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Abstract

Introduction

Though a meta-analysis reported the effect of diabetes on colorectal prognosis in 2013, a

series of large-scale long-term cohort studies has comprehensively reported the outcome

effect estimates on the relationship between diabetes and colorectal prognosis, and their

results were still consistent.

Methods

We carried out an extensive search strategy in multiple databases and conducted a meta-

analysis on the effect of diabetes on colorectal prognosis, based on the included 36 cohort

studies, which contained 2,299,012 subjects. In order to collect more data, besides conven-

tional methods, we used the professional software to extract survival data from the Kaplan-

Meier curves, and analyzed both the 5-year survival rate and survival risk in overall survival,

cancer-specific survival, cardiovascular disease—specific survival, disease-free survival,

and recurrence-free survival, to comprehensively reflect the effect of diabetes on colorectal

prognosis.

Results

The results found that compared to patients without diabetes, patients with diabetes will

have a 5-year shorter survival in colorectal, colon and rectal cancer, with a 18%, 19% and

16% decreased in overall survival respectively. We also found similar results in cancer-spe-

cific survival, cardiovascular disease—specific survival, disease-free survival, and recur-

rence-free survival, but not all these results were significant. We performed the subgroup

analysis and sensitivity analysis to find the source of heterogeneity. Their results were simi-

lar to the overall results.
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Conclusions

Our meta-analysis suggested that diabetes had a negative effect on colorectal cancer in

overall survival. More studies are still needed to confirm the relationship between diabetes

and colorectal prognosis in cancer-specific survival, cardiovascular disease—specific sur-

vival, disease-free survival, and recurrence-free survival.

Introduction

Colorectal cancer (CRC) is the third most commonly diagnosed cancer in global incidence

and the fourth in mortality all over the world, and the incidence and mortality are higher in

men than in women in most parts of the world [1]. In recent years, diagnosis and treatment

had made a certain degree of progress, but CRC is still a very important public health problem

in the world. Thus, early diagnosis, effective treatment and analysis prognosis were of great sig-

nificance to reducing the CRC mortality. To guide decision-making for therapeutic strategies

for CRC patients and improve their prognosis, a better understanding of the relevant factors

affecting CRC prognosis is urgently needed.

Diabetes mellitus (DM) is one of the most common chronic and metabolism diseases. The

number of people with DM worldwide has increased by two times in the past three decades[2].

An estimated 285 million people worldwide had diabetes mellitus in 2010, and the number of

DM sufferers will rise to 439 million by 2030, represents 7.7% of the total adult population of

the world aged 20–79 years[3]. The concurrence of DM pandemics with the growing burden

of cancer globally has generated interest in defining the epidemiological and biological rela-

tionships between these medical conditions[3, 4].

DM can seriously affect quality of life. DM can not only cause neurological and vascular

complications, but is also closely related to the occurrence, development and prognosis of can-

cer. Currently, more and more clinicians are considering whether patients have suffered from

diabetes during the treatment of cancer, and diabetologists often have to manage diabetes in

patients who are being treated for cancer[4]. Insulin resistance or compensatory hyperinsuli-

nemia leads to hormonal and metabolic alterations, and is involved in the formation of the

microenvironment for tumorigenesis and tumor progression. Diabetes mellitus might influ-

ence survival of CRC patients due to insulin-stimulated growth of colorectal cancer cells or

inadequate treatment of persons with concomitant disease. However, it is unclear whether

colorectal cancer patients with DM are more likely to receive a worse colorectal cancer prog-

nosis compared to patients without DM. A meta-analysis has reported the effect of DM on

CRC prognosis[5], but since 2013, a series of large-scale long-term cohort studies had compre-

hensively reported the outcome effect estimates on the relationship between DM and CRC

prognosis, and their results were still consistent[6–20]. For example, in overall survival (OS) of

CRC, several studies found that DM showed a significant decreased risk in OS[6, 7, 12–14, 17],

and others found no link[8–11, 15, 16, 18–20]. The data from these studies has also allowed us

to evaluate the relationship between DM and CRC prognosis more accurately. Thus we want

to perform a meta-analysis to determine the relationship between DM and CRC prognosis,

and provide a theoretical basis for clinical research. Our meta-analysis first reported the 5-year

survival estimates on the effect of DM on CRC prognosis, and respectively analyzed the effects

of DM on the colorectal, colon and rectal cancer from OS, cancer-specific survival (CSS), car-

diovascular disease—specific survival (CVDS), disease-free survival (DFS), or recurrence-free

survival (RFS).

