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Objectives: It is well known that type 2 diabetes (T2DM) is dramatically improved after bariatric surgery, although the
mechanisms have not been clearly identified. The skill required for gastric surgery for gastric cancer is very similar to
that needed in bariatric surgery. In this study, we evaluated the immediate improvement of T2DM after gastrectomy for
gastric cancer. 
Methods: A total of nine patients who were diagnosed with early gastric cancer (EGC) and already had T2DM underwent
a 75 g oral glucose tolerance test (OGTT) before surgery and within two weeks after gastrectomy. Glucose, insulin, and
c-peptide were measured before, and 30 and 60 minutes after ingesting 75 g of glucose. From these trials, we calculated
the HOMA-IR, insulinogenic index, Matsuda index, and area under the curve (AUC). 
Results: The mean age of participants was 57.23 ± 11.08 years and eight of them were men. HOMA-IR (4.2 vs. 2.3, P =
0.012) levels were decreased after surgery. There were no significant differences of insulinogenic index, fasting blood
sugar before and after surgery. The Matsuda index (3.3 vs. 8.3, P = 0.002) was significantly increased and AUC (512.9
vs. 388.7 mg-hr/dL, P > 0.001) upon 75 g OGTT was significantly decreased after surgery.
Conclusions: Insulin sensitivity was immediately improved after gastrectomy for early gastric cancer in patients with T2DM.  
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The surgical procedures for stomach cancer
and obesity are very similar. Both include resec-
tion of stomach and bypass of part of the proxi-
mal intestine. Previous studies showed
improvement of diabetes after gastrectomy for
stomach cancer patients. One retrospective
study reported T2DM was cured in 15.1% and
was improved in 30.4% of individuals after
stomach cancer surgery.1 Another study showed

an improving effect for diabetes; 85% of pa-
tients that underwent Billroth-II (B-II) surgery
showed improvement, and 88% of those receiv-
ing Roux-En-Y gastric bypass (RYGB) showed
improvement.2

However, these results have an important bias.
Almost all patients change their lifestyle after
being diagnosed with cancer. They stop smoking
and drinking alcohol, eat healthier food, and ex-
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ercise more. Further, almost all patients report
weight loss after gastric cancer surgery, unlike
other procedures. These differences can lead to
the improvement of diabetes.

In cases of metabolic surgery, improvement of
diabetes occurs by both weight-dependent and -
independent mechanisms. The most powerful ev-
idence of weight-independent mechanism is the
improvement of hyperglycemia that occurs rap-
idly after surgery before patients observe weight
loss.3 Moreover, glycemic improvement was
noted even in the mild obesity group, and not
only in the severe obesity group.4

Therefore, we hypothesized that immediate im-
provement of insulin sensitivity also occurs after
stomach cancer surgery, but before being af-
fected by lifestyle changes. In this study, we
evaluated the immediate improvement of glucose
metabolism after gastrectomy for gastric cancer.
In addition, we investigated whether these im-
provements were due to changes in insulin sen-
sitivity or β-cell function.

MATERIALS AND METHODS

Participants
Participants are patients who were diagnosed

with early gastric cancer (EGC) and already had
T2DM from April 2014 to March 2015 at the
Kosin University Gospel hospital. All patients
underwent routine surgery for gastric cancer.
The present study approved by the institutional
review board of the Kosin University Gospel
Hospital, Republic of Korea (KUGH 2018-02-

005-001).

Anthropometric parameters and biochemical
assessment
Anthropometric measurements and blood sam-

pling were conducted prior to operation and 12-
weeks after surgery. Height and weight were
obtained, and body mass index (BMI) was cal-
culated by dividing patient weight (kg) by height
squared (m2). Blood pressure was measured on
the left arm with an automated blood pressure
monitor. Blood sampling was done after more
than eight hours fasting. Plasma glucose was
measured by the hexokinase method, and total
cholesterol (TC), high-density lipoprotein cho-
lesterol (HDL-C), and lipoprotein cholesterol
(LDL-C) levels were measured via enzymatic
procedures using AD2400 (Siemens, Germany). 
Triglyceride (TG) was measured by the GPO
method using an AD2400 (Siemens, Germany).
Insulin and C-peptide levels were analyzed with
direct chemiluminescent method using an
ADVIA Centaur XPT (Siemens, Germany).

