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Abstract 

Background: Hyperglycemia, a hallmark of type 2 diabetes mellitus (T2DM), is increasingly 

implicated in breast cancer pathogenesis through the Warburg effect, hyperinsulinemia, and 

chronic inflammation. Understanding its prevalence and relationship with breast cancer stage 

in Sub-Saharan African populations remains critical for informing context-specific screening 

strategies.  

Objectives: (1) To determine the prevalence of hyperglycemia (HbA1c ≥6.5%) among breast 

cancer patients compared to controls; and (2) to identify glycated hemoglobin (HbA1c) as a 

biomarker associated with different breast cancer stages.  

Methods: A hospital-based case-control study enrolled 285 women (142 histologically 

confirmed breast cancer cases, 143 controls with non-cancerous breast masses) at Meru 

Teaching and Referral Hospital, Kenya. HbA1c was measured using a validated 

immunoturbidimetric analyser. Chi-square tests, independent samples t-tests, one-way 

ANOVA with Tukey’s HSD post-hoc analysis, and ROC curve analysis were applied.  

Results: Hyperglycemia was documented in 84.5% of cases versus 34.3% of controls (p < 

0.001). Mean HbA1c was 6.89±0.75% in cases versus 5.82±0.71% in controls (t(283) = 12.445, 

p < 0.001). ROC analysis identified HbA1c ≥6.5% as the optimal threshold (AUC = 0.751, 

sensitivity 84.5%, specificity 65.7%). Stage IV cases had the highest HbA1c (7.56±0.87%), 

with a significant post hoc difference between Stage II and Stage IV (mean difference = 

0.782%, p = 0.031), although the overall ANOVA was borderline (F(3,139) = 2.599, p = 0.055).  

Conclusion: HbA1c ≥6.5% is a prevalent and clinically meaningful biomarker in this Kenyan 

breast cancer population, with elevated values clustering at advanced disease stages. 

Integration of HbA1c into routine breast cancer screening and staging protocols is warranted. 
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1. Introduction 

Breast cancer is the most prevalent malignancy among women globally, accounting for 2.3 

million new diagnoses in 2022 and representing 11.6% of all cancers (Ngwa et al., 2022; Zhang 

et al., 2023). Concurrent with this, type 2 diabetes mellitus (T2DM) and its defining feature — 

chronic hyperglycemia — has emerged as a metabolic risk modifier for breast cancer, with 

epidemiological and molecular evidence supporting a bidirectional nexus between the two 

conditions (Giovannucci et al., 2010; Asiri et al., 2024). At the cellular level, hyperglycemia 

drives oncogenesis through the Warburg effect, a phenomenon in which cancer cells 

preferentially utilize glycolysis for energy production even under normal conditions, requiring 

substantially greater glucose input than oxidative phosphorylation (Vander Heiden et al., 

2009). This metabolic dependency renders breast tumors exquisitely sensitive to the ambient 

glycemic environment, making HbA1c a stable 8–12-week reflector of glycaemia and therefore 

a potential candidate biomarker for both breast cancer risk and progression (Ayoub et al., 2020; 

Liang et al., 2024). 

In Kenya, breast cancer accounts for 23.3% of all female cancers, with an incidence of 34.8 

per 100,000, and 78% of cases present at Stage II–IV due to diagnostic delays averaging 6–12 

months (Sayed et al., 2017; Twahir et al., 2021). Concomitantly, 55.6% of Kenyan breast 

cancer patients exhibit hyperglycemia, reflecting a substantial dual burden (Riogi et al., 2022). 

In Meru County, a predominantly rural region, low mammography utilization (<10%), limited 

pathology infrastructure, and minimal awareness of risk factors (only 19% of women are aware 

of breast self-examination) further compound the problem (Antabe et al., 2020; Wassie et al., 

2024). Against this backdrop, HbA1c offers a pragmatic, widely available, and affordable 

complement to conventional breast cancer screening tools. 

The aim of this study was to determine the prevalence of hyperglycemia (HbA1c ≥6.5%) 

among breast cancer patients compared to women with non-cancerous breast masses; and 

evaluate HbA1c as a biomarker associated with different breast cancer stages. Establishing 

these relationships in a Kenyan context is critical for informing integrated metabolic-

oncological care models adapted to resource-limited settings. 

2. Literature Review 

2.1 The Warburg Effect: metabolic fuel for breast cancer 

The Warburg effect, described by Otto Warburg, refers to cancer cells’ preferential reliance on 

aerobic glycolysis, converting glucose to lactate even in the presence of sufficient oxygen, 

rather than oxidative phosphorylation (Vander Heiden et al., 2009). Although less efficient in 

ATP generation per glucose molecule, aerobic glycolysis generates lactate and biosynthetic 

intermediates (amino acids, nucleotides, lipid precursors) at rates that support rapid tumour cell 

proliferation. To sustain this “glucose addiction”, cancer cells markedly upregulate glucose 

transporters and rate-limiting glycolytic enzymes including hexokinase II, 

phosphofructokinase, and pyruvate kinase M2 (PKM2) (Hanahan & Weinberg, 2011; Pavlova 

& Thompson, 2016). 

In the context of breast cancer, hyperglycemia amplifies the Warburg effect by providing an 

abundant exogenous glucose supply, thereby removing a metabolic bottleneck for tumor 

growth. Breast cancer cells constitutively overexpress GLUT1, and this overexpression is 
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potentiated under hyperglycemic conditions, correlating with greater tumor aggressiveness and 

poorer prognosis (Liu et al., 2018). Li et al. (2016) demonstrated that hyperglycemia-induced 

reactive oxygen species (ROS) production in breast cancer cells increased hexokinase II-

mediated glycolysis and genomic instability, compounding the tumorigenic effect. 