The relationship between diabetes and colorectal cancer prognosis
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Methods

Literature search

A systematic literature review was independently carried out by two groups (Bo Zhu, Bo Wu

as a group, and Lu Zhang, Lixuan Wei as another group) in multiple databases (Pubmed, Web

of Science, Embase and Google Scholar) up to March 19, 2017. In order to collect as many

relevant studies as possible, we set the following search terms: (diabetes OR hyperglycemia

OR glucose intolerance) AND (colorectal cancer OR colorectal neoplasms OR colon cancer

OR colonic neoplasms OR rectal cancer OR rectal neoplasms) AND (prognosis OR survival

analysis OR survival OR survival rate OR mortality). The reviewed reference lists from all the

relevant original research and reviews were also searched to identify additional potentially eli-

gible studies. There were no language or other restrictions. All retrieved studies were initially

selected by reading the title and abstract. S1 File showed the detailed methods used for search-

ing all the databases.

Inclusion and exclusion criteria

The final included studies were identified by reading the full text, according to the inclusion

and exclusion criteria. Three authors (Bo Zhu, Xiaomei Wu and Bo Wu) participated in this

process, and any disagreements were solved by discussion.

The included studies in our meta-analysis should meet the following criteria: the study

should (1) investigate the relationship between DM and CRC prognosis; (2) be cohort study;

(3) provide the hazard ration (HR) or rate, which reflected overall survival (OS), cancer-spe-

cific survival (CSS), cardiovascular disease—specific survival (CVDS), disease-free survival

(DFS), or recurrence-free survival (RFS); (4) provide the relevant data to calculate the corre-

sponding outcome effect estimates.

The diagnostic criterion for DM and hyperglycemia was used by the World Health Organi-

zation (WHO) 1999 criteria or American Diabetes Association (ADA) 2010 guidelines. OS

was defined as the time from the date of surgery to death from any cause. CSS was defined as

the time from the date of surgery to death from colorectal cancer-specific cause of death.

CVDS defined as the time from the date of surgery to death from cardiovascular disease -spe-

cific cause of death. DFS was defined as time from the date of surgery to tumor recurrence or

occurrence of a new primary colorectal tumor or death from any cause. RFS was defined as the

time from the surgery to tumor recurrence or occurrence of a new primary colon tumor[8,

21].

The exclusion criteria of our meta-analysis are: (1) the study did not investigate the rela-

tionship between the relationship between DM and CRC prognosis; (2) the study did not pro-

vide the relevant data to calculate outcome effect estimates (including HR and/or rate), which

reflected OS, CSS, CVDS, DFS, or RFS; (3) the type of study excluded animal experiment,

chemistry and cell-line research, letters to the editor, meetings abstracts, communications or

review.

Data extraction and conversion

The data from the final included studies were extracted independently by two authors (Bo Zhu

and Xiaomei Wu). These authors used the standard table to extract the information, which

included author, year of publication, country, type of study, sample size, population source,

recruitment time, age, gender, patients with DM, DM ascertainment, type of cancer, outcomes,

and adjusted variables. If the study provided more than two outcome effect estimates adjusted

for different numbers of potential confounders, we extracted the estimate that adjusted for the

The relationship between diabetes and colorectal cancer prognosis
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highest number of potential confounders for analysis. If more than two studies provided the

outcome effect estimates from the same population, we extracted the latest or highest-quality

outcome effect estimates.

