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Abstract
The effects of blood glucose and hemoglobin A1C [HbA1C] levels before one anastomosis gastric bypass surgery (OAGB) on 
post-operative fasting blood sugar (FBS), HbA1C, and body composition (BC) are not adequately studied. This study assessed 
optimized pre-operative hyperglycemia management on BC and glycemic factors after OAGB. This single-center study 
included 373 patients with type 2 diabetes who underwent OAGB (294 women), with 6, 12, and 24 months post-operative 
follow-up. The National Obesity Surgery Database provided data. To investigate the trend of changes in FBS, HbA1C, and 
BC data between two groups of controlled and uncontrolled diabetes during the study, the generalized estimating equations 
were used. Of total participants, 27.3% (n = 102) had controlled diabetes before surgery. After adjusting for age, sex, anti-
hyperglycemic medication, and biliopancreatic limb length, patients with controlled diabetes pre-surgery showed significantly 
lower FBS (β coefficient: − 28.92; 95%CI: − 33.98 to − 23.85) and HbA1C (β coefficient: − 1.06; 95%CI: − 1.26 to − 0.86) 
than those with uncontrolled diabetes post-operative follow-up time points. However, there was no significant difference in 
total percentage weight loss, visceral fat, muscle and fat mass (P > 0.05) between groups after surgery. Pre-operative diabetes 
control significantly affects post-OAGB diabetes status, but not body composition values.
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Introduction

Morbid obesity and its closely associated comorbidity, type 
2 diabetes mellitus (T2DM), are two of the most challenging 
current health issues globally [1]. Despite the partial effec-
tiveness of lifestyle changes, such as a decrease in calorie 
intake, along with more physical activity and pharmaceuti-
cal intervention, weight loss surgery is a proven successful 
and durable treatment for patients with diabetes and morbid 
obesity [1, 2]. Although laparoscopic Roux-en-Y gastric 
bypass (RYGB) is currently the gold-standard treatment for 
these patients, one anastomosis gastric bypass-mini gastric 
bypass (OAGB-MGB) has been demonstrated as an effec-
tive alternative to RYGB in treating patients with T2DM and 
morbid obesity [3]. Reasons for the antidiabetic effects of 
gastric bypass surgeries include the following: decrease in 
caloric intake, durable long-term weight loss, accompanied 
by a change in neuro-hormonal signals, reductions in anti-
incretin effects due to duodenal bypass, and upregulation of 
cell membrane insulin receptors [3].
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However, it is not yet clear what effect pre-operative 
glycemic status has on diabetes after OAGB-MGB surgery, 
since previous studies have mainly focused on the impor-
tance of pre-RYGB hemoglobin A1c (HbA1c) levels on post-
surgery diabetes remission [4, 5] or the comparison of the 
glycemic status in two groups of pre-diabetic and diabetic 
patients after OAGB-MGB [6]. Despite multiple positive 
effects of OAGB-MGB, an unbalanced pattern of muscle 
mass distribution (lower muscle mass) has been observed 
following the surgery, and this reduction was higher in dia-
betics than in non-diabetics at 1 year post-surgery. Further-
more, people with diabetes have been observed to lose less 
visceral fat than non-diabetic patients [7]. However, limited 
data are available on the effect of pre-OAGB-MGB glycemic 
status on the post-operative body composition. The purpose 
of the present study is therefore to assess the effect of pre-
operative controlled or uncontrolled T2DM on post-OAGB-
MGB body composition parameters and glycemic factors, 
with a follow-up period of 2 years. A secondary aim is to 
assess the effect of pre-operative glycemic status on the per-
centage of excess weight loss (%EWL) and total weight loss 
(%TWL) after surgery.

Patients and Methods

This single-center cohort study was conducted on all 
patients with type 2 diabetes (n = 373) and morbid obe-
sity who had been referred to the obesity clinic of Haz-
rat-e Rasool General Hospital (Center of Excellence of 
the European Branch of the International Federation for 
Surgery of Obesity), and who had undergone OAGB-
MGB between October 2010 and May 2018. All patients 
were included on historical study. This study is reported 

in accordance with STROCSS guidelines [8]. Diabetes 
was diagnosed either on the basis of American Diabetes 
Association criteria [9], or for those patients who had 
already been treated with insulin or diabetes medication. 
All patients were at least 18 years old and had a pre-oper-
ative BMI ≥ 35 kg/m2. Patients with chronic renal failure 
or revisional OAGB-MGB, women who were lactating or 
pregnant after surgery, those taking steroid immunosup-
pressive drugs (corticosteroids), or with pre-operative 
history of alcohol addiction and/or substance abuse, 
were excluded (Fig. 1). Eligible patients were classified 
according to pre-operative hemoglobin A1c (HbA1c) and 
fasting blood sugar (FBS) as controlled (HbA1c ≤ 7% and 
FBS ≤ 130 mg/dl) or uncontrolled diabetes (HbA1c > 7% 
or FBS > 130 mg/dl) [10, 11]. The study was conducted 
according to the Declaration of Helsinki and approved by 
the Research Ethics Committee (Ethics number: IR.IUMS.
REC.13970134).