DeBerardinis and Chandel (2020) further argued that the Warburg effect is not merely a 

metabolic quirk but a core oncogenic programme whose dependency on glucose availability is 

exploited by T2DM-associated hyperglycaemia. 

Crucially, HbA1c captures the time-integrated glucose exposure that sustains this effect. 

Elevated HbA1c thus serves as a surrogate marker of the glycemic milieu that favors Warburg-

driven tumor metabolism, offering a mechanistic rationale for its use as a breast cancer risk 

and staging biomarker (Asiri et al., 2024; Cosmin Stan & Paul, 2024). 

Chronic hyperglycemia in T2DM is accompanied by compensatory hyperinsulinemia in the 

early stages of the disease. Elevated insulin binds to insulin receptors (IRs) overexpressed on 

breast cancer cells, activating the phosphoinositide 3-kinase (PI3K)/AKT/mTOR and 

RAS/RAF/MEK/ERK pathways, which promote proliferation, survival, and resistance to 

apoptosis (Giovannucci et al., 2010; Shikata et al., 2013). Concomitantly, hyperinsulinemia 

suppresses insulin-like growth factor binding protein-1 (IGFBP-1), increasing bioavailable 

insulin-like growth factor-1 (IGF-1), a potent mitogen with anti-apoptotic properties that 

further accelerates tumor growth. In Kenyan breast cancer patients, the predominance of 

estrogen receptor (ER)-positive subtypes and triple-negative breast cancer (TNBC) with 

BRCA1/2 mutations renders PI3K/AKT/mTOR amplification particularly consequential, as 

PIK3CA mutations are frequent and synergise with IGF-1 signaling (Sayed et al., 2021; Rioki 

et al., 2023). 

Chronic low-grade systemic inflammation, mediated by cytokines IL-6 and TNF-α in T2DM, 

activates NF-κB and STAT3 signaling, creating a pro-tumorigenic microenvironment (Asiri et 

al., 2024). Adipose tissue in obese T2DM patients additionally secretes adipokines, with 

reduced anti-inflammatory adiponectin and elevated pro-inflammatory leptin further tilting the 

balance toward oncogenesis (Glassman et al., 2023). In breast cancer, M2 macrophage 

polarization within the TME, driven in part by hyperglycemia-mediated cytokine release, 

promotes immunosuppression, angiogenesis, and tumor invasion. This chronic inflammatory 

milieu is captured indirectly by HbA1c, which integrates months of pro-inflammatory glucose 

exposure, making it relevant not only as a risk marker but also as a potential indicator of tumor 

aggressiveness across stages (Cosmin Stan & Paul, 2024). 

Glycated hemoglobin offers several practical advantages as a cancer biomarker in low-resource 

settings: it does not require fasting, reflects a sustained glycemic window of 8–12 weeks, is 

already embedded within Kenya’s diabetes screening infrastructure, and has standardized 

diagnostic cut-offs (American Diabetes Association: ≥6.5% for diabetes, 5.7–6.4% for pre-

diabetes). Ayoub et al. (2020) linked higher HbA1c levels to advanced tumor characteristics, 

including larger tumor size, higher grade, and nodal involvement. Jousheghany et al. (2016) 

found that HbA1c ≥7.0% correlated with higher breast cancer incidence. Stattin et al. (2007) 

reported a 1.51-fold higher cancer incidence among women with fasting glucose ≥6.9 mmol/L 

compared with normoglycemic controls, supporting a dose-response relationship. Riogi et al. 

(2022) documented hyperglycemia in 55.6% of Kenyan breast cancer patients, and Bjornsdottir 
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et al. (2020) reported elevated overall cancer incidence (HR 1.10) and post-cancer mortality 

(HR 1.23) in T2DM patients, with HbA1c levels correlating with tumor aggressiveness. 

Conversely, Campbell et al. (2022) found no significant association between HbA1c and breast 

cancer in a US cohort, likely reflecting superior glycemic management in high-resource 

settings. These contrasting findings underscore the need for population-specific data, 

particularly in Sub-Saharan African settings where hyperglycemia is poorly controlled and 

late-stage diagnoses predominate (Hu et al., 2021; Liang et al., 2024). 

Whether HbA1c levels correlate with breast cancer staging and thereby carry prognostic utility 

remains underexplored. The biological plausibility is strong, as advanced-stage cancers exhibit 

greater Warburg-driven glucose dependency, and the hypoxia-hyperglycemia axis is most 

active in bulky, nodal, and metastatic disease. Understanding this relationship in patients, who 

present disproportionately at advanced stages, could validate HbA1c as an accessible staging 

adjunct in settings with limited pathology infrastructure. 

3. Methodology 

3.1 Study Design and Setting 

A hospital-based case-control study was conducted at Teaching and Referral Hospital in Meru 

County, Kenya. The study was conducted within the pathology department and oncology 

outpatient clinics. Institutional ethical clearance was obtained from the relevant review boards 

and the National Commission for Science, Technology and Innovation (NACOSTI). Written 

informed consent was obtained from all participants prior to enrolment. 

