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Type 2 diabetes mellitus and cancer

Introduction
Results of the large prospective mortality study re-

cently conducted in USA suggest that diabetes may be

an independent risk factor for death from cancers of
colon, liver, pancreas, and female breast and, in men,
of the liver and bladder [1]. On the other hand, it is
estimated that approximately 8–18% of people with mali-
gnancies have diabetes [2]. Some, but not all, epide-
miological studies have indicated that people with T2DM
are at higher risk of developing a variety of cancers,
including breast, pancreatic, liver, kidney, endometrial,
and colon cancer. Interestingly enough, patients with
type 1 diabetes are more likely to develop cervical and
stomach cancers [3].

Although major advances have been made in clarify-
ing the relation between diabetes and cancer, the quest-
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Abstract
The question whether diabetes mellitus is associated with
an increased risk for development of cancer cannot be
clearly answered. The mechanism(s) responsible for this
association is yet not fully understood. It remains contro-
versial whether chronic hyperglycaemia in people with type 2
diabetes mellitus (T2DM) itself is a main factor increasing
risk for cancer or whether the risk of neoplastic transforma-
tion correlates with other biochemical abnormalities and
pharmacological treatment of diabetes.
Evidence from experimental and clinical studies indicates
insulin resistance and related abnormalities (e.g. hyperin-

sulinism and obesity) as a major risk factors. Therefore, it is
suggested that insulin sensitizers, such as metformin or
glitazones may diminish the risk of cancer. On the other
hand, insulin secretagogues are suggested to increase
a chance for cancer development sinceit was demonstrat-
ed that insulin in high concentration may influence cell proli-
feration and apoptosis and thus play a role in carcinogene-
sis. The aim of this review is to summarize current state of
knowledge about T2DM and cancer association.
key words: type 2 diabetes mellitus, cancer, insulin, oral
hypoglycaemic drugs
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ion whether diabetes mellitus is associated with an
increased or a reduced risk for the development of can-
cer cannot be answered. In addition, the exact mecha-
nism (s) of diabetes — cancer interaction if it really exi-
sts — remains incompletely understood. Neoplastic
transformation in people with T2DM seems to be a com-
plex, multistep process, which may be influenced by
many factors. Among proposed biological mechanisms,
explaining diabetes-cancer correlation, there are obser-
vations that higher levels of insulin resistance and rela-
ted abnormalities (i.e. hyperglycaemia, hyperinsulinism,
obesity) may have an impact on cell differentiation, pro-
liferation and apoptosis and thus play a key role in car-
cinogenesis. In addition, there is also evidence that
some hypoglycaemic drugs that increase insulin levels,
may promote cancer development at various sites.

Hyperglycaemia
Hyperglycaemia was first described in patients with

cancer in 1885 [4]. However, results from epidemiologi-
cal studies of the association between abnormal gluco-
se tolerance and cancer are mixed. Several studies did
no find any association between diabetes and cancer
[5]. In contrary, Saydah has found that impaired gluco-
se tolerance is an independent predictor for cancer and
cancer mortality [6]. Stattin et al. have reported results
of a large prospective cohort study, with a 18-year dura-
tion of follow-up, exploring the link between chronic hy-
perglycaemia and cancer. The obtained results provide
further evidence for this comorbidity relationship [7].

There are at least few possible mechanisms underly-
ing the association between hyperglycaemia and cancer.
One possible explanation is that elevated blood glucose
level acts directly as a carcinogenic factor. At a cellular
level, glucose may lead to activation of energy sensing
mechanisms, which in turn favour cellular growth and
proliferation. Another potential mechanism is an eleva-
ted glucose concentrations that may stimulate cancer
growth through increased formation of advanced glyca-
tion end-products [8]. In an experimental study, high
glucose itself was shown to induce DNA damage [9]. It
has also been demonstrated that hyperglycaemia is as-
sociated with increased production of free radicals in
mitochondria and may contribute to greater oxidative
damage to DNA [10]. Free radicals are formed dispro-
portionately in people with diabetes by autooxidation of
glucose, sorbitol pathway activation, increased mito-
chondrial production of superoxide anions, and oxidati-
ve degradation of advanced glycation end-products
[11]. The accumulation of free radicals, mainly reactive
oxygen species (ROS) and nitrogen reactive species
(NOS), may lead to the activation of pathways that con-

