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Colorectal cancer (CRC) is a highly prevalent
malignancy leading to death across the world. However, patient survival is greatly
affected following a diagnosis of diabetes. The purpose of this research was to study
the correlation between diabetes and controlling risk factors with the survival rate
of colorectal cancer patients.

This retrospective follow-up study was done on 356 patients
with colorectal cancer, who had been diagnosed during 1999-2013. Notably, the
patients were selected using systematic random sampling. The patients were allocated
into two groups according to the history of diabetes and its absence. The survival rate
of the patients was assessed during the follow-up period up to 2018.

In colorectal cancer patients, the diabetes prevalence was 11%. The mean
survival rate in patients with CRC and non-colorectal non-diabetic was 5.541+0.227
years and in diabetic patients was 0.508 £5.246 years. No significant difference was
apperceived in the survival rate of the diabetic and non-diabetic patients (P = 0.57).
The risk of mortality in patients with CRC who were not treated with insulin increased
and their survival decreased (P= 0.05). In metastatic stage of lymph nodes, it was
0.314 higher in patients with the metastasis to distant regions (P = 0.000).

Based on the results, training diabetic patients regarding effective
therapies in controlling risk factors, hyperglycemia, and screening for rapid
diagnosis of CRC are essential to improve health and increase survival rate in
diabetic patients.

Diabetes Mellitus, Insulin, Survival, Colorectal Neoplasms, Neoplasm
Metastasis
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Introduction

Today, cancer is a main public health threat across
the world especially in developing countries (1).
Colorectal cancer (CRC) is the third most common
cancer and affecting 1.23 million persons (9.7% of
all cancer types) annually (2). CRC is the third
leading cause of death in the United States (3). CRC
is the fourth most common cancer in men and the
second most common in women in Iran. Recent
researches have indicated rapid progress in the
incidence of CRC in Iran (2017). As well, CRC was
reported as the fifth cause of mortality in males and
the fourth in females (4).
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CRC is the most common gastrointestinal cancer,
and its outbreak has increased over the last 25 years,
and Iranian data show younger age distribution than
Western reports (5). Overall, CRC is ranked third in
incidence and second in mortality rates. CRC
incidence rates vary widely (6). The statistic of new
cancer cases is anticipated to increase, and cancers
causing death are also predicted to reach over 11.4
million in 2030 across the world, manifesting
cancers to be the major cause of death (7).

Based on the scientific reports, Out of 40% of
cancers could be prevented by decreasing the risk
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factors (8). The correlation between type |1 diabetes and
some cancers has been identified, while this diagnostic
complexity is remarkably increasing. Some types of
cancer, especially CRC are affected by some risk factors,
including diabetes, insulin resistance, age, gender,
socioeconomic status, obesity, insulin resistance, diet,
alcohol consumption, physical activity, and smoking
habits (9). The global prevalence of diabetes is a risk
factor for more seriously considering the disease (10). In
addition, some research studies have investigated to
identify the mechanisms of how diabetes and cancer are
associated together (11). In the study by Fedeli et al.
(2014), different types of biological pathways, such as
hyperinsulinemia, hyperglycemia, and persistent anti-
inflammatory status have been reported as risk factors
for cancer in diabetes (12).

There is an association between type 2 diabetes and
increased colon, breast, pancreatic, and other cancers.
The risk of cancer in diabetic patients increases because
of the rising prevalence of diabetes, the extensive use of
insulin analogs, as well as other anti-diabetic drugs,
which gives presuppositions regarding cancer risk in the
diabetic population (13).

Recently, some factors have also been identified to
increase the risk of cancer, such as insulin glargine. It
has raised concerns about the increasing use of insulin;
since studies have shown that insulin is related to a raised
risk of cancer (14), while metformin appears to be
related to a decreased risk of cancer and mortality (15).

Moreover, diabetic patients were reported to have a
poor prognosis after cancer diagnosis as well as
increasing cancer risk (10).

Evidence has shown an increased mortality rate
caused by colorectal, breast, endometrial, kidney, liver,
and pancreatic in patients with diabetes. Nevertheless, it
remains unclear whether or not diabetes is an
independent risk factor for the mentioned neoplasms
(10, 16).

