APPENDIX 1: Al RESULTS FROM FIVE Al SOFTWARE PACKAGES, FREE OPTION

QUERY

Provide a comprehensive list of modifiable contributing factors (CFs) that are common to 1) the onset
and exacerbation of breast cancer, 2) the onset and exacerbation of Diabetes, and 3) the onset and
exacerbation of Covid-19; make this list as extensive and detailed as possible; general contributing
factors can be shown, but preferably as topical headings; for example, if one of the general contributing
factors is Heavy Metals, treat that as a topical heading, and under that heading, show the specific heavy
metals that that are common to 1) the onset and exacerbation of breast cancer, 2) the onset and
exacerbation of Diabetes, and 3) the onset and exacerbation of Covid-19, such as arsenic, cadmium,
lead, mercury, etc.; ensure that the full list of modifiable factors that that are common to 1) the onset
and exacerbation of breast cancer, 2) the onset and exacerbation of Diabetes, and 3) the onset and
exacerbation of Covid-19 includes, but is not limited to, the major categories of Lifestyle contributing
factors, latrogenic contributing factors, Biotoxins contributing factors, Environmental contributing
factors, Occupational contributing factors, Socioeconomic contributing factors, Psychosocial
contributing factors; for each specific contributing factor listed, have it followed by a short sentence
(enclosed in parentheses) showing why it contributes to breast cancer, Diabetes, and Covid-19.

RESPONSE

Claude Al

Modifiable Contributing Factors Common to Breast Cancer, Diabetes, and COVID-19
LIFESTYLE CONTRIBUTING FACTORS

Physical Inactivity and Sedentary Behavior

e Sedentary lifestyle (Reduces insulin sensitivity, impairs immune function, increases chronic
inflammation, and promotes estrogen-dependent tumor growth through weight gain and
metabolic dysfunction.)

e Low cardiovascular fitness (Decreased cardiovascular capacity compromises immune clearance,
reduces glucose metabolism efficiency, and limits systemic anti-inflammatory capacity.)

¢ Insufficient daily movement (Inadequate physical activity reduces lymphatic circulation, impairs
immune cell trafficking, and increases metabolic dysfunction across all three conditions.)

Dietary Factors

o High refined carbohydrate/sugar intake (Hyperglycemia impairs immune cell function,
promotes insulin resistance, increases systemic inflammation, and elevates estrogen levels
through metabolic dysfunction.)
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e High processed food consumption (Ultra-processed foods contain endocrine disruptors,
promote dysbiosis, activate systemic inflammation, and impair intestinal barrier function.)

e High trans fat and saturated fat intake (Promotes insulin resistance, inflammatory pathways,
reduces immune cell membrane fluidity, and increases circulating estrogen through altered
metabolism.)

e Low fiber intake (Disrupts gut microbiota composition, reduces short-chain fatty acid
production, impairs intestinal barrier function, and increases circulating endotoxins.)

¢ Low phytochemical/antioxidant intake (Reduces antioxidant defense capacity, decreases anti-
inflammatory signaling, impairs immune regulation, and leaves cells vulnerable to oxidative
stress.)

e High omega-6 to omega-3 ratio (Promotes pro-inflammatory arachidonic acid metabolism,
reduces production of anti-inflammatory mediators, and impairs innate immune response.)

e High alcohol consumption (Increases circulating estrogen, impairs insulin secretion and glucose
metabolism, suppresses T-cell and B-cell function, and promotes hepatic inflammation and
dysbiosis.)

¢ Excessive sodium intake (Impairs immune regulation through Th17 cell differentiation,
promotes metabolic dysfunction, and increases systemic inflammation.)

¢ Inadequate micronutrient intake (Deficiencies in zinc, selenium, vitamin D, vitamin C, and B
vitamins directly impair immune response, glucose metabolism, and antioxidant defense.)

e Vitamin D insufficiency (Critical for immune cell differentiation and function, insulin secretion,
calcium homeostasis, and regulation of systemic inflammation.)

e Vitamin B12 and folate deficiency (Required for immune cell proliferation, DNA methylation
patterns, insulin signaling, and homocysteine metabolism.)

e Zinc deficiency (Essential for thymic T-cell development, natural killer cell function, immune
memory, and glucose transporter expression.)

e Selenium deficiency (Required for selenoprotein synthesis including glutathione peroxidase,
thyroid hormone metabolism, and antiviral immune responses.)

e lIron deficiency (Impairs oxygen-dependent immune cell function, affects mitochondrial
respiratory chain, and reduces antiviral capacity.)

¢ Magnesium deficiency (Affects insulin secretion, immune cell function through NF-kB signaling,
and mitochondrial ATP production.)

Smoking and Tobacco Exposure

e Active tobacco smoking (Activates oxidative stress and inflammatory pathways, increases
circulating estrogen metabolites, impairs immune function, and increases viral susceptibility.)



Secondhand smoke exposure (Produces systemic inflammation and oxidative stress, impairs
antiviral immunity, and increases carcinogen-induced DNA damage.)

Smoking-induced gut dysbiosis (Alters microbiota composition, reduces barrier-protective
commensals, increases endotoxin translocation, and impairs immune regulation.)

Sleep Disruption and Circadian Dysregulation

Chronic sleep deprivation (Impairs circadian-regulated immune function, increases pro-
inflammatory cytokine production, reduces melatonin-mediated antioxidant protection, and
impairs glucose metabolism.)

Sleep fragmentation (Disrupts immune consolidation, reduces T-cell memory formation, impairs
viral clearance, and promotes insulin resistance.)

Circadian rhythm disruption (Impairs clock-controlled immune gene expression, reduces
melatonin synthesis, increases oxidative stress, and impairs B-cell function.)

Night shift work (Suppresses circadian-regulated immune responses, reduces melatonin
production, increases circulating estrogen, and impairs glucose homeostasis.)

Psychosocial/Behavioral Stress

Chronic psychological stress (Increases cortisol and catecholamine levels, shifts immune
response toward pro-inflammatory Th1 depletion, reduces regulatory T-cells, and impairs viral
containment.)

Perceived stress and worry (Activates sympathetic nervous system, suppresses mucosal IgA
production, impairs interferon responses, and reduces metabolic regulation.)

Trauma exposure (Creates persistent HPA axis dysregulation, reduces immune tolerance,
increases systemic inflammation, and impairs glucose metabolism.)

Anxiety and depression (Shifts immune balance toward pro-inflammatory states, reduces
immune tolerance through reduced Foxp3+ regulatory T-cells, and impairs metabolic flexibility.)

Weight Management

Obesity and excess adiposity (Adipose tissue produces pro-inflammatory cytokines (TNF-a, IL-
6), increases circulating estrogen, impairs insulin sensitivity, and reduces CD8+ T-cell immune
responses.)

Visceral adiposity (Directly promotes systemic inflammation through portal endotoxemia,
increases local chemokines that recruit pro-inflammatory immune cells, and impairs insulin
signaling.)

Rapid weight cycling (Creates repeated periods of metabolic stress, increases oxidative damage,
promotes dysbiosis, and impairs immune regulation.)

Substance Use



Cannabis use (Impairs Thl immune responses, increases viral susceptibility, impairs glucose
metabolism, and may increase breast cancer risk through altered endocannabinoid signaling.)

Opioid use (Suppresses T-cell and B-cell responses, reduces IgA production, increases
susceptibility to infection, and impairs metabolic homeostasis.)

IATROGENIC CONTRIBUTING FACTORS

Hormonal Medical Treatments

Hormone replacement therapy (HRT) (Increases circulating estrogen and progesterone, directly
promotes estrogen-dependent breast cancer proliferation, may impair immune tolerance
mechanisms.)

Oral contraceptives (Increases thrombotic risk in COVID-19, elevates circulating estrogen
promoting breast cancer risk, may alter glucose tolerance.)

Long-acting progestin injections (Sustained elevation of synthetic progestins increases breast
cancer risk through altered immune surveillance.)

Immunosuppressive and Immunomodulating Medications

Corticosteroid use (Suppresses T-cell and B-cell function, reduces interferon-gamma production,
impairs antiviral response, and impairs glucose metabolism.)

Calcineurin inhibitors (Suppress T-cell activation and IL-2 production, reducing antiviral
immunity and immune surveillance of malignant cells.)

TNF-a inhibitors (Inhibit critical antiviral immune responses, increase susceptibility to
opportunistic infections, and alter immune tolerance.)

Methotrexate (Impairs T-cell and B-cell proliferation, reduces immune surveillance, and may
increase infection risk.)

Metabolic-Altering Medications

Antipsychotic medications (Frequently cause weight gain, impair glucose metabolism, increase
insulin resistance, and promote metabolic syndrome.)

Certain antidepressants (Some agents promote weight gain and metabolic dysfunction, altering
immune homeostasis.)

Beta-blockers (May impair immune response through reduced B2-adrenergic signaling on
immune cells and increased visceral adiposity.)

Radiation Exposure from Medical Procedures

Diagnostic radiation (Induces oxidative stress, causes direct DNA damage, activates p53
pathways, and can promote breast cancer through somatic mutations.)



Therapeutic radiation (May damage thymic tissue reducing T-cell production, causes
inflammation, and creates immunosuppression.)

CT scan radiation exposure (Cumulative exposure increases cancer risk, impairs immune cell
DNA, and increases oxidative stress.)

Fluoroscopy exposure (Induces reactive oxygen species, increases mutation burden in rapidly
dividing cells, and impairs immune function.)

Antibiotic Overuse

Broad-spectrum antibiotic exposure (Disrupts protective microbiota, reduces bacterial
lipopolysaccharide tolerance, impairs immune training, and alters estrobolome.)

Repeated antibiotic courses (Repeatedly reduces microbial diversity, impairs barrier function
through reduced short-chain fatty acid production, and increases dysbiosis-related
inflammation.)