trol cell differentiation and apoptosis. These very active
species may also cause damage to various biological
macromolecules, including lipids, proteins and both nuc-
lear and mitochondrial DNA. It has been suggested that
mitochondrial DNA damage is more extensive and persi-
sts longer than nuclear DNA damage due to limited abili-
ty to repair [12, 13]. Nuclear and mitochondrial DNA da-
mage may promotes a great number of mutations, which
in turn may lead to malignant transformation. The role of
free radicals and the oxidative stress in the carcinogene-
sis is a well-known [14]. Recently, we have shown that
type 2 diabetes mellitus may be associated not only with
an elevated level of oxidative DNA damage but also with
the increased susceptibility to mutagens and decreased
efficacy of DNA repair [15]. It was also found that glucose
at high concentrations may inhibit the expression of the
DNA repair protein XPD induced by insulin [16]. Therefo-
re, both an elevated level of DNA damage in diabetics
and insufficient DNA repair processes may be conside-
red as important cancer risk factors. It was shown that
the extend of DNA damage correlates with blood glucose
concentration and DNA damage was significantly higher
in poorly-controlled diabetics than in well-controlled dia-
betics both in men and women [6, 17–20].

In recent years evidence has accumulated indicating that
both fasting and postprandial hyperglycaemia increase the
risk of various type of cancer. Yamagata at al have found
that even a modest increase in fasting plasma glucose (FPG)
is a risk factor for gastric cancer in man and women and
that hyperglycaemia is a possible cofactor increasing the
risk posed by Helicobacter pylori infection [21].

The large Korean and Austrian cohort study have
also found statisticaly significant association of fasting
plasma glucose levels with risk of pancreatic cancer, as
well as of endometrial cancer, and twofold increase of
risk of malignant melanoma among women aged < 49
years, an increase in breast cancer risk correlated with
high fasting glucose level was observed. Interestingly,
among Paris policemen, isolated postchallenge hyper-
glycaemia (IGT) was not associated with increased co-
ronary heart disease, but with increased risk of mali-
gnancy, the 10-year death rate from cancer increasing
from 3 to 5 to 8% and the 20 year risk increasing from
10 to 16 to 31% in normal versus isolated postload IGT
versus isolated postload diabetes, respectively [22, 23].

The Nurses’ Health Study has shown that diet with a
high glycaemic load was associated with an increased
risk of pancreatic cancer. These results confirm pre-
vious observations indicating that high postprandial
blood glucose level may increase the risk of cancer in
women who already have an underlying degree of insulin
resistance [24, 25].

As it was mentioned above, hyperglycaemia both
acute and chronic leads to an elevated level of oxidative
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stress that in turn activates nuclear factor-kB (NF-kB)
and several pro-inflammatory mediators such as tumor
necrosis factor a (TNF a) and interleukin 6 (IL-6). The
increase level of proinflammatory cytokines expresses a
low grade chronic inflammatory process that is often
seen in people with T2DM. It is suggested that inflam-
mation is an important event in carcinogenesis, how-
ever, the exact pathway of this transition has not been
clarified until now. TNF a and IL-6 are recognized me-
diators of insulin resistance and play, mainly TNF a,
a crucial role in the proliferation of certain tumors and me-
tastatic spread [26]. In addition, TNF a may also reduce
the expression of the major histocompatibility (MHC)
class I molecule on the cell surface allowing malignant
cells to be unrecognized by immune system [27]. The
association inflammation-cancer has been confirmed in
few clinical studies. Therefore, it can not be also exclu-
ded that chronic low grade inflammatory process indu-
ced by hyperglycaemia may increase the risk of neopla-
stic transformation. This hypothesis is supported by cli-
nical observations. Ujpal et al. reported possible corre-
lation between oral inflammation and precancerous le-
sions (leukoplakia and erythroplakia), and tumors in pa-
tients with diabetes related peridontitis and the atrophic
lesions [28]. Gatti et al. suggested that Helicobacter py-
lori infection in people with diabetes can increase the
risk of gastric adenocarcinoma [29].

