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Abstract

AIM: To determine the effect of different Roux-en-Y gastric bypass procedures in gastric carcinoma patients with type 2 diabetes mellitus.
METHODS: A retrospective analysis of the clinical data of 54 patients with gastric cancer and type 2 diabetes mellitus treated in the Department of General Surgery from January 2006 to June 2013 was conducted. The patients underwent gastrectomy using different Roux-en-Y gastric bypass procedures (traditional, n = 26; modified, n = 28). Fasting plasma glucose (FPG), two hour postprandial blood glucose (2 h PBG) and hemoglobin A1c (HbA1c) were analyzed before surgery (0 mo) and 1, 3 and 6 mo after surgery.
RESULTS: FPG and 2 h PBG levels were significantly decreased 1 mo after surgery in the traditional Roux-en-Y gastric bypass group (FPG 7.5 ± 1.3 vs 10.7 ± 1.2, P < 0.05) (2 h PBG 10.2 ± 1.8 vs 13.8 ± 3.2, P< 0.05). FPG and 2 h PBG levels were significantly decreased after surgery in the modified Roux-en-Y gastric bypass group (FPG 6.9 ± 1.2 vs 10.5 ± 1.1, 6.5 ± 1.3 vs 10.5 ± 1.1, 6.4 ± 1.2 vs 10.5 ± 1.1, P < 0.05) (2 h PBG 9.9 ± 2.2 vs 14.1 ± 2.9, 9.2 ± 2.4 vs 14.1 ± 2.9, 8.9 ± 2.6 vs 14.1 ± 2.9, P < 0.05). Compared with the levels before surgery, HbA1c levels were significantly decreased 3 and 6 mo after surgery (7.2 ± 1.1 vs 10.5 ± 1.1, 5.5 ± 1.1 vs 10.5 ± 1.1, P < 0.05). Significant differences between the two groups regarding FPG, 2 h PBG and HbA1c concentration were observed 3 and 6 mo after surgery (FPG 10.1 ± 1.5 vs 6.5 ± 1.3, 10.3 ± 1.4 vs 6.4 ± 1.2, P < 0.05) (2 h PBG 13.1 ± 2.8 vs 9.2 ± 2.4, 13.6 ± 3.1 vs 8.9 ± 2.6, P < 0.05) (HbA1c 10.1 ± 1.4 vs 7.2 ± 1.1, 10.5 ± 1.3 vs 5.5 ± 1.1, P < 0.05). 
CONCLUSION: Modified Roux-en-Y gastric bypass can improve glucose metabolism in type 2 diabetic patients with gastric cancer.

© 2014 Baishideng Publishing Group Inc. All rights reserved. 
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Core tip: Type 2 diabetes mellitus (T2DM) is a common chronic disease and is a threat to public health. Modified Roux-en-Y gastric bypass surgery, which results in weight loss and a hypoglycemic effect, has been used in the treatment of patients with T2DM and obesity. However, the therapeutic mechanism involved is unclear. The aim of this study was to evaluate the efficacy of two Roux-en-Y gastric bypass procedures (traditional and modified) on blood glucose control in patients with T2DM and gastric cancer. It is suggested that modified Roux-en-Y gastric bypass may improve glucose metabolism in T2DM patients more effectively than the traditional procedure.

Xiong SW, Zhang DY, Liu XM, Liu Z, Zhang FT. Comparison of different gastric bypass procedures in gastric carcinoma patients with type 2 diabetes mellitus. World J Gastroenterol 2014; In press
INTRODUCTION

Type 2 diabetes mellitus (T2DM) is the most common form of diabetes[1]. It is frequently seen in the patients who undergo surgery. Modified gastric bypass surgery, based on traditional Roux-en-Y digestive tract reconstruction was initiated to treat obese patients in the 1990s[2]. It was later found that this procedure was also effective in patients with T2DM[3], and the efficiency of this procedure reached 83%[4-11], although the therapeutic mechanism involved is still unclear. Traditional Roux-en-Y digestive tract reconstruction is a technique commonly used in gastric cancer surgery, and it is unclear whether it has a hypoglycemic effect in patients with T2DM as there is a lack of research in this field. In this study, we retrospectively analyzed blood glucose control in patients with T2DM and gastric cancer who underwent gastrectomy of stomach neoplasms using either modified or traditional Roux-en-Y gastric bypass surgery.