Vaccine-Associated Factors (if applicable to individual circumstances)

Myocarditis from certain vaccines (In rare cases, can increase thrombotic risk and vascular
inflammation in COVID-19 context; requires individual risk-benefit assessment.)

BIOTOXIN CONTRIBUTING FACTORS

Mycotoxins

Aflatoxin exposure (Directly mutagenic to hepatic and mammary epithelial cells, impairs
immune function through reduced IL-12 production, increases circulating endotoxin load.)

Ochratoxin exposure (Hepatotoxic and immunosuppressive, increases oxidative stress, impairs
barrier function, and promotes dysbiosis.)

Trichothecene exposure (Inhibits protein synthesis in immune cells, suppresses IL-2 and
interferon production, impairs T-cell responses, and increases infection susceptibility.)

Fumonisins (Disrupt sphingolipid synthesis affecting immune cell membranes, reduce interferon
responses, impair barrier function.)

Zearalenone (Estrogenic mycotoxin that promotes estrogen-dependent breast cancer
proliferation, impairs T-cell function, disrupts immune tolerance.)

Bacterial Endotoxins and Lipopolysaccharides (LPS)

Gram-negative bacterial LPS exposure (Activates TLR4 signaling, promotes systemic
inflammation, increases circulating TNF-a and IL-6, and can trigger IL-6 amplification loops.)

Dysbiosis-derived endotoxemia (Reduced barrier function allows bacterial translocation,
chronic TLR4 activation promotes cancer-related inflammation, impairs immune tolerance.)



Periodontal pathogen LPS (Translocates to systemic circulation, activates pro-inflammatory
immune responses, contributes to chronic inflammation in all three conditions.)

Microbial Metabolites and Pathogenic Molecules

Lipopolysaccharide from dysbiotic flora (Activates innate immunity toward pro-inflammatory
Th17 differentiation, increases intestinal permeability, promotes systemic inflammation.)

Flagellin from pathogenic bacteria (TLR5 ligand that promotes pro-inflammatory immune
responses, reduces regulatory T-cell induction, activates systemic inflammation.)

Environmental Microbial Toxins

Bacterial B-glucans (Activate innate immunity but can dysregulate adaptive immunity, promote
pro-inflammatory states when dysbiosis-derived.)

Mold spore exposure (Inhalation triggers chronic Th2 and Th17 responses, increases systemic
inflammation, impairs antiviral immunity, and promotes allergic sensitization.)

ENVIRONMENTAL CONTRIBUTING FACTORS

Air Pollution

Particulate matter (PM2.5 and PM10) (Crosses pulmonary epithelium into systemic circulation,
promotes systemic inflammation, impairs immune cell function, increases oxidative stress,
activates endothelial dysfunction.)

Ozone exposure (Creates oxidative stress in respiratory epithelium, triggers pro-inflammatory
immune responses, impairs antiviral interferon production, and increases infection
susceptibility.)

Nitrogen dioxide exposure (Impairs mucosal immunity through reduced IgA production,
damages respiratory epithelium, and promotes systemic inflammation.)

Sulfur dioxide exposure (Irritates respiratory tract, triggers pro-inflammatory responses, and
increases viral susceptibility through immune dysregulation.)

Water Contamination

Disinfection byproducts (trihalomethanes, haloacetic acids) (Increase oxidative stress, promote
DNA methylation abnormalities, impair immune function, and increase cancer risk.)

Microbial contamination and pathogens (Increase infection burden, activate systemic
inflammation, impair immune tolerance, and increase both acute and chronic disease risk.)

Chemical contaminants in drinking water (May include endocrine disruptors, heavy metals, and
carcinogens depending on local water quality.)

Heavy Metals



Lead exposure (Impairs T-cell and B-cell function, increases oxidative stress, reduces calcium
signaling in immune cells, promotes pro-inflammatory responses, and impairs glucose
metabolism.)

Mercury exposure (Suppresses T-cell proliferation and antibody production, increases oxidative
stress through glutathione depletion, impairs immune tolerance, and increases autoimmune-like
inflammation.)

Cadmium exposure (Produces oxidative stress through reactive oxygen species generation,
induces metallothionein stress responses, impairs immune regulation, and reduces immune
surveillance of malignant cells.)

Arsenic exposure (Activates p53 mutations in mammary epithelium, impairs T-cell function,
increases oxidative stress, and promotes immune dysregulation toward Th2 responses.)

Aluminum exposure (Accumulates in immune tissues, activates pro-inflammatory Th17
responses, impairs immune tolerance through reduced regulatory T-cell induction.)

Nickel exposure (Activates innate immune responses toward pro-inflammatory Th1/Th17
patterns, increases systemic inflammation, impairs barrier function.)

Persistent Organic Pollutants (POPs)

Polychlorinated biphenyls (PCBs) (Bind to aryl hydrocarbon receptor, promote estrogen
receptor signaling, promote Th17 differentiation, increase systemic inflammation, and impair
immune tolerance.)

Dioxins and dioxin-like compounds (Aryl hydrocarbon receptor ligands that alter immune
tolerance, increase Th17 responses, promote estrogen-like signaling, and increase systemic
inflammation.)

Organochlorine pesticides (Act as endocrine disruptors mimicking estrogen, increase breast
cancer proliferation, suppress immune function, and impair glucose metabolism.)

Organophosphate pesticides (Inhibit acetylcholinesterase affecting parasympathetic immune
regulation, increase oxidative stress, impair immune surveillance.)

Pyrethroids (Activate sodium channels causing neurological immune dysregulation, increase
systemic inflammation, and impair immune homeostasis.)

Phthalates and Plasticizers

Bisphenol A (BPA) (Binds estrogen receptors promoting breast cancer proliferation, impairs
immune tolerance through altered Foxp3+ regulatory T-cell development, disrupts metabolic
homeostasis.)

Bisphenol S (BPS) (Similar estrogenic activity to BPA, alters immune tolerance, promotes
estrogen-dependent cancer proliferation.)

Phthalates (DEHP, BBP, DBP) (Anti-androgenic and estrogenic activity promotes breast cancer,
impairs Thl immune responses toward Th2 skewing, reduces immune surveillance.)



Pesticide Exposure

Glyphosate residues (Damages intestinal barrier function, disrupts commensal microbiota,
increases systemic endotoxemia, impairs detoxification pathways.)

Neonicotinoid insecticides (Impair immune cell neurotransmitter signaling, increase systemic
inflammation, disrupt parasympathetic immune regulation.)

Volatile Organic Compounds (VOCs)

Formaldehyde exposure (Directly carcinogenic to mammary epithelium, increases oxidative
stress, impairs immune function, activates inflammatory pathways.)

Benzene exposure (Impairs bone marrow hematopoiesis reducing immune cell production,
increases oxidative stress, impairs immune surveillance.)

Toluene and xylene exposure (Increase oxidative stress in immune tissues, impair neural
immune regulation, trigger pro-inflammatory responses.)

Radiation Exposure (Non-Medical)

Radon exposure (Increases lung tissue oxidative stress, impairs local immune responses,
increases cancer risk through direct DNA damage.)

UV radiation exposure (Increases melanoma and non-melanoma skin cancer risk, impairs local
cutaneous immune responses through regulatory T-cell induction.)

Electromagnetic Fields

Radiofrequency radiation (May increase oxidative stress in sensitive individuals, potentially
impairs immune function, though evidence remains inconclusive; cellular mechanisms may
affect circadian regulation.)

OCCUPATIONAL CONTRIBUTING FACTORS

Occupational Chemical Exposures

Occupational pesticide exposure (Chronic low-level exposure increases cancer risk, impairs
immune function, disrupts microbiota, and increases endotoxin burden.)

Occupational solvent exposure (Damages barrier function across epithelial surfaces, increases
oxidative stress, impairs hepatic detoxification, promotes systemic inflammation.)

Occupational heavy metal exposure (Cumulative toxic effects on immune regulation, increased
oxidative stress, impaired immune surveillance of malignancies.)

Occupational asbestos exposure (Directly mutagenic to lung epithelium, activates chronic
inflammatory immune responses, impairs T-cell function through TGF- induction.)

Occupational silica dust exposure (Activates pro-inflammatory Thl and Th17 responses,
increases oxidative stress, impairs immune tolerance, increases infection risk.)



Occupational Biological Exposures

Healthcare worker exposure to pathogens (Increased viral and bacterial pathogen exposure,
increased infection risk, chronic immune stimulation, increased susceptibility to severe COVID-
19.)

Agricultural worker pathogen exposure (Exposure to zoonotic pathogens, increased systemic
inflammation, increased infection susceptibility.)

Occupational mold exposure (Chronic inhalation impairs antiviral immunity, triggers Th2/Th17
responses, increases systemic inflammation, impairs immune tolerance.)

Occupational Psychosocial Stress

High job strain (Chronic stress hormone elevation, reduced immune surveillance, impaired
immune tolerance, increased infection susceptibility.)

Occupational burnout (Severe chronic stress causing HPA axis dysregulation, immune
exhaustion, reduced antiviral capacity.)

Shift work stress (Circadian disruption combined with occupational stress, impairs immune
consolidation, reduces immunity.)

Low job control (Psychosocial stress factor increasing cortisol, reducing immune tolerance,
increasing infection risk.)

Occupational Physical Exposures

Occupational heat stress (Increases systemic inflammation, impairs immune cell heat shock
protein responses, increases infection susceptibility.)

Occupational noise exposure (Chronic stress activator, increases cortisol and pro-inflammatory
mediators, impairs immune regulation.)

SOCIOECONOMIC CONTRIBUTING FACTORS

Income and Poverty

Low income status (Limits access to preventive healthcare, nutritious foods, and wellness
resources; increases chronic stress; limits immune support.)