3.2 Study Population and Eligibility 

Cases were adult women (≥18 years) with a histologically confirmed diagnosis of breast cancer 

at any stage, not yet commenced on systemic cancer therapy. Controls were adult women 

referred for fine-needle aspiration cytology (FNAC) due to a suspected breast mass, in whom 

a non-cancerous diagnosis was subsequently confirmed. Participants with incomplete records 

or who declined consent were excluded. 

3.3 Sample Size 

Sample size was calculated using the Fleiss et al. (2003) formula for two-population case-

control studies, yielding a minimum of 142 cases and 143 controls (N = 285). A planned 

enrolment of 300 (150 per arm) was targeted to account for attrition. 

3.4 Data Collection 

Structured interviewer-administered questionnaires captured sociodemographic data, 

reproductive and menstrual history, hormonal contraceptive use, alcohol and tobacco 

consumption, family history of breast cancer, and T2DM status. HbA1c was measured from 

venous whole-blood samples using a validated point-of-care immunoturbidimetric analyzer, 

with daily internal quality controls performed in accordance with laboratory accreditation 

standards. 
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3.5 Statistical Analysis 

Data were entered, coded, and analyzed. The prevalence of hyperglycemia was compared 

between cases and controls using the chi-square (χ²) test. HbA1c was compared between 

groups by independent samples t-test and between breast cancer stages (I–IV) by one-way 

ANOVA with Tukey’s honestly significant difference (HSD) post-hoc test. ROC curve 

analysis was used to identify the optimal HbA1c threshold for discriminating breast cancer. All 

tests were two-tailed with statistical significance set at p < 0.05. 

4. Results 

4.1 Participant Characteristics 

A total of 285 participants were enrolled: 142 breast cancer cases and 143 controls. The groups 

were comparable in mean age (cases 50.1 ± 9.8 years; controls 49.2 ± 9.1 years; p = 0.432) and 

menopausal status. Among breast cancer cases, the staging distribution was as follows: Stage 

I, n = 32 (22.5%); Stage II, n = 52 (36.6%); Stage III, n = 51 (35.9%); and Stage IV, n = 8 

(5.6%). Cases had significantly higher rates of T2DM diagnosis, alcohol use, hormonal 

contraceptive use, family history of breast cancer, and BMI compared to controls. Full 

characteristics are presented in Table 1. 

Table 1: Participant characteristics: breast cancer cases versus controls 

Characteristic Cases (N=142) n 

(%) 

Controls (N=143) 

n (%) 

p-value 

Age (years), mean ± SD 50.1 ± 9.8 49.2 ± 9.1 0.432 

Postmenopausal 81 (57.0%) 74 (51.7%) 0.358 

T2DM diagnosis 64 (45.1%) 21 (14.7%) < 0.001* 

Family history of breast 

cancer 

42 (29.6%) 26 (18.2%) 0.020* 

Hormonal contraceptive use 57 (40.1%) 38 (26.6%) 0.013* 

Alcohol use 32 (22.5%) 13 (9.1%) 0.002* 

BMI (kg/m²), mean ± SD 28.0 ± 3.7 24.3 ± 3.4 < 0.001* 

HbA1c (%), mean ± SD 6.89 ± 0.75 5.82 ± 0.71 < 0.001* 

Note. * p < 0.05, statistically significant. T2DM = type 2 diabetes mellitus; BMI = body mass 

index; HbA1c = glycated hemoglobin. p-values from chi-square tests (categorical) and 

independent samples t-tests (continuous). 
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4.2 Objective 1: Prevalence of Hyperglycaemia Among Breast Cancer Patients 

Using the ADA diagnostic threshold of HbA1c ≥6.5%, hyperglycaemia was documented in 

120 of 142 breast cancer cases (84.5%) compared to 49 of 143 controls (34.3%) — a difference 

highly significant at χ²(1) = 74.515, p < 0.001 (OR ≈ 10.0, 95% CI [5.560, 18.332]). 

Additionally, 14 cases (9.9%) had prediabetic HbA1c values (5.7–6.4%), meaning that only 8 

cases (5.6%) had normal HbA1c values. In contrast, 52 controls (36.4%) had normal HbA1c 

and 42 (29.4%) were pre-diabetic. The HbA1c distribution across categories is shown in Table 

2. 

Table 2: HbA1c category distribution: cases versus controls 

HbA1c Category Cases n (%) 

(N=142) 

Controls n (%) 

(N=143) 

p-value 

Normal (< 5.7%) 8 (5.6%) 52 (36.4%) < 0.001* 

Pre-diabetic (5.7–6.4%) 14 (9.9%) 42 (29.4%) < 0.001* 

Diabetic/hyperglycemic (≥ 6.5%) 120 (84.5%) 49 (34.3%) < 0.001* 

Total 142 (100%) 143 (100%) — 

Note. Cut-offs: Normal < 5.7%; Pre-diabetic 5.7–6.4%; Diabetic/hyperglycaemic ≥6.5%. * p 

< 0.001 (chi-square). 

The mean HbA1c was significantly higher in cases (6.89% ± 0.75) than controls (5.82% ± 0.71; 

p < 0.001, 95% CI of mean difference [0.904, 1.244]). Logistic regression confirmed that each 

1% increase in HbA1c was associated with a 7.864-fold increase in the odds of breast cancer 

(95% CI [4.845, 12.761], p < 0.001). This observed prevalence of 84.5% hyperglycaemia 

among breast cancer cases substantially exceeds the 55.6% documented in the broader Kenyan 

breast cancer cohort by Riogi et al. (2022) and the 20.5% general diabetes prevalence reported 

by Adedokun et al. (2023) in Nigeria, pointing to a particularly high metabolic disease burden 

in the Meru County study population. 

