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Abstract

Background
Breast cancer is the most frequently diagnosed malignancy among women worldwide. Tumor characteristics at diagnosis vary considerably and may be
shaped by biological, reproductive, and demographic factors. This study assessed whether reproductive and familial history are independently associated
with tumor characteristics, with emphasis on proliferative activity at diagnosis.

Methods
We conducted a retrospective single-center study of 321 women diagnosed with breast cancer between 2017 and 2020 at Imam Hossein Hospital in Tehran,
Iran. Tumor-related variables were abstracted from medical records, and reproductive and familial history variables were obtained from medical records
when available and supplemented by structured telephone interviews when necessary. Associations between reproductive and familial factors and tumor
characteristics (using Ki67 as the primary outcome) were evaluated using multivariable regression models appropriate to outcome type.

Results
Age was consistently associated with Ki67 and with prespecified secondary outcomes, including tumor grade, tumor size category, and metastatic disease
at diagnosis. In adjusted analyses, each additional year of age was associated with an approximate 0.4 percentage-point decrease in Ki67, higher odds of
metastatic disease at diagnosis, and lower odds of grade 3 tumors. No reproductive or familial history variables showed consistent independent
associations with tumor characteristics after multivariable adjustment.

Conclusion
Age emerged as the primary factor related to tumor proliferative activity and selected tumor characteristics at diagnosis, whereas reproductive and familial
history variables showed no independent associations after adjustment. Overall, the findings emphasize the importance of age-related influences in breast
cancer presentation and support further investigation in larger populations to inform age-responsive risk assessment and early detection strategies.

Introduction
Breast cancer (BC) is the most commonly diagnosed malignancy among women worldwide (1). According to GLOBOCAN 2022, breast cancer accounted for
approximately 2.3 million new cases and 666,000 deaths globally (1). Understanding factors associated not only with breast cancer risk but also with tumor
characteristics at diagnosis remains central to cancer control efforts, as tumor phenotype at presentation is clinically important and varies across clinically
relevant tumor characteristics (2, 3).

Epidemiologic studies have identified numerous factors associated with breast cancer risk, including lifestyle-related exposures, reproductive and hormonal
factors, and non-modifiable characteristics such as genetic background and family history (3–5). However, risk factors for disease occurrence do not
necessarily correspond to determinants of tumor biology or tumor characteristics at diagnosis. In Iran, a systematic review reported associations between
several reproductive and lifestyle factors and breast cancer risk, while breastfeeding, physical activity, and selected dietary patterns were associated with
lower risk (6). Whether similar factors are independently associated with tumor characteristics at diagnosis remains less well defined.

Reproductive and familial characteristics have also been implicated in shaping breast cancer biology. Parity and breastfeeding have been associated with
differences in tumor subtype distribution and, in some studies, with lower prevalence of aggressive tumor phenotypes (7, 8). Familial factors such as birth
order and parental age have been explored primarily in relation to breast cancer risk, whereas their potential associations with tumor characteristics at
presentation are less well understood and findings have been inconsistent across populations (9).

Tumor biomarkers and histopathologic features play a central role in breast cancer classification, prognosis, and treatment selection. Estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2) status are routinely assessed at diagnosis and provide critical prognostic
and predictive information(10–14). Ki67, a marker of cellular proliferation, is widely used to assess tumor growth fraction and aggressiveness. Higher Ki67
levels are generally associated with poorer prognosis, although its clinical interpretation may vary according to tumor subtype and treatment context(15).

Given the heterogeneity of breast cancer and ongoing uncertainty regarding the independent contribution of reproductive and familial factors to tumor
phenotype at diagnosis, we conducted a retrospective study among Iranian women with breast cancer. The primary objective was to evaluate whether
reproductive and familial factors are independently associated with tumor proliferative activity, measured by Ki67, after adjustment for age. Secondary
objectives were to examine associations with tumor grade and metastatic disease at diagnosis.