Poverty and financial insecurity (Chronic psychological stress increases cortisol, reduces anti-
inflammatory immune responses, increases infection susceptibility.)

Medical debt burden (Financial stress activates HPA axis, reduces immune tolerance, increases
systemic inflammation.)

Food Insecurity

Inadequate access to nutritious food (Micronutrient deficiencies directly impair immune cell
development and function; chronic malnutrition impairs antiviral responses.)



e Reliance on ultra-processed foods (Low micronutrient density, high endocrine disruptor
content, promotes dysbiosis, activates systemic inflammation.)

Housing Conditions

e Overcrowded housing (Increases pathogen transmission, increases infection burden, increases
systemic inflammation response.)

e Damp/moldy housing (Chronic mold exposure impairs antiviral immunity, increases Th2/Th17
responses, promotes endotoxin translocation.)

e Substandard housing conditions (Associated with increased air pollution exposure, mold
exposure, pest exposure, and chronic stress.)

¢ Housing instability/homelessness (Extreme psychosocial stress, increased pathogen exposure,
limited healthcare access, severe immune compromise.)

Healthcare Access

e Limited healthcare access (Late detection of disease, missed preventive care, delayed
treatment, reduced immune surveillance monitoring.)

e Healthcare disparities (Systemic barriers reduce cancer screening, delay COVID-19
testing/treatment, limit diabetes management resources.)

e Maedication access barriers (Limited access to preventive medications, immune-supporting
therapies, creates disease burden.)

Educational Barriers

e Low health literacy (Reduced knowledge of modifiable risk factors, poor dietary choices,
reduced preventive health behaviors.)

e Language barriers to healthcare (Reduced healthcare access, delayed diagnosis, poor disease
management, increased acute complications.)

Occupational Precarity

e Gig economy employment (Lack of paid sick leave, no healthcare benefits, financial stress,
inability to isolate when infected.)

e Low-wage employment (Multiple financial stressors, reduced health-promoting resources,
chronic stress activation.)

PSYCHOSOCIAL CONTRIBUTING FACTORS
Chronic Stress and Stress Perception

e Chronic perceived stress (Sustained HPA axis activation increases cortisol, suppresses Thl
immune responses, reduces immune surveillance of malignant cells, and increases infection
susceptibility.)



Acute severe stress (Triggers sympathetic activation, temporarily boosts antiviral immunity but
creates subsequent immune depression, increases susceptibility to opportunistic infection.)

Cumulative lifetime adversity (Creates persistent immune dysregulation, reduced immune
tolerance, impaired regulatory T-cell function.)

Mood Disorders

Clinical depression (Reduces T-cell proliferation, increases pro-inflammatory cytokine
production, impairs antiviral interferon responses, increases cancer progression risk.)

Persistent anxiety (Chronically activates sympathetic nervous system, impairs regulatory T-cell
function, increases susceptibility to infections including severe COVID-19.)

Anxiety sensitivity (Amplifies stress perception, increases physiological stress response, impairs
immune regulation.)

Social Support and Relationships

Social isolation (Reduces parasympathetic immune regulation, increases pro-inflammatory
signaling, impairs immune tolerance, increases infection susceptibility and severity.)

Loneliness (Activates inflammatory pathways independent of objective isolation, increases
cardiovascular and systemic inflammation, impairs antiviral immunity.)

Relationship stress and conflict (Chronic psychosocial stressor, impairs wound healing
immunity, reduces immune tolerance, increases infection risk.)

Reduced social support (Limited buffering of stress responses, impaired immune regulatory
pathways, increased infection severity.)

Trauma and Post-Traumatic Stress

Post-traumatic stress disorder (PTSD) (Causes persistent HPA axis dysregulation, reduces
regulatory T-cell differentiation, increases pro-inflammatory immune tone, impairs antiviral
responses.)

Childhood adversity and trauma (Creates epigenetic changes affecting immune regulation,
persistent altered HPA axis function, reduced immune tolerance.)

Meaning, Purpose, and Existential Factors

Low sense of purpose (Reduces immune-supportive parasympathetic tone, increases pro-
inflammatory signaling, reduces protective health behaviors.)

Perceived lack of control (Psychological stress factor increasing cortisol and reducing immune
tolerance, impairs regulatory T-cell induction.)

Existential distress (Chronic low-grade stress activation, impairs immune homeostasis, reduces
antiviral capacity.)

Perceived Discrimination and Stigma



¢ Racial/ethnic discrimination (Chronic psychological stress, elevated cortisol, impaired immune
tolerance, increased infection risk.)

e Gender discrimination (Chronic stress factor, reduces immune surveillance, increases
inflammation.)

e Disease-related stigma (Impairs psychological well-being, reduces healthcare-seeking behavior,
increases social isolation effects on immunity.)

Sleep and Circadian Disruption (Psychosocial Component)

e Anxiety-related insomnia (Impairs immune consolidation, reduces T-cell memory formation,
suppresses antiviral immunity.)

e Circadian misalignment from stress (Disrupts clock-controlled immune gene expression,
reduces melatonin synthesis, increases pro-inflammatory immune tone.)

SUMMARY OF INTERCONNECTED MECHANISMS
These modifiable contributing factors operate through overlapping biological pathways:

Immune Dysregulation: Shift from Th1/Th17 regulatory balance toward pro-inflammatory states and
reduced Foxp3+ regulatory T-cell induction, reducing immune surveillance of malignancy and reducing
antiviral containment.

Systemic Inflammation: Multiple factors increase TNF-a, IL-6, IL-17, and CRP, creating a pro-
inflammatory milieu promoting cancer progression, metabolic dysfunction, and severe COVID-19.

Gut Dysbiosis and Barrier Dysfunction: Reduced microbial diversity and protective commensal function,
increased intestinal permeability, translocation of bacterial endotoxins and lipopolysaccharides.

Oxidative Stress: Excessive reactive oxygen species overwhelming antioxidant defenses, causing DNA
damage, immune cell dysfunction, and accelerated aging of immune system.

Metabolic Dysfunction: Insulin resistance, impaired glucose homeostasis, altered lipid metabolism, and
mitochondrial dysfunction reducing energy availability for immune cell function.

Endocrine Disruption: Elevated circulating estrogen, impaired thyroid function, altered adrenal steroid
production, and dysregulated growth hormone secretion.

Epigenetic Alterations: DNA methylation changes, histone modifications, and chromatin remodeling
affecting immune cell differentiation, metabolic gene expression, and tumor suppressor function.

Circadian Dysregulation: Disrupted clock gene expression reducing circadian-controlled immune
responses, melatonin production, and metabolic regulation.

Autonomic Imbalance: Reduced parasympathetic (vagal) tone and increased sympathetic activation,
shifting immune balance toward pro-inflammatory states and reducing immune tolerance.
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Lifestyle Contributing Factors
Obesity and Overweight

e Excess body fat (Elevates estrogen and insulin levels, promoting breast cancer cell growth; leads
to insulin resistance, a key driver of type 2 diabetes; increases inflammation and impairs
immune function, exacerbating COVID-19 severity.)

e Abdominal obesity (Central fat accumulation disrupts hormone balance linked to breast cancer;
heightens metabolic syndrome risk for diabetes; correlates with poorer respiratory outcomes in
COVID-19 infections.)

Smoking and Tobacco Use

e Cigarette smoking (Introduces carcinogens that damage DNA, raising breast cancer incidence;
promotes oxidative stress and inflammation, contributing to diabetes onset; damages lungs and
weakens immunity, worsening COVID-19 progression.)

e Secondhand smoke exposure (Increases environmental carcinogen intake for breast cancer;
affects insulin sensitivity leading to diabetes; irritates respiratory tracts, heightening COVID-19
susceptibility and severity.)

Alcohol Consumption

e Excessive alcohol intake (Alters estrogen metabolism, increasing breast cancer risk; impairs
glucose regulation and liver function, exacerbating diabetes; suppresses immune responses,
leading to more severe COVID-19 outcomes.)

e Moderate to heavy drinking (Contributes to oxidative damage in breast tissue; promotes weight
gain and insulin resistance for diabetes; reduces antiviral defenses, aggravating COVID-19
infection risk.)

Physical Inactivity

e Sedentary lifestyle (Reduces protective effects against hormone-related breast cancers;
decreases insulin sensitivity, fostering diabetes development; lowers cardiorespiratory fitness,
increasing COVID-19 complication risks.)

e Lack of regular exercise (Leads to muscle loss and fat gain, linked to breast cancer progression;
contributes to metabolic imbalances in diabetes; weakens overall immunity and recovery from
COVID-19.)

Dietary Patterns

e High intake of processed and red meats (Contains carcinogens like heterocyclic amines that
promote breast cancer; raises inflammation and glycemic load for diabetes; lacks nutrients
essential for immune support against COVID-19.)
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High sugar and refined carbohydrate consumption (Spikes insulin levels, potentially fueling
breast cancer growth; directly causes hyperglycemia and diabetes onset; impairs gut health and
immunity, worsening COVID-19.)

Low fruit and vegetable intake (Reduces antioxidant protection against breast cancer; leads to
nutrient deficiencies that exacerbate diabetes; diminishes vitamin levels critical for fighting
COVID-19 infections.)

High saturated fat diet (Promotes inflammation linked to breast cancer; contributes to lipid
imbalances in diabetes; affects metabolic health, increasing COVID-19 severity.)

Inadequate fiber intake (Alters gut microbiota, associated with breast cancer risk; slows glucose
absorption but deficiency worsens diabetes; impacts immune modulation, heightening COVID-
19 complications.)

Sleep Patterns

Chronic sleep deprivation (Disrupts hormonal balance, increasing breast cancer risk; impairs
glucose metabolism leading to diabetes; weakens immune surveillance, exacerbating COVID-19.)

