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Abstract. This study aimed to investigate the changes in 
blood glucose of elderly patients with gastric cancer combined 
with type 2 diabetes mellitus (T2DM) after radical operation. 
Forty-six patients in DM group and 30 patients in non-DM 
group underwent radical surgery between January, 2007 and 
January, 2017 in The First Hospital of Lanzhou University, 
and the clinical data were retrospectively analyzed. Statistical 
analysis was conducted to explore the effect of radical opera-
tion on blood glucose control of the two groups of patients. 
In 46  patients with gastric cancer combined with T2DM, 
24 patients received postoperative insulin intervention, and the 
remaining 22 patients did not receive insulin intervention. This 
latter set of patients comprised the non-insulin treatment group. 
Blood glucose control conditions, inflammatory markers, tumor 
markers and their effects on the prognosis were compared 
between the two groups. Level of postoperative blood glucose of 
the DM group was significantly higher than that of the non-DM 
group (P<0.05), while the level of blood glucose in the insulin 
treatment group was significantly lower than that in the control 
group (P<0.05). Levels of related tumor markers and inflam-
matory factors of insulin treatment group were significantly 
higher than those of the control group (P<0.05). The 5-year 
survival rate of insulin treatment group was significantly higher 
than that of the control group (P<0.05). Our results showed 
that the level of blood glucose was significantly increased in 
elderly patients with gastric cancer combined with T2DM after 
radical operation, and levels of blood glucose, tumor markers 
and inflammatory factors in elderly gastric cancer patients with 

T2DM without insulin were significantly increased after radical 
operation, and long-term prognosis is poor.

Introduction

Gastric cancer is a relatively common gastrointestinal cancer. 
Relevant data have shown that the incidence of gastric cancer is 
on the increase, and gastric cancer tends to occur in the aging 
population. Gastric cancer is the third most common cause of 
cancer-related deaths worldwide (1). The main clinical mani-
festations of type 2 diabetes mellitus (T2DM) include insulin 
resistance and progressive decline of islet function, and it is 
commonly associated with systemic lipid metabolism  (2). 
With an aging population that continues to grow, number of 
elderly patients with gastric cancer combined with T2DM is 
progressively increasing.

The number of elderly patients affected by gastric cancer 
has shown an increasing trend. Once diabetes is complicated 
by other diseases, body function becomes worse, which in turn 
increases the difficulty of treatment. Incidence of gastric cancer 
is correlated with diabetes, possibly due to living habits and 
family inheritance. The mechanism is complicated. Surgery is 
currently an effective method in the treatment of gastric cancer, 
but preoperative preparation, postoperative fasting, surgical 
trauma, anesthesia and other factors may affect blood glucose 
level, resulting in blood glucose fluctuations in patients, which 
can negatively affect postoperative rehabilitation, and the life 
and health of patients (3,4). Therefore, monitoring of blood 
glucose is of great clinical significance for reducing the inci-
dence of complications and promoting the prognosis of gastric 
cancer patients combined with T2MD.

A retrospective case-control study, which included elderly 
patients with gastric cancer that underwent radical operation, 
was conducted in this study to investigate changes in blood 
glucose and the effects of medication adjustment on rehabilita-
tion and prognosis of those patients.

Materials and methods

General data. A total of 46 elderly patients with gastric cancer 
combined with T2DM who underwent radical operation from 
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January 2007 to January 2017 and 30 gastric cancer patients 
without T2DM were included in the study. All the patients 
were subjected to total abdominal computed tomography 
(CT) and nuclear magnetic examination, and all of them were 
confirmed to be in line with the indications of radical opera-
tion for gastric cancer. In addition, all the patients received 
adjuvant chemotherapy. Patients combined with other malig-
nant tumors other than gastric cancer, severe cardiovascular 
and cerebrovascular diseases, cachexia and inability for 
self-care were excluded. All enrolled patients were informed 
of the operation condition, and they or their family members 
signed the informed consent. This study was approved by the 
Ethics Committee of The First Hospital of Lanzhou University 
(Lanzhou, China). Patients were divided into the DM group 
and non-DM group according to the diagnosis of T2DM. 
T2DM diagnosis was in line with the diagnostic criteria of the 
World Health Organization (WHO) (5).

