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Impact of sub-gastrectomy on glucose regulation in gastric cancer
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Abstract This study aims to investigate the changing charac-
teristics of glucose regulation after gastric surgery for normal
gastric cancer patients with type 2 diabetes mellitus (T2DM)
(T2DM group) and without T2DM (normal group) in a tertia-
ry hospital located in western China. We conducted a case-
control study which retrospectively collected the data of 73
patients: (1) diagnosed as gastric cancer, (2) underwent sub-
gastrectomy and Billroth II gastrointestinal anastomosis be-
tween October 2007 and December 2012, and (3) did not
suffer a recurrent cancer and with sufficient clinical data.
Fasting blood glucose (FBG), glycated hemoglobin
(HbA1c), insulin sensitive index (HOMA-IS), insulin resis-
tance index (HOMA-IR), and beta cell function index
(HOMA-BCF) were compared at baseline and postoperative
7, 14, 28, 56, 120, and 356 days. Baseline FBG, HbA1c,
HOMA-IS, HOMA-IR, and HOMA-BCF in the T2DM group
were significantly higher than those in the normal group.
Immediate postoperative glucose changed significantly, and
it became stable and normal during follow-up period in both
the T2DM and normal group that there was no significance
anymore after postoperative 28 days between them. Normal
patients with T2DM would benefit from gastric surgery in
glucose control, and it may involve not only decreased food
intake and weight loss but also gastrointestinal reconstruction.
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Introduction

More than 221 million people around the world are suffering
from type 2 diabetes mellitus (T2DM) [1], which has a really
high threat to public health. The prevalence of diabetes in
China is about 4.6 % of the whole population in western
region and 8 % in eastern region, and the prevalence of dia-
betes was sharply increasing during past decades [2, 3]. Also,
diabetes conveys a higher risk of gastric cancer mortality [4].
The continued medical care including moderate diet, intensi-
fied exercise, oral drugs, and insulin injection could hardly
cure T2DM, especially obesity-related T2DM [5, 6].

Surgery has been applied regularly in obese patients with a
body mass index (BMI) >40 kg/m2 or >35 kg/m2 when seri-
ous co-morbidities are associated with them [7]. It was report-
ed that 85.4 % of 485 patients undergoing bariatric surgery
experienced resolution or improvement in T2DM, and the
follow-up results also revealed a significant weight loss and
an effective controlment of the co-morbidities such as high
blood pressure, insulin resistance, and dyslipidemia [8].
Meanwhile, a cohort study found that the patients who
adopted bariatric surgery achieved a significant reduction of
40 % in the overall mortality, 56 % in specific mortality due to
coronary heart disease [9]. Besides bariatric surgery, gastric
surgery including sub-gastrectomy and Billroth II reconstruc-
tion was also demonstrated to have positive effects on T2DM
improvement [10–12]. Due to unclear mechanisms responsi-
ble for the improvement in DM, the clinical outcome could
not be clearly explained. It was certain that decreased food
intake because of gastric restriction or intestinal malabsorption
played an important role [13]. Meanwhile, some studies
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mentioned that postoperative weight loss may be another im-
portant factor as it can to some extent reduce insulin resis-
tance; however, T2DM resolution achieved by surgery hap-
pensmostly in 2–3 weeks when a high proportion of cases still
did not acquire a significant weight loss yet.

Recently, more and more evidence revealed that for pa-
tients with normal or lower BMI, who would not acquire a
significant weight loss compared with obese patients, surgery
also achieved a significant improvement in T2DM remission.
It was supposed that weight loss may not be important as
considered for both normal and low-weight patients. As glu-
cose regulation which mainly includes insulin release and
sensitive was systematically impaired in T2DM, in order
to investigate the changing characteristic of glucose regulation
after gastric surgery, we performed this retrospective study to
compare the relevant index before and after operation in
T2DM patients with normal BMI patients.

Methods

Patients

We retrospectively included patients with normal BMI who
had curative intent for primary gastric cancers (TNM stage,
T1-2N1-2M0) in our hospital between October 2007 and
December 2012 and finally underwent sub-gastrectomy and
Billroth II gastrointestinal anastomosis, and the postoperative
survival time was more than 1 year in the study. Patients with
(1) severe plasma insulin deficiency, (2) autoimmune antibody
positive, (3) unresectable stomach carcinoma, (4) age
>70 years, and (5) heart, lung, or kidney failure were exclud-
ed. Also, patient with insufficient follow-up data and/or a
recurrence were also excluded. A total of 79 cases underwent
gastric surgery, in which 73 patients were included and 6 of
them were excluded (4 of them was lost to follow-up, and 2 of
them suffered a recurrent gastric cancer). A fasting blood glu-
cose (FBG) reduction of at least 1.5 mmol/L with a maximum
standard deviation of 3 mmol/L when α=0.05 and β=0.8 is
performed. According to the T2DM history and check result
in admission, there were 33 patients in the T2DM group and
40 patients in the normal group. The study was approved by
Lanzhou University Second Hospital ethics committee. All
patients provided written informed consort of potential risks
before operation and made verbal agreement of collecting
their information for scientific study.

