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Abstract 
AIM:  To provide a quantitative assessment of the association between type 2 diabetes mellitus (T2DM) and the risk of colorectal cancer (CRC). 

METHODS: Systematic review was conducted thorough MEDLINE, EMBASE, Cochrane Library, and ISI Web of knowledge databases till 311st January 2014. This meta-analysis included the cohort studies that illustrated relative risk (RR) or odds ratio estimates with 95%CI for the predictive risk of CRC by T2DM. Summary relative risks with 95% CI were analyzed by using an effects summary ratio model. Heterogeneity among studies was assessed by the Cochran's Q and I2 statistics. 

RESULTS: The meta analysis of 8 finally selected studies showed a positive correlation of T2DM with the risk of CRC as depicted by effects summary RR of 1.21 (95%CI: 1.02-1.42). Diabetic women showed greater risk of developing CRC as their effect summary RR of 1.22 (95%CI: 1.01-49) with significant overall Z test at 5% level of significance was higher than the effect summary RR of 1.17 (95%CI: 1.00-1.37) of men showing insignificant Z test. The effect summary RR of 1.19 with 95%CI of 1.07-1.33 indicate a positive relationship between DM and increased risk of CRC with significant heterogeneity (I2 = 92% and P-value < 0.05). 

CONCLUSION: Results from this systematic review and meta-analysis report that diabetic people have an increased risk of CRC as compared to non-diabetics.

© The Author(s) 2015. Published by Baishideng Publishing Group Inc. All rights reserved.
 © 2014 Baishideng Publishing Group Inc. All rights reserved.
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[bookmark: OLE_LINK107][bookmark: OLE_LINK101][bookmark: OLE_LINK442][bookmark: OLE_LINK434][bookmark: OLE_LINK413][bookmark: OLE_LINK412]Core tip: The prevalence of diabetes for all age groups worldwide is estimated to be 2.8% in 2000 and 4.4% in 2030. Type 2 diabetes mellitus (T2DM) is associated with increased insulin resistance and insulin has been reported to exhibit procarcinogenic effects in a number of human systems including colon and rectum. This meta-analysis of 8 relevant cohort studies showed an increased risk for colorectal carcinoma by T2DM, and this association was more evident in diabetic women than men.  
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INTRODUCTION
Type 2 diabetes mellitus (T2DM) has been reported to increase the risks of a wide spectrum of cancers including kidney[1], non-small-cell lung[2], pancreas[3], early gastric[4], ovarian[5], prostate[6], and colorectal cancer (CRC)[7]. The hallmark of T2DM is its associated insulin resistance, and in the majority, with compensatory hyperinsulinemia. As of 2010, more than 250 million people are suffering from T2DM worldwide; and this number is expected to reach 380 million in 20 years[8](Chowdhury, 2010 #887).CRC is the second leading cause of cancer-related deaths world-wide[9]  and is the third most commonly diagnosed cancer in the United States for both men and women[10].  Because of the magnitude of the prevalence of T2DM and CRC and reports of published data suggesting a causal role of T2DM in the development of CRC[11,12], the frequency of relationship of these two illnesses needs to be investigated. Thus, exploring the association between T2DM and the risk of CRC is of clear significance. 
Published data has shown inconsistent findings about the association of T2DM with the risk of CRC. There are also inconclusive results about the gender predominance and subsite in the colorectum harboring cancerous growths. This meta-analysis quantitatively assesses the results from published cohort studies to provide a more precise estimate of the association between T2DM as a possible predictor of the risk of CRC. 

[bookmark: OLE_LINK221][bookmark: OLE_LINK222]MATERIALS AND METHODS
Systematic review was conducted to explore the association of T2DM with the risk of CRC thorough MEDLINE, EMBASE, Cochrane Library, and ISI Web of knowledge databases till 311st January 2014. Only English language original studies conducted on human subjects were considered with the following eligibility criteria: (1) Cohort studies which explored the risk of CRC by DM; and (2) Empirical studies with appropriate data for investigating RR with relation to CRC and DM. 
Data was retrieved by connecting MeSH terms ("colorectal cancer" and "diabetes" and "risk" or "colon cancer" or “rectal cancer") in Endnote X5 which retrieved 575 citations as shown in Figure 1. After analysis of abstracts and titles 520 studies were excluded as irrelevant because these studies did not meet the inclusion criteria. During full text analysis of the remaining 55 relevant studies, 32 case-control and 15 theoretical and review articles were furtherer excluded. Only 8relevant cohort studies were selected for further analysis. In this study, meta-analysis was done by using Forest plot which graphically presents the consistency and reliability of the results of selected studies. Forest plot was developed through Review Manager 5.3 software by Cochrane Library[13]. In this plot, effect size of each study is computed as an outcome and pooled effect size is also calculated to observe the heterogeneity among studies. Q test was used as a tool for verifying the heterogeneity in selected studies and its null hypothesis was that “all studies are identical”. The I2 statistic is an excellent method to ensure the quantity of heterogeneity in percentage terms and consistency of results of the selected studies[14].After carefully analyzing the heterogeneity, next step is to apply appropriate effect summary model fixed effects or random effects model. If heterogeneity is low then it’s better to apply fixed effects model while random effects is most commonly used model when heterogeneity is higher. The level of significance in this study is 5% (P < 0.05).

