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Abstract 

Background. Breast cancer is etiologically heterogeneous; however, it 

remains unclear which tumor features are linked to specific risk factors. We 

conducted a large, pooled analysis to evaluate independent, dose-response 

associations between established risk factors and quantitative tumor features. 

Methods. Case-case analyses of 15,731 invasive breast cancers from 24 

studies assessed reproductive and hormonal factors, body mass index (BMI), 

alcohol, smoking, and family history in relation to quantitative immunohistochemistry 

measures on tissue microarrays (ER, PR, HER2, KI67, TP53) and histological grade, 

including dose-response trends of heterogeneity. Case-control analyses in 10 

population-based studies estimated odds ratios (ORs) for subtype-specific risk. Only 

noteworthy findings are reported, defined as Bayesian False Discovery Probability 

(BFDP) <0.2 of heterogeneity after adjustment for tumor features. 

Results. Nulliparity and later age at menopause were associated with higher 

ER-positivity (p-trend=0.021 and 0.001, respectively), with corresponding 

OR[ER+](95% CI)=1.49(1.16-1.90) for nulliparous vs. parous and 1.07(1.03-1.11) 

per 5 years. Current combined menopausal hormone therapy (MHT) use was 

associated with lower grade (p-trend<0.001), with OR[grade1]=3.37(2.69-4.21) for 

current vs. never users. Higher BMI was associated with lower ER-positivity and 

higher grade in premenopausal women (p-trend<0.001 and <0.001), with 

OR[ER+]=0.80(0.74-0.87) and OR[grade1]=0.75(0.63-0.88) per 5 units, and with 
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higher PR-positivity and higher grade in postmenopausal women (p-trend<0.001 and 

<0.001), with OR[PR+]=1.08(1.03-1.14) and OR[grade3]=1.10(1.04-1.17) per 5 units.  

Conclusion. This large-scale study showed that nulliparity, age at 

menopause, MHT, and BMI have independent, dose-response associations with ER, 

PR, and grade, clarifying patterns of etiologic heterogeneity. Associations with 

HER2, KI67 and TP53, or other risk factors were not noteworthy. 
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Introduction 

Breast cancer is a heterogeneous disease encompassing multiple subtypes 

distinguished by their histological, molecular, and genomic profiles.1–3 These 

biological differences, together with distinct age-specific incidence patterns observed 

for different subtypes,4 suggest that breast cancers may arise through distinct causal 

pathways, a concept known as etiologic heterogeneity. 

Mounting evidence supports etiologic heterogeneity for certain risk factors and 

breast cancer subtypes.5–12 The strongest evidence comes from studies of 

reproductive and hormonal risk factors in relation to tumor subtypes defined by 

estrogen receptor (ER) status.6 Further refinement of subtypes into clinical 

groupings, such as 'intrinsic-like' subtypes based on specific marker combinations of 

ER, progesterone receptor (PR), human epidermal growth factor receptor 2 (HER2), 

and tumor grade/KI67, has provided additional insights into etiologic heterogeneity 

beyond ER status alone.7,8,13–15 A recent scoping review focusing on ER and triple-

negative status concluded that there is convincing evidence for heterogeneity by ER 

status for parity, and suggestive evidence for age at first birth, oral contraceptive 

(OC) use, menopausal hormone therapy (MHT), and both pre- and postmenopausal 

body mass index (BMI), with little or no evidence for lifestyle risk factors such as 

alcohol and smoking.6 There is also limited evidence to suggest that grade, KI67, 

and TP53 status may be important markers of etiologic heterogeneity for 

reproductive, hormonal, or lifestyle risk factors.9,16 

The lack of clear evidence of etiologic heterogeneity for many breast cancer 

risk factors may reflect differences among studies in the definition of tumor subtypes 

and the limited evaluation of the independent contributions of individual tumor 



11 
 

features in cancer etiology while accounting for their correlations.16–18 Clarifying how 

distinct tumor features relate to specific risk factor profiles could provide insights into 

the biological mechanisms by which exposures influence carcinogenesis and tumor 

heterogeneity. In addition, most studies of etiologic heterogeneity use dichotomized 

definitions of immunohistochemical (IHC) markers indicated for clinical decision-

making (e.g., ER, PR, and HER2 status), without evaluating dose-response 

relationships with risk factors that can strengthen the evidence for associations. 

