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Roux-en-Y-Bariatric Surgery Reduces Markers of Metabolic Syndrome
in Morbidly Obese Patients
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Abstract
Background Obesity is closely linked to increased markers of metabolic syndrome and development of diabetes. Roux-en-Y
bariatric surgery reduces hyperinsulinemia and improves insulin sensitivity and hence benefits morbidly obese patients.
Aim To determine changes in markers of metabolic syndrome, pancreatic function, and hepatic insulin sensitivity in patients
before and 1 year after undergoing Roux-en-Y gastric bypass surgery.
Methods We enrolled 43 consecutive patients in a single center. Markers for metabolic syndrome included proinsulin, insulin, C-
peptide, liver enzymes, and serum levels of selected microRNAs hsa-miR-122, hsa-miR-130, hsa-miR-132, and hsa-miR-375.
Results After surgery, all patients showed a significant 37% drop of body mass index (p < 0.001). Furthermore, proinsulin (59%
reduction, p < 0.001), insulin (76% reduction, p < 0.001), and C-peptide (56% reduction, p < 0.001) were all reduced 1 year after
surgery. Using the hepatic insulin clearance score, we determined a significant increase in hepatic insulin clearance after surgery
(76% increase, p < 0.001). Especially diabetic patients showed a marked 2.1-fold increase after surgery. Hepatic enzymes ALT
(35% reduction, p = 0.002) and γGT (48% reduction, p < 0.001) were significantly reduced in all patients with similar improve-
ment in diabetic and non-diabetic patients. miRNAs hsa-miR-122, hsa-miR-130, and hsa-miR-132 were all significantly reduced
whereas hsa-miR-375 was increased after gastric bypass surgery (p < 0.001 for all miRNAs).
Conclusion Both liver and pancreatic stress parameters were reduced significantly 1 year after Roux-en-Y gastric bypass surgery
suggesting an overall amelioration of the metabolic syndrome in all patients regardless of previous health status.
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Introduction

Increased risk of developing type 2 diabetes is linked to an
accumulation of several metabolic abnormalities [1]. Among
them, insulin resistance and hyperinsulinemia are the core and
fundamental sign of metabolic syndrome [2]. Besides insulin
resistance, also markers of systemic inflammation, hyperco-
agulability, and increased liver enzymes are considered part of
the metabolic syndrome [1]. Obesity is closely linked to
markers of the metabolic syndrome and the development of
type 2 diabetes [3]. A hallmark of insulin resistance in obesity
is hyperinsulinemia and the interplay between increased insu-
lin secretion and insulin resistance either due to a compensa-
tory mechanism or secondary resistance development [4, 5].
The clearance of insulin is mainly by the liver and therefore
hepatic insulin clearance contributes to the circulating levels
of insulin [6]. Bariatric surgery has become an effective treat-
ment for morbid obesity including an improvement in glucose
metabolism, insulin resistance, and reduction of proinsulin
levels [7–10]. In addition to changes in the metabolic syn-
drome, bariatric surgery is also associated with a reduced in-
flammatory profile and amelioration of coagulation [11, 12].

When analyzing the pancreas in obesity, pancreatic fat ac-
cumulation is thought to accompany beta cell failure at least in
animal models [13]. Recent data described a normalization of
pancreatic volume and steatosis in morbidly obese patients
following Roux-en-Y gastric bypass (RYGB) surgery [14].
Under normal physiologic conditions, insulin biosynthesis is
a multi-step process beginning with a pre-prohormone which
is converted in the rough endoplasmatic reticulum to proinsu-
lin within beta cells [15]. Glucose is both an inducer for pro-
insulin biosynthesis and for regulation of insulin secretion
[16]. Due to the increased metabolic load and insulin resis-
tance caused by obesity, resulting pressure on the beta cell for
increased insulin production can lead to the development of a
variety of beta cell stresses [17]. This can lead to an increased
release of unprocessed proinsulin in type 2 diabetes [18].
Increased proinsulin secretion can therefore be a biomarker
for beta cell dysfunction [19]. Besides pancreatic dysfunction,
morbid obesity is also associated with liver dysfunction which
can be ameliorated by RYGB surgery [20]. This liver dysfunc-
tion could further link back to increased insulin levels as he-
patic clearance of insulin is reduced during obesity [1].

Besides classical laboratory parameters and protein data,
also circulating micro-ribonucleic acids (miRNAs) are poten-
tial sensors of organ function. miRNAs are small, non-coding
RNAs that bind to the 3′ untranslated region of mRNAs of
specific genes to prevent their translation [21]. They act as
post-transcriptional regulators of gene expression [22]. As
such, miRNAs regulate a multitude of processes, especially
as miRNAs have numerous mRNA targets. Based on active or
passive release from cells into the circulation and the fact that
some miRNAs are closely connected to the function of

specific organs, they are considered potentially important
minimal-invasive biomarkers.

