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Type 2 diabetes mellitus (T2DM), a chronic disease increasing rapidly worldwide, is well established as an important risk factor
for various types of cancer. Although many factors impact the development of T2DM and cancer including sex, age, ethnicity,
obesity, diet, physical activity levels, and environmental exposure, many epidemiological and experimental studies are gradually
contributing to knowledge regarding the interrelationship between DM and cancer. The insulin resistance, hyperinsulinemia,
and chronic inflammation associated with diabetes mellitus are all associated strongly with cancer. The changes in bioavailable
ovarian steroid hormone that occur in diabetes mellitus (the increasing levels of estrogen and androgen and the decreasing level
of progesterone) are also considered potentially carcinogenic conditions for the breast, endometrium, and ovaries in women. In
addition, the interaction among insulin, insulin-like growth factors (IGFs), and ovarian steroid hormones, such as estrogen and
progesterone, could act synergistically during cancer development. Here, we review the cancer-related mechanisms in T2DM, the
epidemiological evidence linking T2DM and cancers in women, and the role of antidiabetic medication in these cancers.

1. Introduction

Diabetes mellitus (DM), mostly type 2 diabetes mellitus
(T2DM), is one of the most common chronic diseases char-
acterized by hyperglycemia. The World Health Organization
(WHO) announced that the worldwide prevalence of DM
in 2000 was 171 million and would reach approximately 366
million by 2030 [1]. However, the worldwide prevalence of
DM has already reached 346 million as of 2010 [2].The expo-
nential growth and future burden of the high DM prevalence
are responsible for most of the mortality and morbidity rates
worldwide [3, 4]. Therefore, many studies have investigated
the association and effects between DM and DM-related dis-
ease extensively, particularly the relationship between T2DM
and cancer [5–8]. The recent consensus report sponsored
by the American Association of Clinical Endocrinologists

and the American College of Endocrinology (AACE/ACE
Consensus Statement) highlighted that large and systemic
studies are needed to investigate the relationship between
T2DM and cancer [9].

The association between T2DM and cancer was reported
more than 100 years ago [10]. Most epidemiological studies
have suggested that cancers, particularly hepatic, pancreatic,
colorectal, bladder, endometrial, and breast cancers, appear
to be associatedwith T2DM, increasing the risk andmortality
rates [1, 3, 6, 11–20]. Each value of the estimated riskmay differ
because of the impact of variable and intermingling factors,
such as ethnic differences—including genetic susceptibility,
life-style behavior, and environmental exposure—across pop-
ulations [21]. However, recent studies have suggested that
variable biological effects of diabetes may act synergistically
with other definite cancer risk factors, particularly with
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ovarian steroid hormones [21–25]. Although the different
impacts of ovarian steroid hormones and biological differ-
ences between males and females may lead to variations in
cancer incidence, prognosis, and clinical outcomes, dedicated
research on the effects of T2DM and cancer in females is
limited.

In the present review, we will discuss the epidemiological
evidence and possible mechanisms behind the relationship
between T2DM and cancer in women, as well as the effect
of diabetes treatments on cancer incidence and comorbidity.

2. Mechanisms of Carcinogenesis in
Diabetes Mellitus

Carcinogenesis is a multistep process that undergoes various
genetic “hits,” and diabetes may influence these processes by
several mechanisms, particularly in females. DM and cancer
share several common mechanisms, including increased
insulin and insulin-like growth factor (IGF) signaling, dys-
regulation of ovarian steroid hormones, and chronic inflam-
mation.

2.1. Insulin/IGF Signaling. Insulin and IGFs are well known
for their involvement in cell survival and proliferation, as well
as carbohydrate metabolism [26]. Unlike epidermal growth
factor (EGF) and platelet-derived growth factor, which play
roles at the cellular or tissue level as autocrine or paracrine
factors, insulin and IGFs play important systemic regulatory
roles at the whole organism level as a hormone [27–29].
Insulin and IGFs show hormonal effects through the insulin
receptor (IR) and IGF receptors (IGFRs), which are widely
expressed in normal tissues [30, 31]. Both types of receptors
are membrane receptors with the tyrosine kinase domain
located inside the cell membrane [32]. In terms of biological
activity, these receptors form a holoreceptor characterized by
two “half receptors,” which comprise an extracellular 𝛼-chain
and an intracellular 𝛽-chain [32]. Half receptors of insulin
exist as two splice variant isoforms, “A” and “B.” While the
“B” [33] isoform recognizes only insulin, the “A” isoform
recognizes both insulin and IGF-2 and is expressed most
commonly by cancer cells [34]. The half IR and half IGF-1
receptor (IGF1R) can interact and form tetrameric structures
known as “hybrid receptors,” which exert similar, but not
identical, downstream signaling to that of IR or IGF1R [34–
36]. Autoregulated or ligand-recognized IRs activate insulin
receptor substrates (IRS) through tyrosine phosphorylation,
thereby activating the phosphatidylinositol 3-kinase (PI3K)
pathway and Ras/mitogen-activated protein kinase (MAPK)
pathway known as mitogenic signaling by insulin [34].

