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Abstract

Introduction Roux-Y-gastric bypass (RYGB) is highly effective in treating obesity related type II diabetes mellitus (DM). There
are a few studies from the Middle East and North Africa (MENA) on the impact of RYGB on DM.

Objective The aim of our study was to evaluate the impact of RYGB on DM in our patient population.

Methods We retrospectively reviewed our database and selected obese patients with type II DM who underwent primary
laparoscopic RYGB from 2005 to 2015. Complete remission (CR) of DM was defined as HbAlc <5.7%, FBG < 100 mg/dL
without medications. Partial remission (PR) was defined as HbAlc 5.7-6.4%, FBG 100-125 mg/dL without medications.
Improvement was defined by a significant reduction in HbAlc (> 1%) or FBG (> 25 mg/dL) or reduction in HbAlc and FBG
accompanied by discontinuing insulin.

Results Out of 245 RYGB patients, 107 had DM. In comparison, diabetic patients were older and had more hypertension and
dyslipidemia. At 5 years with a follow-up (F/U) of 56%, total weight loss in diabetics (24.7%) was lower than non-diabetics
(27.7%). At a mean F/U of 5.6 +£2.7 years, range (1.4 to 10.7), there was a significant reduction in HbA1C (7.9 to 6.1%), FBG
(158 to 111 mg/dL), intake of oral hypoglycemic (73.6 to 29.7%), as well as insulin therapy (15.4 to 2.2%). The rate of DM CR
was 42.3%, PR 20.5%, improvement 23.1%, and no change 14.1%.

Conclusion This is the first report from the MENA region on the long-term outcomes of RYGB in the treatment of type I1 DM.
The results are similar to those in the international literature.
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Introduction

Diabetes mellitus (DM) has been considered a worldwide ep-
idemic with estimated worldwide population of 382 million in
2013 that is expected to rise to 592 million by 2035 [1]. When
compared to medical management, bariatric surgery is superior

Presented at the 23rd World Congress of International Federation for the
Surgery of Obesity & Metabolic Disorders (IFSO), September 2018

< Bassem Y. Safadi
bs21@aub.edu.lb

Mohamad A. Minhem
mam?75@mail.aub.edu

Ramzi S. Alami
ra204 @aub.edu.lb

Department of Surgery, American University of Beirut Medical
Center, PO Box 11-0236, Riad El Solh, Beirut Beirut 1107 2020,
Lebanon

in the long-term treatment of DM and other obesity related
comorbidities [2, 3]. Bariatric surgery also results in the long-
term decrease in macrovascular and microvascular complica-
tions of DM [4]. Roux-en-Y gastric bypass (RYGB) is a well-
established procedure for morbidly obese patients with DM
[5]. DM remission post RYGB has been frequently studied
with long-term remission rates ranging around 49—58% with
the vast majority of such reports coming from Europe, North
America, and Southeast Asia [6—10]. In the Middle East and
North Africa (MENA), DM is also an important cause of mor-
bidity and mortality with the highest worldwide comparative
prevalence at 10.9% [1]. In Lebanon, the prevalence of DM is
estimated to be 8.5% [11]. Other countries such as Saudi
Arabia have higher prevalence rates around 24% [12].
Despite the significance of high DM prevalence in MENA
region, there is a paucity of long-term data on the impact of
RYGB on DM [13—15]. Therefore, our objective is to study the
long-term glycemic outcomes of RYGB in our morbidly obese
patient population.
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Methods
Study setting

The study was based on our retrospective review of the med-
ical records and our prospectively collected bariatric database
at the Metabolic and Bariatric Surgery Unit, American
University of Beirut Medical Center, Beirut, Lebanon.

Inclusion/exclusion criteria

Obese patients (BMI > 30 kg/m*) who underwent laparoscopic
RYGB over the years 2005-2015 were selected for analysis.
Patients with previous history of bariatric surgery were exclud-
ed. One type I DM patient was excluded from the analysis as
we are particularly interested in reporting type Il DM outcomes.

Exposure

Patients were then categorized according to DM. Baseline
patient characteristics, demographics, anthropometric mea-
sures, and comorbidities were compared between diabetic
and non-diabetic patients.

Outcomes

Percent total weight loss (TWL) was reported at years 1 through
5 consecutively, and last follow-up beyond 5 years (6 to 11).
Then, TWL was compared between diabetic and non-diabetic
patients. Among diabetic patients, changes in medication intake
and cardiometabolic parameters such as hemoglobin Alc
(HBAIc), fasting blood glucose (FBG), total cholesterol, low-
density lipoprotein (LDL), high density lipoprotein (HDL), and
triglycerides were reported. Glycemic outcomes post RYGB,
namely, overall remission, complete remission (CR), partial
remission (PR), improvement, and unchanged were adapted
from the American Diabetes Association (ADA), the
American Society for Metabolic and Bariatric Surgery

(ASMBS), and previous literature [16—18]. Detailed definitions
on glycemic outcomes are presented in Table 1.

