
Abstract
Background Duodenal-jejunal bypass brings an acceptable glycemic 
control when added to sleeve gastrectomy in Duodenal-jejunal bypass with 
sleeve gastrectomy. This approach combines the principles and advantages of 
sleeve gastrectomy and a duodenal switch. There is not enough reported 
evidence following DJB-SG in diabetic patients with BMI less than 30.

Objective The aim of this study was to evaluate the effect of DJB-SG on 
type 2 diabetes remission in patients with BMI less than 30. 

Methods In this study we did DJB-SG for 20 patients who suffered from 
type 2 diabetes with BMI less than 30. All patients had a normal fasting c-
peptide with acceptable post prandial c-peptide rising (>20% rise) in our 
private hospital from October 2016 to October 2018. Complication rates, 
weight loss, and remission of diabetes and co-morbidities were evaluated and 
analyzed at 1,3,6 and 12 month after surgery. 

Results Twenty diabetic patients were entered the study, 12 males and 8 
females, while 11 of them were insulin dependent. Mean age was 48.7 ± 10.3 
years, and the duration of diabetes was 10.5 ± 9.3 months. Evaluation of the 
results preoperative and 12 months after surgery: BMI 28.4 ± 1.8 vs 23.8 ± 
1.7 , fasting plasma glucose (FPG) 156.9 ± 31.2 vs. 95.7 ± 6 , 
HbA1c 8.26 ± 1.8 vs 6.1 ± 0.7%, were all statistically significant (p value < 
0.05).

Conclusion This study showed, combining duodenal switch with sleeve 
gastrectomy is highly effective in control of diabetes and metabolic  
syndrome in non-obese patients (BMI < 30). Further evaluation on more 
cases with longer follow-ups is essential.
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C-peptide • Metabolic syndrome 
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Introduction  

Diabetes mellitus is a chronic disease which has involved more than 422 
million people all around the world[1]. Bariatric/ metabolic surgery is an 
accepted treatment option for type 2 diabetes mellitus (T2DM) based on 
American Diabetes Association(ADA) [2]. 
Traditionally, T2D has been treated with lifestyle changes and anti 
diabetic medications, though there are lots of patients who fail to 
achieve adequate glycemic control despite maximum dosage of 
medications.  
One of the most compelling arguments for weight loss-independent 
effects of upper gastrointestinal(UGI ) tract bypass surgery is the 
observation that remission of type 2 diabetes without weight loss has 
occurred in patients who have had duodenal-jejunal bypass (DJB) 
surgery [3]. 
Although bariatric/ metabolic surgery is recommended for T2DM Asian 
patients with BMI 27.5- 32.4 kg/m2 [2], reported evidences are not 
much, specially in patients with BMI less than 30kg/m2. Therefor we 
designed this prospective study to evaluate the effect of DJB-SG in 
diabetic patients with BMI<30 in our private hospital. 

 



Material and Methods 

We designed a prospective study on 20 patients suffered from T2DM with  BMI 
less than 30 kg/m2. All of them underwent DJB-SG in our hospital after signing 
informed consent. All surgeries have done by one bariatric surgen from October 
2016 to October 2018. 
We explained DJB-SG and its effects on diabetes and metabolic syndrome in detail 
based on literature, and discuss its pros and cons before surgery. 
Inclusion criteria were T2DM, BMI less than 30, a normal fasting C-peptide, rising 
of C-peptide more than 20% two hours post prandial and age within 18 to 65 years. 
Non of the patients included in the study had previous bariatric or a major 
abdominal surgery. 
Exclusion criteria were moderate or severe gastro esophageal reflux disease, BMI 
more than 30, fasting C-peptide lower than normal, inadequate post prandial C-
peptide rising (less than 20%) and age under 18 or above  65 years. Preoperative 
parameters that analyzed were as such:age, BMI, duration of T2DM, insulin use 
and its duration, anti diabetic medications, FPG, glycosylated 
hemoglobin(HbA1c), fasting C-peptide, 2 hours post prandial C-peptide, 
Triglyceride, cholesterol and postoperatively we assessed  FPG, HbA1c and weight 
loss after surgery. All patients were followed-up by a multi disciplinary team and 
data were collected and analyzed  1,3,6 and 12 month after surgery . 

