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Abstract
Background Type-2 diabetes (T2D) patients with body mass
index (BMI) below 35 kg/m2 carry lower remission rates than
severely obese T2D individuals submitted to Bstandard limb
lengths^ Roux-en-Y gastric bypass (RYGB). Mild-obese pa-
tients appear to have more severe forms of T2D, where the
mechanisms of glycemic control after a standard-RYGB may
be insufficient. The elongation of the biliopancreatic limbmay
lead to greater stimulation of the distal intestine, alterations in
bile acids and intestinal microbiota, among other mechanisms,
leading to better metabolic outcomes. The aim of this study is
to evaluate the safety and efficacy of the RYGB with a

biliopancreatic limb of 200 cm in the control of T2D in pa-
tients with BMI 30–35 kg/m2.
Methods From January 2011 to May 2015, 102 T2D patients
with BMI from 30 to 34.9 kg/m2 underwent laparoscopic
RYGB with the biliopancreatic-limb of 200 cm and the
alimentary-limb of 50 cm.
Results There were no deaths or reoperations. The mean
follow-up was 28.1 months. The mean BMI dropped from
32.5 to 25.1 kg/m2, while the mean fasting glucose decreased
from 182.9 to 89.8 mg/dl and the mean glycated hemoglobin
(HbA1c) went from 8.7 to 5.2%. During follow-up, 92.2% had
their T2D under complete control (HbA1c < 6%, no anti-
diabetic medications), while 7.8% were under partial control.
Control of hypertension and dyslipidemia were 89.4 and
85.5%, respectively. No patient developed hypoalbuminemia,
and there were mild micronutrient deficiencies.
Conclusions RYGB with long-biliopancreatic and short-
alimentary limbs is safe and seems effective in achieving com-
plete control of T2D in patients with BMIs between 30 and
35 kg/m2.

Keywords Long biliopancreatic limb . Roux-en-Y gastric
bypass . Metabolic surgery inmild obesity . Type-2 diabetes

Introduction

Roux-en-Y gastric bypass (RYGB) is one of the most com-
mon bariatric operations performed worldwide, allowing ex-
cess weight loss about 65–70% and adequate long-term con-
trol of comorbidities, mainly type 2 diabetes (T2D) [1].
Considering patients with BMI greater than 35 kg/m2,
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RYGB offers diabetes remission rate around 80% [2].
However, in patients with BMIs below 35 kg/m2, complete
diabetes remission rate published in literature may be lower,
generally between 25 and 55% [3–7]. A standard RYGB may
be defined as an operation with a small gastric pouch and
alimentary limbs measuring from 100 to 150 cm and biliary
limbs with 50 to 100 cm. Although there are good results of
Bconventional standard limbs^ RYGB [8] in patients with
BMI below 35 kg/m2, in most of the published studies, stan-
dard RYGB has failed to achieve high rates of T2D remission
in this lower BMI population. Those different results may be
influenced by the selection criteria, time of history of the dis-
ease, or the more complex and severe presentation in the lower
BMI ranges. It may be possible that this subgroup of patients
has a decreased β cell function and a lower degree of insulin
resistance [6].

The traditional restriction and malabsorption mechanisms
of bariatric surgery do not explain most of the metabolic ef-
fects of the procedures [9, 10]. Several other mechanisms have
been proposed that may help explaining some weight-
independent antidiabetic effects, as intestinal reprogramming
and adaptation [11], gut hormones [12], bile acids [13], mi-
crobiota [14], and proximal bowel exclusion [15].

Some studies suggested that the elongation of the alimen-
tary limb do not have metabolic implications; thus, enlarging
seems to be unnecessary [16]. On the other hand, at least as
demonstrated in rodents, enlarging the biliopancreatic limb
may lead to better metabolic outcomes in T2D patients, en-
hancing the mechanisms of improvement after surgery [17].