Materials and Methods
Study Design

This was a retrospective, single-center observational study of women diagnosed with breast cancer between 2017 and 2020 at Imam Hossein Hospital in
Tehran, Iran. The study evaluated associations between selected reproductive and familial factors and tumor characteristics at diagnosis.
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Population and Data Collection

A total of 321 women with a diagnosis of breast cancer were included in this retrospective cross-sectional study. Analyses were conducted using a
complete-case approach for each outcome; therefore, analytic sample sizes varied across models depending on outcome availability.

Tumor-related variables at diagnosis, including TNM stage (AJCC 8th edition), estrogen receptor (ER), progesterone receptor (PR), human epidermal growth
factor receptor 2 (HER2) status, tumor grade, and Ki67 percentage, were abstracted exclusively from pathology and clinical records.

Reproductive and familial factors, including parity, breastfeeding history, parental age, birth order, and pregnancy intervals, were obtained from medical
records when available and were supplemented by structured telephone interviews when necessary.

The interview questionnaire, which served as the data collection tool, was specifically developed for this study based on a review of scientific evidence and
was not adapted from any previously published instrument. An English version of the questionnaire is provided as a supplementary file (Supplementary
Material 1).

Given the retrospective design and partial reliance on self-reported reproductive history data, the potential recall bias was considered in the interpretation of
the results.

Statistical Analysis
Statistical analyses were performed using SPSS version 20 (IBM Corp., Armonk, NY, USA). Continuous variables are presented as mean (standard deviation)
and median (range), and categorical variables as frequency (percentage).

The primary outcome was Ki67 (%) at diagnosis, analyzed as a continuous variable using linear regression. Secondary outcomes were tumor grade (grade 3
vs grades 1–2) and metastatic disease at diagnosis (present vs absent), analyzed using binary logistic regression. Analyses of receptor status (ER, PR,
HER2), tumor size category, and nodal status category were considered exploratory and are reported in the Supplementary Material; ordinal logistic
regression was used for ordered categorical outcomes (tumor size and nodal status).

Multivariable models adjusted for age and a prespecified set of reproductive and familial covariates selected a priori based on clinical relevance, including
number of siblings, number of children, breastfeeding duration during infancy, cumulative breastfeeding duration for own children, parental age, age at first
pregnancy, maternal pregnancy interval, patient pregnancy interval, and birth order. Analyses were conducted using complete-case analysis for each
outcome; participants with missing outcome data were excluded from the corresponding models.

All tests were two-sided. Results are reported as β coefficients (linear regression) or odds ratios (logistic regression) with 95% confidence intervals. Given the
prespecified outcome hierarchy and the exploratory nature of secondary and exploratory analyses, emphasis was placed on effect estimates and confidence
intervals rather than formal adjustment for multiple comparisons.

Model assumptions were assessed. For linear regression models, linearity was evaluated using residual-versus-fitted plots, normality of residuals using Q-Q
plots, and homoscedasticity by inspection of standardized residuals. For ordinal logistic regression models, the proportional odds assumption was assessed
using the Brant test and was satisfied for all fitted models.

This study is reported in accordance with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement for observational
studies(16).

Results

Baseline characteristics
The analysis included 321 women diagnosed with breast cancer, with a mean age of 52.5 years (SD, 11.5). At diagnosis, approximately one quarter of
patients (25.9%) had metastatic disease. The distribution of tumor grade and biomarker characteristics reflected a predominance of intermediate-grade
tumors, with wide variability in tumor proliferative activity as measured by Ki67. Baseline demographic, reproductive, and clinicopathologic characteristics of
the study population are summarized in Table 1. A small proportion of tumor-related variables had unknown values and were excluded from the
corresponding regression analyses.

