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Abstract

Duodenal–jejunal bypass liner (DJBL) is an endoscopically implantable device designed 

to noninvasively mimic the effects of gastrointestinal bypass operations by excluding 

the duodenum and proximal jejunum from the contact with ingested food. The aim 

of our study was to assess the influence of DJBL on anthropometric parameters, 

glucose regulation, metabolic and hormonal profile in obese patients with type 2 

diabetes mellitus (T2DM) and to characterize both the magnitude and the possible 

mechanisms of its effect. Thirty obese patients with poorly controlled T2DM underwent 

the implantation of DJBL and were assessed before and 1, 6 and 10 months after the 

implantation, and 3 months after the removal of DJBL. The implantation decreased body 

weight, and improved lipid levels and glucose regulation along with reduced glycemic 

variability. Serum concentrations of fibroblast growth factor 19 (FGF19) and bile acids 

markedly increased together with a tendency to restoration of postprandial peak of 

GLP1. White blood cell count slightly increased and red blood cell count decreased 

throughout the DJBL implantation period along with decreased ferritin, iron and 

vitamin B12 concentrations. Blood count returned to baseline values 3 months after 

DJBL removal. Decreased body weight and improved glucose control persisted with only 

slight deterioration 3 months after DJBL removal while the effect on lipids was lost. We 

conclude that the implantation of DJBL induced a sustained reduction in body weight 

and improvement in regulation of lipid and glucose. The increase in FGF19 and bile acids 

levels could be at least partially responsible for these effects.

231
1

Correspondence  
should be addressed  
to M Haluzík  
Email  
mhalu@lf1.cuni.cz

Key Words

 f type 2 diabetes mellitus

 f obesity

 f  duodenal–jejunal bypass 
liner

 f bile acids

 f  fibroblast growth factor 19

Journal of Endocrinology  
(2016) 231, 11–22

Downloaded from Bioscientifica.com at 05/23/2023 01:32:29AM
via free access

http://dx.doi.org/10.1530/JOE-16-0206
mailto:mhalu@lf1.cuni.cz


Research 12Endocrine effects of 
duodenal–jejunal exclusion

DOI: 10.1530/JOE-16-0206

Jo
u
rn

al
o
f
En

d
o
cr
in
o
lo
g
y

p kaválková and others

http://joe.endocrinology-journals.org © 2016 Society for Endocrinology
Printed in Great Britain

Published by Bioscientifica Ltd.

231:1

Introduction

The worldwide obesity epidemic together with related 
pathologies such as type 2 diabetes mellitus (T2DM) and 
increased risk of cardiovascular mortality and morbidity 
has underscored the need for effective, reliable and simple 
weight-reduction strategies (O’Rahilly 1997, Reaven 
et  al. 2004). Despite intensive efforts, the search for a 
pharmacological approach able to effectively decrease 
body weight and improve metabolic complications still 
continues. The only strategy proven to induce sustainable 
reduction of body weight in patients with a high degree of 
obesity remains surgical treatment (Sjostrom et al. 2007, 
Pories 2008). Although major metabolic improvements 
are evident in all patients after bariatric surgery, 
various types of operations differ in the rate of diabetes 
remission and in the timing of metabolic improvements  
(Dixon et al. 2012).

Roux-en-Y gastric bypass represents the most 
frequently used bariatric procedure worldwide 
(Nannipieri et  al. 2013). This operation combines the 
restrictive element (creation of a small stomach pouch) 
with its connection to the medium part of jejunum, so 
that the food bypasses the distal stomach, duodenum 
and proximal jejunum (the malabsorptive component). 
Numerous studies have documented multiple positive 
metabolic effects of gastric bypass, in particular the 
improvement in glucose control or even a complete 
diabetes remission that occur early after operation and are 
at least partially independent of weight loss (Cummings 
2009). Although gastric bypass is an effective and durable 
approach to target both obesity and T2DM, it is still a 
major surgical procedure with all its limitations including 
the risk of perioperative or postoperative complications 
and also its irreversibility. Therefore, considerable efforts 
have been made to mimic the effects of gastric bypass 
using less invasive and reversible approaches.

Duodenal–jejunal bypass liner (DJBL) is an 
endoscopically implantable device designed to 
noninvasively mimic the effects of gastrointestinal 
bypass operations (Patel et  al. 2012). It is a 60 cm long 
impermeable fluoropolymer sleeve that can be implanted 
endoscopically into the small intestine for up to 12 months 
(Rohde et al. 2016). The ingested food passes through the 
proximal part of small intestine (duodenum, proximal 
jejunum) through the impenetrable liner, which prevents 
its contact with intestinal wall. Less digested food then 
directly reaches the medium part of jejunum. Both the 
exclusion of the proximal part of small intestine and the 
presence of less digested food in its distal parts are thought 

to be at least partially responsible for the weight loss and 
improvement in diabetes control that have been described 
in obese patients with T2DM after DJBL implantation 
(Cohen et al. 2013). Nevertheless, the exact mechanisms 
responsible for these improvements and their reversibility 
after DJBL removal have not been rigorously explored and 
remain only partially understood.

We hypothesized that the effects of DJBL might be 
mediated through the changes of intestinal regulation 
of bile acids and fibroblast growth factor 19 (FGF19). 
To this end, we comprehensively studied the effect of 
10 months of DJBL implantation on body composition, 
glucose control, and fasting and post-meal metabolic 
and hormonal profiles of subjects with obesity and 
poorly controlled T2DM. Furthermore, we explored the 
sustainability of different effects of DJBL 3 months after 
its removal.