General clinical data of the 76 elderly patients, including 
age, sex, tumor location, tumor-node-metastasis (TNM) 
staging and pathological type were recorded and summarized. 
Pathological type was determined based on the 4th edition 
of 2010 WHO Classification of Tumors of the Digestive 
System  (6). Gastric cancer staging was performed using 
the methods described in the 7th edition of 2010 Union for 
International Cancer Control (UICC) TNM Staging System 
of Gastric Cancer, and the tumor location was determined 
based on the 3rd edition of Japanese gastric cancer treatment 
guidelines  (7,8). The DM group comprised 26  males and 
20 females, with an age range of 60‑70 years and a mean age 
of 65.4±9.5 years. The non-DM group comprised 16 males and 
14 females, with an age range of 60‑73 years and a mean age 
of 67.2±10.3 years. Levels of preoperative blood glucose of the 
two groups of patients were controlled to reach the standard. 

As shown in Table I, no significant differences in general data 
and preoperative blood glucose control were found between 
the two groups of patients (P>0.05). In 46 patients with gastric 
cancer combined with T2DM, 24 patients received adjustment 
of postoperative blood glucose with insulin, and 22 patients 
received no drug intervention to control blood glucose.

Methods. In 46 patients combined with DM, 24 patients were 
included in the insulin treatment group, and those patients 
were treated with continuous injection of insulin pumps to 
adjust blood glucose, and the initial injection dose was deter-
mined based on the patient's blood glucose level, age, body 
weight, and regimens in the early phase. Blood glucose was 
monitored 4 times a day, and the dose of insulin was adjusted 
according to the blood glucose level to avoid significant 
fluctuations in blood glucose, thus preventing the occurrence 
of hypoglycemia. The remaining 22 patients combined with 
T2DM were included in the non-insulin treatment group, and 
were treated with postoperative routine treatment, and insulin 
intervention was not performed.

According to condition of the clinical recovery after 
operation, postoperative blood glucose was controlled at 
8.4-11.2 mmol/l, and blood glucose level was measured every 
6 h. Blood glucose level higher than this range in two measure-
ments indicated poor blood glucose control. Fasting blood 
was extracted from each patient in the early morning. Serum 
carbohydrate antigen 19-9 (CA19-9) was detected using Roche 
Cobas E601 electrochemical luminescence spectrometer. 
Serum carcinoembryonic antigen (CEA) was determined by 
enzyme-linked immunosorbent assay (ELISA). Fasting elbow 
venous blood (6 ml) was extracted from each patient in the early 
morning before and after treatment. Blood sample was stored 
in tubes containing ethylenediamine tetraacetic acid (EDTA), 

Table I. General data of study subjects.

	 DM group	 Non-DM group
Items	 n=46	 n=30	 t/χ2	 P-value

Age (years)	 65.4±9.5	 67.2±10.3	 t=0.7826	 P>0.05
Sex (n)			   χ2=0.7826	 P>0.05
  Male	 26	 16
  Female	 20	 14
Tumor location (n)			   χ2=0.304	 P>0.05
Upper part of the cancer (U part)	 16	 14
Medium part of the cancer (M part)	 16	   8
Lower part of the cancer (L part)	 14	   8
TNM staging			   χ2=0.075	 P>0.05
  I	 26	 16
  II	 20	 14
  III	   0	   0
Intraoperative blood loss (ml)	 246.2±159.4	 229.8±186.7	 t=0.098	 P>0.05
Operation time (min)	 210.4±96.5	 205.7±97.3	 t=0.272	 P>0.05
First defecation time (days)	 6.0±2.6	 5.2±2.1	 t=1.473	 P>0.05
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and 3 ml blood from each sample was used for white blood cell 
counting, while the remaining 3 ml was used to prepare serum. 
White blood cells were counted using an automatic blood cell 
analyzer (XS800i, Sysmex Corporation, Kobe, Japan). Serum 
markers were detected by an automatic biochemical analyzer 
(Roche Modular P800, Roche Diagnostics GmbH, Mannheim, 
Germany) and immunoturbidimetric assay.

