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Abstract

Background: Obesity is considered as an independent risk factor for type 2 diabetes (T2D) and other metabolic diseases. Obesity
accounts for about 55% of diabetes. This study aimed to investigate the therapeutic effects of obesity surgery on glucose, HbA1C, insulin
and C-peptide serum levels in the patients with T2D.

Methods and materials: This prospective cohort study carried out on 25 patients aged between 18-70 years who had with T2D and
body mass index above 40 kg /m?. Fasting blood sugar (FBS) level, HoA1C and Two-hour postprandial (2HPP), insulin level, and C-
peptide were measured in all patients before surgery and the patients were fully evaluated for the presence of diabetes complications.
The patients underwent Roux-en-Y Gastric Bypass (RYGB), mini-gastric bypass, and sleeve gastrectomy, and were re-evaluated 24
hours, one week, two month, and six months after surgery.

Results: Twenty-five people underwent (sleeve gastrectomy for 12 cases, RYGB for 7 cases and mini-bypass surgery for 6 cases).
Twenty cases (80.0%) were women and five cases (20.0%) were men. The mean age of the patients was 46.16 + 10.97 years (25-67
years). The mean fasting blood sugar, 2HPP, HbAL1C, insulin, and C-peptide in general and in all three groups showed a significant
decrease.

Conclusion: The findings of the study showed that all three surgical procedures were effective in improving T2D by six months after
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surgery.
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Introduction

Obesity is one of the most important global health
problems increasing the likelihood of developing
hypertension, dyslipidemia, cardiovascular disease and
diabetes (1). According to the definitions, people with a
body mass index (BMI) of 25 to 29.9 (kg/m2) are
overweight, and people with a BMI of 30 kg/m2 are
considered obese, and people with a BMI above 40 (kg/m2)
is defined as morbid obesity (2). It is estimated that about
69% of the population in the United States is overweight or
obese (3). Studies conducted in Iran also show that more
than 21% of the populations over the age of 18 years are
obese (4). Medical, psychological and economic
complications of the obesity have important consequences
for any societies (5, 6). Diagnostic criteria for Type 2
diabetes (T2D) are based on the fasting blood glucose
(FBS)>126 mg/dl, BS>180mg/dl and HbA1C> 6.5% (7).
Obesity is considered as an independent risk factor for T2D
and other metabolic conditions. Obesity accounts for about
55% of diabetes. (7). Up to 48.8% of the patients with
diabetes are obese (8).
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The first treatment for the patients with T2D is to change
lifestyle and weight loss. Various studies have shown that
weight loss in the obese patients with T2D improves the
secretion of insulin and reduces insulin resistance in these
patients and reduces HbAL1C levels by 0.6 to 1% (9).
Reducing calorie intake and increasing physical activity are
the first recommended strategies for weight loss in these
patients (10). However, regime adherence of the obese
patients is low leading to unsuccessful diet and exercise
program, and also improvement in blood sugar control is
achieved in less than 50% of the cases. Therefore, most
patients need medical treatment or surgery to lose weight
(12).

Bariatric surgeries can cause weight loss in two main ways
including absorption and restriction. Restriction methods
such as the sleeve method reduce calorie intake by reducing
gastric capacity through bypassing, or creating a proximal
gastric outlet. Absorption methods reduce the effect of
nutrient absorption by shortening the functional length of
the small intestine. A number of bariatric surgery methods
such as Roux-en-Y gastric bypass (RYGB), which is the
most common surgical procedure, can help to lose weight
by the absorption and restriction ways (12). A number of
clinical trial studies have shown that obesity surgery can
lead to the remission of diabetes (13-15). It has been found
that people who undergo bariatric surgery are 9.8 to 15.8
times more likely to improve diabetes than those who
undergo conventional treatment (16). Therefore, obesity
surgery has been introduced by the American Diabetes
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Association as an effective treatment for T2D (17, 18).
Since the subject of this study has not been done to evaluate
the effect of bariatric surgeries on diabetes control in Iran
and also the effect of mini bypass surgery (Loop) and also,
in studies, the effect of mini-gastric bypass (Loop) and also
the short-term effect of these surgeries on diabetes control
have not been studied, this study aimed to investigate the
therapeutic effects of obesity surgery (RYGB, mini-gastric
bypass, and sleeve gastrectomy) on glucose, HbA1C,
insulin and C-peptide serum levels in patients with T2D.