Statistical analysis
The statistical methods of this study were reviewed by Mr. Bilal Sherif, research scholar Hailey College of Commerce, University of the Punjab, Lahore Pakistan. 

RESULT
Association of T2DM and the risk of CRC; research outcome 
The Forest plot in Figure 2 portrays a series of estimates and their confidence intervals (CI) at 95% level. Each individual study’s effect size (outcome) is shown by a square and their CIs are represented through horizontal lines. The Forest plot shows that the selected studies have wider confidence interval and inconsistent response rates which indicates the heterogeneity. In order to check heterogeneity statistically, the Q test and I2 statistics were applied. The results of 2 test in Figure 2 showed a 5% level of significance, thus rejecting the null hypothesis “all studies are identical”. The value of I2 is 96%, again verifying the presence of considerable heterogeneity amongst the studies. On the basis of considerable heterogeneity, random effects model was most appropriate for this study. 
The effect summary which represents through diamond has RR of1.21 (95%CI: 1.02-1.42) indicating positive relationship between DM and increased risk of CRC. There is great heterogeneity among all studies as only two studies have RR ratio below; Bella et al[15] has RR 0.97 and Jiravandi et al[16] has RR 0.93, while the remaining studies lie on the right side of one difference line showing positive association between DM and increased risk of CRC.  The Z test is also significant at 5% level of significance and depicts significantly higher risk of CRC in diabetics by random-effects model. In Figure 3, Forest plot of gender sub groups shows the consistent results as majority of the studies favors the right side and has greater than 1 RRs. The effect summary RR of 1.19 with (95%CI: 1.07-1.33) favor a positive relationship between DM and increased risk of CRC with significant heterogeneity (I2  = 92% and P-value < 0.05). The Z test is significant at 5% level of significance for both sub groups showing significant risk of CRC with DM by random-effects model. Among both gender groups, women showed greater risk as their effect summary RR of 1.22 (95%CI: 1.01-49) with significant overall Z test at 5% level of significance was higher than the effect summary RR of 1.17 (95%CI: 1.00-1.37) of men showing insignificant Z test. However, both gender sub groups had considerable heterogeneity due to I2 of 92% and 93% for men and women, respectively (Figure 3).

