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Background: Gastric cancer (GC) is one of the malignant tumors with high incidence in China. At present, 
the relationship between type 2 diabetes (T2DM) and the therapeutic effect of various malignant tumors has 
attracted more and more attention. This study aimed to investigate whether T2DM is a prognostic factor for 
patients with GC. 
Methods: Patients who had GC and who were admitted to our hospital from November 2008 to December 
2015 were included in the study. Among these patients, 84 patients GC complicated with T2DM (GC + 
T2DM) were enrolled in the observation group, and 215 patients with normal blood glucose were enrolled 
in the control group. Patients’ general information was collected by referring to their electronic and paper 
medical records, and their living status was followed up by conducting a telephone survey, referring to 
their hospitalization record, and performing an outpatient review. A propensity score matching method 
was used to select a 1:1 matched control for each patient with GC and diabetes. An overall survival curve 
was established using the Kaplan-Meier method. The survival rate was compared via a log-rank test. A Cox 
proportional hazards regression model was used to the analyse single and multiple factors affecting patient 
outcomes. 
Results: Before matching was conducted, the differences in gender, stage, treatment, and comorbidity were 
found to be statistically significant (P>0.05). After matching was completed, the clinical data and pathological 
differences between the two groups were not statistically significant (P<0.05). A histogram matching the pre- 
and post-propensity scores showed that the matching was successful. The results of the Cox regression model 
revealed that grouping, pathological type, and treatment were the independent risk factors of the survival of 
patients with GC. Survival analysis found that the 3-year, 5-year, and overall survival rates of the observation 
group were significantly lower than those of the control group (P<0.05). 
Conclusions: T2DM plays an important role in the development of GC, and is a prognostic factor among 
patients with GC.
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Introduction

According to the latest data from the National Cancer 
Registry, approximately 769,000 new cases of gastric 
cancer (GC) were recorded in China, and approximately 
498,000 deaths from GC occurred in 2015; hence, GC 
is a major disease that seriously harms the health of the 
Chinese population (1,2). The incidence of diabetes has 
also gradually increased, and it has become the fifth leading 
cause of death in the world (3). Sekikawa et al. (4) found 
that type 2 diabetes mellitus (T2DM) can increase the risk 
of GC. Moreover, the risk of GC in patients with diabetes 
in China is higher than that of patients without diabetes (5).  
Diabetes and GC have a close relationship. Patients with 
diabetes are hyperglycaemic for a prolonged period, 
making them unpreventably susceptible to Helicobacter 
pylori infection (6), thus increasing the incidence of GC 
turn. Other factors that increase the incidence of GC 
include hypoglycemic drugs, insulin resistance, and 
hyperinsulinemia. Studies on diabetes and cancer prognosis 
have confirmed that diabetes increases the risk of death 
caused by cancers like colorectal cancer and GC (7,8), but 
whether diabetes is an indicator of a poor prognosis for 
GC patients remains unclear. This study used a propensity-
matching method to match the clinical features of patients 
with GC and T2DM, balanced the effects of covariates 
between groups, performed survival analysis on matched 
data, objectively evaluated the prognostic effect of diabetes, 
and explored the difference between GC patients with 
and without diabetes. We present the following article in 
accordance with the SRTOBE reporting checklist (available 
at http://dx.doi.org/10.21037/jgo-20-375).

Methods

Clinical data

The clinical and pathological data of patients who had GC 
and were admitted to our hospital from November 2008 to 
December 2015 were collected. All were diagnosed through 
clinical pathology. In all, 84 patients with GC and T2DM 
(GC + T2DM) were enrolled in the observation group, and 
215 patients with normal blood glucose were enrolled in 
the control group. The diagnostic criteria of T2DM met 
the T2DM diagnosis and treatment guidelines issued by 

the American Diabetes Association in 2008. All procedures 
performed in this study involving human participants were 
in accordance with the Declaration of Helsinki (as revised 
in 2013). The study was approved by Scientific Research 
and New Technology IRB of Wannnan Medical College 
Yijinshan Hospital. Because of the retrospective nature of 
the research, the requirement for informed consent was 
waived.

