22) 97,312 (80.82)
Breast Feeding <0.0001

No 74,777 (17.43) 5640 (14.15) 13,244 (15.01) 31,584 (17.5) 24,309 (20.19)

< 6 months 103,518 (24.13) 8588 (21.54) 19,436 (22.03) 43,982 (24.37) 31,512 (26.17)

6—12 months 116,454 (27.15) 10,677 (26.78) 24,400 (27.65) 49,593 (27.48) 31,784 (26.4)

2 12 months 134,249 (31.29) 14,960 (37.53) 31,155 (35.31) 55,339 (30.66) 32,795 (27.24)
oC <0.0001

None 372,942 (86.93) 34,581 (86.75) 76,059 (86.2) 156,854 (86.9) 105,448 (87.58)

<I year 41,237 (9.61) 3699 (9.28) 8606 (9.75) 17,618 (9.76) 11,314 (9.4)

2| year 14,819 (3.45) 1585 (3.98) 3570 (4.05) 60,26 (3.34) 3638 (3.02)
Height (cm) 157.49 + 5.12 157.06 + 5.18 157.21 £ 5.14 157.52 = 5.1 157.8 + 5.1 <0.0001
Weight (kg) 5748 £79 59.8 £ 8.97 59.06 + 831 5742 £ 759 55.63 7.2 <0.0001
BMI (kg/m?) 23.17 £2.99 24.23 + 343 23.89 £+ 3.13 23.13 £2.83 2234 £ 2.69 <0.0001
Waist circumference (cm) 75.03 + 7.59 77.54 + 8.46 76.74 + 7.84 7492 + 725 73.09 + 7.03 <0.0001
SBP (mmHg) 116.86 + 14.09 118.78 = 14.71 118.39 + 14.47 116.66 + 13.99 115.42 + 13.55 <0.0001
DBP (mmHg) 7292 £ 9.84 7449 £ 10.11 73.85 % 10.01 7271 £9.78 72.02 £ 9.58 <0.0001
LDL-C (mg/dL) 112.7 + 35.36 115.24 + 40.13 114.16 + 33.65 112.78 + 343 110.66 + 36.36 <0.0001
HDL-C (mg/dL) 59.88 + 28.57 58.74 + 22.23 5851 +21.29 60.44 + 34.45 60.41 £ 25.11 <0.0001
Fasting glucose (mg/dL) 93.36 + 16.96 95.13 + 20.1 94.42 + 18.43 93.24 + 16.56 92.19 + 15.09 <0.0001
Total cholesterol (mg/dL) 191.35 + 33.66 194.85 + 35.23 193.44 + 34.49 191.27 + 33.36 188.77 + 32.73 <0.0001
eGFR (mL/min/1.73 m?) 91.99 + 17.68 91.3 %1732 92.13 + 17.37 91.74 + 1825 9249 + 17.13 <0.0001
Triglyceride (mg/dL)* 87.55 (87.42, 87.68) 94.34 (93.86, 94.82) 91.63 (91.32, 91.94) 87.43 (87.22, 87.63) 82.78 (82.56, 83.01) <0.0001

Notes: Data are expressed as the mean * SD or n (%).¥ Geometric Mean (95% ClI).
Abbreviations: CKD, chronic kidney disease; OC, oral contraceptive; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL, low—density
lipoprotein; HDL, high—density lipoprotein; eGFR, estimated glomerular filtration rate.

breastfeeding; 20.19% vs. 14.15%). There was a strong inverse relationship between breast density and measures of
adiposity. As breast density increased, mean BMI, weight, and waist circumference decreased. Meanwhile, lifestyle
factors showed varied patterns. Alcohol consumption was positively correlated with breast density, increasing from
26.75% in the lowest density group to 28.7% in the highest. The pattern for regular exercise was non-linear, peaking at
18.28% in the 25-50% density group and decreasing thereafter.