Irregular sleep schedules (Affects circadian rhythms linked to breast cancer; contributes to
insulin resistance in diabetes; reduces restorative processes, worsening COVID-19 outcomes.)

latrogenic Contributing Factors

Medication-Related Exposures

Long-term use of corticosteroids (Induces immunosuppression increasing infection risks like
COVID-19; elevates blood glucose leading to diabetes; may promote cellular changes associated
with breast cancer progression.)

Hormone replacement therapy (HRT) (Elevates estrogen exposure, raising breast cancer
incidence; can disrupt metabolic pathways contributing to diabetes; weakens overall health
resilience against COVID-19 severity.)

Certain immunosuppressive drugs (e.g., for autoimmune conditions) (Heighten susceptibility to
infections including COVID-19; may indirectly affect glucose control in diabetes; increase cancer
risk through reduced immune surveillance for breast cancer.)

Medical Procedure-Related Exposures

Repeated ionizing radiation from imaging (e.g., CT scans) (Damages DNA, potentially initiating
breast cancer; cumulative exposure linked to metabolic disruptions in diabetes; may
compromise lung health, exacerbating COVID-19.)

latrogenic immunosuppression from chemotherapy or similar treatments (Weakens defenses
against COVID-19 infections; can induce metabolic changes leading to diabetes; heightens
secondary cancer risks including breast cancer progression.)

Biotoxins Contributing Factors



Mycotoxins (from mold exposure)

e Aflatoxins (Carcinogenic compounds that damage DNA, increasing breast cancer risk; induce
oxidative stress leading to diabetes; impair liver and immune function, worsening COVID-19.)

e Ochratoxins (Promote cellular mutations linked to breast cancer; contribute to kidney damage
and metabolic disorders in diabetes; reduce immune efficacy against COVID-19 infections.)

Bacterial Toxins

e Lipopolysaccharides (LPS) from gut bacteria (Trigger chronic inflammation associated with
breast cancer; promote insulin resistance in diabetes; exacerbate systemic inflammation in
COVID-19.)

e Endotoxins from dysbiotic microbiota (Alter hormone signaling for breast cancer; disrupt
glucose homeostasis in diabetes; heighten cytokine storms during COVID-19.)

Gut Microbiota Dysbiosis

e Imbalance favoring pathogenic bacteria (Linked to estrogen metabolism changes in breast
cancer; contributes to leaky gut and diabetes onset; impairs immune training, increasing COVID-
19 severity.)

e Reduced microbial diversity (Affects anti-tumor responses in breast cancer; correlates with
metabolic syndrome for diabetes; weakens barrier functions against COVID-19 viral entry.)

Environmental Contributing Factors

Air Pollution

e Particulate matter (PM2.5) exposure (Induces oxidative stress and inflammation, promoting
breast cancer; associated with insulin resistance and diabetes incidence; irritates lungs,
increasing COVID-19 mortality risk.)

e Nitrogen dioxide (NO2) (Contributes to carcinogenic effects in breast tissue; links to metabolic
disruptions in diabetes; exacerbates respiratory vulnerabilities to COVID-19.)

e Ozone pollution (Causes DNA damage linked to breast cancer; heightens oxidative burden for
diabetes; worsens airway inflammation during COVID-19 infections.)

Endocrine Disrupting Chemicals (EDCs)

e Bisphenol A (BPA) (Mimics estrogen, increasing breast cancer risk; disrupts pancreatic function
leading to diabetes; aggravates inflammatory responses in COVID-19.)

e Phthalates (Alter hormone signaling for breast cancer; contribute to obesity and diabetes;
reduce immune resilience against COVID-19.)

e Parabens (Estrogenic properties promote breast cancer; affect metabolic pathways in diabetes;
may enhance viral susceptibility in COVID-19.)



Per- and polyfluoroalkyl substances (PFAS) (Linked to hormonal cancers like breast; increase
type 2 diabetes risk through metabolic interference; impair immune function, worsening COVID-
19 outcomes.)

Polychlorinated biphenyls (PCBs) (Bioaccumulate and promote breast cancer; disrupt thyroid
and glucose regulation for diabetes; heighten infection severity in COVID-19.)

Heavy Metals

Arsenic (Carcinogenic, damaging DNA in breast tissue; poisons enzymes involved in glucose
metabolism for diabetes; increases oxidative stress, exacerbating COVID-19.)

Cadmium (Exhibits estrogenic activity, raising breast cancer risk; induces kidney damage and
insulin resistance in diabetes; suppresses immunity, worsening COVID-19.)

Lead (Disrupts endocrine systems linked to breast cancer; affects neurological and metabolic
pathways in diabetes; heightens vulnerability to respiratory infections like COVID-19.)

Mercury (Promotes oxidative damage in breast cells; impairs pancreatic beta-cell function for
diabetes; neurotoxic effects reduce overall resistance to COVID-19.)

Pesticides and Herbicides

Organophosphate pesticides (Cause cellular mutations associated with breast cancer; link to
neurotoxicity and diabetes; weaken detoxification pathways for COVID-19.)

Glyphosate (Disrupts gut microbiota, indirectly increasing breast cancer risk; correlates with
metabolic disorders in diabetes; may enhance inflammatory responses in COVID-19.)

Occupational Contributing Factors

Chemical Exposures

Solvent exposure (e.g., benzene) (Carcinogenic, increasing breast cancer incidence; toxic to
metabolic organs leading to diabetes; irritates mucous membranes, heightening COVID-19 risk.)

Pesticide handling (Promotes hormonal disruptions for breast cancer; links to insulin resistance
in diabetes; reduces lung function, exacerbating COVID-19.)

Shift Work and Irregular Hours

Night shift work (Disrupts melatonin production, raising breast cancer risk; alters circadian
glucose control for diabetes; leads to fatigue and weakened immunity against COVID-19.)

Long working hours (Increases stress-related inflammation for breast cancer; contributes to
sedentary behavior and diabetes; heightens exposure risks in high-contact jobs for COVID-19.)

High-Contact Occupations

Close proximity to others (e.g., healthcare, retail) (Indirectly increases stress and exposure to
toxins linked to breast cancer; correlates with poorer health behaviors for diabetes; elevates
direct viral transmission risk for COVID-19 onset.)



Socioeconomic Contributing Factors
Income and Poverty

e Low household income (Limits access to nutritious food and preventive care, increasing breast
cancer and diabetes risks; correlates with higher COVID-19 exposure in essential jobs and poorer
outcomes.)

e Financial instability (Promotes unhealthy coping mechanisms like poor diet for breast cancer and
diabetes; reduces ability to isolate or seek treatment, exacerbating COVID-19.)

Education Level

e Low educational attainment (Associated with limited health literacy, leading to delayed
screenings for breast cancer and mismanaged diabetes; heightens misunderstanding of COVID-
19 prevention measures.)

e Lack of health education (Contributes to adoption of risky behaviors for all three conditions;
worsens adherence to diabetes management and COVID-19 guidelines.)

Access to Healthcare

e Limited healthcare access (Delays breast cancer detection and diabetes control; increases
untreated comorbidities that worsen COVID-19.)

e Inadequate insurance coverage (Reduces preventive services for breast cancer and diabetes;
limits vaccination and treatment options for COVID-19.)

Housing and Living Conditions

e Overcrowded housing (Increases stress and poor nutrition linked to breast cancer and diabetes;
facilitates COVID-19 transmission.)

e Urban vs. rural disparities (Urban pollution heightens risks for all; rural access issues delay care
for breast cancer, diabetes, and COVID-19.)

Psychosocial Contributing Factors
Stress and Mental Health

e Chronic stress (Elevates cortisol, promoting inflammation for breast cancer and insulin
resistance in diabetes; suppresses immune function, worsening COVID-19.)

e Anxiety disorders (Linked to behavioral risks like smoking for breast cancer and diabetes;
heightens perceived vulnerability and poor coping during COVID-19.)

e Depression (Contributes to unhealthy lifestyles increasing breast cancer and diabetes risks;
reduces adherence to treatments, exacerbating COVID-19 outcomes.)

Social Support

e Social isolation (Increases emotional eating and inactivity for breast cancer and diabetes;
weakens psychological resilience against COVID-19 stress.)



e Lack of family or community support (Promotes neglect of health screenings for breast cancer
and diabetes management; heightens loneliness-linked immunity drops for COVID-19.)

Discrimination and Stigma

e Racial or ethnic discrimination (Correlates with higher stress levels for breast cancer and
diabetes; associates with disparate COVID-19 impacts due to systemic inequities.)

e Stigma related to health conditions (Discourages seeking care for breast cancer and diabetes;
amplifies fear and avoidance during COVID-19 pandemics.)

PubmedGPT Al

Nice — this is a great (and important) synthesis task. Below I've compiled an extensive, topical list of
modifiable contributing factors (CFs) that are common to (1) breast cancer, (2) diabetes (chiefly type 2),
and (3) COVID-19 (risk of worse infection or worse outcomes).

For each specific CF | give a short parenthetical sentence that explains why it contributes to all three
conditions. Where possible | group specific agents beneath topical headings (e.g., Heavy metals,
Endocrine disrupting chemicals, etc.). | cite key PubMed / review sources for the major load-bearing
categories so you can follow up quickly.