Research methods

Patients’ general information, including age, gender, 
comorbidities, pathological types, tumour stage, tumour 
markers, treatment modalities, and diabetes-related 
conditions, and data obtained via telephone surveys, 
hospitalizations and outpatient visits were collected by 
reviewing their electronic and paper medical records. 
The patient’s survival status was followed up. After the 
treatment, the patients were followed up once every 3–4 
months within the first 2 years, every 4–6 months within 3–5 
years, and every 6 months to 1 year after 5 years. Follow-up 
duration was until December 2018. The primary outcome 
measurement in this study was overall survival (OS), and the 
OS time was considered to be from the time of diagnosis to 
the end of a patient’s life or the end of the follow-up period. 
The secondary outcome measures included 1-, 3-, and 
5-year survival.

Statistical analysis

Statistical analyses were performed using SPSS 20.0 
and R version 3.0.1. Differences in categorical variables 
were compared using a C or Fisher’s test. Differences 
in continuous variables were compared using a Mann-
Whitney U test or a t-test. An OS curve was established 
with the Kaplan-Meier method. The survival rate was 
compared via a log-rank test. A Cox proportional hazards 
regression model was used to analyze single and multiple 
factors affecting the prognosis of patients. A P value 
<0.05 indicated a statistically significant difference. The 
propensity score matching method (PSM) was used to 
select a 1:1 matched comparison for patients with GC and 
diabetes mellitus (N=84). The matching factors included 
age, gender, treatment mode, stage, pathological type, 
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and comorbidity. The PSM was implemented using the 
MatchIt package (version 4.8.3.4) in R version 3.0.1, and 
the “nearest” method was used for matching.

Results

Comparison of clinical data and pathological features 
between the two groups before and after matching

Before matching was conducted, a statistically significant 
difference was observed between the two groups in terms of 
gender, stage, treatment, and comorbidities (Table 1). After 

matching was completed, the clinical data and pathological 
differences between the two groups were not statistically 
significant (Table 2), and the groups were comparable. This 
observation could also be observed in the histograms of the 
scores before and after the matching. Figure 1A,B show the 
histograms before matching. Significant differences were 
observed between the two groups. Figure 1C,D illustrate 
the histograms after matching and present two similar 
sets of graphs. The value and visual data indicated that the 
matching was successful and that the two matched sets of 
patient data could be used for subsequent study analysis 

Table 1 Comparison of clinical baseline data and pathological features between the two groups before matching

Matching variables GC with diabetes (N=84) GC only (N=215) Statistics P

Age 63.89±8.99 58.80±10.59 1.770 0.187

Gender 5.999 0.016

Male 51 154

Female 33 61

Staging 10.153 0.017

I 16 18

II 15 32

III 34 124

IV 19 41

Pathological type 4.291 0.232

Poorly differentiated adenocarcinoma 60 139

Moderately differentiated adenocarcinoma 22 74

Highly differentiated adenocarcinoma 1 0

Squamous cell carcinoma 1 2

Treatment 14.327 0.003

Surgery + chemotherapy 47 162

Surgery 16 15

Chemotherapy 9 21

Palliative care 12 17

Comorbidity 14.85 0.001

None 46 157

Cardiovascular disease 34 41

Other chronic diseases 4 17

GC, gastric cancer.
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(Figure 1).

Cox risk regression model analysis of factors affecting the 
survival of patients with GC

The data concerning the age, gender, grouping, stage, 
pathological type, treatment, and comorbidities of the 
patients were subjected to single- and multi-factor analyses. 
Single-factor analysis showed that grouping, staging, 
pathological type, treatment, and comorbidities affected the 
survival of patients with GC. These factors were further 
analyzed through multi-factor analysis. The results showed 

that grouping, pathological type and treatment were 
independent risk factors for survival of GC patients (Table 3).