Association Between Breast Density and Incident Menopause
During the follow—up period, a total of 73,599 women (17.16%) experienced menopause. The incidence of menopause
decreased as breast density increased, from 22.85% in the lowest density group (<25%) to 12.98% in the highest density group
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(76-100%) (Table 2). The inverse association between breast density and incident menopause remained statistically
significant after adjusting for potential confounding factors in the adjusted models (Model 2—-5). In the fully adjusted model
(Model 5; adjusted for age, income, smoking, physical activity, DM, hypertension, dyslipidemia, CKD, age at menarche,
parity, breastfeeding, and OC), the odds ratios (ORs) were 0.86 (95% CI, 0.83—0.89) for the 51-75% group and 0.8 (95% CI,
0.77-0.83) for the 76-100% group, compared to the reference group of density <25%. The trend was similar, but not
statistically significant, for the 25-50% group (OR 0.97, 95% CI, 0.93-1).

Subgroup Analyses
The results of the stratified analyses across various subgroups are presented in Table 3. The inverse association between
higher breast density and lower risk of menopause was largely consistent across most subgroups. A statistically
significant interaction was observed by age group, with the association appearing stronger in women younger than 50
years old. In this group, when compared to the lowest density group, women with the highest density had 24% lower
menopausal rate (OR 0.76, 95% CI, 0.73—0.8). For women aged over 50 years, the trend was similar (OR 0.86, 95% CI,
0.81-0.91), but the magnitude of association was stronger in younger women (p for interaction = 0.0037).

A highly significant interaction was found between breast density and age at menarche (p for interaction = 0.0013).
For women with menarche at age 13 or older, there was a strong protective relationship, with the highest density group
showing a 21% lower menopausal rate (OR 0.79, 95% CI 0.77-0.82). Conversely, for women with early menarche

Table 2 Association Between Breast Density and Incident Menopause

Breast Density n Menopause | Percent Model | Model 2 Model 3 Model 4 Model 5

< 25% 39,865 9109 22.85 I (ref) I (ref) I (ref.) I (ref.) I (ref)
25-50% 88,235 18,550 21.02 0.9 (0.87, 0.93) 0.96 (0.93, 1) 0.96 (0.93, 1) 0.97 (0.93, 1) 0.97 (0.93, 1)
51-75% 180,498 30,307 16.79 0.68 (0.66,0.7) | 0.85 (0.83, 0.88) | 0.85 (0.83, 0.88) | 0.86 (0.83, 0.89) | 0.86 (0.83, 0.89)
76-100% 120,400 15,633 12.98 0.5 (0.49, 0.52) | 0.79 (0.77, 0.82) | 0.8 (0.77, 0.82) 0.8 (0.78, 0.83) 0.8 (0.77, 0.83)
p—value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Notes: Model |I: Non-adjusted. Model 2: Age. Model 3: Age, income, smoking, physical activity. Model 4: Age, income, smoking, physical activity, DM, hypertension,
dyslipidemia, CKD. Model 5: Age, income, smoking, physical activity. DM, hypertension, dyslipidemia, CKD, age at menarche, parity, breastfeeding, OC.

Table 3 Subgroup Analysis of the Association Between Breast Density and Incident Menopause

Subgroup Breast Density n Menopause | Percent Model 5 p for Interaction
Age < 50 < 25% 30,976 3714 11.99 | (ref) 0.0037
25-50% 70,432 7904 11.22 0.95 (0.91, 0.99)
51-75% 151,663 14,221 9.38 0.84 (0.81, 0.88)
76-100% 106,669 8208 7.69 0.76 (0.73, 0.8)
Age = 50 < 25% 8889 5395 60.69 | (ref)
25-50% 17,803 10,646 59.8 0.99 (0.94, 1.04)
51-75% 28,835 16,086 55.79 0.88 (0.83, 0.92)
76-100% 13,731 7425 54.07 0.86 (0.81, 0.91)
Income, Q2-Q4 <25% 29,093 6565 2257 | (ref) 0.8723
25-50% 64,002 13,361 20.88 0.97 (0.93, 1.01)
51-75% 132,922 22,037 16.58 0.86 (0.82, 0.89)
76-100% 88,261 11,212 12.7 0.8 (0.76, 0.83)
Income, QI (low) < 25% 10,772 2544 23.62 | (ref)
25-50% 24,233 5189 21.41 0.96 (0.9, 1.03)
51-75% 47,576 8270 17.38 0.86 (0.81, 0.92)
76-100% 32,139 4421 13.76 0.81 (0.76, 0.87)
(Continued)
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Table 3 (Continued).

