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Abstract: Hyperglycemic status is associated with the development and prognosis of colorectal cancer (CRC), al-
though the exact mechanisms are not fully understood. Hyperglycemia can promote the development of CRC by
influencing cell proliferation and apoptosis, inflammatory responses, oxidative stress, immunomodulation, angio-
genesis, and other pathways. In terms of prognosis, hyperglycemia may affect the survival and recurrence of CRC
patients as well as chemotherapy resistance, but the results of related studies are not consistent. Hypoglycemic
treatment may have a positive impact on the prognosis of CRC patients, but its specific effects need further re-
search. Therefore, this article systematically explores the relationship between hyperglycemia and CRC, analyzes
the impact of hyperglycemia on the occurrence and prognosis of CRC, and discusses the role of managing hyper-
glycemia in CRC.
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Introduction

Colorectal cancer (CRC), an epithelial malig-
nancy, holds a high prevalence in China. Due
to the similar early symptoms with hemor-
rhoids, which are often neglected, coupled with
the fact that the intestinal tract has virtually no
pain-sensing nerves, more than 80% of the
patients are diagnosed at mid-to-late stages
[1]. A study across 23 domestic hospitals
involving nearly 8,000 diagnosed CRC pati-
ents revealed that over half of the diagnoses
were at an advanced stage (lll, 1V), with 33% at
stage Il [1]. Data indicate that by 2030, there
may be over 2.2 million new CRC cases and
1.1 million associated deaths globally [2].
Tincidence of CRC is increasing every year in
both young and older adult populations, posing
a serious threat and a significant economic
burden on society [3, 4].

Hyperglycemia refers to a state where blood
glucose levels surpass the normal range, indi-
cating elevated sugar concentrations in the
bloodstream. Recent studies have explored the
correlation between metabolic abnormalities

and tumors, focusing particularly on the rela-
tionship between hyperglycemia and tumor
development. Hyperglycemia can indirectly af-
fect cancer cells by raising the levels of insulin/
IGF-1 and inflammatory cytokines within the
circulatory system [5]. Evidence also suggests
that hyperglycemia itself can directly impact
the growth and apoptosis of cells [5-10], as well
as activate multiple signaling pathways to coor-
dinate the behavior of cancer cells, such as
proliferation, migration, and invasion [5, 7-11].
These findings highlight a relationship between
hyperglycemia and CRC. However, the exact
association and mechanism of action of hyper-
glycemia in CRC have not been fully explored.
Further studies are essential to elucidate the
mechanisms. Therefore, this paper aims to
comprehensively analyze the current research
progress on the relevance of hyperglycemia to
CRC, providing insight for further CRC treat-
ment and research.

Correlation between hyperglycemia and CRC

Over time, a hyperglycemic state leads to
changes in the intracellular environment, pre-
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disposing cells to abnormal proliferation and
mutation, thus increasing the risk of CRC. In
addition, hyperglycemia, a hallmark of diabe-
tes, is often accompanied by a state of meta-
bolic disorder and chronic inflammation, which
further exacerbate the development of CRC. A
study followed 300,039 patients with type 2
diabetes mellitus (T2DM) and compared them
to an equal number of age and sex-matched
non-T2DM individuals, revealing that the CRC
risk in the T2DM patients was approximately
1.3 times that of the non-T2DM population
[12]. This is consistent with previous reports
that revealed a 1.2-1.5 times greater CRC risk
in T2DM patients [13]. A meta-analysis study
pooling data from 151 studies involving 32 mil-
lion people confirmed a causal relationship
between T2DM and CRC [14]. However, another
meta-analysis found no association between
T1DM and CRC in comparison to T2DM [15].