4.2.1 ROC Curve Analysis: Optimal HbA1c Threshold 

ROC curve analysis was used to evaluate HbA1c as a continuous predictor of breast cancer 

status. The overall AUC was 0.751 (95% CI [0.693, 0.809], p < 0.001), indicating good 

discriminatory performance. Three clinically relevant thresholds were evaluated using the 

Youden Index (sensitivity + specificity − 1); results are presented in Table 3. The ADA diabetes 

cut-off of ≥6.5% maximised the Youden Index (0.502), balancing sensitivity (84.5%) and 

specificity (65.7%), and is therefore identified as the optimal screening threshold for breast 

cancer risk stratification in this population. 
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Table 3: ROC analysis: HbA1c thresholds for breast cancer discrimination 

HbA1c Threshold AUC (95% CI) Sensitivity (%) Specificity (%) p 

≥ 5.7% (pre-diabetes 

cut-off) 

0.751 (0.693–

0.809) 

94.4 36.4 < 

0.001 

≥ 6.5% (ADA diabetes 

cut-off) ✓ 

0.751 (0.693–

0.809) 

84.5 65.7 < 

0.001 

≥ 7.0% 0.751 (0.693–

0.809) 

61.3 82.5 < 

0.001 

Note. AUC = area under the ROC curve. Overall model AUC = 0.751 (95% CI [0.693, 0.809]). 

4.3 Objective 2: HbA1c as a biomarker across breast cancer stages 

Among the 142 breast cancer cases, HbA1c varied by disease stage. Stage IV cases had the 

highest mean HbA1c (7.56% ± 0.87), followed by Stage I (6.91%), Stage III (6.88%), and 

Stage II (6.78%). One-way ANOVA yielded F(3, 139) = 2.599, p = 0.055 — a borderline non-

significant result. Stage-level data including 95% confidence intervals are presented in Table 

4. 

Table 4: HbA1c levels by breast cancer stage: one-way ANOVA (N = 142 cases) 

Stage N Mean HbA1c 

(%) 

SD 95% CI F-value p-

value 

Stage I 32 6.91 0.62 6.69 – 7.13 2.599 0.055 

Stage II 52 6.78 0.67 6.59 – 6.97   

Stage III 51 6.88 0.84 6.65 – 7.12   

Stage IV† 8 7.56 0.87 6.84 – 8.29   

Overall 142 6.89 0.75 6.76 – 7.01   

Note. F(3, 139) = 2.599, p = 0.055. †Stage IV n = 8; interpret with caution. Levene’s test of 

equality of variances: p = 0.247 (variances not significantly different). 

Tukey’s HSD post-hoc analysis identified one statistically significant pairwise difference: 

Stage II versus Stage IV (mean difference = 0.782%, 95% CI [0.052, 1.511], p = 0.031). All 

other pairwise comparisons were non-significant. Homogeneous subset analysis confirmed that 

Stages I, II, and III formed a statistically indistinguishable cluster, while Stage IV constituted 

a distinct upper subset. Post-hoc results are detailed in Table 5. 
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Table 5: Tukey’s HSD post-hoc analysis: pairwise HbA1c comparisons by breast cancer 

stage 

Stage Comparison Mean Diff. (%) Std. Error 95% CI p-value 

Stage I vs Stage II 0.130 0.142 −0.243 to 0.503 0.792 

Stage I vs Stage III 0.032 0.143 −0.344 to 0.408 0.998 

Stage I vs Stage IV −0.651 0.251 −1.311 to 0.009 0.054 

Stage II vs Stage III −0.098 0.131 −0.443 to 0.246 0.875 

Stage II vs Stage 

IV† 

−0.782 0.243 −1.422 to −0.143 0.031* 

Stage III vs Stage IV −0.684 0.245 −1.329 to −0.039 0.060 

Note. * Statistically significant (p < 0.05). †Stage IV n = 8; interpret with caution. Mean 

differences are Stage A minus Stage B. 

5. Discussion 

The detection of hyperglycemia (HbA1c ≥6.5%) in 84.5% of breast cancer cases is the central 

finding of this study and the most striking departure from comparable populations. This 

prevalence substantially exceeds the 55.6% reported by Riogi et al. (2022) in a broader Kenyan 

cohort, the 20.5% diabetes prevalence among Nigerian breast cancer patients by Adedokun et 

al. (2023), and figures from European cohorts where metabolic control is superior. The 

mechanistic underpinning is consistent with the Warburg effect: chronic hyperglycemia in 

T2DM provides a sustained exogenous glucose supply that meets the heightened glycolytic 

demands of breast tumor cells (Vander Heiden et al., 2009). Breast cancer cells constitutively 

overexpress GLUT1 and HKII, and hyperglycemia further upregulates these transporters and 

enzymes, thereby accelerating aerobic glycolysis, lactate export, and the production of 

biosynthetic intermediates (Hanahan & Weinberg, 2011; DeBerardinis & Chandel, 2020). The 

extraordinarily high prevalence likely reflects a compounding of poor glycemic control, which 

is consistent with Kenya’s limited diabetes management infrastructure, with the high-glucose 

dependency of aggressive breast cancer subtypes predominant in this population, particularly 

TNBC (Rioki et al., 2023). 