Quality assessment

Two authors (Bo Zhu and Xiaomei Wu) independently conducted the quality assessment of

the final studies included by using the Newcastle-Ottawa Quality Assessment Scale (NOS)[22].

The NOS is a semi quantitative method for assessing the quality of studies, and consisted of

three main parts: selection (4 points), comparability (2 points) and outcome (3 points). Thus,

the quality of study was determined on a scale from zero to nine points. Studies with seven or

more points were regarded as “high quality”, studies with the points from four to six were

regard as “moderate quality”, and otherwise, the study was regarded as “low quality”[23].

Statistical analysis

The Stata v.12.0 software was used to conduct our meta-analysis and used the pooled outcome

effect estimates and corresponding 95% confidence interval (CI) for OS, CSS, CVDS, DFS or

RFS to analyze the relationship between DM and CRC prognosis. If the study did not provide

the corresponding results, we used the Engauge Digitizer v.4.1 software (http://digitizer.

sourceforge.net/) to extract survival rates from the Kaplan-Meier curves [24–26], the survival

rates were entered in the spreadsheet by the method in Tierney’s article[24]. The process of

extracting survival rates was performed by two independent authors (Dan Pei and Lixuan

Wei) to make the extracted data more accurate. The heterogeneity in the included studies was

evaluated by the Chi-square-based Q-test and I2 (I2 = 0% to 25%, no heterogeneity; I2 = 25% to

50%, moderate heterogeneity; I2 = 50% to 75%, high heterogeneity; I2 = 75% to 100%, extreme

heterogeneity). When I2 was larger than 50%, a random effects model was used; otherwise, the

fixed effects model was used.

We used subgroup analysis by region, type of study, sample size, population source and

DM ascertainment to find the potential heterogeneity among the included studies. If the num-

ber of study was less than or equal to 1, we did not carry out the subgroup analysis. We used

the sensitivity analysis to evaluate the robustness of the results by excluding each study in turn

and obtaining the pooled estimates from the remaining studies. The purpose of sensitivity

analysis was to evaluate the effect of a single study on the overall pooled estimates. If the num-

ber of study was less than or equal to 1, we did not carry out the subgroup analysis and sensi-

tivity analysis.The possibility of publication bias was assessed using Begger’s and Egger’s test.

Where publication bias existed, we also performed the Duval and Tweedie nonparametric

“trim and fill” procedure to further assess the possible effect of publication bias in our meta-

analysis. If the number of study was less than or equal to 2, we did not carry out the sensitivity

analysis and publication bias test. A two-sided P value<0.05 in statistical process was consid-

ered significantly different.

Results

Search results

Originally, we retrieved 19166 potential studies from four electronic databases. By reading the

title and abstract, we found that 1014 studies were repetitive and 18010 studies did not report

the relationship between DM and CRC Prognosis. By reading the full text, 101 studies were

excluded for different reasons, and 5 studies did not provide sufficient data to calculate the
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outcome effect estimates. Finally, 36 studies were included in our meta-analysis[6–20, 27–47].

The study selection process for inclusion in our meta-analysis was shown in Fig 1.

Study characteristics and quality

In our meta-analysis, year of publication ranged from 2003 to 2016, and the regions included 2

American countries[7, 13–15, 18, 19, 27, 30, 33, 37, 41, 42, 45, 46], 6 European countries[6, 11,

17, 28, 32, 39, 40, 44], 2 Asian countries[8, 9, 12, 16, 20, 29, 34–36, 38, 43, 47] and 1 Oceania

country[31]; the included studies contained 15 retrospective[9, 10, 14, 16–20, 27, 33, 36, 37, 39,

41, 47] and 21 prospective[6–8, 11–13, 15, 28–32, 34, 35, 38, 40, 42–46] cohort studies; the

sample size ranged from 391 to 1056243, and the mean age of study ranged from 46.4 to 72.07.

