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The co-occurrence of type 2 diabetes mellitus and breast cancer has received

considerable attention due to their global prevalence and shared metabolic

pathways, greatly affecting quality of life and life expectancy, especially in

women. Epidemiological evidence indicates that women with type 2 diabetes

mellitus have a 20-30% higher risk of developing breast cancer than women

without type 2 diabetes mellitus. This review was conducted through a

comprehensive and structured literature search to identify relevant peer-

reviewed studies examining the relationship between type 2 diabetes mellitus

and breast cancer. To ensure the quality and relevance of the included literature,

only studies published in English were considered. The focus was on literature

addressing pathological mechanisms, epidemiological data, and shared risk

factors contributing to the coexistence of these conditions. Preference was

given to recent publications, including systematic reviews, meta-analyses, and

high-quality original research articles. The primary databases searched included

PubMed, Scopus, Web of Science, and Google Scholar. The increased risk of

breast cancer among type 2 diabetic patients is largely attributed to shared risk

factors such as obesity, hyperglycemia, dietary patterns, physical inactivity, age,

hormonal imbalances, and genetic predispositions, all of which contribute to the

coexistence of these conditions. Chronic inflammation, hyperinsulinemia, and

persistent hyperglycemia, together with dysregulation of adipokine and estrogen

signaling, create a carcinogenic environment that facilitates the development of

breast cancer in type 2 diabetic patients. This review emphasizes the urgent need

for a multidisciplinary approach to prevention and treatment. Effective

intervention strategies can reduce the dual burden of these diseases, resulting

in better patient outcomes and improved quality of life.
KEYWORDS

epidemiological data, hyperglycemia, type 2 diabetes mellitus, breast cancer, adipokine,
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1 Introduction

Non-communicable diseases (NCDs) represent the leading cause

of death globally, more than all other causes. The impact of these

diseases is growing faster in low-income countries than in other

regions. Among NCDs, type 2 diabetes mellitus and cancer pose

significant challenges to healthcare systems (1). Type 2 Diabetes

mellitus is a prevalent (2), multifactorial, and heterogeneous

disorder (3). It is characterized by a high insulin state resulting from

insulin resistance in adipose and muscle tissues, which triggers an

insufficient compensatory increase in insulin production. Over time,

cellular decompensation and absolute insulin levels decrease, but this

usually only occurs in the advanced stages of type 2 diabetes

mellitus (4).

According to the International Diabetes Federation (IDF), type

2 diabetes mellitus is diagnosed when fasting blood glucose is ≥126

mg/dL or 2-hour plasma glucose during an oral glucose tolerance

test is ≥200 mg/dL. While these criteria are essential for clinical

identification, the broader concern lies in the resulting metabolic

disturbances. Symptoms such as fatigue, excessive thirst, frequent

urination, and numbness arise from sustained glucose imbalance.

These disruptions contribute to serious long-term complications,

leading to increased healthcare costs, reduced quality of life, and

higher mortality rates (5).

Type 2 diabetes mellitus currently affects approximately 537

million adults aged 20 to 79 globally, representing 10.5% of all

adults in this age range. By 2030, the number of people with type 2

diabetes mellitus is expected to increase to 643 million, reaching 783

million by 2045. According to the 10th edition of the International

Diabetes Federation (IDF), the incidence of type 2 diabetes mellitus

in Southeast Asia (SEA) countries has been increasing for at least 20

years, with current estimates exceeding previous predictions (6).

Worldwide, 1 in 10 and over 3 in 4 adults with type 2 diabetes

mellitus live in low- and middle-income countries. In Pakistan, a

developing country in South Asia, the prevalence of type 2 diabetes

mellitus has reached epidemic proportions. Pakistan ranks 3rd in

prevalence, affecting 30.8% of adults, 26.9% undiagnosed. Type 2

Diabetes mellitus is the 8th leading cause of death worldwide,

contributing to 17.5% of deaths in Pakistan (7). This trend is

accompanied by increased rates of certain cancers, leading to

speculation that there may be a possible direct link between type

2 diabetes mellitus and cancer. This trend is likely due to the

increasing westernization of lifestyle, a trend probably shared by

most Asian populations (8). The link between the two diseases was

first suggested in 1934 and has been extensively researched now

recognized type 2 diabetes mellitus is a risk factor for various types

of cancer (9).