Subgroup Breast Density n Menopause | Percent Model 5 p for Interaction
DM, No < 25% 37,866 8500 2245 I (ref) 0.7501
25-50% 84,440 17,512 20.74 0.97 (0.93, 1)
51-75% 174,822 29,014 16.6 0.86 (0.83, 0.89)
76-100% 117,624 15,144 12.87 0.8 (0.77, 0.83)
DM, Yes < 25% 1999 609 3047 I (ref)
25-50% 3795 1038 27.35 0.95 (0.82, I.11)
51-75% 5676 1293 22.78 0.84 (0.73, 0.97)
76-100% 2776 489 17.62 0.74 (0.63, 0.87)
CKD, No < 25% 38,712 8685 2243 | (ref) 0.0321
25-50% 86,040 17,891 20.79 0.97 (0.94, 1.01)
51-75% 175,579 29,181 16.62 0.87 (0.84, 0.89)
76-100% 117,716 15,094 12.82 0.81 (0.78, 0.84)
CKD, Yes < 25% 1153 424 36.77 I (ref)
25-50% 2195 659 30.02 0.77 (0.64, 0.93)
51-75% 4919 1,126 22.89 0.68 (0.57, 0.8)
76-100% 2684 539 20.08 0.64 (0.53, 0.77)
Age at menarche < 25% 1631 169 10.36 | (ref.) 0.0013
<13 25-50% 3724 423 11.36 1.5 (1.19, 1.88)
51-75% 8057 717 8.9 1.27 (1.03, 1.57)
76-100% 5080 329 6.48 1.15 (0.91, 1.46)
Age at menarche < 25% 38,234 8940 23.38 I (ref.)
23 25-50% 84,511 18,127 21.45 0.96 (0.92, 0.99)
51-75% 172,441 29,590 17.16 0.85 (0.82, 0.88)
76-100% 115,320 15,304 13.27 0.79 (0.77, 0.82)
Parity, No < 25% 791 121 153 I (ref) 0.4572
25-50% 1819 294 16.16 1.07 (0.8, 1.43)
51-75% 5748 795 13.83 1.03 (0.8, 1.34)
76-100% 5812 564 9.7 0.95 (0.73, 1.24)
Parity, Yes < 25% 39,074 8988 23 | (ref.)
25-50% 86,416 18,256 21.13 0.96 (0.93, 0.99)
51-75% 174,750 29,512 16.89 0.85 (0.83, 0.88)
76-100% 114,588 15,069 13.15 0.8 (0.77, 0.83)
Breastfeeding, No < 25% 5640 861 15.27 I (ref) 0.1289
25-50% 13,244 1922 14.51 0.98 (0.88, 1.09)
51-75% 31,584 4008 12.69 0.93 (0.84, 1.02)
76-100% 24,309 2403 9.89 0.86 (0.78, 0.95)
Breastfeeding, Yes < 25% 34,225 8248 24.1 I (ref)
25-50% 74,991 16,628 22.17 0.96 (0.93, 1)
51-75% 148,914 26,299 17.66 0.85 (0.82, 0.88)
76-100% 96,091 13,230 13.77 0.79 (0.76, 0.82)
OC < | year < 25% 38,280 8714 22.76 I (ref) 0.2522
25-50% 84,665 17,742 20.96 0.97 (0.93, 1)
51-75% 174,472 29,119 16.69 0.85 (0.83, 0.88)
76-100% 116,762 15,068 12.9 0.8 (0.77, 0.83)
OC 2 | year < 25% 1585 395 24.92 I (ref.)
25-50% 3570 808 22.63 0.99 (0.83, 1.17)
51-75% 6026 1188 19.71 0.95 (0.81, 1.12)
76-100% 3638 565 15.53 0.912 (0.765, 1.087)
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(before age 13), this protective effect was reversed. The 25-50% density group showed a statistically significant 50%
increase in menopausal rate (OR 1.5, 95% CI 1.19-1.88), and the 51-75% density group showed a 27% increased rate
(OR 1.27, 95% CI 1.03-1.57).

Other subgroups related to reproductive factors also showed similar inverse relationship between breast density and
menopausal risk. However, in contrast to age and age at menarche, they did not show statistically significant interactions.
The association was consistent regardless of parity (p for interaction = 0.4572), and breastfeeding history (p for
interaction = 0.1289).

