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Abstract
There exists a complex interaction between obesity, type 2 diabetes mellitus 
(T2DM) and cancer, and an increase in the incidence of cancer is expected with the 
growing obesity-diabetes pandemic. The association of cancer with diabetes 
mellitus and obesity appears to be site-specific, the highest risk being for post-
menopausal breast cancer, endometrial cancer, and colorectal cancer. Moreover, 
there is worsening of hyperglycaemia with the onset of cancer, evidencing a bi-
directional link between cancer and diabetes mellitus and the need for monitoring 
for diabetes in cancer survivors. In this review, we look at the epidemiological 
evidence from observational studies and Mendelian randomization studies 
linking obesity, diabetes, and cancer, as well as the complex pathophysiological 
mechanisms involved, including insulin resistance with associated hyperinsu-
linaemia, the effect of chronic low-grade inflammation, and the effect of various 
adipokines that are associated with obesity and T2DM. Additionally, we describe 
the novel therapeutic strategies, based on their role on the discrete pathophysio-
logical mechanisms involved in the tumourigenesis.
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Core Tip: Cancer is the second most common cause of death globally, and the complex 
pathogenic mechanisms in the development of cancer are not yet fully elucidated. The 
interplay between obesity, type 2 diabetes and some forms of cancer are well known 
for the past few years. With a steady increase in the obesity and diabetes pandemics, 
the incidence of cancer is expected to increase exponentially in the coming years. This 
review discusses the complex pathophysiological mechanisms linking these three 
major disease entities, to enhance clinician awareness across the globe, and proposes 
emerging potential therapeutic strategies.

Citation: Fernandez CJ, George AS, Subrahmanyan NA, Pappachan JM. Epidemiological link 
between obesity, type 2 diabetes mellitus and cancer. World J Methodol 2021; 11(3): 23-45
URL: https://www.wjgnet.com/2222-0682/full/v11/i3/23.htm
DOI: https://dx.doi.org/10.5662/wjm.v11.i3.23

INTRODUCTION
Cancer is the second most common cause of mortality from non-communicable 
diseases in the world, accounting for nearly 9.6 million deaths in the year 2017[1]. 
Apart from the excess mortality, cancer also contributed to 233.5 million disability-
adjusted life-years in 2017. The incidence of cancer has been rising, due to a rise in the 
associated risk factors like aging population, obesity, diabetes mellitus, and lifestyle-
related factors. Globally, the incidence of obesity has reached pandemic proportions, 
irrespective of the socioeconomic status and the age group[2]. Rising proportion of 
individuals with obesity has been the driving force for the diabetes pandemic[3], the 
incidence/prevalence of which is increasing at a faster rate in low-income and middle-
income countries than in high-income countries[4].

There is plenty of evidence supporting the association between cancer and either 
obesity or diabetes mellitus on an individual basis. A recent study evaluated the 
impact of combined obesity and diabetes mellitus on cancer risk, by calculating the 
population attributable fraction (PAF) of incident cancers attributable to obesity and 
diabetes mellitus[5]. They observed that 5.7% of all incident cancers in 2012 were 
related to the combined effects of diabetes mellitus and obesity. When they limited 
their calculation to include only twelve adiposity-related cancers (colorectal cancer, 
postmenopausal breast cancer, endometrial cancer, gallbladder cancer, pancreatic 
cancer, liver cancer, kidney cancer, ovarian cancer, gastric-cardia cancer, thyroid 
cancer, multiple myeloma, and oesophageal adenocarcinoma), and six diabetes-related 
cancers (colorectal cancer, endometrial cancer, breast cancer, gallbladder cancer, 
pancreatic cancer, and liver cancer), they observed that 13.5%-15.3% of the cancers 
were attributable to the combined effects of diabetes mellitus and obesity. The study 
also observed that nearly one-fourth of the diabetes-related cancers and one-third of 
the adiposity-related cancers, happened due to a rise in prevalence of these risk 
factors[5].

As the global burden of obesity and diabetes mellitus is going to rise further, the 
burden of cancer will continue to increase. Therefore, interventions should be done at 
multiple levels including individual, community, health-care system, and policy 
making to prevent the development of cancer from these non-communicable diseases. 
This review will discuss the epidemiological studies linking obesity and type 2 
diabetes mellitus (T2DM) to cancer and will explore the potential pathophysiological 
mechanisms linking obesity, and T2DM to cancer.

http://creativecommons.org/Licenses/by-nc/4.0/
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EPIDEMIOLOGICAL STUDIES LINKING OBESITY TO CANCER
The obese population shows an increase in relative risk (RR) for developing various 
cancers, compared to the non-obese population. A recently published systematic 
review[6] using the data collected from a meta-analysis of epidemiological studies 
observed that the RR was highest for endometrial cancer (2.54; 95%CI: 2.11-3.06)[7], 
followed by renal cancer (1.77; 95%CI: 1.68-1.87)[8]. This was followed by pancreatic 
cancer (1.48; 95%CI: 1.15-1.92)[9], breast cancer (1.42; 95%CI: 1.30-1.45)[10], liver cancer 
(1.35; 95%CI: 1.24-1.47)[11], colorectal cancer (1.32; 95%CI: 1.18-1.48)[12], melanoma 
(1.31; 95%CI: 1.19-1.44)[13], ovarian cancer (1.30; 95%CI: 1.10-1.50)[14], thyroid cancer 
(1.29; 95%CI: 1.18-1.41)[15], leukaemia (1.26; 95%CI: 1.17-1.37)[13], prostate cancer 
(1.16; 95%CI: 1.08-1.24)[16], gastric cancer (1.13; 95%CI: 1.03-1.24)[17], and bladder 
cancer (1.10; 95%CI: 1.06-1.42)[18]. However, a previous study also noted that the 
obese population has a low RR of getting lung cancer (0.79; 95%CI: 0.73-0.85) 
compared to the non-obese population, indicating an inverse association[19]. The RR 
for squamous cell carcinoma, adenocarcinoma, and small cell carcinoma of the lung 
were 0.68 (95%CI: 0.58-0.80), 0.79 (95%CI: 0.65-0.96), and 0.99 (95%CI: 0.66-1.48) 
respectively indicating that obesity is protective against all types of lung cancer among 
both current and former smokers.