A substantial body of evidence now highlights a clear and

consistent increase in cancer risk associated with type 2 diabetes

mellitus. For type 2 diabetes mellitus, the strength of this association

varies by cancer site, being stronger for pancreatic, liver, breast,

bladder, endometrial, colorectal, non-Hodgkin’s lymphoma, and

kidney cancers. Although the risk of stomach cancer is high in the

Japanese population, this trend may not be universal. Men with type

2 diabetes mellitus typically have a 10–20% lower risk of prostate
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cancer, which is linked to lower circulating testosterone

levels. There is limited data for other rarer cancers, hindering

firm conclusions. Mortality risk is particularly high for pancreatic,

colon, liver, and bladder cancers, yet data on rare cancer outcomes

are scarce (10).

Breast cancer refers to a group of diseases where cells in breast

tissue change and divide uncontrollably, often resulting in the

formation of a lump or mass. It can be further classified based on

hormone receptor profiles and other factors (Figure 1) (11). Most

cases of breast cancer start in the milk glands (lobules) or the tubes

(ducts) that connect the milk glands to the nipple. In the early

stages, breast cancer usually has no symptoms, which is why breast

screening plays an important role in early detection. The most

common physical symptom is a painless lump, although in some

cases, breast cancer can spread to the underarm lymph nodes,

causing a lump or swelling to develop before the tumor becomes

noticeable. Less common signs and symptoms include breast pain,

heaviness, thickening, swelling, dimpling, or redness of the breast

skin, changes in the nipple, sudden discharge (especially bloody),

itching, or retraction. Any persistent breast changes should be

evaluated by a physician (12).

Breast cancer is the most commonly diagnosed cancer in

women and the fifth leading cause of cancer deaths worldwide. In

2018 alone, more than 2 million new cases were documented.

Approximately 1 in 8 women (13%) and ~1 in 1000 males are

diagnosed with invasive breast cancer during their lifetime, with 1

in 39 women (3%) dying of the disease. These figures represent the

average risk and account for deaths from other causes that may

preempt a breast cancer diagnosis. However, an individual woman’s

risk is influenced by age, race or ethnicity, personal or family

medical history, and reproductive history (11, 12). Pakistan ranks

1st in Asia and 2nd worldwide in breast cancer incidence, with

90,000 cases and 40,000 deaths reported annually. The report states

that 1 out of every 9 Pakistani women is at risk of breast cancer at

some point in her life (13).

Since the twentieth century, many hypotheses have proposed a

link between type 2 diabetes mellitus and cancer, with increasing

evidence, particularly associating type 2 diabetes mellitus with

cancer risk, prognosis challenges, and treatment outcomes (14). A

well-designed meta-analysis supports these findings, showing that

type 2 diabetic women have a 23% higher risk of breast cancer than

non-type 2 diabetic women. Similarly, another recent meta-analysis

found that preexisting type 2 diabetes mellitus increases 37% all-

cause mortality and a 17% increase in breast cancer mortality in

women (15). The association between these diseases is due to shared

risk factors (16), with various comorbidity confounders

exacerbating the situation. Chronic obesity and an inactive

lifestyle, which develops hyperinsulinemia, may be the underlying

causes, and type 2 diabetes mellitus may be an innocent bystander

(17). Additional potential confounding factors include gender, age,

diet, alcohol consumption, smoking (18), and use of insulin

therapy (19).

Type 2 diabetes mellitus can make the clinical course of cancer

more aggressive, increase its metastatic potential, and potentially

promote cancer growth by making the host less resistant to the
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disease. This may be due to a compromised immune system in type

2 diabetics. Furthermore, type 2 diabetes mellitus is also associated

with physical frailty and reduced quality of life in cancer patients,

which significantly compromises the outcome of their

treatment (1).
2 Epidemiology links between type 2
diabetes mellitus and breast cancer

Breast cancer incidence rates are significantly higher in Western

countries than in Asia, with half of all cases and 60% of associated

deaths occurring in developing countries (Table 1). Although

incidence and mortality rates have decreased in North America

and parts of Europe, they continue to increase in Asian

countries (27).