The 10-fold odds of breast cancer among women with HbA1c ≥6.5% (OR ≈ 10, 95% CI [5.560, 

18.332]) is remarkable. This finding aligns with Ayoub et al. (2020), who linked elevated 

HbA1c to advanced tumor characteristics, and with Stattin et al. (2007), who demonstrated a 

dose-dependent increase in cancer risk with rising fasting glucose. The absence of a significant 

HbA1c-cancer association in Campbell et al. (2022)’s US cohort highlights how population-

level glycemic control modulates this relationship: in settings with superior T2DM 

management, the glucose supply differential between patients and controls is attenuated, 

reducing the statistical signal. Conversely, in Meru County where uncontrolled hyperglycemia 
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is widespread, the contrast is pronounced, and the Warburg-driven tumor growth advantage is 

correspondingly amplified. 

Hu et al. (2021) showed that incident T2DM confers peak cancer risk approximately eight years 

after diagnosis, and Bjornsdottir et al. (2020) documented higher post-cancer mortality in 

T2DM patients, both reflecting cumulative glycemic damage. HbA1c, as a time-averaged 

glycemic biomarker, captures this sustained exposure, validating its epidemiological utility. 

Importantly, the 94.4% sensitivity at the pre-diabetes threshold (≥5.7%) suggests HbA1c may 

identify at-risk women even before frank diabetes develops, offering a window for preventive 

intervention. 

The ADA diabetes threshold of ≥6.5% was confirmed as the optimal breast cancer risk cut-off 

by Youden Index analysis (sensitivity 84.5%, specificity 65.7%, Youden Index 0.502; AUC = 

0.751). This convergence of the metabolic and oncological cut-offs is pragmatically 

significant: it means that existing diabetes screening protocols in Kenya’s primary care 

facilities can be directly repurposed for breast cancer risk stratification without requiring new 

threshold definitions. Liang et al. (2024) similarly identified ≥6.5% as optimal in Chinese 

breast cancer patients, while Jousheghany et al. (2016) showed that ≥7.0% predicts higher 

breast cancer incidence, suggesting a dose-response relationship at higher glycemic burdens. 

The lower specificity (65.7%) at ≥6.5% reflects the elevated background prevalence of T2DM 

in this population; nevertheless, in a setting where alternative screening modalities are scarce, 

the high sensitivity makes HbA1c a valuable first-line triage tool, particularly for women 

attending diabetes clinics (Hutchinson et al., 2024). Each 1% increase in HbA1c was associated 

with a 7.864-fold rise in breast cancer odds, reinforcing HbA1c’s continuous dose-response 

relationship with oncogenic risk and corroborating the biological plausibility of the Warburg-

driven mechanism (Zhang et al., 2025). 

The stage-stratified analysis reveals a biologically interpretable, if statistically borderline, 

pattern. Stage IV disease exhibited the highest HbA1c (7.56% ± 0.87%), forming a distinct 

upper subset by Tukey’s HSD analysis, with a significant difference versus Stage II (p = 0.031). 

Stages I–III clustered without significant pairwise differences, suggesting that HbA1c does not 

linearly differentiate early stages but may signal metabolic intensification at metastatic disease. 

This pattern is consistent with the hypoxia-hyperglycemia axis described by Durrani et al. 

(2021): advanced-stage tumors, characterized by bulky hypoxic cores, upregulate HIF-1α and 

GLUT1 to the greatest extent, resulting in the most pronounced glucose dependency and the 

highest glycemic burden. The tumor microenvironment at Stage IV, with extensive M2 

macrophage infiltration, VEGF-driven angiogenesis, and cytokine-mediated systemic 

inflammation, may further amplify insulin resistance and hyperglycemia (Asiri et al., 2024; 

Cosmin Stan & Paul, 2024). 

The borderline overall ANOVA result (p = 0.055) warrants methodological consideration. The 

small Stage IV sample (n = 8) dramatically reduces statistical power to detect stage-level 

differences and yields wide confidence intervals. This is a structural limitation common to 

studies conducted at facilities serving populations with predominantly early- to intermediate-

stage diagnoses. Replication in larger cohorts with adequate representation of Stage IV is 

essential to confirm whether HbA1c scales with disease progression. Nonetheless, the 

biological coherence of the Stage II-IV difference, combined with the mechanistic framework 

mailto:info@edinburgjournals.org


EdinBurg Peer-Reviewed Journals and Books Publishers 

Journal of Medicine, Nursing and Public Health 

Vol. 6||Issue 7||pp 25-38||August||2026 

Email: info@edinburgjournals.org||ISSN: 3105-3394 

 

34 

 

 

 

of the Warburg effect and HIF-1α upregulation in advanced disease, lends credibility to the 

observed trend. Studies in other cancer types have shown clearer HbA1c-stage correlations: 

Beer and Liebenberg (2014) demonstrated increased cancer stage/grade risk with rising HbA1c 

across gastric, colorectal, and pancreatic cancers, and Joshu et al. (2012) found 31% higher 

postmenopausal breast cancer incidence in women with high HbA1c, raising the possibility 

that similar patterns are detectable in breast cancer with larger samples. 