The results obtained from these clinical obser-
vations or Meta-analyses are not entirely con-
sistent due to the presence of heterogeneity,
selection bias and other confounding factors.
We identified several Mendelian randomization
studies that have explored the relationship
between diabetes and colorectal cancer (CRC).
For example, a prospective Mendelian random-
ization study conducted by Goto et al. [16] sh-
owed that each doubling of diabetes risk was
associated with a hazard ratio (HR) for CRC of
0.90, with a 95% confidence interval (Cl) rang-
ing from 0.74 to 1.10, indicating no significant
association between diabetes and CRC risk. In
contrast, a study by Murphy et al. [17] using
Mendelian randomization methods found that
individuals genetically predisposed to T2DM
had a 1.04 times higher risk of CRC for each
one-unit increase in log odds, with a 95% Cl of
1.01-1.07. Higher levels of glycated hemoglobin
(HbAlc) were also associated with a slight
increase in colorectal cancer risk, with a risk
ratio of 1.09 per one standard deviation (1-SD)
increase and a 95% CI ranging from 1.00 to
1.19. However, these findings may be subject
to pleiotropy, meaning that the genetic variants
studied may affect multiple traits simultane-
ously, not just diabetes and CRC risk. Further-
more, a study by Xiao et al. [18] concluded that
the presence of T2DM does not increase the
risk of CRC. These findings underscore the
complex and sometimes contradictory results
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emerging from different studies, reflecting vari-
ations in study design, sample selection, and
choice of genetic instrumental variables.

Conversely, CRC patients are a high-risk group
for diabetes. Within 5 years of CRC diagnosis,
the annual incidence of diabetes increases in
CRC patients compared to non-CRC patients
[19]. The pooled analysis, based on 13 studies,
revealed that the combined risk ratio of diabe-
tes in survivors of blood, gynecological, breast,
colorectal, and urological cancers was 1.39
(95% CI: 1.29-1.50) [20]. Additionally, glucocor-
ticoids and targeted drugs are commonly cho-
sen to prevent recurrence and treat postopera-
tive and advanced CRC patients, but these
treatments may impair pancreatic B-cell func-
tion and reduce insulin sensitivity. Similarly,
cancer-targeted drugs may also weaken insulin
sensitivity and increase insulin resistance [11].
There are complex interactions between hyper-
glycemia, diabetes mellitus, and CRC.

Mechanism of hyperglycemia promoting and
influencing the occurrence, development, and
prognosis of CRC

Effects of hyperglycemia on cell proliferation,
metastasis, and apoptosis

Even in the presence of oxygen, cancer cells
preferentially utilize glycolysis rather than oxi-
dative phosphorylation to obtain adenosine tri-
phosphate (ATP) for proliferation. This phenom-
enon, known as the Warburg effect [21], has
been observed in the early stages of CRC [22].
At the same time, it was also discovered that
the APC gene frequently mutates in CRC
patients (in over 80% of patients), significantly
contributing to the development of CRC by
enhancing the activity of the glycolysis path-
way. APC gene mutations cause the accumula-
tion of the B-catenin/T-cell factor-4 complex,
which activates the transcription of B-catenin
target genes, such as myeloblastosis viral on-
cogene homolog (MYC), pyruvate kinase M2
(PKM2), pyruvate dehydrogenase kinase 1
(PDK1), and monocarboxylate transporter 1
(MCT1) [23-26]. This indirectly promotes glycol-
ysis, generating more ATP to meet the growth
demands of tumor cells [21] (Figure 1).
Furthermore, the APC/B-catenin pathway acti-
vation also modulates the expression of two
transcription factors, HIFlx and MYC [26].
Overall, the development of CRC is closely relat-
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Figure 1. Glycolytic pathway in colorectal cancer. Note: Axin: Axis inhibition protein; GSK3p: Glycogen synthase ki-
nase-3 beta; CK1a: Casein kinase 1 alpha; HIF1: Hypoxia-inducible factor 1; TCF: T-cell factor.

ed to the enhancement of the glycolytic meta-
bolic pathway, and in particular, the APC gene
mutation plays a key role in promoting this
metabolic transformation. These findings high-
light the importance of a better understanding
of the metabolic characteristics of CRC for the
development of new treatment strategies.

Normal cells grow slowly under hyperglycemic
conditions and show a tendency to apoptosis
[27, 28]. However, the opposite is true in can-
cer. In a hyperglycemic environment. Both in
vitro and in vivo studies have shown that can-
cer cells demonstrate increased proliferation
and reduced rates of apoptosis under hypergly-
cemia [29]. The transwell experiments have
shown that high levels of glucose (11 mM)
promote the proliferation of the CRC cells.
Additionally, it can also promote the prolifera-
tion and migration of CRC cells through the
activation of phosphoinositide 3-kinase (PI3K),
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protein kinase C alpha (PKCa), and myosin light
chain kinase (MLCK) [30]. Additionally, high glu-
cose levels may promote cancer cell prolifera-
tion and migration through the PI3K/AKT serine
(Akt) pathway [29].