Many epidemiological studies have suggested that insulin
and IGF-1 play important roles in the regulation of cancer.
An increased insulin or IGF-1 level, which presents in T2DM,
obesity, and acromegaly, is strongly associated with increased
cancer risk and mortality [37–41]. Some studies have shown
evidence that the rates of insulin secretion among individuals
may influence the risk and progression of cancer [42, 43].
Additionally, the insulin and IGF-1 levels in cancer patients
are proportional to cancer-related mortality [26, 44]. Many

in vitro and in vivo studies have shown evidence support-
ing epidemiological studies. For example, insulin or IGF-1
increased cell proliferation and reduced apoptosis in cancer
cells, even at physiologically relevant concentrations [45, 46].
On the other hand, insulin signaling deficiency caused by the
downregulation of IRs was shown to inhibit the proliferation
and metastasis of cancer cells in vitro and in vivo [47, 48].
Insulin has direct access to its receptors, but most circulating
IGFs are bound to IGF binding proteins (IGFBPs) and
thereby demonstrate limited and attenuated IGFR-mediated
bioactivity [49].Therefore, the biological activity of IGFsmay
be determined by the level of IGFBPs, which are influenced by
various conditions associated with insulin resistance such as
T2DM and obesity [50–52]. Insulin resistance and increased
insulin levels are associated with increased risk andmortality
in women with cancer, particularly breast, endometrial, and
ovarian cancers [53–55].

Althoughmainstream studies have suggested that insulin
and IGFs are associated strongly with cancer development,
each study showed a different degree of cancer risk associated
with insulin and IGFs [33]. The latter view may be due to
the following reasons. First, the functional differences in
receptors may be due to the various types of tyrosine kinases,
leading to phosphorylation of different IRS members. There-
fore, insulin and IGFs may lead to various effects depending
on the combination of half receptors in cancer cells. Second,
the insulin and IGF cancer-related signaling pathways have
adapted from those of normal cells, particularly from insulin-
sensitive tissues such as the liver, muscle, and adipose tissue.
However, the internal signals of a cancer cell are very
different from those of normal cells because of the changes in
genetic and/or epigenetic factors, thereby stimulating another
signaling pathway in response to insulin and IGF. Therefore,
insulin and IGFs may induce a cancer cell-specific signaling
pathway aberrant from that of normal cells [26, 56].

2.2. Ovarian Steroid Hormone/Sex Hormone-Binding Glob-
ulin Regulation. The ovarian steroid hormones are some
of the most common types of hormones related to cancer
generation and/or progression. The predominating theories
suggest that the ovarian steroid hormones estrogen and
progesterone have a strong association with endometrial,
breast, and ovarian cancers [57–59]. Enhanced signaling by
estrogen in particular has been considered a risk factor
for females with cancer. This is based on the observation
that the estrogen increase and endometrial proliferation rate
during the follicular phase of themenstrual cycle drive ductal
elongation in mammary gland development during puberty
[60–62].

Epidemiological studies have demonstrated that post-
menopausal women are at an increased risk of cancers
from exogenous estrogen replacement without progesterone
[63–69]. Other studies have shown that polycystic ovarian
syndrome (PCOS) in premenopausal women is very closely
related to increased cancer risk and results from increased
androgen and decreased progesterone levels [70–74].The sex
hormone-binding globulin (SHBG) level is one of the most
important factors in cancer generation and/or development
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in postmenopausal women because its reduction leads to an
increase in free ovarian steroid hormones [75–82].

Estrogen in cancer cells may trigger proliferation and
cellular growth through the activation of estrogen receptor
alpha (ER𝛼) following the activation of PI3K and MAPK
pathways [83, 84]. The role of estrogen is important because
ovarian steroid hormone-sensitive tissues responding to
ovarian steroid hormones exhibit increased levels of bioactive
IGF-1 and gene expression of IGF1R, IRS-1, and IRS-2 [85–
87]. In addition, activation of IR and IGF1R induces the
phosphorylation of ER𝛼, thereby potentiating ER𝛼 signaling
[88, 89]. Therefore, cancer cells expressing higher levels of IR
and/or IGF1R would result in resistance to antiestrogen ther-
apy such as tamoxifen [89–91]. Although the role of androgen
in promoting carcinogenesis and cell proliferation is well
known in prostate cancer, in vitro studies have suggested that
androgen could affect cell viability and proliferation through
the regulation of inflammatory andNotch signaling pathways
[92, 93].