Surgical procedure: 
Patients were placed in a reverse trendlenburge position  with the legs 
elevation of 30 degree. The main surgeon  stood between 2 legs of the 
patient, and 5 laparoscopic ports were inserted (Fig. 1). A 10-mm port was 
inserted 18 cm below the xyphoid , after the creation of 
pneumoperitoenum by a Verress needle  (port 1). Then, a 12-mm Trocar 
was placed 12 cm lateral to the first port on the left side and another 12-
mm trocar ,at mid clavicular line on right side, both at the same level of the 
first trocar (ports 2and 3). 

A 5-mm Trocar was placed at the left anterior axillary line ,2cm below the 
ribs margin and another 5-mm trocar was placed below the xiphoid (ports 
4 and 5). 

DJB-SG: After abdominal exploration, the omentum was separated 
beginning at 2 cm away from pylorus, along the greater curvature and until 
the His angle. The gastrosplenic ligament was cut. A 60-Fr Bougie was 
inserted to the distal pylorus, and Endo-GIA linear staplers (green and 
blue) were employed for sleeve gastrectomy towards the His angle. The 
pylorus was preserved, and a tube-like stomach sac was formed. The 



Bougie was withdrawn. The duodenum was separated about 2-3 cm at the 
duodenal bulb and then cut with a purple tri-stapler . The intestine was 
chosen 120 cm distal to Treitz ligament. Then, the proximal end of the 
duodenum was mannually anastomosed to the jejunum forming a 3-cm  
side to side anastomosis (Figure 2).

Data are presented as mean ± SD. A Student t test was to compare 
differences between mean. All tests were considered statistically 
significant with p < 0.05.


 
Figure 1 : ports placement 



 

Figure 2: Single Anastomosis Duodenal Jejunal Bypass with Sleeve Gastrectomy 

  



Results 

Twenty patients (12 males and 8 females ) with T2DM and BMI less 
than 30 kg/m2 underwent DJB-SG between October 2016 and 
October 2018 in our hospital By one bariatric surgeon while eleven of 
them were insulin dependent. Mean age was 48.7 ± 10.3 years 
(range:39-65) and mean BMI was 28.4±1.8 kg/m2 (range:25.2-30.2). 
Duration of diabetes was 10.5-9.3 years (range:1-20) and duration of 
insulin use was 6.9±3 years (range:1-20) in insulin dependents. 
Preoperative lab evaluations were : Fasting Plasma Glucose (FPG) 
156.9±31.2 mg/dl (range:77-221), HbA1c 8.26±1.8% (range:5.9-11.9), 
fasting C-peptide 2.2±1 ng/ml (range:1.1-3.45 ) and 2 hour post 
prandial C-peptide  4.9±2.2 ng/ml (2.5-8.2) (Table 1).


Table 1: Preoperative Data
Patients (n=20) Range

Gender (M/F)            12 males / 8 females                              -

Age                     48.7±10.3                          39-65

IDDM / NIDDM                      11  /  9                             -

Body Mass Index (kg/m2)                    28.4 ±1.8                      25.2-30.2

Weight (kg)                        82±10.3                         64-108

Height  (m)                     1.69±0.1                       1.55-1.87

FPG (mg/dL)                   156.9±31.2                         77-221

HbA1c %                     8.26±1.8                       5.9-11.9

Fasting C -peptide (ng/mL)                       2.2±1                       1.1-3.45

C peptide 2hours post 
prandial (ng/mL)

                      4.9±2.2                       2.5-8.2

Duration of Diabetes (year)                     10.5±9.3                         1  -  20

Duration of insulin use (year)                      6.9 ±3                         1  -  20



All surgeries were performed in our hospital by one bariatric surgeon . We 
didn’t have any severe short term or long term complications. Mean 
operative time was 80±10 minutes. All patients were discharged the day 
after surgery after toleration of clear liquid diet . One patient had severe 
vomiting 2 days after surgery that readmitted and was controlled by anti 
emetics. Non of them had vomiting or any significant complaint at first 
postoperative visit ,one week after surgery. We followed our patients at 
month 1,3,6 and 12. Weight loss, FPG, HbA1c and anti diabetic 
medications were recorded and analyzed.