Data Collection

All pre-operative and post-operative (6, 12, and 24 months 
after the surgery) data, including demographic, anthro-
pometric, biochemical, and body composition analysis 
values, were extracted from the National Obesity Surgery 
Database (http://​obesi​tysur​gery.​ir/) which is the only 
national database of bariatric surgery. Data were recorded 
in the mentioned database by trained staff. Weight loss was 
expressed as percentage of %EWL and %TWL, calculated 
as previously described [12]. The details of pre-and post-
operative management of each patient after attending the 
obesity clinic are as follows.

Fig. 1   Study protocol diagram 
of data collection process

http://obesitysurgery.ir/
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Pre‑operative management

Identical pre-operative evaluations, including psychologi-
cal assessment, nutrition and exercise counseling, meas-
urement of biochemical factors, and body composition 
features were performed for all patients.

Post‑operative management

All patients were discharged with proton pump inhibitors 
(40 mg of pantoprazole twice a day for at least 6 months) 
and preventive anticoagulation medication (subcutane-
ous heparin; 5000 units bd for 5 days). Likewise, from 
the first post-operative day, metformin was reintroduced. 
However, 50% of pre-operative Neutral Protamine Hage-
dorn (NPH) or long-acting analog insulin was also given. 
Adjustments to or withdrawal from metformin or insu-
lin dosages were related to serum glucose levels, which 
were routinely measured by the medical team in periodic 
visits. Insulin was discontinued if FBS was <130 mg/
dl, while metformin therapy was withdrawn if FBS was 
<100 mg/dl. In addition, the same protocol for nutrition 
and supplement therapy was performed for all patients. 
A clear liquid diet was started on the first post-operative 
day. A full liquid diet was implemented from days 2–10 
after surgery. Afterwards, a pureed, then soft diet was 
recommended for ten consecutive days, respectively. 
Each patient received standardized nutritional education 
about consuming adequate protein (1.1–1.5 g/ideal body 
weight) and daily intake of multivitamin and mineral sup-
plements. Furthermore, intramuscular neurobion (includ-
ing 1000 μg of vitamin B12, 100 mg of vitamin B1, and 
100 mg of vitamin B6), oral vitamin D3 (50000IU), and 
calcium citrate (500 mg) were administered post-surgery 
every month, every 2 weeks, and daily for all patients. 
If micronutrient deficiencies were observed, additional 
supplementation was prescribed [13].

Surgical Technique

All OAGB-MGB were performed by the same surgical 
teams. The operation involves 15–18-cm-long gastric pouch 
and 120–200-cm side-to-side loop (45 mm) gastrojejunos-
tomy from the Treitz ligament. Longitudinal gastrojejunos-
tomy was performed on the posterior aspect of the pouch, 
and the enterostomy site was sewn with 2–0 polydioxanone 
[PDS].

Statistical Analysis

All eligible patients with T2DM were entered into the study 
whose characteristics were available at the National Obesity 
Surgery Database (http://​irano​besit​ysurg​ery.​com/). Prior to 

analysis, data screening and cleaning were applied to detect 
any data-entry errors. SPSS statistical software Ver.22.0 
(Armonk, NY: IBM Corp) was used for statistical analysis 
of the data. Continuous data were presented as mean (stand-
ard deviation: [SD]), and categorical data were presented 
as frequencies and percentages. The independent sample t 
test was used to compare differences between two studied 
groups. The chi-square test is used to analyze the differences 
between categorical variables. To investigate the trend of 
changes in FBS, HbA1c, and body composition analysis data 
in two groups of pre-operative controlled and uncontrolled 
diabetes, the generalized estimating equations (GEE) were 
used. In the GEE analysis, FBS, HbA1c, and body composi-
tion parameters were the response variables, while diabetes 
status (pre-operative controlled or uncontrolled diabetes) 
and time were the main factor and covariate, respectively. 
Age, sex, biliopancreatic limb length, and anti-hyperglyce-
mic medication were considered as confounding factors, 
considering the literature review, and significance levels of 
less than 0.2 in the univariate analysis. P < 0.05 was consid-
ered as statistically significant.