Interestingly, hyperinsulinemia and/or insulin resistance,
particularly in postmenopausal females with T2DM, result
in increased bioavailable ovarian steroid hormone levels
through suppressed hepatic SHBG production and induced
ovarian steroid hormone production [23, 85, 94–97]. Addi-
tionally, the increased insulin and IGF-1 levels in females with
T2DM potentiate ER𝛼 signaling by IR and/or IGF1R. Such
observation and prediction suggest that diabetes, particularly
T2DM, may involve cancer generation and/or development
mechanisms through abnormal sex hormone signaling.

2.3. Chronic Inflammation. Most of our current knowledge
indicates that the net effect of inflammation is the triggering
of cancer development and progression [98–102]. Media-
tors of inflammatory pathways such as interleukin-6 (IL-6),
tumor necrosis factor alpha (TNF𝛼), and cyclooxygenase-
2 (COX-2) are involved in cancer-related mechanisms that
diminish tumor suppressor function, stimulate oncogene
expression, and increase cell cycling [103]. Conversely, inhi-
bition of inflammatory signaling such as that by nuclear
factor kappa-light-chain-enhancer of activated B cell (NF-
𝜅B) reduces cancer incidence [104, 105]. Additionally, many
studies concerning the association of inflammation and
cancer in females suggest that the inflammatory pathways
activated through NF-𝜅B signaling play an important role in
the development and progression of cancers such as breast,
endometrial, and ovarian cancers [106–109].

Insulin resistance and hyperinsulinemia in T2DM pro-
mote subclinical or low-grade chronic inflammation that
aggravates insulin resistance [110, 111]. Ovarian steroid hor-
mones, particularly estrogen, can activate NF-𝜅B signaling,
which induces the gene expression of inflammatory medi-
ators such as IL-1, TNF𝛼, and metalloproteinases (MMPs),
thereby facilitating inflammatory processes [108, 112, 113].
As noted above, females with T2DM-increased bioavailable
ovarian steroid hormones show more enhanced inflamma-
tory effects. Therefore, a chronic inflammatory state in these
patients may be the main mechanism associated with cancer
development and progression.

3. The Link between Diabetes Mellitus and
Cancer in Women

The risk of cancers in the female reproductive organs is
increased in T2DM. Both breast and endometrial cancer
risks are increased in diabetic females. Several biological
mechanisms may be involved, mostly regarding ovarian
steroid hormone abnormalities.

3.1. Breast Cancer. T2DM and breast cancer are both serious
life-threatening diseases globally. Breast cancer, the most
common cancer and second leading cause of cancer-related
death in women, shares some risk factors with diabetes, such
as age and obesity [114, 115]. Female diabetic patients were
more likely to have increased risk of andmortality frombreast
cancer [3, 116–118]. A meta-analysis of 20 studies (five case-
control and 15 cohort studies between 1966 and February
2007) indicated that females diabetics had an increased risk of
breast cancer with a relative risk (RR) of 1.20 [95% confidence
interval (CI): 1.12–1.28] [11]. A recently conducted meta-
analysis of 12 studies (five case-control and seven cohort
studies between 2000 and March 2010) showed a similar
result in which women with diabetes have a significantly
increased risk of breast cancer with a summary RR of 1.72
(95% CI: 1.47–2.00). Additionally, among postmenopausal
or postmenopausal-age females, a strong relationship was
demonstrated between diabetes and breast cancer with a
summary RR of 1.25 (95% CI: 1.20–1.29) [119]. The Cancer
Prevention Study II demonstrated that the incidence of
diabetes in females was associated significantly with a 16%
increased mortality from breast cancer with an age-adjusted
RR of 1.24 (95% CI: 1.11–1.39) and multivariable-adjusted RR
of 1.16 (95% CI: 1.03–1.29) [3]. These findings are similar
to those of two retrospective cohort studies in the United
Kingdom (UK) and Taiwan. Data in the UK study showed
a reduced survival time for women with both diabetes and
breast cancer (nondiabetes versus diabetes, 14.3 versus 10.4
years, resp.) [117]. In the Taiwan study, breast cancer patients
with diabetes had a significantly increased mortality with a
hazard ratio (HR) of 1.57 (95% CI: 1.15–2.15) [118].