Materials and methods

Study subjects and intervention

Thirty subjects (20 men and 10 women, aged 33–65 years) 
with obesity and T2DM having body mass index (BMI) 
≥30 kg/m2 and HbA1c ≥53 mmol/mol were included in 
the study. Their body weight and antidiabetic treatment 
were stable for at least 3 months before the beginning 
of the study. Study subjects were treated with diet 
only, oral antidiabetics only or a combination of oral 
antidiabetics and insulin. The mean duration of diabetes 
was 13.0 ± 4.2 years.

None of the studied subjects suffered from any other 
endocrine disorder and/or acute infectious disease and/or 
malignant tumor. Exclusion criteria included the use of 
incretin-based therapies 3 months before inclusion, acute 
cardiovascular disorder in the last 6 months, inability to 
discontinue antiaggregation therapy, severely impaired 
renal function with eGFR 0.5 mL/s according to MDRD, 
severe liver impairment and history of bariatric surgery.

Written informed consent was provided by all 
participants before being enrolled in the study. The study 
was approved by the Human Ethics Review Board, First 
Faculty of Medicine, Charles University and General 
University Hospital, Prague, Czech Republic. The study 
protocol conformed to the ethical guidelines of the 1975 
Declaration of Helsinki.

All participants underwent endoscopic implantation 
of DJBL, which was then kept in place for 10 months. 
They  were examined before (Visit 1), and 1 month  
(Visit 2), 6 months (Visit 3) and 10 months (Visit 4) 
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after DJBL implantation, respectively. Twenty-eight 
participants were also examined 3 months after DJBL 
removal (Visit 5). The remaining two subjects were 
not willing to return for the final visit, but upon 
phone contact they were found to be alive and in good 
condition.

Anthropometric examination, blood sampling and 
continuous glucose monitoring

All subjects underwent anthropometric examination and 
casual blood pressure measurement on every visit (V1–5). 
BMI was calculated using standard formula weight(kg)/
height(m)2. Blood samples for biochemical and hormonal 
measurements were taken after an overnight fasting 
and centrifuged for 10 min at 1000 g within 30 min after 
withdrawal. Serum or plasma aliquots were subsequently 
stored at −80°C.

All subjects underwent mixed liquid meal test 
(MLMT) on visits 1, 2, 4 and 5 to evaluate the changes in 
blood glucose, insulin, C-peptide and incretin hormones. 
Venous blood samples were drawn before the start of 
MLMT (time 0 min) and subsequently at minute 5, 15, 
30, 60, 90 and 120, respectively, after ingestion of a 
200 mL (200 kcal) liquid meal (Fresubin Original/Vanilla, 
Fresenius Kabi Deutschland GmbH, Bad Homburg, 
Germany). MLMT started between 08:00 and 09:00 h after 
an overnight fasting. Blood samples were then separated 
by centrifugation for 10 min at 1000 g within 30 min from 
blood collection. Blood samples for the measurement 
of incretin levels were collected into special blood 

tubes with inhibitor cocktail consisting of a dipeptidyl 
peptidase 4, esterase and other protease inhibitors (BD 
P800, Becton, Dickinson and Company, Franklin Lakes, 
NJ, USA). Serum and plasma were subsequently stored in 
aliquots at −80°C until further analysis.

Continuous glucose monitoring (iPro2, Medtronic, 
Northridge, CA, USA) was performed for 7 days on visits 
1, 2, 4 and 5.

The percentage of body fat and the amount of 
lean body mass were assessed by body composition  
measurement using Bodystat 1500 (Bodystat Ltd,  
Douglas, UK).

DJBL implantation

DJBL was successfully implanted in all 30 patients. During 
the implantation, 17 patients were under full anesthesia 
including tracheal intubation. The rest of the patients 
underwent the procedure under analgosedation by a 
combination of propofol and opiate. The mean procedure 
time for an implantation was 18 min (7–58 min).

No serious adverse events occurred during the study. 
Mild abdominal pain and nausea after implantation were 
experienced by 72% of patients during first 14 days after 
implantation, 33% of patients during the first month and 
10% of patients after 1 month. Four patients had to be 
hospitalized after implantation for 2 days due to nausea or 
vomiting or for blood sugar monitoring. All of them were 
discharged without any subsequent problems. The rest  
of the patients were discharged the following day after 
the procedure.

Table 1 Anthropometric, biochemical and hormonal characteristics at baseline (V1), during DJBL implantation (V2–V4) and 

3 months after DJBL removal (V5).

V1 V2 V3 V4 V5

Number of subjects 30 30 30 30 28
Body weight (kg) 129.7 ± 4.4a 123.9 ± 4.2a 118.7 ± 4.2a,b 117.3 ± 4.3a,b 120.3 ± 4.5a,b

Waist circumference (cm) 133.6 ± 2.7 129.4 ± 2.4a 125.6 ± 2.6a,b 124.0 ± 2.7a,b 124.3 ± 2.2a,b

Hip circumference (cm) 132.8 ± 3.5 130.1 ± 3.0 126.4 ± 2.6a,b 126.2 ± 2.8a,b 123.2 ± 2.3a,b

BMI (kg/m2) 42.7 ± 1.2 41.0 ± 1.2a 39.0 ± 1.2a,b 38.4 ± 1.1a,b 39.0 ± 0.9a,b

Body fat mass (%) 40.2 ± 1.22 37.9 ± 1.43 35.6 ± 1.18a 35.8 ± 2.61a 33.5 ± 1.46a

Body lean mass (kg) 77.0 ± 2.4 76.0 ± 2.8 76.0 ± 2.5 78.3 ± 2.5 74.3 ± 3.5
Fasting glucose (mmol/L) 12.3 ± 0.7 10.1 ± 0.6a 9.54 ± 0.6a 8.45 ± 0.5a,b 9.88 ± 0.8a,d

HbA1c (mmol/mol) 75.0 ± 3.4 66.5 ± 2.8a 58.4 ± 2.8a,b 55.4 ± 2.5a,b 61.1 ± 3.3a,b,d