Surgery procedures

Gastric surgery was mainly recommended by a doctor accord-
ing to pathology and imaging data and determined by the
patients. Four experienced surgeons participated in this study,
and each of them had performed more than 50 cases of sub-

gastrectomy and Billroth II reconstruction. In all cases, distal
subtotal gastric resection is indicated to the tumor located in
the lower one third of the stomach. The standard lymphade-
nectomy (LAD) is the D2-LADwithout distal pancreatectomy
or splenectomy. The extended organ resection is only indicat-
ed in cases where R0 resection is possible. In China, the main
goal of surgical intervention is the complete removal of the
tumor. An indication for performing subtotal gastrectomy is
based on tumor location, histological type, and trial for achiev-
ing surgical tumor-free margins.

The reconstruction of the digestive tract is performed by
adopting Billroth II reconstruction after subtotal gastrectomy.
For Billroth II reconstruction, 8–10 cm midline incision is
made 2–3 cm below the xiphoid process, and wound is
protected with wound protector. Then, the stomach is resected
with adequate margins proximal to the tumor using tube-type
staplers. An end-to-side anatomist is undertaken after the
small bowel, and 15–20 cm distal to the Treitz ligament has
been pulled up antecolically. The anastomosis is performed by
hand sewing or by using staplers. Stapler inlet site is hand-
sewn or closed with double clipping of staplers.

Data collection

Basic information of the patients including age, sex, BMI, pre-
and postoperative treatment approaches to diabetes, preoper-
ative fasting plasma glucose, glycated hemoglobin, and
fasting plasma insulin were recorded. During the time of op-
eration completion to discharge, fasting plasma glucose and
fasting plasma insulin were measured twice. Sensitivity index
of insulin (SEN) was calculated as: SEN = ‐In(FBG×FINS)
[14]. Homeostasis model assessment-insulin resistance
(HOMA-IR) index and homeostasis model assessment-
derived beta cell function (HOMA-B) index [15] were calcu-
lated as follows: HOMA‐IR = FIRI ×FBG/22.5,HOMA‐
B = 20 ×FIRI/(FBG ‐ 3.5), where FIRI represents fasting
plasma insulin level (μU/mL) and FBG represents fasting
blood glucose level (mmol/L).

Follow-up

A follow-up at postoperative 28, 56, 120, and 356 days were
then performed, and the data were collected according to the
most recent blood check results through outpatient service. To
ensure the comparability between the T2DM and control
group, radiographical check was also conducted at postoper-
ative 3, 6, and 12 months.

Statistical analysis

Data were collected and represented as mean±standard devi-
ation for continuous variables and number of patients
(percentage) for dichotomous variables. Levene’s test was
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adopted for equality of variances, and then, the difference of
continuous variables between groupswas analyzed by Student
t test. Also, the difference of dichotomous variables between
groups was analyzed by χ2 test or Fisher exact test. Both are
considered with statistical significance when p<0.05. For sta-
tistical analysis, the SPSS for Windows 17.0 (SPSS, Chicago,
IL, USA) was used.

Results

A total of 73 gastric cancer patients were analyzed in the
study, 33 cases in the T2DM group and 40 cases in the normal
group. There were 41 males and 32 females, and the average
age was 65.48 years (range, 45–69). There were no significant
differences between the two groups in terms of age, sex, BMI,
TNM stage, weight loss, and fast plasma insulin level (FPI). In
the T2DM group, the level of FBG, the level of glycated
hemoglobin (HbA1c), and homeostasis model assessment-
insulin resistance (HOMA-IR) were significantly higher than
those in the normal group (p<0.01), while homeostasis model
assessment-insulin sensitivity (HOMA-IS) and homeostasis
model assessment-derived beta cell function (HOMA-BCF)
were significantly lower than those in the normal group. All
the patients in the T2DM group have diabetes with a medical
history ranged from 3 months to 13 years and received med-
ical treatment including oral drugs and/or insulin injection and
after operation had a response rate of 76.5 % (26/33) at post-
operative 14 days and 93.9% (31/33) at postoperative 28 days,
as presented in Table 1.

Fasting blood glucose

The FBG level in T2DM was significantly higher than that in
the normal group at baseline (9.74±2.13 vs. 6.63±0.85, t=
7.38, p<0.01), while this trend changed until postoperative
28 days (6.05±0.96 vs. 5.41±0.68, t=−0.46, p=0.65). From
the 4th week to the 12th month postoperatively, there was no
significant difference between the groups (Fig. 1).

