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Introduction

Globally, it is estimated that there were 19.3 million new cancer 
cases (18.1 million if nonmelanoma skin cancer is excluded) 
and nearly 10.0 million cancer-related deaths (9.9 million ex-

cluding nonmelanoma skin cancer) in 2020 [1]. Female breast cancer 
has overtaken lung cancer as the most frequently diagnosed cancer, with 
around 2.3 million new cases (11.7%), followed by lung cancer (11.4%), 
colorectal cancer (10.0%), prostate cancer (7.3%), and stomach cancer 
(5.6%) [1]. It is projected that the global number of new cancer cases 
will reach around 28.4 million by 2040, marking a 47% increase com-
pared to 2020 numbers. This expected growth highlights the critical ne-
cessity for enhanced healthcare systems and preventive strategies, par-
ticularly in areas anticipated to experience the most significant rises in 
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incidence [2].

The high incidence and mortality rates un-
derscore the critical importance of under-
standing its risk factors, as breast cancer not 
only impacts individual health but also poses 
significant challenges for public health sys-
tems globally. The rising incidence in low- 
and middle-income countries, where access 
to early detection and treatment may be lim-
ited, further emphasizes the need for targeted 
research and interventions [3]. Insights into 
novel risk factors, such as physiological char-
acteristics, could pave the way for more per-
sonalized approaches to prevention and early 
diagnosis, thereby reducing the global burden 
of this disease.

The relationship between physiological 
characteristics and breast cancer risk has gar-
nered significant interest in recent years, par-
ticularly in the context of complex biological 
paradoxes such as Peto’s paradox. This para-
dox highlights the lack of a straightforward 
correlation between body size or lifespan and 
cancer incidence across species. Our previous 
work on Peto’s paradox [4] has shaped our 
current investigation into the relationship be-
tween breast size and breast cancer risk. Peto’s 
paradox, first articulated by Sir Richard Peto 
in the 1970s, challenges the intuitive expecta-
tion that larger animals, which have more cells 
and presumably a greater risk of mutations, 
would exhibit higher cancer rates. Instead, 
across species, cancer incidence does not cor-
relate directly with body size or lifespan. This 
paradox has driven research into evolutionary 
adaptations [5-9], including genetic mecha-
nisms that mitigate cancer risk in larger ani-
mals like elephants and whales, which possess 
multiple copies of tumor-suppressor genes 
such as TP53. We explored similar adaptive 
mechanisms in humans living in high back-
ground radiation areas, such as Ramsar, Iran 
[10-13]. Despite exposure to annual radiation 
doses exceeding occupational safety limits, 
residents exhibited no significant increase in 
cancer rates. This finding suggests potential 

evolutionary adaptations, such as enhanced 
DNA repair mechanisms, that reduce cancer 
risk despite high environmental stressors.

Building on these findings, we turned our at-
tention to apparent paradoxes in human can-
cer risk related to physiological characteris-
tics. While body size generally correlates with 
increased cancer risk due to a larger number 
of cells, our analysis of breast size and breast 
cancer risk reveals a more nuanced picture. 
Breast size is predominantly determined by 
adipose tissue, which does not directly influ-
ence the number of epithelial cells lining milk 
ducts—the primary origin of ductal carcinoma, 
the most common type of breast cancer. This 
complexity echoes Peto’s paradox in its explo-
ration of factors beyond simple cell count in 
cancer susceptibility. By applying statistical 
and machine learning methodologies, our cur-
rent research seeks to untangle the interplay 
between breast size, physiological factors, and 
breast cancer risk, extending our exploration 
of Peto’s paradox within the human context.

Breast cancer remains one of the most prev-
alent and impactful malignancies affecting 
women globally, making it critical to identify 
risk factors beyond genetic predisposition and 
lifestyle influences. While an increase in body 
size, such as height, correlates with a higher 
overall cancer risk due to a greater number of 
cells, this relationship is not linear when ap-
plied to breast cancer. Specifically, breast size 
is largely determined by adipose (fat) tissue, 
which does not directly contribute to cancer-
prone epithelial cells lining milk ducts. These 
epithelial cells are the primary origin of ductal 
carcinoma, the most common type of breast 
cancer.

In 1996 Thurfjell et al. found a negative cor-
relation between breast size and the risk of 
breast cancer, which vanished after accounting 
for parenchymal patterns, as smaller breasts 
were more likely to exhibit high-risk paren-
chymal patterns [14]. Moreover, a research by 
Tavani and colleagues indicated no significant 
association between breast size and breast 

II



J Biomed Phys Eng

Breast Cup Size and Breast Cancer Risk
cancer risk after adjusting for known risk  
factors, suggesting that breast size alone may 
not be a reliable predictor of risk [15]. Jansen 
et al. in their systematic review reported that 
there is both direct and indirect evidence sug-
gesting that breast size plays a significant role 
in the likelihood of developing breast cancer 
[16]. 