The link between type 2 diabetes mellitus and breast cancer was

strongest in Europe (RR=1.88, 95% CI: 1.56-2.25), followed by the

United States (RR=1.16, 95% CI: 1.12-1.20). In Asia, the correlation

showed no significant difference (RR=1.01, 95% CI: 0.84-1.21),

suggesting that ethnic and regional factors may influence breast
Frontiers in Oncology 03
cancer incidence. The difference in breast cancer mortality between

type 2 diabetic individuals and non-type 2 diabetic individuals is

greater in Asia (RR=2.05) than in the United States (RR=1.40). This

disparity can be attributed to variations in access to health care,

socioeconomic and educational status, lifestyle choices, and

especially mammography utilization rates (28).
3 Potential confounding factors

3.1 Non-modifiable factors

3.1.1 Age
Age is a non-modifiable factor that plays a crucial role in the

development of both type 2 diabetes mellitus and breast cancer. As

individuals age, insulin sensitivity decreases, and pancreatic beta-

cell function declines, increasing the risk of type 2 diabetes mellitus.

Similarly, advancing age contributes to a higher incidence of breast

cancer, particularly after menopause, due to cumulative hormonal

exposure and age-associated genetic mutations. Breast cancer is

most common in women aged 50 years and older, largely linked to
FIGURE 1

Breast cancer classification.
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TABLE 1 Epidemiological data linking type 2 diabetes mellitus with breast cancer.

type
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Study
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Age group Characteristic findings Refs
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in women
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1993-2011 All ages
Women with type 2 diabetes mellitus have a 27% increased risk
of breast (reduced to 16% after BMI adjustment)
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prolonged estrogen exposure and decreased immune surveillance.

Recent evidence highlights that approximately 80% of breast cancer

cases among individuals with type 2 diabetes mellitus occur in those

aged 60 and above, whereas only 20.5% arise in the 18–59 age

group. However, younger individuals with type 2 diabetes mellitus

exhibit nearly double the relative risk of developing breast cancer

compared to older non-type 2 diabetics (29).

3.1.2 Gender
Gender significantly influences breast cancer risk in individuals

with type 2 diabetes mellitus. Women with type 2 diabetes mellitus

are observed to have a 20–30% higher risk of developing breast

cancer compared to non-type 2 diabetic women, largely due to the

interaction between hyperinsulinemia, insulin resistance, and

estrogen-driven pathways. These mechanisms create a hormonal

and inflammatory environment that fosters tumor growth. In

contrast, breast cancer in type 2 diabetic men is rare but may be

slightly more prevalent than in non-type 2 diabetic males,

potentially due to obesity-induced aromatization of androgens to

estrogens and altered testosterone levels. While literature on male

breast cancer in type 2 diabetes mellitus remains limited, the

existing data suggest the need to consider sex-specific hormonal

dynamics in understanding risk patterns (30, 31).

3.1.3 Height
Height has emerged as a potential risk factor for breast cancer in

various populations, including type 2 diabetics. Research suggests

that being tall may slightly increase breast cancer risk, regardless of

type 2 diabetes mellitus status. This link is thought to be due to

elevated levels of growth factors and hormones, such as insulin-like

growth factor 1 (IGF-1), which play a role in cancer development.

Numerous studies have established a significant correlation between

tall height and breast cancer in both type 2 diabetic and non-type 2

diabetic individuals. A large analysis including more than 5 million

women found that every 10-centimeter (approximately 4 inches)

increase in height was associated with a 17% higher risk of breast

cancer. Although the underlying mechanisms are still unclear, they

may involve variations in early developmental patterns, hormonal

levels, and genetic predispositions. Furthermore, height has been

linked to an increased risk of several other types of cancer (32, 33).

3.1.4 Genetic predisposition
Genetic predisposition is a critical determinant of breast cancer

risk, especially when combined with metabolic disturbances from

type 2 diabetes mellitus. Individuals with a family history of breast

cancer are at significantly increased risk, and this risk may be

compounded in type 2 diabetic patients. Mutations in high-

penetrance genes such as BRCA1, BRCA2, TP53, PTEN, CDH1,

STK11, and ATM are well-established contributors to hereditary

breast cancer. Additionally, type 2 diabetes mellitus-related

polymorphisms and single-nucleotide polymorphisms (SNPs) in

genes regulating insulin signaling and inflammatory pathways may

interact with these mutations, further elevating cancer

susceptibility. The co-occurrence of type 2 diabetes mellitus and

genetic mutations may enhance oxidative stress, insulin resistance,
Frontiers in Oncology 05
and estrogen synthesis—factors that synergistically promote

carcinogenesis (34, 35).