Gastric cancer surgery 
All patients underwent Billroth-II (B-II) or total

gastrectomy with Roux-en Y (R-Y). All patients
received radical oncologic resection. Radical on-
cologic gastric resection includes omentectomy,
lymph node dissection with vagotomy, and re-
section margin, which should be negative. The
subtotal gastrectomy was performed, with ap-
proximately 75% of the distal stomach consisting
of resection B-II reconstruction of intestinal con-
tinuation. In the case of B-II reconstruction,
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anastomosis was done at the site of 15 to 20 cm
afferent limb. In the case of total gastrectomy, an
R-Y esophagojejunostomy was performed with
40 cm of Roux limb and 20 cm of afferent limb.

Measurement of insulin sensitivity and β-cell
function 
All patients underwent a 75 g oral glucose tol-

erance test (OGTT) before and after gastrec-
tomy. Post-surgical OGTT was done within one
or two weeks after surgery. Glucose, insulin, and
c-peptide were measured before, and then 30
and 120 minutes after 75 g glucose loading.
OGTT was done after more than eight hours of
overnight fasting. The area under the curve
(AUC) of glucose was calculated before and
after surgery. We performed a homeostasis
model assessment of β-cell (HOMA-β)5 and in-
sulinogenic index6 as an estimate of β-cell func-
tion. The HOMA-beta cell function (HOMA- β)
was calculated by using the following formula:
(20 × fasting insulin (μIU/mL)) / (fasting glu-
cose (mg/dL) - 3.5). The insulinogenic index
was calculated by using the following formula:
(insulin at 30 mi-insulin at 0 min) / (glucose at
30 min-glucose at 0 min). Insulin sensitivity was
estimated by homeostasis model assessment for
insulin resistance (HOMA-IR)5 and Matsuda
index.7 HOMA-IR was computed with the for-
mula: fasting insulin (μIU/mL) × (fasting glu-
cose (mg/dL) / 18) / 22.5. The Matsuda index
was calculated using the following formula:
10,000/square root of [fasting glucose × fasting
insulin] × [mean glucose × mean insulin during
OGTT].

Statistical analysis
Statistical analysis was carried out with SPSS

19.0 (Chicago, IL). A paired t-test was used to
compare the changes of anthropometric measure-
ments, blood pressure, serum lipid levels, and in-
dices of β-cell function and insulin sensitivity at
baseline after surgery. All data are presented as
the mean and standard deviation (SD). A P-value
< 0.05 was considered statistically significant.  

RESULTS

The mean patient age was 57.23 ± 11.08 years
old. From a total of 14 patients, eight were male.
Patients who had DM for more than five years
numbered eight. One patient used insulin, eight
patients used oral hypoglycemic agents, and five
patients took no medication. 

The results of OGTT before and within two
weeks after surgery are represented in Figure 1.
Plasma glucose and insulin levels at 120 minutes
after glucose loading were significantly decreased
after surgery (177.6 vs. 258.1 mg/dL, P = 0.001,
24.6 vs. 78.1 µU/mL, P = 0.001, respectively). C-
peptide level at 12 minutes was increased after
surgery, but not at a significant level (7.6 vs. 6.2
ng/mL, P = 0.747).
Table 1 shows the immediate changes of insulin

sensitivity and beta cell function after gastrec-
tomy. Fasting blood sugar deceased from 136.2
to 119.2 after surgery, but this difference is not
statistically significant. HOMA-IR significantly
decreased after surgery. HOMA-beta and in-
sulinogenic index increased after surgery. The
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Matsuda index significantly increased, while
AUC significantly decreased after surgery.
Figure 2. exhibits individual changes of beta cell

function and insulin sensitivity before and within
two weeks after surgery. HOMA-β and insulino-
genic index changed in various directions after
surgery. On the other hand, HOMA-IR and Mat-
suda index showed consistency between pre- to
post-operation levels.