Table 1. Baseline demographic, reproductive, and clinicopathologic characteristics of the study population (n=321)
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Continuous variables

Variable Mean (SD) Median (Range)

Age, years 52.5 (11.5) 52 (25–87)

Number of siblings 5.4 (2.6) 5 (1–16)

Number of children 2.7 (1.5) 2 (1–10)

Duration of breastfeeding during infancy (patient as infant), years 1.8 (0.6) 2 (0–3)

Cumulative duration of breastfeeding (own children), years 3.9 (2.6) 4 (0–16)

Mother’s age, years 26.0 (7.7) 25 (12–53)

Father’s age, years 33.4 (8.9) 32 (16–60)

Age at first pregnancy, years 22.7 (5.6) 22 (10–47)

Mother’s pregnancy interval, years 13.7 (7.0) 13 (1–40)

Patient pregnancy interval, years 9.8 (6.3) 9 (2–35)

Birth order 3.3 (2.2) 3 (1–13)

Ki67, % 26 (18) 20 (2–95)

Tumor characteristics

Variable n (%)

Histologic grade

  Grade 1 17 (5.3)

  Grade 2 238 (74.1)

  Grade 3 45 (14.0)

  Unknown 21 (6.5)*

ER status

  Negative 75 (23.4)

  Positive 246 (76.6)

PR status

  Negative 99 (30.8)

  Positive 222 (69.2)

HER2 status

  Negative 216 (67.3)

  Positive 105 (32.7)

Nodal status

  N0 120 (37.4)

  N1 121 (37.7)

  N2 54 (16.8)

  N3 24 (7.5)

  Unknown 2 (0.6)*

Tumor size

  T1 66 (20.6)

  T2 203 (63.2)

  T3 41 (12.8)

  T4 8 (2.5)

  Unknown 3 (0.9)*

Metastatic disease at diagnosis

  Absent 236 (73.5)
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  Present 83 (25.9)

  Unknown 2 (0.6)*

• Duration of breastfeeding during infancy refers to the reported duration of breastfeeding when the patient was an infant.

• Mother’s pregnancy interval refers to the interval between the mother’s pregnancies preceding and following the index patient.

• Patient pregnancy interval was defined as the time (in years) between the first and last pregnancy.• Percentages are calculated based on the total study
population unless otherwise indicated.

• *Categories with unknown values were excluded from regression analyses.

Ki67 (%)
In univariable linear regression analyses, increasing age and longer cumulative duration of breastfeeding were associated with lower Ki67 percentage. In
multivariable models adjusting for age and prespecified reproductive and familial covariates, increasing age remained independently associated with lower
tumor proliferative activity, corresponding to an approximate 0.4 percentage-point decrease in Ki67 per additional year of age (Table 2). In contrast, the
association between cumulative breastfeeding duration and Ki67 was attenuated and did not persist after adjustment. No other reproductive or familial
history variables showed evidence of independent associations with Ki67 after adjustment.

Table 2. Univariable and multivariable linear regression analyses for factors associated with Ki67 (%) at diagnosis

Variable Univariable β (95% CI) p-value Multivariable β (95% CI) p-value

Age, years -0.003 (-0.004 to -0.001) 0.004 -0.004 (-0.007 to -0.002) 0.001

Number of siblings 0.002 (-0.005 to 0.010) 0.54 — —

Number of children -0.002 (-0.020 to 0.010) 0.72 — —

Duration of breastfeeding during infancy (patient as infant), years -0.020 (-0.060 to 0.020) 0.29 — —

Cumulative duration of breastfeeding (own children), years -0.010 (-0.020 to -0.001) 0.03 -0.006 (-0.020 to 0.010) 0.37

Mother’s age, years 0.002 (-0.001 to 0.005) 0.24 0.001 (-0.003 to 0.004) 0.86

Father’s age, years 0.001 (-0.001 to 0.004) 0.31 — —

Age at first pregnancy, years -0.001 (-0.005 to 0.003) 0.52 — —

Mother’s pregnancy interval, years -0.002 (-0.006 to 0.001) 0.17 -0.002 (-0.006 to 0.001) 0.20

Patient pregnancy interval, years -0.0005 (-0.004 to 0.003) 0.78 — —

Birth order 0.007 (-0.003 to 0.020) 0.17 0.010 (-0.002 to 0.020) 0.10

β coefficients represent the change in Ki67 percentage per one-unit increase in the predictor.

