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Abstract
Emerging evidence has strengthened the association between Type 2 

diabetes and the increased risk of developing several forms of cancer. While 
obesity and hyperglycemia are well-known contributors, insulin resistance has 
surfaced as a potential central mechanism underlying this relationship. This 
editorial dives into the tangled web of hyperinsulinemia, disrupted signaling 
pathways, and unchecked cell proliferation, uncovering a metabolic conspiracy 
hiding in plain sight. Targeted interventions to improve insulin sensitivity may 
offer a promising strategy in reducing cancer incidence globally.

Keywords: Type 2 diabetes mellitus; Cancer; Insulin Resistance

Introduction – Unveiling the Malignant Side 
of Type 2 Diabetes

Insulin has long been recognized as a key regulator of glucose 
homeostasis and cellular energy balance. However, growing evidence 
suggests a more complex role in the context of chronic metabolic 
dysfunction. Insulin resistance, a hallmark of metabolic syndrome, 
has been increasingly implicated in cancer development and 
progression. The global rise in Type 2 diabetes mellitus (T2DM) has 
drawn attention not only due to its direct metabolic complications but 
also because of its link to malignancies. An increasing evidence points 
to a significantly elevated cancer risk among individuals with T2DM, 
driven by overlapping metabolic, hormonal, and inflammatory 
pathways. Understanding this relationship is critical in redefining 
cancer prevention strategies in metabolically vulnerable populations. 

Epidemiological Evidence – A Statistical 
Thriller Unfolds from Shanghai to the UK

Data from the Shanghai Standardized Diabetes Management 
System, which analyzed over 400,000 individuals between 2011 and 
2018, revealed a 10% higher rate of malignancies among people 
with diabetes compared to non-diabetic counterparts [1]. Data 
from Shanghai (Figure 1) show a markedly higher cancer incidence 
among diabetics compared to non-diabetics, suggesting a strong 
epidemiological link between metabolic dysfunction and cancer 
development. Furthermore, the risk of developing specific types of 
cancer, such as colon, breast, pancreas, and liver cancer, increases 
with age in individuals with T2DM (Figure 2). This age-dependent 
increase in relative cancer risk underscores the compounding effects 
of chronic metabolic disturbances over time.

Notably, cancers of the pancreas, thyroid [2], bladder, kidney, 
breast, colorectum, and liver demonstrated especially elevated risks, 
with a more pronounced increase among younger individuals [3].

Studies leveraging the UK Biobank have also identified 
correlations between insulin resistance and cancer incidence. For 
instance, the triglyceride-glucose-body mass index (TyG-BMI) 
product and the triglyceride to HDL-cholesterol (TG/HDL-C) ratio 
have been employed to evaluate cancer risk, particularly for esophageal 

Figure 1: Cancer incidence in diabetics vs. non-diabetics (Shanghai Data).
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adenocarcinoma, which tracked closely with insulin resistance traits 
[4]. However, esophageal squamous cell carcinoma showed an 
inverse association with insulin resistance levels, highlighting the 
heterogeneity of cancer subtypes [4].

The Role of Insulin Resistance - A Tale of 
Cellular Corruption

Beyond hyperglycemia and obesity, insulin resistance appears to 
be a unifying factor in the pathophysiology of diabetes-associated 
cancers. Insulin itself is mitogenic and anti-apoptotic and can promote 
angiogenesis in a hyperinsulinemic state, which may facilitate 
oncogenesis [5,6]. These effects are amplified in insulin-resistant 
states where elevated circulating insulin levels can persistently activate 
proliferative signaling pathways, notably via the insulin receptor and 
insulin receptor substrates [7].

In breast cancer, adipose tissue-related factors such as increased 
leptin and decreased adiponectin further compound these risks 
[7]. These adipokines, modulated by insulin levels, have mitogenic, 
angiogenic, and anti-apoptotic properties. Mechanistically, insulin 
resistance influences malignancy through endocrine (systemic 
adipokines), paracrine (tumor-associated adipocytes), and autocrine 
(tumor-secreted factors) pathways [8]. Elevated insulin and insulin-
like growth factor-1 (IGF-1) levels have mitogenic, anti-apoptotic, 
and angiogenic effects that may foster tumor growth and progression 
(Figure 3).

Pancreatic cancer development may be facilitated by insulin-
induced stimulation of pancreatic acinar cells, leading to heightened 
enzyme secretion and inflammatory responses, potentially promoting 
metaplasia and neoplasia [8].

Diverse Cancer Associations - A Spectrum of 
Shadows

Though many malignancies are associated with insulin resistance, 
this relationship varies across cancer types. For instance, while a 
strong positive association has been established for hepatocellular 
carcinoma in high hepatitis B prevalence areas [9], studies on lung 
cancer have yielded inconsistent findings. Pancreatic and breast 
cancers demonstrate the strongest links, both in terms of insulin 
resistance and resistance association (Figure 4).

Figure 2: Risk of cancer by age in Type 2 Diabetes Mellitus.

Figure 3: Mechanistic pathway from insulin resistance to cancer.

Figure 4: Association of insulin resistance with different cancer types.

A 9-year follow-up in the UK Biobank showed no significant 
correlation between lung cancer and the TyG index [10], and a 
large meta-analysis of over 6.5 million people revealed a correlation 
between insulin resistance (measured by HOMA-IR) and lung cancer 
but not with obesity or BMI [11].

Similarly, colorectal cancer incidence has been linked to the TG/
HDL ratio, with data suggesting a protective effect of low TG/HDL 
rather than a continuous linear risk gradient [12]. These nuanced 
findings emphasize the need for individualized risk assessment 
and underscore the complexity of the insulin resistance–cancer 
connection.

The Metabolic Redemption – Preventive 
Strategies with Lifestyle Focussing on 
Insulin Sensitivity

While antidiabetic medications have not consistently demonstrated 
protective effects against cancer [13], lifestyle interventions show 
promise. A large-scale study of over 346,000 individuals indicated 
that self-reported physical activity was associated with a reduced 
cancer risk [14]. Moreover, an accelerometer-based analysis from 
the UK Biobank involving 86,556 participants revealed a clear, linear 
reduction in cancer incidence with increasing physical activity and 
daily step count [15].
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Conclusion – The End is the Beginning: A 
Call for Metabolic Vigilance

Type 2 diabetes and obesity are strongly associated with elevated 
malignancy risk, and insulin resistance may be a critical link. 
With global cancer incidence expected to double over the next five 
decades [16], public health efforts focused on improving insulin 
sensitivity through lifestyle interventions may help mitigate this 
rising burden. Continued investigation is imperative to elucidate the 
complex molecular and cellular pathways linking insulin resistance 
to carcinogenesis, thereby informing the development of precise, 
mechanism-based preventive and therapeutic interventions.
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