Follow-up. After the first postoperative chemotherapy, the 
patients began to receive long-term follow-up through tele-
phone from the date of discharge to January 2017 or their death.

Statistical analysis. Statistical Product and Service Solutions 
(SPSS) 21.0 software was used for all statistical analyses. 
Kaplan-Meier method was used to calculate the 5-year 
survival rate. Measurement data were expressed as mean ± SD 
and the t-test was used for comparisons between two groups. 
The χ2 test was used for comparisons of count data. Pairwise 
t-test was used for comparisons of data at two time-points 
within a group, and analysis of variance followed by post hoc 
test (Least Significant Difference) was used for comparisons 
among multiple time points within a group. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Changes in perioperative blood glucose in the DM and non-DM 
groups. Blood glucose levels in the DM group were significantly 
higher than those in the non-DM group before and at 24 h and 
3 days after operation (P<0.05). Blood glucose concentrations 
after operation were significantly increased in DM group 
compared with the preoperative levels (P<0.05) (Table II).

Changes in postoperative blood glucose in the insulin treat-
ment and non-insulin treatment groups. At 3 days after the 
treatment, concentration of blood glucose in the treatment 
group was significantly lower than that in non-treatment group 
(P<0.05). Blood glucose level of the non-treatment group was 
slowly recovered, and significant decreases were observed on 
the 3rd, 6th, 9th, 12th and 15th day after operation. Decreases 
in level of blood glucose were more significant in insulin treat-
ment group than in non-insulin treatment group (Fig. 1).

Changes in levels of gastric cancer markers in insulin treat-
ment group and non-insulin treatment group before and after 
treatment. Levels of gastric markers, CEA and CA 19-9 in the 
treatment and non-treatment groups before and 3 months after 
operation were recorded and compared. Differences were not 

significant (P>0.05). Compared with the preoperative levels, 
levels of carcinoembryonic antigen in both groups were signif-
icantly decreased after operation (P<0.05), and decreases were 
more significant in insulin treatment group than in control 
group (P<0.05) (Fig. 2A). Compared with preoperative levels, 
levels of carcinoembryonic antigen in both groups were signif-
icantly decreased after operation (P<0.05), and decreases were 
more significant in the insulin treatment group than in the 
control group (P<0.05) (Fig. 2B and Table III).

Changes in inflammatory response indexes, white blood cells 
and CRP in the insulin and non-insulin treatment groups. 
Changes in inflammatory response indexes, white blood cells 
and CRP in insulin treatment group and non-insulin treat-
ment group on the 1st, 3rd and 5th day after operation were 
recorded. Results showed that levels of inflammatory response 
indexes in the two groups of patients on the 5th day after 
operation were significantly decreased compared with those 
on the 1st day after operation. Decreases in white blood cells 
were more significant in patients of the insulin treatment group 
than those in the control group (P<0.05, Fig. 3). Decreases in 
CRP were more significant in patients of the insulin treatment 
group than those in the control group. (P<0.05, Fig. 4)

Comparisons of postoperative hospital stay, poor post­
operative blood glucose control, and poor incision healing 
between the insulin and non-insulin treatment groups. In 
the non-treatment group, hospital stay of elderly patients 

Table II. Changes in perioperative blood glucose of patients with gastric cancer in the DM group and the non-DM group (mmol/l, 
mean ±SD).

Items	 DM group	 Non-DM group	 t value	 P-value

Case (n)	 46	 30
Blood glucose before operation	 16.98±1.64 	 4.01±1.75	 10.21	 0.009
Blood glucose at 24 h after operation	 24.09±1.42	 5.71±1.03	   8.12	 0.02
Blood glucose at 3 d after operation	 22.52±2.08	 5.09±1.22	 11.43	 0.001

Figure 1. Changes in postoperative blood glucose of patients in insulin‑treated 
group (24 cases) and non-insulin treated group (22 cases) before and after 
treatment. *P<0.01 compared with insulin-treated group; **P<0.05 compared 
with insulin treated group.
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was 12±2 days, which was significantly longer than that in 
treatment group (9±1 days) (P<0.05). Incidence rate of poor 
incision healing was 12.5% in patients of the insulin treatment 
group, and 63.6% in patients of the non-treatment group. The 
incidence rate of poor incision healing in the non-insulin 
treatment group (90.9%) was significantly higher than that in 
treatment group (25.0%) (Table Ⅲ).