Obesity is associated with an increased risk of some cancers and decreased risk of 
other cancers, suggesting that the association between obesity and cancer clearly 
depends on the site of the cancer (site-specific association). This suggests that if the 
epidemiological studies analysing the relationship between obesity and cancer are not 
adequately stratified for the site of cancer, the associations with less common cancers 
can be masked. Nearly 4% of all new cancers can be attributed to overweight and 
obesity (adiposity-related cancers), in which endometrial, postmenopausal breast, and 
colorectal cancers account for more than 60%[20]. Worldwide, the population attrib-
utable fraction (PAF) of cancer related to high body mass index (BMI) was greater 
among women compared to men (5.4% vs 1.9%). Moreover, the countries with very 
high and high human development index (HDI) had higher PAF (5.3% and 4.8%, 
respectively), compared to countries with moderate and low HDI (1.6% and 1.0%, 
respectively)[20]. With increasing rates of obesity at younger age, the adiposity-related 
cancers are detected at a much younger age.

A dose-response meta-analysis of prospective observational studies reported that 
each 5 kg weight gain is associated with an increase in the RR for postmenopausal 
endometrial cancer by 39% among hormone replacement therapy (HRT) non-users 
(RR 1.39; 95%CI: 1.29-1.49) and by 9% among HRT users (RR 1.09; 95%CI: 1.02-
1.16)[21]. Similar weight gain is associated with an increase in RR for postmenopausal 
ovarian cancer by 13% among HRT non-users (RR 1.13; 95%CI: 1.03-1.23), postmeno-
pausal breast cancer by 11% among HRT non-users (RR 1.11; 95%CI: 1.08-1.13), and 
colorectal cancer by 9% in men (RR 1.09; 95%CI: 1.04-1.13). Weight gain is also 
associated with a 42% increase in the RR for renal cancer when the highest and lowest 
level of adult weight gain are compared (RR 1.42; 95%CI: 1.11-1.81)[21]. However, 
weight gain is not associated with a rise in colorectal cancer in women, premenopausal 
breast cancer, postmenopausal breast cancer among HRT users, prostate cancer, and 
thyroid cancer.

A meta-analysis of one hundred and twenty-six observational cohort studies among 
breast cancer patients reported that each 5 kg of adult weight gain is associated with a 
7% increase in postmenopausal breast cancer (RR 1.07; 95%CI: 1.05-1.09), and each 5 
kg/m2 of gain in BMI is associated with a 17% increase in postmenopausal breast 
cancer (RR 1.17; 95%CI: 1.11-1.23)[22]. Moreover, each 10 cm increase in waist circum-
ference (WC) and hip circumference (HC), are associated with 11% (RR 1.11; 95%CI: 
1.08-1.14) and 6% (RR 1.06; 95%CI: 1.04-1.09) increase in postmenopausal breast cancer, 
respectively. Furthermore, each 0.1 unit increase in waist-hip ratio is associated with a 
10% increase in postmenopausal breast cancer (RR 1.10; 95%CI: 1.05-1.16). The 
increased risk was noted among hormone receptor positive breast cancers compared to 
receptor negative breast cancers, and among HRT non-users compared to HRT users. 
Adult weight gain and BMI gain are not consistently associated with premenopausal 
breast cancer. Each 5 kg of adult weight loss is associated with a 4% decrease in 
postmenopausal breast cancer (RR 0.96; 95%CI: 0.88-1.04). The study reported that BMI 
gain in early adult life (between 18-30 years) is inversely associated with postmeno-
pausal (RR 0.81; 95%CI: 0.75-0.87), and premenopausal (RR 0.86; 95%CI: 0.78-0.96) 
breast cancer[22].

Another meta-analysis of seven prospective observational studies comprising of 
18668 men and 24751 women with a mean age of 62 and 63 years (respectively), with a 
median follow-up period of 12 years reported 1656 first-incident adiposity-related 
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cancers including postmenopausal breast, colorectum, lower oesophagus, gastric, liver, 
gallbladder, pancreas, endometrium, ovary, and kidney cancers[23]. The hazard ratios 
(HR) for first-incident cancers, per standard deviation increment in various adiposity 
indicators including BMI, WC, HC, and waist-hip ratio (WHR) were calculated. The 
results were 1.11 (95%CI: 1.02-1.21) for BMI, 1.13 (95%CI: 1.04-1.23) for WC, 1.09 
(95%CI: 0.98-1.21) for HC, and 1.15 (95%CI: 1.00-1.32) for WHR. For example, the HR 
for colorectal cancer for each standard deviation increment in BMI, WC, HC, and WHR 
are 16%, 21%, 15%, and 20%, respectively. These values are not surprising as WC and 
WHR are better surrogate markers of visceral fat, than BMI. Moreover, HRT non-users 
have 20% increased risk per standard deviation of BMI, WC, and HC for getting 
postmenopausal breast cancer, compared to HRT users[23].

A recent prospective study evaluated the effect of weight gain during adult years 
with or without metabolic dysfunction on the risk of getting adiposity-related 
cancers[24]. The study reported that, compared to people maintaining a stable weight, 
those with weight gain of greater than 0.45 kg or 1 pound/year was associated with 
38% increase in overall cancer risk (HR 1.38; 95%CI: 1.09-1.76), with women (HR 1.39; 
95%CI: 1.03-1.87) having higher risk compared to men (HR 1.32; 95%CI: 0.88-2.00). 
Compared to weight gain without metabolic dysfunction [metabolically healthy 
obesity; (MHO)], weight gain with metabolic dysfunction increases the overall risk of 
cancer risk by 77% (HR 1.77; 95%CI: 1.21-2.59), with men (HR 1.85: 95%CI: 1.00-3.44) 
having higher risk compared to women (HR 1.74; 95%CI: 1.07-2.82). The study also 
observed that men and women who gained weight during adult life from non-
overweight status at baseline, were associated with 2.18-fold and 1.60-fold overall 
cancer risk, whereas those who were overweight throughout the study period (from 
baseline) were associated with statistically non-significant increased cancer risks of 
28% (HR 1.28; 95%CI: 0.76-2.14) and 33% (HR 1.33; 95%CI: 0.94-1.88), in men and 
women, respectively[24].

Nearly 10%-30% of obese individuals are metabolically healthy with lesser visceral 
and hepatic fat, greater leg fat, expandable subcutaneous fat, preserved cardiores-
piratory fitness, insulin sensitivity, and beta cell/adipose tissue function, and lower 
inflammatory burden[25]. Though there is no standard definition for MHO, presence 
of obesity with normal glucose and lipid parameters in the absence of hypertension 
can be used as a criterion to diagnose MHO. Though the risk for getting T2DM and 
cardiovascular disease is much lower in MHO people compared to people with 
metabolically unhealthy obesity (MUO), it is still higher than metabolically healthy 
lean (MHL) people. Moreover, MHO is a transient phenotype that can progress to 
develop MUO. Hence, MHO should still be considered as an indication for weight loss 
interventions[25]. A meta-analysis of eight prospective cohort studies comprising of 
12542390 participants compared the incidence of any type of cancer in MHO people in 
comparison to people with metabolically healthy non-obesity (MHNO)[26]. They 
reported a significantly higher risk of developing cancer with an odds ratio (OR) of 
1.14 (95%CI: 1.05-1.23) compared to MHNO people, and 1.17 (95%CI: 1.01-1.35) 
compared to MHL people. This suggests that all obese individuals, even in the absence 
of metabolic dysfunction, should be encouraged to lose weight.