3.1.5 Race and ethnicity
Race and ethnicity play an important role in influencing breast

cancer risk among individuals with type 2 diabetes mellitus,

highlighting significant disparities in both incidence and

outcomes between different demographic groups. Extensive

research consistently indicates that African American and

Hispanic women with type 2 diabetes mellitus have a 20-30%

higher risk of breast cancer than their non-type 2 diabetic

counterparts and other racial or ethnic groups (36). These

disparities are multifaceted, including socioeconomic status,

disparities in healthcare access, genetic variations, and potentially

complex interactions between type 2 diabetes mellitus and breast

cancer risk factors within specific racial or ethnic populations (37).

3.1.6 Dense breast tissue
Dense breast tissue is a major challenge in breast cancer

detection and risk assessment in type 2 diabetic patients. It is

characterized by a higher proportion of fibrous and glandular

tissue, which can obscure the tumors on mammograms,

potentially delaying diagnoses and affecting treatment outcomes

(38, 39). This issue is important for women with type 2 diabetes

mellitus, as they already face an elevated risk of breast cancer due to

metabolic factors associated with type 2 diabetes mellitus (40).

3.1.7 Menstrual periods
The timing of reproductive milestones—such as early menarche

(before age 12) and late menopause (after age 55)—plays a pivotal role

in breast cancer risk, especially in women with type 2 diabetes mellitus.

Extended exposure to endogenous estrogen increases the likelihood of

developing hormone-receptor-positive breast cancers. In women with

type 2 diabetes mellitus, metabolic dysfunctions further disrupt

hormonal balance, exacerbating this risk. Premenopausal breast

cancers in type 2 diabetics are often aggressive and hormone-

receptor-negative, whereas postmenopausal cases are commonly

hormone-receptor-positive and influenced by adipose-derived

estrogen. The combination of prolonged estrogen exposure and

insulin resistance creates a permissive environment for tumor

development (41).
3.2 Modifiable factors

3.2.1 Body mass index
Body Mass Index (BMI), a measure of body fat relative to height

and weight, affects breast cancer risk in patients with type 2 diabetes

mellitus. A high BMI level is linked to increased levels of insulin and

estrogen, both of which contribute to the development of breast

cancer. Research shows that every 5 kg/m² rise in Body Mass Index

corresponds to a 12% higher risk of postmenopausal breast cancer

(42). Women with type 2 diabetes mellitus and obesity are at higher

risk, as excess weight increases metabolic disturbances and

inflammation, which can lead to poorer cancer outcomes (43).
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3.2.2 Specific fat accumulation areas
Specific areas of fat accumulation, such as visceral fat and waist

circumference, affect breast cancer risk in type 2 diabetic patients.

An increase in visceral fat, which surrounds the abdominal organs,

is strongly associated with insulin resistance and high inflammation

levels, which contribute to increased estrogen levels and breast

cancer risk (44). Studies show that central obesity, characterized by

excess fat around the abdomen, is particularly harmful in people

with type 2 diabetes mellitus, as it exacerbates metabolic disorders

and hormonal imbalances (45). Research has highlighted that every

5 cm increase in waist circumference is associated with a 7% higher

breast cancer risk in postmenopausal women (46).
3.2.3 Dietary habits
Recent studies indicate an important role of dietary habits in

influencing the risk of breast cancer in type 2 diabetic individuals. A

cohort study involving 10,000 participants over ten years indicated

that a higher intake of fish, eggs, leafy vegetables, and nuts was

linked to a lower breast cancer risk (47). These nutritious foods,

which are abundant in omega-3 fatty acids, antioxidants, and

essential vitamins, provide a protective effect against breast cancer

in type 2 diabetic individuals. Additionally, a meta-analysis

supports these findings, suggesting that a diet emphasizing these

food groups may significantly reduce breast cancer risk in type 2

diabetic women (48).

A population-based cohort study of 20,000 women aged 40–70

years, followed for 15 years, found an association between dietary

patterns and risk of breast cancer. Participants completed a detailed

dietary assessment using a food frequency questionnaire. During

the study period, 1,500 cases of breast cancer were diagnosed.

