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Abstract

Purpose The objective of the study is to evaluate the effects of laparoscopic sleeve gastrectomy (LSG) on mid- to long-term
regulation of blood glucose in patients with obesity and type 2 diabetes mellitus (T2DM)

Materials and Methods 1In this prospective and observational single-center study, a total of 234 patients with obesity and a
diagnosis of T2DM who underwent LSG between 2015 and 2020 were evaluated. The demographics and laboratory data,
consisting of body mass index (BMI), glycosylated hemoglobin (HbA1c%), and fasting plasma glucose (FPG) and total
weight loss (TWL%), were compared preoperative and postoperative at 12" and 18" months and annual follow-up for seven
consecutive years.

Results The mean age of 234 patients (female(n)/male(rn):191/43) included in the study was 44.69+9.72 years, while the
preoperative mean BMI, FPG, and HbA 1c values were 47.9+6.82, 132.09+42.84 mg/dl, and 7.02+1.35% respectively. The
mean rate of weight loss (TWL%), which was 34.7 in the 18 months, decreased to 23.15 in the 7" year. While the HbAlc
% value was 7.02+1.35 in the preoperative, it was found 5.71 + 0.75 (p<0.001) and 6.30 + 1.77 (p<0.05) at the 18" month
and 7" year after the operation, respectively. While the DM remission rate was 71.1% at the postoperative 18" month, it was
45.4% at the 7" year, despite the patients regaining weight in the follow-ups.

Conclusions Our study revealed that LSG resulted in high remission rates that continued for 7 years after the surgery,

although sustained improvement or remission of diabetes despite some weight regain after the first 18 months.

Keywords Diabetes mellitus - Type 2; Loss - Weight - Surgery - Bariatric; Sleeve gastrectomy

Introduction

Obesity, a global health problem, is long been associated
with common comorbid conditions, such as hypertension
(HT), type 2 diabetes mellitus (T2DM), and dyslipidemia
[1, 2]. The number of bariatric procedures is increasing rap-
idly worldwide for several years, as they provide significant
and long-term weight loss [3]. Laparoscopic sleeve gastrec-
tomy (LSG), which has become the most common bariatric

Key Points:

e Obesity and diabetes mellitus are a global health problem.

e Metabolic surgery may be an option for non-responsive diabetic
obese patients.

e Metabolic surgery in diabetic obese patients aids weight loss and
metabolic control.

Extended author information available on the last page of the article

procedure in recent times, is a mainly restrictive surgery.
Due to the inherently restrictive nature of the procedure,
the body mass index (BMI) is affected by the highly limited
calorie intake. The remission of diabetes is not only caused
by restrictive properties but also due to several metabolic
mechanisms after LSG. The optimal homeostasis of glu-
cose metabolism after LSG is provided by the combined
effects of durable weight loss, gut microbiota alterations,
reduction in insulin resistance, and variation in the hormone
secretions, such as leptin, glucagon-like peptide 1 (GLP-1),
ghrelin, glucose-dependent insulinotropic peptide (GIP),
and peptide-YY (PYY) [4, 5]. Metabolic surgery benefits
from the insulinomimetic effect, mainly GLP-1 and GIP,
that are secreted from the epithelium of the small intestine
in response to circulating glucose concentrations and cause
pancreatic beta-cells to secrete glucose-dependent insulin.
Moreover, glucagon production in pancreatic alpha cells is
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inhibited by GLP-1. It is observed that both the basal and the
stimulated GLP-1 levels were increased following LSG. It
is shown that GIP levels do not change after LSG. The early
phase insulin response, which is impaired in patients with
diabetes, improves after LSG [6, 7].

Ghrelin, produced by neuroendocrine P/D1 cells in oxyn-
tic glands in the fundus and body of the stomach, is a mole-
cule associated with metabolic syndrome and obesity. Addi-
tionally, ghrelin not only boosts appetite but also stimulates
the hypothalamic neuropeptite Y that leads to orexigenic
effects. LSG reduces effect on the fasting ghrelin levels of
post-prandial suppression, even in case of weight loss [8].
Follow-up studies of LSG demonstrate a durable decrease
in serum ghrelin concentrations [9].

In this study, we aimed to evaluate the mid- to long-term
effects of LSG on the regulation of blood glucose in patients
with obesity and T2DM.

Materials and Methods
Study Population

In this prospective and observational study, the medical
records of patients with T2DM (DM), who had LSG for

obesity management in the University of Health Sciences,
Fatih Sultan Mehmet Training and Research Hospital,
between January 2015 and January 2020, were evaluated.
The study, which was in accordance with the Declaration of
Helsinki, was approved by the institutional ethics committee.
Informed consent was obtained from the patients.