A meta-analysis of 230 cohort studies including over 30 million individuals 
observed that, though overweight and obesity were associated with an increased risk 
of all-cause mortality, there was a U-shaped association[27]. The concept that cancer 
patients with elevated BMI might have improved survival compared to cancer patients 
with normal BMI is known as ‘obesity paradox in cancer’. According to many, the 
term ‘obesity paradox’ is misleading as the paradox is due to the limitations of BMI, 
which relies on height and weight without delineating the distribution of adipocytes 
or distinguishing between adipose tissue and skeletal muscle. According to them, 
cancer patients with higher BMI might be having higher levels of protective skeletal 
muscle mass[28]. Others consider that, the paradox is due to methodological flaws 
including reverse causation, selection bias, and confounding[29]. However, a recent 
meta-analysis of 203 observational studies including 6320365 participants observed 
that even though obesity is associated with increased overall mortality, cancer specific 
mortality, and relapse rate in various cancers, it (obesity) is associated with an 
apparent protective effect in patients with lung cancer and melanoma[30].

Another meta-analysis of eight population-based cohort studies including 635642 
participants who underwent bariatric surgery observed that, bariatric surgery is 
associated with a significantly reduced incidence of cancer (OR 0.72; 95%CI: 0.59-0.87) 
overall, and obesity-related cancer in particular (OR 0.55; 95%CI: 0.31-0.96)[31]. 
However, the reduction in incidence of breast cancer reached statistical significance 
(OR 0.50; 95%CI: 0.25-0.99), whereas reduction in other cancers did not reach statistical 
significance. A recent meta-analysis of 21 cohort studies comprising of 304516 
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participants who underwent bariatric surgery, revealed that bariatric surgery was not 
only associated with decreased cancer incidence (OR 0.56; 95%CI: 0.46-0.68), but also 
with decreased cancer mortality (OR 0.56; 95%CI: 0.41-0.75)[32]. The study also 
observed a significant reduction in breast and endometrial cancers in post-bariatric 
surgery participants.

Few observational studies reported a controversial observation about an increased 
incidence of colorectal cancer, in the post-bariatric surgery participants[33]. However, 
even in these trials, the absolute incidence of colorectal cancer was lower in the 
bariatric surgery group compared to the obese patients who did not undergo bariatric 
surgery. The cessation of statin therapy, avoidance of high fibre diet, and changes in 
colonic microbiome after bariatric surgery could explain a possible increase in the 
incidence of colorectal cancer in post-bariatric surgery cases.

A large study including 22198 participants who underwent bariatric surgery from 
the Kaiser Permanente Integrated health data reported a 33% reduction in any cancer 
incidence (HR 0.67; 95%CI: 0.60-0.74), and 41% reduction in adiposity-related cancer 
incidence (HR 0.59; 95%CI: 0.51-0.69)[34]. Among the adiposity related cancers, 
surgery is associated with a statistically significant reduction in postmenopausal breast 
(HR 0.58; 95%CI: 0.44-0.77), colon (HR 0.59; 95%CI: 0.36-0.97), endometrial (HR 0.50; 
95%CI: 0.37-0.67), and pancreatic cancers (HR 0.46; 95%CI: 0.22-0.97), compared to 
obese patients who did not undergo bariatric surgery. Furthermore, a recent meta-
analysis of seven studies including 1213727 participants observed that bariatric 
surgery reduces colorectal cancer by 36% (RR 0·64, 95%CI: 0.42-0.98)[35].

Epidemiological studies linking diabetes to cancer
Observational studies have consistently reported that people with T2DM have an 
increased risk for several types of cancers including liver, pancreas, endometrium, 
colorectal, breast, and bladder, and a decreased risk for prostate cancer. The observed 
association between T2DM and cancer could either be a causal (caused by hyperin-
sulinaemia or hyperglycaemia), or be a confounder (arising from common risk factors 
such as adiposity)[36]. The contributions from obesity and T2DM towards tumouri-
genesis can be independent as exemplified by prostate cancer, the incidence of which 
is increased with obesity, but decreased with T2DM. Another example is lung cancer, 
the incidence of which is lower in obesity, but not altered with T2DM. The contri-
butions of obesity and T2DM towards cancer can have an additive (synergistic) effect 
or an opposing effect, depending on the site of origin of cancer[6].

An umbrella review of ‘meta-analyses of observational studies that examined the 
association between T2DM and cancer’ carefully assessed the robustness of the 
reported associations, considering the quality of the studies and their substantial 
heterogeneity[36]. The review observed that only a minority of these reported associ-
ations have evidence-base without hints of bias. These observed summary associations 
in the descending order of random effects include endometrial cancer (1.97; 95%CI: 
1.71-2.27), intrahepatic cholangiocarcinoma (1.97; 95%CI: 1.57-2.46), colorectal cancer 
(1.27; 95%CI: 1.21-1.34), and breast cancer (1.20; 95%CI: 1.12-1.28).

A meta-analysis of forty-five observational studies comprising more than eight 
million participants and 132331 prostate cancer patients revealed a statistically 
significant inverse association between T2DM and carcinoma of prostate (RR 0.86; 
95%CI: 0.80-0.92)[37]. One point supporting the lower incidence of cancer prostate in 
T2DM is the fact that some men with T2DM with/without obesity have lower 
androgen levels that results in reduced stimulation of androgen sensitive prostate 
cancer cells[38]. Another point supporting the lower incidence of cancer prostate is a 
lower circulating prostate-specific antigen levels seen in men with T2DM with high 
hemoglobin A1c and fasting blood glucose in the obese, and men with raised alanine 
transaminase levels which would delay the diagnosis of cancer prostate[39].