Analysis revealed that higher intakes of red meats (HR = 1.18,

95% CI 1.04-1.34), processed meats (HR = 1.25, 95% CI 1.10-1.42),

and sugary drinks (HR = 1.32, 95% CI 1.16-1.50) were associated

with elevated risk of breast cancer. In contrast, a diet rich in whole

grains, vegetables, fruits, and lean protein was associated with a

lower risk (HR = 0.85, 95% CI 0.76-0.95). These findings highlight

the importance of dietary changes in lowering breast cancer risk

within the studied population (49).

In a case-control study conducted in northern Alberta, Canada,

researchers investigated the relationship between dietary factors

and breast cancer risk in 577 women diagnosed with breast cancer

in 1976-77, alongside 826 age-stratified female controls without the

disease. Participants were queried about specific aspects of their

diet. This study found significant trends in relative risks (RRs)

across tertiles of consumption for several nutrients. Increasing

frequency of beef consumption showed RRs of 1.0, 2.3, and 1.5

(test for trend, p < 0.001), indicating a significant trend towards

increased risk with higher intake. Similarly, pork consumption

demonstrated RRs of 1.0, 1.6, and 2.2 (test for trend, p < 0.001),

indicating a significant link with breast cancer risk. Consumption of

sweet desserts also showed a trend with RRs of 1.0, 1.3, and 1.5 (test

for trend, p = 0.01), suggesting increased risk associated with higher

intake levels. Additionally, greater risks were observed in using table

butter and frying with butter or margarine than with vegetable

oils (50).
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3.2.4 Aluminum foil and utensils
Studies have suggested mechanisms by which aluminum

exposure may contribute to cancer development. Aluminum salts,

commonly consumed through cooked food or stored in aluminum

foil, have estrogen-like effects in vitro, possibly affecting hormone-

sensitive cancers such as breast cancer (51). Additionally, while

aluminum foil is generally not used directly for cooking acidic or

salty foods because of its reactive properties, evidence suggests that

aluminum can leach into food, especially when heated (52). In

contrast, comprehensive reviews and epidemiological studies have

found no significant association between exposure to aluminum

from foil or utensils and breast cancer risk. A systematic review

concluded that current evidence does not establish a direct causal

relationship between aluminum exposure from cookware or other

sources and breast cancer (53).

3.2.5 Repeated use of same oil for cooking
Repeated use of the same oil, especially when exposed to high

temperatures and repeated heating, leads to the formation of

harmful substances like polycyclic aromatic hydrocarbons (PAHs)

and advanced glycation end products (AGEs). PAHs are produced

during the incomplete combustion of organic matter, including oil

when heated to high temperatures. AGEs, on the other hand, are

compounds formed by the reaction of sugars with proteins, lipids,

or nucleic acids during the cooking processes at high temperatures.

Both PAHs and AGEs have been implicated in oxidative stress,

inflammation, and cancer development. For individuals with type 2

diabetes mellitus, who already face an elevated risk of breast cancer

due to metabolic and hormonal factors, additional exposure to these

carcinogenic compounds from reused oil may further increase their

risk. Therefore, adopting cooking practices that include oil rotation,

moderate heating, and choosing oils with high smoke points and

healthy fatty acid profiles can help reduce these risks (54).

3.2.6 Physical activity
Research shows that a sedentary lifestyle contributes to insulin

resistance and high levels of circulating insulin and insulin-like

growth factors, both of which correlate with an increased breast

cancer risk. Type 2 Diabetics with low physical activity levels often

struggle to maintain a healthy weight, increasing their breast cancer

risk. For instance, a meta-analysis found a positive association

between low physical activity levels and breast cancer risk in type

2 diabetic individuals. Therefore, promoting regular physical

activity in type 2 diabetic individuals is important not only for

type 2 diabetes management but also for reducing breast cancer risk,

highlighting the importance of lifestyle modification as a key

component in health management strategies (25, 55).

3.2.7 Stress
Chronic stress triggers a cascade of hormonal and immune

responses that can contribute to cancer progression. Chronic stress

interferes with the hypothalamic-pituitary-adrenal (HPA) axis,

resulting in increased production of stress hormones, particularly

cortisol. These hormones, in turn, disrupt immune function and

promote chronic inflammation, creating a favorable environment
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for tumor growth and metastasis. Psychologically, chronic stress

can also contribute to unhealthy behaviors including poor dietary

choices, alcohol consumption and, smoking, which are linked to an

increased cancer risk. Moreover, stress can increase insulin

resistance and glucose dysregulation, which are common features

of type 2 diabetes mellitus, thereby increasing the breast cancer risk

in type 2 diabetics (56, 57).