Lifestyle / metabolic factors

¢ Obesity / excess adiposity
(Promotes chronic inflammation, higher estrogen and adipokine-driven signalling that increases
breast cancer risk; causes insulin resistance that is the primary driver of type 2 diabetes; and
elevates COVID-19 severity via impaired pulmonary mechanics, chronic inflammation and
immune dysregulation). PubMed+2PubMed+2

e Physical inactivity / sedentary behavior
(Promotes weight gain, worsens insulin sensitivity and metabolic inflammation that raise
diabetes risk and cancer-promoting pathways in breast tissue; associated with worse outcomes
and higher hospitalization risk for COVID-19 through poorer baseline cardiometabolic fitness).
PubMed+1

e Unhealthy diet (high ultra-processed foods, saturated fat, refined sugars, low fiber, low
fruit/veg)
(Dietary patterns that increase obesity, insulin resistance and chronic inflammation raise risk of
type 2 diabetes and promote metabolic/hormonal milieus that support breast carcinogenesis;
diets that worsen metabolic health are also associated with higher risk of severe COVID-19).
PubMed+1

e Excessive alcohol consumption
(Alcohol is a recognized carcinogen for breast tissue via hormonal and DNA-damage
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mechanisms; alcohol contributes to metabolic dysregulation that can worsen diabetes control;
alcohol use is linked to immune impairment and higher risk of infection complications, including
worse COVID-19 outcomes). PMC+1

Tobacco smoking (including secondhand smoke)

(Contains carcinogens that increase breast cancer risk or worsen prognosis; smoking increases
insulin resistance and is associated with higher diabetes incidence and poorer glycemic control;
smoking increases risk of respiratory infection progression and is associated with worse COVID-
19 outcomes). PMC+1

Poor sleep / circadian disruption & night-shift work

(Disrupts hormonal regulation (melatonin/estrogen), DNA repair and circadian control that are
implicated in breast cancer; alters metabolic regulation and increases diabetes risk via insulin
resistance; circadian disruption impairs immune responses and has been associated with worse
infectious disease outcomes, including COVID-19). PMC+1

Excess body fat distribution (visceral adiposity)

(Visceral fat is metabolically active—secretes proinflammatory cytokines and aromatase activity
(estrogen production) relevant to breast cancer; drives insulin resistance and type 2 diabetes;
increases systemic inflammation and cardiometabolic risk that predict severe COVID-19).
PubMed+1

Nutritional / micronutrient and metabolic deficiencies

Vitamin D deficiency

(Low vitamin D is associated with worse breast cancer outcomes and may influence tumor
biology; linked to impaired glucose metabolism and higher diabetes risk; low vitamin D levels
are associated with increased susceptibility and worse severity of COVID-19 in observational
studies). PMC

Poor micronutrient status (e.g., low magnesium, low omega-3s, deficiencies that worsen
insulin resistance / immunity)

(Micronutrient shortfalls can contribute to metabolic dysfunction that favors diabetes and
cancer progression and can impair immune response to infections including SARS-CoV-2).
PubMed+1

Environmental chemical exposures

Heavy metals (modifiable by exposure reduction)

Cadmium

(Cadmium is a metalloestrogen and genotoxicant linked to higher breast cancer risk; associated
with impaired glucose homeostasis and higher diabetes risk; cadmium exposure is immunotoxic
and has been discussed as a factor that can worsen respiratory infections including COVID-19).
PMC+1
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Arsenic

(Arsenic exposure is carcinogenic and associated with breast cancer in some studies; chronic
arsenic exposure increases diabetes risk via beta-cell dysfunction and insulin resistance; arsenic
impairs innate immunity and may worsen outcomes for respiratory infections). PMC

Lead

(Lead is associated with endocrine and immune disruption that can influence cancer risk; linked
to metabolic disturbance and increased diabetes risk; lead exposure impairs host defenses and
respiratory health which can exacerbate COVID-19). PMC+1

Mercury

(Mercury is immunotoxic and can influence oxidative stress and endocrine function implicated in
cancer and metabolic disease; exposures have been discussed in relation to impaired immunity
and worse outcomes in respiratory infections). PMC+1

(Practical control: reduce contaminated food/water, occupational safequards, remediation and
avoidance of known local contamination.)

Persistent organic pollutants & classic carcinogens

Polychlorinated biphenyls (PCBs), dioxins, organochlorine pesticides (DDT/DDE, chlordane,
HCH)

(These persistent pollutants have estrogenic/anti-estrogenic and genotoxic properties linked to
higher breast cancer risk; they are associated with metabolic dysregulation and higher diabetes
risk in some studies; they impair immune and endocrine systems which may increase
susceptibility to infections including COVID-19). PMC+1

Polycyclic aromatic hydrocarbons (PAHSs) / traffic-related carcinogens

(PAHSs are carcinogenic and have been associated with breast cancer; PAHs and traffic pollution
worsen metabolic inflammation that relates to diabetes risk; PAHs/traffic pollution also increase
risk of severe respiratory infection and have been linked to worse COVID-19 outcomes). PMC+1

Endocrine-disrupting chemicals (EDCs)

Bisphenol A (BPA), bisphenol analogs (BPS/BPF), phthalates, parabens

(These EDCs can mimic estrogen and disrupt hormone signalling implicated in breast cancer
development; EDC exposures are linked with obesity, insulin resistance and increased diabetes
risk; EDCs can impair immune and endocrine homeostasis potentially worsening infectious
disease outcomes including COVID-19). PMC+1

Per- and polyfluoroalkyl substances (PFAS)

(PFAS are associated with hormonal disruption and have been implicated in altered cancer risk
patterns including breast cancer; PFAS exposure is linked with metabolic dysfunction and
greater diabetes risk in some studies; several reports link PFAS exposure to impaired vaccine
responses and possibly higher COVID-19 severity). PMC
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(Control: swap products, reduce food contact with plastics, avoid contaminated water, advocate for
remediation and policy limits.)

Air pollution & particulate matter

PM2.5, NO,, traffic-related air pollution, combustion products

(Long-term exposure to PM2.5 and traffic pollutants has been associated with increased breast
cancer incidence and mortality (particularly estrogen-receptor positive disease); air pollution
contributes to systemic inflammation and insulin resistance linked to diabetes; chronic exposure
increases susceptibility to respiratory infections and is associated with higher COVID-19
incidence, hospitalization and mortality). PMC+2PMC+2

Occupational exposures (modifiable by workplace controls)

Shift work / night shifts (chronodisruption)

(Classified as a probable carcinogen for breast cancer via circadian disruption; increases
metabolic dysregulation and diabetes risk; circadian disruption impairs immune responses and
has been associated with poorer infectious disease outcomes). PMC

Workplace chemical exposures (solvents, pesticides, endocrine disruptors, ionizing radiation
where applicable)

(Many occupational chemicals are linked to higher cancer risk including breast cancer in exposed
workers; several are diabetogenic or impair glucose homeostasis; inhalational/dermal exposures
can worsen respiratory vulnerability and immune function relevant to COVID-19). PMC+1

latrogenic / medical contributors (modifiable clinically)

Medical radiation (diagnostic / therapeutic ionizing radiation)

(lonizing radiation is a known risk factor for breast cancer when exposures are significant; some
cancer therapies and radiotherapy can induce metabolic changes or predispose to insulin
resistance; cumulative medical exposures can also transiently weaken immunity—relevant to
infection risk—though medical radiation is not a primary COVID-19 driver, minimizing
unnecessary imaging is modifiable). PubMed

Certain medications / iatrogenic immunosuppression (glucocorticoids, long-term
immunosuppressants, some antipsychotics/HAART-related metabolic effects)
(Immunosuppressive drugs can reduce immune surveillance and increase cancer
risk/progression; some medications cause weight gain or insulin resistance that increases
diabetes risk; immunosuppression worsens susceptibility to and severity of COVID-19).
PubMed+1

Antibiotic overuse / repeated broad-spectrum antibiotic exposure
(Alters the gut microbiome in ways that have been associated with cancer risk modulation and
therapy response in breast cancer; microbiome disruption is linked to metabolic dysregulation
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and diabetes; a healthy microbiome supports antiviral immunity—disruption may impact COVID-
19 susceptibility and outcomes). PMC

Infectious agents & biotoxins

Chronic infections / microbial dysbiosis (e.g., certain viral or bacterial exposures, mycotoxins)
(Persistent infections and microbiome shifts can promote chronic inflammation and immune
evasion facilitating cancer development; infections and microbial toxins can worsen insulin
resistance or pancreatic function contributing to diabetes risk; exposure to microbial toxins or
co-infections can increase severity of respiratory infections including COVID-19). PMC

Mycotoxins (e.g., aflatoxin—contextual/regionally relevant)

(Some mycotoxins are carcinogenic and impair metabolic and immune function; they can
contribute to liver and metabolic disease that worsens diabetes; immunosuppression and organ
damage from biotoxins may worsen infectious disease outcomes). PMC

Psychosocial & socioeconomic determinants (modifiable at policy/community/individual levels)

Low socioeconomic status, food insecurity, limited healthcare access

(Linked to delayed screening and later-stage breast cancer diagnosis; associated with higher
prevalence of obesity and uncontrolled diabetes; reduced access to testing, early care, vaccines
and supportive care raises COVID-19 risk and worse outcomes). PubMed+1

Chronic psychosocial stress / adverse life events

(Chronic stress alters immune surveillance, increases inflammation and can indirectly promote
tumor progression; stress contributes to poor self-care, weight gain and metabolic dysfunction
raising diabetes risk; stress impairs immune responses increasing vulnerability and worse
outcomes from infections including COVID-19). PMC

Built environment / lack of safe places to exercise, food deserts

(Limit opportunities for activity and healthy diet, increasing obesity/diabetes and indirectly
affecting cancer risk; crowded housing and poor access to care increase exposure and mortality
risk from COVID-19). PubMed+1

Microbiome & immunologic modifiers

Gut and mucosal microbiome dysbiosis (modifiable by diet, antibiotics, probiotics, prebiotics)
(Microbiome influences estrogen metabolism and immune signalling affecting breast cancer risk
and treatment response; alters metabolic signalling and insulin sensitivity relevant to diabetes;
gut/lung microbiome modulates antiviral immunity and may affect COVID-19 severity). PMC

Chemical class: Pesticides & agrichemicals
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Specific pesticides (organophosphates, organochlorines, herbicides like atrazine)

(Linked in some studies to endocrine disruption and elevated breast cancer risk; associated with
metabolic dysfunction, insulin resistance and higher diabetes incidence in exposed populations;
can impair immune function or pulmonary health that would increase vulnerability to
respiratory infections such as COVID-19). PMC+1

Modifiable behavioural exposures that affect all three

High glycemic load / frequent sugar-sweetened beverages

(Promotes obesity and hyperinsulinemia—drivers of breast carcinogenesis and the main
pathway to type 2 diabetes; poor glycemic control increases inflammation and is associated with
worse infectious outcomes including COVID-19). PubMed+1

lllicit drug use / polysubstance use (as modifiable exposures linked to poor health)
(Associated with poorer self-care, increased infection risk, metabolic instability and behaviors
that increase cancer risk and worsen infectious outcome). PMC

Practical notes (how to prioritize modifiable changes)

1.