In breast cancer, insulin and IGFs play important roles
as mitogens. Breast cancer tissues showed increased levels of
the “A” isoform of the IR (IR-A) activated by insulin and IGF
[120]. PI3K and/or Ras/MAPKpathways induced through IR-
A activation resulted in mitosis of breast cancer cells in vitro
[53]. In vivo studies using nonobese, insulin-resistant, and
hyperinsulinemic transgenic MKR mouse models showed
that hyperinsulinemia results in mammary ductal hyperpla-
sia and IR-expressing carcinoma [121]. Women with diabetes
displayed hormonal changes resulting from increased pro-
duction of estrogen and androgen with decreased liver pro-
duction of SHBG [122]. These hormonal changes were also
strongly associatedwith breast cancer risk in postmenopausal
females [69]. Increased bioavailable estrogen stimulated
the proliferation of ER-positive and/or estrogen-dependent
breast cancer [123]. Hyperinsulinemia in T2DM induced the
expression and increased the binding capacity of ER [124,
125]. The activation of ER can also enhance insulin mito-
genicity by promoting IRS-1 function and activating PI3K
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andRas/MAPK signaling [126].The inflammatorymediators,
TNF𝛼 and IL-6, which are associated with insulin resistance
in T2DM, enhanced estrogen production in both normal and
breast cancer cells and could be expected to result in the
development and proliferation of breast cancer cells [127].

3.2. Endometrial Cancer. Endometrial cancer is the most
common gynecological cancer and is closely associated with
endometrial hyperplasia, unopposed estrogen exposure, and
genetic alterations [128, 129]. This cancer has been associated
strongly with T2DM in most epidemiological studies [13, 15,
117, 118, 130–132]. Many studies have suggested that T2DM
and endometrial cancer share characteristics regarding the
major modifiable determinates, such as low physical activity
and obesity [133–135]. A meta-analysis of 16 studies (13 case-
control and three cohort studies between 1956 and June 2005)
indicated that T2DM had a significantly increased risk and
comorbidity with endometrial cancer with a summary RR
of 2.10 (95% CI: 1.75–2.53). The risk was particularly strong
among studies with age-adjusted estimates (RR 2.74; 95% CI:
1.87–4.00) [13]. Also, a recent population-based and retro-
spective cohort study demonstrated that endometrial cancer
and diabeteswere strongly associated, with anHRof 1.81 (95%
CI: 1.37–2.41), and had an increased relationship, with an age-
adjusted HR of 1.85 (95% CI: 1.36–2.50) [15]. Although some
studies have shown that endometrial cancer and diabetes
had no significant statistical association with mortality [117],
most studies have indicated that diabetes is associatedwith an
increased risk of death from endometrial cancer; for example,
a prospective study reported a multivariable-adjusted RR of
1.33 (95% CI: 1.08–1.65) and an age-adjusted RR of 1.72 (95%
CI: 1.40–2.12) [3].

Similar to breast cancer cells, in vitro studies have shown
that endometrial cancer cell lines increased proliferation by
activation of insulin, IGF-1, and ovarian steroid hormone
signaling pathways, such as estrogen and androgen signaling
pathways [54]. Although endometrial cancer has no direct
correlation with insulin or IGF levels, additional factors such
as ovarian steroid hormones and/or inflammatory cytokines
may make it difficult to confirm a single effect of insulin or
IGF activation through insulin or IGF serum levels. Estrogen
can activate IGF1R on endometrial cancer cells, thereby
enhancing cellular proliferation through PI3K signaling,
a link to IGF1R activation [136]. The androgen receptor
(AR) activated by the binding of androgen could enhance
the proliferation of endometrial cancer cells by the Notch
signaling pathway [93]. C-reactive protein (CRP), which is an
inflammatory biomarker induced by IL-6, was increased by
insulin resistance andwas associatedwith an increased risk of
endometrial cancer in postmenopausal women [137]. There-
fore, endometrial cancer may be associated with chronic
inflammation in T2DM.

3.3. Ovarian Cancer. Although ovarian cancer is the ninth
most common cancer and represents the fifth leading cause
of death in women worldwide [138], studies concerning the
relationship between ovarian cancer and T2DM are limited.
One reason could be due to well-known and very important
factors such as familial history, genetic mutations, menstrual

cycles, and usage of oral contraceptives [139, 140]. However,
some incidences in which the ovary displays insulin sensitiv-
ity and steroidogenesis induced by insulin and IGFs suggest
that T2DMmaybe an important risk factor for ovarian cancer
[141, 142]. Although small-scale epidemiological studies have
demonstrated inconsistent results regarding the relationship
between ovarian cancer and T2DM, a recent meta-analysis
of 19 studies (six case-case control, one nested case-control,
and 12 cohort studies between 1976 and 2007) indicated that
women with diabetes had an increased risk of ovarian cancer
with a summary RR of 1.17 (95% CI: 1.02–1.33) [3, 5, 117,
118, 143–146]. Many epidemiological studies have shown that
ovarian cancer is associated with increased serum androgen
levels and decreased serum progesterone levels rather than
altered serum estrogen levels [79, 147]. These hormonal
changes appear in diabetes and may be one reason for the
increased risk of ovarian cancer in T2DM.