Study Protocol

Inclusion criteria were age > 18 years and preoperative diag-
nosis of T2DM. Qualification criteria for the bariatric proce-
dure were body mass index (BMI) equal or greater than 35 kg/
m?. DM was considered in patients with HbA 1c and FPG lev-
els of >6.5% and >126 mg/dl. LSG operation was performed
on all patients included in the study [10, 11]. The patients
whose follow-up period was less than a year were excluded.
The study protocol is shown in the flow chart (Fig. 1).

The demographical and clinical data consisting of age,
basal height, and weight were noted for patients. We con-
tacted the patients whose contact data we had and who did
not come for regular follow-up by phone, and invited them
to the hospital to come for the examination. Laboratory
test results that included fasting plasma glucose (FPG) and
HbA Ic at preoperative and postoperative at 12" month and
18" month and then annual follow-up visits up to 7 years

Fig.1 Flow chart of the study
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were retrieved from the medical records. FPG and HbAlc
levels were measured in all postoperative controls of patients
who were diagnosed with diabetes before the operation. The
response of patients who were questioned for the medication
use for diabetes (oral antidiabetics [OAD] or insulin) at each
annual follow-up visit was recorded.

The achievement of complete remission of diabetes was
accepted when the levels of HbAlc and FPG levels were
below 5.7% and 100 mg/dl, respectively, in addition to no
antidiabetic therapy by the American Diabetes Association
(ADA) [12].

The efficiency of LSG intervention was assessed using
the BMI, postoperative weight, and the ratio of total weight
loss (TWL%) as previously described [13]. BMI was calcu-
lated using the formula: BMI=kg/m*. TWL% was calculated
using the formula: (surgery weight — follow-up weight/sur-
gery weight) x 100.

Surgical Procedure

LSG was performed using the five-trocar technique. The
whole greater curvature from approximately 5 cm proxi-
mal to the pylorus to the angle of His was dissected near
the stomach. The left crus was used as a landmark for dis-
section. A 36-Fr gastric calibration bougie was inserted for
calibration. The gastric resection was performed with an
endoscopic staple device.

Statistical Analysis

The statistical analyses were conducted using SPSS Statis-
tics 22.0 (SPSS IBM, Turkey). The Shapiro-Wilks test was
used to control the normal distribution of data. Descriptive
statistics were expressed with mean, median, standard devia-
tion, and frequency values. Spearman’s correlation analysis
was used for correlation analysis. A p-value below 0.05 was
accepted for the significance threshold.

Results

The prospective review of patients who met the defined criteria
resulted in the inclusion of 234 patients in the study. The pre-
operative characteristics of the patients are shown in Table 1.
During the 7-year follow-up of diabetic patients, the mean
TWL% values that were higher in the first 18 months started
to decrease as the reduction in weight loss ratio after the 18"
month ultimately resulted in weight gain in patients (18"
month—7" year mean TWL% 34.7-23.15) (Table 2).
While the HbA1c% value was 7.02+1.35 in the preop-
erative period, at the 1% year, 18" month, 2", 3%, 4t 5t
6" and 7t years, respectively, it was determined as 5.84
+0.6,5.71 +0.75,5.78 + 0.85, 5.98 + 0.72, 6.03 + 0.77,
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Table 1 Preoperative characteristics of patients
Age (year) 44.69+9.72
Sex (female/male) () 191/43
Duration of DM (year) 2.38+2.28
Body weight (kg) 128.16+20.33
BMI (kg/m?) 47.946.82
Fasting plasma glucose (FPG) (mg/dl) 132.09+42.84
HbAlc (%) 7.02+1.35
Rate of insulin therapy (%) 18.4
Rate of OAD use (%) 73.1

Table2 Average weight loss, the ratio of weight loss, and %HbAlc
levels in diabetic patients during follow-up

Years Weight loss (kg) TWL% HbAlc (%)* p*
Mean + SD Meanz+ SD Mean + SD
(Median) (Median) (Median)

Preop 7.02+1.35

(6.6)

™ 42.52+12.7 3350 +8.05 5.84+0.68 <0.001
(40.5) (33.59) (5.8)

18" month 44.03 +14.58 3431 +844 571+0.75 <0.001
41 (34.7) (5.5)

2nd 3991 +£16.55  30.71 £10.54 578 +£0.85 <0.001
(39 (31.25) (5.65)

31 38.02 +14.88 29.69 £9.85 598+0.72 <0.001
(35.5) (29) (5.72)