On the other hand, several reasons have been shown
to decrease survival in diabetic patients after diagnosis
of cancer (10), including increased tumor cell
proliferation  due to  hyperinsulinemia  and
hyperglycemia, different methods of cancer treatment,
poor response to cancer therapy in diabetic patients, as
well as inadequate diabetes management during cancer
treatment. Though, these data have been poorly
evaluated and require further investigation.

Despite receiving multiple treatments, the survival
rate of these patients declines due to the metastatic
nature of cancer (9). However, the diagnosis of cancer
patients with diabetes increases the complications in
the treatment process, which in turn reduces the
survival rate. Therefore, the purpose of this research
was to study the correlations between diabetes and
controlling risk factors, such as smoking, obesity,
insulin resistance, and drug therapy with the five-year
survival rate in CRC patients.
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Materials and Methods

This retrospective follow-up study was conducted to
analyze the patients' data diagnosed with CRC receiving
treatment at clinics affiliated with Mashhad University of
Medical Sciences.

Participants

The research populations were patients with diagnosed
CRC from 1999 to 2013 referred to the oncology
department of Imam Reza and Ghaem Hospital, and also
Isar Chemotherapy Center.

The inclusion criteria of the study were the patients
with a pathological diagnosis of colorectal carcinoma
and age of more than 18 years. On the other hand, the
exclusion criteria consisted of family history of CRC,
incomplete treatment of cancer due to leaving the
hospital with personal consent, and failure to complete
the treatment. After receiving approvals from the Ethics
Committee of the university, the medical records related
to the 1999-2013 period were selected by systematic
random sampling, and the related variables were
systematically extracted.

Demographic and clinical information of patients were
collected through a questionnaire accurately to assess risk
factors and history of diabetes.

Overall, the following demographic and clinical data
were collected for medical records of 356 desirable
patients. Then the patients were divided into two groups
based on the history of diabetes and its absence. The
patients diagnosed with CRC were followed up to
evaluate survival time up to five years since the diagnosis
to investigate the relationship between diabetes and risk
factors with survival rate.

The mean follow-up period was 5.0+0.1 years.

CRC diagnosis was confirmed based on the criteria
of the International Classification of Pathologies and
Diseases (ICD), the American Commission on
Cancer, and the pathology report. To make a diabetes
mellitus (DM) diagnosis, fasting blood sugar (FBS)
and HbAc tests were precisely carried out. Diagnosis
or detection of diabetes (FBS levels >126 mg/dl) at
recurrence was recorded.

Statistical Analysis

Data analysis was fulfilled in SPSS version 17
(Chicago, IL, USA) using descriptive statistics, t-test or its
nonparametric equation, Mann-Whitney U test, Chi-
square, and Cox proportional hazards model to assess risk
factors and hazard ratio (HR) in the diabetic and non-
diabetic CRC patients. In all the statistical analysis, the P-
value of less than 0.05 was considered significant.

Ethical consideration

This research was approved by the Sabzevar University
of Medical Sciences (Ref : 97081 ) and Ethics Committee
of Sabzevar University of Medical Sciences, sabzevar,
Iran (ethical code: IR.MEDSAB.REC.1397.020).
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Results

The mean age of the diabetic and non-diabetic CRC
patients was 65.00(12.61) and 55.47(15.05),
respectively. The demographic characteristics of the
participants consisted of gender, marital status,
residence, and job status. The results of the Fisher’s
exact test and Chi-square test demonstrated no
significant differences between diabetic and non-
diabetic patients (p>0.05).

The mean duration of diabetes in patients with CRC
was 10.38 £7.38. Evaluation of cancer risk factors in the
two diabetic and non-diabetic groups indicated that 97.4%
of the diabetic patients and 95.0% of non-diabetic patients
had negative smoking habits. The results of Fisher’s exact

test demonstrated no significant differences between
diabetic and non-diabetic patients (P=0.58).