These findings carry direct policy implications for low- and middle-income countries. The co-

occurrence of hyperglycemia in 84.5% of breast cancer cases identifies a high-risk population 

that is already presenting to diabetes care facilities — a clinical intersection that integrated care 

models can exploit. The WHO-supported Women’s Integrated Cancer Services (WICS) project 

demonstrates the feasibility of combined metabolic-oncological screening in primary care 

settings (Hutchinson et al., 2024). Adding HbA1c measurement to routine breast examination 

protocols, or prompting oncology referrals for women with HbA1c ≥6.5% who attend diabetes 

clinics, is operationally simple, low-cost, and builds on existing infrastructure. Given the 6–

12-month diagnostic delay documented by Twahir et al. (2021) and Sayed et al. (2017), 

identifying high-risk women earlier through metabolic screening could meaningfully shift 

stage distribution at diagnosis and reduce mortality. 

6. Conclusion  

This case-control study delivers two substantive findings. First, hyperglycaemia (HbA1c 

≥6.5%) is highly prevalent among breast cancer patients in Meru County, Kenya — present in 

84.5% of cases versus 34.3% of controls, conferring a tenfold increase in breast cancer odds. 

The ADA-aligned ≥6.5% threshold performs optimally as a screening marker (AUC = 0.751, 

sensitivity = 84.5%), with each 1% increase in HbA1c multiplying the odds of breast cancer 

by approximately 7.9-fold. These findings are mechanistically anchored in the Warburg effect 

and the hyperinsulinemia-IGF-1-HIF-1α pathways that link chronic hyperglycaemia to tumour 

initiation and progression. Second, while HbA1c does not significantly differentiate early 

breast cancer stages (I–III), it is markedly elevated in Stage IV disease, with a significant Stage 

II versus Stage IV difference (p = 0.031), suggesting its potential as a metabolic burden 

indicator in advanced breast cancer. 

7. Recommendations 

The study recommends incorporating routine HbA1c measurement into breast cancer 

diagnostic work-ups, particularly at initial presentation, and establishing automated bi-

directional referral pathways between diabetes clinics and oncology services for women with 

HbA1c ≥6.5%. Leveraging existing diabetes screening infrastructure to implement HbA1c-

based breast cancer risk triage at primary health facilities across Meru County and other 

resource-limited settings, and developing national guidelines for integrated metabolic-

oncological screening that draw on HbA1c as a cost-effective first-line biomarker, can be 

considered for health policy. Further research in this field may include conducting prospective 

cohort studies with adequate enrolment across multiple Kenyan counties to establish causal 

directionality and validate the cancer stage-HbA1c relationship and examine the interaction of 

HbA1c with BRCA1/2 mutation status and molecular subtypes (particularly TNBC) to 

characterize which subpopulations carry the greatest oncogenic risk. 

mailto:info@edinburgjournals.org


EdinBurg Peer-Reviewed Journals and Books Publishers 

Journal of Medicine, Nursing and Public Health 

Vol. 6||Issue 7||pp 25-38||August||2026 

Email: info@edinburgjournals.org||ISSN: 3105-3394 

 

35 

 

 

 

Conflict Of Interest 

The authors declare no conflicts of interest, financial or otherwise, in relation to this study.  

References 

Adedokun, B., Ademola, A., Makumbi, T., Odedina, S., Agwai, I., Ndom, P., Gakwaya, A., 

Ogundiran, T., Ojengbede, O., Huo, D., & Olopade, O. I. (2023). Unawareness of breast 

cancer family history among African women. Pan African Medical Journal, 45, Article 

188. https://doi.org/10.11604/pamj.2023.45.188.21616 

Antabe, R., Kansanga, M., Sano, Y., Kyeremeh, E., & Galaa, Y. (2020). Utilization of breast 

cancer screening in Kenya: What are the determinants? BMC Health Services Research, 

20, Article 228. https://doi.org/10.1186/s12913-020-5073-2 

Asiri, A., Al Qarni, A., Bakillah, A., & Arabia, S. (2024). The interlinking metabolic 

association between type 2 diabetes mellitus and cancer: Molecular mechanisms and 

therapeutic insights. Diagnostics, 14(19), Article 2132. 

https://doi.org/10.3390/diagnostics14192132 

Ayoub, N. M., Jaradat, S. K., Alhusban, A., & Tahaineh, L. (2020). Glycosylated hemoglobin 

A1c is associated with anthropometric measurements and tumor characteristics in 

breast cancer patients. International Journal of Women's Health, 12, 139–149. 

https://doi.org/10.2147/ijwh.s234408 

Bjornsdottir, H. H., Rawshani, A., Rawshani, A., Franzen, S., Svensson, A. M., Sattar, N., & 

Gudbjornsdottir, S. (2020). A national observation study of cancer incidence and 

mortality risks in type 2 diabetes compared to the background population over time. 

Scientific Reports, 10, Article 17376. https://doi.org/10.1038/s41598-020-74366-3 

Brownlee, M. (2005). The pathobiology of diabetic complications: A unifying mechanism. 