Acting as a tumor suppressor, miRNA-9 (miR-9)
is capable of targeting cyclin B1 and N-cadher-
in by the insulin-like growth factor 1 receptor
(IGF1R) pathway, while simultaneously upregu-
lating E-cadherin in CRC cells exposed to high
glucose levels [31]. In these conditions, high
glucose levels promote cell proliferation, mi-
gration, and invasion by negatively regulating
the IGF1R/sarcoma viral oncogene homolog
(Src)/extracellular regulatory protein kinase
(ERK) axis through the mediation of miR-9 [31]
(Figure 2). Furthermore, a high glucose level
has been linked to a higher likelihood of liver
metastasis in CRC, where overexpression of
integrin av6 plays a role [32]. High glucose
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Figure 2. Hyperglycemia promotes colorectal cancer cell proliferation and migration through the IGF1R/Src/ERK
pathway. Note: IGF1R: insulin-like growth factor 1 receptor; p-Src: sarcoma viral oncogene homolog phosphoryla-
tion; p-ERK: Extracellular regulatory protein kinase phosphorylation; E-cad: E-cadherin; N-cad: N-cadherin.

leads to increased high mobility group AT-hook
2 (HMGAZ2) expression, which in turn fuels can-
cer cell proliferation, migration, and invasion
while inhibiting apoptosis, all through the acti-
vation of the epithelial-mesenchymal transition
(EMT) pathway [33]. In CRC cells, literature has
documented at least 11 EMT-associated mo-
lecular pathways, including those involving
B-linker proteins, transforming growth factor-3,
Wnt pathways, and aberrant notch homolog 1
(NOTCH-1) signaling [34]. Although hyperglyce-
mia promotes the development of CRC, it gen-
erally fails to proliferate cancer cells in the
absence of insulin [35], which may be an impor-
tant reason for the lack of correlation between
T1DM and CRC.

Overall, these discoveries offer valuable insight
into the mechanisms of hyperglycemia-induced
CRC cell invasion and metastasis and provide
new ideas for the development of future thera-
pies (Table 1). For example, treatments target-
ing PI3K, PKCa, MLCK and other pathways may
have efficacy in hyperglycemic settings.
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Effects of hyperglycemia on inflammatory
response

Inflammatory responses intensify in the body
during hyperglycemic states. Inflammation is a
self-protective response of the body to cellular
damage, infection, or other stimuli, but a long-
term chronic inflammatory state may lead to
tissue damage and tumorigenesis. In hypergly-
cemic state, the accumulation of advanced
glycation end products (AGEs) may lead to
increased release of inflammatory factors,
such as tumor necrosis factor-o« (TNF-a) and
interleukin-6 (IL-6). The inflammatory factors
activate the Akt and Wnt signaling pathways,
which may promote the development of color-
ectal carcinogenesis [38, 39]. The presence of
these cytokines also contributes to the devel-
opment of insulin resistance, as well as to the
activation of signaling pathways downstream of
oncogenes, for example, nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-
kB), jun proto-oncogene (c-Jun), and c-Jun n-ter-
minal kinases (JNK)/mitogen-activated prote-
in kinases (MAPK) [40]. Indeed, activation of
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Table 1. Hyperglycemia affects the occurrence and development of colorectal cancer through differ-

ent pathways

Author Materials Outcome

Mechanism

Tomas et al. [29] SW480
migration
Masur et al. [30] HT29, SW480
migration

Wang et al. [32] CRC tissue, CRC liver metastasis
mouse model

Changetal. [31] HCT15, CRC tissue, colitis-associated Promote cancer cell proliferation and

CRC mouse models migration

Wu et al. [33] HCT-116, HT-29, CRC tissue

Promote cancer cell proliferation and

Promote cancer cell proliferation and

Promote the invasion and metastasis of
cancer cells

PI3K/Akt pathway

PKCa transcription, PI3K transcription,
MLCK protein

ERK pathway up-regulates avp6 and
induces MMP-9 up-regulation

Collpasin response mediator protein-2

Promote cancer cell proliferation, migration EMT

and invasion, inhibit apoptosis

Yang et al. [36] Caco2, SW480, SW620

Promote cell proliferation, reduce apoptosis Inhibition of miR-16, and VEGFR2 gene

and increase cell migration

Lee et al. [37] HCT116
apoptosis

Promote cell proliferation and inhibit

Endoplasmic reticulum stress response

Note: CRC: colorectal cancer; PI3K/Akt: phosphoinositide 3-kinase/AKT serine; PKCa: protein kinase C alpha; MLCK: myosin light chain kinase; MMP-9: matrix metal-
loproteinase 9; EMT: epithelial-mesenchymal transition; VEGFR2: a vascular endothelial growth factor receptor 2.