Surgical procedure

All procedures were done under general anesthesia with
the patient supine in lithotomy position. Four laparoscopic
ports were used in addition to a Nathanson liver retractor to
retract the left lateral segment of the liver. The gastric
pouch measuring 30 ml was fashioned in most cases using
60-mm blue or purple Endo GIA reloads (Covidien,
Boulder, CO). The biliopancreatic limb measured 50 to
100 cm. The Roux limb measured 150 cm and was placed
in an ante-colic ante-gastric orientation. The gastrojejunal
anastomosis was performed in a hand-sewn fashion using
two layers of 2—-0 PDS over a 36French orogastric tube.
The jejunojejunostomy (JJ) was performed using a single
Endo GIA stapler 60-mm white cartridge. The common
enterotomy was closed by a single-layer 2-0 PDS suture.
The mesenteric defect at the JJ anastomosis was closed
with 2-0 Prolene sutures in a running fashion in all pa-
tients. The Petersen defect was closed in around 70% of
patients, typically over the latter part of the experience.

Statistical analysis

Continuous variables were presented by means and standard
deviations, while categorical variables were presented as fre-
quencies and percentages. Student ¢ test, paired ¢ test, or
Wilcoxon signed rank test were used for the comparison of
continuous variables, and Pearson’s x2 test, Fisher’s exact
test, or McNemar’s test were used for categorical variables.
A multivariate linear regression was performed using stepwise
method to adjust the effect of confounders on TWL. Statistical
significance was set at the 5% level. Statistical analysis was
performed using IBM SPSS, version 24 (IBM Corp., Armonk,
NY, USA).

Table 1 Definitions of glycemic

outcomes after LRYGB Outcome

Definition

Overall remission

Sub-diabetic/normal glucose metabolism (HbAlc < 6.5%, FBG < 126 mg/dL)

in the absence of antidiabetic medications. Equivalent to achieving either
CR or PR.

Complete remission (CR)

Normal measures of glucose metabolism (HbAlc <5.7%, FBG < 100 mg/dL)

in the absence of antidiabetic medications.

Partial remission (PR)

Sub-diabetic hyperglycemia (HbAlc 5.7-6.4%, FBG 100-125 mg/dL) in the

absence of antidiabetic medications.

Improvement

Significant reduction in HbAlc (by > 1%) or FBG (by > 25 mg/dL) or reduction

in HbAlc and FBG accompanied by discontinuing insulin.

Unchanged

The absence of remission or improvement as described above.

Criteria adapted from the following references [16—18]. HbAIc hemoglobin Alc, FBG fasting blood glucose

@ Springer



Int J Diabetes Dev Ctries (October-December 2019) 39(4):611-617

613

Table 2 Baseline demographic

characteristics in diabetic and Non- Diabetics All patients p value*

non-diabetic RYGB patients diabetics
Frequency (%) 138 (55.9) 107 43.7) 245 (100)
Age (years) 383+99 48.6+8.2 42.8+10.5 <0.001
Male 75 (54.3) 59 (55.1) 134 (54.7) 0.90
Weight (kg) 131.2+26.8 125.6 £23.7 128.7+25.6 0.09
Height (cm) 169.3+£9.9 169+9.7 169.2+9.8 0.79
BMI (kg/m?) 455+7.1 44.0+72 44872 0.09
<50 111 (80.4) 90 (84.1) 201 (82.0) 0.46
>50 27 (19.6) 17 (15.9) 44 (18.0)
Hypertension 57 (41.3) 79 (73.8) 136 (55.5) <0.001
On medication 27 (19.6) 57 (53.3) 84 (34.3) <0.001
Dyslipidemia 99 (71.7) 94 (87.9) 193 (78.7) 0.002
On medication 11 (8.0) 44 (41.1) 55 (22.4) <0.001
GERD 75 (54.3) 61 (57.0) 137 (55.9) 0.76
On PPI 20 (14.5) 16 (15.0) 36 (14.7) 0.92
Depression 23 (16.7) 19 (17.8) 42 (17.1) 0.82
On medication 17 (12.3) 13 (12.1) 30 (12.2) 0.97
Smoker 55(39.9) 45 (42.1) 100 (40.8) 0.73
Alcohol (> once/week) 13 (9.4) 7(6.5) 20 (8.2) 041