Results

Baseline Characteristics

Overall, 373 patients (294 women and 79 men) met the ini-
tial selection criteria. At baseline, mean (SD) patient age, 
weight, height, and body mass index (BMI) were 46.21 SD 
9.53 years, 120.30 SD 22.43 kg, 162.45 SD 9.39 cm, and 
45.48 SD 6.89 kg/m2, respectively. Of total participants, 
27.3% (n = 102) had controlled and 72.7% (n = 271) had 
uncontrolled diabetes. Furthermore, at baseline, 21.7% 
(n = 81), 13.9% (n = 52), and 66.8% (n = 249) used insu-
lin, glibenclamide, and metformin to control blood glu-
cose levels, respectively. In the controlled diabetes group, 
4.9% (n = 5), 7.8% (n = 8), and 56.9% (n = 58) were treated 
by insulin, glibenclamide and metformin, respectively. In 
the uncontrolled diabetes group, however, the values were 
28% (n = 76), 16.2% (n = 44), and 70.5% (n = 191). Pear-
son chi-square test showed that uncontrolled T2DM group 
used of significantly higher anti-hyperglycemic medications 
before surgery than controlled group (P < 0.001 for insu-
lin; P = 0.013 for metformin; and P = 0.037 for glibencla-
mide). However, there were no differences observed in age, 
gender, education, marital status, and alcohol consumption 
between controlled and uncontrolled T2DM cases (Table 1). 
All participants had undergone OAGB-MGB with mean 
(± SD) biliopancreatic limb length of 185.37 SD 18.50 cm 
in controlled diabetes group and 183.36 SD 14.97 uncon-
trolled T2DM group. No significant difference was observed 
between groups (P = 0.30).

http://iranobesitysurgery.com/
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Patient Characteristics at Various Time Points

The trends of weight, BMI, %EWL, %TWL, biochemi-
cal parameters, and body composition features at various 
time points are presented in Table 2. Superior %EWL and 
%TWL were seen in the controlled diabetes group 2 years 
after surgery (%EWL: 80.33 SD 19.70 and %TWL: 35.19 
SD 9.42 in controlled diabetes group vs. %EWL: 76.24 SD 
22.13 and %TWL: 32.75 SD 9.58 in uncontrolled diabetes 
group). However, the comparison of the means of %EWL 
and %TWL at 2 years post-operatively between groups was 
not statistically significant (P = 0.24 and P = 0.12; respec-
tively). Additionally, a notable improvement in serum levels 
of glycemic factors, lipid profiles, aspartate amino trans-
ferase (AST), alanine aminotransferase (ALT), and uric acid 
was observed in the two groups 2 years after surgery. Like-
wise, body fat reserves, fat free mass, and muscle mass were 
reduced in both groups over 2 years post-operation.

Multivariable Risk Factor Analysis

GEE linear models were used to assess the effect of pre-
operative glycemic status on biochemical (FBS and HbA1c) 
and body composition parameters (fat mass, muscle mass, 
and visceral fat), as well as BMI, %EWL, and %TWL values 
after OAGB-MGB (Table 3).

According to the β coefficients, as adjusted correlation 
coefficients for predicting independent variables, those 
patients with controlled diabetes before surgery tended to 
have lower FBS and HbA1c after surgery (all P < 0.001). 
However, there were no significant differences in %EWL, 
%TWL, BMI, fat mass, muscle mass, and visceral fat levels 

between the two groups of controlled or uncontrolled diabe-
tes (P > 0.05). As shown in Table 3, sex, age, biliopancreatic 
limb length, and metformin use did not significantly predict 
FBS and HbA1c changes during the study; however, pre-
operative use of glibenclamide or insulin had a significant 
negative effect on post-operative FBS and HbA1c. Further-
more, the efficacy of pre-OAGB-MGB glycemic status on 
later FBS, HbA1c, BMI, %EWL, % TWL, and body compo-
sition parameters was significantly associated with follow-up 
time (all P < 0.001).