Total cholesterol (mmol/L) 4.45 ± 0.15 3.99 ± 0.13a 4.23 ± 0.15 3.90 ± 0.15a,c 4.43 ± 0.12b,d

Triglycerides (mmol/L) 2.33 ± 0.33 1.77 ± 0.14 1.86 ± 0.16 1.65 ± 0.15 2.34 ± 0.64
HDL cholesterol (mmol/L) 1.09 ± 0.04 1.01 ± 0.04a 1.05 ± 0.04 1.04 ± 0.05 1.21 ± 0.06a,b,c,d

LDL cholesterol (mmol/L) 2.71 ± 0.16 2.21 ± 0.12a 2.35 ± 0.13a 2.15 ± 0.12a 2.48 ± 0.10d

Leptin (ng/mL) 23.8 ± 2.5 18.9 ± 1.9a 20.1 ± 2.3a 19.3 ± 2.4a 16.3 ± 1.9a

CRP (mg/L) 3.29 ± 0.50 3.32 ± 0.45 2.83 ± 0.44 2.26 ± 0.37a,b 1.67 ± 0.28a,b,c

Values are mean ± s.e.m. Statistical significance is from one-way RM ANOVA or one-way RM ANOVA on ranks followed by Holm–Sidak test or Dunn’s 
method. aP < 0.05 vs V1, bP < 0.05 vs V2, cP < 0.05 vs V3, dP < 0.05 vs V4. BMI, body mass index, CRP, C-reactive protein.
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After 10 months (±8 days) the explantation 
was carried out. Average time of the extraction was  
15 min (6 – 66 min). All explantations were technically 
successful. Five patients underwent unplanned endos-
copy for abdominal pain, dyspepsia and suspected 
upper gastrointestinal bleeding, all with negative results 
regarding bleeding or other acute complications.

Concerning dietary recommendations before, 
during and after DJBL implantation, patients were not 
instructed to specifically change their overall caloric 
intake throughout the study. Starting from 2 days before 
the implantation, all patients were put on liquid/mixed 
diabetic diet and remained on this diet until 1 month after 
the implantation. After V2 (1 month after implantation), 
the patients were allowed a regular diabetic diet according 
to nutritionist recommendations with the exclusion of big 
pieces of fibrous vegetables or fruits. After explantation 
of DJBL, no specific dietary restrictions were required 
(patients remained on diabetic diet).

Hormonal and biochemical assays

Biochemical parameters (glycemia, glycated hemoglobin – 
HbA1c, total and HDL cholesterol, triglycerides and blood 
count) and macro- and micronutrients were measured 
by standard laboratory methods, and LDL cholesterol 
was calculated in the Department of Biochemistry of the 
General  University Hospital, Prague, Czech Republic. 
Plasma active GLP1, GIP, leptin and insulin were measured 
by commercial multiplex assay (Human Metabolic 
Hormone Magnetic Bead Panel, HMHMAG-34K, Merck 
Millipore). Sensitivity was 1.2 pg/mL for active GLP1, 
0.6 pg/mL for GIP, 87 pg/mL for insulin and 41 pg/mL for 
leptin. Glucagon was measured by commercial RIA kit 

(GL-32K, Merck Millipore) with a sensitivity of 18.45 pg/mL.  
Serum C-reactive protein (CRP) was measured by 
commercial instant ELISA kit (eBioscience, Bender 
MedSystems GmbH, Vienna, Austria), its sensitivity being 
3 pg/mL. Human FGF21 and FGF19 were measured by 
commercial ELISA kits (BioVendor, Brno, Czech Republic). 
Sensitivity was 7 pg/mL for FGF21 and 4.8 pg/mL for 
FGF19, respectively. Intra- and interassay variabilities 
for all methods were <10 and <20%, respectively. 
The homeostasis model assessment (HOMA) was 
calculated according to formula: (fasting serum insulin 
(mIU/L) × fasting glucose (mmol/L))/22.5.

Plasma bile acids concentrations were measured 
by gas chromatography/mass spectroscopy (GC/MS; 
Agilent 5973 Network Mass Selective Detector, 6890N 
Network GC System, Santa Clara, CA, USA) as described 
previously (Setchell & Vestal 1989). Bile acids along with 
internal standard (23,24-bisnor-3bOH 5a cholic acid, 
Steraloids Inc, Newport, RI, USA) were extracted from 
serum samples using SXG C18 columns (Tessek, Prague, 
Czech Republic); their conjugates were hydrolyzed by 
10% KOH and acidified by 10 M HCl. The bile acids were 
washed on SXG C18 columns and then converted onto 
methylsilyl derivatives. All GC analyses were performed 
on a capillary column (5% phenylmethylpolysiloxane, 
HP5MS, 15 m × 0.25 mm ID, 0.25 mm, ValcoBond, VICI 
Valco Instruments, Houston, TX, USA) with MS detection 
(quadruple mass spectrometer operating in a negative 
mode). The sensitivity of this method was 0.1 mmol/L 
and the reproducibility was 6.4%.

Statistical analysis

Statistical analysis was performed using SigmaStat 
13.0 software (Jandel Scientific, San Rafael, CA, USA).  

Table 2 The influence of DJBL implantation (V2–V4) and removal (V5) on fasting blood glucose, continuous glucose monitoring 

parameters and glucose variability expressed as standard deviation (s.d.) and casual blood pressure measured on visit 1, 2, 4 and 5.