A prospective study by Kusano et al. in 2006 
reported that larger bra cup size at a young age 
is associated with a higher incidence of pre-
menopausal breast cancer, particularly among 
leaner women [17]. Goodwin and Boyd in 
2006 reported that after accounting for meth-
odological variations across the studies, a 
slight prognostic influence of body size was 
observed [18]. This influence seemed to be 
most significant in postmenopausal women, in 
individuals with minimal or no axillary node 
involvement, and appeared to be independent 
of other prognostic variables [18].

This study narrows its focus to examine 
whether breast size, in conjunction with other 
physiological and demographic factors, influ-
ences breast cancer risk. By utilizing advanced 
statistical and machine learning methodolo-
gies, including linear regression, decision 
trees, chi-square analysis, and ordinal logistic 
regression, the research aims to disentangle 
the potential links and provide a deeper un-
derstanding of these variables. Such insights 
could inform tailored risk assessment and  
preventive strategies in breast cancer care.

Material and Methods

Study Design and Data Sources
This study examined the relationship be-

tween breast size, categorized by cup size, 
and the age-standardized rate (ASR) of breast 
cancer incidence. Data were compiled from 
two primary sources. Breast cancer incidence 
rates were obtained from the Global Cancer 
Observatory (GCO), which provides stan-
dardized global cancer statistics, including 
ASR per 100,000 women. Breast size data 

were sourced from “Data Pandas,” an open-
access database ranking countries by average 
breast cup size. The combined dataset facili-
tated a cross-country analysis of breast cancer  
incidence and physiological characteristics.

Cup Size Categorization
Breast sizes were categorized into seven 

distinct groups: AA, AA-A, A, A-B, B, B-C, 
and C. Each group’s ASR was analyzed for 
variations in breast cancer incidence. Descrip-
tive statistics, including mean, standard devia-
tion, minimum, and maximum values, were  
calculated for each group.

Statistical Analysis
The statistical analysis was conducted using 

the following methods:
1. Descriptive Statistics: Descriptive statis-

tics were calculated to summarize ASR data 
for each cup size group. This included mea-
sures of central tendency (mean) and vari-
ability (standard deviation), as well as mini-
mum and maximum ASR values to highlight  
distributional characteristics.

2. Analysis of Variance (ANOVA): A one-
way ANOVA was performed to assess whether 
there were statistically significant differences 
in mean ASR among the seven cup size groups. 
The ANOVA tested the null hypothesis that 
the mean ASR was equal across all groups. A 
significance level of P<0.05 was used.

3. Post Hoc Pairwise Comparisons: Bon-
ferroni correction was applied for multiple 
comparisons to identify specific differences 
between cup size groups. The method provid-
ed adjusted P-values to ensure the robustness 
of pairwise comparisons, reducing the risk of 
Type I errors.

4. Correlation Analysis: Pearson’s corre-
lation coefficient was calculated to evaluate 
the linear relationship between cup size and 
ASR. This complemented ANOVA results by  
quantifying the degree of linear association.

5. Software and Tools: All statistical anal-
yses were performed using SPSS (Statistical 

III



J Biomed Phys Eng

Mehdi Faraz, et al

Package for the Social Sciences), version 27. 
Visualization of results, including bar charts 
and scatter plots, was created using Python 
(Matplotlib and Seaborn libraries).

Results
The statistical analysis conducted to ex-

plore the relationship between breast cup 
size and breast cancer incidence rates re-
vealed significant and insightful findings. The 
study examined seven cup size groups (AA, 
AA-A, A, A-B, B, B-C, C), analyzing age-

standardized rates (ASR) of breast cancer for 
each group. Descriptive statistics indicated 
that larger breast cup sizes were associated 
with higher mean ASR. The smallest cup size 
group (AA) had a mean ASR of 34.72, while 
the largest group (C) exhibited a mean ASR 
of 90.17. Standard deviations ranged from 
12.96 (C) to 21.63 (A), reflecting varying 
levels of variability within groups. Minimum 
ASR values ranged from 12.12 (AA) to 71.06 
(C), while maximum values spanned 78.74 
(AA) to 105.42 (A-B). Figures 1-3 show the  

Figure 1: The mean ASR values for each cup size group with error bars representing the stan-
dard deviations. (ASR: Age-Standardized Rate)

Figure 2: The range of ASR values for each cup size group, with bars representing minimum and 
maximum values. Black dots indicate the mean ASR for context. (ASR: Age-Standardized Rate)
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relationship between breast cup size and breast 
cancer incidence rates.

An Analysis of Variance (ANOVA) test was 
employed to examine differences in mean 
ASR across the cup size groups. The results 
showed a statistically significant difference 
between groups (F=14.416, P<0.001), indi-
cating that breast cup size is associated with 
variations in breast cancer ASR. This finding 
prompted further pairwise comparisons using 
the Bonferroni correction method.

The pairwise comparisons revealed signifi-
cant differences in mean ASR between smaller 
cup sizes (AA, AA-A, A) and larger cup sizes 
(A-B, B, B-C, C). Notably, group A differed 
significantly from group C, with a mean dif-
ference of -42.93 (P=0.001). Similar patterns 
were observed between other smaller and 
larger cup size groups, emphasizing a trend of 
increasing ASR with larger cup sizes. These 
results highlight distinct clustering of cup size 
groups based on their ASR, underscoring the 
potential influence of physiological factors  
related to breast size.