Although there is no experimental evidence for the
positive association between insulin and ovarian cancer,
some studies have shown that the increased serum levels of
IGF-1, IGF-1R, and IGFBP-2 were associated positively in
patients with ovarian cancer [55]. One study demonstrated
that IGF-1 in human ovarian OVCAR-3 cells enhanced the
expression of KCl cotransport (KCC) andwas associatedwith
proliferation and invasiveness of ovarian cancer cells [148].
Other studies have also shown that IGF-1 and IGFBP-2 in
human ovarian cancer cell lines resulted in the induction of
proliferation and invasion through phosphorylation of AKT
and ERK1/2 [149, 150]. The significance of inflammation in
ovarian carcinogenesis stems from the relationship between
increased ovulation and ovarian cancer risk [151]. The role
of androgen in stimulating the proliferation of ovarian
cancer cells may also be associated with increased IL-6 and
decreased transforming growth factor beta (TGF𝛽), which
were included in the proinflammatory network [92, 152].

4. The Role of Diabetes Medications in Cancer
Development in Women

The potential effects of antidiabetic medications on cancer
have sparked recent discussion and concern among the
epidemiological and experimental studies related to the
potential underlying mechanisms. In this section, we discuss
the relationship between cancer risk and antidiabetic medi-
cation, including insulin and insulin analogs, metformin, and
thiazolidinediones.

4.1. Insulin/Insulin Analogues. As noted above, because exc-
essive insulin and IGF-1 signaling by hyperinsulinemia may
be one of the most important causes of the development
and proliferation of cancer, exogenous insulin is a suspected
powerful carcinogenetic factor in diabetes patients. Increased
circulating insulin levels over endogenous insulin secretion
occur frequentlywith subcutaneous insulin injection, thereby
making possible the association between insulin therapy and
cancer [21, 153, 154]. Nevertheless, all patients with type 1
DM (T1DM) and approximately 40∼80% of patients with
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T2DM are considered for insulin therapy to maintain proper
glycemic control [155].

A significant number of epidemiological studies have
suggested that insulin use and daily doses, particularly of
the long-acting insulin analog glargine, may be responsible
for the association with and strong increase in the risk of
cancer [156–160]. A recent meta-analysis of 15 studies (five
case-control and 10 cohort studies) demonstrated that insulin
treatment was associated significantly with an increased risk
of overall cancer with a summary RR of 1.39 (95% CI:
1.14–1.70), particularly in case-control studies that evaluated
T1DM,with a higher summary RR of 1.83 (95%CI; 0.99–3.38)
[161]. Some studies showed a strong relationship between
insulin glargine and breast cancer, particularly in T2DM
patients treated with insulin for more than 5 years [162, 163].
Only a few studies with large-scale patient databases exist,
such as the ORIGIN trial which enrolled 12,537 patients
and followed them for 6.2 years (interquartile range, 5.8–
6.7 years) and showed no statistically significant association
between cancer risk and insulin glargine use; however, these
results may be due to very well-controlled glucose levels,
as well as the inclusion of prediabetic patients [9, 164].
Therefore, optional selection between insulin treatment and
proper glucose control may be needed for patients with
diabetes, particularly T2DM.

4.2. Metformin. Metformin is an oral antidiabetic drug clas-
sified as an insulin sensitizer and is the most widely used
drug, prescribed as the initial or in combination therapy, for
T2DM [165]. Metformin reduces serum glucose and insulin
levels in diabetic patients via improved insulin sensitivity,
which reduces glucose production in the liver and increases
glucose uptake in the muscles [166, 167]. Another feature
of metformin that attracts special attention is its anticancer
effects supported by evidence from epidemiologic, in vitro,
and in vivo model studies [3, 168–175].

In in vitro studies, metformin inhibits complex I of
the mitochondrial respiratory chain, resulting in ATP/AMP
imbalance, thereby activating AMP-activated protein kinase
(AMPK) [176]. Activated AMPK inhibits mTOR signaling
and interferes with the roles of cyclin D1 and p53. The latter
two proteins not only alter glucose metabolism but also
reduce cell proliferation through cell cycle interference [177–
181].

The anticancer effects of metformin have been shown to
reduce spontaneousmammary tumor development in rodent
animalmodels [182, 183]. However, some studies usingmouse
models found that metformin induced insulin resistance and
hyperinsulinemia, which suggested that the anticancer effect
of metformin may be mediated by reduced serum insulin
levels [184]. In other words, the insulin-lowering effect of
metformin was associated with its anticancer effect, thereby
having less of an impact on cancer in patients with normal or
lower insulin levels.