NF-kB is also a well-known mechanism impli-
cated in CRC development and progression.
The pathologic characteristics linked to these
cytokines encompass oxidative stress, reduced
B-oxidation, intracellular lipid accumulation in
the liver or skeletal muscle, and mitochondrial
dysfunction, all of which are associated with
cancer progression. That is to say, the pres-
ence of these cytokines and the associated
pathologic features may play a role in cancer
progression. In addition, increased expression
of AGEs promotes the binding of AGEs to the
receptor and thus mediates the ERK/specifi-
city protein 1 (SP1)/MMP2 pathway. This acti-
vation results in the migration of CRC cells [41].

Effects of hyperglycemia on oxidative stress

Elevated blood glucose levels can result in
increased production of reactive oxygen spe-
cies, and triggers a strong oxidative stress
response through processes such as non-enzy-
matic protein glycosylation and glucose auto-
oxidation [42]. Briefly, hyperglycemia directly
stimulates the activation of several molecular
pathways, including glycolysis, AGE production,
protein kinase C activation, and amino capro-
ate and polyol pathways, all of which contribute
to oxidative stress [43]. During oxidative stress,
proteins, lipids, and DNA are susceptible to oxi-
dative damage. Protein oxidation alters their
structure and function, affecting normal cellu-
lar metabolism and signaling. Lipid peroxida-
tion can disrupt the integrity of cell membranes,
leading to abnormal membrane function. DNA
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oxidation may result in gene mutations and
erroneous transmission of genetic information,
increasing the cancer risk. Growing evidence
supports the association of oxidative stress,
particularly oxidatively modified DNA and lipid
peroxidation products, that may contribute to a
heightened risk of CRC in individuals with dia-
betes [44, 45].

Interestingly, the involvement of the NOD-like
receptor pyrin domain-3 (NLRP3) inflamma-
some appears to be involved in CRC develop-
ment. High blood glucose levels have been
shown to activate the NLRP3 inflammasome,
further supporting the association between
NLRP3 and CRC. In colon adenocarcinoma tis-
sue, the expression of NLRP3 is considerably
higher than that of normal tissue. Moreover,
elevated levels of NLRP3 are correlated with
lower survival rates in CRC patients [46]. The
main function of the inflammasome is to regu-
late caspase-1 enzyme activity, thereby pro-
moting the secretion of IL-13 and IL-18. IL-1B3
may facilitate colon tumor growth and invasion
by activating colon cancer stem cells, increas-
ing the expression of EMT activator Zebl, and
promoting EMT [47].

Effects of hyperglycemia on immunomodula-
tion

Hyperglycemia also impacts immune regula-
tion, which is crucial in combating the onset
and progression of tumors [48]. Elevated sugar
levels may lead to abnormal immune cell func-
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tion, such as reduced activity of macrophages
and T lymphocytes, and impaired function of
natural killer cells. Such alterations may com-
promise the body’s immune surveillance and
clearance capabilities against tumors, increas-
ing the risk of tumor development. Hypergly-
cemia can influence the infiltration of CD4+ T
cells, CD8+ T cells, and mucosa-associated
invariant T cells in CRC tissues [49]. This sug-
gests that hyperglycemia may cause immune
system dysfunction, affecting the ability of
immune cells to recognize and attack CRC.
These changes in immune response may accel-
erate tumor growth and spread, thereby influ-
encing the progression of CRC.

Effects of hyperglycemia on angiogenesis

Elevated insulin and IGF levels in hyperglycemic
states may promote tumor cell growth and sur-
vival by activating the IGF-1-PI3K-AKT-mecha-
nistic target of rapamycin (mMTOR) signaling
pathway [50]. This process may be associat-
ed with the widespread expression of insulin
receptors on tumor cells, allowing for enhanced
responses to these hormones and thus meet-
ing their bioenergetic needs. Additionally, a
high level of IGF also promotes the transcrip-
tion of vascular endothelial growth factor
(VEGF) genes, which further promotes angio-
genesis and tumor invasion [5]. Hyperglycemia
also overproduces late oxidized protein prod-
ucts, which interact with late glycosylation end
product receptors to trigger a series of signal
transduction cascades, including activation of
MAPK, p38 mitogen-activated protein kinase,
protein kinase C (PKC), and NF-kB [51]. These
events may trigger inflammatory responses,
inhibit apoptosis, and promote neovasculariza-
tion generation, providing favorable conditions
for the progression of CRC [52, 53].