MATERIALS AND METHODS

General data
A retrospective analysis of the clinical data of 54 patients with gastric cancer and T2DM in the Department of General Surgery from January 2006 to June 2013 was conducted. The patients underwent gastrectomy of stomach neoplasms using two Roux-en-Y gastric bypass procedures (traditional, n = 26 or modified, n = 28). Follow-up data were complete. The patients in this study were diagnosed with T2DM in accordance with the diagnostic criteria of the American Diabetes Association (2003). Specific parameters measured were as follows: symptoms of diabetes mellitus, random blood glucose ≥ 11.1 mmol/L, fasting plasma glucose ≥ 7.0 mmol/L and an oral glucose tolerance test at 2 h ≥ 11.1 mmol/L. If the patients met one of the above conditions, and a retest the following day conformed to the standards of the diagnosis of diabetes, the patient was then diagnosed with diabetes mellitus. Islet cell antibodies, antibody to insulin, glutamic acid decarboxylase antibody, glycosylated hemoglobin A1c (HbA1c) and C peptide level were examined to define T2DM. All patients were diagnosed with gastric cancer by gastroscopic biopsy and a pathology report prior to surgery. The gender, age, duration of diabetes and tumor TNM stage of patients in the two surgical groups was comparable (P > 0.05). Statistical analysis data of Traditional group compared with modified group as follows: gender 19/7 vs 18/10; age 53.1 ± 5.0 years vs 51.3 ± 4.5 years; duration of diabetes 8.6 ± 4.1 vs 9.0 ± 3.8; Tumor TNM stage (n) 2/9/14/1 vs 3/7/15/3 .
Surgery
According to the location of cancer in the gastric cavity, the patients underwent radical total gastrectomy or distal gastrectomy, stomach perigastric lymph node dissection, and then Roux-en-Y reconstruction of the digestive tract.

In the traditional surgery group, the jejunum was cut 10-15 cm from the Treitz ligament, and the distal end of the jejunum was connected to the residual stomach or esophagus by an end-to-end or end-to-side anastomosis. The distal jejunum at 40-45 cm was connected to the proximal jejunum by an end-to-side anastomosis. In the modified surgery group, the jejunum was cut 75-100 cm from the Treitz ligament, and then the distal end of the jejunum was connected to the residual stomach or esophagus by an end-to-end or end-to-side anastomosis. The distal jejunum at 75-100 cm was connected to the proximal jejunum by an end-to-side anastomosis.
Observations
Fasting plasma glucose, two hour postprandial blood glucose (2 h PBG), and HbA1c levels in the two groups were determined before surgery (0 mo) and 1, 3, and 6 mo after surgery, respectively. These values were compared with those at other time points within the group and at the same time points between groups.
Statistical analysis

The measurement data were expressed as the mean ± SD. Statistical analyses were performed by the T test using SPSS 17.0 (SPSS Inc., Chicago, IL, United States). The count data were determined by the χ2 test. P-values of < 0.05 were considered statistically significant. 
RESULTS

Compared with the preoperative FPG and 2 h PBG levels, in the traditional surgery group these levels decreased 1 mo after surgery (P < 0.05), however, 3 and 6 mo after surgery these values were gradually restored to preoperative levels. The HbA1c level after 1, 3 and 6 mo was not significantly reduced (P > 0.05). In the modified surgery group, the FPG and 2 h PBG levels at 1, 3 and 6 mo after surgery and the HbA1c levels at 3 and 6 mo decreased significantly (P < 0.05). When the FPG, 2 h PBG and HbA1c levels at the same time point were compared between the two groups, the differences were not statistically significant at 1 mo after surgery, however, the differences at 3 and 6 mo after surgery were statistically significant (P < 0.05) (Table 1, Figure 1).
DISCUSSION

According to statistics, 90%-95% of patients with DM have T2DM. At present, DM is the third most common chronic non-communicable disease in humans after tumors and cardiovascular disease, and the incidence rate is rising each year. Patients for surgical operation are frequently complicated with T2DM. DM has various etiological factors and complicated mechanisms; therefore, curing DM has become an urgent global medical goal[12].
During the 1990's, modified Roux-en-Y reconstruction of the digestive tract also known as gastric bypass surgery (GBP) for the treatment of severe obesity resulted in a good outcome. Thus, GBP has now become the standard surgical technique for obesity. Surprisingly, GBP has a good hypoglycemic effect in obese patients with T2DM. Previous research showed that 83%-86% of T2DM patients maintained normal levels of blood glucose following GBP[13-14]. In a follow-up study, Patriti et al[15] showed that this surgical procedure was also efficacious in T2DM patients without obesity. Therefore, GBP surgery for T2DM was widely used in the hope of curing patients with T2DM.