V1 V2 V4 V5

Number of subjects 27 24 24 16
Glucose (mmol/L) 12.3 ± 0.7 10.1 ± 0.6a 8.45 ± 0.5a,b 9.88 ± 0.8a,c

Insulin (pg/mL) 961.0 ± 111.0 790.1 ± 84.0a 767.2 ± 85.0a 732.0 ± 101.0a

HOMA index 11.4 ± 1.4 7.67 ± 0.9a 6.49 ± 0.9a 8.76 ± 1.8a

24-h mean glucose (mmol/L) 10.5 ± 0.5 9.49 ± 0.5a 8.70 ± 0.5a 9.91 ± 0.5a

24-h glucose variability (mmol/L) 2.39 ± 0.17 1.89 ± 0.14a 1.96 ± 0.18a 2.44 ± 0.28a,c

Morning SBP (mmHg) 150.2 ± 3.7 145.9 ± 3.0 143.1 ± 3.0a 143.6 ± 2.5a

Morning DBP (mmHg) 92.1 ± 1.5 88.2 ± 1.8a 86.8 ± 1.8a 87.5 ± 1.7a

Values are mean ± s.e.m. Statistical significance is from one-way RM ANOVA or one-way RM ANOVA on ranks followed by Holm–Sidak test or 
Dunn’s method. aP < 0.05 vs V1, bP < 0.05 vs V2, cP < 0.05 vs V4. DBP, diastolic blood pressure; HOMA index, homeostasis model assessment;  
SBP, systolic blood pressure.
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Data are expressed as mean ± s.e.m. (standard error of the 
mean). One-way RM ANOVA or one-way RM ANOVA on 
ranks was used for the comparisons of anthropometric 
examinations, serum or plasma biochemical and 
hormonal parameters before and after implantation and 
after extraction of DJBL. Post hoc analyses were performed 
by Holm–Sidak test and Dunn’s method. Blood glucose, 
insulin, C-peptide, incretin and bile acids levels at 
different time points (0, 15, 30, 60, 90 and 120 min) 
during MLMT were analyzed on V1, 2, 4 and 5 using one-
way RM ANOVA or one-way RM ANOVA on ranks and 
post hoc Holm–Sidak test or Dunn’s method. Area under 
the concentration–time curves (AUCs) from 0 to 120 min 
were calculated using the trapezoidal rule. Standard 
deviation (s.d.) calculated from continuous glucose 
monitoring data was selected as the primary measure of 
glycemic variability. Statistical significance was assigned 
to P < 0.05.

Results

Influence of DJBL on anthropometric and  
biochemical parameters

The baseline characteristics of study subjects are shown 
in Table  1 (column V1). As per inclusion criteria, all 
patients had poorly controlled T2DM with a mean HbA1c 
of 75.0 ± 3.36 mmol/mol and fasting blood glucose of 
12.3 ± 0.74 mmol/L. The mean BMI was 42.7 ± 1.22 kg/m2 
and the lipid levels were above the recommended lipid 
control values for patients with T2DM.

The DJBL implantation decreased body weight, 
waist and hip circumference and body fat mass (%) 
with majority of significant changes starting from V2 
(1 month after implantation) and further progressing 
throughout the 10-month follow-up (Table  1). At the 
end of the study period, all subjects experienced some 
degree of weight reduction that reached from 1.8 to 
31.2%, with 40% (12 subjects) achieving a decrease in 

>10% from initial body weight (average weight loss 
baseline vs 10 months 15.5 ± 6.3 vs 5.5 ± 2.5% of BMI, 
P < 0.001 for achievers vs nonachievers). Total cholesterol, 
LDL cholesterol, triglycerides and serum leptin levels 
were also decreased after DJBL implantation with a time 
pattern similar to anthropometric values. CRP, a marker 
of subclinical inflammation, did not change until V3, but 
it was significantly lowered at V4 (10 months after DJBL 
implantation).

To test the possible longer-term durability of DJBL 
after its removal, 28 out of 30 patients were examined 
3 months after DJBL removal. There was a slight increase 
in body weight and HbA1c, but both the anthropometric 
and glucose control parameters were markedly below 
the baseline values (Table 1). 33.3% of the 10-percent-
reduction achievers experienced further weight loss, 
while this was the case only in 20% of the nonachievers. 
However, average weight regain 3 months after 
extraction did not differ between both groups (3.8 ± 3.3 
vs 2.9 ± 1.9% of initial BMI, P = 0.417 for achievers 
vs nonachievers). In contrast to BMI and HbA1c, total 
cholesterol, LDL cholesterol and triglycerides returned to 
baseline values, while CRP further decreased compared 
with V4. HDL concentrations significantly increased 
relative to V4 values.

Influence of DJBL on glucose variability and  
blood pressure

We performed continuous glucose monitoring at baseline 
(V1); 1 month (V2) and 10 months (V4) after DJBL 
implantation; 3 months after its removal (V5); and casual 
morning blood pressure measurement at each visit. DJBL 
implantation significantly reduced glucose variability 
expressed as SD starting from V1 throughout the entire 
DJBL implantation period (Table  2). This effect was 
completely lost at V5 3 months after DJBL removal. Casual 
systolic and diastolic blood pressure significantly decreased 

Table 3 Effect of DJBL implantation and removal on blood count parameters.

V1 V2 V3 V4 V5

Number of subjects 30 30 30 30 28
Leukocytes (109/L) 7.70 ± 0.34 7.31 ± 0.28 8.62 ± 0.26a,b 8.11 ± 0.32b,c 7.51 ± 0.42c,d

Erythrocytes (1012/L) 4.74 ± 0.08 4.56 ± 0.07a 4.73 ± 0.08b 4.68 ± 0.08b 4.91 ± 0.10a,b,c,d

Hemoglobin (g/L) 142.1 ± 2.3 135.4 ± 2.4a 137.3 ± 2.7a 133.0 ± 2.9a,c 137.6 ± 3.6a

Hematocrit (%) 0.43 ± 0.01 0.41 ± 0.01a 0.42 ± 0.01a 0.41 ± 0.01a,c 0.42 ± 0.01b,d

MCV (fl) 91.0 ± 1.0 90.2 ± 1.0 89.1 ± 1.0a,b 87.6 ± 1.1a,b,c 86.4 ± 1.2a,b,c,d

Values are mean ± s.e.m. Statistical significance is from one-way RM ANOVA or one-way RM ANOVA on ranks followed by Holm–Sidak test or Dunn’s 
method. aP < 0.05 vs V1, bP < 0.05 vs V2, cP < 0.05 vs V3, dP < 0.05 vs V4. MCV, mean erythrocyte volume.
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starting at V3 (systolic) and V2 (diastolic) relative to V1 
and the differences lasted throughout the implantation 
period and also 3 months after DJBL removal (Table 2).