Comparison of the 5-year survival rate of patients between 
insulin treatment group and non-insulin treatment group. The 

5-year survival rates in the insulin treatment group and the 
non-insulin treatment group were 66.67 and 40.90%, respec-
tively. Survival time of patients in the insulin treatment group 
was significantly longer than that of patients in non-insulin 
treatment group (P<0.05) (Fig. 5).

Discussion

Gastric cancer is one of the most common malignant gastro-
intestinal tumors with increasing incidence rate (9). Radical 
resection is the only effective mean for treating gastric cancer. 
With the development of surgical techniques, incidence rate of 

Figure 2. Levels of gastric cancer markers in the two groups before and after treatment (*P<0.05). (A) Levels of carcinoembryonic antigen in the insulin treated 
group (24 cases) and non-insulin treated group (22 cases) both decreased. After treatment, the level of carcinoembryonic antigen in the treatment group was lower 
than that in non-treatment group. (B) Concentration of carbohydrate antigen 19-9 (CA19-9) decreased after operation in both treatment group (24 cases) and 
untreated group (22 cases). After treatment, level of CA19-9 in treatment group was lower than that in untreated group. *P<0.05 compared with the control group.

Figure 3. Changes of white blood cells in the two groups before and after 
treatment (*P<0.05, **P<0.01). On day 5, level of white blood cells in the treat-
ment group (24 cases) was significantly lower than that in the untreated group 
(22 cases). *P<0.05 compared with the control group; **P<0.01 compared to 
1 day after operation.

Figure 4. Changes of CRP in the two groups before and after treatment 
(*P<0.05). On day 5, level of CRP in treatment group (24 cases) was signifi-
cantly lower than that in the untreated group (22 cases). *P<0.05 compared 
with the control group.

Table III. Levels of gastric cancer markers in the insulin treatment group and the non-insulin treatment group before and after 
treatment.

	 Insulin treatment	 Non-insulin treatment
Items	 group (n=24)	 group (n=22)	 t value	 P-value

Preoperative CEA (µg/l)	 17.4±6.5	 16.4±9.5	 2.032	 0.541
Postoperative CEA (µg/l)	 1.4±9.6a	 6.9±9.7a	 10.765	 0.014
Preoperative CA 19-9 (kU/l)	 210.4±96.5	 220.4±97.5	 2.986	 0.492
Postoperative CA 19-9 (kU/l)	 90.4±87.5a	 110.4±77.8a	 8.231	 0.026

aP<0.05 represents that compared with those before operation within the group.
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postoperative complications of gastric cancer has been signifi-
cantly reduced. However, surgery-related factors may increase 
the risk of infections, leading to postoperative death  (10). 
At present, with an aging population that continues to grow, 
incidence rate of T2DM is increased year by year, and blood 
glucose level is an important factor affecting the recovery of 
gastric cancer after radical operation (11).

Incidence rate of poor postoperative blood glucose control 
in elderly patients of non-treatment group (90.9%) was 
significantly higher than that in insulin treatment group (25%), 
which was consistent with previous studies. At the same time, 
radical operation performed for DM patients can easily trigger 
or aggravate the complications of DM, and also can greatly 
increase the incidence of complications after gastrectomy. 
Mortality rate of surgery and incidence rate of complica-
tions are approximately 5 times higher in DM patients than 
in patients without DM (12). In addition, poor blood glucose 
control and surgical stimulations will trigger the stress 
responses and increase the level of blood glucose. Insulin can 
be secreted to resist the elevated blood glucose, while patients 
with islet dysfunction or a history of DM usually have poor 
hypoglycemic ability.