In DM ascertainment, 25 studies[6, 8, 9, 11–15, 18, 19, 28, 29, 31, 33–37, 39–42, 44–46] used

the method of medical records, 5 studies[16, 20, 38, 43, 47] used the method of blood sugar

test, and 6 studies[7, 10, 17, 27, 30, 32] used the method of self-reported. To avoid the effects of

confounders, we preferred to extract the adjusted outcome effect estimates, but we still found

that the outcome effect estimates of 4 studies were not adjusted.

The quality score ranged from 5 to 9. 11 studies were evaluated as 9 scores, 7 studies were

evaluated as 8 scores, 12 studies were evaluated as 7 scores, 4 studies were evaluated as 6 scores,

and 2 studies were evaluated as 5 scores. All the included studies were regarded as moderate

and high quality.

The characteristic and quality of the included studies is shown in Table 1.

Fig 1. The study selection process for inclusion in our meta-analysis

https://doi.org/10.1371/journal.pone.0176068.g001
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The pooled survival rate for the effect of DM on CRC prognosis

In colorectal cancer, the pooled 5-year OS rate in patients with DM was 49.8%, and that in

patients without DM was 53.6%; the pooled 5-year CVDS rate in patients with DM was 90.5%,

and that in patients without DM was 94.3%; the pooled 5-year CSS rate in patients with DM

was 65.6%, and that in patients without DM was 69.0%; the pooled 5-year DFS rate in patients

with DM was 60.9%, and that in patients without DM was 70.0%; the pooled 5-year RFS rate

in patients with DM was 63.4%, and that in patients without DM was 68.5%. Similar results

were also found in colon and rectal cancer. The detailed results on the pooled survival rate for

the effect of DM on CRC Prognosis were shown in Table 2.

The overall pooled HRs for the effect of DM on CRC prognosis

In our meta-analysis, the number of studies on the colorectal cancer data provided was 23[6–

10, 13–20, 27, 29, 30, 33, 36–39, 42, 43], the pooled HRs on OS and CVDS were statistically sig-

nificant (HR on OS: 1.18, 95%CI: 1.12–1.24; HR on CVDS: 1.40, 95%CI: 1.29–1.52), the pooled

HRs indicated that there were no significant difference on CSS, DFS and RFS. No publication

bias was found in OS, CVDS, CSS and DFS.

The number of studies on the colon cancer data provided was 18[6, 8, 10–13, 28, 31, 40, 41,

44–47]. There was only one study on CVDS, and the pooled HR on CVDS was not analyzed.

The pooled HRs on OS and DFS were statistically significant (HR on OS: 1.19, 95%CI: 1.10–

1.27; HR on DFS: 1.35, 95%CI: 1.12–1.58), the pooled HRs indicated that there were no signifi-

cant difference on CSS and RFS. Publication bias might exist in OS and CSS (OS: P for Begger

test = 0.049, P for Egger test = 0.115; CSS: P for Begger test = 0.260, P for Egger test = 0.012),

we used “trim and fill” analysis to deduce the potential unpublished studies, the results of OS

and CSS(HR on OS: 1.19, 95%CI: 1.11–1.28; HR on CSS: 1.06, 95%CI: 0.98–1.14) were similar

to the overall results, respectively.

The number of studies on the rectal cancer data provided was 10[6, 8, 10, 11, 13, 28, 40, 44,

45], there was only one study on CVDS, DFS and RFS, the pooled HRs on CVDS, DFS or RFS

Table 2. The pooled survival rate for the effect of DM on CRC Prognosis.

Colorectal cancer (%) Colon cancer (%) Rectal cancer (%)

OS

Patients with DM 49.8 (45.9, 53.6) 49.9 (21.5, 78.2) 50.9 (46.0, 55.8)

Patients without DM 58.1 (53.5, 62.6) 56.5 (44.1, 68.9) 64.1 (62.0, 66.3)

CVDS

Patients with DM 90.5 (85.9, 95.1) — —

Patients without DM 94.3 (89.1, 99.5) — —

CSS

Patients with DM 65.6 (61.3, 69.8) 71.7 (55.1, 88.3) 67.0 (64.8, 69.2)