Influence of DJBL implantation on blood count

The influence of DJBL implantation on blood count 
is shown in Table  3. DJBL implantation slightly but 
significantly increased white blood count (starting from 
V3) and decreased red blood count, hemoglobin and 
hematocrit (starting from V2), and mean erythrocyte 
volume (starting from V3). All changes with the exception 
of lower hemoglobin levels resolved at V5 3 months after 
DJBL removal.

Influence of DJBL implantation on vitamins and  
trace elements

The influence of DJBL implantation on vitamin and 
trace element concentrations is shown in Table 4. DJBL 
implantation decreased iron (starting from V2), zinc 
(starting from V3), vitamin B12 (starting from V3) and 
ferritin concentrations (starting from V3), whereas 
phosphorus levels were increased (starting from 
V3). No consistent changes in albumin, prealbumin, 
transferrin, magnesium, copper or zinc concentrations 
were detected. DJBL implantation did not significantly 
affect calcium, 1,25-dihydroxyvitamin  D, vitamin A 
or vitamin E levels. Three months after DJBL removal, 

a significant increase in serum calcium, iron, zinc, 
albumin and prealbumin was found.

Influence of DJBL implantation on hormonal parameters

To shed more light on the possible mechanisms of action 
of DJBL, we measured numerous relevant hormonal 
parameters either as dynamic changes during the repeated 
meal tests at V1, 2, 4 and 5 or as fasting concentrations at 
the respective visits.

Fasting plasma insulin and C-peptide concentrations 
were decreased by DJBL implantation as were their 
levels in the 5th min of the meal test (Fig.  1). The 
modified pattern of insulin curve was still present at 
V5 3 months after DJBL removal, while C-peptide levels 
were significantly lower in the 120th min of meal test at 
V5 compared with V4. Area under the curve for insulin 
was lower at V2 relative to V1 and returned to baseline 
values at V5 after DJBL removal. Area under the curve for 
C-peptide was lower at V4 relative to V1 and remained 
lower compared with V1 also at V5 after DJBL removal. 
C-peptide V4 and V5 areas under the curve did not differ 
significantly.

Blood glucose levels were decreased by DJBL 
implantation at all the time points of the meal test starting 
from V1 1 month after DJBL implantation and increased 
slightly 3 months after DJBL removal (Fig. 1). The same 
was true for blood glucose AUC.

GLP1 concentrations during the meal test tended to 
increase at V2 and especially at V4, but the differences 

Table 4 Effect of DJBL implantation (V2–V4) and removal (V5) on macro- and micronutrients. 

V1 V2 V3 V4 V5

Number of subjects 30 30 30 30 28
Calcium (mmol/L) 2.24 ± 0.02 2.22 ± 0.02 2.27 ± 0.02 2.21 ± 0.03c 2.31 ± 0.01a,b,d

Phosphorus (mmol/L) 1.05 ± 0.03 1.07 ± 0.04 1.16 ± 0.03a,b 1.17 ± 0.03a,b 1.17 ± 0.04a,b

Magnesium (mmol/L) 0.70 ± 0.02 0.65 ± 0.02a 0.69 ± 0.02b 0.69 ± 0.02b 0.72 ± 0.02b,d

Iron (μmol/L) 14.9 ± 1.0 10.8 ± 0.56a 11.1 ± 0.7a 10.8 ± 0.7a 13.2 ± 1.1b,c,d

Copper (μmol/L) 18.9 ± 0.7 19.0 ± 0.7 20.0 ± 0.6 18.3 ± 0.6c 18.1 ± 0.6c

Zinc (μmol/L) 18.7 ± 0.7 16.6 ± 0.5a 15.1 ± 0.5a,b 14.5 ± 0.4a,b 16.1 ± 0.5a,d

Vitamin D total (ng/mL) 16.0 ± 1.4 15.9 ± 1.3 17.9 ± 1.8 13.7 ± 1.4 16.0 ± 1.4
1,25-Dihydroxyvitamin D (ng/L) 38.7 ± 2.6 41.6 ± 3.2 41.8 ± 3.3 41.0 ± 3.4 37.4 ± 3.1
Vitamin A (mg/L) 0.68 ± 0.06 0.55 ± 0.05 0.53 ± 0.05 0.48 ± 0.05 0.57 ± 0.05
Vitamin E (mg/L) 14.1 ± 1.6 11.6 ± 1.4 11.1 ± 1.0 9.83 ± 0.9 12.4 ± 0.89
Vitamin B12 (ng/mL) 375.8 ± 23.6 351.0 ± 22.1 294.1 ± 21.6a,b 276.2 ± 18.4a,b 303.8 ± 27.0a,b

Folic acid (μg/mL) 11.5 ± 1.4 15.6 ± 6.4 12.0 ± 1.4 11.6 ± 1.3 9.89 ± 0.7
Albumin (g/L) 43.8 ± 0.5 42.7 ± 0.5a 43.5 ± 0.5 41.3 ± 0.6a,b,c 44.1 ± 0.5b,d

Prealbumin (g/L) 0.24 ± 0.01 0.23 ± 0.01a 0.24 ± 0.01 0.23 ± 0.01a 0.26 ± 0.01a,b,c,d

Transferrin (g/L) 3.06 ± 0.10 2.77 ± 0.11a 3.09 ± 0.13b 3.12 ± 0.13b 3.15 ± 0.15b

Ferritin (μg/L) 166.0 ± 32.9 142.0 ± 26.5 101.9 ± 20.7a,b 72.5 ± 14.2a,b 76.1 ± 17.4a,b,c

Values are mean ± s.e.m. Statistical significance is from one-way RM ANOVA or one-way RM ANOVA on ranks followed by Holm–Sidak test or Dunn’s 
method. aP < 0.05 vs V1, bP < 0.05 vs V2, cP < 0.05 vs V3, dP < 0.05 vs V4.