Mean + SD for continuous variables. Frequency (%) for categorical variables. *Non-diabetics vs. diabetics. BM/
body mass index, GERD gastroesophageal reflux disease, PPI proton pump inhibitor. Significant p values are in

italics

Results

Our cohort includes 245 morbidly obese patients who
underwent primary laparoscopic RYGB. Type II DM was
present in 107 patients (43.7%). Diabetic patients were older
(48.6 +8.2 vs. 38.3+9.9 years, p <0.001), had similar male
gender (55.1% vs 54.3%) and BMI (44.0+7.2 vs. 45.5+
7.1 kg/m?). They were more likely to have hypertension treat-
ed with medications (53.3% vs. 19.6%, p <0.001), as well as
dyslipidemia treated with medications (41.1% vs. 8.0%,
p<0.001). Other baseline variables are presented in Table 2.

Diabetic patients had worse percent TWL at all yearly
points (years 1 through 5) in comparison to non-diabetic
patients (Table 3). At first postoperative year with follow-
up rate 87%, percent TWL in diabetic patients was 26.9 +
6.0 vs. 30.5+7.6 in non-diabetic patients, p <0.001. At
fifth postoperative year with follow-up rate of 56%, per-
cent TWL in diabetic patients was 24.7+8.1 vs. 27.7 +
7.8 in non-diabetic patients, p=0.038. A multivariate
analysis on 5-year TWL was done to adjust for con-
founders such as age, gender, BMI, DM, hypertension,
and dyslipidemia. After adjustment, DM was still

Table 3 Percent total weight loss (%TWL) and follow-up in diabetic and non-diabetic RYGB patients
Non-diabetics Diabetics All patients p value*
Follow-up (%) % TWL Follow-up (%) % TWL Follow-up (%) % TWL
Year 1 121/138 (87.7) 305+7.6 93/107 (86.9) 26.9 £ 6.0 214/245 (87.3) 29.0 72 <0.001
Year 2 98/138 (71.0) 316 £ 7.9 77/107 (72.0) 274 +72 175/245 (71.4) 29.7+79 <0.001
Year 3 79/138 (57.2) 300+ 7.4 70/107 (65.4) 26.6 £79 149/245 (60.8) 284 +£78 0.007
Year 4 73/137 (53.3) 298 +£7.5 58/100 (58.0) 26373 131/237 (55.3) 283 +£7.6 0.009
Year 5 72/127 (56.7) 277 +78 51/92 (55.4) 24.7 £ 8.1 123/219 (56.2) 26.5+8.1 0.038
Year 6-11 66/124 (53.2) 27.0 £ 8.0 52/87 (59.8) 23.1+78 118/211 (55.9) 253+ 8.1 0.009

Mean + SD for continuous variables. *TWL (non-diabetics vs. diabetics). Follow-up is presented as number of follow-ups/number of eligible subjects (%

follow-up rate)
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Table 4 Early and late

postoperative complications of Non- Diabetics All patients p value*
RYGB categorized by diabetes diabetics N=107 N=245
N=138
Early (<30 days) 11 (8) 9(8.4) 20 (8.2) 0.90
Major 53.6) 6 (5.6) 11 (4.5) 0.46
Leak 322 1(0.9) 4 (1.6)
Bleeding 2(14) 4(3.7) 6(24)
Small bowel obstruction 1(0.7) 1(0.9) 2 (0.8)
Minor 8 (5.8) 5@4.7) 13 (5.3) 0.70
Readmission 5@3.6) 4(3.7) 9 (3.7
‘Wound infection 2(1.4) 1(0.9) 3(1.2)
UTI 1(0.7) 0(0) 1(0.4)
Pneumonia 2(1.4) 2(1.9) 4 (1.6)
Fluid/electrolyte disturbance 1(0.7) 0(0) 1(0.4)
Late (> 30 days) 41(29.7) 29 (27.1) 70 (28.6) 0.65
Major 12 (8.7) 8(7.5) 20 (8.2) 0.73
PE 1(0.7) 0 (0) 1(0.4)
MI 1(0.7) 1(0.9) 2 (0.8)
Bleeding 2(1.4) 0(0) 2 (0.8)
Small bowel obstruction
Peterson hernia 322 3(2.8) 6(2.4)
Jejunojejunostomy hernia 322 1(0.9) 4 (1.6)
Other 322 3(2.8) 6(24)
Duodenal ulcer 0(0) 1(0.9) 1(0.4)
Minor 33 (23.9) 25(23.4) 58 (23.7) 0.92
Gallstone disease 15 (10.9) 10 (9.3) 25(10.2)
Hiatal hernia 0(0) 1(0.9) 1(0.4)
Incisional hernia 0 (0) 2(1.9) 2 (0.8)
Anemia requiring IV iron 24 (17.4) 16 (15) 40 (16.3)
Fluid/electrolyte disturbance 1(0.7) 0(0) 1(0.4)
Admission for depression 1(0.7) 0(0) 1(0.4)