Among cancer patients with pre-existing diabetes mellitus, there is a 41% increase in 
all-cause mortality (HR 1.41; 95%CI: 1.28-1.55)[40]. A subgroup analysis showed 
increased all-cause mortality with cancers of endometrium (HR 1.76; 95%CI: 1.34-2.31), 
breast (HR 1.61; 95%CI: 1.46-1.78), and colorectum (HR 1.32; 95%CI: 1.24-1.41). 
Another meta-analysis on colorectal cancer patients with pre-existing diabetes mellitus 
observed that the all-cause mortality was increased by 17% (RR 1.17; 95%CI: 1.09-1.25), 
and cancer specific mortality by 12% (RR 1.12; 95%CI: 1.01-1.24), compared to 
colorectal cancer patients without diabetes mellitus[41]. Moreover, presence of pre-
existing diabetes mellitus was associated with a 51% higher post-operative mortality 
(OR 1.51; 95%CI: 1.13-2.02) among cancer patients[42]. Cancer patients with pre-
existing diabetes mellitus exhibited advanced stage of the disease at the time of 
diagnosis[43], increased risk of cancer recurrence[44], and decreased disease-free 
survival (RR 1.27; 95%CI: 1.06-1.52)[41].



Fernandez CJ et al. Epidemiological link between obesity, diabetes and cancer

WJM https://www.wjgnet.com 28 May 20, 2021 Volume 11 Issue 3

However, we ought to bear in mind that observational epidemiological studies are 
susceptible to certain biases including reverse causality bias, detection bias, and 
depletion of the susceptible[45]. Mendelian randomization (MR) studies are analytic 
methods (genetic epidemiological studies) that are used to strengthen the evidence for 
a causal relationship between an exposure and an outcome. MR studies utilize 
germline variants obtained from large-scale genome-wide association studies. As these 
germline variants are determined at the time of birth and remain constant throughout 
life[46], studies utilizing them will minimize the effects of bias and residual 
confounding that are observed in observational studies. However, the genetic observa-
tional or MR studies have their own strengths and weaknesses. Once the observational 
and genetic epidemiological studies agree between each other, the results are likely to 
be more robust.

MR studies have shown that adiposity has a very strong causal association with 
renal, endometrial, ovarian, oesophageal, pancreatic, and colorectal cancer[46]. 
Hyperinsulinaemia has a strong association with endometrial, breast, pancreatic and 
renal cancer risk. Raised circulating insulin-like growth factor-1 (IGF-1) levels have a 
moderate association with breast and prostate cancer risk. Sex hormone dysregulation 
and puberty timing have a moderate association with breast and endometrial cancer 
risk; puberty timing has a moderate association with prostate cancer risk. There is only 
a weak association between hyperglycaemia and various cancers including those of 
lung, pancreas, endometrium, kidney, and breast. Finally, no association is observed 
between T2DM and cancers including pancreatic, endometrial, renal cell, and ovarian 
cancers[46].

POTENTIAL PATHOPHYSIOLOGICAL MECHANISMS LINKING OBESITY 
AND DIABETES TO CANCER
Direct effects of hyperinsulinaemia in the pathogenesis of cancer: Insulin 
receptor/IGF-receptor signalling 
The increased incidence of various cancers including breast, endometrial, and 
colorectal cancers is observed within few months after the diagnosis of T2DM, or even 
in the prediabetic phase, indicating that in patients with T2DM, it is the endogenous 
hyperinsulinaemia, rather than hyperglycaemia, that is associated with an increased 
risk of cancer[47-50]. Moreover, in breast, colorectal and endometrial cancer patients, 
the endogenous hyperinsulinaemia is associated with cancer progression, recurrence, 
and excess mortality[51-54]. Compared to normal cells which preferentially rely on 
mitochondrial oxidative phosphorylation, the cancer cells rely on glycolysis, even in 
the presence of oxygen (aerobic glycolysis), as a source of energy, possibly due to 
damaged mitochondria in cancer cells and also as a measure to maximize the available 
energy sources to support the rapid proliferation. This observation, known as the 
Warburg effect, suggests an increased glucose uptake and increased reliance on 
glucose metabolism by the cancer cells[55].

Studies have shown that hyperglycaemia alone may not cause development of 
cancer in the absence of hyperinsulinaemia, indicating that the key driver of cancer 
initiation and progression in patients with diabetes, and obesity is hyperin-
sulinaemia[56]. However, there are multiple other mechanisms involved in cancer 
initiation and progression. The overall pathophysiological mechanisms linking obesity 
and diabetes to cancer and the associated intracellular signalling, are illustrated in 
Figure 1 and the pathophysiological mechanisms linking hyperin-sulinaemia in the 
tumour microenvironment (TME) to cancer, is represented in the Figure 2.

The insulin/IGF family consists of ligands including insulin, IGF-1, and IGF-2; their 
tyrosine kinase receptors including insulin receptor-A (IR-A), insulin receptor-B (IR-B), 
IGF-1 receptor (IGF-1R), IR-A/IGF-1R hybrid, and IR-B/IGF-1R hybrid; and six IGF-
binding proteins (IGFBPs) that bind to IGF-1 and IGF-2, but not to insulin. Only the 
free IGFs, unbound to IGFBPs, are biologically available for binding to their receptors. 
As the IGFs bound to IGFBPs are protected from degradation, the IGFBPs maintain a 
stable serum IGF levels. Hyperinsulinaemia decreases IGFBP-1 and IGFBP-2 levels, 
thus increasing the levels of bioavailable IGF-1 and IGF-2[57]. Moreover, hyperin-
sulinaemia increases the IGF-1 level by increasing its hepatic production[58]. Apart 
from the IGFs that circulate in blood, a significant amount of IGF-2 is also secreted by 
cancer cells and/or tumour stroma to act on IR-A[59].