Patients without DM 69.0 (63.3, 74.7) 75.4 (59.4, 91.3) 74.8 (74.0, 75.7)

DFS

Patients with DM 60.9 (46.2, 75.5) 59.3 (37.2, 81.5) 65.9 (63.0, 68.8)

Patients without DM 70.0 (56.8, 83.3) 69.5 (48.9, 90.1) 68.2 (67.2, 69.2)

RFS

Patients with DM 63.4 (51.9, 74.9) 57.0 (51.3, 62.7) —

Patients without DM 68.5 (64.8, 72.3) 65.0 (63.4, 66.6) —

DM: diabetes mellitus; OS: overall survival; CSS: cancer-specific survival; CVDS: cardiovascular disease—

specific survival; DFS: disease-free survival; RFS: recurrence-free survival.

https://doi.org/10.1371/journal.pone.0176068.t002
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were not analyzed. The pooled HR on OS was statistically significant (HR on OS: 1.16, 95%CI:

1.04–1.29), the pooled HR indicated that there were no significant difference on CSS. No pub-

lication bias was found in OS and CSS.

The detailed results on the relationship between DM and CRC Prognosis are shown in

Table 3.

Subgroup analysis

Because of fewer studies on CVDS, CSS, DFS, and RFS, we used subgroup analysis on OS by

the potential confounding factors, including region, type of study, sample size, population

source, DM ascertainment, quality of studies and adjusted variables. In colorectal cancer, we

found that the relationship between DM and CRC prognosis was significant in all groups, but

not in Asian or blood glucose test groups. We found similar results in colon and rectal cancer.

The detailed results on the subgroup analysis on OS for the effect of DM on CRC Prognosis

were shown in Table 4.

Sensitivity analysis

The pooled HRs and their 95%CIs of sensitivity analysis were calculated by excluding one study

at a time in colorectal cancer, colon cancer and rectal cancer, and the results indicated that the

overall result was dependable. The results of sensitivity analysis were shown in Table 5.

Discussion

Our meta-analysis first analyzed both the 5-year survival rate and survival risk, which reflected

the effect of DM on CRC prognosis. The results indicated that compared to patients without

Table 3. The overall pooled HR on the effect of DM on CRC Prognosis.

Number of study Model for meta-

analysis

HR (95%CI) I2 (%) P for

heterogeneity

P for Begger’s

test

P for Egger’s

test

Colorectal cancer

OS 23[6–10, 13–20, 27, 29, 30, 33, 36–

39, 42, 43]

R 1.18(1.12, 1.24) 64.8 <0.001 0.492 0.740

CVDS 3[13, 15, 30] F 1.40(1.29, 1.52) 31.6 0.232 0.296 0.193

CSS 8[6–8, 13, 15, 29, 30, 39] R 1.03(0.93, 1.12) 63.3 0.008 0.711 0.225

DFS 4[8, 9, 20, 38] R 1.14(0.71, 1.58) 80.0 0.002 0.734 0.893

RFS 2[8, 36] F 1.08(0.84, 1.23) 0.0 0.771 — —

Colon cancer

OS 18[6, 8, 10–13, 28, 31, 32, 34, 35,

40, 41, 44–47]

R 1.19(1.10, 1.27) 86.9 <0.001 0.049 0.115

CVDS 1[13] — 1.35(1.26, 1.45) — — — —

CSS 6[6, 8, 12, 13, 28, 35] F 1.07(0.98, 1.16) 38.9 0.146 0.260 0.012

DFS 2[8, 46] F 1.35(1.12, 1.58) 0 0.447 — —

RFS 2[8, 46] F 1.24(1.04, 1.44) 0 0.634 — —

Rectal cancer

OS 10[6, 8, 10, 11, 13, 28, 40, 44, 45] R 1.16(1.04, 1.29) 61.9 0.005 0.474 0.529

CVDS 1[13] — 1.48(1.04, 1.29) — — — —

CSS 4[6, 8, 13, 28] R 1.12(0.91, 1.32) 55.2 0.082 0.308 0.389

DFS 1[8] — 0.98(0.76, 1.25) — — — —

RFS 1[8] — 0.96(0.72, 1.28) — — — —

R: the random effects model; F: the fixed effects model; DM: diabetes mellitus; OS: overall survival; CSS: cancer-specific survival; CVDS: cardiovascular

disease—specific survival; DFS: disease-free survival; RFS: recurrence-free survival.