Within our study, we analyzed changes associated with the
metabolic syndrome 1 year after RYGB surgery. We deter-
mined markers for insulin sensitivity both from the pancreas
and the liver. We further evaluated the expression profile of
the selected miRNAs hsa-miR-122, hsa-miR-130, hsa-miR-
132, and hsa-miR-375 for the study of hepatic and pancreatic
changes after surgery.

Methods

Patient Recruitment and Sampling

This was a single-center, prospective observational study with
the same surgeon responsible for all surgical interventions.
Study participants were enrolled after selection for RYGB
surgery following the respective guidelines [23]. All proce-
dures were performed by the same surgical team (M.P.) using
a laparoscopic approach. Roux-en-Y gastric bypass consists
of a longitudinal 30–40-ml gastric pouch which was anasto-
mosed end-to-side with the jejunal limb using a circular anas-
tomotic stapler with a diameter of 21 mm and a latero-lateral
jejuno-jejunal anastomosis resulting in a biliopancreatic limb
of approximately 100 cm and an alimentary limb of approxi-
mately 150 cm [24]. The bypass surgery was done in a stan-
dardized technique; there were no individual adjustments to
any kind of patient particularity. Patients were selected for the
study on a consecutive basis if participating in the 12 months
follow-up. A total of 26 additional patients did not participate
in the 1 year follow-up but were present for a 6months follow-
up. All patients were Caucasian in accordance with the patient
population in the recruiting hospital. Before surgery and at the
1 year follow-up visit, venous blood was drawn from the
antecubital vein. After centrifugation (2800 rpm, 20 min),
plasma and serum samples were stored at − 80 °C in multiple
aliquots. Diabetic patients were defined as subjects already on
anti-diabetic medication (metformin, sulfonylureas, and
dipeptidyl peptidase 4 inhibitors were in use in the current
patient cohort). Furthermore, remaining individuals
underwent an oral glucose tolerance test to define their diabet-
ic status identifying two patients with diabetes not known and
not treated previously.

Protein Determination

Concentrations of high-sensitive C-reactive protein (hs-CRP)
were measured using particle enhanced immunoturbidimetric
assay on cobas® 8000 modular analyzer (Cardiac C-Reactive
Protein (Latex) High Sensitive, Roche Diagnostics,
Germany). Concentrations of glucose, insulin, and C-peptide
were measured at the Department of Laboratory Medicine,
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Medical University of Vienna. Insulin and C-peptide concen-
trations were determined using Electro-chemiluminescence
immunoassay (ECLIA) on cobas® e analyzer (Roche
Diagnostics). Concentrations of glucose were analyzed using
the hexokinase method on cobas® 8000 modular analyzer
(Roche Diagnostics). Levels of proinsulin (Biotechne, USA),
neuregulin (NRG)-4 (Abbexa, UK), total glucagon-like
peptide-(GLP-) 1 (Mercodia, Sweden), and interleukin- (IL-)
10 (Thermo Fisher, USA) were determined by ELISA.
Aspartate transaminase (AST), alanine transaminase (ALT),
and γ-glutamyltransferase (γGT) were determined using rou-
tine assays on a cobas® 501 instrument (Roche Diagnostics).

miRNA Isolation and Determination

miRNAs were isolated and determined as published previous-
ly [11]. Briefly, total RNAs including miRNAs were extracted
from 200 μl of EDTA plasma using an automated Maxwell
system (Promega, USA) with the respective miRNA isolation
kit (miRNA tissue lysis kit, Promega). Three synthetic spike-
in controls (Exiqon, Denmark) were added to the lysis buffer
prior to isolation in order to monitor RNA extraction efficien-
cy. Twomicroliter of total RNAwas converted to cDNA using
the universal cDNA synthesis kit II (Exiqon) at 42 °C for
60 min, followed by inactivation at 95 °C for 5 min. One
microliter of cel-miR-39 was added to monitor the efficiency
of reverse transcription. qPCR was set up in 10 μl reactions
using ExiLENT SYBR® Green Mastermix (Exiqon) and
LNA microRNA primer assays (Exiqon). PCR conditions
were 95 °C for 10 min of activation followed by 45 cycles
of denaturation (95 °C, 10 s) and annealing/elongation (60 °C,
60 s), and melting curve analysis. PCR amplification and
fluorescence detection were performed on a Roche
LightCycler 480 II in 96-well plates. Hemolysis was checked
using the ratio of miR-23a-3p vs. miR-451a, as described
previously [25].