To address these potential limitations in the study of etiologic heterogeneity, a 

pooled analysis was conducted within the Breast CAncer STratification (B-CAST) 

project of the Breast Cancer Association Consortium (BCAC), encompassing 24 

case-control studies. Associations between established reproductive, hormonal, and 

lifestyle breast cancer risk factors and quantitative, standardized measures of five 

IHC markers (ER, PR, HER2, KI67, and TP53) from tumor microarrays (TMAs), and 

tumor grade, were assessed. By modeling multiple tumor features simultaneously, 

we aimed to identify independent and dose-response relationships in etiologic 

heterogeneity. These analyses can improve our understanding of how risk factors 

relate to specific breast tumor features and potentially inform prevention strategies 

tailored to their etiological pathways. 

Methods 

Study population. This study included 19,140 invasive breast cancer cases 

and 56,267 controls from 24 studies conducted within BCAC. Cases were eligible for 

inclusion only if TMA cores were available. Following quality control procedures 

(Supplementary Methods), 18,553 cases were retained for analysis. Case-control 

analyses were restricted to population-based studies to mitigate selection and 
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information bias; this subset included 10 of the 24 studies, comprising 6,050 cases 

and 27,437 controls. The relevant institutional review boards granted approval for all 

included studies, and written informed consent was obtained from all participants. 

Contributing studies are detailed in Table S1. 

Tumor marker quantification. TMAs including tissue cores from breast 

tumors of cases were stained with IHC for ER, PR, HER2, KI67, and TP53. A 

summary of available cores by study and marker is provided in Table S1. Digital 

image analysis (HALO©, Indica Labs, Albuquerque, NM) quantified IHC-positive and 

IHC-negative nuclei per core. For each participant, the proportion of marker-positive 

cells (henceforth, marker-positivity) was calculated as the ratio of positive to total 

nuclei summed across all available cores. For dichotomous analyses, ER, PR, KI67, 

and TP53 were classified positive using a threshold of ≥10% positive nuclei, and 

HER2 using a threshold of ≥2.3% that best discriminated clinical HER2 status. 

Statistical analyses. The primary outcome measures were tumor marker 

expression derived from TMA scoring of IHC markers and tumor grade (1, 2, 3) 

obtained from clinical records. Marker expression was analyzed both as a 

continuous and a dichotomous measure (positive vs. negative). 

The following risk factors were evaluated at age at reference date (interview 

for controls and diagnosis for cases): age at menarche (per 2 year increase), parity 

status (parous [ref.], nulliparous), age at first birth (per 5 year increase), lifetime 

breastfeeding duration (per 6 month decrease), menopause status (postmenopausal 

[ref.], premenopausal), age at menopause (per 5 year increase), BMI (per 5 unit 

increase) with an interaction with menopausal status, alcohol use (never [ref.], ever), 

age at smoking initiation (never [ref.], ≤ 16 years of age, 17 - 19 years of age, ≥ 20 
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years of age), family history of breast cancer in a first-degree relative (absent [ref.], 

present), estrogen-only MHT use, combined MHT use, and OC use (never [ref.], 

former, current). Summary statistics and prevalence of missing data for each risk 

factor are presented in Table S2, with further modeling considerations detailed in the 

Supplementary Methods. 

In case-case analyses to assess heterogeneity, beta-binomial regression 

estimated ratios (exp[β]) of marker-positivity and dose-response trends (p-trend of 

heterogeneity). For dichotomous markers and tumor grade, dichotomous and ordinal 

logistic regression models, respectively, estimated case-case odds ratios (OR) of 

heterogeneity. For each tumor feature, two models were fitted: (i) an age- and study-

adjusted model, and (ii) a model additionally adjusted for the other categorical tumor 

features. 

In case-control analyses, multinomial logistic regression estimated ORs for 

subtype-specific risks, with outcomes defined by dichotomous markers and grade 

with controls as the reference. These models were not adjusted for other tumor 

features.  

All models included all risk factors and were adjusted for study and age at 

reference date. Estimates were reported with 95% confidence intervals (CI), and 

tests of significance were two-sided (p < 0.05). To account for false discoveries 

arising from multiple comparisons in case-case analyses, the Bayesian False 

Discovery Probability (BFDP) was calculated.19 Associations with BFDP < 0.2 were 

considered noteworthy. Analyses were performed using R version 4.4.0 (R Core 

Team, Vienna, Austria). Details are provided in the Supplementary Methods. 
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Results 

Each case contributed approximately two cores per tumor marker. The 

number of cases and available tissue cores for each marker are summarized in 

Table 1, with further details by study in Table S1.  