Discussion

The current study investigated the changes in glycemic 
factors, body composition, BMI, %EWL, and %TWL in 
patients who underwent OAGB-MGB with pre-operative 
controlled or uncontrolled T2DM. Both study groups (con-
trolled or uncontrolled T2DM) were comparable regarding 
their baseline pre-operative characteristics including age, 
gender, education, marital status, and alcohol consumption, 
and no significant difference was observed between them. 
However, there were significant differences between both 
groups with respect to patients’ baseline anti-hyperglycemic 
medication. The main results indicate that pre-operative FBS 
level ≤ 130 mg/dl or HbA1c level ≤ 7% was significantly 
associated with decreased FBS and HbA1c after surgery, 
compared to patients with pre-operative FBS level > 130 mg/
dl or HbA1c level > 7%, during 2 years of follow-up. These 
findings corroborate previous studies regarding RYGB [4, 
5]. However, no study of these effects (good vs. poor pre-
operative glycemic control on post-operative FBS, HbA1c 

Table 1   The basic descriptive 
characteristics of the patients

$ Those who consumed alcohol in the past 30 days. P-values obtained through the chi-square test. P-values 
less than 0.05 were considered statistically significant

Characteristics OAGB-MGB p-value

Controlled Dia-
betes (n = 102)

Uncontrolled 
Diabetes (n = 271)

Age, year (SD) 45.97(9.64) 46.30(9.5) 0.76
Gender, n (%) Female 84 (82.4) 210 (77.5) 0.30

Male 18 (17.6) 61(22.5)
Education,n (%) Illiterate 2 (2) 4(1.5) 0.49

1–6 years of education 7(6.9) 33(12.2)
7–12 years of education 61(59.8) 156(57.6)
12 + years of education 32(31.4) 78(28.8)

Marital status, n (%) Married 79 (77.5) 230(84.9) 0.18
Single 10(9.8) 24(8.9)
Divorced 6 (5.9) 9(3.3)
Widow 7 (6.9) 8(3)

Alcohol consumption$ n(%) Yes, n (%) 9 (9) 21(7.7) 0.69
No, n (%) 91 (91) 250 (92.3)
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levels and body composition parameters) in OAGB-MGB 
had been previously investigated over the same time period. 
A historical study had revealed that careful management of 
HbA1c levels in patients with T2DM undergoing RYGB 

could be more effective in diabetes remission a year after 
surgery [4]. Likewise, the association of pre-RYGB HbA1c 
improvements with better post-operative glycemic con-
trol had previously been reported [5]. It is noteworthy that 

Table 2   Changes in weight, BMI, %EWL, %TWL, biochemical parameters, and body composition in controlled and uncontrolled diabetes 
groups following OAGB-MGB

BMI, body mass index; %EWL, percent excess weight loss; %TWL, percent total weight loss; FBS, fasting blood sugar; HbA1c, hemoglobin A1c; 
TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglyceride; AST, aspartate amino transferase; ALT, alanin aminotrans-
ferase; ALKp, akaline phosphatase; Alb, albumin; TSH, thyroid stimulating hormone

Variables Baseline (mean ± SD) 6 months (mean ± SD) 12 months (mean ± SD) 24 months (mean ± SD)

Controlled Uncontrolled Controlled Uncontrolled Controlled Uncontrolled Controlled Uncontrolled

Anthropometric indices
Weight (kg) 118.93 SD22.71 

(n = 102)
121.78 SD22.41 
(n = 271)

84.97 SD16.81 
(n = 95)

88.20 SD16.71 
(n = 238)

77.57 SD14.96 
(n = 87)

79.93 SD14.33 
(n = 189)

74.83 SD13.39 
(n = 56)

79.71 SD15.48 
(n = 118)

BMI (kg/m2) 45.61 SD6.35 
(n = 102)

45.79 SD7.05 
(n = 271)

32.68 SD4.91 
(n = 95)

33.15 SD5.43 
(n = 238)

29.72 SD4.42 
(n = 87)

30.12 SD4.36 
(n = 189)

29.29 SD4.49 
(n = 56)

30.17 SD4.90 
(n = 118)

%EWL - - 65.71 SD14.68 
(n = 95)

64.12 SD15.10 
(n = 238)

79.68 SD17.75 
(n = 87)

77.59 SD17.96 
(n = 189)

80.33 SD19.70 
(n = 56)

76.24 SD22.13 
(n = 118)

%TWL - - 28.41 SD4.49 
(n = 95)

27.73 SD5.06 
(n = 238)

34.87 SD7.05 
(n = 87)

33.62 SD7.23 
(n = 189)

35.19 SD9.42 
(n = 56)

32.75 SD9.58 
(n = 118)

Biochemical parameters
FBS (mg/dl) 111.02 SD13.15 

(n = 102)
174.21 SD56.89 
(n = 267)

93.35 SD11.73 
(n = 48)

104.78 SD26.76 
(n = 151)

90.57 SD10.87 
(n = 42)

95.41 SD10.87 
(n = 107)

91.27 SD10.46 
(n = 11)

97.66 SD20.82 
(n = 33)

HbA1c (%) 6.12 SD0.71 
(n = 100)