Effects of hyperglycemia on epigenetic change

Epigenetic modifications, which affect gene
expression by altering chromatin structure and
DNA methylation without changing the DNA
sequence, can be disrupted by high blood glu-
cose levels. This disruption can lead to the per-
manent activation of cancer pathways in tumor
cells, a phenomenon known as “glucose mem-
ory”. Studies have found that CD34+ stem
cells exposed to a high glucose environment
undergo changes in oxidative status and an
increase in DNA methylation associated with
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migration ability and expression of C-X-C che-
mokine receptor type 4 (CXCR4) [54]. These
changes persist even when returning to normal
glucose conditions, suggesting that epigenetic
alterations in hyperglycemia can induce lasting
functional change in CD34+ stem cells. These
CD34+ stem cells “memorize” this condition
through epigenetic modifications, resulting in
altered CXCR4 receptor expression and migra-
tion ability [54]. Inhibiting CXCR4 affects the
chemotaxis of various immune cell types, lead-
ing to immune suppression in CRC by im-
pairing the chemokine receptor function that
mediates the aggregation of immune cells
within the tumor [55]. Furthermore, it has been
confirmed that the C-X-C motif chemokine
ligand 12 (CXCL12)-CXCR4 axis plays a role
in tumor growth, invasion, angiogenesis, and
metastasis in CRC [56].

Another example is NFKB-p65 subunit (NFkB-
p65), which is a transcription factor that may
lead to changes in gene expression under
hyperglycemic conditions [57]. NF-kB-p65 can
activate multiple proliferation-related genes,
such as cyclin D1 and c-Myc, promoting the
proliferation and growth of tumor cells [58]. In a
hyperglycemic environment, lactoferrin com-
bined with the NT5DC3 protein can inhibit the
growth of colorectal tumors by altering abnor-
mal epigenetic marks [59]. Furthermore, the
expression of nucleoside triphosphate diphos-
phatase 3 (NT5DC3) protein can be used to
distinguish between T2D or T2D-induced CRC
and healthy individuals [59]. It is evident that
hyperglycemia levels may lead to an increase
in the methylation levels of some tumor sup-
pressor genes, thereby inhibiting their expres-
sion and promoting the occurrence of CRC.
Conversely, it may also lead to a decrease in
the methylation of some tumor-related genes,
thereby increasing their expression.

Effects of hyperglycemia on prognosis

Hyperglycemia may affect the prognosis of CRC
patients by influencing the biologic behavior of
tumor cells and response to therapy. Previous
research has indicated that under high glucose
concentrations (15 mM), the growth inhibitory
effect of 5-Fluorouracil (5-FU) on cancer cells
may be diminished, and apoptosis may be
reduced due to stimulated DNA replication
[60]. Hyperglycemia can also influence OS and
disease-free survival (DFS) in CRC patients by
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modulating the phosphorylation of SMAD fami-
ly member 3 (SMAD3) and Myc, as well as
upregulating the expression of euchromatic his-
tone lysine methyltransferase 2 (EHMT2) [36].
This is consistent with previous findings [61]. In
a hyperglycemic environment, the expression
of HIF-1a may also be promoted through the
glucose transporter 1/0-GIcNAc transferase/
hypoxia-inducible factor 1 alpha (HIF-1«) path-
way. This enhancement could subsequently
reduce the tolerance of cancer cells to 5-FU
and radiotherapy. However, the combined use
of HIF-1« inhibitors has been shown to reverse
radiotherapy resistance in hyperglycemia envi-
ronments, improving treatment outcomes and
offering new insight for the clinical treatment of
CRC patients with hyperglycemia [62]. These
findings highlight the need for further research
to investigate the mechanisms by which hyper-
glycemia impacts the prognosis of CRC.