This section highlights noteworthy findings (BFDP < 0.2) from case-case 

analyses of heterogeneity adjusted for all tumor features, unless otherwise specified, 

with corresponding case-control analyses for subtype-specific risks. Plots illustrating 

the relationship between select risk factors and continuous marker expression are 

provided in Figure S1. A complete summary of all results is provided in Tables S3-

S5. 

Reproductive history. In case-case analyses, nulliparous compared with 

parous women had higher ER-positivity (exp(β) [95% CI] = 1.08 [1.01-1.16]; p-trend 

of heterogeneity = 0.02; Figures 1, 2; Table S3) and were more likely to have ER-

positive than ER-negative tumors (OR of heterogeneity = 1.80 [1.23-2.64]; Figures 

3, 4; Table S4). Corresponding case-control analyses showed that nulliparous 

women were at higher risk of developing ER-positive (OR = 1.49 [1.16-1.90]), while 

suggesting lower risk of ER-negative tumors (OR = 0.60 [0.36-0.99]; Figure 5; Table 

S5). 

After adjustment for tumor features, women experiencing a later menopause 

had higher ER-positivity (exp(β) = 1.02 [1.01-1.03] per 5 years; p-trend = 0.001; 

Figures 1, 2; Table S4) and were more likely to have ER-positive tumors (OR = 1.12 

[1.05-1.20] per 5 years; Figures 3, 4; Table S4). Case-control analyses showed that 

women with later menopause were at higher risk of ER-positive (OR = 1.07 [1.03-
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1.11] per 5 years), while suggesting lower risk of ER-negative tumors (OR = 0.93 

[0.87-1.00] per 5 years; Figure 5; Table S5). 

Exogenous hormone use. In case-case analyses, women using combined 

MHT were less likely to have higher-grade tumors compared with never users (OR: 

0.60 [0.51-0.72]; p-trend < 0.001; Figures 3, 4; Table S4). Case-control analyses 

showed that women using combined MHT were at a 3-fold higher risk of grade 1 

tumors (OR = 3.37 [2.69-4.21]) and a nearly 2-fold higher risk of grade 2 tumors (OR 

= 1.78 [1.53-2.07]), but not grade 3 tumors (OR = 1.15 [0.92-1.45]; Figure 5; Table 

S5). Combined MHT use was also associated with lower KI67-positivity in 

unadjusted analyses, but this association was not noteworthy after adjustment for 

other tumor features (Figures 1, 2; Table S3). 

Further analyses were performed to clarify the association of combined MHT 

use in relation to tumors cross-classified by ER and grade. The results confirmed 

that the association varied across grade, particularly among ER-positive tumors, with 

little evidence of heterogeneity by ER status alone (Figure S2).  

Body mass index. In case-case analyses, higher BMI was associated with 

higher-grade tumors both among premenopausal (OR = 1.10 [1.04-1.17] per 5 units; 

p-trend < 0.001; Figures 3, 4; Table S4) and postmenopausal women (OR = 1.11 

[1.07-1.16] per 5 units; p-trend < 0.001; Figures 3, 4; Table S4). Among 

premenopausal women, case-control analyses showed that higher BMI was 

inversely associated with the risk of grade 1 tumors (OR = 0.75 [0.63-0.88] per 5 

units) and grade 2 tumors (OR = 0.83 [0.76-0.91] per 5 units), but not grade 3 tumors 

(OR = 0.94 [0.85-1.04] per 5 units; Figure 5; Table S5). In contrast, case-control 

analyses among postmenopausal women showed that higher BMI was associated 
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with a higher risk of grade 3 tumors (OR = 1.10 [1.04-1.17] per 5 units) but not grade 

2 tumors (OR = 1.04 [1.00-1.09]), while suggesting a decreased risk of grade 1 

tumors (OR = 0.91 [0.84-0.98]; Figure 5; Table S5).  

In case-case analyses, higher BMI among premenopausal women was 

associated with lower ER-positivity (exp(β) = 0.96 [0.94-0.98] per 5 units; p-trend < 

0.001; Figures 1, 2; Table S3) and a lower likelihood of having ER-positive tumors 

(OR = 0.88 [0.81-0.95] per 5 units; Figures 3, 4; Table S4). Case-control analyses 

showed this corresponded to a decreased risk of ER-positive tumors (OR = 0.80 

[0.74-0.87] per 5 units), but not ER-negative tumors (OR = 1.05 [0.92-1.19] per 5 

units; Figure 5; Table S5). Unadjusted case-case analyses suggested an 

association between higher BMI and PR-positive tumors in premenopausal women, 

but this association was attenuated and not noteworthy after adjustment for other 

tumor features (OR = 0.97 [0.90-1.04] per 5 units; Figures 3, 4; Table S4). 