The IR signalling exerts both metabolic and mitogenic effects. Among the two 
isoforms that are formed by differential splicing of the insulin receptor gene (splice 
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Figure 1 The overall pathophysiological mechanisms linking obesity and diabetes to cancer with associated intracellular signalling. IL-1β: Interleukin-1β; IL-6: Interleukin-6; TNF-α: Tumour necrosis factor-α; IR: Insulin receptor; 
IGF-1: Insulin-like growth factor-1; IGF-1R: Insulin-like growth factor-1 receptor; IGFBP: Insulin-like growth factor binding protein; FFA: Free fatty acid; FFF-R: Free fatty acid receptor; ER-α: Oestrogen receptor-α; Ob-R: Leptin-receptor; Adipo-R: 
Adiponectin-receptor; SHBG: Sex hormone binding globulin; TG: Triglyceride; HDL: High density lipoprotein; PI3K: Phosphatidyl-inositol-3-kinase; AKT: Protein kinase B; mTORC1: Mechanistic target of rapamycin complex 1 (Mammalian target of 
rapamycin complex 1); RAS: Rat sarcoma; RAF: Rapidly accelerated fibrosarcoma; MAPK: Mitogen activated protein kinase; ERK: Extracellular-regulated kinase; JAK2: Janus kinase-2; STAT3: Signal transducer and activator of transcription-3; VEGF: 
Vascular endothelial growth factor; HIF-1α: Hypoxia inducible factor-1α; LKB1: Liver kinase B1; AMPK: Adenosine monophosphate-activated protein kinase; T2DM: Type 2 diabetes mellitus.
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variants), the IR-B is predominantly expressed in the metabolic tissues including liver, 
skeletal muscle, adipose tissue, and kidney, whereas IR-A is mainly expressed in the 
foetal and cancer tissues[60]. IR-B predominantly exerts metabolic effects, whereas IR-
A predominantly exerts mitogenic effects. The ratio of IR-A to IR-B in the cell is 
determined by the expression of certain splicing factors in cells. Insulin, IGF-1, and 
IGF-2 bind to IR-A, and IR-B with different affinities. Insulin binds to IR-A with a 1.7-
fold greater affinity compared to IR-B (only a modest difference in affinity). IGF-2 
binds to IR-A with a 40-fold greater affinity compared to IR-B, whereas IGF-1 binds to 
IR-A with a 10-fold greater affinity compared to IR-B. Insulin binds only to IR-B or IR-
A, not to IGF-1R or hybrid receptors. Both IGF-1 and IGF-2 bind to IGF-1R, hybrid 
receptors, and to IR-A or IR-B. IR-A has 100-fold higher affinity for IGF-2 compared to 
IGF-1[60]. Thus, IR-A has high affinity for IGF-2 and low affinity for IGF-1, whereas 
IR-B has a low affinity for IGF-2 and a very low affinity for IGF-1. High IR-A 
expression, resulting from altered expression of splicing factors in the cell is 
detrimental in adult life as it is associated with insulin resistance, dysregulated cell 
proliferation and cancer[61].

While normal cells downregulate the IRs in presence of hyperinsulinaemia, many 
cancer cells upregulate the IRs and IGF-1Rs in presence of hyperinsulinaemia and 
associated high IGF-1 levels, leading to mitogenic effects, increased cancer growth and 
metastasis[62,63]. Cancers that overexpress IR-A include breast, endometrial, lung, 
colorectal, hepatocellular, prostate, ovary, thyroid, and renal cancers[64-66]. Similarly, 
the cancers that overexpress IGF-1R include colorectal, breast, hepatocellular, and 
prostate cancers[67]. The loss of function mutations of tumour suppressor genes 
including BRCA1, p53, and PTEN lead to high IGF-1R expression[68]. Cancers that 
overexpress IGF-2 include mesenchymal tumours, breast, oesophageal, ovarian, and 
hepatocellular; tenosynovial giant cell tumours, Wilms' tumour, and Ewing's 
sarcoma[69].

Under physiological conditions (in people without hyperinsulinaemia), interaction 
of insulin and IR-B with subsequent stimulation of phosphatidyl-inositol-3-
kinase/protein kinase B/mechanistic target of rapamycin complex 1 (PI3K 
/AKT/mTORC1) cascade mediate the anabolic effects of insulin including glucose 
uptake, glycogen synthesis, protein synthesis, and lipid synthesis. In people with 
hyperinsulinaemia (associated with high IR-A expression) and in cancer cells 
(associated with high IR-A expression and raised IGF-2), the interaction of insulin 
and/or IGF-2 with IR-A and the subsequent activation of rat sarcoma/rapidly 
accelerated fibrosarcoma/mitogen activated protein kinase/extracellular-regulated 
kinase cascade (RAS/RAF/MAPK/ERK) mediate the mitogenic effects of insulin 
including cell proliferation, survival, and migration[61]. An imbalance between MAPK 
and PI3K cascades results in impaired glucose/lipid metabolism in target tissues such 
as liver, muscle, and adipose tissue with cell proliferation in other tissues[70]. Under 
physiological conditions the interaction with IR-B is phasic (occurs only in 
postprandial state) resulting in metabolic effects, whereas under hyperinsulinaemic 
conditions or in cancer cells the interaction with IR-A is steady or continuous resulting 
in mitogenic effects[61].

Indirect effects of hyperinsulinaemia in the pathogenesis of cancer: Oestrogen 
receptor-α/cytokine/reactive oxidative species
Hyperinsulinaemia is associated with increased expression of aromatase enzyme in 
the TME resulting in increased oestrogen levels. Furthermore, hyperinsulinaemia is 
associated with decreased sex hormone-binding globulin levels that will increase the 
levels of bioavailable oestrogens that act on the tumour cells through oestrogen 
receptor-α, increasing the risk of oestrogen dependent cancers like breast and 
endometrial cancers[71]. The oestrogen receptor activation augments the insulin/IGF-
mediated mitogenic effects in several cancers including that of breast, prostate, 
neuroblastoma, and pituitary adenoma[72].

Moreover, in carcinoma of prostate, activation of oestrogen receptors and of 
androgen receptors located at cell membrane induces IGF-1R upregulation to enhance 
IGF-1 mediated biological effects[73]. Similarly, in breast cancer, activation of IGF-1R 
and IR upregulate the non-classical or non-genomic membrane oestrogen receptors to 
potentiate the mitogenic effects[74,75]. Hyperinsulinaemia is also associated with 
inflammation in the TME leading to cytokine production and activation of the Janus 
Kinase-2 and Signal Transducer and Activator of Transcription-3 (JAK2-STAT3) and 
MAPK cascade inside the tumour cells[71]. Insulin upregulates the cellular metabolic 
activity leading to generation of reactive oxidative species (ROS) and resultant DNA 
damage, thereby promoting oncogenesis[76].
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Figure 2 The pathophysiological mechanisms linking the hyperinsulinaemia in the tumour microenvironment to cancer with the associated intracellular signalling. IL-1β: Interleukin-1β; IL-6: Interleukin-6; TNF-α: Tumour 
necrosis factor-α; IR-A: Insulin receptor-A; IR-B: Insulin receptor-B; IGF-1: Insulin-like growth factor-1; IGF-2: Insulin-like growth factor-2; IGF-1R: Insulin-like growth factor-1 receptor; IR-A IGF1-R: Hybrid receptor of IR-A and IGF-1R; IR-B IGF1-R: Hybrid 
receptor of IR-B and IGF-1R; IGFBP: Insulin-like growth factor binding protein; ER-α: Oestrogen receptor-α; mER: membrane oestrogen receptor; Ob-R: Leptin-receptor; PI3K: Phosphatidyl-inositol-3-kinase; AKT: Protein kinase B; mTORC1: Mechanistic 
target of rapamycin complex 1 (Mammalian target of rapamycin complex 1); RAS: Rat sarcoma; RAF: Rapidly accelerated fibrosarcoma; MAPK: Mitogen activated protein kinase; ERK: Extracellular-regulated kinase; JAK2: Janus kinase-2; STAT3: Signal 
transducer and activator of transcription-3; VEGF: Vascular endothelial growth factor.
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White adipose tissue remodelling in the pathogenesis of cancer
The white adipose tissue (WAT) comprising of subcutaneous and visceral adipose 
tissues, act as an energy reservoir for other organs. In response to over-nutrition and 
obesity, the adipose tissue undergoes dynamic remodelling characterized by 
alterations in the adipocyte number (adipocyte hyperplasia) in cases of childhood 
obesity or size (adipocyte hypertrophy) in cases of adult obesity[77]. The potential 
pathophysiological mechanisms linking obesity to cancer with special emphasis to 
WAT remodelling is outlined in the Figure 3. The hypertrophic adipose tissue 
outgrows its blood supply, leading to hypoxia, adipocyte injury/death, adipose tissue 
macrophage recruitment and a switch from anti-inflammatory to pro-inflammatory 
macrophages (M2 to M1 switch)[78]. This leads to increased expression of pro-inflam-
matory cytokines including tumour necrosis factor-α (TNF-α), interleukin-6 (IL-6), IL-
1β and monocyte chemoattractant protein-1 (MCP-1), and insulin resistance[79].