Insulin resistance/hiperinsulinism
Among the major mechanisms that have been linked

with the increased risk of cancer in T2DM patients, insu-
lin resistance and related factors such as: compensato-
ry hyperinsulinemia, obesity, hyperglycaemia and hor-
monal abnormalities can be found. It is suggested that
some of these factors are important in the early cancer
development, whereas others may be important for tu-
mor progression [30]. Apart from effects on carbohy-
drates, lipids, and proteins metabolism, insulin may also
act as a growth promoting hormone with mitogenic ef-
fects in both normal and malignant tissue [31, 32]. Hy-
perinsulinemia may affect the development of cancer
directly or through insulin-like growth factor or stimula-
tion of insulin-like growth factor receptors. It has also
been shown that insulin suppresses IGF binding prote-
in-1 and thus increases the free fraction of IGF-1.

Epidemiologic studies have observed an elevated risk
of colorectal cancer associated with high circulating insulin
and C-peptide concentrations [33]. Therefore, it is likely
that insulin and its precursors, that have been shown to
have some homology to the insulin-like growth factors,
may influence cell proliferation and apoptosis and thus
play a role in carcinogenesis [34]. Association between

insulin and IGF-I levels and colorectal cancer suggests
that a diet inducing high blood glucose levels and an
elevated insulin response in people with insulin resistance
may contribute to tumor growth [25]. A diet with a high
dietary glycaemic load may increase the risk of colorectal
cancer in women. Ogihara et al. have demonstrated that
insulin enhances the stimulatory effects of epidermal
growth factor on the proliferation of cultured gastric epithe-
lial cells. This observation supports the indirect effect of
insulin on cell proliferation that may predisposes to genetic
alterations and, therefore, to carcinogenesis [35].

Majority of T2DM patients are overweight or obese.
Therefore, the term of diabesity have been recently in-
troduced. It has been shown that overweight and obesi-
ty are associated with increased risk for breast, colon,
endometrium, esophagus, gallbladder, liver, prostate,
ovarian, pancreas, and kidney cancer [36–39]. Calle et
al. suggest that obesity may account for 14% of cancers
in men and 20% of cancers in women, and in this cohort
the heaviest men and women were 52 and 62%, respec-
tively, more likely to die of cancer [40].

Several biological mechanisms have been proposed
to link diabesity with some types of cancer, among them
are the observations that majority of people with obesity
have higher levels of insulin-resistance and other bio-
chemical abnormalities.

In pre- and post-menopausal women, obesity is as-
sociated with increased plasma concentration of testo-
sterone and reduced levels of sex hormone l binding
globulins (SHGBs). As a consequence, the amount of
free and biologically active androgens increases. Obe-
sity leads also to a rise in endogenous estrogen levels.
Testosteron possesses higher affinity for SHBGs than
estrogens, consequently plasma concentrations of free
estrogens increase. In addition, it should be pointed out
that androgens are converted into estrogens by peri-
pheral adipose tissue. Moreover, higher levels of insulin
reduce serum concentration of insulin-like growth factor
binding proteins (IGFBP-1 and IGFBP-3). Reduction of
IGFBPs increases plasma level of IGF-1. Insulin and IGF-1
exert a gonadotropic activity, which potentates the syn-
thesis of steroids in the ovary, mainly androgens, and
inhibits the hepatic production of SHGB. Hiperinsuline-
mia may elevate free plasma estrogen levels through
SHBG inhibition, which may be particularly relevant in
women with low estrogen levels. Estrogens alter the
expression of different members of the IGF family, such
as IGFR-1 and IGFR-2, IGF-2 and, IGFBPs. Expression
of IGFs is essential for the estrogen-mediated growth.
Thus, estrogens increasing the sensitivity of neoplastic
cells to insulin may stimulate their growth [41].

The first direct evidence of an association between
elevated visceral adipose tissue level and colorectal can-
cer was reported by Schoen et al. [37]. An increase risk
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for both T2DM and cancer in people with obesity, possi-
bly through a common mechanism of insulin resistance,
was shown in some other studies [42, 43]. However,
results from epidemiological studies of the association
of obesity/diabetes and different types of cancer are
mixed. For example, Garmendia et al. reported no asso-
ciation between obesity and breast cancer in women at
any age [44]. These observations are in concordance
with those reported by Stattin et al. [7]. This may sug-
gest that other factors connected with T2DM may play
a role in the development of cancer. For example, the
existence of non-alcoholic fatty liver in diabetics and
a high incidence of viral hepatitis should also be taken
into consideration, because its role in developing liver
cirrhosis and primary liver cancer [45].