In case-case analyses, higher BMI among postmenopausal women was 

associated with higher PR-positivity (exp(β) = 1.05 [1.03-1.06] per 5 units; p-trend < 

0.001; Figures 1, 2; Table S3) and a higher likelihood of having PR-positive tumors 

(OR = 1.12 [1.06-1.19] per 5 units; Figures 3, 4; Table S4). Case-control analyses 

showed this corresponded to a higher risk of PR-positive tumors (OR = 1.08 [1.03-

1.14] per 5 units), but not PR-negative tumors (OR = 0.99 [0.94-1.05] per 5 units; 

Figure 5; Table S5). 

Alcohol use and cigarette smoking. In case-case analyses, neither alcohol 

consumption nor cigarette smoking demonstrated noteworthy associations with any 

examined tumor features (Figures 1-4; Tables S3, S4). 
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Family history of breast cancer in first-degree relatives. In unadjusted 

case-case analyses, women with positive family history had higher ER-positivity 

(unadjusted exp(β) = 1.05 [1.02-1.08]; p-trend < 0.001), but the association was not 

noteworthy after adjustment (exp(β) = 1.03 [1.00-1.05]; p-trend = 0.03; Figures 1, 2; 

Table S3). 

In analyses adjusted for other tumor features, no noteworthy associations with 

risk factors were observed for TP53, KI67, or HER2. 

Discussion 

This large, pooled analysis of 24 studies, including up to 15,731 cases of 

invasive breast cancer and 27,437 controls, provides robust evidence clarifying 

which risk factors are independently associated with specific tumor features. The 

strongest evidence for heterogeneity was observed for nulliparity, age at 

menopause, combined MHT use, and BMI in relation to subtypes defined by ER, PR, 

and grade. No additional evidence for heterogeneity meeting the stringent BFDP < 

0.2 threshold was found for HER2, KI67, or TP53 after adjustment for other tumor 

features, or for other risk factors. Associations not meeting this threshold require 

further confirmation. 

While previous BCAC studies8,9,15,17 applied standardized IHC staining and 

scoring on TMAs, they included fewer tumor markers and smaller sample sizes. 

Here, we expanded both the marker panel and the sample size, improving 

consistency, comparability, and statistical power. This enabled simultaneous 

evaluation of multiple tumor features and dose-response relationships using 

quantitative measures. Assessing TP53, KI67, and tumor grade, alongside the more 
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commonly studied ER, PR, and HER2, allowed investigation of biologically relevant 

but relatively understudied features in relation to breast cancer etiology. By focusing 

on noteworthy associations (BFDP < 0.2), we provide clear and robust evidence for 

specific associations, with the full results presented in Tables S3-S5. 

A recent systematic review by Hurson et al. of multiple risk factors and ER 

status concluded, after expert evaluation, that there was convincing evidence of 

etiologic heterogeneity by ER status only for parity, and suggestive evidence for age 

at first birth, BMI in pre- and postmenopausal women, OC, and MHT use.6 Our 

analyses showed an association between parity and ER status consistent in direction 

and magnitude with this review. Compared with parous women, nulliparous women 

had a 1.5-fold higher risk of developing ER-positive tumors and a suggestion for a 

lower risk of ER-negative tumors, with a dose-response relationship between 

nulliparity and higher ER-positivity in case-case analyses. While associations of ER 

with age at first birth were significant at p < 0.05, they did not meet our stringent 

noteworthiness threshold.  