Pro-inflammatory cytokines propagate the adipose tissue inflammation by 
recruiting more macrophages (MCP-1)[80]. The macrophages envelope the dead or 
dying hypertrophic adipocytes to form crown-like structures and these macrophages 
later become lipid-loaded foam cells[81]. There is increased release of free fatty acids 
(FFA) from the entrapped adipocytes with subsequent ectopic fat deposition in the 
liver and skeletal muscle leading to worsening insulin resistance and lipotoxicity[82]. 
Lipolysis and FFA release from WAT are also stimulated by pro-inflammatory 
cytokines[83]. The hypertrophic adipocytes exhibit impaired insulin-dependent 
glucose uptake due to a defect in glucose transporter 4 trafficking, indicating another 
mechanism for insulin resistance in obese patients with adipocyte hypertrophy, apart 
from the effect of pro-inflammatory cytokines and ectopic lipid deposition[84].

Pro-inflammatory cytokines generated by chronic low-grade inflammation of WAT 
can exert direct mitogenic effects via cytokine receptors or indirect mitogenic effects via 
increased insulin resistance and resultant hyperinsulinaemia. Moreover, the cytokines 
can activate androgen receptors to promote survival and proliferation of prostate 
cancer cells in men[85], and can induce the aromatase enzyme to increase the incidence 
of oestrogen-dependent tumours in the postmenopausal women[86]. The hyperlept-
inaemia that accompanies WAT inflammation is another inducer of aromatase 
enzyme[87].

Obesity and hyperinsulinaemia are associated with raised leptin and reduced 
adiponectin levels. Similarly, hyperleptinaemia and hypoadiponectinaemia are 
associated with the development of insulin resistance and hyperinsulinaemia[88,89]. 
The elevated leptin levels activate various cascades like PI3K, MAPK, and predom-
inantly JAK2/STAT3[90]. Leptin induces IL-6 and TNF-α production, thereby 
sustaining a chronic inflammatory state[91]. It increases the expression of anti-
apoptotic proteins (X-linked inhibitor of apoptosis protein), and pro-angiogenic factors 
including vascular endothelial growth factor (VEGF), and hypoxia-inducible factor-1α 
(HIF-1α)[92]. On the other hand, adiponectin, acting via liver kinase B1 (LKB1), 
induces the adenosine monophosphate-activated protein kinase (AMPK) involved in 
the induction of cell cycle arrest and inhibition of mTOR activity. Elevated leptin and 
decreased adiponectin levels are known to be associated with proliferation, survival 
and migration of cancers including that of breast, colon, endometrium, and 
prostate[92].

Hypoxia and angiogenesis in the pathogenesis of cancer
The hypertrophic adipose tissue outgrows its blood supply and develops hypoxia. HIF 
expressed in the hypoxic TME is a dimeric transcription factor having inducible 
subunits (HIF-1α, HIF-2α, or HIF-3α), and a constitutive subunit (HIF-1β)[93]. 
Hypoxia stabilizes HIF-1α and promotes its association with HIF-1β. The HIFα-HIFβ 
dimer enters the nucleus leading to activation of the downstream targets. Under 
hypoxic conditions, HIF-1α promotes tumour angiogenesis by activating the pro-
angiogenic genes [(VEGFA, VEGF receptor-1 (VEGFR1), Angiopoietin (ANGPT), and 
Ephrin type-A receptor 1 (EphA1)], and inhibiting anti-angiogenic genes (VEGFA, 
VEGFR1, ANGPT, EphA1)[93]. Tumour angiogenesis is essential for the survival, 
growth, invasion, and metastasis of malignant lesions.

Oxidative stress in the pathogenesis of cancer
The metabolically active adipose tissue is a source of ROS/reactive nitrogen species. 
The adipose tissue from lean individuals expresses antioxidant enzymes including 
glutathione peroxidase, catalase, and superoxide dismutase 1, whereas these 
antioxidant enzymes are downregulated in the adipose tissue from obese 
individuals[83]. The oxidative stress is known to cause DNA double strand breaks and 
other complex DNA alterations[94]. Low or intermediate levels of oxidative stress 
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Figure 3 The potential pathophysiological mechanisms linking obesity to cancer with special emphasis to the white adipose tissue remodelling. WAT: White adipose tissue; IR: Insulin receptor; IGF-1R: Insulin-like growth 
factor-1 receptor; ER-α: Oestrogen receptor-α; Ob-R: Leptin-receptor; Adipo-R: Adiponectin-receptor; FFA: Free fatty acid; LD: Lipid droplets; ECM: Extracellular matrix; XIAP: X-linked inhibitor of apoptosis protein; VEGF: Vascular endothelial growth 
factor; HIF-1α: Hypoxia inducible factor-1α; GLUT4: Glucose transporter 4.

result in genomic instability associated with the activation of oncogenes, inactivation 
of tumour suppressor genes, angiogenesis, and mitochondrial dysfunction[95]. Obesity 
per se is associated with increased DNA damage and decreased DNA repair. Oxidative 
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stress can be a consequence of obesity. Moreover, oxidative stress can be the trigger for 
obesity by altering the food intake and stimulating WAT deposition[96-98].

In obesity associated WAT inflammation, the inflammatory environment increases 
the oxidative stress to a level that it results in DNA damage, genomic instability, 
augmented cell survival, and cell proliferation resulting in the development of 
cancer[99]. Increased ROS production has been observed in various cancers. Tumour 
cells express high levels of antioxidants to detoxify ROS, to establish a redox balance 
while maintaining a resistance to apoptosis. Though ROS can be pro-tumourigenic in 
most, they can also be anti-tumourigenic, initiating tumour cell death, especially when 
the ROS levels exceed the antioxidant threshold of cancer cells[100].