3.2.8 Disrupted sleep cycle
A recent meta-analysis reported that short-term night shift

work was associated with a modest increase in the risk of breast

cancer (58), with the highest risk found in individuals who worked

shifts during early adulthood (59, 60). Exposure to light at night

disrupts the production of melatonin, a hormone that regulates

sleep. Experimental evidence suggests that melatonin can inhibit the

growth of small, established tumors and prevent new tumors (61). A

2019 review of human and animal studies by the International

Agency for Research on Cancer concluded that “night shift work,”

as distinct from “shift work” (identified in 2007), is carcinogenic to

humans due to its association with cancers such as breast, prostate,

and colorectal (62).

3.2.9 Metabolic syndrome
Metabolic syndrome, a set of biological abnormalities including

obesity, dyslipidemia, hypertension, and insulin resistance, often

leading to type 2 diabetes mellitus, has been recognized as a

contributing factor to Triple-negative breast cancer (TNBC). This

association was highlighted in a case-control study of 555 West

African women. Additionally, a retrospective study of 1416 type 2

diabetic breast cancer patients diagnosed between 2015 and 2020

showed a strong association between poor blood sugar management

and an elevated risk of TNBC. Supporting this, an Indian clinical

study found that TNBC patients who underwent seven cycles of

neoadjuvant chemotherapy exhibited higher biomarkers of

metabolic syndrome, including type 2 diabetes mellitus, than

untreated patients (44).

3.2.10 Alcohol
About 16% of breast cancer cases in the United States are linked

to alcohol (63). The risk of breast cancer in women increases by

about 7%-10% for every 10 grams of alcohol consumed per day

(about one drink). Women who drink 2 to 3 alcoholic drinks per

day have a 20% greater breast cancer risk than women who do not

drink alcohol (64). Although the exact mechanism is not fully

understood, alcohol may increase risk by raising levels of estrogen

and other hormone, or by increasing the density of breast

tissue (65).

3.2.11 Tobacco
Growing evidence suggests that smoking may slightly increase

the risk of breast cancer, particularly in women who have smoked

for many years or started smoking at a young age (66). A family

history of breast cancer can further increase this risk (67).

Additionally, research shows that exposure to secondhand smoke,
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especially during childhood, may also contribute to the risk of

breast cancer in the future (68).

3.2.12 Environmental chemicals and pollutants
Several occupational, environmental, and chemical exposures

have been suggested as potential causes of breast cancer. However,

epidemiological studies have generally found no clear association

between environmental pollutants and breast cancer risk. Research

has shown no link between high levels of organochlorines, such as

DDT, in the blood or fat tissue of adults and breast cancer risk (69).

However, exposure to DDT during critical stages of development,

such as in utero, during infancy, or before puberty, has been linked

to an increased breast cancer risk later in life (70). Animal studies

show that long-term, high-dose exposure to certain chemicals can

promote the development of mammary tumor, but it is not yet clear

whether low levels of exposure in the general environment do the

same. Many of these chemicals have not been well studied in

humans, making this an active area of research (71).

3.2.13 Endocrine disruptors
Endocrine disruptors, often consisting of compounds such as

phthalates, parabens, and triclosan, are known to mimic or interfere

with hormones like androgen and estrogen, disrupting normal

hormonal signaling pathways. Phthalates are a group of chemicals

found in plastics, fragrances, and personal care products that have

been linked to hormone disruption, specifically affecting estrogen

and testosterone levels. They have been linked to reproductive and

developmental problems and are being investigated for potential

health effects (72). Parabens are widely used as preservatives in

cosmetics and personal care products to inhibit microbial growth.

They have been detected in human breast tissue samples and are

suspected of having a role in breast cancer development due to their

estrogenic properties and ability to penetrate the skin (73).

Triclosan, an antimicrobial agent used in some deodorants and

toothpaste, has also raised concerns about its role in endocrine

disruptors and antibiotic resistance (74). Formaldehyde-releasing

preservatives in hair dyes and other products release carcinogenic

formaldehyde, while aromatic amines in hair dyes are classified as

possible human carcinogens (75).