Higher BMI in premenopausal women has been linked to lower breast cancer 

risk predominantly for ER and/or PR-positive tumors and luminal intrinsic 

subtypes.6,10,18,20 Our results confirm this observation and further demonstrate a 

dose-response relationship with higher ER-positivity. Beyond ER, BMI was 

independently associated with lower tumor grade in a dose-response manner: a 5-

unit increase in BMI was associated with a 25% and 17% lower risk of grade 1 and 2 

tumors, respectively, and showed no association with grade 3 tumors. This pattern is 

consistent with BMI-associated reductions in circulating sex hormones in 

premenopausal women,21 which may preferentially influence ER-positive tumors,22 

and suggests an additional role for grade. 
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Among postmenopausal women, higher BMI is linked to higher breast cancer 

risk, predominantly of hormone receptor-positive tumors.6,18 After adjustment for 

multiple tumor features, our analyses show that PR plays a more prominent role than 

ER. A 5-unit increase in BMI was associated with an 8% higher risk of PR-positive 

tumors, with no further contribution by ER. This finding is consistent with previous 

meta-analyses,17,18 although they included some studies used in our analyses. A 5-

unit increase in BMI was also associated with a 10% higher risk of developing grade 

3 tumors with the suggestion of an inverse association with grade 1 tumors, which 

was consistent with previous BCAC analyses including fewer participants.9 While 

underling mechanisms  remain unclear, our findings are consistent with leptin 

signaling and chronic inflammation pathways, which have been associated with 

higher grade,23,24 and estrogen-independent promotion of PR-positive tumors.25 

Although Hurson et al. reported suggestive evidence for heterogeneity by ER 

status for OC and postmenopausal MHT use, these were not noteworthy in our 

analyses. In contrast, tumor grade showed clear heterogeneity for combined MHT 

use: current users had a 3.4-fold and 1.8-fold higher risk of grade 1 and 2 tumors, 

and showed no association with grade 3 tumors. These findings  are consistent with 

previous BCAC analyses9,15 and the broader literature associating MHT-related 

breast cancers with lower grade, as well as lobular and tubular histological 

subtypes.26–28  Our data indicated that the association with grade is not fully 

explained by histology, as it was present across all histologic subtypes (Figures S2, 

S3). 

Hurson et al reported inconclusive evidence for heterogeneity by ER status in 

relation to age at menopause.6 However, we provide noteworthy evidence for a 7% 

higher risk of ER-positive tumors per 5-year increase in menopausal age, and no 
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association with ER-negative tumors. These findings support an estrogen-related 

biological mechanism for this association. 

Associations with TP53 IHC were not noteworthy for any of the risk factors 

evaluated, consistent with a previous case-case study.16 However, that study found 

significant associations with several risk factors and TP53 mutant-like status defined 

by an RNA expression signature, rather than IHC. These observations suggest that 

IHC-defined TP53 status may not capture functional TP53 pathway activity16,29 and 

future studies should focus on TP53 expression profiling rather than IHC. 

Most study participants were of White/European ancestry, which may limit the 

generalizability of our findings to other populations. Hurson et al. showed little 

evidence of differences in ER-related etiologic heterogeneity by race and ethnic 

groups,6 suggesting that findings might be applicable across population groups. 

Additionally, studies were primarily drawn from the general population with unknown 

germline mutation status (e.g., BRCA1/2, TP53), requiring future studies to 

determine whether our findings apply to high-risk mutation carriers.  

Despite the large sample size, missing data on tumor markers and risk factors 

limited statistical power for some analyses. Case-control analyses were limited to 

population-based studies, including those nested within prospective cohorts, as they 

are less prone to selection biases than other designs, which reduced sample size 

and power. Although our study benefits from standardized staining and automated 

scoring of TMAs across studies, other factors such as tissue preparation could not 

be standardized. This type of measurement error could have resulted in 

underestimation of etiologic heterogeneity since it is likely non-differential with 

respect to risk factors.  Furthermore, the breadth of this analysis precluded detailed 
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assessment of specific risk factors, such as timing of pregnancies or effect 

modification of MHT by BMI, in spite of prior evidence suggesting that finer analyses 

could further clarify etiologic heterogeneity.15,30  

In conclusion, by jointly evaluating multiple tumor features and risk factors at 

unprecedented scale, we showed that ER, PR, and grade are the principal drivers of 

etiologic heterogeneity. These findings should be prioritized in studies evaluating 

specific exposures, e.g., by incorporating grade in studies of BMI or MHT in 

postmenopausal women, thereby refining risk estimates, guiding mechanistic 

studies, and informing risk-stratified prevention. 
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Tables and Figure Legends 

Table 1. Number of contributing studies, breast cancer cases, and stained 

tissue cores for each tumor marker used in analyses after quality control. 

Cores denotes the total number of stained Tissue Microarray (TMA) cores linked to 

participants; Cases denotes the number of unique participants with available data; 

Cores/case denotes the mean number of cores per participant for each marker. See 

Supplementary Table 1 for counts by study. 