Downloaded from Bioscientifica.com at 05/23/2023 01:32:29AM
via free access

http://dx.doi.org/10.1530/JOE-16-0206


17Research p kaválková and others Endocrine effects of 
duodenal–jejunal exclusion

DOI: 10.1530/JOE-16-0206

Jo
u
rn

al
o
f
En

d
o
cr
in
o
lo
g
y

http://joe.endocrinology-journals.org © 2016 Society for Endocrinology
Printed in Great Britain

Published by Bioscientifica Ltd.

231:1

relative to V1 did not reach statistical significance owing 
mostly to the relatively high variability of its levels (Fig. 2). 
The GLP1 levels 3 months after DJBL removal returned to 
baseline values.

Plasma glucagon levels during the meal test were 
decreased at V2 relative to baseline with similar, albeit 
statistically nonsignificant, pattern at V4 (Fig. 2). At V5, 
glucagon levels returned to baseline values. The glucagon 
AUC followed the same pattern.

Peak plasma GIP concentrations at 30th min of 
the meal test were reduced at V4 10 months after DLBL 
implantation relative to V1 and returned to baseline values 
at V5 3 months after DJBL removal (Fig. 2). The AUC for 
GIP did not significantly differ throughout the study.

Serum thyroid-stimulating hormone (TSH) 
concentrations were not affected by DJBL implantation 
(data not shown).

Influence of DJBL implantation on FGF19, FGF21 and  
bile acid levels

To further study the mechanism of action of DJBL on glucose 
metabolism, we measured total plasma bile acid and FGF19 
levels during the meal tests at V1, 2, 4 and 5 (in 10 out of 30 
patients) and fasting concentrations of FGF19 and FGF21 
at all visits. Plasma bile acid levels significantly increased 
only at 5th min at V2 (1 month after DJBL implantation), 
but were markedly increased throughout all but baseline 
time point at V4 10 months after DJBL implantation 
(Fig. 3). These changes were completely lost at V5 3 months 
after DJBL removal. The bile acid AUC was increased at V4 
relative to V1 and returned to baseline values at V5.

Fasting FGF19 concentrations increased at V2 and 
remained elevated throughout the DJBL implantation 
(Fig. 3). This difference was blunted after DJBL removal. 

Figure 1
The influence of DJBL implantation (V2–V4) and 
removal (V5) on blood glucose (panel A-1, panel 
A-2), insulin (panel B-1, panel B-2) and C-peptide 
(panel C-1, panel C-2) levels at different time 
points (0, 15, 30, 60, 90 and 120 min) during 
mixed liquid meal test. Values are mean ± s.e.m. 
Statistical significance is from one-way RM 
ANOVA or one-way RM ANOVA on ranks 
followed by Holm–Sidak test or Dunn’s method. 
A/B/C-1: aP < 0.05 V1 vs V2; bP < 0.05 V1 vs V4; 
cP < 0.05 V1 vs V5; dP < 0.05 V2 vs V5; eP < 0.05 V4 
vs V5; fP < 0.05 V2 vs V4. A/B/C-2: *P < 0.05 vs V1; 
+P < 0.05 vs V2; °P < 0.05 vs V3; ■P < 0.05 vs V4.
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The pattern of FGF19 curve during the meal test was 
not significantly affected by DJBL implantation (Fig. 3). 
FGF21 levels were not affected by DJBL implantation or 
its removal (data not shown).

Changes in antidiabetic, antihypertensive and 
hypolipidemic medication after DJBL implantation

At baseline, one subject (3.33%) was on diet only; others 
were treated with oral antidiabetic drugs (33.3%), insulin 
(3.33%) or their combination (60%). The number of 
patients treated with either basal or prandial insulin or 
metformin did not change significantly throughout the 
study (63.3 vs 66.7 vs 64.3% of subjects, n.s. for V1 vs V4 
vs V5 for basal insulin; 46.7 vs 46.7 vs 50.0% of subjects, 
n.s. for prandial insulin; 93.3 vs 86.7 vs 89.3% of subjects, 
n.s. for metformin). Nevertheless, DJBL implantation  

tended to decrease both the basal (24.5 ± 4.5 vs 
20.9 ± 4.2 IU/day for V1 vs V4, P = 0.089) and prandial 
insulin dose (17.0 ± 4.1 vs 12.3 ± 2.8 IU/day for V1 vs V4, 
P = 0.146), although the difference did not reach statistical 
significance. Interestingly, this trend persisted even after 
DJBL extraction (basal insulin 19.5 ± 4.0 IU/day, P = 0.074 
vs V1; prandial insulin 12.3 ± 3.0 IU/day, P = 0.080 vs 
V1). A similar situation could be seen with metformin 
(2317.2 ± 159.6 vs 2137.9 ± 198.4 mg/day for V1 vs V4, 
P = 0.203; 1963.0 ± 231.0 mg/day for V5, P = 0.054 vs V1). At 
the end of the implantation period, basal insulin dose was 
reduced in 11 (57.9%) and increased in 5 (26.3%) out of 
19 subjects on initial basal insulin therapy, with 1 subject 
being started on de novo basal insulin during the study. 
The dosage of prandial insulin was decreased in 9 (64.3%) 
out of 14 subjects while increasing in 2 (14.3%) and being 
newly introduced in 2 previously prandial insulin-naïve 