Survival analysis before and after matching between the 
two groups of patients

The two groups of patients were followed up via a telephone 
interview. The total follow-up time of the 215 patients with 
simple GC was 112.30 months, and the median follow-up 
time was 64.60 months. The total follow-up time of the 84 
patients with simple GC was 96.53 months, and the median 
follow-up time was 54.90 months. The total follow-up 

Table 2 Comparison of clinical baseline data and pathological features between the two groups after matching

Matching factors GC with diabetes (N=84) GC only (N=84) Statistics P

Age 63.83±8.99 63.11±9.66 0.50 0.615

Gender 0.64 0.422

Male 51 56

Female 33 28

Stage 0.26 0.968

I 16 15

I 15 13

III 34 36

IV 19 20

Pathological type 3.547 0.315

Poorly differentiated adenocarcinoma 60 54

Moderately differentiated adenocarcinoma 22 30

Highly differentiated adenocarcinoma 1 0

Squamous cell carcinoma 1 0

Treatment 5.61 0.132

Surgery + chemotherapy 47 57

Surgery 16 6

Chemotherapy 9 8

Palliative care 12 13

Comorbidity 3.91 0.142

None 46 51

Cardiovascular disease 34 24

Other chronic diseases 4 9

GC, gastric cancer.
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time of patients with GC and diabetes was 94.07 months, 
and the median follow-up time was 28.93 months. The 
statistical results showed no significant difference in the 
1-year survival rate between the two groups before and after 
the matching (P>0.05), whereas the 3- and 5-year survival 
rates and the OS rates significantly differed (P<0.05, Table 4, 
Figures 2,3).

Discussion

The correlation and interaction mechanisms of diabetes 
and cancer have been widely explored. A study in China 
in 2018 showed that T2DM increases the risk of cancer, 
especially liver cancer, pancreatic cancer and breast cancer, 
in Chinese people (9). A meta-analysis on 19 Asian cohort 
studies, including 7 Chinese populations, has shown that 
T2DM causes a 26% increase in cancer mortality, including 
in colorectal cancer, liver cancer, cholangiocarcinoma, 
gallbladder cancer, pancreatic cancer, and breast cancer 
(10,11). However, the effect of diabetes on the occurrence, 
development, and prognosis of GC remains unclear, 
and no definite conclusion has been made. Three meta-
analyses (12-14) have also shown that diabetes increases 
the incidence and mortality of GC, especially in female 
patients (12,13). However, the results of a meta-analysis in 

2017 only revealed slight or no change in the risk of death 
in patients with diabetes mellitus and GC, and no evidence 
indicates a difference in the relative risk of GC between 
males and females (15). Therefore, further research on the 
development of diabetes in GC should be conducted.

The biological mechanism behind the association 
between diabetes and cancer is unclear, but several 
aspects of the possible biological mechanism have been 
hypothesized. (I) For instance, in hyperinsulinemia, the 
majority of tumour cells express insulin receptor (INS-R) 
and IGF-1R on their surface. Insulin reduces liver-
producing IGF-binding protein (IGFBP1; IGFBP2) and 
increases free and active IGF1 in circulating blood. When 
INS-R and IGF-1R bind to the corresponding ligand, they 
promote the mitosis and metastasis of tumour cells (16). 
In patients suffering from diabetes and exhibiting insulin 
resistance, insulin levels in the body increase, and this 
condition may promote the development of cancer through 
this pathway. (II) In hyperglycaemia, many tumour cells rely 
on glycolysis for energy supply, which is highly dependent 
on glucose, and uncontrolled hyperglycemia is beneficial 
to cancer cell proliferation (17). (III) Furthermore, in 
chronic inflammation, T2DM is a chronic low-grade 
inflammatory disease. T2DM and related obesity can 
promote the development of malignant tumours. Adipose 

Figure 1 Histograms of propensity scores before and after matching.
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Table 4 Analysis of the survival rate of patients with GC before and after matching

Survival rate
Before matching After matching

GC with diabetes (N=84) GC only (N=215) P GC with diabetes (N=84) GC only (N=84) P

1-year survival rate (%) 82.1 84.4 0.639 78.6 81.0 0.735

3-year survival rate (%) 38.1 73.1 0.000 38.1 65.5 0.004

5-year survival rate (%) 32.1 65.6 0.000 32.1 52.4 0.023

Overall survival rate (%) 28.6 63.7 0.000 28.6 48.8 0.031

GC, gastric cancer.