Methods
The study was performed as a prospective cohort on 25
patients referred to the obesity clinic of Firoozgar hospital
in Tehran from April 2018 to April 2019. According to the
study by Brethauer et al. (13), and using the following
formula, the sample size was obtained 25.

( Zl1-a T 21-8/2 )-
n o—
0 H Ho

The method of sampling was convenient (non-
randomized). Inclusion criteria were body mass index
above 40 kg/m2, age between 18-70 years, having T2D
(under previous treatment or with preoperative diagnosis).
Exclusion criteria were having type | diabetes, history of
major abdominal surgery, heart failure, chronic obstructive
pulmonary disease (COPD), cirrhosis and liver failure,
malignancy, and addiction. Fasting blood sugar, HbA1C
and 2HPP, insulin level, c-peptide were measured in all
patients before surgery. Then the patients underwent one of
the three methods of RYGB, mini-gastric bypass and sleeve
gastrectomy and were evaluated again 24 hours, one week,
two month and six months after the surgery. We did not
check remission but improvement in glycemic indices were
investigated.

Ethical issue: The study was reviewed and approved by
the committee of Iran University of Medical Sciences
(IR.IUMS.FMD.REC.1397.225). Additionally, this study
was taken from medical residential thesis of general
surgery.

Statistical analysis: The data were analyzed through
SPSS version 20. Descriptive statistics for variables were
expressed in terms of their type, frequency, percentage,
mean and standard deviation. In order to compare
quantitative variables overtime, Friedman test as
nonparametric test was used. Normality was assessed by
Kolmogorov-Smirnov test. P value less than of 0.05 was
considered significant.

Results

In this study, 25 patients underwent surgery (sleeve
surgery for 12 patients, classical surgery for 7 cases and
mini bypass surgery for 6 patients). Regarding gender, 20
patients (80.0%) were female and 5 patients (20.0%) were
male. The mean age of the patients was 46.16+10.97 years.
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The minimum age of the patients was 25 years and the
maximum was 67 years. Regarding comorbidity, 5 patients
(20%) had hypothyroidism, 3 patients had hypertension
(12%), 2 patients had fatty liver (8%), 2 patients had gout
(8%), and 2 patients had ischemic heart disease (8%).
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Figure 1: Comorbidity of the patients under went bariatric
surgeries

Determination of the mean BMI before, 2 months and 6
months after obesity surgery in obese patients with T2D
was presented in figure 2 and table 1.
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Figure 2: BMI before, 2 months and 6 months after
obesity surgery in the patients
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Determination of the mean FBS before and 24 hours, one week, 2 months and 6 months after obesity surgery in
obese patients with T2D presented in figure 3.

S. Safari, et al.

Table 1: BMI before, 2 months and 6 months after obesity surgery in the patients

Variable Mean Std. Deviation Chi-square P value
BMI admission 46.90 6.204 50 <0.001
BMI 30 days 42.96 5.517
BMI 90 days 39.11 4.818

= -
= —
Before 24 hrs One weel 2 months 6 months
Figure 3: FBS before and 24 hours, one week, 2 months and 6 months after obesity surgery in the patients
Table 2: FBS before and 24 hours, one week, 2 months and 6 months after obesity surgery in the patients
Variable Mean Std. Deviation Chi-square P value
FBS admission 179.60 70.991 41.218 <0.001
FBS 24-hour 164.88 45.666
FBS one week 160.20 54.790
FBS 2 months 138.96 44.338
FBS 6 months 119.76 39.665

The level of mean insulin, HbAL1C and c-peptide decreased over the time as well. Determination of the mean 2HPP before,
one week, 2 months and 6 months after obesity surgery in obese patients with T2D was presented in figure 4 and table 3.
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Figure 4: 2HPP before, one week, 2 months and 6 months after obesity surgery in the patients.