https://doi.org/10.1371/journal.pone.0176068.t003
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DM, patients with DM will have a 5-year shorter survival rate in colorectal, colon and rectal

cancer, showed 18%, 19% and 16% decreased in OS, respectively. We also found similar results

in CVDS, CSS, DFS and RFS. Due to the heterogeneity, we performed the subgroup analysis

and sensitivity analysis to find the source of heterogeneity and make our results robust and

credible. In subgroup analysis, though few results showed no statistical significance, we found

that the results of subgroup analysis were generally similar to the overall results. When we car-

ried out subgroup analysis by region, in Europe, patients with DM significantly have shorter

OS in colorectal cancer, colon cancer and rectal cancer. In Asia, patients with DM significantly

have shorter OS in colon cancer; there was no significance in colorectal cancer and rectal can-

cer, this may be the small sample size due to subgroup analysis. When we carried out subgroup

analysis by type of study, there were significant differences in the results, except for that in pro-

spective studies of colon cancer. When we carried out subgroup analysis by sample size and

population source, the subgroup results were consistent with the overall results in colorectal

and colon cancer, the results in size� 10000 and population-based group did not show statisti-

cal significant in rectal cancer. When we carried out subgroup analysis by DM ascertainment,

the results were consistent with the overall results in the group of medical records, except for

that in the group of self-reported and blood glucose test. The sensitivity analysis also showed

that the results of our meta-analysis were robust and credible.

Currently, the biological mechanism linkage between DM and CRC prognosis is still uncer-

tain. This association may be mainly based on the effect of hyperinsulinemia, insulin resistance

and cancer pathogenesis on the insulin/ insulin-like growth factor (IGF) system, which plays a

critical role in the pathogenesis, progression, and prognosis of CRC. On the one hand, the

insulin-like effects of IGF-1 interacting with associated receptors, such as IGF-1R, IR or hybrid

receptors, play an important role in the maintenance of normal glucose homeostasis and etio-

pathogenesis of DM[48]. In DM patients, insulin resistance leads to a compensatory increase

in insulin secretion, and by inhibition of IGF binding proteins, this hyperinsulinemia may

increase the biological activity of IGF-1, which is an antiapoptotic and mitogenic factor[49].

On the other hand, insulin-like growth factors activate the IGF-1R, make it over expressed in

cancer cells, and then trigger a number of intracellular signaling cascades that enhance cell

cycle progression and inhibit apoptosis. Zhang et al indicated that IGF-1 and its receptor pro-

moted both the growth and malignant transformation of adenomatous polyps[50]. Over

Table 5. The sensitivity analysis of the overall pooled HR on the effect of DM on CRC Prognosis.

The lowest HR (95%CI) The highest HR (95%CI)

Colorectal cancer

OS 1.18(1.12, 1.24) 1.38(1.31, 1.46)

CVDS 1.38(1.31, 1.46) 1.66(1.11, 2.51)

CSS 1.00(0.92, 1.09) 1.11(0.97, 1.27)

DFS 1.03(0.68, 1.58) 1.37(1.03, 1.83)

Colon cancer

OS 1.18(1.10, 1.27) 1.22(1.17, 1.26)

CSS 1.03(0.97, 1.11) 1.13(1.04, 1.23)

Rectal cancer

OS 1.15(1.02, 1.28) 1.22(1.09, 1.38)

CSS 1.08(0.91, 1.29) 1.24(0.93, 1.67)

DM: diabetes mellitus; OS: overall survival; CSS: cancer-specific survival; CVDS: cardiovascular disease—

specific survival; DFS: disease-free survival; RFS: recurrence-free survival.