4th 3488 +1589  26.74 +1049 6.03+0.77 <0.001
(32) (23.88) 5.9

5th 3222 +1253 2532+946 6.01+0.77 <0.001
(32) (25.8) 5.9

6™ 2779 £14.54 2128 £ 11.14 6.19+1.05 <0.01
27) (20.59) 5.9

7th 30.62 +19.63 2375+ 14.51 630+ 1.77 <0.05
(19.63) (23.15) (5.95)

*Statistical analysis between the HbAlc% value in the preoperative
period and the HbA1c% detected in the follow-ups

6.01 £ 0.77, 6.19 = 1.05, and 6.30 = 1.77. The HbAlc%
value obtained in all follow-up periods in the first 5 years
postoperatively was found to be p<0.001 when compared
with the preoperative period. It was determined that the
statistical significance decreased as p<0.01 at the postop-
erative 6 year and p<0.05 at the 7" year (Table 2).

In the postoperative follow-ups, after the 18" month,
with the decrease in the rate of weight loss and the patients
starting to gain weight again, HbA1c% values started to
increase, and a strong negative correlation was found
between weight loss and HbA1c% levels in the correla-
tion analysis (p: 0.001 and r : —929).
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While the rate of complete remission was 71.1% in the
first 18 months when weight loss was highest, this rate
decreased to 45.4% in the 7" year with the weight gain
of the patients. The rate of patients who received treat-
ment for DM in the preoperative period was 91.5%. While
18.4% of these patients received insulin-based therapy,
the rate of patients using single OAD was 50.9% and the
rate of patients receiving 2 or more OAD was 22.2%. At
the postoperative 7" year, the rate of patients receiving
diabetes treatment was 36.4%, the rates of patients receiv-
ing insulin therapy, using single OAD and using 2 or more
OAD, were 6.1%, 24.2%, and 6.1% respectively. In the 7t
year, it was determined that the rates of insulin use and the
rates of patients using 2 or more OAD decreased, and the
rates of patients receiving single OAD increased (Fig. 2).

The follow-up rates of the patients are shown in Table 3.
The lowest follow-up rates were 19% at the 18™ month,
and the highest was 54% at the 5% year. At 7 years, 38% of
the patients were followed up (Table 3).

Fig.2 Medication use of dia-
betic patients

. I

Pre-op

I1styear 18th

Discussion

The treatment of obesity viaLSG provides additional improve-
ments for the many endocrinologic comorbidities observed in
obesity, such as diabetes. There are few studies showing the
long-term effects of LSG on diabetes. Our study of a single
center shows 7-year results of LSG on glucose metabolism
related to diabetes. In our study, we observed the highest rate of
DM remission/weight loss (median) (kg) (%71.1/41) in diabetic
patients in the 18" month after LSG. It was observed that the
rate of weight loss and the remission rates of diabetes decreased
in the subsequent years. In the 2", 3%, 4" 5% 6" and 7% years,
the remission rate/weight loss (median) (kg) were determined as
%60.49/39, %47.12/35.5, %41.25/32, %40.86/32, %42/27, and
%45.45/19.63, respectively. In the literature, diabetes remission
rates after LSG differ in the short and mid term. The DM remis-
sion rates in the 1%, 3", and 5" years after LSG were 78.5%,
71.4%, and 66.6%, respectively, in the study of Misra et al. [14].
In a study by Gissey et al. on 182 diabetic patients with obesity

Medication use of diabetic patients
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month

mRae of naulintherzpy (%) m Rae of single OAD use (%)

Rae of 2-0AD use (%)

Table 3 Changes in glucose

e > > Years Patients Patients who completed  Follow-up rate  Ratio of dia- Ratio of normo-
metabolism in diabetic patients with data  the follow-up period (1) betic patients ~ glycemic patients
after LSG ) (%) (%)*

Preop 234

1™ 73 234 %31 32.88% 67.12%
18" month 45 232 %19 28.89% 71.11%
ond 81 228 %35 39.51% 60.49%
31 104 222 %46 52.88% 47.12%
4t 80 197 %40 58.75% 41.25%
5th 93 171 %54 59.14% 40.86%
6 50 140 %35 58.00% 42.00%
7th 33 88 %38 54.55% 45.45%

*Normoglycemia level is fasting plasma glucose level was below 100 mg/dl and HbAlc level was below
5.7% (without use antidiabetic treatment)
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who were followed for 10 years after LSG, the DM remission
rate was found to be 64.7% [15]. In another study on 88 diabe-
tes patients, who had LSG and 1-year follow-up, the complete
remission rate was 87% in patients who initially under insu-
lin therapy and 98% in patients who were initially using OAD
[16]. In a multicenter study by Mizera et al. [17], the remission
rates in the 5™ after LSG was found %46. We also observed
that the patients started to gain weight after the first 18 months
after the operation. We hypothesize that the decrease in diabetes
remission rates was associated with weight gain. Factors such
as behavioral problems related to nutrition, refusing to follow-
up, orientation to high-calorie foods, impaired motivation, and
the pathophysiological mechanism underlying obesity and its
chronic nature may cause the patient to regain weight in the
postoperative long term. The decrease in the effect of late incre-
tin may also decrease the beneficial effects of LSG on diabetes.
Lemanu et al. [18] observed that the rate of weight loss com-
pared to baseline after LSG decreased as the duration increased
during the 5-year follow-up period. However, the improvement
in comorbid conditions continued in their study with a reported
DM remission rate of 79%.