Table 3: 2HPP before, one week, 2 months and 6 months after obesity surgery in the patients

\Variable

Mean Std. Deviation Chi-square P value
2HPP admission 212.20 99.805 18.325 <0.001
FBS one week 183.32 71.256
FBS 2 months 162.96 56.460
FBS 6 months 141.84 49.588

The level of mean FBS by surgery in obese patients with T2D was presented in figure 5.
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Figure 5: FBS before and 24 hours, one week, 2 months and 6 months by surgery in the patients
The level of mean 2HPP by surgery in obese patients with T2D was presented in figure 6.
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Figure 6: 2HPP before, one week, 2 months and 6 months by surgery in the patients

The level of mean HbA1C by surgery in obese patients with T2D was presented in figure 7.
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Figure 7: HbA1C before and 6 months by surgery in the patients

The level of mean BMI by surgery in obese patients with T2D was presented in figure 8.
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Figure 8: BMI before, 2 months and 6 months by surgery in the patients

The level of mean insulin by surgery in obese patients with T2D was presented in figure 9.
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Figure 9: Level of insulin before, 24 hours, one week and 6 months by surgery in the patients
The level of mean c-peptide by surgery in obese patients with T2D was presented in figure 10.
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Figure 10: Level of c-peptide before, 24 hours, one week and 6 months by surgery in the patients.
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Discussion

In the present study, three methods of performing
bariatric surgery regarding glucose control in patients with
T2D were reviewed and compared. Weight loss in all
patients was observed after two and six months. Following
weight loss, glycemic indexes were expected to decrease
mean insulin and Cc-peptide. As the obtained data show, a
significant decrease was observed in all three groups. There
was no significant difference between the three groups
regarding these indicators. In other words, the studied
obesity surgery methods had controlled blood sugar in
patients due to weight loss. In a study by Dixon et al in
2019, LAGB obesity surgery was able to control diabetes
in patients.

The follow-up time of patients in the present study was
six months and due to the declining trend of patients'
weight, it was expected that there would be a further
decrease in body mass index in the coming months, which
could lead to a better improvement of glucose indices in the
patients with T2D . HbA1C index in a study by Mumme et
al (20) was lower than the group under medical treatment
three years after obesity. In a study by Muller-Stich et al
(21) six months after RYGB surgery, a decrease in body
mass index and a decrease in HbA1C and its normalization
were observed in 15% of patients. Also, neuropathy
disability score associated with diabetic neuropathy were
significantly improved in these patients. Various studies
have examined the effects of surgical treatment of obesity
on diabetes control. Follow-up time of patients in some
studies is longer and shows interesting results. In a study by
Brethauer et al (13), 217 patients were studied after obesity
surgery for at least five years. Weight, HbA1C and fasting
glucose levels were significantly reduced. The rate of
complete and partial long-term remission was 24% and
26%, respectively. In 34% of the patients, improvement
compared to baseline was achieved, while in 16% of cases,
there was no change.

In a study by Courcoulas et al (22), 61 obese patients
were studied in three methods of lifestyle change, RYGB
and LAGB surgery for a year follow-up. Relative or
complete remission of T2D occurred in 40% of the patients
in the RYGB group, 29% in the LAGB group, and in none
of the patients in the lifestyle change group. Overall, the
results of this study show the superiority of surgical
treatment over lifestyle modification to control blood sugar
in the patients with T2D. This study revealed that despite
lifestyle changes, there was no significant change in the
improvement of diabetes and reduction of medications used
by patients. In contrast, by performing two types of surgery,
the patients showed complete or partial improvement in
T2D.

In some studies, patients were followed up for three and
five years. In a study by Mazidi et al (23), 152 patients
underwent RYGB surgery, which significantly improved
insulin  secretion, insulin sensitivity and glucose
homeostasis after three years (23). In a study by Aminian
et al (14), patients were followed up for five years after
sleeve surgery and 11% of the patients had complete
remission and complete recovery was reported in up to 3%

S. Safari, et al.

of the patients. In the present study, relative improvement
was observed in all three types of surgical procedures in the
patients with T2D. However, the follow-up time of patients
in the present study was six months. It seems that by
increasing the follow-up time of patients, better results can
be recorded.

In another study, RYGB and sleeve methods were
compared to control T2D. The results of this study showed
that both RYGB and sleeve methods improve the glycemic
control status of patients with T2D (24). The importance of
the present study is to compare the three surgical methods
of obesity, which could show that all three surgical methods
are effective in improving T2D due to weight loss and
reduction of the studied indicators six months after surgery.

Conclusion

All three surgical methods of RYGB, mini-gastric
bypass and sleeve gastrectomy were effective in
improving T2D due to weight loss and reduction in all
indicators by six months after surgery

Study limitations: One of the limitations was loss to
follow-up. To reduce this problem, contact numbers of the
patient and the patient's relatives were obtained and
followed up. Also, the small number of patients was due
to the short time of the study.
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