Hypoglycaemic drugs

Insulin
Insulin is the only therapy which is efficacious in

T2DM once  b-cell failure has supervened. It has been
postulated that insulin treatment might be responsible
for coexistence of T2DM and cancer through the distur-
bances in the insulin signalling pathway. It has been
established that binding insulin to the specific region of
a subunit of insulin receptor (IR) causes the structural
changes of IR and autophosphorylation of tyrosine resi-
dues in the intracellular  b subunit. Metabolic effects of
insulin are related with insulin receptor substrate 1 (IRS-1)
and insulin receptor substrate 2 (IRS-2). Activation of
IRS by phosphorylation of tyrosine residues stimulates
two pathways: the phosphatydyl-inositol-3-kinase path-
way and the mitogen-activated protein-signalling path-
way (MAPK). MAPK promotes cell growth and prolifera-
tion. It is worth emphasizing that in case of insulin resi-
stance the MAPK pathway is not inhibited [46]. Intere-
stingly, it was observed that long-term insulin therapy is
associated with an increased risk of colorectal cancer
among T2DM patients [33, 37, 47]. An increased inci-
dence of malignancies of colon and rectum in insulin-
-treated patients with diabetes mellitus was also noted
in The JEVIN-trial [48].

Yang et al. observed 197 cases of colorectal cancer
in insulin users per 100,000 p-year compared with 124
per 100,000 person year in T2DM patients not receiving
insulin. The age- and sex-adjusted HR of colorectal can-
cer associated with ≥ 1 year of insulin use was 2.1 (95%,
CI: 1.2–3.4, P = 0.005). Patients who received ≥ 3 years
of cumulative insulin therapy had 3 times higher risk of
colorectal cancer (adjusted OR, 3.4; 95%, CI: 1.5–7.7,
P = 0.004) compared with patients who received no
insulin. Interestingly, Yang et al. have found no corre-

sponding association of cancer with metformin, sulpho-
nylureas, or their combination. The multiviarable OR as-
sociated with 3 or more years of therapy was 1.0 (95%,
CI: 0.6–1.7), 0.8 (95%, CI: 0.5–1.2) and 1.2 (95%, CI:
0.7–2.2) for metformin, sulphonylureas and their combi-
nation, respectively [47].

On the other hand, Chuang et al. demonstrated that
T2DM patients who received insulin had a lower risk of
developing of non-melanoma skin cancer (NMSC) com-
pared with non-insulin users (1.40% vs. 2.35%, P = 0.11)
[49]. Skin keratinocytes express the IGFR-1, but they do
not synthesize IGF-1 [50]. Dermal fibroblasts support
the proliferation of keratinocytes in the epidermis by
secreting IGF-1. As dermal fibroblasts age, their ability
to produce IGF-1 is severely diminished. Chuang et al.
believed that decrease in IGF-1 expression with aging is
a major component of an increase in NMSC seen in
geriatric patients. Thus, an increased activation of IGFR-1
might have given some protection against skin cancer
development. Insulin, which is structurally very similar to
IGF-1, will bind and activate IGFR-1. Thus, increased
serum level of insulin in T2DM may increase the activa-
tion of IGFR-1 in skin and decrease the risk of NMSC.

It should also be pointed out that Kath et al. showed
no altered risk for malignancies as a function of insulin
dosage, the duration of diabetes or insulin therapy, the
quality of diabetes control or the prevalence of long-
-term complications of the disease in subject with diabe-
tes [51].

Metformin
If hyperinsulinemia plays a role in cancer pathogene-

sis, interventions that improve insulin sensitivity such as
exercise and dietary modifications or usage of so-called
insulin-sensitizers (metformin and thiazolidinediones)
may be expected to lower the risk of tumor growth [52,
53]. Pharmacologic therapies that increase insulin sen-
sitivity in type 2 diabetes, such as metformin, may have
a beneficial effect not only on diabetes outcomes, but
also on cancer-related mortality.