Although an important goal is the achievement of permanent
weight loss via LSG, the success of the operation is additionally
determined by its positive effects on the metabolic parameters.
In our study, weight loss ratios in diabetic patients were similar
to the previous study results in the literature [19-22]. In the stud-
ies in the literature, it has been shown that as the postoperative
follow-up period increases, the patients begin to gain weight
[20, 21]. Our study, in diabetic patients, the TWL% was 33.50
+ 8.05, 34.31 + 8.44, 30.71 + 10.54, 29.69 + 9.85, 26.74 +
10.49, 25.32 + 9.46, 21.28 + 11.14, and 23.75 + 14.51 at 1%
year, 18" month, 27, 3, 4% 5% 6™ and 7™ years, respectively.
In a study of 218 diabetic patients with obesity, the TWL% was
evaluated for 5 years after LSG, and it was shown that weight
gain started again after 2 years. The mean TWL% ratios at 1%,
2nd 3 4t and 5™ years were 33.8, 28.8, 26.6, 18.0, and 15.0,
respectively [23].

In our study, the rate of patients using diabetes treatment
in the 7™ year after the operation was significantly lower than
in the preoperative period (91.5-37%). Although the number
of drugs used was less at 7 years, HbAlc values were lower
than at baseline. We observed that the rates of single drug use
increased while the rates of multiple drug use decreased in
the postoperative follow-up. The fact that patients have better
HbA Ic results with less medication indicates that bariatric
surgery facilitates glycoregulation. Our results support previ-
ous literature in which the effects of physiological changes
developing apart from weight loss via LSG were considered
to be continuous on achieving control over metabolism.

In addition to the weight loss in the early postoperative
period, which occurs as a result of reduced caloric intake
due to the restrictive nature of the operation, LSG can be
considered an effective therapeutic option for blood glucose

regulation independent of the weight loss in patients with
diabetes. LSG reduces, sometimes eliminates the need
for medical treatment in patients with diabetes due to the
decreased ghrelin along with the increased basal and stimu-
lated GLP-1/GIP levels that all together provide an increase
in insulin secretion and sensitivity [4-9, 24]. In a study by
Yang et al. [25], despite similar preoperative characteristics
and postoperative weight loss, LSG patients experienced
significantly higher rates of medication discontinuation
for diabetes than LAGB. These results suggest that LSG
may have weight-independent effects on metabolic disease.
Schauer et al. [26] reported a randomized prospective trial
of 150 patients with obesity and T2DM who received inten-
sive medical therapy with or without LSG. The researchers
observed a complete remission in 5% of patients under medi-
cal therapy compared to 24% of patients who also had LSG
in addition to the medical therapy after a 36-month follow-
up period in the 91% patients. It has been determined that
patients in the LSG group use glucose-lowering therapeu-
tics, including insulin, less than patients without LSG, and
who only receive medical treatment [27]. Schauer et al. [28]
reported a randomized prospective trial the 5 postoperative
year follow-up results demonstrated the superiority of sur-
gery to medical treatment in the achievement and long-term
persistence of diabetes remission.

Our study has certain limitations. First, the patients assessed
at each follow-up visit were not always the same patients. Sec-
ond, some patients could not be followed because they moved to
another city. There were patients who left the follow-up because
the patient’s contact details could not be reached. Therefore, our
follow-up rates were variable. It was thought that admissions to
the hospital increased due to the fact that the patients needed
support in terms of treatment, with weight regain in the post-
operative period. We are aware that this may increase diabetes
rates.

Conclusion

In our study with LSG, which is a mainly restrictive procedure,
it was observed that patients started to gain weight again after
18 months in the postoperative period. Our study found that
LSG results in resolution or improvement in diabetes mellitus
with results persisting to 7 years despite weight regain. However,
the magnitude of the improvement/resolution decreased with
weight regain. Our results support the notion that physiological
changes resulting from LSG, independent of weight loss, have
a continuous impact on achieving control over metabolism and
contribute to diabetes improvement.
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