Highest-impact individual actions: reduce excess body weight, increase physical activity, stop
smoking, reduce alcohol, improve diet (more fiber, whole foods, less ultra-processed), correct
vitamin D insufficiency where present, and improve sleep habits. (These target the large
common mechanistic hubs: inflammation, insulin resistance, immune competence, sex-
hormone balance.) PubMed+2PubMed+2

Environmental & occupational control: minimize exposures (local water/soil remediation, avoid
contaminated fish/shellfish when advisories exist, workplace protections, reduce use of plastics
that leach EDCs, advocate for cleaner air standards). PMC+1

Clinical / healthcare actions: rationalize medications that cause metabolic harm where possible,
minimize unnecessary radiation, address vitamin/mineral deficiencies, optimize glycemic control
in diabetics and support vaccination and early care access for infectious threats. PubMed+1

Sources & suggested readings (key, load-bearing PubMed / reviews)

Obesity — breast cancer link: Naaman SC. Obesity and Breast Cancer Risk: The Oncogenic ...
PubMed. PubMed

Obesity — diabetes and obesity — COVID: Chandrasekaran P (2024) overview of obesity in
T2DM; Singh R (2022) obesity & COVID-19 severity. PubMed+1

Smoking & COVID progression: Patanavanich R, meta-analysis (2020). PMC

Air pollution and breast cancer / COVID associations: White AJ et al. review and Andersen ZJ et
al. re: long-term air pollution & COVID outcomes. PMC+1
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e Heavy metals & COVID / immunotoxicity: Skalny AV et al. (toxic metals as possible COVID risk
factor); metals review. PMC+1

e Endocrine disrupting chemicals (BPA, phthalates, PFAS) — links to breast cancer, metabolic
disease and immune effects: NIEHS overview; recent systematic reviews. NIEHS+1

e Vitamin D & COVID / cancer / diabetes links: systematic reviews on vitamin D in COVID era. PMC

e Alcohol & breast cancer: Sohi | et al. meta-analysis and classic reviews. PMC+1

Short disclaimer & how | can help next

This list focuses on modifiable exposures and behaviours that have evidence linking them, via
inflammation/immune dysfunction/insulin resistance/hormonal disruption and direct toxicity, to all
three outcomes you asked about (breast cancer, diabetes, and COVID-19). For many agents the strength
of evidence varies by agent, dose and population; where evidence is weaker | used cautious language
(e.g., “linked”, “associated”, “may”).

ChatGPT Al

Comprehensive list of modifiable contributing factors (CFs) common to (1) breast cancer, (2) diabetes,
and (3) COVID-19 (onset and exacerbation)

Below | list topical headings (major CF categories) with the specific modifiable factors under each. After
each specific factor | give a one-line parenthetical explaining why it contributes to breast cancer,
diabetes, and COVID-19 (onset or worse outcomes). This is an evidence-informed summary — major
cross-cutting drivers include obesity/metabolic dysfunction, chronic inflammation, exposures to
endocrine-disrupting chemicals and heavy metals, smoking and air pollution, and socially mediated
factors (crowding, poor access to care). Key authoritative reviews and public-health sources that
synthesize these overlaps: CDC on COVID-19 underlying conditions; Lancet/major reviews on endocrine
disruptors; reviews on heavy metals and COVID/metabolic disease; obesity/diabetes links to COVID-19;
and smoking meta-analyses. Tobacco Induced Diseases+4CDC+4The Lancet+4

Lifestyle contributing factors

e Obesity / high BMmI
(Increases risk of hormonally-driven breast cancer and poorer breast cancer prognosis via higher
estrogen, insulin and inflammation; is the primary driver of type 2 diabetes via insulin
resistance; and is strongly associated with greater risk of severe COVID-19, hospitalization, and
death). Frontiers+1

e Diet high in ultra-processed foods, added sugars, saturated fats
(Promotes obesity, insulin resistance and chronic inflammation that raise diabetes risk; diets
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linked to obesity/insulin/estrogen dysregulation can increase breast cancer risk and recurrence;
poor diet worsens metabolic reserve and immune competence, contributing to worse COVID-19
outcomes).

Physical inactivity / sedentary behaviour

(Increases obesity and insulin resistance - higher diabetes risk; linked to higher breast cancer
incidence and poorer outcomes via metabolic/inflammatory pathways; lowers cardiometabolic
fitness that predicts worse COVID-19 prognosis).

Excess alcohol consumption

(Alcohol is an established modifiable risk factor for breast cancer via DNA damage and hormonal
changes; increases risk of developing diabetes through effects on weight and pancreatic/hepatic
function if heavy; alcohol misuse impairs immune defenses and is associated with worse
infectious outcomes including COVID-19).

Tobacco smoking (including secondhand smoke & vaping)

(Smoking increases breast cancer risk and worsens prognosis via carcinogens and estrogen
metabolism; associated with insulin resistance and higher diabetes risk; damages lung and
immune function and is associated with increased COVID-19 severity and mortality). Tobacco
Induced Diseases+1

Sleep deficiency / circadian disruption (including shift work / night shifts)

(Shift work and circadian disruption are classified as probable carcinogens for breast cancer and
are linked to altered sex-hormone and melatonin signaling; associated with higher risk of obesity
and diabetes; impaired sleep and circadian misalignment degrade immune responses and may
increase susceptibility and worse outcomes with COVID-19).

Excessive recreational/occupational sedentary exposures (e.g., long sitting times)
(Promotes metabolic dysfunction and inflammation that feed diabetes and cancer risk; reduces
overall physiologic reserve relevant in infectious illnesses including COVID-19).

Metabolic / physiologic contributors (modifiable or partially modifiable)

Insulin resistance / hyperinsulinemia / metabolic syndrome

(Core driver of type 2 diabetes; insulin/IGF signaling stimulates cell proliferation and can
promote breast tumorigenesis; metabolic syndrome and poor glycemic control are associated
with worse COVID-19 outcomes).

Poor glycemic control / chronic hyperglycemia

(Directly defines diabetes complications and promotes cancer-fostering inflammation;
hyperglycemia impairs immune function and correlates with increased severity and mortality in
COVID-19).

Vitamin D deficiency
(Low vitamin D has been associated in observational studies with higher breast cancer
incidence/progression risk and with insulin resistance; low vitamin D status has also been linked
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to higher risk of severe COVID-19 and poorer immune responses — and is modifiable by
supplementation and sun exposure).

Chronic systemic inflammation (elevated CRP, IL-6, etc.)

(A shared mechanistic pathway: promotes tumor initiation/progression, underlies insulin
resistance and diabetes pathogenesis, and predisposes to hyperinflammatory responses and
severe disease in COVID-19).

Environmental chemical exposures

Endocrine-disrupting chemicals (EDCs) — examples: BPA (bisphenol A), phthalates, certain
parabens, some alkylphenols

(EDCs can mimic or alter sex-hormone and insulin signaling — increasing breast cancer risk and
progression; promote obesity and insulin resistance = higher diabetes risk; may impair immune
function and have been proposed to worsen infectious disease susceptibility and COVID-19
outcomes). The Lancet+1

Per- and polyfluoroalkyl substances (PFAS)

(Linked to immune modulation, decreased vaccine responses, possible associations with
metabolic dysfunction and some cancer outcomes; PFAS exposures are associated with altered
glucose metabolism and may worsen infectious disease outcomes).

Pesticides and herbicides (organophosphates, organochlorines, glyphosate exposures in some
settings)

(Epidemiologic and mechanistic data link many pesticides to hormone disruption and some
increased breast cancer risk, and to metabolic disturbances that increase diabetes risk; pesticide
exposures can also impair immune defenses or damage lungs, potentially worsening COVID-19).

Air pollution (PM2.5, NOx, ozone)

(Long-term exposure is associated with increased breast cancer incidence in some studies via
inflammation and DNA damage; air pollution increases insulin resistance and diabetes incidence;
chronic and acute air pollution exposures are linked to worse COVID-19 incidence and outcomes
through impaired pulmonary and systemic immunity).

Heavy metals (topical heading; specific metals below)

Arsenic

(Associated with increased risk of diabetes via pancreatic/insulin pathway toxicity; linked to
certain breast cancer risks in epidemiologic studies and to mechanisms of carcinogenesis;
arsenic exposure can impair immune function and has been discussed as possibly increasing
susceptibility and severity of respiratory infections including COVID-19). PMC+1

Cadmium
(Cadmium is a known carcinogen with specific links to breast cancer biology via estrogenic
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effects; associated with insulin resistance and diabetes in some studies; cadmium exposure
harms lung and immune systems — implicated in worse infectious outcomes).

Lead
(Lead exposure is associated with metabolic dysfunction and some cancer-related mechanisms;
lead impairs immune function and may contribute to worse outcomes from infections).