Metformin is an oral hypoglycaemic drug that does
not increase plasma insulin levels. Metformin reduces
hepatic glucose production through the inhibition of glu-
coneogenesis and glycogenolysis. The inhibition of re-
spiratory chain diminishing gluconeogenesis and the
activation of expression of glucose transporters consu-
ming glucose in the hepatic mitochondria are primary
mechanism of metformin action. It has been shown that
metformin increases insulin sensitivity in hepatocytes,
adipocytes and, muscle cells by activation of protein
kinase a2 activated by AMP (AMP activated protein ki-
nase, AMPK), this leads to increased consumption of
glucose and storage of glycogen in skeletal muscle
cells. The AMPK is activated by serine/threonine kinase
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11(SKT11, LKB1), which is also a well-known tumor sup-
pressor [54, 55]. Activation of AMPK by metformin and
physical activity requires LKB1, and this would also
explain why exercise is beneficial in the primary and
secondary prevention of certain cancers [56]. Based
upon these observations Evans et al. hypothesised that
metformin use in T2DM patients may reduce their risk of
cancer development. This assumption has been sup-
ported by findings that people with T2DM treated with
metformin had lower risk of cancer (OR 0.79; CI: 0.67–
–0.93) that those using other hypoglycaemic agents [57].

Thiazolidinediones (TZDs)
Thiazolidynediones are synthetic ligands of the intra-

cellular peroxisome-activated receptor g (PPARg). PPARg

is a nuclear receptor/transcription factor found in adipo-
cytes, skeletal muscle cells and hepatocytes. Thiazolidi-
nediones activates PPARg and regulates transcription
by two mechanisms:
— transactivation; DNA dependent, PPARg forms a he-

terodimer with the retinoid X receptor (RXR) and re-
cognizes specific DNA response elements called
PPAR response elements (PPRE) in the promotor re-
gion of target genes: lipoprotein lipase, fatty acids
transporters protein, fatty acyl coenzyme A synthase
and insulin dependent glucose transporters GLUT-4;

— transrepression: DNA independent, PPARg inhibits
transcription negatively interfering with other signal-
transduction pathways, such as the NF-kB signalling
pathway [58].
The main biological effect of TZDs on adipose tissue

is to increase fatty acids uptake, thus lowering trigliceri-
des and non-estrifield fatty acids. Thiazolidinediones de-
creases insulin resistance in skeletal muscle by the faci-
litation of glucose uptake and utilization (through the
facilitation of glucose transport, glycogen synthesis and
glucose oxidation). Thiazolidinediones increase the
number of small adipocytes and the subcutaneous adi-
pose-tissue mass [59].

Some in vitro studies showed anti-neoplastic action
of particular member of TZDs class. For example, trogli-
tazon inhibited the growth of human cancer cell lines in
lung, colon (HTC-116), breast (MCF-7) and prostate (PC-3)
in immunodeficient mice [60–64].

The molecular mechanisms are still not clear and
several possible mechanisms of anticarcinogenic action
of TZDs are suggested:
— stimulation of cell differentiation; Ohta et al. have de-

monstrated that PPARg agonists induce increase of
differentiation markers: E-kadherin and carcinoem-
brionic antigen, what stimulate pancreatic cancer cell
differentiation (BxPC-3) [65]. TZD not only inhibits
cell and clonal growth, but also induces G1 cell cycle
arrest through the induction of p21WAF-1 and upre-

gulation of differentiation markers. According to this
Li et al. have demonstrated that TZD promoted termi-
nal differentiation and morphological changes to well-
differentiated and less malignant state [66, 67];

— antiproliferative action/cell cycle arrest: Troglitazone
caused G1 cell cycle arrest in human hepatocarcino-
ma cell line (Huh7 i Hep3B) by the induction of p27.
p27 is an inhibitor of cyclin D/cyclin-dependent kina-
se (Cdk) 4 and cyclin E/Cdk2, which kinases govern
cell cycle progression at the restriction and late trans-
ition points of G1 [68, 69];

— apoptosis induction: activation of PPARg was associa-
ted with decreased Bcl-2 ad NF-kB in human colon
cancer and neuroblastoma cells [70–72]. Bcl-2 family,
such as: Bcl-XL, Bcl-w, Mcl-1, A1, are responsible for
cell survival. Whereas, the lack of them cause tissue
decay, what was observed in Bcl-w –/– mice [73].
PPARg agonists induce proapoptotic proteins, such as:
Bax, Bid, Bak and Bad that lead to apoptosis [73, 74];

— angiogenesis inhibition: leptin induces the migration
of smooth muscle cells through the activation of two
pathways: PI3KÆAktÆeNOS and ERK1/MAPK. Tro-
glitazone and ciglitazone suppressed the leptin-indu-
ced migration by decrease of expression of this hor-
mone [75];

— inhibition of invasion: activation of PPARg inhibits gelaty-
nase B (MMP-9) and the migration of macrophages and
muscle cells. Liu et al. have demonstrated that TZD sup-
pressed the migration of invasive breast cancer [76].
Govindarajan et al. conducted a retrospective analy-

sis of a database from 10 Veteran Affairs medical cen-
ters to assess the influence of TZD used to treat diabe-
tes mellitus on risk cancer. Data on male patients
40 years and older diagnosed to suffer from diabetes melli-
tus between 1997–2003 and subsequent diagnoses of
colorectal, lung, and prostate cancer and use of TZD,
other antidiabetic agents, and insulin were analyzed.
They have found 33% reduction in lung cancer risk
among TZD users (RR 0.67; 95%; CI: 0.51–0.87) [77].