Most epidemiological studies have suggested that met-
formin used for T2DM reduces the risk, progression, and
mortality of overall cancer [169, 171, 185–189]. Although
those studies were limited in their assessment of a detailed
relationship between metformin and specific cancer types,

a recent meta-analysis of 28 studies showed that metformin
has a significant inverse association with cancer mortality,
including endometrial and ovarian cancers [187].

4.3. Thiazolidinediones. Thiazolidinediones (TZDs) are ins-
ulin-sensitizing antidiabetic drugs belonging to the perox-
isome proliferator-activated receptor (PPAR) agonist class
that induce the transcription of genes associated with glucose
and lipid metabolism through activation of PPAR𝛾, a nuclear
receptor, to reduce insulin resistance [190]. The effects of
TZDs in reducing insulin resistancemay be expected to result
in anticancer activities similar to those of metformin. Some
studies have indicated antiangiogenic and anti-inflammatory
effects of TZDs, as well as anticancer effects, such as the
inhibition of proliferation and induction of apoptosis and
differentiation [191]. However, unlike metformin, the effects
of TZDs are inconsistent between in vitro and in vivo studies
and depend on parameters such as the animal model (rodent
versus nonrodent andnonhumanprimate versus human) and
cancer type [192–197]. Some studies in rodents have suggested
that TZDs can even potentiate tumorigenesis as multispecies
and multisex carcinogens [192, 198–200].

Epidemiological studies evaluating the relationship bet-
ween TZDs and cancer risk are limited and have shown
inconsistent results [201–205]. Onemeta-analysis of random-
ized clinical trials concerning rosiglitazone and cancer risk
indicated that rosiglitazone did not alter the risk of cancer,
including breast and female genital tract cancers [206]. A
recent meta-analysis indicated that pioglitazone, but not
rosiglitazone, was associated significantly with a decreased
risk of breast cancer (Mantel-Haenszel odds ratio (MH-OR):
0.28 [0.09–0.93]; 𝑃 = 0.038), but neither pioglitazone nor
rosiglitazone altered the risk of uterine cancer (MH-OR: 0.77
[0.34–1.73]; 𝑃 = 0.52) [207].

5. Conclusion

The incidence and prevalence of gynecologic cancers are
increased in patients with T2DM. Similar to other cancers,
gynecologic cancers have several common mechanisms with
T2DM, including increased insulin and IGF signaling and
chronic inflammation. Unlike other cancers, dysregulation of
ovarian steroid hormones is another commonly associated
mechanism between T2DM and gynecologic cancer. Insulin
resistance could induce or aggravate ovarian steroid hormone
dysregulation and chronic inflammation in diabetic women.
Most epidemiological studies have suggested that cancer in
diabetic women can be modulated by insulin sensitizers
such as metformin and TZDs. The management of insulin
resistance is a main factor in controlling blood glucose and
preventing cancer in female diabetic patients.

Thus, clinicians should recommend life-style changes
such as weight-loss diets and exercise to overcome insulin
resistance in women with T2DM. Additionally, clinicians
should attend to and perform screening tests for gynecologic
cancers according to currently established routines until
screening protocols are developed for each specific gyneco-
logic cancer in women with T2DM.
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F. Barzi, and M. Woodward, “Type-II diabetes and pancreatic
cancer: a meta-analysis of 36 studies,” British Journal of Cancer,
vol. 92, no. 11, pp. 2076–2083, 2005.

[17] H. B. El-Serag, H. Hampel, and F. Javadi, “The association
between diabetes and hepatocellular carcinoma: a systematic
review of epidemiologic evidence,” Clinical Gastroenterology
and Hepatology, vol. 4, no. 3, pp. 369–380, 2006.

[18] H. Fang, B. Yao, Y. Yan et al., “Diabetes mellitus increases the
risk of bladder cancer: an updated meta-analysis of observa-
tional studies,”Diabetes Technology andTherapeutics, vol. 15, no.
11, pp. 914–922, 2013.

[19] B. B. Barone, H.-C. Yeh, C. F. Snyder et al., “Long-term all-
cause mortality in cancer patients with preexisting diabetes
mellitus: a systematic review and meta-analysis,”The Journal of
the American Medical Association, vol. 300, no. 23, pp. 2754–
2764, 2008.

[20] R. Clarke, M. Shipley, S. Lewington et al., “Underestimation
of risk associations due to regression dilution in long- term
follow-up of prospective studies,” The American Journal of
Epidemiology, vol. 150, no. 4, pp. 341–353, 1999.

[21] S. L. Habib and M. Rojna, “Diabetes and risk of cancer,” ISRN
Oncology, vol. 2013, Article ID 583786, 16 pages, 2013.