This is a prospective single-arm study that aims to evaluate
the efficacy and safety of the RYGB with a 200-cm-long
biliopancreatic limb and an alimentary limb of 50 cm in the
control of T2D in patients with BMIs between 30 and 35 kg/
m2. The secondary endpoint is to evaluate the efficacy of this
model of RYGB in the control of hypertension and
dyslipidemia.

Methods

Among 180 recruited, 102 T2D patients with BMIs between 30
and 34.9 kg/m2 were included in this prospective single-arm
study. All underwent a laparoscopic RYGBwith a biliopancreatic
limb of 200 cm and an alimentary limb of 50 cm, from January
2011 to May 2015, at the Center for Bariatric and Metabolic
Surgery of São Domingos Hospital, in São Luís, Maranhão,
Brazil. Other inclusion criteria included at least 2 years of T2D,
18 to 65 years old, fasting C-peptide ≥ 1 ng/ml, and blood tests to
rule out autoimmune diabetes. Consolidated Standards of
Reporting Trials (CONSORT) diagram is displayed in Fig. 1.
This study was approved by the local institutional review board,
and all patients signed awritten informed con sentwhen recruited.
Retention rate was 100%.

Before the operation, the data collected included: sex, age,
weight, height, BMI, time of T2D diagnosis, fasting plasma
glucose, glycated hemoglobin (HbA1c), C-peptide, use of
anti-diabetic medications and/or insulin, and the presence of
comorbidities such as dyslipidemia and hypertension.

Laparoscopic RYGB startedwith the construction of a small
gastric pouch with around 75 ml. The biliopancreatic limb had
200 cm in all cases and the alimentary limb, 50 cm. The gastro-
jejunal (GJ) anastomosis and the jejunojejunostomy were
hand-sewn. The GJ anastomosis was uncalibrated with a mean
diameter of 2 cm.

Four surgeons were responsible for conducting the opera-
tions, and during the procedures, an assistant was in charge to
re-verify the lengths. The alimentary and the biliopancreatic
limb measurement were performed employing a 10-cm mark
applied in a bowel grasper from its tip. The limb was not
overstretched during measurement. Operative time and peri-
operative complications were noted.

The diagnosis of diabetes was based on the American
Diabetes Association criteria [18], while hypertension after
the Seventh Report of the Joint National Committee criteria
[19]. Dyslipidemia followed the American Heart Association
criteria [20].

Weight, BMI, fasting plasma glucose, HbA1c, serum albu-
min, lipid profile, and evaluation for the presence of hyperten-
sion were assessed in different time points. Also, patients were
asked about their frequency of bowel movements per day.

T2D complete control was considered if the patient
achieved HbA1c < 6.0% in the absence of hypoglycemic med-
ications. Partial control was defined when the patient had one
of the following conditions: HbA1c between 6.0 and 6.5%,
with or without the use of anti-diabetic medications and
HbA1c below 6.0% with the use of anti-diabetic medications.

Hypertension control was defined when blood pressure was
below 140 × 90 mmHg without medication. Dyslipidemia was
considered controlled when low-density lipoprotein (LDL)
was below 130 mg/dl, high-density lipoprotein (HDL) was
above 40 mg/dl, and triglycerides were below 150 mg/dL,
without any pharmacological agent.

Serum albumin level was the criterion chosen to assess
nutritional safety. Hypoalbuminemia was defined when se-
rum albumin level was below 3.5 g/dL and was a standard
measure in all patients from 1 to 5 years of postoperative
follow up. During the first postoperative year, albumin
levels were assessed three times and every 12 months af-
terwards until their latest follow up. Other micronutrients
were assessed on baseline as well during follow up, as
serum levels of iron, folic acid, ferritin, calcium, and vita-
mins B12 and D. Zinc, copper and vitamins A, B1, and E
were not measured at baseline, only at the follow up. All
patients were advised to follow a regular diet, with higher
protein intake through food or whey protein supplementa-
tion and multivitamins.
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Fifty-one men and 51 women were operated. The main
baseline patient’s information are shown in Table 1.