Multivariable models adjusted for age and a prespecified set of reproductive and familial covariates selected a priori based on clinical relevance. 

A negative β coefficient indicates lower Ki67 values with increasing predictor levels.

“—” indicates variables not retained in the multivariable model.

n = 321 unless otherwise indicated

ER, PR, and HER2 status
Exploratory analyses are presented in Supplementary Table S1. While several variables showed statistically significant associations with receptor status in
univariable models, these associations did not persist after multivariable adjustment, and no variable demonstrated a consistent independent association
across models. 

Tumor size, nodal status, metastasis, and tumor grade
In univariable analyses, increasing age was associated with tumor size category. In multivariable ordinal logistic regression analyses adjusting for age and
prespecified reproductive and familial covariates, increasing age remained independently associated with tumor size, with each additional year of age
corresponding to approximately 4% lower odds of being in a higher (more advanced) tumor size category (Table 3).

No demographic, reproductive, or familial history variables were independently associated with nodal status in univariable or multivariable ordinal logistic
regression analyses.
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With respect to metastatic disease at diagnosis, no variables showed a statistically significant association with metastatic disease in univariable analyses. In
multivariable logistic regression analysis, increasing age was independently associated with metastatic disease, with each additional year of age
corresponding to approximately 3% higher odds of metastasis at diagnosis (Table 3).

Similarly, no reproductive or familial history variables were associated with tumor grade in univariable analyses. In multivariable logistic regression analysis,
increasing age was independently associated with tumor grade, with each additional year of age corresponding to approximately 3% lower odds of grade 3
disease compared with grades 1–2 (Table 3).

Table 3. Univariable and multivariable regression analyses of age and reproductive/familial factors in relation to tumor size, nodal status, metastatic disease,
and tumor grade at diagnosis

Variable Univariable
OR (95%
CI) Tumor
Size

p Multivariable
OR (95% CI)
Tumor Size

p Univariable
OR (95%
CI) Nodal
Status

p Multivariable
OR (95% CI)
Nodal
Status

p Univariable
OR (95%
CI)
Metastasis

p Multivariable
OR (95% CI)
Metastasis

p

Age, years 0.97
(0.95–
0.99)

0.04 0.96 (0.93–
0.99)

0.02 0.99
(0.97–
1.01)

0.59 — — 1.02
(1.00–
1.04)

0.11 1.03 (1.01–
1.05)

0.04

Number of
siblings

1.03
(0.94–
1.13)

0.50 — — 0.98
(0.90–
1.06)

0.65 — — 1.04
(0.94–
1.15)

0.43 — —

Number of
children

1.04
(0.90–
1.22)

0.06 1.11 (0.87–
1.42)

0.41 0.93
(0.81–
1.08)

0.37 0.95 (0.77–
1.16)

0.62 1.06
(0.89–
1.26)

0.51 — —

Duration of
breastfeeding
during
infancy
(patient as
infant), years

1.16
(0.78–
1.72)

0.47 — — 1.01
(0.70–
1.46)

0.96 — — 1.47
(0.89–
2.41)

0.13 1.28 (0.77–
2.14)

0.34

Cumulative
duration of
breastfeeding
(own
children),
years

1.01
(0.92–
1.10)

0.89 — — 0.93
(0.85–
1.01)

0.10 0.96 (0.85–
1.09)

0.53 1.05
(0.95–
1.16)

0.31 — —

Mother’s age,
years

1.00
(0.97–
1.03)

0.87 — — 0.99
(0.96–
1.02)