Effects of hyperglycemia on survival and recur-
rence in CRC patients

Hyperglycemia affects the prognosis of CRC
patients in several ways. Research indicates
that hyperglycemia may impact the survival
time in CRC patients. For instance, among CRC
patients receiving bevacizumab and/or cetux-
imab treatment, those with diabetes experi-
enced a modestly reduced overall survival time
(0OS) and progression-free survival (PFS). Spe-
cifically, the diabetic group had an OS of 22.7
months and PFS of 9.7 months, in contrast to
the OS of 27.1 months and PFS of 10.8 months
in nondiabetic group [63]. This finding aligns
with another study where, in patients with met-
astatic CRC, the median PFS and median OS
were 8 months and 15 months in the T2DM
group and 16 months and 29 months in the
non-T2DM group, respectively [64].

Furthermore, high blood glucose levels may
increase the risk and recurrence in CRC pa-
tients. One study indicated that the postopera-
tive recurrence rate in CRC patients with
high blood glucose was 52.34%, compared to
30.94% in those with normal blood glucose
levels [36]. Additionally, high blood glucose
can reduce the tolerance of CRC patients to
chemotherapy, enhancing resistance to treat-
ments like 5-FU, fluorouracil, oxaliplatin, and
irinotecan [60, 63], and increasing treatment-
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related toxicity. Diabetic cancer patients are
more likely to experience adverse events dur-
ing chemotherapy, including infection, hemato-
logic disease, endocrine system disease, and
deterioration of overall condition, highlighting
the necessity of considering the impact of dia-
betes on personalized care plans for cancer
patients [65].

In conclusion, hyperglycemia has multifaceted
impacts on the efficacy and prognosis of CRC
patients, including lowered survival rate, in-
creased risk of recurrence, reduced chemo-
therapy resistance and tolerance, and height-
ened treatment-related toxicity. These findings
underscore the importance of meticulous
blood sugar control in CRC patients and the
necessity for tailored treatments, taking into
account the unique challenges of diabetes.

Effect of hypoglycemic drugs on CRC

Metformin: Lowering blood glucose with met-
formin was associated with a lower risk of CC
mortality (HR: 0.74, 95% Cl: 0.50-1.09) [66]. In
a meta-analysis of 58 studies, metformin treat-
ment not only reduced the incidence and recur-
rence of CRC but also improved OS and CRC-
specific survival. Particularly in patients with
mCRC, a more significant improvement in OS
was observed (HR: 0.77, 95% Cl: 0.68-0.87)
[67]. Beyond its glucose-lowering effects, met-
formin has shown potential in reducing cancer
risk. It reduces blood glucose and insulin levels
by inhibiting hepatic glucose output, increasing
glucose uptake and utilization, and improving
insulin sensitivity. Metformin can activate the
AMPK signaling pathway, which subsequently
leads to reduced protein synthesis and inhibi-
tion of tumor cell proliferation, thereby lowering
the risk of malignant tumor development [68].

Research has found that metformin exerts its
anticancer effects on CRC cells by activating
the AMPK pathway and concurrently inhibiting
the mTOR pathway, thereby suppressing cell
proliferation, migration, and invasion. It also
reduces tumor proliferation and EMT process
while promoting apoptosis. Furthermore, the
sensitivity of different CRC cell lines to metfor-
min is related to the response of the AMPK-
mTOR pathway, which has been validated [69,
70]. Metformin significantly reduces the risk
of CRC in patients with type 2 diabetes in a
dose-dependent manner. However, results vary
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across studies. For instance, in patients with
diabetes treated with metformin after surgery,
there was no significant difference in DFS, OS,
or recurrence time compared to non-diabetic
CRC patients, regardless of the duration of
metformin use [71]. Experimental and observa-
tional studies have yielded consistent conclu-
sions, but most existing observational studies
are subject to bias. Additionally, some studies
have not demonstrated beneficial effects of
metformin in cancer prevention and treatment.
Currently, the evidence regarding the efficacy
of metformin in the development of malignant
tumors remains inconclusive, necessitating fur-
ther prospective research and clinical trials to
clarify its role.