Data were presented as mean (standard deviation (SD)),
mean (min-max), mean (95% confidence intervals), or counts
(percentage). For continuous variables, Student’s t test for
dependent groups was used to investigate changes from base-
line. For dichotomous outcomes, frequencies were compared
by McNemar test. A p < 0.05 was considered statistically
significant. All data analyses were carried out with SPSS ver-
sion 20.0 (Chicago, IL, USA).

Results

There were no conversions to open surgery, reoperations, or
operative mortality. Patients had a mean hospital stay of

2.2 days (2–5 days). The mean operative time was 89 min
(68–162 min). There were two (1.9%) major postoperative
complications, defined as conditions that required hospital
readmission—one acute pulmonary edema and one upper

Flow Diagram

Assessed for eligibility (n = 180)

Excluded (n = 78)

Not meeting inclusion criteria (n = 73)

Declined to participate (n = 4)

Other reasons (n = 1)

Analysed (n = 102)

Excluded from analysis (give reasons) (n= 0)

Lost to follow-up (give reasons) (n = 0)

Discontinued intervention (give reasons) (n = 0)

Allocated to intervention (n = 102)

Received allocated intervention (n = 102)

Did not receive allocated intervention (give 

reasons) (n = 0)

Allocation

Analysis

Follow-Up

Included (n = 102)

Enrollment

Months of follow up of the patients in the last 

available evaluation:

- 1 patient with 65 months of follow up

- 4 patients with 48 months of follow up

- 6 patients with 36 months of follow up

- 71 patients with 24 months of follow up

- 20 patients with 12 months of follow up

- 60 months: 1 patient

Fig. 1 CONSORT (Consolidated
Standards Of Reporting Trials)

Table 1 Baseline patient’s demographics

Variable

Gender (male/female) 51 / 51

Mean age (years) 50.8

Mean time of T2D diagnosis (years) 10.4

Insulin use (%) 44 (43.1)

Mean C-peptide (ng/dl) 3.6

Hypertension (%) 57 (55.8)

Dyslipidemia (%) 83 (81.3)
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gastrointestinal bleeding that were medically managed. There
were three (2.9%) port site infections that were treated in an
outpatient basis and considered minor events.

The mean postoperative follow-up was 28.1 ± 8.1 months
(12–65 months). The mean frequency of bowel movements
per day was 1.8 movements (1–4 movements), with 99% of
the patients with a frequency between 1 and 3 movements.
Postoperative outcomes are summarized in Table 2. No patient
presented hypoalbuminemia up to the longest follow up visit,
and micronutrient outcomes compared with baseline informa-
tion are listed in Table 3.

At the latest follow up, the rate of T2D complete control
was 92.2%. The remaining patients were in partial control of
the disease. In this follow-up point, hypertension and dyslip-
idemia control rates were 89.4 and 85.5%, respectively.

The evolution of BMI, fasting plasma glucose, and HbA1c
in the first 36 months is shown in Fig. 2.

Discussion

Although RYGB has been performed for decades, there are
few studies on the influence of the length of the intestinal
limbs over diabetes remission. Kaska et al. compared short
and long biliopancreatic limbs (up to 150 cm) and showed a
higher rate of complete remission of T2D among patients who
underwent an RYGBwith longer biliopancreatic limbs [21]. A
randomized controlled trial, published in 2008, revealed the
superiority in T2D control with longer limbs RYGB [22]. In
this trial, both the alimentary and biliopancreatic limbs were
enlarged, making it difficult to disclose the primary factor for
improvement in the Benlarged limbs^ group.

In the current study, figuring a RYGB with a biliopancreatic
limb of 200 cm, there was a high glycemic control rate, with
more than 92% of patients in complete control of T2D during
follow-up. This result is far superior to other RYGB publications
on the same BMI range (30 to 35 kg/m2), where results of com-
plete T2D remission (or complete control) ranged from 25 to
55% [3–7]. Schauer et al. reported HbA1c below 6.0 without
diabetesmedication in only 22.4% of patients with BMI between
27 and 43, whowere submitted to aRYGBwith a biliopancreatic
limb of 50 cm. It should be noticed that Schauer’s randomized

controlled trial had a reduced number of patients with BMI be-
low 35 kg/m2 and had a 5-year follow-up [23].