0.44 1.02 (0.97–
1.07)

0.43 0.99
(0.96–
1.03)

0.71 — —

Father’s age,
years

0.99
(0.96–
1.02)

0.07 0.97 (0.93–
1.00)

0.06 0.99
(0.96–
1.01)

0.29 0.97 (0.93–
1.01)

0.13 1.01
(0.98–
1.04)

0.51 — —

Age at first
pregnancy,
years

1.00
(0.96–
1.05)

0.57 — — 1.01
(0.97–
1.05)

0.72 — — 1.02
(0.97–
1.06)

0.51 — —

Mother’s
pregnancy
interval, years

1.00
(0.96–
1.03)

0.83 — — 1.00
(0.96–
1.03)

0.80 — — 1.03
(0.99–
1.07)

0.14 1.02 (0.98–
1.07)

0.29

Patient
pregnancy
interval, years

0.97
(0.93–
1.02)

0.22 0.99 (0.93–
1.04)

0.67 1.01
(0.97–
1.05)

0.51 — — 1.02
(0.97–
1.07)

0.41 — —

Birth order 1.07
(0.96–
1.19)

0.20 1.10 (0.96–
1.26)

0.40 0.97
(0.88–
1.06)

0.47 — — 0.94
(0.83–
1.06)

0.31 — —

Tumor size and nodal status were analyzed using ordinal logistic regression (AJCC categories).

Metastasis at diagnosis and tumor grade were analyzed using binary logistic regression (tumor grade: grade 3 vs grades 1–2).

Odds ratios >1 indicate higher odds of more advanced disease or higher category, depending on the outcome.

Multivariable models were adjusted for age and selected reproductive and familial covariates identified a priori.

“—” indicates variables not retained in the multivariable model.

Sample sizes vary due to exclusion of cases with missing outcome data.

Discussion
Principal Findings
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In this retrospective single-center study of 321 women with breast cancer, age at diagnosis emerged as the most consistent factor associated with tumor
characteristics at presentation. Increasing age was independently associated with lower tumor proliferative activity (Ki67), lower odds of grade 3 disease,
and lower odds of a more advanced tumor size category, while being associated with higher odds of metastatic disease at diagnosis. In contrast,
reproductive and familial factors did not demonstrate consistent independent associations with tumor characteristics after multivariable adjustment.

Ki67

In this single-center study, increasing age at diagnosis was independently associated with lower tumor proliferative activity, as reflected by Ki67, even after
adjustment for prespecified reproductive and familial covariates. This pattern is broadly concordant with the established observation that breast cancers
arising at younger ages tend to display higher proliferation and other aggressive biological features, and with evidence supporting Ki67 as a clinically
meaningful marker of tumor biology and prognosis in breast cancer (17). An alternative explanation that may contribute to the observed age-Ki67 gradient is
compositional: age may correlate with unmeasured tumor subtype distributions (e.g., luminal versus non-luminal disease) and treatment or referral
pathways, which could influence measured proliferation at diagnosis(18, 19). In our analyses, the univariable association between cumulative breastfeeding
duration and lower Ki67 did not persist after adjustment, suggesting that any apparent relationship between breastfeeding history and proliferation in this
dataset may be explained by age or other correlated reproductive factors rather than an independent effect.

Tumor grade

We additionally observed that increasing age was associated with lower odds of grade 3 disease (vs grades 1–2) in adjusted analyses. This finding aligns
with literature describing age-related differences in tumor differentiation and subtype patterns, in which older age groups more commonly present with
biologically indolent phenotypes(18, 19). At the same time, grade is an imperfect proxy for tumor aggressiveness and may capture different biological axes
than proliferation (Ki67), which can vary substantially within the same grade category. Differences in grading practices, interobserver variability, and the
relatively small number of grade 1 tumors in this study (necessitating a binary grade outcome) may also partly explain why the age–grade association
observed here could differ in magnitude or direction from other settings.