Although eight of nine patients reduced or
stopped their anti-diabetic drugs after surgery, the
mean HbA1c was reduced from 7.24% to 6.5%
at three months after surgery. The changes of an-
thropometric measurements, blood pressure, and
serum lipid levels before and three months after

surgery are presented in Table 2. Weight and BMI
values were significantly decreased after surgery.

DISCUSSION
Asian patients with stomach cancer have a nor-

mal body weight. In previous studies with stom-
ach cancer patients, mean BMI values were
22-24 kg/m2 in Korea.1,8 In this study, the preop-
erative mean BMI was 28.4 ± 6.4 kg/m2, which
is higher than previous studies; this is because
this study included only EGC patients, and two
patients had extremely high BMI. After gastric
surgery, almost all patients showed weight loss.9

The participants of this study also demonstrated

Fig. 1. The results of OGTT before and after surgery within two weeks: A: plasma glucose, B: insulin, C: C-peptide,
significantly different between the values of pre-operation and post-operation by paired t-test (* P < 0.05,
** P < 0.01). 

Fasting glucose
HOMA-β 
Insulinogenic index 
HOMA-IR 
Matsuda index 
AUCglucose 

Table 1. Immediate changes of insulin sensitivity and beta cell function after gastrectomy

AUC: Area under curve

Pre-op.

136.2 ± 4.2
72.1 ± 54.9

0.2 ± 0.2
4.2 ± 2.6
3.3 ± 2.5

512.9 ± 132.4

Post-op.
(within 2 wks)

119.2 ± 4.9
143.3 ± 304.5

0.2 ± 0.3
2.3 ± 1.6
8.3 ± 5.1

388.7 ± 78.5

P-value

0.880
0.400
0.908
0.012
0.002
0.000



weight loss and their mean BMI decreased to
24.5 ± 14.4 kg/m2 three months after surgery. The
improved diabetes symptoms in previous studies
may be due to weight loss. We performed the oral
glucose tolerance test within two weeks after sur-
gery and before significant weight loss was ob-
served. Further, we investigated the mechanism
of improving blood glucose regardless of weight
reduction. 

After surgery, glucose level was significantly
decreased at 120 minutes after OGTT. Insulin
level was also significantly decreased after fast-
ing and at the OGTT 120 minute time point. C-
peptide was only significantly decreased upon
fasting (Fig. 1). AUCglucose was also significantly

reduced (from 512.9 ± 132.4 to 388.7 ± 78.5)
after surgery. These results suggest that blood
glucose level is improved immediately after sur-
gery. 

We also showed the improvement of glucose
metabolism was not because improved β-cell
function, but due to insulin resistance. In meta-
bolic surgery, the most important change after
surgery is dramatic improvement of diabetes
symptoms. The main pathogenesis of type 2 di-
abetes is increasing insulin resistance and failure
of insulin secretion from β-cells. Therefore, the
improvement of diabetes means decreasing in-
sulin resistance, increasing β-cell secretion, or
both. Several studies revealed increased insulin
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Fig. 2. Individual changes of indices of beta cell function and insulin sensitivity before and after surgery within
two weeks: A: HOMA-β, B: insulinogenic index, C: HOMA-IR, D: Matsuda index.
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secretion and β-cell function improvement after
bariatric surgery.10,11 On the contrary, several
studies proved the increasing β-cell function de-
pends on the preoperative β-cell function.12-14

Our data also showed the representing factors of
β-cell function did not improve (Table 1).
HOMA-beta did not change individually after
surgery, except in one patient (Fig. 2).