The mean weight before surgery was 82±10.3 kg and decreased 
significantly to 73.6±10.4, 69±9.3, 67.2±9.3 and 66.7±9.1 kg at 1,3,6 and 
12 month follow up, respectively (table 2). The preoperative mean BMI was 
28.4±1.8 % that significantly declined to 26.1±1.5, 24.4±1.6, 23.8±1.8 and 
23.8±1.8 % at postoperative 1,3,6 and 12 month, respectively (p value< 
0.05) (table 2and figure 3). To evaluate the diabetic outcome we followed 
FPG and HbA1c and both of them decreased significantly. Preoperative 
FPG was 156.9±31.2 mg/dl that decreased to normal range (105±12.4mg/
dl), six month after surgery and also 95.7±6mg/dl at 12 month follow up(p 
value<0.05). HbA1c was 8.26±1.8 ng/ml before surgery and decreased to 
6.1±0.7 ng/ml at month 12(p value<0.05)(table 2 and figure 4), less than 6 
ng/ml in seven patients (35%), between 6 and 6.5 ng/ml in eleven patients 
(55%) and between 6.6 to 7 ng/ml in 2 patients (10%). All insulin 
dependents (11 patients) stopped insulin injection after surgery and five of 
them (45%) didn’t need even to oral hypoglycemic medications. The use 
of oral hypoglycemics stopped in all non insulin dependents.


Table 2: Postoperative Data

Baseline 

n=20

1 month

n=20

3 month

n=20

6 month

n=20

12 month

n=20

WEIGHT (kg) Range 

Values 

64-108                            
82±10.3

55-87                               

73.6±10.4

55-84

69±9.8

54-83

67.2±9.3

 54-80                         
66.7±9.1

Body Mass 
Index (kg/m2)

Range 

Values 

25.2-30.2                      
28.4±1.8

20.1-28.2 

26.1±1.5                      

20-27.4

24.4±1.6

20-26.2

23.8±1.8

 20.1-26.3                             
23.8±1.8

Fasting Plasma 
Glucose (mg/dL)

Range 

Values 

  77-221                            
156.9±31.2

90-150

119.4±21

88-158

115.6±23.2

85-144

105±12.4

82-139                     
95.7±6

HbA1c (ng/mL) Range 

Values 

5.9-11.9                             
8.26±1.8

4.9-9.1

7.3±1.6                                

4.7-8 

6.3±1.2

5.1-7

6.1±0.8

5.1-7                         
6.1±0.7



 
Figure 3  changing BMI from baseline to 12 month follow-up period 
 

Figure 4. Changing HbA1c from baseline to 12 month follow-up period 
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Discussion  