A study has shown that blood glucose controlling through 
perioperative drug intervention can significantly reduce 
the incidence rate of complications (10), which is consistent 
with our study findings. Comparison of the 5-year survival 
rate of elderly patients between insulin treatment group and 

non-insulin treatment group showed that survival time is 
significantly longer in insulin treatment group than that in 
non- insulin treatment group. At the same time, a meta-analysis 
showed that the combination of DM with malignant tumors 
could significantly increase the mortality rate of patients (13). 
Another recent meta-analysis in 2017 revealed that patients 
with T2DM treated with melbine have a lower risk of gastric 
cancer than those who were not treated with melbine (14). In 
addition, perioperative glycemic control can not only reduce 
the incidence rate of postoperative complications, but also 
can benefit patients in the long-term prognosis because early 
blood glucose control can delay the deterioration of tumor to 
some extent and improve the survival of patients (15,16). These 
studies are consistent with our conclusions.

Elderly patients have special clinical characteristics, such 
as dormant clinical manifestations, more preoperative compli-
cations, poor postoperative tolerance and weak cardiovascular 
and respiratory system functions. Thus, early intervention 
and treatment are needed for those patients. DM and poor 
postoperative glycemic control are common causes of infec-
tion, and a study has shown that prolonged hospital stay may 
even cause death (17). Infection is mainly reflected by inci-
sion healing condition. Our results showed that the incidence 
rates of poor incision healing in insulin treatment group and 
the non-insulin treatment group were 12.5 and 63.6%, respec-
tively, and the difference was not statistically significant. It 
was believed that the inconsistency of the results might be 
related to the relatively small sample size. Among 46 elderly 
patients combined with T2DM underwent radical operation, 
incidence rate of poor incision healing in the drug intervention 
group was significantly lower than that in non-drug treatment 
group, which was likely to be related to stress hyperglycemia 
of the body.

Stress hyperglycemia may lead to immune dysfunction to 
promote the release of inflammatory factors, aggravate the 
systemic inflammatory responses and increase the incidence of 
infection, thus leading to a series of complications (18). Drug 
intervention in blood glucose control can not only improve the 
utilization of glucose in the body, but also can enhance the 
metabolism, reduce catabolism, and indirectly reduce the inci-
dence rate of inflammatory responses. Therefore, blood glucose 
control with drug intervention can significantly promote the 
rehabilitation of patients and reduce the occurrence of compli-
cations (19). A comparison of prognosis between the elderly 
patients and non-elderly patients after radical operation has 
shown that, although elderly patients with gastric cancer have 
relatively more preoperative complications, strengthened peri-
operative treatment could significantly reduce incidence rate 
of complications and mortality rate to reach normal level (20). 

Table IV. Postoperative hospital stay and poor incision healing in the insulin treatment group and the non-insulin treatment group.

	 Insulin treatment	 Non-insulin treatment
Groups	 group (n=24)	 group (n=22)	 t value	 P-value

Hospital stay (days)	 9±1	 12±2	 5.56	 0.021
Poor incision healing [n (%)]	 3 (12.5%)	 14 (63.6%)	 9.32	 0.034
Poor postoperative blood glucose control [n (%)]	 6 (25.0%)	 20 (90.9%)	 5.16	 0.020

Figure 5. Comparison of the survival curve of elderly patients between the 
insulin treatment group and the non-insulin treatment group. The survival 
rate of patients in the treatment group is higher than that in the non-treatment 
group (P<0.05). Treatment group-lost refers to patients that died during the 
follow-up in the treatment group. Control group lost refers to patients that 
died during the follow-up in the control group.
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Therefore, postoperative blood glucose control through drug 
intervention is of great clinical significance for improvement 
of treatment outcomes, especially for elderly patients.

In this study, elderly patients were selected as subjects, and 
the changes in blood glucose of these elderly patients with gastric 
cancer combined with T2DM after radical operation were inves-
tigated, and the effects of medication adjustment on the recovery 
and prognosis of gastric cancer were explored. Our study 
provided reference for the treatment of gastric cancer combined 
with T2DM. It was believed that DM might be an independent 
risk factor for poor prognosis of gastric cancer patient underwent 
radical operation. For the elderly patients combined with DM, 
comprehensive preoperative assessment and positive postop-
erative adjustment of blood glucose can significantly reduce 
incidence of postoperative complications and mortality rate, 
thereby enhancing the long-term survival rate.
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