Frequency (%) for categorical variables. *Diabetics vs. non-diabetics. Mean postoperative follow-up duration of
all patients = 5.5+ 2.5 years, range (1.4, 11.5) years

negatively associated with TWL at 5 years (p =0.038).
Early (<30-day) complications and late (>30-day) com-
plications were similar in diabetic and non-diabetic pa-
tients. Table 4 gives a detailed presentation of complica-
tions categorized based on DM status.

Table 5 summarized some of the cardiometabolic parame-
ters and medications intake that we studied, and which showed
significant postoperative improvement in diabetic patients.
Mean HbAlc in diabetic patients decreased from 7.9 +2.0%
preoperatively to 6.1 +1.0% postoperatively (p <0.001).
Mean FBG decreased from 158 =61 mg/dL to 111 +38 mg/
dL (p<0.001). Oral hypoglycemic medications intake de-
creased from 73.6 to 29.7% (p < 0.001). Also, dependence on
insulin therapy decreased from 15.4 to 2.2% (p = 0.002). Other
parameters such as total cholesterol, HDL, and triglycerides
also showed significant improvement.

@ Springer

Out of the 107 diabetic patients, 78 patients had follow-up
beyond 1 year to allow assessment of DM resolution. Mean
follow-up duration of diabetic patients was 5.6 +2.7 years,
range (1.4, 10.7). CR was achieved in 33 patients (42.3%),
PR in 16 patients (20.5%), improvement in 18 patients
(23.1%), and unchanged status in 11 patients (14.1%).
Overall remission represented by achieving either CR or PR
did occur in 49 diabetic patients (62.8%). A subgroup analysis
showed that patients who had remission of DM had statisti-
cally higher TWL in comparison to patients who had persis-
tent DM particularly at years 1, 2, 3, and 4, but similar weight
loss at year 5. At year 1, TWL (n=72) in patients with DM
remission was 28.2 £6.5 vs. 23.3 + 3.8 in patients with persis-
tent DM, p < 0.001. At year 5, TWL (n=47) in patients with
DM remission was 26.2+9.4 vs. 22.0+5.4 in patients with
persistent DM, p =0.1.
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Table 5 Change in

cardiometabolic parameters of Diabetics N Preoperative (1) Postoperative (2) Decrease (1)~(2) p value*

diabetics after RYGB
HbAlc 67 79+2.0 6.1+1.0 1.8+1.8 <0.001
FBG 68 158 +61 111+38 46+56 <0.001
Total cholesterol 66 188 £42 177+36 11+34 0.010
LDL 62 111+35 106 +32 5+29 0.17
HDL 64 43+12 54+14 —11£10 <0.001
Triglyceride 65 212+ 144 115+54 97 +140 <0.001
Oral hypoglycemics 91 67 (73.6) 27(29.7) 40 (44.0) <0.001
Insulin therapy 91 14 (15.4) 2(2.2) 12 (13.2) 0.002

Mean = SD for continuous variables. Frequency (%) for categorical variables. *Decrease (preoperative-postop-
erative). Significant p values are in italics. Mean postoperative follow-up duration of diabetics = 5.6 2.7 years,

range (1.4, 10.7) years
Discussion

DM is a widely prevalent disease in the MENA region with
prevalence ranging from 8 to 24% [1]. Several long-term com-
plications arise from poor control of DM such as cardiovas-
cular disease, neuronal injury, renal dysfunction, and amputa-
tions [19]. As a result, metabolic surgery to treat DM has
gained the interest of researchers, general practitioners, endo-
crinologists, and bariatric surgeons. RYGB is a well-
established procedure that has been in practice for several
decades [20]. Benefits of this procedure related to weight loss
and DM remission have been frequently studied [6-8].
However, outcomes from the MENA region are scant.

We studied laparoscopic RYGB weight loss and glyce-
mic outcomes in selected Lebanese population. Our results
show that diabetic patients had worse weight loss out-
comes at years 1 through 5 post RYGB. Nevertheless, 5-
year TWL at 24.7% is still considered to be successful (>
20%). Since diabetic patients were also older, had more
hypertension, and dyslipidemia, we did multivariate anal-
ysis to adjust for confounders that affect weight loss.
Following multivariate analysis, DM remained a negative
predictor of TWL at 5 years, which is in accordance with
results from previous bariatric literature [21, 22].