8.03 SD1.69 
(n = 269)

5.11 SD0.66 
(n = 44)

5.75 SD1.02 
(n = 136)

5.07 SD0.57 
(n = 38)

5.60 SD0.81 
(n = 104)

5.38 SD0.61 
(n = 9)

5.78 SD0.92 
(n = 29)

TC (mg/dl) 194.08 SD37.50 
(n = 102)

190.39 SD40.34 
(n = 268)

184.69 SD36.04 
(n = 49)

172.80 SD36.48 
(n = 137)

178.39 SD32.94 
(n = 41)

172.06 SD34.65 
(n = 92)

185.30 SD44.18 
(n = 13)

174.22 SD41.47 
(n = 31)

LDL-C (mg/dl) 127.89 SD169.74 
(n = 101)

107.56 SD33.78 
(n = 262)

112.21 SD30.11 
(n = 49)

101.86 SD29.41 
(n = 135)

102.85 SD27.76 
(n = 41)

99.66 SD31.11 
(n = 86)

103.29 SD41.83 
(n = 12)

100.10 SD33.58 
(n = 32)

TG (mg/dl) 169.17 SD75.93 
(n = 102)

195.52 SD102.03 
(n = 269)

121.06 SD43.81 
(n = 50)

128.69 SD45.62 
(n = 137)

105.51 SD40.87 
(n = 39)

112.68 SD46.35 
(n = 92)

112.23 SD56.47 
(n = 13)

103.77 SD42.67 
(n = 31)

AST (u/L) 26.35 SD16.56 
(n = 102)

28.04 SD21.01 
(n = 267)

24.46 SD14.95 
(n = 48)

22.71 SD15.72 
(n = 133)

23.04 SD10.80 
(n = 40)

25.04 SD14.33 
(n = 104)

25.38 SD10.36 
(n = 13)

24.34 SD11.99 
(n = 34)

ALT (u/L) 32.60 SD22.02 
(n = 102)

33.26 SD25.35 
(n = 267)

24.34 SD18.24 
(n = 48)

21.86 SD23.14 
(n = 133)

25.28 SD16.54 
(n = 40)

26.66 SD23.60 
(n = 104)

25.00 SD7.01 
(n = 13)

26.24 SD19.84 
(n = 34)

ALKp (u/L) 190.07 SD60.00 
(n = 100)

206.36 SD93.18 
(n = 264)

204.59 SD61.26 
(n = 44)

203.90 SD65.91 
(n = 124)

196.33 SD65.32 
(n = 39)

208.70 SD99.60 
(n = 95)

233.54 SD59.85 
(n = 11)

207.82 SD61.13 
(n = 34)

Ferritin (ng/ml) 72.19 SD77.52 
(n = 101)

92.80 SD122.04 
(n = 265)

85.91 SD64.67 
(n = 56)

86.41 SD88.95 
(n = 145)

65.78 SD71.90 
(n = 39)

84.68 SD103.36 
(n = 103)

35.38 SD29.39 
(n = 11)

50.66 SD48.61 
(n = 33)

Uric acid (mg/
dl)

5.80 SD1.47 
(n = 101)

5.54 SD1.51 
(n = 264)

5.06 SD0.97 
(n = 54)

5.27 SD1.51 
(n = 143)

4.59 SD1.14 
(n = 40)

4.70 SD1.33 
(n = 104)

4.68 SD0.65 
(n = 12)

4.99 SD1.22 
(n = 33)

Alb (g/L) 4.35 SD0.40 
(n = 101)