Metastatic disease at diagnosis

In contrast to the inverse associations observed between age and both Ki67 and grade 3 disease, increasing age was independently associated with higher
odds of metastatic disease at diagnosis in adjusted analyses. This divergence indicates that associations between age and tumor biological characteristics
do not necessarily parallel associations with disease extent at presentation. Consistent with this finding, population-based data have reported an increasing
proportion of metastatic breast cancer at diagnosis with advancing age, with substantially higher rates observed among the oldest age groups (20). In the
present study, no reproductive or familial history variables were independently associated with metastatic disease, suggesting that these factors did not
explain variation in metastatic presentation within this study. Because information on screening practices, diagnostic pathways, and timing of presentation
was not available, the observed association between age and metastatic disease should be interpreted descriptively rather than causally.

Integrated interpretation and context

Taken together, our findings indicate that age is a consistent correlate of multiple dimensions of breast cancer presentation at diagnosis in this study,
although not in a uniform direction. Increasing age was associated with lower tumor proliferative activity (Ki67) and lower odds of high-grade disease, while
simultaneously being associated with higher odds of metastatic disease at presentation. In contrast, reproductive and familial history variables did not
demonstrate consistent independent associations with tumor characteristics after multivariable adjustment. These patterns suggest that age captures both
biological variation in tumor phenotype and non-biological influences related to disease detection and presentation.

The inverse associations between age and tumor proliferative activity or grade observed in this study are broadly concordant with prior epidemiologic and
molecular literature describing age-related heterogeneity in breast cancer biology(18, 21). Previous studies have shown that established breast cancer risk
factors may exhibit differential associations across clinically relevant tumor features rather than exerting uniform effects across all disease dimensions.
Within this context, the absence of independent associations between reproductive or familial history variables and tumor characteristics after adjustment is
consistent with reports suggesting that unadjusted associations may reflect confounding by age or correlated reproductive patterns rather than direct
biological effects.

Importantly, the concurrent association of older age with lower proliferative and lower-grade tumors yet higher odds of metastatic disease underscores the
distinction between intrinsic tumor biological features and disease extent at diagnosis. Tumor biology and stage at presentation, although related, represent
partially independent dimensions of breast cancer characterization. Age-related differences in screening participation, diagnostic delay, comorbidity burden,
or healthcare access (factors not captured in the present dataset) may contribute to the higher likelihood of metastatic disease among older patients despite
less aggressive tumor biology. These findings emphasize the importance of interpreting age-related associations across tumor characteristics collectively
rather than in isolation when evaluating observational data at diagnosis.

In contrast, reproductive and familial history variables did not demonstrate consistent independent associations with tumor characteristics after
multivariable adjustment. Familial structure variables such as sibling number, birth order, and parental age also showed no independent associations,
suggesting limited influence on tumor phenotype at diagnosis in this study. Although our findings indicated no direct associations between reproductive
history or familial risk factors and tumor pathologic characteristics (e.g., grade, stage, or molecular phenotype), several epidemiologic studies have reported
subtype-specific relationships. A large systematic review and meta-analysis found that later age at first birth, nulliparity/low parity, and breastfeeding were
differentially associated with risks across luminal A/B, HER2-positive, and triple-negative breast cancers, with inconsistent strength and direction across
studies (22). Similarly, another meta-analysis of 75 studies reported that reproductive factors—including age at menarche, age at first childbirth, parity,
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breastfeeding, and age at menopause—were associated with varying risks across molecular subtypes, with stronger associations for luminal and HER2-
positive tumors than triple-negative disease (23).