Extracellular matrix alterations in the pathogenesis of cancer
The TME comprises of a cellular and a non-cellular component. The cellular 
component includes immune cells, fibroblasts, adipocytes, and endothelial cells, 
whereas the non-cellular structural component, known as the extracellular matrix 
(ECM) include a meshwork of polymeric proteins like collagen, elastin, and 
fibronectin. The ECM provides the biochemical and biomechanical environment 
within which the cancer cells exist[101]. WAT inflammation induces mechanical 
changes in the ECM, including myofibroblast enrichment with associated increased 
stiffness that promote tumourigenesis[102]. Moreover, crosstalk between cancer cells 
and the microenvironment is an important aspect of tumour progression, as this 
determines the ability of cancer cells to cross the ECM barrier, access the circulation, 
and establish metastases[103]. The biochemical and biomechanical properties of the 
ECM influence the ability of the cancer cells to modify physiological features 
(plasticity) to survive in the hostile microenvironment, and to resist therapy through 
acquisition of stemness characteristics and epithelial to mesenchymal or mesenchymal 
to epithelial transitions[103,104].

Resistin, visfatin, and lipid droplets in the pathogenesis of cancer
The obesity associated chronic low-grade inflammatory state in the adipose tissue, 
results in genomic instability contributing to tumourigenesis. Moreover, obesity is 
associated with aggressive cancers, due to the crosstalk between adipose tissue and 
tumours during cancer progression[105]. The mature adipocytes supply adipokines 
and lipids to the proliferating cancer cells, whereas the adipose stromal cells, and the 
immune cells infiltrate the tumour tissue to secrete various paracrine factors within the 
TME to aid tumour progression. Presence of high levels of leptin and/or leptin-
receptor is associated with poor prognosis in several cancers as evidenced by the 
presence of invasive tumours, lymph node involvement, distant metastasis, and 
chemoresistance[106]. Elevated leptin levels can upregulate the IGF-1 level acting at 
the stage of transcription[107]. Resistin and visfatin acts through their receptors to 
promote tumour cell proliferation, angiogenesis, metastasis, and chemoresistan-
ce[108,109].

Obesity is associated with ectopic fat deposition containing FFAs, triglycerides and 
cholesterol esters in non-adipose tissues. These lipid bodies, known as lipid droplets 
(LDs), are seen in many cancers, where they are thought to modulate the crosstalk 
between tumour cells and the cellular component of the TME. LDs are associated with 
tumour proliferation, chemoresistance, and aggressiveness[110]. Recently, fatty acid 
receptors with selectivity towards medium-long chain fatty acids (FFAR4 and FFAR1), 
and towards short chain fatty acids (FFAR2 and FFAR3) are discovered. FFAR4 is 
associated with proliferation, survival and migration of various cancers including 
colorectal, pancreatic and bone cancers[111]. The FFAs mediate the proliferation and 
metastasis of the tumour cells by activating the PI3K-AKT-mTORC1 pathway[112].

Hyperglycaemia in the pathogenesis of cancer
There are many mechanisms that can contribute to high cancer risk in patients with 
diabetes. The potential mechanisms, with a special emphasis to the Wnt/β-catenin 
signalling pathway, are portrayed in the Figure 4. These mechanisms can be related to 
antidiabetic medications[113], hormonal changes (exogenous or endogenous 
hyperinsulinaemia, raised IGF-1, hyperleptinaemia, and hypoadiponectinaemia), 
chronic inflammatory state associated with diabetes, oxidative stress associated with 
diabetes, decreased immunological response to cancer cells arising from competitive 
impairment of ascorbic acid transport into the immune cells by hyperglycaemia[114], 
enhanced signalling of epidermal growth factor receptor[115], accelerated cell 
cycle[116], chemoattractant upregulation, such as glial cell line-derived neurotrophic 
factor that is involved in the cancer invasiveness and migration[117], cytokine receptor 
upregulation and ROS generation by the advanced glycation end products 
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Figure 4 The potential pathophysiological mechanisms linking diabetes to cancer with special emphasis to the Wnt/β-catenin signalling pathway. IGF-1: Insulin-like growth factor-1; IGF-1R: Insulin-like growth factor-1 
receptor; IL-1β: Interleukin-1β; IL-6: Interleukin-6; TNF-α: Tumour necrosis factor-α; IR-A: Insulin receptor-A; ROS: Reactive oxygen species; GLP-1RA: Glucagon like peptide-1 receptor agonist; MAPK: Mitogen activated protein kinase; PI3K: 
Phosphatidyl-inositol-3-kinase; AGEs: Advanced glycation end products; TME: Tumour microenvironment; LRP: Lipoprotein receptor-related protein; GSK3β: Glycogen synthase kinase-3β; SIRT1: Sirtuin 1 deacetylase; P300: P300 acetyl transferase; 
LEF: Lymphoid enhancer factor; TCF: T-cell factor.
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(AGEs)[118], and most importantly enhanced Wnt/β-catenin signalling pathway 
resulting in increased proliferation, survival, invasion, and migration[119]. The raised 
insulin and IGF-1 levels are associated with overstimulation of MAPK pathway, 
resistance to PI3K pathway, over-expression of IR-A and activation of IGF-1R[120]. 
The oxidative stress associated with diabetes can occur through multiple mechanisms: 
direct effect of hyperglycaemia through glucose metabolism and auto-oxidation, or 
indirect effect from AGEs, or inflammatory cytokines[120].

Wnt is a family of secreted cysteine-rich glycoprotein ligands that bind to their 
membrane receptors to activate pathways including non-canonical Wnt-Ca2+ pathway, 
non-canonical planar cell polarity pathway, and canonical Wnt/β-catenin signalling 
pathway[121]. The classification of Wnt family into canonical or non-canonical is based 
on the presence or absence of β-catenin. In the canonical Wnt/β-catenin pathway, Wnt 
binds to its membrane co-receptor having Frizzled and lipoprotein receptor-related 
protein. This inactivates the Glycogen Synthase Kinase-3β (GSK3β), resulting in β-
catenin accumulation in the cytoplasm. GSK3β is an enzyme that phosphorylates the 
cytosolic β-catenin to trigger degradation of β-catenin by the destruction complex. 
GSK3β is thereby considered as a tumour suppressor, due to its ability to inhibit the 
Wnt/β-catenin signalling pathway[122].