[22] F. Ikeda, Y. Doi, K. Yonemoto et al., “Hyperglycemia increases
risk of gastric cancer posed by Helicobacter pylori infection: a
population-based cohort study,” Gastroenterology, vol. 136, no.
4, pp. 1234–1241, 2009.

[23] T. N. Le, J. E. Nestler, J. F. Strauss, and E. P. Wickham, “Sex
hormone-binding globulin and type 2 diabetesmellitus,”Trends
in Endocrinology & Metabolism, vol. 23, no. 1, pp. 32–40, 2012.

[24] S. K. Pal and A. Hurria, “Impact of age, sex, and comorbidity
on cancer therapy and disease progression,” Journal of Clinical
Oncology, vol. 28, no. 26, pp. 4086–4093, 2010.

[25] J. H. Koo and R. W. L. Leong, “Sex differences in epidemi-
ological, clinical and pathological characteristics of colorectal
cancer,” Journal of Gastroenterology and Hepatology, vol. 25, no.
1, pp. 33–42, 2010.

[26] M. Pollak, “Insulin and insulin-like growth factor signalling in
neoplasia,” Nature Reviews Cancer, vol. 8, no. 12, pp. 915–928,
2008.

[27] J. A. Cooper, D. F. Bowen-Pope, E. Raines, R. Ross, and T.
Hunter, “Similar effects of platelet-derived growth factor and
epidermal growth factor on the phosphorylation of tyrosine in
cellular proteins,” Cell, vol. 31, no. 1, pp. 263–273, 1982.

[28] N. Chegini, M. J. Rossi, and B. J. Masterson, “Platelet-derived
growth factor (PDGF), epidermal growth factor (EGF), and
EGF and PDGF 𝛽-receptors in human endometrial tissue:
localization and in vitro action,” Endocrinology, vol. 130, no. 4,
pp. 2373–2385, 1992.

[29] Z. Laron, “IGF-1 and insulin as growth hormones,” Novartis
Foundation Symposium, vol. 262, pp. 56–83, 265–268, 2004.

[30] V. Pezzino, A. Costantino, P. Russo, D. Gullo, and V. Papa,
“Insulin receptor content in tissues of normal and diabetic



BioMed Research International 7

rats measured by radioimunoassay,” Journal of Endocrinological
Investigation, vol. 19, no. 9, pp. 593–597, 1996.

[31] C. Hernández-Sánchez, A. Mansilla, F. De Pablo, and R.
Zardoya, “Evolution of the insulin receptor family and receptor
isoform expression in vertebrates,” Molecular Biology and Evo-
lution, vol. 25, no. 6, pp. 1043–1053, 2008.

[32] P. de Meyts, “Insulin and its receptor: structure, function and
evolution,” BioEssays, vol. 26, no. 12, pp. 1351–1362, 2004.

[33] E. S. Schernhammer, J. M. Holly, D. J. Hunter, M. N. Pollak,
and S. E. Hankinson, “Insulin-like growth factor-I, its binding
proteins (IGFBP-1 and IGFBP-3), and growth hormone and
breast cancer risk in The Nurses Health Study II,” Endocrine-
Related Cancer, vol. 13, no. 2, pp. 583–592, 2006.

[34] A. Belfiore, F. Frasca, G. Pandini, L. Sciacca, and R. Vigneri,
“Insulin receptor isoforms and insulin receptor/insulin-like
growth factor receptor hybrids in physiology and disease,”
Endocrine Reviews, vol. 30, no. 6, pp. 586–623, 2009.

[35] S. Benyoucef, K. H. Surinya, D. Hadaschik, and K. Siddle,
“Characterization of insulin/IGF hybrid receptors: contribu-
tions of the insulin receptor L2 and Fn1 domains and the
alternatively spliced exon 11 sequence to ligand binding and
receptor activation,” Biochemical Journal, vol. 403, no. 3, pp.
603–613, 2007.

[36] D. LeRoith, “Insulin-like growth factor I receptor signaling—
overlapping or redundant pathways?” Endocrinology, vol. 141,
no. 4, pp. 1287–1288, 2000.

[37] P. J. Jenkins, “Cancers associated with acromegaly,” Neuroen-
docrinology, vol. 83, no. 3-4, pp. 218–223, 2006.

[38] E. E. Calle, C. Rodriguez, K. Walker-Thurmond, and M. J.
Thun, “Overweight, obesity, and mortality from cancer in a
prospectively studied cohort of U.S. Adults,” The New England
Journal of Medicine, vol. 348, no. 17, pp. 1625–1638, 2003.

[39] D. L. Roberts, C. Dive, and A. G. Renehan, “Biological mech-
anisms linking obesity and cancer risk: new perspectives,”
Annual Review of Medicine, vol. 61, pp. 301–316, 2010.