Diabetes, 54(6), 1615–1625. https://doi.org/10.2337/diabetes.54.6.1615 

Campbell, P. T., Newton, C. C., Jacobs, E. J., McCullough, M. L., Wang, Y., Rees-Punia, E., 

Guinter, M. A., Murphy, N., Koshiol, J., & Gapstur, S. M. (2022). Prospective 

associations of hemoglobin A1c and C-peptide with risk of diabetes-related cancers in 

the Cancer Prevention Study-II Nutrition Cohort. Cancer Research Communications, 

2(7), 653–662. https://doi.org/10.1158/2767-9764.crc-22-0082 

Cosmin Stan, M., & Paul, D. (2024). Diabetes and cancer: A twisted bond. Oncology Reviews, 

18, Article 1354549. https://doi.org/10.3389/or.2024.1354549 

DeBerardinis, R. J., & Chandel, N. S. (2020). We need to talk about the Warburg effect. Nature 

Metabolism, 2(2), 127–129. https://doi.org/10.1038/s42255-020-0172-2 

Durrani, I. A., Bhatti, A., & John, P. (2021). The prognostic outcome of "type 2 diabetes 

mellitus and breast cancer" association pivots on hypoxia-hyperglycemia axis. Cancer 

Cell International, 21, Article 172. https://doi.org/10.1186/s12935-021-02040-5 

Fitzpatrick, D., Pirie, K., Reeves, G., Green, J., & Beral, V. (2023). Combined and 

progestagen-only hormonal contraceptives and breast cancer risk: A UK nested case-

control study and meta-analysis. PLOS Medicine, 20(3), Article e1004188. 

https://doi.org/10.1371/journal.pmed.1004188 

mailto:info@edinburgjournals.org


EdinBurg Peer-Reviewed Journals and Books Publishers 

Journal of Medicine, Nursing and Public Health 

Vol. 6||Issue 7||pp 25-38||August||2026 

Email: info@edinburgjournals.org||ISSN: 3105-3394 

 

36 

 

 

 

Fleiss, J. L., Levin, B., & Paik, M. C. (2003). Statistical methods for rates and proportions 

(3rd ed.). Wiley. 

Giovannucci, E., Harlan, D. M., Archer, M. C., Bergenstal, R. M., Gapstur, S. M., Habel, L. 

A., Pollak, M., Regensteiner, J. G., & Yee, D. (2010). Diabetes and cancer: A consensus 

report. Diabetes Care, 33(7), 1674–1685. https://doi.org/10.2337/dc10-0666 

Glassman, I., Le, N., Asif, A., Goulding, A., Alcantara, C. A., Vu, A., Chorbajian, A., 

Mirhosseini, M., Singh, M., & Venketaraman, V. (2023). The role of obesity in breast 

cancer pathogenesis. Cells, 12(16), Article 2061. 

https://doi.org/10.3390/cells12162061 

Hanahan, D., & Weinberg, R. A. (2011). Hallmarks of cancer: The next generation. Cell, 

144(5), 646–674. https://doi.org/10.1016/j.cell.2011.02.013 

Hu, J., Geng, T., Li, L., Pan, A., & Liu, G. (2021). Association of time since diabetes diagnosis 

with cardiovascular and cancer outcomes. JAMA Network Open, 4(12), Article 

e2138560. https://doi.org/10.1001/jamanetworkopen.2021.38560 

Hutchinson, B., Watts, R., Nyangasi, M., Anderson, B., Chepchumba, J., Wangia, E., Jalang', 

R., Mwenda, V., Yerramilli, P., Kuguru, T., Kabubei, K., Gordillo-Tobar, A., Meheus, 

F., Meyer, C., Ilbawi, A., & Nugent, R. (2024). An economic evaluation of breast 

cancer interventions in Kenya. eClinicalMedicine, 77, Article 102894. 

https://doi.org/10.1016/j.eclinm.2024.102894 

Joshu, C. E., Prizment, A. E., Dluzniewski, P. J., Menke, A., Folsom, A. R., Coresh, J., Yeh, 

H.-C., Brancati, F. L., Platz, E. A., & Selvin, E. (2012). Glycated hemoglobin and 

cancer incidence and mortality in the Atherosclerosis in Communities (ARIC) Study, 

1990–2006. International Journal of Cancer, 131(7), 1667–1677. 

https://doi.org/10.1002/ijc.27394 

Jousheghany, F., Phelps, J., Crook, T., & Hakkak, R. (2016). Relationship between level of 

HbA1c and breast cancer. BBA Clinical, 6, 45–48. 

https://doi.org/10.1016/j.bbacli.2016.04.005 

Lam, B. Q., Srivastava, R., Morvant, J., Shankar, S., & Srivastava, R. K. (2021). Association 

of diabetes mellitus and alcohol abuse with cancer: Molecular mechanisms and clinical 

significance. Cells, 10(11), Article 3077. https://doi.org/10.3390/cells10113077 

Li, W., Ma, X., Li, N., Liu, H., Dong, Q., Zhang, J., Yang, C., Liu, Y., Liang, Q., Zhang, S., 

Lu, X., & Chen, Y. (2016). Resveratrol inhibits hexokinases II-mediated glycolysis in 

non-small cell lung cancer via targeting Akt signaling pathway. Experimental Cell 

Research, 349(2), 320–327. 

Liang, X.-Y., Mu, L., Hu, L., She, R., Ma, C., Feng, J., Jiang, Z., Li, Z., Qu, X., Peng, B., Wu, 

K., & Kong, L. (2024). Optimal glycated hemoglobin cutoff for diagnosis of diabetes 

and prediabetes in Chinese breast cancer women. International Journal of General 

Medicine, 17, 1807–1822. https://doi.org/10.2147/ijgm.s457158 

mailto:info@edinburgjournals.org


EdinBurg Peer-Reviewed Journals and Books Publishers 

Journal of Medicine, Nursing and Public Health 

Vol. 6||Issue 7||pp 25-38||August||2026 

Email: info@edinburgjournals.org||ISSN: 3105-3394 

 

37 

 

 

 

Liu, X., Zheng, W., Fan, C., Lin, W., & Shi, L. (2018). Increased GLUT1 correlates with 

clinicopathological characteristics and poor survival in pancreatic cancer. International 

Journal of Clinical and Experimental Medicine, 11, 5568–5576. 