4.31 SD0.36 
(n = 266)

4.21 SD0.39 
(n = 53)

4.17 SD0.39 
(n = 141)

4.21 SD0.36 
(n = 39)

4.13 SD0.41 
(n = 104)

4.33 SD0.24 
(n = 11)

4.24 SD0.42 
(n = 32)

Body composition
Fat range (%) 46.66 SD5.33 

(n = 30)
45.83 SD5.68 

(n = 98)
35.74 SD6.70 

(n = 14)
31.98 SD7.61 

(n = 58)
30.13 SD7.91 

(n = 10)
26.35 SD9.39 

(n = 42)
30.27 SD8.37 

(n = 3)
23.85 SD13.04 

(n = 10)
Fat mass (kg) 55.20 SD10.58 

(n = 30)
54.58 SD12.32 

(n = 98)
31.06 SD8.69 

(n = 14)
27.71 SD9.22 

(n = 58)
24.46 SD8.71 

(n = 10)
19.66 SD8.22 

(n = 42)
21.83 SD9.05 

(n = 3)
18.69 SD12.08 

(n = 10)
Fat free mass 

(kg)
63.50 SD14.57 

(n = 30)
64.42 SD13.63 

(n = 98)
55.84 SD13.53 

(n = 14)
58.90 SD13.91 

(n = 58)
55.79 SD11.14 

(n = 10)
55.40 SD12.66 

(n = 42)
48.53 SD2.90 

(n = 3)
57.21 SD12.93 

(n = 10)
Visceral fat 

(level)
17.10 SD4.69 

(n = 30)
16.70 SD4.92 

(n = 98)
10.29 SD3.27 

(n = 14)
8.79 SD2.93 

(n = 58)
7.60 SD2.01 

(n = 10)
6.69 SD2.58 

(n = 42)
7.00 SD1.73 

(n = 3)
7.00 SD4.03 

(n = 10)
Trunk fat range 

(%)
42.43 SD4.59 

(n = 30)
41.32 SD5.18 

(n = 98)
31.77 SD5.96 

(n = 14)
28.08 SD6.27 

(n = 58)
23.90 SD8.27 

(n = 10)
22.40 SD8.88 

(n = 42)
25.23 SD11.24 

(n = 3)
21.68 SD12.05 

(n = 10)
Trunk fat mass 

(kg)
24.95 SD6.23 

(n = 30)
24.26 SD5.71 

(n = 98)
14.42 SD4.74 

(n = 14)
12.78 SD4.36 

(n = 58)
9.99 SD4.19 

(n = 10)
8.84 SD4.07 

(n = 42)
9.53 SD5.6 

(n = 3)
9.05 SD5.79 

(n = 10)
Muscle mass 

(kg)
60.28 SD13.91 

(n = 30)
61.16 SD13.04 

(n = 98)
53.03 SD12.93 

(n = 14)
55.97 SD13.32 

(n = 58)
52.97 SD10.67 

(n = 10)
52.68 SD12.15 

(n = 42)
46.03 SD2.70 

(n = 3)
54.46 SD12.42 

(n = 10)
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Table 3   Multivariable adjusted 
analysis

Variables β coefficient ± SE 95% CI P-value

BMI* (kg/m2)
  Diabetes status (controlled versus uncontrolled)  − 0.58 SD0.62  − 1.80 to 0.65 0.35
  Age (years) 0.06 SD0.03 0.000 to 0.11 0.05
  Sex (women versus men) 0.22 SD0.63  − 1.01 to 1.45 0.72
  Biliopancreatic limb length (cm) 0.15 SD0.03 0.10 to 0.20  < 0.001*

  Metformin (not used versus used)  − 0.50 SD0.57  − 1.61 to 0.61 0.37
  Glibenclamide (not used versus used) 0.48 SD0.91  − 1.30 to2.64 0.60
  Insulin (not used versus used) 1.29 SD0.64 0.05 to2.54 0.04
  Time  − 6.21 SD0.16  − 6.51 to -5.90  < 0.001*

EWL (%)
  Diabetes status (controlled versus uncontrolled) 1.49 SD2.01  − 2.45 to 5.43 0.46
  Age (years)  − 0.29 SD0.10  − 0.48 to -0.10 0.003*

  Sex (women versus men) 1.61 SD1.93  − 2.17 to 5.39 0.41
  Biliopancreatic limb length (cm)  − 0.20 SD0.06  − 0.32 to -0.07 0.002*

  Metformin (not used versus used) 2.38 SD2.03  − 1.60 to 6.36 0.24
  Glibenclamide (not used versus used) 3.86 SD2.84  − 1.73 to 9.42 0.18
  Insulin (not used versus used)  − 3.23 SD2.36  − 7.86 to1.39 0.17
  Time 7.54 SD0.60 6.36 to 8.71  < 0.001*

TWL (%)
  Diabetes status (controlled versus uncontrolled) 0.42 SD0.81  − 1.17 to 2.01 0.61
  Age (years)  − 0.08 SD0.04  − 0.15 to 0.00 0.05
  Sex (women versus men)  − 0.24 SD0.88  − 1.96 to 1.49 0.79
  Biliopancreatic limb length (cm) 0.05 SD0.02 0.01 to 0.09 0.02*

  Metformin (not used versus used) 0.97 SD0.77  − 0.53 to2.50 0.20
  Glibenclamide (not used versus used) 2.75 SD1.24 0.32 to 5.17 0.03
  Insulin (not used versus used) 0.31 SD0.92  − 1.50 0.74
  Time 3.33 SD0.28 2.77 to 3.88  < 0.001*