[40] D. H. Cohen and D. LeRoith, “Obesity, type 2 diabetes, and
cancer: the insulin and IGF connection,” Endocrine-Related
Cancer, vol. 19, no. 5, pp. F27–F45, 2012.

[41] Y. Gu, C.Wang, Y. Zheng et al., “Cancer incidence andmortality
in patients with type 2 diabetes treated with human insulin: a
cohort study in Shanghai,” PLoS ONE, vol. 8, no. 1, Article ID
e53411, 2013.

[42] J. Ma, H. Li, E. Giovannucci et al., “Prediagnostic body-mass
index, plasma C-peptide concentration, and prostate cancer-
specific mortality in men with prostate cancer: a long-term
survival analysis,”The Lancet Oncology, vol. 9, no. 11, pp. 1039–
1047, 2008.

[43] J. Ma, E. Giovannucci, M. Pollak et al., “A prospective study of
plasma C-peptide and colorectal cancer risk in men,” Journal of
the National Cancer Institute, vol. 96, no. 7, pp. 546–553, 2004.

[44] R. Dankner, M. H. Shanik, L. Keinan-Boker, C. Cohen, and A.
Chetrit, “Effect of elevated basal insulin on cancer incidence
and mortality in cancer incident patients: the Israel GOH 29-
year follow-up study,”Diabetes Care, vol. 35, no. 7, pp. 1538–1543,
2012.

[45] M. Lippman, G. Bolan, and K. Huff, “The effects of estrogens
and antiestrogens on hormone responsive human breast cancer
in long term tissue culture,” Cancer Research, vol. 36, no. 12, pp.
4595–4601, 1976.

[46] C. K. Osborne, G. Bolan, M. E. Monaco, and M. E. Lippman,
“Hormone responsive human breast cancer in long term tissue

culture: effect of insulin,” Proceedings of the National Academy
of Sciences of the United States of America, vol. 73, no. 12, pp.
4536–4540, 1976.

[47] H. Zhang, D. H. Fagan, X. Zeng, K. T. Freeman, D. Sachdev, and
D. Yee, “Inhibition of cancer cell proliferation andmetastasis by
insulin receptor downregulation,” Oncogene, vol. 29, no. 17, pp.
2517–2527, 2010.

[48] J. C. Heuson andN. Legros, “Influence of insulin deprivation on
growth of the 7,12-dimethylbenz(a)anthracene-induced mam-
mary carcinoma in rats subjected to alloxan diabetes and food
restriction.,” Cancer Research, vol. 32, no. 2, pp. 226–232, 1972.

[49] S. M. Firth and R. C. Baxter, “Cellular actions of the insulin-like
growth factor binding proteins,” Endocrine Reviews, vol. 23, no.
6, pp. 824–854, 2002.

[50] V. A. Ezzat, E. R. Duncan, S. B. Wheatcroft, and M. T. Kearney,
“The role of IGF-I and its binding proteins in the development
of type 2 diabetes and cardiovascular disease,”Diabetes, Obesity
and Metabolism, vol. 10, no. 3, pp. 198–211, 2008.

[51] S. Söderberg, B. Ahrén,M. Eliasson, B.Dinesen, K. Brismar, and
T. Olsson, “Circulating IGF binding protein-1 is inversely asso-
ciated with leptin in non-obesemen and obese postmenopausal
women,” European Journal of Endocrinology, vol. 144, no. 3, pp.
283–290, 2001.
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Gudbjörnsdòttir, and G. Steineck, “Insulin glargine use
and short-term incidence of malignancies-a population-based
follow-up study in Sweden,” Diabetologia, vol. 52, no. 9, pp.
1745–1754, 2009.

[158] H.M. Colhoun, “Use of insulin glargine and cancer incidence in
Scotland: a study from the Scottish Diabetes Research Network
EpidemiologyGroup,”Diabetologia, vol. 52, no. 9, pp. 1755–1765,
2009.



BioMed Research International 11

[159] L. G. Hemkens, U. Grouven, R. Bender et al., “Risk of malig-
nancies in patients with diabetes treated with human insulin or
insulin analogues: a cohort study,” Diabetologia, vol. 52, no. 9,
pp. 1732–1744, 2009.

[160] S. J. Pocock and L. Smeeth, “Insulin glargine and malignancy:
an unwarranted alarm,” The Lancet, vol. 374, no. 9689, pp. 511–
513, 2009.

[161] M. Janghorbani, M. Dehghani, and M. Salehi-Marzijarani,
“Systematic review and meta-analysis of insulin therapy and
risk of cancer,” Hormones and Cancer, vol. 3, no. 4, pp. 137–146,
2012.
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