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Abstract Obesity is associated with chronic low-grade sys-
temic inflammation. Bariatric surgery has been shown to re-
duce this inflammation. Here, the effect of a nonsurgical bar-
iatric technique, the duodenal-jejunal bypass liner (DJBL), on
systemic inflammation was investigated. Seventeen obese pa-
tients with type 2 diabetes were treated with the DJBL for
6 months. Plasma C-reactive protein (CRP), myeloperoxidase
(MPO), interleukin-6 (IL-6), and tumor necrosis factor alpha
(TNF-α) were determined prior to and during DJBL treatment.
Three months after initiation of DJBL treatment, TNF-α levels
had increased from 1.8±0.1 to 2.1±0.1 pg/mL, whereas IL-6

increased from 2.7±0.3 to 4.0±0.5 pg/mL (both p<0.05). CRP
and MPO also increased, though the differences were not
significant. After 6 months, the levels of all parameters were
similar to baseline levels (CRP, 4.2±0.6 mg/L; TNF-α, 2.0±
0.1 pg/mL; IL-6, 3.5±0.5 pg/mL;MPO, 53.6±ng/mL; all p=ns
compared to baseline). In the current study, 6 months of endo-
scopic DJBL treatment did not lead to decreased systemic
inflammation.
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Background

Obesity is associated with chronic low-grade systemic inflam-
mation [1, 2]. This inflammatory state has been suggested to
originate, at least for an important part, from the adipose tissue
[3, 4]. Visceral adipose tissue, in particular, secretes several
pro-inflammatory cytokines, called adipokines. In obesity,
adipose tissue expansion leads to an imbalance in adipokine
production contributing to the local and systemic inflamma-
tion typical of obese patients [3].

The obesity-associated pro-inflammatory state is suggested
to be a crucial pathogenic component in the development of
obesity-related comorbid conditions such as type 2 diabetes
[5-7]. Bariatric surgery is effective in treating both obesity and
type 2 diabetes [8, 9]. In addition, it is often accompanied by a
decrease of the low-grade inflammation [10-12]. Therefore,
improvement of the inflammatory state has been suggested to
underlie the resolution of type 2 diabetes after bariatric surgery
[11, 13].

We here investigated the effect of the endoscopic duodenal-
jejunal bypass liner (DJBL) on systemic inflammation. The
DJBL is a nonsurgical bariatric technique previously shown to
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be effective in treating obesity and type 2 diabetes [14-16]. To
obtain more insight into the possible involvement of inflam-
mation in this improvement, plasma C-reactive protein (CRP),
myeloperoxidase (MPO), interleukin 6 (IL-6), and tumor ne-
crosis factor alpha (TNF-α) were determined before and dur-
ing DJBL treatment.

Methods

Patients

Seventeen patients with obesity and type 2 diabetes were
included in two centers: the Maastricht University Medical
Center, Maastricht, the Netherlands, and the Atrium Medical
Center Parkstad, Heerlen, the Netherlands. Inclusion criteria
were age between 18 and 65 years, body mass index (BMI)
between 30 and 50 kg/m2, duration of type 2 diabetes less than
10 years, and HbA1c between 7.5 and 10.0%.Main exclusion
criteria were use of anti-inflammatory drugs or history of
inflammatory diseases, use of weight loss medication, preg-
nancy or the intention to become pregnant during the course of
the study, and exclusion criteria regarding safety of DJBL
placement or DJBL compatibility. The study was approved
by the Medical Ethics Committee of each center and conduct-
ed according to the revised version of the Declaration of
Helsinki (October 2008, Seoul). Written informed consent
was obtained from every patient before study participation.

The DJBL

The DJBL is a 60-cm-long impermeable liner which has been
developed to mimic the intestinal bypass component of the
Roux-en-Y gastric bypass in a nonsurgical way. The DJBL
was delivered and retrieved endoscopically as previously de-
scribed [15]. In brief, a gastroduodenal endoscopy was per-
formed under general anesthesia. A guide wire was placed
into the duodenum over which the encapsulated DJBL was
directed through the pylorus into the duodenal bulb. The
DJBL was advanced into the small intestine, followed by
deployment of the anchor in the duodenal bulb. Correct posi-
tioning and patency of the DJBL were verified under fluoros-
copy. No abnormalities were observed. For safety reasons,
liquid nutrition was advised during the first week postimplan-
tation. In addition, patients were provided standard of care
bariatric nutritional counseling.

After 24 weeks, all patients had completed the treatment,
and the DJBL was explanted as previously described [15]. In
brief, explantation was performed endoscopically under gen-
eral anesthesia using a custom retrieval system containing a
grasper and a retrieval hood. No patient showed any sign of
malfunction or malposition of the DJBL. By grasping the
wires on the anchor, the anchor collapsed and was pulled into

the retrieval hood on top of the endoscope. After verification
of the collapsed anchor by fluoroscopy, the device was
removed.