Table 3 COX risk regression model analysis of factors affecting the survival of patients with GC

Variable 
Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

Age (>65/≤65) 1.303 (0.934–1.817) 0.119 – –

Gender (male/female) 1.086 (0.768–1.538) 0.640 – –

Grouping (diabetes/non-diabetes) 1.926 (1.384–2.681) 0.000 1.825 (1.276–2.610) 0.001

Staging 0.000 0.000

I 0.071 (0.034–0.148) 0.000 0.093 (0.043–0.201) 0.000

II 0.107 (0.055–0.205) 0.000 0.128 (0.065–0.253) 0.000

III 0.271 (0.185–0.395) 0.000 0.313 (0.205–0.478) 0.000

IV – –

Pathological type 0.000 0.049

Low differentiation 0.293 (0.092–0.930) 0.037 0.523 (0.151–1.809) 0.306

Moderate differentiation 0.125 (0.038–0.412) 0.001 0.303 (0.083–1.109) 0.071

High differentiation 0.000 (0.000–4.75) 0.959 0.000 (0.000–5.726) 0.959

Squamous cell carcinoma – –

Treatment 0.000 0.015

Surgery + chemotherapy 0.290 (0.182–0.462) 0.000 0.429 (0.254–0.725) 0.002

Surgery 0.388 (0.217–0.695) 0.001 0.515 (0.270–0.982) 0.044

Chemotherapy 0.521 (0.294–0.925) 0.026 0.647 (0.348–1.201) 0.167

Palliative care –

Comorbidity 0.010 0.067

Cardiovascular and cerebrovascular diseases 0.492 (0.284–0.851) 0.011 0.521 (0.285–0.955) 0.035

Other chronic diseases 0.735 (0.408–1.324) 0.305 0.683 (0.350–1.332) 0.263

No comorbidities – –

GC, gastric cancer.
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Figure 2 Survival curves of the two groups before the matching. (A) 1-year survival curve of the two groups; (B) 3-year survival curve of the 
two groups; (C) 5-year survival curve of the two groups; (D) total survival curve of the two groups.

tissue is an active endocrine organ that produces free fatty 
acids, interleukin-6, monocyte chemotactic protein, leptin, 
and other substances, which promote the proliferation, 
survival, and invasion of cancer cells and inhibit the hosts’ 
autoimmune responses (18,19). Most epidemiological 
studies have inherent limitations, including their research 
design, sample size, confusion and bias. Therefore, more 
elaborate studies should be conducted to explore the link 
between diabetes and GC, and in-depth institutional 
research should be performed to explain possible 
connections.

In this study, the prognostic matching method was 
used to reduce the confounding and selection biases of the 
retrospective study, and the balance between the groups 
in the randomized controlled study was achieved. A total 
of 215 patients with simple GC were enrolled before the 

matching, and the clinical data were compared with those 
of patients with GC and diabetes. Significant differences 
in age, stage, comorbidities and treatment modalities were 
observed between the two groups, whereas no comparability 
was found between the groups. After PSM was completed, 
only 84 patients with simple GC were included, and the 
clinical data were compared with those of patients with 
GC and diabetes. The analysis revealed no significant 
differences in clinical data across the two groups. The 
data were thus comparable and could be used for further 
statistical analysis.

Cox single- and multi-factor analyses were performed 
on matched patients to examine the factors affecting the 
survival of patients with GC. Single-factor analysis revealed 
that grouping, staging, pathological type, treatment, and 
comorbidities affected the survival of patients with GC. 
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Multi-factor analysis found that grouping, pathological 

type, and treatment were independent risk factors of the 

survival of patients with GC. The survival of the two groups 

of subjects was analyzed, with the results indicating that, 

before matching, the OS rates of patients with GC and 

those with diabetes were 63.7% and 28.6%, respectively, 

which was a statistically significant difference (P<0.05). The 

OS rate of patients with GC after matching was the highest 

(48.8%). The OS rate of patients with diabetes was 28.6%, 

and the difference was statistically significant (P<0.05). 

These results suggest that the prognosis of patients with 

GC and diabetes is worse, and that the presence of diabetes 

indicates a poor prognosis for GC patients with diabetes.

In summary, we were able to confirm that T2DM, which 

is closely related to the occurrence and development of 

GC, is one of the factors that can cause the poor prognosis 

of patients with GC. Clinical treatment should consider 

whether patients are complicated with T2DM, and 

timely monitoring should be carried out to avoid disease 

deterioration.
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