In addition, other risk factors, such as the Body Mass
Index (BMI), mean and standard deviation of in the
diabetic group was 25.66 (2.75) and in the non-diabetic
group was 24.56 (4.64). Mann-Whitney test demonstrated
a significant difference between the two groups (P=0.04).

According to the histopathological diagnosis, 51.3%
of diabetic patients and 46.1% of non-diabetic patients
were in the non-metastatic stage. However, Chi-square
results demonstrated no significant difference between
diabetic and non-diabetic patients (P = 0.51). The results
related to tumor markers (e.g., CEA and CA19-9 in
CRC) are presented in Table 1.

Table 1: Frequency distribution of tumor markers for patients with CRC

Tumor Markers Patient
Diabetic
CEA
Non Diabetic
Diabetic
CA19-9
Non Diabetic

Mean (SD) P- Value
20.01 (28.75)
0.03
58.94 (314.12)
59.87 (115.18)
0.23
141.18 (913.19)

Based on the findings, the prevalence of diabetes was
11% in CRC patients, and the mean duration of
diabetes was 10.38+7.38 years. About chronic
complications after diabetes, 59.0% of diabetic patients
with CRC had no chronic complications after diabetes
and 33.3% had hypertension.

Concerning controlling risk factors, such as diabetes
controlling drugs; 87.2% of the patients used metformin
and glibenclamide; while 7.7% of the subjects consumed
metformin. Moreover, 79.5% of the patients had no
history of insulin therapy, and the history of insulin
therapy in diabetic patients was 5 (2.53) years.

The mean survival rate of non-diabetic and diabetic
patients with CRC was 5.541+0.227 and 5.246 £0.508
years, respectively.

To investigate the impacts of diabetes on the survival
rate of CRC patients in the presence of effective
factors, such as age, gender, smoking, BMI, residence,
marital status, occupation, tumor stage, and CEA tumor

marker, the related data were fitted in the Cox
regression model. However, the findings indicated no
significant difference between survival time of diabetic
and non-diabetic patients (95% CI: 0.709 — 1.860; HR:
1.149; P = 0.57).

Based on the above-mentioned risk factors, for the tumor
stage, the mortality risk significantly decreased in patients
with the non-metastatic stage (0.180 equal) compared to
other patients and in the metastatic stage of lymph nodes
(0.314 equal) compared to the patients with metastasis to
distant regions, and their survival rate increased.

Analysis of the Cox regression model for diabetes
control drugs demonstrated that the risk of mortality
increased in CRC patients who were not treated with
insulin (2.568 equal) and their survival rate decreased
(95% CI: 1.023 - 6.447; HR: 2.568; P = 0.05). In CRC
cases, the effects of risk factors and using drugs on the
survival rate of diabetic and non-diabetic patients are
presented in Table 2.

Table 2: The Effect of Diabetes, Risk Factors, and Drugs on the Survival Rate of Patients with CRC

Variable HR
diabetes 1.149
non-metastatic stage 0.180
lymph node metastasis 0.314
insulin 2.568

95% ClI P- Value
0.709-1.860 0.57
0.122-0.266 0.000
0.205-0.483 0.000
1.023-6.447 0.05
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Discussion

According to the overview of CRC survival rates in
Asia, mortality rates remain high (17). Recent evidence
has suggested that CRC is the fifth cause of mortality in
men and the fourth in women (4). In the current study, no
significant difference was discovered between diabetic
and non-diabetic groups in terms of the survival rate,
which is consistent with the study by Karlin et al. (18).
Therefore, it seems that diabetes does not independently
affect the survival rate. Though mortality in the diabetic
patients was over than that of the non-diabetic patients and
the mean survival was reduced. Therefore, the impact of
diabetes as a risk factor on cancer deaths cannot be
ignored. In another study, De Bruijn et al. (2013)
considered diabetes as a risk factor for CRC and cancer
death (19). In similar research, Rosato et al. also found a
positive association between diabetes and CRC (20). This
discrepancy between the present study findings and the
aforementioned studies might be due to metformin use in
diabetic patients with CRC, which increased the survival
rate of the subjects. In summary, further investigation is
recommended to confirm the present study findings.