Figure 2
The influence of DJBL implantation (V2–V4) and 
removal (V5) on plasma active GLP1 (panel A-1, 
panel A-2), glucagon (panel B-1, panel B-2) and 
GIP (panel C-1, panel C-2) levels during mixed 
liquid meal test at different time points (0, 15, 
30, 60, 90 and 120 min). Values are mean ± s.e.m. 
Statistical significance is from one-way RM 
ANOVA or one-way RM ANOVA on ranks 
followed by Holm–Sidak test or Dunn’s method. 
A/B/C-1: aP < 0.05 V1 vs V2; bP < 0.05 V1 vs V4; 
dP < 0.05 V2 vs V4; eP < 0.05 V4 vs V5. A-2/B-2/C-2: 
*P < 0.05 vs V1; +P < 0.05 vs V2.
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patients, whereas in 2 other subjects, prandial insulin 
was discontinued. In the course of the trial, antidiabetic 
treatment was completely discontinued in 2 subjects 
(both of them initially on metformin monotherapy) and 
this effect also persisted 3 months after DJBL removal.

No change in the number of subjects on 
antihypertensive medication was observed during the 
study period (90 vs 93.3 vs 85.7%, n.s. for V1 vs V4 vs V5). 
The amount of individual antihypertensives increased 
in five subjects while it decreased in 4 other patients at 
V4 compared with V1. Similarly, DJBL implantation did 
not affect the use of lipid-lowering agents with 36.7% of 
subjects being on statins and 20% on fibrates throughout 
the study.

Discussion

In our study, DJBL implantation markedly improved 
glucose control, decreased glucose variability and reduced 

body weight in obese patients with poorly controlled 
type 2 diabetes mellitus. These improvements were 
accompanied by a significant and sustained increase in 
circulating fibroblast growth factor 19 and bile acid levels 
together with reduced postprandial glucagon levels.

The extent of decrease in HbA1c and body weight in 
our study was higher than that in a recently published 
meta-analysis of studies with DJBL implantation, where 
the difference in HbA1c (−0.9%) did not reach statistical 
significance (Rohde et  al. 2016). The reason for the 
higher efficacy of DJBL in our study could have been 
rather poor glucose control and higher body weight of 
our study subjects at baseline. This may have favored 
a more profound effect of intervention as compared 
with patients with less pronounced obesity and better 
glucose control in some other studies. Also, the results of 
our study should be viewed in the context of a lacking 
control group undergoing sham procedure. Overall, both 
published data and our data suggest that the antidiabetic 

Figure 3
The influence of DJBL implantation (V2–V4) and 
removal (V5) on bile acids levels during mixed 
liquid meal test (panels A-1 and A-2), fasting 
plasma FGF19 concentrations (panel B) and 
FGF19 concentrations during mixed liquid meal 
test (panels B-1 and B-2). Values are mean ± s.e.m. 
Statistical significance is from one-way RM 
ANOVA or one-way RM ANOVA on ranks 
followed by Holm–Sidak test or Dunn’s method. 
A/B-1: aP < 0.05 V1 vs V2; bP < 0.05 V1 vs V4; 
eP < 0.05 V4 vs V5; fP < 0.05 V2 vs V4. A-2; B; B-2: 
*P < 0.05 vs V1; +P < 0.05 vs V2; ■P < 0.05 vs V4.
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and weight-reducing efficacy of DJBL implantation is 
much lower compared with bariatric surgery.

The ‘foregut’ and ‘hindgut hypotheses’ have been 
put together in efforts to explain the positive metabolic 
effects of bariatric surgery (Dixon et  al. 2012). These 
hypotheses may well apply to the mechanisms of 
metabolic improvements after DJBL. According to the 
foregut hypothesis, the exclusion of the proximal part of 
small intestine from nutrient passage may suppress the 
production of theoretically postulated, albeit hitherto 
unidentified, factors impairing insulin secretion and 
leading to other metabolic derangements (Rubino et  al. 
2006). The hindgut hypothesis suggests that expedited 
delivery of nutrients to the distal parts of small intestine 
promotes metabolic improvements and weight loss by the 
accentuation of the ileal brake (Maljaars et al. 2008). In 
our study, a tendency toward increased GLP1 secretion 
after DJBL implantation has been noted while we did not 
see consistent changes in GIP or in other gastrointestinal 
hormones produced in more distal parts of the intestine 
such as peptide YY (data not shown). Our GLP1 data 
are generally in agreement with previously described 
increases in GLP1 concentrations after DJBL implantation 
(de Jonge et al. 2013b). In contrast to our data, de Jonge 
and coworkers (2013b) found markedly decreased GIP 
levels during mixed meal test. Another study described 
increased postprandial concentrations of peptide YY and 
ghrelin combined with decreased cholecystokinin levels 
(de Jonge et al. 2016). Taken together, multiple changes 
in gastrointestinal hormones may contribute to positive 
metabolic effects of DJBL.

Although the modest tendency toward increased 
GLP1 is unlikely to explain the positive metabolic effects 
of DJBL implantation, a sustained increase in circulating 
bile acids and FGF19 found in our study offers a more 
complex picture. FGF19 is an important regulator of bile 
acid levels (Holt et al. 2003) with positive metabolic effects 
such as decreased body weight and improved glucose 
control demonstrated in experimental studies in mice 
(Tomlinson et al. 2002). Thus, its increase could directly 
contribute to improved diabetes control observed in our 
study, although it still remains to be seen whether such 
effects are indeed present in humans (Mraz et al. 2011). 
Nevertheless, some previous studies including our data 
have documented that metabolic improvements after 
selected types of bariatric operations are also accompanied 
by increased FGF19 levels (Gerhard et al. 2013, Haluzikova 
et al. 2013).