In the absence of hyperglycaemia, β-catenin accumulated in the cytoplasm cannot 
be translocated to the nucleus, to induce the expression of Wnt target genes. However, 
hyperglycaemia induces p300 acetyl transferase to achieve β-catenin acetylation. 
Moreover, hyperglycaemia inhibits Sirtuin 1 deacetylase activity. These favour 
formation of lymphoid enhancer factor 1 (LEF1)/β-catenin/p300 complex and its 
accumulation inside the nucleus, where it displaces the transcriptional repressor 
known as T-cell factor (TCF)7L2-corepressor complex, and induce the expression of 
Wnt target genes (LEF, TCF)[118,123]. These Wnt target genes are involved in 
initiation, proliferation, senescence bypass, epithelial to mesenchymal transition, and 
metastasis of tumours[124-127].

Cancer worsens hyperglycaemia
In patients with cancer, the circulating cytokines increases the insulin resistance, 
decreases the peripheral glucose uptake, increases the hepatic gluconeogenesis, 
thereby worsens hyperglycaemia. Increased inflammatory cytokines in the TME 
worsens this hyperglycaemia. Moreover, the product of glycolysis by tumour cells 
(lactate) stimulates the hepatic gluconeogenesis, further worsening the 
hyperglycaemia[119]. A recently published study from Korea has shown that cancer 
can increase the risk of getting subsequent diabetes mellitus in cancer survivors 
independent of traditional risk factors for diabetes mellitus (HR 1.35; 95%CI: 1.26-
1.45)[128]. Though the risk was highest in the first 2 years, it remained high for 10 
years following cancer diagnosis (HR 1.19; 95%CI: 1.00-1.43). Though the risk was 
highest for cancer survivors of pancreatic, kidney, and liver cancers, the risk remained 
significantly high even for gallbladder, lung, blood, breast, stomach, and thyroid 
cancers.

Therapeutic strategies for cancer based on the pathophysiological mechanisms
The therapeutic agents based on Wnt/β-catenin signalling include those that act by 
inhibiting Wnt ligands, inhibiting Wnt receptors/co-receptors, stabilizing the 
destruction complex, and inhibiting β-catenin-dependent transcriptional 
pathway[129]. Moreover, GSK3β inhibitors are being developed and entering clinical 
trials as novel cancer treatments due to their ability to inhibit the Wnt/β-catenin 
signalling pathway[130]. mTOR participates in multiple signalling pathways to 
regulate proliferation, autophagy, and apoptosis. Various newly developed mTOR 
inhibitors are entering clinical studies[112]. The free fatty acid receptors agonists are 
potential therapeutic agents in the management of cancers of colorectum, and 
ovary[131,132].

Various inhibitors of MAPK signalling pathway including RAS inhibitors, RAF 
inhibitors, MAPK inhibitors, and ERK inhibitors have also been recently 
developed[133]. Three RAF inhibitors and three MAPK inhibitors have received 
approval for the treatment of late-stage B-RAF harbouring cancers, either alone or in 
combination with other agents. However, these drugs are associated with intrinsic 
drug resistance in patients with RAS mutations or acquired drug resistance in patients 
with B-RAF mutations (after 6-10 mo of treatment). Targeting MAPK and AMPK 
signalling pathways together represents a promising therapeutic intervention in 
patients with RAS or RAF mutations[134]. Another promising intervention in patients 
with B-RAF mutation-associated cancers, is dual inhibition of the MAPK and 
JAK2/STAT3 pathways using a combination of three MAPK pathway inhibitor types 
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including BRAF inhibitor, MAPK inhibitor, and ERK inhibitor along with either of 
JAK2 or STAT3 inhibitor[135].

Though PI3K signalling pathway is important in cell proliferation, and survival, the 
drugs acting on this pathway, including pan-PI3K inhibitors or dual PI3K/mTOR 
inhibitors are only modestly effective as monotherapy, with a relatively high incidence 
of side effects. However, isoform selective PI3K inhibitors are undergoing clinical trials 
with improved specificity and reduced toxicity[136]. Similarly, several AKT inhibitors 
are currently in various stages of clinical trials for diverse types of malignancies[137]. 
AMPK acts as tumour suppressor, as it mediates the effects of the LKB1 tumour 
suppressor by inhibiting mTORC1 production. Though metformin, and fluoxetine can 
activate AMPK, several small molecular AMPK agonists are under various stages of 
development and few of them are expected to enter clinical trials within next few 
years[138].

As hyperinsulinaemia is the key driver of cancer initiation and progression in 
patients with diabetes and obesity, drugs that could reduce hyperinsulinaemia could 
potentially prevent development of cancer. At supra-physiological concentrations, 
metformin can exert direct anti-proliferative effects. However, at physiological concen-
trations the anti-proliferative effects are due to its indirect effects including reduction 
in hyperglycaemia, insulin, IGF-1, and leptin[139]. Clinical trials with the use of 
metformin in cancer therapy and prevention are ongoing. Peroxisome proliferator-
activated receptor gamma (PPARγ) is expressed in cancers including breast, prostate, 
colon, bladder, and thyroid cancers. Preclinical trials have shown that the PPARγ 
agonists have tumour suppressor effect as they are pro-apoptotic, induce autophagy, 
decrease cancer cell invasion and metastatic potential. However, the results of these 
clinical trials are disappointing due to their side effect profiles[140].

CONCLUSION
Obesity and T2DM are associated with high risk of cancer, and the strongest associ-
ations are for postmenopausal breast and endometrial cancers, and colorectal 
carcinomas. Mendelian randomization studies have shown that obesity and hyperin-
sulinaemia have very strong associations with cancer, whereas hyperglycaemia and 
T2DM have either a weak, or no association with cancer. The relationship between 
T2DM and cancer is bidirectional, as cancer survivors appear to be susceptible to 
subsequent new onset diabetes mellitus. Optimal screening strategies for diabetes in 
cancer survivors should be developed. With the increasing global burden of obesity 
and diabetes mellitus, the burden of cancer will continue to rise in the coming decades. 
Interventions at all possible levels, should be done to prevent the development of 
cancer from these common non-communicable diseases. Pathophysiological studies 
have shown that hyperinsulinaemia has the primary role in tumourigenesis in the 
setting of obesity and diabetes, associated with chronic inflammation, and elevated 
adipokines. In addition, patients with diabetes mellitus exhibit enhanced Wnt/β-
catenin signalling pathway as one of the possible pathophysiological mechanisms. 
Newer therapeutic agents based on pathophysiological mechanisms including Wnt/β-
catenin, MAPK, PI3K, AMPK and mTOR signalling pathways are undergoing 
preclinical/clinical trials for the treatment of cancer.
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