Fat mass (kg)
  Diabetes status (controlled versus uncontrolled)  − 0.25 SD2.02  − 4.86 to 4.36 0.92
  Age (years)  − 0.04 SD0.10  − 0.24 to 0.16 0.72
  Sex (women versus men) 1.73 SD2.74  − 3.64 to 7.09 0.53
  Biliopancreatic limb length (cm) 0.18 SD0.07 0.04 to 0.33 0.01*

  Metformin (not used versus used)  − 0.46 SD2.10  − 4.58 to 3.66 0.83
  Glibenclamide (not used versus used) 2.53 SD3.14  − 3.63 to 8.68 0.42
  Insulin (not used versus used) 4.97 SD2.20 0.66 to 9.28 0.02
  Time  − 15.71 SD0.83  − 17.34 to − 14.09  < 0.001*

Muscle mass (kg)
  Diabetes status (controlled versus uncontrolled)  − 0.25 SD1.40  − 3.00 to 2.49 0.86
  Age (years)  − 0.12 SD0.06  − 0.25 to 0.01 0.062*

  Sex (women versus men)  − 26.98 SD2.15  − 31.18 to − 22.77  < 0.001*

  Biliopancreatic limb length (cm) 0.13 SD0.04 0.06 to 0.20  < 0.001*

  Metformin (not used versus used)  − 2.15 SD1.31  − 4.73 to 0.42 0.10
  Glibenclamide (not used versus used) 3.94 SD2.39  − 0.75 to 8.62 0.1
  Insulin (not used versus Used) 1.16 SD1.27  − 1.32 to 3.64 0.36
  Time  − 3.89 SD0.32  − 4.60 to − 3.37  < 0.001*

Visceral fat (level)
  Diabetes status (controlled versus uncontrolled) 0.16 SD0.68  − 1.17 to 1.48 0.82
  Age (years) 0.16 SD0.03 0.10 to 0.21  < 0.001*

  Sex (women versus men)  − 5.29 SD0.75  − 6.76 to − 3.82  < 0.001*

  Biliopancreatic limb length (cm) 0.05 SD0.02 0.01 to 0.09 0.02*

  Metformin (not used versus used)  − 0.53 SD0.47  − 1.46 to 0.40 0.26
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in this context, the present model did not show that age, 
sex, and biliopancreatic limb length use to be significant 
predictors of FBS and HbA1c levels over the 2 years post-
OAGB-MGB. However, pre-operative use of glibenclamide 
or insulin had a significant negative effect on post-operative 
FBS and HbA1c. Regarding the sex, age, and biliopancre-
atic limb length, the finding is in concordance with a pre-
vious study on gastric cancer patients with diabetes who 
underwent RY gastrojejunostomy [14]. On the other hand, 
in another prior paper, age was identified as a predictive 
factor of HbA1c, although no effect was found by sex [4]. 
In terms of age, these inconsistencies may be due to dif-
ferences in study duration (1-year vs. 2-year follow-up) 
and the mean age of participants (54 vs. 46). Additionally, 
unlike the present study, a significant difference in age was 
observed between the two groups in the above-mentioned 
study [4]. Conversely, from the point of view of the asso-
ciation between pre-operative hyperglycemia management 
with glibenclamide or insulin and post-operative FBS and 
HbA1c, the present study’s findings are consistent with 
previous studies which showed patients who received less 
insulin before surgery were less likely to achieve long-term 
T2DM remissions after bariatric surgeries [15]. It seems that 
better pre-operative beta-cell function in insulin production 
is associated with better post-operative glycemic control. As 
a whole, however, controlling blood sugar before surgery 

is very important for post-operative glycemic controlled, 
metabolic surgery for this group of patients and should not 
be delayed [16]. Moreover, in the present research, no sig-
nificant difference was found in BMI, %EWL, and %TWL 
of the controlled diabetic group, compared to the age-, sex-, 
biliopancreatic limb length, and anti-hyperglycemic medica-
tion-adjusted uncontrolled diabetic group following OAGB-
MGB. However, the association between optimal HbA1c 
management during the pre-bariatric surgery period and 
better post-operative weight loss had been observed previ-
ously [5]. These heterogeneities may point to differences in 
the duration of follow-up (2 years in the present study vs. 
3 years in the mentioned study [5]) and statistical analy-
sis method (GEE vs. unpaired Student t-test). Furthermore, 
no potential confounding variables were controlled [5], 
whereas the present results were obtained after adjusting 
several covariates. In addition, the current study found that 
the group with poor pre-operative glycemic control had no 
significant difference in post-operative body composition 
(fat mass, muscle mass, and visceral fat), in comparison with 
the optimal pre-operative blood glucose-and HbA1c control 
group. No similar evidence was observed in the field; how-
ever, many other studies unrelated to weight loss surgeries 
have suggested a link between elevated levels of HbA1c and 
lower lean body mass [17]. Additionally, in a cross-sectional 
observational study on sedentary ambulatory patients with 