Several mechanisms have been associated with glycemic
control after bariatric/metabolic surgery, including calorie restric-
tion and weight loss, duodenal and proximal bowel exclusion,
stimulation of the distal intestine, alteration in bile acids levels
and flow, and change of the intestinal microbiota [24]. Greater
incretin stimulation [25, 26] after a 200-cm biliopancreatic limb
was already reported. The role of the proximal bowel was ex-
haustively studied in elegant animal models, and apparently, the
longer the extent of the duodenal/jejunal exclusion, the greater
the effect over insulin sensitivity and intestinal glucose disposal
[11, 27]. Beneficial biliary acid alterations and intestinal micro-
biota changes were associatedwith a long biliopancreatic limb in
a study in rodents [17]. Greater weight loss was also associated
with longer biliopancreatic limb [28].

Therefore, of the known mechanisms of glycemic control
in bariatric/metabolic surgery, at least five of them (distal/
incretin stimulation, proximal bowel exclusion, alterations in
bile acids, alterations in microbiota and weight loss) can be
optimized with the elongation of the biliopancreatic limb.

Biliopancreatic limbs of 200 cmwere also employed byNora
et al. and Lanzarini et al. In the study by Nora et al., 100% of the
patients achieved T2D remission after 36 months of follow-up,
although the study had only patients with BMI over 35 kg/m2,

Table 2 Comparison of
metabolic outcomes (pre and at
the longest follow up)

Variables Preoperative mean (SD) Postoperative
mean (SD)

P value

BMI (kg/m2) 32.5 ± 1.5 25.1 ± 2.0 < 0.001

Fasting plasma glucose (mg/dL) 182.9 ± 34.8 89.8 ± 7.25 < 0.001

HbA1c (%) 8.7 ± 1.35 5.2 ± 0.53 < 0.001

Hypertension (%) 55.8 5.8 < 0.001

Dyslipidemia (%) 81.3 11.7 < 0.001

Table 3 Micronutrients insufficiency at baseline and at the longest
follow-up visit

Baseline outcomes
(deficiency)

Longest follow up
outcomes (deficiency)

Iron 2/102 (1.9%) 10/102 (9.8%)

Ferritin 1/102 (0.9%) 11/102 (10.8%)

Ionic calcium 3/102 (2.9%) 10/102 (9.8%)

Copper Non assessed 9/102 (8.8%)

Zinc Non assessed 14/102 (13.7%)

Vitamin A Non assessed 6/102 (5.9%)

Vitamin B1 Non assessed 4/102 (3.9%)

Vitamin B12 2/102 (1.9%) 13/102 (12.7%)

Vitamin D 38/102 (37.2%) 49/102 (48%)

Vitamin E Non assessed 4/102 (3.9%)

Folic acid 1/102 (0.9%) 2/102 (2%)
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with less severe diabetes and used HbA1c < 6.5% as complete
remission criterion [29]. Lanzarini et al., employing analog re-
mission criteria as in the present study, reached 93.6% of com-
plete T2D control in a 36-month follow-up [30], but with a
considerably smaller number of patients.

Cohen et al., in 2012, reported that an RYGB with a 100-
cm biliopancreatic limb performed in patients with BMI range
of 30–35 kg/m2, achieved 88% of the patients in complete
remission in 6 years of follow up [8]. This is comparable with
the current study, within the same BMI range, and longer
follow-up. But the complete remission criteria used in the
study by Cohen et al. was HbA1c < 6.5% without medication,
different of the current study’s criteria (HbA1c < 6.0%without
medication). This fact possibly explains the almost similar
results between these two distinct models of RYGB.