3.2.14 Breastfeeding
Most research shows that breastfeeding for a year or more

slightly decreases the breast cancer risk in women, with greater

reductions seen with longer durations. A review of 47 studies from

30 countries found that the risk of breast cancer decreases by 4% for

every 12 months of breastfeeding. It works by suppressing

ovulation, thereby reducing lifelong exposure to estrogen, the

hormone associated with breast cancer development. It promotes

breast tissue maturation, aids in postpartum weight loss, and

improves insulin sensitivity (76).

3.2.15 Polycystic ovary syndrome
Polycystic ovary syndrome (PCOS) is marked by hormonal

imbalances, such as increased androgen levels and insulin

resistance, which can lead to breast cancer risk. Insulin resistance,
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a common feature of PCOS, leads to high circulating insulin levels

and increased production of insulin-like growth factor (IGF), both

of which are associated with the development and progression of

breast cancer. Additionally, the chronic inflammation and

hormonal dysregulation seen in PCOS may create a favorable

environment for cancer cell growth (77).

3.2.16 Oral contraceptives
Most research shows that current or recent use of oral

contraceptives (combined estrogen and progesterone) is associated

with a relatively small (about 20%) increased risk of breast cancer,

especially among women who have had it before their first pregnancy.

Studies of progestin-only intrauterine devices have had mixed results,

but a large Denmark study linked its use to a 20% increased risk of

breast cancer. On the other hand, the injectable progestin-only

contraceptive, depot-medroxyprogesterone acetate (Depo-Provera),

has not been linked to breast cancer, although the sample size may

have been too small to detect a clear association (78). The risk is

reduced when women stop using for at least 10 years, as are never
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users. Data on “ultra-low-dose” (20 micrograms) estrogen

formulations are limited and less clear (79). Overall, it is estimated

that one additional case of breast cancer is diagnosed for every 7,690

women who use hormonal contraception for one year (78).
4 Pathophysiology

Insulin signaling is important for maintaining metabolic

homeostasis by finely regulating glucose uptake, glycogen synthesis,

and lipid metabolism in response to varying blood glucose levels. When

blood glucose rises, insulin binds its receptor on target cells, initiating

autophosphorylation and subsequent recruitment of insulin receptor

substrates (IRS) and Shc proteins. IRS activates the PI3K-AKT pathway,

which is important for glucose transport, glycogen synthesis, and lipid

metabolism, ensuring efficient utilization or storage of glucose and

suppression of lipolysis, autophagy, proteasomal activity, and apoptosis

under adequate insulin levels. In addition, Shc proteins activate the

MAPK pathway, regulating cellular proliferation, differentiation, and
FIGURE 2

Transition in cell signaling associated with type 2 diabetes mellitus induced breast tumorigenesis.
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gene transcription. Disruption of insulin signaling, as seen in insulin

resistance and type 2 diabetes mellitus, leads to impaired glucose uptake

and dysregulated lipid metabolism, which contributes to metabolic

dysfunction and hyperglycemia. Beyond metabolic regulation, insulin

and insulin-like growth factors affect cancer biology by activating the

HIF1 signaling pathway. This pathway, critical for cellular adaptation to

hypoxic conditions in solid tumors, regulates glycolysis, angiogenesis,

and cell survival. Insulin-mediated activation of HIF1 signaling

highlights its role in promoting cancer cell survival, proliferation, and

adaptation to the anti-tumor microenvironments, highlighting the

complex interplay between metabolic processes and cancer

progression (Figure 2) (11) In the case of insulin resistance, it is

important to note that different types of insulin-activated, signaling

pathways identify an important critical distinction. The primary

metabolic effects of insulin are mediated through the PI3K-Akt

pathway; however, it is in this pathway that insulin resistance

presents problems.

As for the MAPK signaling pathway, it would be quite intact in

such a situation. Quite likely, this demonstration of signaling still

being conferred by insulin would indicate that there was a shift toward

this pathway to preferentially activate it. Because the MAPK pathway

is largely concerned with growth, proliferation, and differentiation of

the cell, rather than any of the metabolic functions associated with

insulin, this would concern what is endorsing the preferential

activation of this pathway in insulin resistance (35, 80, 81). Thus,

the most preferred activation of the MAPK pathway for insulin

resistance has real physiological consequences at that level. This

then means that, if elevated, MAPK signaling could be contributing

a lot to increased cell proliferation and survival, thereby contributing

to tumor growth and progression, and this phenomenon can be

observed in a few insulin-resistant states (80, 82, 83).