Study Design and Plasma Analysis

Patients were studied on three occasions, i.e., within 1 month
prior to (D0) and at 3 and 6 months after initiation of DJBL
treatment (M3 and M6, respectively). At each time point,
patients visited the outpatient clinic where body weight was
determined and fasting venous blood samples were obtained,
immediately centrifuged, and stored at −80 °C until further
analysis.

To determine plasma levels of CRP, a high-sensitivity
sandwich enzyme-linked immunosorbent assay was used as
previously described [17]. Plasma MPO, TNF-α, and IL-6
concentrations were determined using commercially available
enzyme-linked immunosorbent assays according to the man-
ufacturer's protocol (MPO: kindly provided by Hycult Bio-
technology, Uden, the Netherlands; TNF-α and IL-6: both
high-sensitive assays from R & D Systems, Minneapolis,
MN).

Statistical Analysis

Statistical analyses were performed using GraphPad Prism
5.0. Longitudinal changes were tested using the Wilcoxon
signed rank test. A p value of <0.05 was considered statisti-
cally significant. Data are presented as mean and standard
error of the mean (SEM).

Results

Effects of the DJBL on Obesity

Baseline characteristics of the study population can be found
in Table 1. As shown, patients had an average body weight of
116.0±5.8 kg with a mean BMI of 37.0±1.3 kg/m2 at

Table 1 Baseline char-
acteristics of the study
population

Data are shown as
mean ± SEM or no
(percentage)

N=17

Age (years) 51±2

Sex (male) 14 (82.4)

Weight (kg) 116.0±5.8

BMI (kg/m2) 37.0±1.3

HbA1c (%) 8.4±0.2

CRP (mg/L) 5.3±1.1

TNF-α (pg/mL) 1.8±0.1

IL-6 (pg/mL) 2.7±0.3

MPO (ng/mL) 45.5±4.3
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baseline. Three months after DJBL implantation, body weight
had decreased to 105.3±5.5 kg, corresponding with a reduc-
tion of excess weight of 25.2±3.1 % and a BMI reduction of
3.4±0.4 kg/m2 (p<0.05). After 6 months, at the time of device
explantation, mean body weight had further decreased to
103.3±5.5 kg resulting in a total weight loss of 12.7±1.3 kg,
which corresponds to an excess weight loss of 29.8±3.5 %
and a BMI reduction of 4.1±0.4 kg/m2 (p<0.05 when com-
pared to baseline).

Effect of DJBL Treatment on Systemic Inflammation
as Indicated by Plasma CRP Levels

To obtain insight into the effects of DJBL treatment on sys-
temic inflammation, plasma concentrations of CRP were de-
termined before and at 3 and 6 months after DJBL implanta-
tion. As shown in Fig. 1a, at baseline, the mean CRP level was
marginally elevated as typical for the low-grade systemic
inflammatory state in obese patients (5.3±1.1 mg/L) [1].
Three months after implantation of the DJBL, plasma CRP
had slightly but nonsignificantly increased to 7.9±1.3 mg/L
(p=0.06). After 6 months, the mean concentration of plasma
CRP had decreased to baseline levels (4.2±0.6 mg/L, p<0.05
compared to month 3).

Changes in TNF-α and IL-6 Concentrations after DJBL
Implantation

At baseline, patients showed a mean plasma TNF-α concen-
tration of 1.8±0.1 pg/mL. The mean IL-6 concentration was
2.7±0.3 pg/mL. Three months after implantation of the DJBL,
plasma levels of both TNF-α and IL-6 were slightly but

significantly increased to 2.1±0.1 and 4.0±0.5 pg/mL, respec-
tively (both p<0.05). After 6 months, the concentrations of
TNF-α and IL-6 were no longer significantly different from
the baseline levels (TNF-α, 2.0±0.1 pg/mL; p=0.13; and IL-
6, 3.5±0.5 pg/mL, p=0.12).

Effect of DJBL Treatment on Neutrophil Activation
as Assessed by MPO Plasma Concentrations

As previously shown, neutrophil activation as reflected by
plasma MPO levels is increased in obese patients [18]. We
here evaluated the effect of DJBL treatment on concentrations
of plasma MPO. At baseline, the mean plasma MPO concen-
tration was 45.5±4.3 ng/mL. After initiation of DJBL treat-
ment, this concentration increased to 67.9±10.5 ng/mL (p=
0.06). After 6 months, mean MPO concentrations were de-
creased again and not significantly different from baseline
levels (53.6±ng/mL, p=0.82 compared to baseline).