Sulphonylureas
Association between sulphonylureas therapy of

T2DM patients and risk of cancer is well known. Availa-
ble clinical trial are unequivocal. On the one hand, Bow-
ker et al. showed that T2DM patients using insulin and
sulphonylureas had increased risk of death because of
cancer [78]. Patients with type 2 diabetes exposed to
sulfonylureas and exogenous insulin had a significantly
increased risk of cancer-related mortality compared with
patients exposed to metformin. It is uncertain whether
this increased risk is related to a deleterious effect of
sulfonylurea and insulin or a protective effect of metfor-
min or due to some unmeasured effect related to both
therapy modalities and cancer risk. Cancer mortality
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over follow-up was 4.9% for sulphonylurea monothera-
py users, 3.5% for metformin users and 5.8% for insulin
users. However, the authors have postulated that T2DM
increased the risk of cancer by metabolic syndrome or
insulin resistance [78]. On the other hand, Yang et al.
have found that sulphonylurea therapy in T2DM was not
connected with risk of colorectal cancer [47]. Moreover,
sulphonylureas are very diverse group of drugs, and
effects of action of particular drug are rather drug speci-
fic, but not class specific. Monami et al. performed
a retrospective observational cohort study on a consecu-
tive series of 568 outpatients (282 women, 286 men)
with type 2 diabetes treated with either glibenclamide
(n = 378) or gliclazide (n = 190). Information on all-
cause mortality and on causes of death up to 31 De-
cember 2004 was obtained by the City of Florence Regi-
stry Office. Mean follow-up was 5.0 ± 1.6 and 4.4 ± 2.0
years for death and cardiac events, respectively; during
follow-up, 33 and 11 deaths were observed in the gli-
benclamide and gliclazide groups, with a yearly mortali-
ty rate of 4.3 and 2.2%, respectively (P < 0.05). Mortality
for malignancies was significantly higher in patients treat-
ed with glibenclamide after adjustment for age, sex, BMI,
and insulin and metformin treatment, [OR 3.6 (1.1–
–11.9); P < 0.05] [79]. Interestingly, we have found that
gliclazide decreased the level of DNA damage induced
by free radicals. Therefore, we can speculate that the
risk of cancer in subjects with T2DM treated by gliclazi-
de may be reduced [80].

Conclusions
Up to now, the studies involving diabetes mellitus

and malignancies show controversial results: many of
them have found cases of malignancies that were com-
parable or even lower than those in nondiabetic sub-
jects; others conclude that diabetes mellitus is linked to
a higher incidence of malignancies and/or a predictor of
mortality due to cancer.

The association between T2DM and increased risk of
some types of cancer is not completely understood. Se-
veral biological mechanisms have been postulated to ac-
count for this association. Chronic hyperglycaemia — the
main feature of T2DM-leads to increased oxidative stress
by enhanced glucose flux through the polyol pathway,
formation of advanced glycation end-products (AGEs),
activation of protein kinase C (PKC), and stimulation of
the hexosamine pathway. It is postulated that elevated
level of oxidative DNA damage may be responsible for
increased cancer risk in T2DM patients. Moreover, diabe-
tic patients have decreased efficacy of DNA repair and
insufficient endogenous antioxidant system (reduced
amount of free radical scavengers). Disturbances in DNA

repair process may form mutations and genome instabili-
ty bringing neoplastic transformation. The results both
experimental and epidemiological studies indicate the
important role of insulin-resistance and related disorders
in carcinogenesis in people with T2DM. It is also suggest-
ed that hypoglycaemic drugs may have an impact on
the risk of cancer in people with diabetes and this pro-
blem is under intensive investigations. The association
between diabetes and cancer is complex and warrants
further study as the general population ages and the
magnitude of both health problems continues to grow.
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