Ngwa, W., Addai, B. W., Adewole, I., Ainsworth, V., Alaro, J., Alatise, O. I., Ali, Z., 

Anderson, B. O., Anorlu, R., Avery, S., & et al. (2022). Cancer in sub-Saharan Africa: 

A Lancet Oncology Commission. The Lancet Oncology, 23(6), e251–e312. 

https://doi.org/10.1016/s1470-2045(21)00720-8 

Pavlova, N. N., & Thompson, C. B. (2016). The emerging hallmarks of cancer metabolism. 

Cell Metabolism, 23(1), 27–47. https://doi.org/10.1016/j.cmet.2015.12.006 

Riogi, B., Ross, C., Mutebi, M., & Dave, R. V. (2022). The Kenya UK Breast Cancer 

Awareness Week: Curriculum codesign and codelivery with direct and lived experience 

of breast cancer diagnosis and management. BMJ Global Health, 7(5), Article e008755. 

https://doi.org/10.1136/bmjgh-2022-008755 

Rioki, J. N., Muchiri, L., Mweu, M., Nyagol, J., Songok, E., Mwangi, J., Oyaro, M., Bwire, L., 

& Rogena, E. (2023). BRCA1 and BRCA2 mutations and their clinical relevance in 

selected women diagnosed with triple-negative breast cancer in Kenya. Pan African 

Medical Journal, 45, Article 102. https://doi.org/10.11604/pamj.2023.45.102.36431 

Sayed, S., Moloo, Z., Wasike, R., Bird, P., Oigara, R., Njoroge, F. W., Shaikh, A. J., Prasad, 

S. V., Vinayak, S., Gierach, G. L., Dawsey, S. M., Palakal, M., Fan, S., Mullooly, M., 

Chauhan, R., Okiro, P., Gakinya, S., Nzioka, A., Kyobutungi, C., & Mohamed, S. 

(2017). Ethnicity and breast cancer characteristics in Kenya. Breast Cancer Research 

and Treatment, 167(2), 425–437. https://doi.org/10.1007/s10549-017-4511-2 

Sayed, S., Fan, S., Moloo, Z., Wasike, R., Bird, P., Saleh, M., Shaikh, A. J., Figueroa, J. D., 

Naidoo, R., Makokha, F. W., Gardner, K., Oigara, R., Njoroge, F. W., Magangane, P., 

Mutebi, M., Chauhan, R., Mwanzi, S., Govender, D., & Yang, X. R. (2021). Breast 

cancer risk factors in relation to molecular subtypes in breast cancer patients from 

Kenya. Breast Cancer Research, 23, Article 19. https://doi.org/10.1186/s13058-021-

01446-3 

Shikata, K., Ninomiya, T., & Kiyohara, Y. (2013). Diabetes mellitus and cancer risk: Review 

of the epidemiological evidence. Cancer Science, 104(1), 9–14. 

https://doi.org/10.1111/cas.12043 

Stattin, P., Bjor, O., Ferrari, P., Lukanova, A., Lenner, P., Lindahl, B., Hallmans, G., & Kaaks, 

R. (2007). Prospective study of hyperglycemia and cancer risk. Diabetes Care, 30(3), 

561–567. https://doi.org/10.2337/dc06-0922 

Twahir, M., Oyesegun, R., Yarney, J., Gachii, A., Nwogu, C., Mangutha, G., Anderson, P., & 

Benjamin, E. (2021). Real-world challenges for patients with breast cancer in sub-

Saharan Africa. BMJ Open, 11(5), Article e041900. https://doi.org/10.1136/bmjopen-

2020-041900 

Vander Heiden, M. G., Cantley, L. C., & Thompson, C. B. (2009). Understanding the Warburg 

effect: The metabolic requirements of cell proliferation. Science, 324(5930), 1029–

1033. https://doi.org/10.1126/science.1160809 

mailto:info@edinburgjournals.org


EdinBurg Peer-Reviewed Journals and Books Publishers 

Journal of Medicine, Nursing and Public Health 

Vol. 6||Issue 7||pp 25-38||August||2026 

Email: info@edinburgjournals.org||ISSN: 3105-3394 

 

38 

 

 

 

Wassie, M., Zegeye, A. F., Aemro, A., Terefe, B., Zeleke, G. A., Workneh, B. S., Tekeba, B., 

Ali, M. S., Mekonen, E. G., & Tamir, T. T. (2024). Awareness and its determinant 

factors towards breast examination to detect breast cancer among reproductive age 

women in Kenya. PLOS ONE, 19(12), Article e0314700. 

https://doi.org/10.1371/journal.pone.0314700 

Zhang, F., de Bock, G. H., Landman, G. W., Zhang, Q., van der Vegt, B., & Sidorenkov, G. 

(2025). Longitudinal changes in metabolism-related metrics and breast cancer risk: A 

general population study. Breast Cancer Research, 27, Article 33. 

https://doi.org/10.1186/s13058-025-02105-7 

Zhang, J., Lu, Y., Zhang, N., Yu, Z., Li, H., He, R., Mao, Y., & Zhu, B. (2023). Global burden 

of female breast cancer and its association with socioeconomic development status, 

1990–2044. Cancer Reports, 6(S1), Article e1827. https://doi.org/10.1002/cnr2.1827 

 

mailto:info@edinburgjournals.org