Gastric bypass surgery has improved based on Roux-en-Y digestive tract reconstruction of the traditional Roux-en-Y procedure; however, the mechanism of the improvement in hypoglycemia following Roux-en-Y reconstruction is unclear. Whether the surgical technique has a hypoglycemic effect requires further investigation. 
Traditional Roux-en-Y reconstruction of the digestive tract is a common technique in gastric cancer, and some patients with gastric cancer also have T2DM, therefore, research on the hypoglycemic effect of traditional digestive tract reconstruction is important and may provide a theoretical basis for patients undergoing Roux-en-Y digestive tract reconstruction.
In the present study, we compared the hypoglycemic effect of two types of Roux-en-Y digestive tract reconstruction. We found that in the traditional surgery group, FPG and 2 h PBG levels decreased 1 mo after surgery compared with preoperative levels, however, FPG and 2 h PBG levels were gradually restored to the level before surgery after 3 and 6 mo. The HbA1c level after 1, 3 and 6 mo was not significantly decreased. In the modified surgery group, the FPG, 2 h PBG levels at 1, 3 and 6 mo after surgery and the HbA1c levels at 3 and 6 mo after surgery decreased significantly. A comparison of the FPG, 2 h PBG and HbA1c levels at the same time point between the two groups, showed no statistically significant differences at 1 mo after surgery, however, statistically significant differences at 3 and 6 mo after surgery were observed. This indicated that traditional digestive tract reconstruction had a hypoglycemic effect in the short-term[16], but did not last, thus this hypoglycemic effect was not ideal. The modified digestive tract reconstruction procedure had a better hypoglycemic effect and lasted longer. Many researchers have investigated this hypoglycemic mechanism. At present, there are many hypotheses related to this mechanism, including gastric inhibitory peptide (GIP)[17] which is the core of the “foregut hypothesis” and glucagon-like peptide-1 (GLP-1)[18-20] which is the core of the “hindgut hypothesis” which have received significant attention[21]. The “foregut hypothesis” considers that food in the duodenum and proximal jejunum stimulate the production of GIP, thus improving insulin resistance[22]. The “hindgut hypothesis” considers that chyme in the terminal ileum and colon promotes the secretion of GLP-1, and stimulates the secretion of glucose-dependent insulin, which improves the insulin effect and the proliferation of islet B cells[23-25]. 
Following the modified digestive tract reconstruction procedure, food no longer flows through the distal stomach, duodenum and proximal jejunum, and directly enters the distal jejunum then the ileum, thereby reducing the secretion of GIP and stimulating GLP-1, which alters peripheral endocrine factors and the role of islet cells and related target organs. Thus resulting in better regulation of blood glucose[26]. 
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The aim of this study was to test the efficacy of traditional and modified Roux-en-Y gastric bypass surgeries on blood glucose control of the patients with type 2 diabetes mellitus and gastric cancer. It is suggested that modified Roux-en-Y gastric bypass may improve glucose metabolism of T2DM patients more effectively than the traditional operation mode may do.
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Figure 1 Comparison of fasting plasma glucose, two hour postprandial blood glucose and hemoglobin A1c levels between the two surgical groups. A: Fasting plasma glucose (FPG) level; B: Two hour postprandial blood glucose (2hPBG) level; C: Hemoglobin A1c (HbA1c) level.
Table 1 Comparison of fasting plasma glucose, two hour postprandial blood glucose and hemoglobin A1c levels between the two surgical groups
	
	n
	0 mo
	1 mo
	3 mo
	6 mo

	
	
	FPG

mmol/L
	2 h PBG mmol/L
	HbA1c
	FPG mmol/L
	2 h PBG mmol/L
	HbA1c
	FPG mmol/L
	2 h PBG mmol/L
	HbA1c
	FPG mmol/L
	2 h PBG mmol/L
	HbA1c

	Traditional group
	26
	10.7 ± 1.2
	13.8 ± 3.2
	10.7% ± 1.2%
	7.5 ± 1.3a
	10.2 ± 1.8a
	9.8% ± 1.1%
	10.1 ± 1.5c
	13.1 ± 2.8c
	10.1% ± 1.4%c
	10.3 ± 1.4c
	13.6 ± 3.1c
	10.5% ± 1.3%c

	Modified group
	28
	10.5 ± 1.1
	14.1 ± 2.9
	10.5% ± 1.1%
	6.9 ± 1.2a
	9.9 ± 2.2a
	10.2% ± 1.3%
	6.5 ± 1.3a
	9.2 ± 2.4a
	7.2% ± 1.1%a
	6.4 ± 1.2a
	8.9 ± 2.6a
	5.5% ± 1.1%a


Data are shown as mean ± SD. aP< 0.05 vs the before surgery (0 mo) group; cP< 0.05 vs the modified group at the same time. HbA1c: Hemoglobin A1c; FPG: Fasting plasma glucose; PBG: Postprandial blood glucose.
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