 

 

 

 

 

* The number of cases per marker is lower than the total number of cases as no 

single marker was stained across all cases. 

 

 

 

 

 

 

 

 

 

Marker Studies 
TMA 
cores Cases* 

Average TMA 
cores per case 

ER 22 32867 13931 2.36 

PR 21 32372 14997 2.16 

HER2 22 35668 15288 2.33 

TP53 23 28832 14672 1.97 

KI67 24 30997 15731 1.97 
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Figure 1. Heatmap illustrating the direction and strength of evidence for case-

case associations between risk factors and tumor features defined by the 

proportion of marker-positive cells. Cell color indicates the direction of association 

measured by ratios of the proportion of marker-positive cells, exp(β): orange for 

exp(β) > 1, blue for exp(β) < 1. Shading intensity reflects the Bayesian False 

Discovery Probabiltiy (BFDP): white indicates BFDP ≥ 0.2 and darker shading 

indicates noteworthy associations with BFDP < 0.2. Panel A: Models estimate 

associations between each risk factor and individual tumor features without 

adjustment for other tumor features; Panel B: Models estimate associations between 

each risk factor and tumor features with adjustment for all other tumor features. See 

Table S3 for detailed parameter estimates. 

 

<Figure1.pdf> 

 

Footnote: BMI = Body Mass Index; OC = Oral Contraceptive; MHT = Menopausal 

Hormone Therapy 
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Figure 2. Case-case exp(β) with 95% confidence intervals for associations 

between risk factors and tumor features defined by the proportion of marker-

positive cells. Only risk factors with at least one noteworthy (BFDP < 0.2) 

association in case-case analyses (shown in Figure 1) are presented here. 

Associations meeting this noteworthiness threshold are shown as solid shapes, while 

all other associations are shown as open shapes. Diamonds depict estimates from 

models without adjustment for other tumor features, whereas squares depict 

estimates from models adjusted for other tumor features. Results were estimated 

from beta-binomial regression models with a logarithmic link. See Table S3 for 

detailed parameter estimates. 

 

<Figure2.pdf> 

 

Footnote: BMI = Body Mass Index; MHT = Menopausal Hormone Therapy 
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Figure 3. Heatmap illustrating the direction and strength of evidence for case-

case associations between risk factors and tumor features defined by marker 

status and tumor grade. Cell color indicates the direction of association measured 

by odds ratios (OR): orange for OR > 1, blue for OR < 1. Shading intensity reflects 

the Bayesian False Discovery Probability (BFDP): white indicates BFDP ≥ 0.2 and 

darker shading indicates noteworthy associations with BFDP < 0.2. Panel A: Models 

estimate associations between each risk factor and individual tumor features without 

adjustment for other tumor features; Panel B: Models estimate associations between 

each risk factor and tumor features with adjustment for all other tumor features. 

Results were estimated from dichotomous and ordinal logistic regression models. 

See Table S4 for detailed parameter estimates. 

 

<Figure3.pdf> 

 

Footnote: BMI = Body Mass Index; OC = Oral Contraceptive; MHT = Menopausal 

Hormone Therapy 
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Figure 4. Case-case odds ratios (ORs) with 95% confidence intervals for 

associations between risk factors and tumor features defined by marker status 

and tumor grade. Only risk factors with at least one noteworthy (BFDP < 0.2) 

association in case-case analyses (shown in Figure 3) are presented here. 

Associations meeting this noteworthiness threshold are shown as solid shapes, while 

all other associations are shown as open shapes. Diamonds depict estimates from 

models without adjustment for other tumor features, whereas squares depict 

estimates from models adjusted for other tumor features. Results were estimated 

from dichotomous and ordinal logistic regression models. See Table S4 for detailed 

parameter estimates. 

 

<Figure4.pdf> 

 

Footnote: BMI = Body Mass Index; MHT = Menopausal Hormone Therapy 
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Figure 5. Case-control odds ratios (ORs) with 95% confidence intervals for 

associations between risk factors and tumor features defined by marker status 

and tumor grade. Only risk factors with at least one noteworthy (BFDP < 0.2) 

association in case-case analyses (shown in Figures 1, 3) are presented here. 

Results were estimated from multinomial logistic regression models. See Table S5 

for detailed parameter estimates. 
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Footnote: BMI = Body Mass Index; OC = Oral Contraceptive; MHT = Menopausal 

Hormone Therapy 
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