Insulin: An early meta-analysis found a mod-
estly increased risk of CRC associated with
insulin use (OR: 1.11, 95% CI: 0.97-1.26) [71].
Insulin treatment is a risk factor for CRC in
patients with T2DM (HR: 1.078, 95% CI: 1.027-
1.131) [37]. In a 12-year cohort study with
adjusted confounding factors, insulin use ele-
vated the risk of CRC (HR: 1.86, 95% Cl: 1.58-
2.19) [72]. Insulin is considered to have a role
in promoting cell proliferation and inhibiting
apoptosis, acting as a potent growth factor and
mitogen. It can increase the biological activity
of IGF-1, thereby promoting tumor cell prolifera-
tion. Long-term use of exogenous insulin may
elevate insulin levels in diabetic patients, there-
by increasing the risk of CRC [73]. Therefore,
diabetic patients receiving insulin treatment
may require closer screening for CRC.

Interestingly, insulin analogs are associated
with reduced CRC risk. Patients with T2DM
using long-acting insulin analogs showed a
reduction in the incidence of CRC (HR: 0.40,
95% Cl: 0.24-0.69), as did those using a com-
bination of rapid-acting and long-acting insulin
(HR: 0.47, 95% CI: 0.25-0.88) [74]. However, in
other studies, the use of long-acting insulin in
patients with T2DM did not reduce the inci-
dence of CRC (HR: 0.96, 95% CI: 0.70-1.34)
[75, 76]. It is clear that more research is need-
ed to verify and further explore the impact of
insulin analogs on the risk of CRC in T2DM
patients. Clarifying this relationship will help to
develop more accurate treatment plans and
guidelines, as well as better understand the
role of insulin analogs in cancer risk mana-
gement.

2077

Other hypoglycemic drugs: Studies on other
glucose-lowering drugs have shown promising
results. For instance, the use of statins can
reduce the mortality rate of colorectal cancer
(HR: 0.69, 95% Cl: 0.54-0.89) [66]. An observa-
tional study involving 1,343,484 patients with
T2DM found that acarbose reduces the inci-
dence of CRC in T2DM patients in a dose-
dependent manner [77]. In T2DM patients over
65 years old, the use of sitagliptin can reduce
the risk of CRC, while the use of glimepiride
and other sulfonylureas may increase the risk
of CRC [78]. A meta-analysis of thiazolidinedio-
nes (TZDs) in T2DM patients showed that the
CRC risk in TZD users reduced to a certain
degree (estimated to be reduced by 9%) com-
pared to non-TZD users [79]. Currently, the
research on the relationship between acar-
bose, sulfonylureas, TZDs and CRC risk is still
unsatisfactory, and further clinical studies are
necessary to explore these relationships.

Perspectives

This review illustrates the specific mechanisms
by which hyperglycemia affects the develop-
ment of CRC, including cell proliferation and
apoptosis, inflammatory response, oxidative
stress, immune regulation, angiogenesis, and
epigenetic changes in order to enhance our
understanding of the association between hy-
perglycemia and CRC. Furthermore, it is evi-
dent that hyperglycemia has a definite impact
on the prognosis of CRC, affecting the efficacy
of anti-tumor treatments. Evaluating the effects
of drug interventions targeting hyperglycemia
(such as metformin, insulin, and other antidia-
betic medications) on the risk of CRC can help
in formulating more effective clinical manage-
ment strategies.

Despite these findings, there are some limita-
tions to consider. For instance, many studies
have relied on observational designs, which
may be subject to confounding factors and
reverse causality, limiting the certainty of caus-
al relationships. Although some mechanisms
by which hyperglycemia affects the develop-
ment of CRC have been proposed, a compre-
hensive understanding of these mechanisms is
still limited, and more basic research is needed
to clarify them. Differences in study designs,
such as sample size, population characteris-
tics, and methods of measuring and assessing
glycemic control, may lead to inconsistencies in
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results. It is hoped that more prospective, ran-
domized controlled trials, and Mendelian ran-
domization studies will be conducted in the
future to reduce bias and improve the accuracy
of causal inferences. Exploring the sensitivity of
different patient populations, such as those
with diabetes and individuals with different
genetic backgrounds, to the risks of hypergly-
cemia and CRC will help to develop personal-
ized prevention and treatment strategies.
Additionally, studies are needed as to how life-
style factors (such as diet and exercise) interact
with hyperglycemia and CRC risk, and how
changes in lifestyle can reduce the risk.

In conclusion, we reviewed future research
directions, and delved into the mechanisms
and clinical applications of the correlation
between hyperglycemia and CRC, hoping to
provide more effective strategies for the pre-
vention and treatment of CRC.
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