Some key breast cancer genes, like BRCA1/2, TP53, PTEN,

CDH1, and STK11, significantly correlate with Type 2 Diabetes

(type 2 diabetes mellitus. BRCA1/2 mutations raise type 2 diabetes

mellitus risk, with high BMI being one potential factor via metabolic

misregulation. TP53, a tumor suppressor, also controls metabolism,

and its high level in type 2 diabetes mellitus patients suggests a

common stress response. PTEN acts directly on insulin signaling

active in both breast cancer and type 2 diabetes mellitus via the

PI3K/Akt pathway. Likewise, some early connections of CDH1 (cell

adhesion) and STK11 (metabolic LKB1 regulator) with type 2

diabetes mellitus establish common pathways for both diseases.

This profound genetic interplay suggests possible common

molecular mechanisms between breast cancer and type 2 diabetes

mellitus. Thus, such an integrated health management approach

should be warranted (84–86).
5 Barriers to breast cancer diagnosis
in people with type 2 diabetes mellitus

Major barriers to early diagnosis and treatment of breast cancer

among rural Pakistani women are limited awareness, geographical

difficulties, and financial limitations. A widespread lack of awareness

of breast cancer symptoms and screening methods is associated with
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delays in diagnosis and treatment. This lack of knowledge is exacerbated

by the geographical isolation of rural areas, where limited infrastructure

and transportation difficulties prevent timely access to healthcare

services. Women often have to travel long distances for diagnostic

and treatment facilities, such as mammography and chemotherapy.

Additionally, financial barriers pose considerable challenges, as

diagnostic tests and treatments are often prohibitively expensive for

economically disadvantaged families, forcing some women to forgo

essential medical care or even sell assets to cover expenses, thereby

perpetuating poverty. Furthermore, socio-cultural norms and economic

dependence limit women’s decision-making power regarding their

health. Addressing these barriers requires comprehensive strategies,

including better health education, expanding healthcare infrastructure

in rural areas, and providing financial support to ensure equitable access

to breast cancer screening and treatment. Efforts should focus on

empowering women with knowledge, improving accessibility, and

reducing the financial burdens for early diagnosis and better

outcomes of breast cancer in rural populations in Pakistan (87, 88).

6 Strategies to overcome type 2
diabetes mellitus and breast cancer

Overcoming breast cancer in type 2 diabetic patients requires

tailored strategies that address the specific needs of the situation,

taking into account the disparities between developed and developing

countries (89). There is an urgent need to reduce modifiable risk

factors and increase screening through comprehensive national

policies, community initiatives, and individual behavioral

interventions. Although this strategy is effective but underutilized,

especially in low socioeconomic areas. Tobacco taxes have

significantly reduced smoking among people of low socioeconomic

status, but taxes in the U.S. are still below WHO recommendations.

Improving access to healthy and affordable food in areas of low

socioeconomic status is essential to address healthcare disparities.

Barriers to health care services, targeted communication efforts are

needed to reduce cultural and language barriers. Cancer prevention

efforts focus on reducing tobacco use and obesity and increasing

screening and vaccination. A systematic approach that includes low

socioeconomic status and racial/ethnic minorities is essential, with

greater emphasis on vulnerable groups (90, 91).

Additionally, ongoing efforts in cancer epidemiology, including

occupational exposures, environmental factors, and genetics, are

important components of public health programs to promote

healthy interventions. However, more research is needed to

understand changes in cancer-related attitudes and their impact

on cancer incidence and survival rates. Recognizing the challenges

of behavior change, policymakers and public health professionals

should consider interventions at multiple levels, including the

individual level, community, and systemic perspectives (92).
7 Conclusion

The interplay between type 2 diabetes mellitus and breast

cancer highlights the urgent need for targeted interventions.
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Combined risk factors such as obesity, hyperglycemia, and

hormonal imbalances create a cancer-prone environment in type

2 diabetic women. Addressing chronic inflammation and metabolic

dysregulation is key to disrupting this connection. A

multidisciplinary approach, combining lifestyle changes, early

screening, and personalized treatment, holds promise for

reducing the double burden of these diseases. Focusing on

prevention and comprehensive care will not only save lives but

also improve the quality of life for those affected worldwide.
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