https://doi.org/10.1371/journal.pone.0176068.t005
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expression of IGF-1, IGF-1R and IR were found in CRC group with DM than that in without

DM[51]. The activation of insulin/IGF-dependent pathways has been also identified as a criti-

cal step contributing to several mechanisms of CRC resistance to both conventional and tar-

geted therapeutic agents, leading to increased PI3K/Akt signaling that hinders the apoptotic

signals triggered by chemotherapeutic drugs and desensitizes CRC cells to the effect of anti-

EGFR antibodies[52]. Scartozzi et al. had reported that high IGF-1 expression correlated with

poor clinical outcome in wild-type KRAS metastatic CRC patients treated with cetuximab

and irinotecan. Their results indicated that engaging the IGF-1/IGF-1R system might enable

tumor cells to escape anti-EGFR-mediated treatment as a consequence of IGF-1-driven stimu-

lation of the PI3K–Akt pathway[53]. In recent years, some evidence suggested that IGF-1/IGF-

1R polymorphisms are potential predictive/prognostic markers for cetuximab efficacy in meta-

static CRC patients presenting wild- type KRAS[54].

In order to make our results more robust and credible, we made efforts in several ways.

First of all, we not only searched the relevant studies in the four commonly used electronic

databases, but also searched in Google Scholar, and tried our best not to miss the relevant stud-

ies. We also extracted the data on OS, CSS, CVDS, DFS and RFS, and used these indicators

to evaluate the effect of DM on CRC prognosis. So far, our meta-analysis is the most compre-

hensive study of collecting indicators on the effect of DM on CRC prognosis. Second, we per-

formed the quality assessment by NOS, which was widely used in meta-analysis and systematic

reviews, and all the included studies were evaluated as high quality, which made our extracted

data reliable. Third, we found that only one result in CSS of colon cancer existed publication

bias, there were no publication bias in all other results. We used the “trim and fill” analysis to

assess the possible effect of publication bias, but there was no significant change in the CSS

result of colon cancer. The results of subgroup analysis and sensitivity analysis has also shown

that our results were robust and credible. Finally, and most importantly, compared to previous

studies[5], we not only routinely performed the pooled analysis on HR of OS, CSS, CVDS,

DFS and RFS, which comprehensively reflect the difference of CRC prognosis between dia-

betic patients and nondiabetic patients; but also first extracted the 5-year survival rate from the

included studies, and made the pooled analysis. Meanwhile, for collecting more useful data, we

used the professional software to extract survival rate from the Kaplan-Meier curves[24, 25].

This would make the results stable, and give the researchers more intuitive impression on the

effect of DM on prognosis in the fifth year.

There were several limitations in our meta-analysis. First, in order to collect the literatures

more extensively, we searched the relevant articles in Google Scholar. If we found the relevant

articles in Google Scholar, we purchased the article or sought help online[55].Second, in the

included studies, we found that more studies focused on OS, compared to CSS, CVDS, DFS

and RFS. In OS, the number of studies on colorectal, colon and rectal cancer was twenty-three,

seventeen and ten. In CSS, CVDS, DFS and RFS, the maximum number of relevant studies

was only eight. This might make the results unstable. In our meta-analysis, we analyzed both

the 5-year survival rate and survival risk, and found their results were consistent. This indi-

cated that our results were stable. Third, the results of our meta-analysis had a certain degree

of heterogeneity. We performed subgroup analysis by the confounding factors, which might

be the potential source of heterogeneity, and the results of subgroup analysis were similar to

the overall results. We also performed the analysis of the effect of each study on the overall

results sensitively, and did not find significant changes in the overall results.

In conclusion, our meta-analysis showed that DM could significantly decrease OS in CRC

patients, but not CSS, CVDS, DFS and RFS. In future, to provide more evidence of clinical

treatment, more high quality prospective cohort studies are needed to comprehensively ana-

lyze the effect of DM on CRC prognosis by CSS, CVDS, DFS and RFS.
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