History evaluation based on anti-diabetic drugs
revealed a significant decrease in the survival rate of
patients who were not treated with insulin. In a study by
Rosato et al. a positive association was found between
insulin use and CRC (20). Moreover, Dabrowski et al.
reported that HbAlc >8.5%, insulin treatment in a dose-
dependent manner, and time-varying method, had a
significant association with a raised risk of malignancy
(21). Also, a study by Call et al. has shown that the rate of
tumor growth progression in the presence of insulin
analogs has been increased. However, the positive effects
of insulin therapy on decreasing diabetes-related deaths
were greater than these risks (14). Hyperglycemia directly
or indirectly causes DNA damage, DNA breaks, mutation
accumulation, and impairment in DNA repair, by
changing the expression of oncogenes and tumor
suppressor genes using various mechanisms (22). Induced
mutations in oncogenes and tumor suppressor genes
stimulate cancer cell proliferation, which can reduce the
survival rate of diabetic patients with CRC (11).

Therefore, physicians should regularly screen cancer
patients receiving insulin and monitor tumor growth or
disease recovery (14). Lack of proper control of chronic
hyperglycemia in diabetes is associated with serious
clinical consequences, leading to long-term complications,
such as retinopathy, peripheral neuropathy, nephropathy,
peripheral vascular disease, ischemic heart disease, stroke,
limb complications, and infections (22).

The results of the present study revealed a significant
decrease in survival time in CRC patients with distant
metastasis. Ahmadi et al. have reported that the incidence
of death in the non-metastatic and metastatic CRC with
lymph node involvement was lower than patients with
distant metastasis (23); since in the non-metastatic stage,
there was a better response to cancer treatment. However,
in the metastatic phase, the response to treatment is poor.
The results of the systematic review and meta-analysis by
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Tahmashi et al. have revealed a relationship between
tumor metastasis and the survival rate of the patients in a
way that the mortality risk of patients with metastasis who
were referred to other centers was 3.26 times more than
those without it (24). A study by Akhoond et al. has
reported that the mortality risk of individuals with tumor
metastasis who were referred to other centers was 3.577
for colon cancer and 2.646 for rectum cancer compared to
those without it (25).

The evaluation of risk factors revealed that the BMI
of diabetic patients with CRC was higher than non-
diabetic patients. Erickson et al. concluded that the
overall risk of mortality was twice higher in the women
with the HbA1C level of >%7.0 after modifying the
confounding factors compared to the subjects with
HbA1C level less than 6.5% (26), which might be due
to the reduced susceptibility to anti-angiogenic
regimens (27). Obesity raises the prevalence of CRC
and affects outcomes, overall and in association with
specific CRC treatments (28). Murphy et al. reported
that obesity increases the risk of colon cancer mortality
especially among males (29). Due to the importance of
metabolic syndrome and insulin resistance, BMI was
recognized as a risk factor in the diagnosis of diabetic
patients with CRC. Despite different results, training
diabetic patients regarding risk factors of CRC, such as
BMI, and effective therapies in controlling
hyperglycemia, such as insulin, and also CRC
screening in the early stages of CRC are essential for
the improvement of diabetic patients health and
increasing their survival rate.

Conclusion

The high prevalence of CRC is an important public
health issue. According to the study results, diabetic
patients are at risk of developing types of cancer,
especially CRC due to drug treatments and the presence
of risk factors. Therefore, screening is important.

Due to the increased survival in insulin-treated patients,
the treatment of hyperglycemia in diabetic patients with
CRC is important. The reduced risk of death in patients
with non-metastatic and metastatic CRC with Lymph
node involvement suggests the importance of second-
level prevention in the timely treatment of CRC.

Therefore, early screening of diabetic patients by
physicians, for faster diagnosis of CRC in early stages and
timely treatment and prevention of metastasis can
improve their survival.

According to the results of the study, in the follow-
up survival of patients with CRC and diabetes, due to
the increased risk of death in patients with metastasis
to distant sites, ldentification of risk factors, early
diagnosis, and education of diabetic patients
regarding control of hyperglycemia with effective
therapies could help increase the survival of diabetic
patients with CRC.
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