Discussion

In this large—scale retrospective cohort study of 428,998 premenopausal Korean women, we found a significant inverse
association between baseline mammographic breast density and the incidence of natural menopause. Women with higher
breast density were less likely to experience menopause during the follow—up health screening period compared to those
with lower density, suggesting that high mammographic breast density may serve as a clinical indicator of a later onset of
menopause. In the fully adjusted model (adjusted for multiple confounders, including age, BMI, and reproductive
history), women with extremely dense breasts (76-100%) had a 20% lower likelihood of experiencing menopause
compared to those with fatty breasts (< 25%).

In Table 2, a notable shift in odds ratios was observed from the unadjusted Model 1 (OR 0.5 for the 76—-100% group) to the
age—adjusted Model 2 (OR 0.79). This substantial shift identifies chronological age as the predominant confounding factor;
younger premenopausal women naturally maintain higher breast density and are concurrently less likely to transition into
menopause within a short-term tracking window. Notably, following the initial control for age—confounding effect, the
adjusted estimates remained highly stale through Model 5. This consistency demonstrates that baseline mammographic breast
density holds a robust, independent inversed association with incident menopause.

The relationship between breast density and menopausal status has been investigated in previous studies, and there is
a well-established consensus that mammographic breast density undergoes significant involution during the menopausal
transition. Longitudinal studies have consistently demonstrated that the cessation of ovarian function leads to a decline in
fibroglandular tissue of the breasts and a corresponding increase in adipose tissue.'*!>*?2® Boyd et al'* and Engmann et al*®
showed that the rate of density decline accelerates specifically during the perimenopausal period due to the withdrawal of
estrogen and progesterone. This phenomenon appears to be universal, as a pooled analysis involving data from 22 countries
confirmed that the most rapid reduction in breast density occurs between the ages of 45 and 55, coinciding with the
menopausal transition.”” A recent longitudinal study specifically targeting middle-aged Korean women confirmed that
mammographic breast density significantly decreases in tandem with rising FSH and falling estradiol levels during the
menopausal transition.*®

However, the majority of such existing literature has focused primarily on the consequence of menopause on breast tissue.
In contrast, the potential for baseline mammographic breast density to serve as a clinical indicator for the timing of natural
menopause remains underexplored. Biologically, high mammographic breast density is closely related to cumulative lifetime
exposure to sex hormones.*'® Women with extensive fibroglandular tissue tend to have higher circulating estrogen®*’ and
insulin-like growth factor—1 (IGF-1) levels,*® which are markers of robust ovarian function. Since menopause onset is driven
by the depletion of ovarian follicles, women with dense breasts may possess a larger ovarian reserve, potentially experiencing
a delayed menopausal transition. Our results align with the biological plausibility that the maintenance of dense fibroglandular
tissue of the breasts might reflect sustained ovarian activity, ultimately correlating with a later onset of natural menopause.

Notably, this study provides unique evidence from an Asian population. It is well established that Asian women
generally exhibit higher mammographic breast density compared to Western populations, despite a lower incidence of

1920 3 paradox often attributed to smaller breast volume,®' genetic variants, and dietary differences.>**

breast cancer,
Our findings suggest that despite these baseline ethnic differences in breast tissue composition, the inverse association
between fibroglandular tissue and ovarian aging appears to be preserved across ethnic groups. Given that dense breast
tissue is highly prevalent in premenopausal Asian women, considering mammographic breast density as a potential

clinical indicator for reproductive aging may be particularly relevant in this population.
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In the subgroup analysis, we observed a significant interaction between breast density and age at screening (p for
interaction = 0.0037), indicating that the magnitude of the association varies by age group. While high breast density was
inversely associated with incident menopause in both groups, the inverse association was stronger in women younger than 50
years (OR 0.76; 95% CI, 0.73—0.8) compared to those age 50 years or older (OR 0.86; 95% CI, 0.81-0.91). This finding
suggests that mammographic breast density may serve as a more sensitive clinical indicator of ovarian biological age in
younger premenopausal women. For women under 50, retaining high breast density may reflect a more preserved ovarian
reserve relative to their chronological age, which corresponds to a later onset of menopause. In contrast, for women aged 50
and older — who are already approaching or have surpassed the average age of menopause — the dominant driver of
menopausal transition is chronological aging itself. Clinically, this implies that mammographic breast density could be
a particularly informative parameter for assessing reproductive aging and health risk stratification in women under 50.