DISCUSSION
Literature review and analysis of the results of meta-analysis 
The meta analysis showed a positive association of T2DM with the risk of CRC as shown by effect summary RR of 1.21 (95%CI: 1.02-1.42). Other studies have also demonstrated that CRC is more common in diabetics than in those without diabetes[7,17,18] and diabetic patients also have lower overall survival rates after CRC compared to non-diabetes, with 5-year survival of 35% and 48%, respectively[19,20]. 
A number of observational studies have described the association of T2DM with the risk of CRC[21-23]. A review of 97 prospective studies reported 123205 deaths among 820900 human subjects[24]. DM was associated with an increased risk of CRC (RR =1.40; 95%CI: 1.20–1.63). Compared to people with fasting glucose levels < 5.6 mmol/L, the people with fasting glucose levels of 5.6–6.9 mmol/L had a 1.13-fold risk of death from any cancer.       Participants with fasting glucose levels ≥ 7.0 mmol/L showed a 1.39-fold risk of death from any cancer. European population-based or occupational cohorts involved in the DECODE (Diabetes Epidemiology: Collaborative Analysis of Diagnostic Criteria in Europe) study showed a significant increase in deaths from CRC in men with DM and prediabetes[25]. A meta-analysis of 15 studies including more than 2.5 million patients found about 30% increased relative risk of developing CRC in diabetic compared to nondiabetic people[26]. A study exploring the histopathological differences in CRC between populations with and without diabetes showed that diabetics had deeper tumor invasion, more lymphovascular invasion, and greater TNM staging [OR and 95%CI: 2.06 (1.37, 3.10), 2.52 (1.74, 3.63), and 2.45 (1.70, 3.52), respectively; P < 0.001][27]. This finding underpins the aggressive nature of CRC growths in the diabetic patients and demands appropriate measures for better control of DM. 
New onset of DM is invariably considered as a marker of occult cancer, or of progression of a known disease (reverse causality: diabetes is a consequence of cancer)[28]. The pathogenesis of DM in the development of CRC has been elucidated in the literature. Low Vitamin D level[29], obesity, sedentary lifestyle, and a high fat diet are reported to be associated with an increased risk of CRC[30]. Since abdominal obesity and physical inactivity are strong independent determinants of insulin resistance and hyperinsulinemia, and high levels of insulin may stimulate the growth of colorectal tumors, hyperinsulinemia was considered to mediate the effect of sedentary lifestyle on CRC risk. Hyperinsulinemia leads to CRC through a dose-dependent direct stimulation of cell growth and DNA synthesis in normal intestinal epithelial and CRC cells[31].The intestinal endocrine L cells produce an incretin hormone, namely glucagon-like peptide-1 (GLP-1), which stimulates insulin secretion in blood glucose dependent manner, pancreatic β cell proliferation and neogenesis[32]. Chronic hyperglycemia has been reported to induce an increasing production of reactive oxygen species, chronic oxidative stress[33], and marked activation of inflammatory pathways[34]. Inflammation is suggested to be one of the contributing mechanisms to the increased risk of cancerous growths[35].
The current meta-analysis showed that diabetic women had greater risk of CRC as their effect summary RR of 1.22 (95%CI; 1.01-49) with significant overall Z test at 5% level of significance was higher than the effect summary RR of 1.17 (95%CI; 1.00-1.37) of men. However, in their meta-analysis of 29 studies, Krämer et al. reported that overall estimates of RR were very similar amongst men (RR = 1.29; 95%CI: 1.19–1.140) and women (RR = 1.34; 95%CI: 1.22–1.47). Estimates of relative risk were very similar amongst men and women. Onitilo et al[36] examined the temporal relationship between CRC risk and DM using an electronic algorithm, clinical and lab data up to the onset of DM. The authors concluded that there was an increased risk of CRC in pre-diabetic men than women, and DM did not influence CRC risk in both genders after the clinical establishment of disease. In pre-diabetic men, CRC risk increased as time to DM onset decreased, indicating that the cumulative impacts of the pre-diabetes phase on colon cancer risk in men.
This meta-analysis has a limitation that the selected cohort studies might be prone to detection bias as the patients with diabetes are under continuous medical care, thus leading to high chances of CRC detection and early diagnosis. 
[bookmark: OLE_LINK13][bookmark: OLE_LINK323][bookmark: OLE_LINK349][bookmark: OLE_LINK377][bookmark: OLE_LINK386][bookmark: OLE_LINK400][bookmark: OLE_LINK416]In conclusion, this meta-analysis suggests that T2DM is associated with an increased risk of CRC. It is warranted to further investigate the underlying biological links between DM and CRC. 
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Figure 1 Flow diagram of the literature search mechanism used in the meta analysis.Retrieved articles from selected databases
n = 575




Excluded studies after reviewing abstracts and titles
n = 520
· Literature on colorectal cancer  (165)
· General cancer and diabetes (125) 
· Studies on diabetes and non-diabetes (95) 
· Studies relating to colon or rectal cancer  (70) 
· Miscellaneous studies survival of cancer   (65)


Further 55studies excluded that did not fulfill the inclusion criteria;
· Case-control studies  (32)
· Theoretical studies and reviews (15) 



Finally 8 studies were selected for further this meta analysis
Screened 55 relevant studies on risk of colorectal cancer with diabetes mellitus 



Figure 2 Forest plot showing the association between type 2 diabetes mellitus and colorectal cancer risk.
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Figure 3 Forest plot assessing the association between type 2 diabetes mellitus and colorectal cancer risk by gender.
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92 4433 72%
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300212 51.7%
2127
0051, 0= 7 (P < 0.00001); F= 83%
814248 100.0%
46702
= 174.25,df=14 (P < 0.00001); F= 82%
042 df=1 (P =077 F= 0%
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1.4211.26,1.60]
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1.09[0.83,127)
2051169,247)
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