Glycated hemoglobin

The HbA1c level in the T2DM group was higher than that in
the normal group at baseline (7.36±1.11 vs. 5.75±0.45, t=
7.16, p<0.01). It decreased after operation, and 28 days later,
the level tended to be stable with non-significant difference
between the groups (5.53±1.32 vs. 5.12±1.03, t=1.49, p=
0.14) (Fig. 2).

Homeostasis model assessment-insulin resistance

The Home-IR was higher in the T2DM group than that in the
normal group at baseline (1.31±0.22 vs. 0.95±0.10, t=8.73,

p<0.01), and it gradually decreased until postoperative 28 days
when the difference between the groups was not statistically
significant (0.78±0.11 vs. 0.73±0.10, t=1.93, p=0.06)
(Fig. 3).

Homeostasis model assessment-insulin sensitivity

At baseline, the Home-IS in the T2DM group was lower (0.30
±0.01 vs. 0.36±0.02, t=−10.73, p<0.01). After surgery, it

Table 1 Baseline characteristic of participants

T2DM
(n=33)

Normal
(n=40)

p value

Age (y) 65.18±12.17 65.72±12.01 0.85

Sex (M/F) 19/14 22/18 0.83

BMI 23.02±1.76 21.21±1.34 <0.01

TNM stage

I a 6 8 0.84

I b 3 4 0.89

II a 14 16 0.83

II b 10 12 0.98

FPG (mmol/L) 9.52±2.30 6.63±0.85 <0.01

FPI (μU/ml) 3.16±0.31 3.23±0.15 0.21

HbA1c (%) 7.36±1.11 5.75±0.45 <0.01

Home-IS 0.30±0.01 0.33±0.01 <0.01

Home-IR 1.31±0.22 0.95±0.10 <0.01

Home-BCF 12.03±4.47 23.17±10.28 <0.01

Remission rate (n, %)

Postoperative 14 days 26 (76.5 %) N/A N/A

Postoperative 28 days 31 (93.9 %) N/A N/A

Weight loss (kg) 9.28±1.12 9.86±1.34 0.26

T2DM type 2 diabetes mellitus, FPG fasting plasma glucose, FPI fasting
plasma insulin,HbA1c glycated hemoglobin,Home-IS homeostasis mod-
el assessment-insulin sensitivity, Home-IR homeostasis model
assessment-insulin resistance, Home-BCF homeostasis model
assessment-derived beta cell function

Fig. 1 Comparison of fasting plasma glucose from baseline to
postoperation in the two groups (mean and standard deviation)
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was not significantly influenced, while it persistently in-
creased in the normal group. From postoperative 28 days,
there was no significant difference between the groups (0.35
±0.02 vs. 0.36±0.02, t=−1.84, p=0.07) (Fig. 4).

Homeostasis model assessment-derived beta cell function

The Home-BCF was obviously changed in both groups, and
no stable or routine trends were found. At baseline, it was
lower in the T2DM group than that in the normal group
(12.03±4.47 vs. 23.17±10.48, t=−6.09, p<0.01); then it in-
creased and there was no significant difference between the
groups at postoperative 28 days (42.02±19.29 vs. 37.23±
18.49, t=1.08, p=0.28) (Fig. 5).

Complications

Gastric surgery was a safe procedure for gastric cancer pa-
tients, and there was no significant difference between the
groups in aspects of complication incidence. There were four
patients in the T2DM group and three patients in the normal

group who had delayed healing (3/34 vs. 4/40, p=0.81), and
five patients in the T2DM group and six patients in the normal
group had postoperative wound bleeding (5/34 vs. 6/40, p=
0.97). Besides, long-term radiographical follow-up result
showed that there was no evidence and incidence of recur-
rence and metastasis in primary gastric cancer.

Discussion

There is a strong relationship between obesity and T2DM, and
approximately half of those patients diagnosed with T2DM
are obese [3]. Surgical procedures were demonstrated to be
able to provide durable weight loss in obese people effectively
[16]. Also, it was reported that reducing body weight through
operations involving intestinal diversions improved glucose
homeostasis in obesity-related T2DM. Meanwhile, few stud-
ies are currently available on how certain surgery influences
the glucose regulation in non-obese T2DM patients.