Table 6  Studies on diabetes mellitus remission after gastric bypass

On further subgroup analysis within diabetic patients, TWL
at years 1 through 4 was significantly higher in individuals who
had DM remission in comparison to those who had persistent
DM. Our results failed to show statistical difference in TWL at
5 years probably due to the small size of the sample (n =47).
Kadera et al. reported similar findings with higher weight loss
2 years postoperatively in patients with DM remission [23].

In our diabetic patient population, 62.8% had overall re-
mission of DM. This figure is similar to international studies
on DM remission after gastric bypass (GB), some of which are
presented in Table 6 [6-8, 13, 14, 24]. From the MENA re-
gion, we found only two articles discussing DM remission
following GB [13, 14]. Abusnana et al. from UAE reported
43% CR at one-year post RYGB but was limited by small
sample size [13]. Taha et al. from Egypt reported 91% overall
remission at 3 years post one-anastomosis GB (OAGB) [14].
Other international reports on GB range between these points.
For example, Aminian et al. reported 49% overall remission
rate 7 years post RYGB [7]. Moreover, the benefits of RYGB
on DM are not limited to patients with BMI > 35 kg/m”. The
American Society of Metabolic and Bariatric Surgery
(ASMBS) endorses the presence of high-quality evidence
supporting bariatric surgery including RYGB in class I obesity
patients (BMI 30-34.9 kg/mz) with DM [25].

First author Year of Country  Procedure Number HbAlc FBG criteria  F/U duration (years)  Overall
publication of diabetics  criteria (%)  (mg/dL) remission (%)

Chen [24] 2018 Taiwan RYGB/OAGB 245 <6.5 <126 5 74

Adams [6] 2017 USA RYGB 84 <6.5 <126 12 51

Aminian [7] 2017 USA RYGB 511 <6.5 <126 7 49

Obeid [8] 2015 USA RYGB 66 <6.5 <126 10 58

Middle East and North Africa

Taha [14] 2017 Egypt OAGB 361 <6.5 - 3 91

Abusnana [13] 2015 UAE RYGB 14 <57 <100 1 43

Our study Lebanon RYGB 78 <6.5 <126 5.6 63

HbA1c hemoglobin Alc, FBG fasting blood glucose, F/U follow-up, RYGB Roux-en-Y gastric bypass, OAGB one-anastomosis gastric bypass
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Some literature on bariatric surgery suggests that RYGB is
superior to sleeve gastrectomy (SG), but inferior to OAGB in
weight loss and remission of DM [7, 10, 24, 26]. Almalki et al.
reported significantly higher DM remission post OAGB
(70.5%) in comparison to RYGB (39.4%) [10]. A recent sys-
tematic review had the same conclusion [26]. As for SG,
which is currently the most commonly performed bariatric
procedure, rates reported on DM remission range from 28 to
66% [7, 15, 24]. Aminian et al. studied predictors of DM
remission post bariatric surgery and formulated the
Individualized Metabolic Surgery (IMS) score which is based
on preoperative duration of DM, preoperative number of DM
medications, insulin use, and glycemic control (HbA1C < 7%)
[7]. For diabetic patients with high IMS scores, remission rates
were similarly low for both RYGB and SG. This could be
explained by depleted functional beta cell reserve in these
patients. For intermediate range scores, RYGB was more ef-
fective in achieving DM remission than SG. Age, BMI, C-
peptide level, and duration of DM (ABCD) score is another
scoring system that was reported to better predict DM remis-
sion in comparison to IMS [24]. Benefits of bariatric surgery
are not only limited to remission of DM but also apply to the
prevention of DM in obese patients [27].

Limitations

The limitations of this study are related to its retrospective
nature. We were able to report DM remission rates at last
follow-up rather than at specific time points postoperatively;
however, our mean follow-up duration was excellent and
exceeded 5 years. We did not report relapse rates after short-
term remission.

Conclusion

This is the first report from the MENA region on the long-term
outcomes of RYGB in the treatment of type Il DM. Our results
are similar to those in the international literature highlighting
the effectiveness of RYGB in the treatment of DM. Through
our literature review, we noticed the lack of enough studies in
the field of bariatric surgery in the MENA region. Therefore,
we recommend researchers from this region to conduct larger
prospective studies. We also recommend future studies to
compare bariatric outcomes including DM remission between
middle eastern and other populations and ethnicities as this
could explore outcome differences between these populations.
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