Conclusion

In obesity, particularly, the abdominal or visceral adipose
tissue depots secrete increased amounts of pro-inflammatory
cytokines such as IL-6 and TNF-α. These cytokines are, in
turn, important stimulators of the hepatic production of the
acute-phase protein CRP, thereby establishing the chronic
low-grade inflammatory status characterizing obese subjects
[3, 4]. In addition, increased neutrophil activation as indicated
by elevated MPO levels, a neutrophil secretion product, has
been observed in obese patients [18]. We here investigated the
effect of a nonsurgical bariatric technique, the endoscopic
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a bFig. 1 The effect of DJBL
treatment on plasma levels of
CRP, TNF-α, IL-6, and MPO.
a Plasma CRP levels at baseline
and 3 and 6 months after
implantation of the DJBL.
b Plasma levels of TNF-α at
baseline and 3 and 6 months
postimplantation. c Plasma
concentrations of IL-6 obtained at
baseline and 3 and 6 months after
implantation of the DJBL. dMPO
plasma concentrations prior to
and 3 and 6 months after initiation
of DJBL treatment. An asterisk
(*) indicates p<0.05
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DJBL on inflammatory plasma parameters, and found a tran-
sient increase after 3 months of treatment, followed by a return
to baseline levels after 6 months.

On the long term, reduction of the obesity-related chronic
low-grade inflammatory profile has been observed after bar-
iatric surgery [10-12]. However, contradicting results have
been found within weeks to months after the procedures [10,
12, 19]. Miller et al. evaluated early changes in inflammatory
biomarkers after Roux-and-Y gastric bypass and observed no
changes in IL-6 and TNF-α levels. CRP levels were only
decreased after 6 months. A study by van Dielen et al. re-
vealed elevated levels of inflammatory mediators for at least
3 months after gastric restrictive surgery. Rao performed a
meta-analysis evaluating CRP, TNF-α, and IL-6 levels at 1, 3,
6, and 12months after bariatric surgery and showed decreased
CRP levels at all time points. However, TNF-α levels seemed
to remain stable over time, and IL-6 levels dropped after
3 months. A possible explanation for the transiently increased
inflammatory state that we observed might be an enhanced
metabolic stress response initiated by relative starvation. In
anorectic patients, elevated inflammatory parameters have
been found. Weight loss after bariatric surgery can be consid-
ered comparable to chronic starvation, probably contributing
to the increased inflammatory profile [19]. In addition, the
DJBL itself might trigger the immune system: the presence of
an inflammatory reaction has been described at the anchor site
after 3 months of DJBL treatment [20]. Notably, the observed
enhanced low-grade inflammation was only temporary. Sig-
nificant differences from baseline concentrations as seen after
3 months were absent after 6 months of DJBL treatment.
Moreover, with regard to the observed decrease of CRP levels
after 6 months, it is tempting to speculate that a trend is
initiated and that patients could potentially benefit from longer
treatment duration. This suggestion finds support in the pub-
lication of van Dielen et al., which also described increased
CRP levels at 3 months after gastric restrictive surgery, with a
subsequent decrease when weight loss continued [19].

Remarkably, previous studies with the DJBL have demon-
strated rapid improvement of type 2 diabetes [14, 15]. This
was confirmed in our previous study investigating the effect of
DJBL treatment on type 2 diabetes and related hormones
which revealed rapid hormonal changes and improvement of
type 2 diabetes [16]. It can be speculated that reduced inflam-
mation might mediate this improvement, since type 2 diabetes
and chronic low-grade systemic inflammation seem strongly
linked [5-7], and previous research performed after bariatric
surgery is supportive of this theory [11, 13]. However, the
current data do not support this suggestion; no improvement
of inflammatory parameters was observed. Importantly, it
should be taken into account that the group of patients studied
in the current manuscript had relatively low levels of inflam-
matory parameters at baseline [11-13]. Therefore a tremen-
dous improvement of the inflammatory status was not to be

expected in these patients. In addition, the sample size of the
current study is rather small. Nevertheless, it is the first data
available on the effect of DJBL treatment of inflammatory
parameters, and further studies in patients with a larger num-
ber of patients and/or with patients with a more pronounced
inflammatory profile are warranted to more thoroughly inves-
tigate the effect of the DJBL on inflammation and elucidate
the relation with type 2 diabetes. Additionally, this study lacks
a control group of patients subjected to nutritional counseling
alone. Interestingly, unpublished data comparing DJBL treat-
ment in combination with nutritional counseling vs. nutrition-
al counseling alone show inferior weight loss in the control
group. Therefore, a mere nutritional effect is not expected.

Taken together, the data in the current study suggest that
6 months of endoscopic DJBL treatment is not associated with
reduced systemic inflammation in moderately obese subjects
with type 2 diabetes. Nevertheless, it seems worthwhile to
evaluate the effect of longer treatment duration in further
studies as well as the effect of the DJBL in a larger group of
patients with a more severe inflammatory profile.
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