Fig. 2 Comparison of glycated hemoglobin from baseline to
postoperation in the two groups (mean and standard deviation)

Fig. 3 Comparison of homeostasis model assessment-insulin resistance
from baseline to postoperation in the two groups (mean and standard
deviation)

Fig. 4 Comparison of homeostasis model assessment-insulin sensitivity
from baseline to postoperation in the two groups (mean and standard
deviation)

Fig. 5 Comparison of homeostasis model assessment-derived beta cell
function from baseline to postoperation in the two groups (mean and
standard deviation)
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Our hospital is located in a western province of China,
which is one of the highest incidence areas of gastric cancer.
Due to the specific area and the disease, all the patients in this
study were not obesity-related T2DM, with normal BMI 18.5
to 24.99 kg/m2. Except for FPI, FPG, HbA1c, home-IS,
home-IR, and home-BCF were all significantly differentiated
between T2DM group and normal group at baseline. After
surgery, all the indexes began to change and eventually
achieved responses that there was no significant difference
in T2DM compared with normal patients at postoperative
28 days. And all the patients in the T2DM group took insulin
and oral drugs before surgery, while only 6.1 % of them need
continued medical treatment at postoperative 28 days to main-
tain an adaptable glucose level. Therefore, the results sug-
gested that glucose status was significantly improved in non-
obesity-related T2DM group after gastric surgery.

Some studies found that T2DM was typically resolved
within a few days to weeks following malabsorptive proce-
dures before significant weight loss was achieved [17].
Compared with obese patients, current patients in this study
with normal BMI lost less weight in the follow-up period
(approximately 1/5 vs. 1/3) [18, 19]. Although patients in
the T2DM group achieved significant response and diabetes
remission in the follow-up periods, the study showed that no
significant difference existed between the groups in terms of
weight loss. Thus, surgery-induced weight loss may also to
some extent influence glucose, but does not play important
roles in controlling the glucose level in normal-BMI patients
who underwent gastric surgery.

Nowadays, bariatric surgery was performed in many
different procedures, which mainly included conventional
surgical procedures (e.g., roux-en-y gastric bypass, laparo-
scopic adjustable gastric band, sleeve gastrectomy, and
biliopancreatic diversion) and novel surgical procedures
(duodenal-jejunal bypass and ileal interposition) [20]. In
this study, because the patients were also diagnosed as
gastric cancer, we failed to performed bariatric surgery in
any of them. As the procedure of Billroth II surgery was
similar to biliopancreatic diversion, compared with
Mingrone et al. [21], patients undergoing biliopancreatic
diversion achieved better, fast plasma glucose and glycated
hemoglobin control at postoperative 1 month. Despite that
the food did not pass through the duodenum anymore in
both studies, compared with biliopancreatic diversion,
Billroth II surgery had different lengths of proximal bowel
loop and distal bowel loop and different cavities of rem-
nant stomach. So, it was indicated that the mechanism of
different surgical procedures may be the same that both
remnant stomach and bowel loop contributed to the bar-
iatric remission. Restrictive and malabsorptive procedures
involving rerouting of food and vacant intestine might
improve T2DM by enhancing insulin sensitivity and/or
by improving beta cell function [22, 23].

And obviously, it was different from operation completion
to postoperative 28 days of the changing trend of relevant
index in the T2DM group and normal group. Except for dia-
betes diagnosis, the two groups had completely the same in-
terventions. Gastric surgery as one of the most invasive gastric
procedure put an enormous burden on physical condition.
And it led to wasting condition, and glucose metabolism
was changed and complicated. With limitation of food intake,
there were many kinds of potential factors to influence glu-
cose regulation and relevant indexes. When discharged from
the hospital, patients began to adopt usual activities, diets, and
life, and only gastrointestinal reconstruction was still existed.
Compared with the normal group, patients in T2DM group
had a similar trend but showed a slower speed and lower
ability to go back to the baseline and relative high glucose
level. Thus, it may be supposed that weakened absorption
function as well as improved insulin sensitivity [24, 25]. In
our study, home model index was improved much more
quickly than the level of plasma glucose and glycated
hemoglobin.

Otherwise, in this study, no mortality was observed. Major
and minor surgery-related complication rate was also low. For
the treatment of T2DM, prevention of diabetes-related com-
plications such as macro- and microvascular diseases are as
important as glycemic control. To prevent these diabetes-
related complications, blood pressure needs to be controlled
below 130/80mmHg, cholesterol level below 200 mg/dL, and
HbA1C level below 7 % [26, 27]. Unfortunately, only 7.3 %
of adults with diabetes achieved all three recommended goals
with conventional medical treatment [28, 29]. In contrast,
most of the patients could control cholesterol levels below
200 mg/dL and HbA1C levels below 7 %.

Conclusions

Immediate postoperative glucose changed significantly, and it
became stable and normal during follow-up period in both the
T2DM and normal groups. Patients with non-obese T2DM
benefited from gastric surgery in glucose controlment may
involve decreased food intake, weight loss, and gastrointesti-
nal reconstruction.
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