Type 2 diabetes mellitus have emerged as a major health problem worldwide. 
Obesity surgery is an excellent way to improve or resolve T2DM in obese 
patients [5.6.7.8], and a lot of important institutions like ASMBS, IFSO, IDF, 
and SECO believe that bariatric and metabolic surgeries are effective on 
glycemic control not only in morbid obesity but also in patients with mild 
obesity[9.10.11.12]. These institutions agree that bariatric and metabolic 
surgeries are also effective in poorly controlled T2DM[9.10.11.12]. DJB-SG 
is proven to be safe and effective in control of T2DM in patients with mild 
obesity and evidences show good results[13.24.26]. 
This study suggested that, this  particular type of surgery( DJB-SG) is highly 
effective on diabetes control in non or mildly obese patients (BMI<30kg/m2) 
at least up to one year postoperatively in patients with a normal C-peptide. 
Our study realized that at 6 month after surgery all of 20 patients reached to 
HbA1c < 7 with a normal FPG, less than 6ng/ml in seven (35%), between 6 to 
6.4 ng/ml in eleven(55%) and between 6.5  to 7ng/ml in 2 patients(10%). 
Mean duration of diabetes was 10.5±9.3 year, from the minimum range of 12 
month to maximum of 20 years. Those who were insulin dependent 
(11patients), stopped using insulin postoperatively with an acceptable 
glycemic control and five of them (45%) didn’t need even to oral 
hypoglycemic medications. The use of oral hypoglycemics stopped in all non 
insulin dependents. Regardless of normal or near normal BMI of our patients, 
12 month postoperative weight loss was acceptable (BMI: 20-26.3 kg/m2). 
All surgeries were performed in our hospital by one bariatric surgeon . We 
didn’t have any severe short term or long term complications. Mean operative 
time was 80±10 minutes. All patients were discharged the day after surgery 
after toleration of clear liquid diet. All patients left the operating room with a 
drainage tube that removed before discharge . 
Duodenal-jejunal bypass(DJB) is significantly effective on T2DM 
improvement independent of weight loss. Though the mechanism of action is 
not fully understood, there are lots of evidences that realize DJB can activate 
brain insulin signals and brain glucose utilization [14-15]. This procedure has 
also its intestinal effect on glucose absorption and decrease insulin resistance 
by its hormonal effect(GLP1)[16.17.18]. Recent studies found that duodenum 
exclusion plays an important role on T2DM treatment and metabolic surgery 
with duodenum exclusion is more effective than other procedure for the 



treatment of T2DM [15.32-34]. On the other hand sleeve gastrectomy(SG) 
itself has a significant effect on T2DM Improvement [19.20.21]. Though the 
mechanism of action is not fully understood, there are evidences that show 
sleeve gastrectomy acts by grelin reduction due to removal of fondus of 
stomach and limitation of contact between ingested food and gastric 
mucosa[22.23]. DJB-SG has the effects of DJB and SG on glucose control 
together. 
A normal range fasting C-peptide with 20% rise 2 hours postprandial, strongly 
determined the effect of medical treatment or metabolic surgery on T2DM 
[24.26]. Fasting and postprandial C-peptide were important criteria for our 
patients to enter this study. Many studies reported that fasting C-peptide is an 
important predictor of T2DM remission because C-peptide may represent the 
residual β-cell function of T2DM patients [24.25.26]. Lee found that elevated 
C-peptide is very important in predicting the success of T2DM remission after 
LSG in low BMI patients for the first time [24.26].C-peptide test is a blood 
test which help to find out how much insulin your body is producing. It is 
useful for determining whether you have insulin resistance. C-peptide is a 
useful marker of insulin production because c-peptide remains in the blood 
longer than insulin.The normal range for a fasting c-peptide test is: 0.51 to 
2.72 nanograms per millilitre (ng/mL) which taken 8 to 10 hours fast 
[27.28.29].c-peptide levels following oral glucose ingestion are a consistently 
sensitive measure of beta cell function, which may be associated with diabetes 
type and future use of insulin[30.31]. 
We have certain limitations in our study and the most important one was the 
small sample size. We entered only 20 patients in our study who had BMI less 
than 30 with a normal fasting and postprandial C-peptide. Short term follow 
up was the second limitation in this study. Our study was not a clinical trial to 
compare results with the control group. Further studies with long term follow 
up and a larger sample size are needed to understand the effects of DJB-SG on 
T2DM improvement better. 



Conclusion  

Results of this study show the benefits of DJB-SG on mild or non obese 
diabetics while its a safe procedure with low complication rate. Its highly 
effective on improvement or even remission of T2DM in selected patients. 
Selection criteria played a main role in high success rate in our short term 
study. A better study design with longer follow up duration and larger sample 
size is mandatory for better evaluation. 
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