Another notable finding in our stratified analysis was the significant interaction between breast density and age at
menarche (p for interaction = 0.0013). Among women with menarche at age 13 or older, high breast density was
associated with a delayed onset of menopause, consistent with our main findings. However, in women with early
menarche (age <13 years), this inverse association was reversed, and higher density was associated with an increased rate
of menopause. Since early menarche is known to be associated with childhood obesity and insulin resistance,*>" this
phenomenon may be due to such metabolic factors, which can independently influence both breast density®® and
menopausal timing.*® In this specific subgroup, metabolic dysregulation might alter the typical hormone—density
relationship observed in the general population. Further research is needed to validate this hypothesis and fully under-
stand how metabolic dysregulation specifically modifies the clinical relevance of breast density in this population.

The timing of menopause has profound implications for long—term health outcomes. While delayed menopause
confers benefits for cardiovascular and bone health, it also increases the risk of hormone—dependent cancers due to
prolonged estrogen exposure. Our findings imply that women with high baseline breast density may maintain this dense
tissue for a longer duration. Recent evidence by Kulturoglu et al’” demonstrated that women with persistently high breast
density who do not experience a decline over time are at a higher risk of breast cancer compared to those whose density
decreases. Therefore, the delayed involution of breasts observed in our study population highlights the importance of
prolonged vigilance and tailored screening strategies for women with dense breasts. Clinicians could consider high
mammographic breast density not only as a risk factor for breast cancer, but also as an informative factor regarding
reproductive aging to provide personalized health counseling.

The primary strength of our study is its large, population—based design, which provides robust findings that are
broadly representative of women across Korea. A methodological strength lies in the strict ascertainment of menopausal
status. By defining the outcome based on consistent self-reported responses across at least two subsequent health
screenings (2011-2013), rather than a single time—point measurement, we significantly minimized the potential for
misclassification and recall bias common in survey—based studies. Furthermore, the temporal separation between the
exposure assessment (baseline breast density in 2009) and the outcome ascertainment ensures that breast density was
measured prior to the final determination of menopausal status, thereby clarifying the directionality of the association.
Finally, the comprehensive nature of the NHIS database enabled us to adjust for a wide array of potential confounding
factors, particularly detailed reproductive history (eg, age at menarche, parity, oral contraceptive use) and metabolic
comorbidities, which are critical in analyzing ovarian aging.

Several limitations should also be acknowledged. First, the ascertainment of menopause was based on self-reported
questionnaires without biochemical confirmation (eg, FSH or estradiol levels). Although we strengthened the validity of
the outcome by requiring consistent responses across serial examinations, the potential for recall bias or misclassification
remains, compared to hormonal verification. Second, the follow—up period of 2 to 4 years from the 2009 baseline is
relatively short, which restricts our ability to track long—term menopausal timing. Third, the possibility of reverse
causation cannot be fully eliminated; because beast density naturally undergoes involution during early perimenopause,
women who were chronologically closer to menopause at baseline might have already possessed lower breast density.
Although we excluded women who reported being postmenopausal at baseline to minimize this effect, residual
confounding may persist. Additionally, potential endocrine parameters that modulate reproductive cyclicity, such as
thyroid function indicators, could not be evaluated because they are not included in the standard routine parameters of the

International Journal of Women’s Health 2026:18 https: 9



Yoon et al

National Health Screening Program, and were thus unavailable in the database. Also, the mammographic breast density
was assessed using the clinical BI-RADS classification system, rather than a quantitative, software—based measurement.
While this may introduce inter—observer variability, BI-RADS represents the standard screening tool in clinical practice,
thereby enhancing the real-world applicability of our findings. Lastly, given the observational nature of the study design,
it is difficult to establish a definitive causal link. While our findings demonstrate a strong association between breast
density and incident menopause, the question of whether it is a direct cause—and—effect relationship or is mediated by
common underlying factors remains to be elucidated.

Conclusion

Premenopausal high mammographic breast density is independently and inversely associated with the incidence of
natural menopause in Korean women, suggesting that it may reflect the rate of ovarian aging. Future long—term
longitudinal studies integrating hormonal assays are warranted to further elucidate the biological pathways linking breast
tissue composition to reproductive lifespan.
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