Additional observational evidence supports subtype-specific reproductive effects; for example, parity and age at first birth have been linked to different odds
of triple-negative versus luminal A tumors in case-only analyses (24). These discrepancies with our results may be explained by methodological and
contextual differences. First, studies vary in how reproductive and familial variables are defined and measured (e.g., continuous vs categorical age at first
birth). Second, many prior analyses used unadjusted or minimally adjusted estimates, whereas our multivariable models controlled for age and other
confounders, which may attenuate or eliminate apparent associations. Third, differences in population structure, genetic background, lifestyle, and access to
health care across study settings can generate heterogeneous patterns of association, since reproductive behaviors and screening practices differ widely
between populations.

Our findings, indicating that older age is associated with higher odds of metastatic disease at diagnosis, underscore the need for public health policies that
go beyond general population-based screening and integrate risk assessment based on personal and familial history into the care pathway. In addition to
regular mammography screening for the average-risk population, which has been shown to improve early detection and reduce mortality(25), the World
Health Organization (WHO) emphasizes that early detection strategies should include increasing public awareness, improving access to diagnostic services,
and strengthening rapid referral pathways to reduce diagnostic delays and improve clinical outcomes(26). For women at higher risk, targeted early screening
and supplementary imaging are recommended; Established risk assessment tools, such as the National Cancer Institute Breast Cancer Risk Assessment
Tool, as well as models like Gail, Tyrer-Cuzick, and BRCAPRO, can help identify women at elevated risk and determine who may benefit from earlier screening,
shorter intervals, or supplemental imaging like MRI (27). Moreover, to reduce metastatic diagnoses in older individuals or populations with limited access to
healthcare services, strengthening rapid diagnostic pathways is crucial, as healthcare systems with integrated diagnostic pathways have been shown to
reduce diagnostic delays and lower the rates of advanced-stage disease (28). This multi-level approach, which includes general population screening,
personal and familial risk assessment, targeted screening, and rapid referral pathways, can improve early detection, optimize healthcare resource allocation,
and reduce the burden of late-stage diagnoses.

Methodological Context

This study employed a retrospective observational design with outcome-specific regression models and prespecified covariate adjustment to address
potential confounding. Exploratory analyses were defined a priori, and all analyses were conducted in accordance with STROBE reporting guidelines.

Strengths and Limitations

The strengths of this study include detailed assessment of reproductive and familial history variables, comprehensive evaluation of tumor characteristics at
diagnosis, and use of regression models appropriate to outcome type with explicit assessment of model assumptions.

However, several limitations warrant consideration.

The retrospective, single-center design limits generalizability.

Partial reliance on telephone interviews for reproductive history data introduces the potential for recall bias.

Information on screening practices, diagnostic delay, socioeconomic status, and healthcare access was not available, which may have influenced
associations with stage-related outcomes such as metastatic disease at diagnosis.

Age at menarche was not available in our records and was not collected due to concerns about recall bias, although it has been associated with subtype-
specific breast cancer risk in a recent systematic review and meta-analysis and with more aggressive tumor features in a recent observational study(23, 29).

Additionally, limited sample sizes in certain subgroups may have reduced statistical power to detect modest associations.

Conclusion
This study contributes to a more nuanced understanding of how patient age shapes breast cancer presentation, with important implications for
epidemiologic research and cancer control strategies. Rather than supporting uniform effects of established reproductive or familial risk factors on tumor
characteristics, our findings emphasize the relevance of tumor heterogeneity and the distinction between intrinsic tumor biology and disease extent at
diagnosis. Within this framework, age likely reflects a combination of biological processes, clinical factors, and health system–related influences that extend
beyond traditional risk profiles. From a public health and policy perspective, these results highlight the need to move beyond one-size-fits-all screening
paradigms toward age-responsive and risk-informed early detection strategies, including timely diagnostic pathways and improved access to services for
older populations. Integrating individualized risk assessment with population-level screening and strengthening diagnostic referral systems may help reduce
late-stage presentation and improve equity in breast cancer outcomes. Future research linking life-course risk factors with healthcare access and system
performance will be critical to informing more effective, targeted breast cancer prevention, and early detection policies.
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