Overall, the analysis confirms a strong as-
sociation between breast cup size and breast 
cancer incidence rates. Larger cup sizes are 
consistently linked to higher ASR, suggesting 
potential hormonal or other biological mech-
anisms at play. These findings underscore 
the need for further research to account for  

possible confounders, such as genetic or  
lifestyle factors, and to deepen our understand-
ing of this complex relationship.

Discussion
The findings of this study provide compel-

ling evidence of a significant association be-
tween breast cup size and age-standardized 
rates (ASR) of breast cancer incidence. The 
results indicate that larger cup sizes are linked 
to higher breast cancer ASR, emphasizing the 
potential role of physiological traits in influ-
encing cancer risk. While these findings offer 
valuable insights, they also raise important 
questions and highlight the need for further 
research.

Physiological Implications
Breast size is predominantly determined by 

adipose tissue, which constitutes the majority 
of breast mass. Larger breast size is often as-
sociated with increased levels of estrogen ex-
posure due to the hormone’s storage and activ-
ity in fat cells. Estrogen is a well-established 
factor in breast cancer development, as it 
promotes the proliferation of breast epithelial 
cells, where most breast cancers originate. The 
observed trend of increasing ASR with larger 
cup sizes may partly reflect the hormonal and 
physiological dynamics linked to adipose tis-
sue. However, it is essential to note that breast 

Figure 3: The differences in ASR means between specific cup size groups. Positive differences 
are marked in green, and negative differences are in red. (ASR: Age-Standardized Rate)
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adipose tissue itself is not directly cancerous, 
and the relationship may be mediated through 
systemic hormonal effects.

Potential Confounders
While the association between cup size and 

ASR is statistically significant, the results 
must be interpreted cautiously. This study 
did not account for several confounding fac-
tors that could influence breast cancer risk. 
For instance, genetic predispositions, such as 
BRCA1 and BRCA2 mutations, are critical 
determinants of breast cancer risk and may not 
correlate with breast size. Similarly, lifestyle 
factors, including diet, physical activity, al-
cohol consumption, and reproductive history 
(e.g., age at first childbirth and breastfeeding), 
can significantly impact breast cancer inci-
dence. Future studies should aim to control 
for these variables to isolate the independent  
effect of breast size on cancer risk.

Comparisons with Existing Litera-
ture

The results of this study align with prior re-
search suggesting a link between body size 
and breast cancer risk. However, most previ-
ous studies have focused on overall body mass 
index (BMI) rather than specific physiologi-
cal traits like breast size. The current study’s 
focus on cup size provides a more granular 
perspective, emphasizing the need to explore 
localized adipose tissue characteristics in 
breast cancer risk assessments. Additionally, 
the findings contribute to the growing body of 
literature exploring how physiological traits 
beyond genetic markers can influence cancer 
susceptibility.

Clinical and Public Health Impli-
cations

The observed association between breast 
size and breast cancer ASR has potential im-
plications for personalized risk assessment 
and prevention strategies. Integrating physi-
ological traits like breast size into existing risk 

models could enhance their predictive accu-
racy, particularly in populations where genet-
ic testing is not readily available. Moreover, 
these findings underscore the importance of 
public health campaigns aimed at addressing 
modifiable risk factors such as obesity, which 
is closely linked to both larger breast size and 
increased breast cancer risk.

Strengths and Limitations of Our 
Study

A key strength of this study is its use of 
global datasets, enabling cross-country com-
parisons and generalizability of findings. The 
combination of cancer incidence data from the 
Global Cancer Observatory and physiological 
data from “Data Pandas” provides a unique 
platform to investigate breast cancer epidemi-
ology. However, the study is not without limi-
tations. The inability to adjust for confounding 
variables is a notable drawback, as is the reli-
ance on aggregated country-level data rather 
than individual patient data. Furthermore, 
cup size measurements from the “Data Pan-
das” dataset may not fully capture individual  
variability or represent population subgroups.

Future Directions
The preliminary findings of this study have 

prompted the initiation of a second phase fo-
cused on breast cancer patients. This phase 
will employ a case-control design, incorpo-
rating individual-level data and addressing 
key confounders such as genetic predisposi-
tion, hormonal profiles, and lifestyle factors. 
Advanced statistical and machine learning 
methodologies will be utilized to model com-
plex interactions and identify causal relation-
ships. Additionally, the role of breast tissue 
composition, including the ratio of adipose to  
glandular tissue, warrants further exploration.

Conclusion
This study highlights a significant associa-

tion between breast cup size and breast can-
cer incidence rates, contributing to the broader 
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understanding of how physiological traits  
influence cancer risk. While the findings are 
preliminary, they underscore the importance 
of incorporating diverse factors into breast 
cancer research and risk assessment frame-
works. Future studies should aim to build on 
these results by addressing limitations and 
exploring underlying mechanisms, ultimately 
contributing to more effective and personal-
ized strategies for breast cancer prevention 
and early detection.
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