Mercury
(Neuro- and immunotoxic effects; mercury exposures can disrupt endocrine and immune
systems that can influence cancer risk, metabolic regulation and infection outcomes).

Vanadium and other transition metals (where relevant occupational exposure exists)
(Some metals can affect glucose metabolism or act as carcinogens/oxidative stressors;
occupational exposures are modifiable with controls).

(Overall: heavy metal exposures are modifiable by source reduction, remediation, dietary choices, and
workplace controls.) PMC+1

Biotoxins, pathogens, and related exposures

Chronic or persistent infections (e.g., certain viral infections, bacterial dysbiosis, chronic
periodontal disease)

(Some chronic infections promote inflammation and immune dysregulation that can increase
cancer risk (e.g., some viruses), worsen metabolic control and diabetes risk, and predispose to
more severe outcomes from acute infections such as COVID-19).

Mycotoxins and mold exposure

(Mycotoxins can be immunomodulatory and proinflammatory; chronic exposure may contribute
to systemic inflammation that links to metabolic dysfunction and possibly cancer risk — and
impaired immune responses relevant to COVID-19).

Microbial endotoxins (e.g., from poorly controlled indoor air or occupational exposures)
(Can provoke systemic inflammation, worsen insulin resistance, and impair pulmonary defense
mechanisms).

latrogenic / medication-related contributors

Chronic systemic glucocorticoid use (steroids)

(Steroids increase blood glucose and can precipitate or worsen diabetes; long-term steroid
exposure is immunosuppressive and increases infection severity, including risk of severe COVID-
19; steroids can also influence cancer risk/progression and interact with cancer therapy).

Immunosuppressive therapies (e.g., calcineurin inhibitors, biologic immunosuppressants)
(Necessary in some conditions but they reduce antiviral immunity — increasing COVID-19
severity risk — and can impair immune cancer surveillance and alter glucose metabolism in
some cases).
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Certain hormone therapies and exogenous estrogens (HRT, some contraceptives)
(Exogenous sex hormones can alter breast cancer risk profiles; some formulations influence
metabolic parameters; hormone status also modulates immune responses).

Radiation therapy and some cytotoxic chemotherapies (when they cause metabolic/endocrine
sequelae)

(Cancer treatments are not generally “modifiable” in the short term for a given patient, but
exposure patterns and survivorship care can reduce long-term metabolic consequences that
raise diabetes risk and immune vulnerability).

Some antipsychotics / atypical antipsychotics and certain antidepressants
(Can cause weight gain and insulin resistance - raise diabetes risk; medication-induced
metabolic changes may indirectly affect cancer prognosis and infectious disease outcomes).

latrogenic exposures due to healthcare setting (hospital-acquired infections, device-related
exposures)

(Modify infection risk and outcomes — relevant to COVID-19 transmission and severity, and to
cancer care continuity).

Occupational contributing factors

Night-shift and rotating shift work
(Disrupts circadian biology that increases breast cancer risk and metabolic disorders; associated
with higher diabetes incidence and may impair immune readiness relevant to infection severity).

Occupational chemical exposures (industrial solvents, dyes, some aromatic hydrocarbons)
(Certain workplace chemicals are carcinogenic or endocrine-active and have been linked to
breast cancer; some increase diabetes risk via metabolic disruption; occupational lung
exposures may predispose to severe respiratory infections).

Occupational particulate / metal exposures (welding fumes, mining, manufacturing)
(Source of heavy metal and particulate exposures already listed; increase inflammation,
metabolic dysregulation and infection risk).

Workplace stress and lack of sick leave / poor infection control policies
(Increases psychosocial stressors and increases transmission risk for COVID-19; stress
contributes to unhealthy behaviors that raise diabetes and cancer risk).

Socioeconomic & structural contributors (modifiable at population/policy level)

Poverty / food insecurity / limited access to healthy food

(Drives diets that promote obesity and diabetes; limits cancer screening and early detection,
worsening breast cancer outcomes; crowded housing and limited resources increase risk of
SARS-CoV-2 exposure and poor COVID-19 outcomes).



Limited access to healthcare / delayed screening and care
(Reduces early detection and treatment of breast cancer; delays diagnosis and management of
diabetes; limits vaccination, testing, and early treatment for COVID-19).

Occupational instability / frontline/low-pay jobs without protections
(Increase exposure to environmental risks, infectious exposures, and stressors that worsen all
three conditions).

Housing quality (crowding, poor ventilation, indoor pollutants)
(Increases infectious spread (COVID-19), elevates exposure to indoor pollutants and mold
(inflammatory drivers), and contributes indirectly to metabolic stressors).

Psychosocial contributors (modifiable via therapy, social change)

Chronic stress, depression, social isolation

(Stress pathways (cortisol) and behavior changes increase obesity and diabetes risk; stress
influences immune and endocrine systems linked to breast cancer progression; chronic stress
impairs antiviral immunity and is associated with worse COVID-19 outcomes).

Substance misuse (beyond tobacco and alcohol — e.g., opioids, illicit stimulants)
(Worsens metabolic health, increases risky behaviors and treatment non-adherence, impairs
immunity and increases infectious risk/severity).

Behavioral / preventive healthcare contributors

Low vaccination uptake (influenza, SARS-CoV-2 vaccines)

(While vaccination does not prevent breast cancer or diabetes onset, low uptake increases risk
of severe COVID-19 and can indirectly disrupt care for chronic diseases, cancer treatment
scheduling, and outcomes).

Poor adherence to screening and preventive services (mammography, glycemic screening)
(Delays detection and intervention for breast cancer and diabetes, worsening prognosis and
increasing susceptibility to severe illness including COVID-19 due to unmanaged comorbidity).

Excess ultraviolet (UV) exposure (behavioral)

(UV is not a primary modifiable factor for these three in the same direction — included because
sun exposure affects vitamin D status (low vitamin D is a modifiable risk factor) and
sunscreen/UV behaviors can be optimized accordingly).

Microbiome & diet-related toxins

Dysbiosis (gut microbiome imbalance from antibiotics, poor diet)

(Alters systemic inflammation and estrogen metabolism — influencing breast cancer risk;
implicated in insulin resistance and diabetes pathogenesis; gut microbiome modulates immune
responses relevant to viral infections including COVID-19).



e Dietary contaminants (e.g., heterocyclic amines from charred meats, high aflatoxin exposure
in some regions)
(Certain dietary carcinogens raise cancer risk; some contaminants affect metabolic health and
immunity).

Summary notes and how to act (practical modifiable touchpoints)

e Many of the items above overlap because they act through common mechanisms: chronic
systemic inflammation, hormonal/endocrine disruption, immune impairment, and metabolic
dysregulation (insulin resistance / hyperglycemia). Targeting these mechanisms reduces risk
across all three conditions. The Lancet+1

e Practical, modifiable interventions with cross-disease benefits include: healthy weight loss /
physical activity, smoking cessation, reduction of EDC and heavy-metal exposures (dietary
choices, avoid single-use plastics, workplace controls), improved air quality, improved sleep and
circadian hygiene, safer medication choices and careful survivorship metabolic monitoring after
cancer therapy, vaccination and infection-control measures, and policy actions to reduce
socioeconomic inequities and occupational risks.

Google Gemini Al

This is an excellent and comprehensive summary of the shared modifiable contributing factors (CFs) for
breast cancer, diabetes (Type 2, primarily), and COVID-19 (onset and exacerbation). The structure,
detail, and evidence-informed mechanistic explanations are highly effective.

Given the prompt is essentially a request for the list itself, which you have already provided in a
meticulously organized and detailed manner, the best response is to present the information clearly
under appropriate headings, as you've laid it out. | will format your provided content into a final,
structured list for clarity and readability, ensuring all the original detail and parenthetical explanations
are retained.

Modifiable Contributing Factors Common to Breast Cancer, Diabetes, and COVID-19

The factors listed below share common mechanistic pathways, primarily chronic systemic inflammation,
metabolic dysfunction (e.g., insulin resistance), hormonal/endocrine disruption, and immune
impairment, which drive the onset and/or severity of these three distinct diseases.

Lifestyle Contributing Factors


https://www.thelancet.com/journals/landia/article/PIIS2213-8587%2820%2930129-7/abstract?utm_source=chatgpt.com
https://gemini.google.com/app/448574f28c44fd3d

Specific Modifiable Factor

Obesity / high BMI

Diet high in ultra-processed
foods, added sugars, saturated
fats

Physical inactivity / sedentary
behaviour

Excess alcohol consumption

Tobacco smoking (including
secondhand smoke & vaping)

Sleep deficiency / circadian
disruption (including shift work
/ night shifts)

Excessive
recreational/occupational
sedentary exposures
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Common Mechanism / Contribution

(Increases risk of hormonally-driven breast cancer and poorer breast
cancer prognosis via higher estrogen, insulin and inflammation; is the
primary driver of type 2 diabetes via insulin resistance; and is
strongly associated with greater risk of severe COVID-19,
hospitalization, and death).

(Promotes obesity, insulin resistance and chronic inflammation that
raise diabetes risk; diets linked to obesity/insulin/estrogen
dysregulation can increase breast cancer risk and recurrence; poor
diet worsens metabolic reserve and immune competence,
contributing to worse COVID-19 outcomes).

(Increases obesity and insulin resistance = higher diabetes risk;
linked to higher breast cancer incidence and poorer outcomes via
metabolic/inflammatory pathways; lowers cardiometabolic fitness
that predicts worse COVID-19 prognosis).

(Alcohol is an established modifiable risk factor for breast cancer via
DNA damage and hormonal changes; increases risk of developing
diabetes through effects on weight and pancreatic/hepatic function if
heavy; alcohol misuse impairs immune defenses and is associated
with worse infectious outcomes including COVID-19).