Despite the fact that the aim of enlarging the biliopancreatic
is to improve the metabolic effect, the exclusion of much of
the proximal intestine may potentially increase the risk of
nutritional problems. However, the elongation to 200 cm of
the biliopancreatic limb was not associated with protein mal-
nutrition, as demonstrated in this study, where none of the
patients presented hypoalbuminemia, at least at that time of
follow up. The present study also showed mild micronutrient
deficiency. To avoid postoperative nutritional problems, the
longest possible common limbwas left, so a 50-cm Roux limb
was used, just enough to prevent significant alkaline reflux. In
a study comparing the outcomes of RYGB with long alimen-
tary limb versus long biliopancreatic limb, there was no dif-
ference in gastroesophageal reflux disease between groups
with a Roux limb of 60 and 150 cm [28]. The length of the
biliopancreatic limb seems to be the only variable that trans-
lates into significant metabolic improvement. Given the cur-
rent understanding that malabsorption is not a fundamental
mechanism behind the positive metabolic effects after surgery,
the elongation of the Roux limb while reducing the common
channel achieves limited metabolic outcomes, imposing
higher nutritional risks [31–33]. The measurement of the
Roux limb of the present study differed from those used in
the studies of Nora et al. and Lanzarini et al., who used Roux
limbs of 120 and 100 cm, respectively. However, although
they have performed longer Roux limbs, and therefore prob-
ably shorter common channels, those studies did not report
protein malnutrition as well [29, 30].

In addition of being nutritionally safe, the elongation of the
biliopancreatic limb to 200 cm does not seem to lead to exces-
sive weight loss. In the current study, the mean BMI has fallen
from 32.5 to 25.1 kg/m2, while in Lanzarini’s et al. series, the
mean BMI dropped from 33.1 to 24.7 [30]. That reinforces the
nutritional safety to recommend metabolic surgery for patients
with mild obesity, even being a RYGB with a longer
biliopancreatic limb. It is important to highlight that in the
present study, a wide uncalibrated gastro-jejunal anastomosis
was made, allowing better food adaptation without significant
restriction. The aim of this RYGB model with a 200-cm
biliopancreatic and 50-cm alimentary limbs is to optimize the
metabolic component of the procedure, avoiding mechanical
restriction and malabsorption, probably contributing to the
non-excessive weight loss.

A BMI

B Fas�ng plasma glucose

C HbA1c

Fig. 2 Evolution of the BMI (a). Fasting plasma glucose (b). HbA1c (c).
Results are presented as mean (95% confidence intervals). Estimates are
based on 102 participants from baseline to 12 months of follow-up, 82
patients at 24 months, and 11 patients at 36 months
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Despite the longer proximal exclusion in this model of RYGB,
the frequency of bowelmovements had amean of 1.8movements
per day, much lower than the mean frequency after malabsorptive
procedures, as the biliopancreatic diversionswith duodenal switch
or Scopinaro’s technique, which have a mean frequency of 3.2
and up to 4 movements per day, respectively [34, 35].

Other relevant data were the high control rates of hyperten-
sion and dyslipidemia (89.4 and 85%, respectively), better than
some reports following conventional RYGB in lower BMIs [23].
Despite the fact that GLP-1 and bile acids seem to influence the
regulation of blood pressure and lipid metabolism [36–40], the
reasons behind the high remission rates of hypertension and
dyslipidemia in this model of RYGB are still to be elucidated.

Although the results of this study are compelling and draw
attention to this subject, we acknowledge some limitations: it
is a prospective single-arm study with relatively short follow-
up, and the long-term durability of the metabolic effect was
not assessed in this communication. Randomized controlled
trials are necessary to validate the metabolic superiority of the
long biliopancreatic and short alimentary limbs RYGB, com-
pared to the conventional model of RYGB and shift the para-
digm on the mechanisms involved in this operation.

Conclusion

Long biliopancreatic and short alimentary limbs RYGB is safe
and seems effective in achieving complete control of type 2
diabetes in patients with BMI 30 to 35 kg/m2, as well as control
of hypertension and dyslipidemia, without excessive weight
loss and malnutrition, in short and midterm follow up.
Although not definitive, this unicentric prospective trial stimu-
lates further research on comparing long biliopancreatic and
short alimentary RYGB versus Bstandard^ limbs RYGB in a
randomized controlled trial.
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