Improved insulin resistance has been demon-
strated in many studies. In particular, some stud-
ies have shown that immediate improvement in
insulin resistance is due to hepatic insulin resist-
ance in the liver.15-17 In this study, the HOMA-IR

and Matsuda index were significantly improved
immediately after surgery; almost every patient
showed improved HOMA-IR and Matsuda index
(Fig. 2). 
These improvements may be caused by calorie

restriction, not by operation. Patients should fast
for several days before and after surgery. Ling-
vay et al. suggested rapid improvement in dia-
betes symptoms after gastric bypass surgery due
to calorie restriction itself.18 Nevertheless, post-
operative diabetes improvement is not explained
by only fasting. The improvement effect is main-
tained after beginning to eat. In this study, the

Age
Sex
Male
Female

DM duration
≤ 5 years
> 5 years

DM medication
Insulin combination
≥ 3 OHA
2 OHA
1 OHA
No medication

Height (cm)
Weight (kg)
BMI (kg/m2)
Systolic BP (mmHg)
Diastolic BP (mmHg)
HbA1c (%)
Cholesterol total (mg/dL)
HDL-C (mg/dL)
LDL-C (mg/dL)
Triglyceride (mg/dL)
Free fatty acid (µEq/L)

Table 2. Comparison between preoperative and postoperative (at 3 month after surgery)

Pre-op.

57.23 ± 11.08

8 (57.1%)
6 (42.9%)

8 (57.1%)
6 (42.9%)

1 (7.1%)
2 (14.3%)
5 (35.7%)
1 (7.1%)
5 (35.7)

162.9 ± 9.4
72.8 ± 19.9
28.4 ± 6.4

130.0 ± 24.0
83.0 ± 6.7
7.0 ± 1.2

192.5 ± 61.3
47.8 ± 8.2

116.3 ± 62.3
150.0 ± 122.0
642.6 ± 254.8

Post-op.
(after 3 mo.)

0 (0%)
2 (14.3%)
5 (35.7%)
1 (7.1%)

6 (42.8%)

65.8 ± 16.3
24.5 ± 14.4

113.9 ± 20.2
62.4 ± 8.7
6.5 ± 0.7

178.6 ± 34.4
52.0 ± 12.9
97.2 ± 35.2

130.3 ± 67.9
638.2 ± 306.5

P-value

0.002
0.012
0.102
0.000
0.278
0.325
0.327
0.971
0.113
0.909
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improvement of blood glucose was maintained
until three months after surgery.

A limitation of this study is the small number
of patients evaluated. Prospective studies with a
large number of patients may be needed. It also
seems necessary to observe at long-term changes
of insulin sensitivity. Patients may have had a
healthier lifestyle or thorough blood sugar con-
trol after cancer diagnosis, as well as the effects
of calorie restriction due to surgery. In this study,
no investigation into changes in lifestyle after
cancer diagnosis was conducted. These lifestyle
changes can be expected to have a positive effect
on insulin secretion and resistance. Another lim-
itation is that we could not analyze differences
by operation type. Nevertheless, this study is the
first to analyze the immediate improvement of
glucose metabolism after stomach cancer sur-
gery. And the most reliable point of this study
was the dynamic analysis of glucose metabolism
by performing OGTT before and after surgery.
So, this study could not just reveal changes in
blood sugar level but could show the mechanism
based on insulin resistance and beta cell function.
In addition, only EGC patients were included,
thus minimizing the impact of stomach cancer it-
self.

In conclusion, glucose metabolism was im-
proved immediately after stomach cancer surgery
in EGC patients. Insulin resistance was signifi-
cantly improved, but β-cell function. The imme-
diate change of glucose metabolism may be due
to insulin resistance, even in early gastric cancer
patients after gastrectomy. These results could be
considered in the treatment of early gastric can-

cer patients with diabetes.
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