BMI, body mass index; %EWL, percent excess weight loss; %TWL, percent total weight loss; FBS, fasting 
blood sugar; HbA1c, hemoglobin A1c. P-values are resulted from generalized estimating equations (GEE). 
*P-values less than 0.05 were considered statistically significant

Table 3   (continued) Variables β coefficient ± SE 95% CI P-value

  Glibenclamide (not used versus used) 1.09 SD1.05  − 0.96 to3.15 0.30
  Insulin (not used versus used) 1.51 SD0.62 0.29 to 2.73 0.02
  Time  − 4.71 SD0.29  − 5.28 to − 4.13  < 0.001*

FBS (mg/dl)
  Diabetes status (controlled versus uncontrolled)  − 28.92 SD2.58  − 33.98 to − 23.85  < 0.001*

  Age (years)  − .26 SD0.16  − 0.56 to 0. 05 0.11
  Sex (women versus men)  − 2.00 SD4.05  − 9.93 to 5.94 0.62
  Biliopancreatic limb length (cm)  − 0.004 SD0.08  − 0.16 to 0.15 0.96
  Metformin (not used versus used)  − 2.21 SD3.25  − 8.57 to 4.16 0.50
  Glibenclamide (not used versus used)  − 18.83 SD5.09  − 28.81 to − 8.86  < 0.001
  Insulin (not used versus used)  − 22.78 SD4.74  − 32.08 to − 13.48  < 0.001
  Time  − 27.83 SD1.69  − 31.15 to − 24.51  < 0.001

HbA1c (%)
  Diabetes status (controlled versus uncontrolled)  − 1.06 SD0.10  − 1.26 to − 0.86  < 0.001*

  Age (years) 0.001 SD0.005  − 0.01 to 0.01 0.99
  Sex (women versus men)  − 0.05 SD0.13  − 0.31 to 0.21 0.71
  Biliopancreatic limb length (cm)  − 0.001 SD0.003  − 0.007 to 0.006 0.82
  Metformin (not used versus used) 0.004 SD0.11  − 0.21 to 0.22 0.97
  Glibenclamide (not used versus used)  − 0.46 SD0.18  − 0.81 to − 0.11 0.01
  Insulin (not used versus used)  − 0.79 SD0.14  − 1.07 to − 0.51  < 0.001
  Time  − 0.91 SD0.05  − 1.01 to − 0.81  < 0.001*
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T2DM, no significant difference was found in the muscle 
mass between the control and non-control groups; however, 
uncontrolled HbA1c and FBS were associated with higher 
subcutaneous and total body fat, respectively [18]. The lack 
of significant differences in body composition components 
between the two groups in the present study may be due 
to the regular follow-up of both groups of patients at the 
obesity clinic, with regular body composition evaluation at 
months 3, 6, 12, 18, and 24 by the specialized nutrition and 
sports medicine team. It is possible that early administra-
tion of appropriate dietary recommendations, paired with 
tailored exercise training, maybe an underlying explanation 
for such similarity between these two groups. The main 
strength of the present study was that the effect of glycemic 
control status before OAGB-MGB on post-operative FBS, 
HbA1c, and body composition parameters was evaluated 
for the first time. However, the single-center sample selec-
tion can be considered as a limitation. It is worth noting, 
however, that the database is nationwide and records patient 
characteristics referred from all over the country. Therefore, 
it seems reasonable to infer that the results may be generaliz-
able with minimal bias. Additionally, the average duration of 
diabetes (years) was not recorded in the database. Likewise, 
historical data of patients were recorded, which could be 
another limitation. However, data collection and recording 
were carried out by trained staff, and all data were addition-
ally re-assessed by the authors.

Conclusion

Based on current findings, and in the absence of a previ-
ous definitive study on a one anastomosis gastric bypass-
mini gastric bypass population, it can be seen that careful 
management of fasting blood sugar and hemoglobin A1c 
levels in patients with type 2 diabetes mellitus undergoing 
one anastomosis gastric bypass-mini gastric bypass (regard-
less of patient age, gender, anti-hyperglycemic medication 
and even biliopancreatic limb length) can exert beneficial 
effects on post-operative diabetes control. However, base-
line pre-OAGB-MGB glycemic control was not predictive of 
percentage of excess weight loss, total weight loss, and body 
composition parameter improvement after surgery. Further 
large-scale studies are needed, with a suggested additional 
focus on the effects of pre-operative diabetes duration.
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