(Smoking increases breast cancer risk and worsens prognosis via
carcinogens and estrogen metabolism; associated with insulin
resistance and higher diabetes risk; damages lung and immune
function and is associated with increased COVID-19 severity and
mortality).

(Shift work and circadian disruption are classified as probable
carcinogens for breast cancer and are linked to altered sex-hormone
and melatonin signaling; associated with higher risk of obesity and
diabetes; impaired sleep and circadian misalignment degrade
immune responses and may increase susceptibility and worse
outcomes with COVID-19).

(Promotes metabolic dysfunction and inflammation that feed
diabetes and cancer risk; reduces overall physiologic reserve relevant
in infectious illnesses including COVID-19).

Metabolic / Physiologic Contributors



(Modifiable or Partially Modifiable)

Specific Modifiable Factor Common Mechanism / Contribution

Insulin resistance / (Core driver of type 2 diabetes; insulin/IGF signaling stimulates cell
hyperinsulinemia / proliferation and can promote breast tumorigenesis; metabolic syndrome
metabolic syndrome and poor glycemic control are associated with worse COVID-19 outcomes).

(Directly defines diabetes complications and promotes cancer-fostering
inflammation; hyperglycemia impairs immune function and correlates with
increased severity and mortality in COVID-19).

Poor glycemic control /
chronic hyperglycemia

(Low vitamin D has been associated in observational studies with higher
breast cancer incidence/progression risk and with insulin resistance; low

Vitamin D deficiency vitamin D status has also been linked to higher risk of severe COVID-19 and
poorer immune responses — and is modifiable by supplementation and sun
exposure).

Chronic systemic (A shared mechanistic pathway: promotes tumor initiation/progression,

inflammation (elevated underlies insulin resistance and diabetes pathogenesis, and predisposes to

CRP, IL-6, etc.) hyperinflammatory responses and severe disease in COVID-19).
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Environmental Chemical Exposures
Specific Modifiable Factor Common Mechanism / Contribution

(EDCs can mimic or alter sex-hormone and insulin signaling — increasing
Endocrine-disrupting breast cancer risk and progression; promote obesity and insulin resistance
chemicals (EDCs) — e.g., - higher diabetes risk; may impair immune function and have been
BPA, phthalates, parabens proposed to worsen infectious disease susceptibility and COVID-19
outcomes).

(Linked to immune modulation, decreased vaccine responses, possible
Per- and polyfluoroalkyl associations with metabolic dysfunction and some cancer outcomes; PFAS
substances (PFAS) exposures are associated with altered glucose metabolism and may worsen
infectious disease outcomes).

(Epidemiologic and mechanistic data link many pesticides to hormone
disruption and some increased breast cancer risk, and to metabolic
disturbances that increase diabetes risk; pesticide exposures can also impair
immune defenses or damage lungs, potentially worsening COVID-19).

Pesticides and herbicides



Specific Modifiable Factor Common Mechanism / Contribution

Air pollution (PM2.5, NOx

, ozone)
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Heavy Metals

Specific
Modifiable
Factor

Arsenic

Cadmium

Lead

Mercury

Vanadium and
other transition
metals

Export to Sheets

(Long-term exposure is associated with increased breast cancer incidence in
some studies via inflammation and DNA damage; air pollution increases
insulin resistance and diabetes incidence; chronic and acute air pollution
exposures are linked to worse COVID-19 incidence and outcomes through
impaired pulmonary and systemic immunity).

Common Mechanism / Contribution

(Associated with increased risk of diabetes via pancreatic/insulin pathway toxicity;
linked to certain breast cancer risks in epidemiologic studies and to mechanisms of
carcinogenesis; arsenic exposure can impair immune function and has been discussed
as possibly increasing susceptibility and severity of respiratory infections including
COVID-19).

(Cadmium is a known carcinogen with specific links to breast cancer biology via
estrogenic effects; associated with insulin resistance and diabetes in some studies;
cadmium exposure harms lung and immune systems — implicated in worse infectious
outcomes).

(Lead exposure is associated with metabolic dysfunction and some cancer-related
mechanisms; lead impairs immune function and may contribute to worse outcomes
from infections).

(Neuro- and immunotoxic effects; mercury exposures can disrupt endocrine and
immune systems that can influence cancer risk, metabolic regulation and infection
outcomes).

(Some metals can affect glucose metabolism or act as carcinogens/oxidative stressors;
occupational exposures are modifiable with controls).

Biotoxins, Pathogens, and Related Exposures



Specific Modifiable Factor

Chronic or persistent
infections

Mycotoxins and mold
exposure

Microbial endotoxins (e.g.,
from indoor
air/occupational exposures)

Dysbiosis (gut microbiome
imbalance from antibiotics,
poor diet)

Dietary contaminants (e.g.,
heterocyclic amines,
aflatoxin)
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Common Mechanism / Contribution

(Some chronic infections promote inflammation and immune
dysregulation that can increase cancer risk (e.g., some viruses), worsen
metabolic control and diabetes risk, and predispose to more severe
outcomes from acute infections such as COVID-19).

(Mycotoxins can be immunomodulatory and proinflammatory; chronic
exposure may contribute to systemic inflammation that links to metabolic
dysfunction and possibly cancer risk — and impaired immune responses
relevant to COVID-19).

(Can provoke systemic inflammation, worsen insulin resistance, and
impair pulmonary defense mechanisms).

(Alters systemic inflammation and estrogen metabolism — influencing
breast cancer risk; implicated in insulin resistance and diabetes
pathogenesis; gut microbiome modulates immune responses relevant to
viral infections including COVID-19).

(Certain dietary carcinogens raise cancer risk; some contaminants affect
metabolic health and immunity).

latrogenic / Medication-Related Contributors

Specific Modifiable Factor

Chronic systemic glucocorticoid

use (steroids)

Common Mechanism / Contribution

(Steroids increase blood glucose and can precipitate or worsen
diabetes; long-term steroid exposure is immunosuppressive and
increases infection severity, including risk of severe COVID-19;
steroids can also influence cancer risk/progression and interact with
cancer therapy).

(Necessary in some conditions but they reduce antiviral immunity —

Immunosuppressive therapies increasing COVID-19 severity risk — and can impair immune cancer

surveillance and alter glucose metabolism in some cases).

Certain hormone therapies and (Exogenous sex hormones can alter breast cancer risk profiles; some

exogenous estrogens (HRT,
some contraceptives)

formulations influence metabolic parameters; hormone status also
modulates immune responses).



Specific Modifiable Factor Common Mechanism / Contribution

Some antipsychotics / atypical (Can cause weight gain and insulin resistance - raise diabetes risk;

antipsychotics and certain medication-induced metabolic changes may indirectly affect cancer
antidepressants prognosis and infectious disease outcomes).

latrogenic exposures due to (Modify infection risk and outcomes — relevant to COVID-19
healthcare setting transmission and severity, and to cancer care continuity).
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Occupational Contributing Factors
Specific Modifiable Factor = Common Mechanism / Contribution

(Disrupts circadian biology that increases breast cancer risk and

Night-shift and rotating shift
IsNT-ShiTt and rotating shi metabolic disorders; associated with higher diabetes incidence and may

work . - . . . .

impair immune readiness relevant to infection severity).

(Certain workplace chemicals are carcinogenic or endocrine-active and
Occupational chemical have been linked to breast cancer; some increase diabetes risk via
exposures metabolic disruption; occupational lung exposures may predispose to

severe respiratory infections).

Occupational particulate /  (Source of heavy metal and particulate exposures already listed; increase
metal exposures inflammation, metabolic dysregulation and infection risk).

Workplace stress and lack of (Increases psychosocial stressors and increases transmission risk for
sick leave / poor infection  COVID-19; stress contributes to unhealthy behaviors that raise diabetes
control policies and cancer risk).
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Socioeconomic & Structural Contributors

(Modifiable at Population/Policy Level)
Specific Modifiable Factor Common Mechanism / Contribution

(Drives diets that promote obesity and diabetes; limits cancer screening
and early detection, worsening breast cancer outcomes; crowded
housing and limited resources increase risk of SARS-CoV-2 exposure and
poor COVID-19 outcomes).

Poverty / food insecurity /
limited access to healthy
food



Specific Modifiable Factor = Common Mechanism / Contribution

Limited access to healthcare (Reduces early detection and treatment of breast cancer; delays
/ delayed screening and diagnosis and management of diabetes; limits vaccination, testing, and

care

Occupational instability /
frontline/low-pay jobs

without protections

early treatment for COVID-19).

(Increase exposure to environmental risks, infectious exposures, and
stressors that worsen all three conditions).

Housing quality (crowding, (Increases infectious spread (COVID-19), elevates exposure to indoor
poor ventilation, indoor pollutants and mold (inflammatory drivers), and contributes indirectly to

pollutants)
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metabolic stressors).

Psychosocial and Preventive Healthcare Contributors

Specific Modifiable
Factor

Chronic stress,
depression, social
isolation

Substance misuse
(beyond tobacco and
alcohol)

Low vaccination
uptake (SARS-CoV-2
vaccines, etc.)

Poor adherence to
screening and
preventive services
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Common Mechanism / Contribution

(Stress pathways (cortisol) and behavior changes increase obesity and diabetes
risk; stress influences immune and endocrine systems linked to breast cancer
progression; chronic stress impairs antiviral immunity and is associated with
worse COVID-19 outcomes).

(Worsens metabolic health, increases risky behaviors and treatment non-
adherence, impairs immunity and increases infectious risk/severity).

(Low uptake increases risk of severe COVID-19 and can indirectly disrupt care
for chronic diseases, cancer treatment scheduling, and outcomes).

(Delays detection and intervention for breast cancer and diabetes, worsening
prognosis and increasing susceptibility to severe illness including COVID-19 due
to unmanaged comorbidity).