Bile acids have been proven to significantly contribute 
to the regulation of whole-body metabolism through the 

stimulation of TGR5 receptors (Kim et  al. 2007, Penney 
et al. 2015, Vitek & Haluzik 2016). Bile acid sequestrants 
are a treatment option for patients with T2DM, which is 
approved in the USA (Hansen et al. 2014). Increased bile 
acid signaling in the liver may explain improvements in 
glucose control including reduced glucose variability as well 
as decreased lipid levels after DJBL implantation. Glucagon, 
another important player in glucose regulation (Young 
2005), was consistently reduced after DJBL implantation 
in our study suggesting its contribution to glucose control 
improvements. The mechanism behind decreased glucagon 
secretion probably includes the combination of increased 
GLP1 levels together with FGF19 and bile acids effects on 
glucagon secretion (McGavigan et al. 2015).

Another interesting finding noted in our study 
was a marked decrease in both systolic and diastolic 
blood pressure. This decrease occurred at 1 month after 
DJBL implantation for systolic and 3 months after DJBL 
implantation for diastolic blood pressure, respectively. 
Interestingly, blood pressure remained decreased at 
3 months after DJBL removal. A possible mechanism 
responsible for decreased blood pressure may include the 
combination of weight loss and increased GLP1 levels 
through similar mechanisms suggested for GLP1 receptor 
agonists (Ussher & Drucker 2014).

High glucose variability and in particular increased 
lipid levels were shown to markedly contribute to high 
cardiovascular risk of patients with T2DM (Arca 2007,  
Di Flaviani et al. 2011). Our study has demonstrated that 
DJBL implantation markedly decreased glucose variability 
as well as serum triglyceride and LDL concentrations. 
Decreased glucose variability could be attributed to 
a combination of decreased body weight, enhanced 
GLP1 secretion and delayed gastric emptying previously 
shown after DJBL implantation (de Moura et  al. 2015). 
The improvement in lipid levels can be, in addition to 
beneficial effects of body weight reduction, explained 
also by both direct and indirect effects of increased bile 
acids (Spinelli et  al. 2016) and direct action of FGF19 
in the liver (Bhatnagar et  al. 2009). Positive effects of 
DJBL implantation on the liver function were recently 
demonstrated in patients with fatty liver disease (de Jonge 
et al. 2013a).

Obesity and T2DM are accompanied by subclinical 
inflammation arising primarily in the visceral adipose 
tissue and contributing to both insulin resistance and 
accelerated atherosclerosis (Haffner 2003, Mraz & Haluzik 
2014). Weight loss induced by bariatric surgery typically 
improves subclinical inflammation on both the systemic 
and the adipose tissue level (Bluher 2012). In our study, 
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decreased body weight and improved glucose control after 
DJBL implantation did not result in reduced subclinical 
inflammation as measured by CRP levels during the first 
6 months of the follow-up, which is in agreement with 
previously published data by de Jonge and coworkers 
(2014). In de Jonge’s study, a transient elevation in 
proinflammatory cytokines TNFa and interleukin 6 was 
described 3 months after DJBL implantation. These levels 
returned to baseline 6 months after DJBL implantation. 
In our study, a significant decrease in CRP was detectable 
as late as after 10 months of DJBL implantation. 
Interestingly, further decrease in CRP levels was seen 
3 months after DJBL removal despite a slight increase in 
body weight and worsening of diabetes control.

In our study, leukocyte count was significantly 
increased after DJBL implantation throughout the entire 
follow-up period and this increase disappeared after 
DJBL removal. This finding suggests the possibility of a 
local inflammatory response to DJBL implantation most 
probably in the tissues surrounding the fixating anchor 
of DJBL in duodenum. Interestingly, red blood cell 
count, and iron and ferritin concentrations were also 
reduced after DJBL implantation in our study. Since iron 
is primarily absorbed in the duodenum (Silva & Faustino 
2015), it is plausible to suggest that these changes are due 
to iron malabsorption owing to duodenum exclusion 
by DJBL. The exact etiology of decreased concentrations 
of vitamin B12 noted in our study is not clear. Taken 
together, our data suggest that thorough measurements of 
blood count, and iron and vitamin B12 levels in patients 
undergoing DJBL implantation might be necessary to 
detect and eventually substitute their deficiencies.

A possible durability of the effects of DJBL after its 
removal has been suggested. Previous studies have shown 
that after extraction of DJBL, body weight partially 
increases and glucose control slightly deteriorates, but 
some of its effects still persist (de Jonge et  al. 2013b, 
Koehestanie et  al. 2014). Here, we show that 3 months 
after its removal, DJBL-associated body weight reduction 
was still present with an average regain of 3 kg from 12 kg 
that was lost. Also, the significant improvement in glucose 
control mostly persisted while the positive effects on lipid 
levels as well as reduced glucose variability were lost. The 
explanation of the persistence of some but not all effects 
of DJBL after its extraction is not clear. It may include 
some lasting adaptive changes in intestinal mucosa or 
other mechanisms that need to be explored further.

Our study provides some novel information regarding 
the possible mechanism of action of DJBL. It is also 
important to mention the limitations of our study such as 

the lack of the sham control group, only 2-h duration of 
the meal test, measurement of total bile acids rather than 
its subfractions, and the fact that dynamic changes of bile 
acids and FGF19 during the meal test were measured only 
in a subset of patients.

In summary, the implantation of DJBL induced a 
sustained reduction in body weight and improvement 
in blood pressure, and regulation of lipids and glucose. 
The increase in FGF19 and bile acid levels, combined with 
reduced glucagon, could be at least partially responsible 
for these effects. The influence of DJBL on body weight 
and glucose control mostly persisted 3 months after its 
removal, while its positive effects on lipids and glucose 
variability were completely reversed.
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