Statistics

Homeostasis model assessment 1 (HOMA1) index [26] and
quantitative insulin sensitivity check index (QUICKI) [27]
were calculated as described in the literature. To estimate the
rate of hepatic clearance of insulin, we calculated the ratio of
C-peptide and insulin as suggested [28]. Statistical calcula-
tions were performed using SPSS 25 (IBM, USA).
Correlations are given using the Pearson correlation factor R
and were considered significant at p ≤ 0.05. Changes were
calculated by Wilcoxon rank test with significance assumed
at p ≤ 0.05 after testing parameters with a Kolmogorov-
Smirnov test. Ratios were calculated by dividing the 1 year
post surgery value by the pre-surgery value.

Results

To evaluate changes in metabolic syndrome–associated pa-
rameters in morbidly obese patients and their changes after
RYGB surgery, we included a total of 43 patients undergoing
bariatric surgery. Clinical parameters before and after surgery
are given in Table 1. The median age before surgery was
45.8 years with a majority of female participants (29 partici-
pants, 67%). Of the 43 patients, 17 (40%) reported with dia-
betes. Overall, laboratory parameters were mostly within the
high range of normal values. After surgery, we observed a
massive change for most of the analyzed parameters
(Table 2). As expected, both weight and BMI dropped mas-
sively and significantly from a median BMI of 43.4 to 27.2
(p < 0.001). Cholesterol and LDL were reduced and HDL
slightly increased 1 year after bariatric surgery. In parallel
inflammation measured via hs-CRP dropped by a median of
88% and the anti-inflammatory marker IL-10 increased by
83% 1 year after surgery. The adipokine neuregulin-4, which
is associated with metabolism in animal models, remained
unchanged by the procedure [29]. In addition, baseline levels
of the postprandial GLP-1 were unaltered in the overall pop-
ulation. In contrast, proinsulin, insulin, and C-peptide levels
dropped significantly by 59%, 76%, and 56%, respectively,
after surgery. This resulted in a similarly robust 81% drop in
HOMA1 and a slight increase in QUICKI by 26%. When
comparing the top 20% of patients regarding weight loss with
the bottom 20%, we found that patients with high weight loss
showed a stronger reduction of insulin levels compared with
patients with only low weight loss (p = 0.024). No effect was
observed for proinsulin or C-peptide. Hepatic insulin clear-
ance score (HICS) was increased by 76% suggesting im-
proved hepatic insulin clearance. Interestingly, of all the tested
parameters, only relative changes of proinsulin correlated with
a reduction of BMI (R = 0.355, p = 0.02) whereas changes of
the remaining parameters were not associated with changes in
BMI. The correlation of proinsulin with BMI was only

Table 1 General patient population

Age at start Median 45.8 IQR 23.7

Sex Female 29 (67%) Male 14 (33%)

Diabetic 17 (40%)

Hypertension 24 (43%)

Medication Before surgery After surgery

Statins 11 (26%) 5 (12%)

Antidiabetics 13 (30%) 2 (5%)

Insulin 2 (5%) 1 (2%)

ACE-inhibitors 23 (53%) 13 (30%)

Beta blockers 11 (26%) 5 (12%)

Characteristics of the study population regarding their starting baseline
characteristics and medication including changes in medication 1 year
after bariatric surgery
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observed in diabetic patients (R = 0.525, p = 0.031) and not in
non-diabetic patients (R = 0.152, p = 0.458). When analyzing
correlations among insulin, proinsulin, and C-peptide, we
found correlations of insulin with C-peptide (R = 0.786,
p < 0.001) and glucose (R = 0.485, p = 0.001) but not with
proinsulin (R = 0.102, p = 0.513) before surgery whereas all
parameters correlated with insulin after RYGB surgery (C-
peptide: R = 0.819, p < 0.001; glucose: R = 0.351, p = 0.021;
proinsulin: R = 0.554, p < 0.001). Of note, similar changes
were observed in patients undergoing a 6-month follow-up
(Table 3).

In order to better evaluate differences in diabetic and non-
diabetic patients, we determined the respective changes ac-
cording to the initial diabetic status of the respective patient
(Table 4). Before surgery, we did not find differences between
non-diabetic and diabetic patients regarding weight, BMI,
cholesterol, HDL, LDL, hs-CRP, GLP-1, and IL-10.
Interestingly, also NRG-4 was not different in our cohort. In
contrast, we found significant differences in metabolic syn-
drome parameters as expected. Of note, proinsulin did not
differ between non-diabetic and diabetic patients before sur-
gery whereas hepatic insulin clearance was significantly
higher in non-diabetic patients. After surgery, we found that
diabetic patients still displayed higher insulin and C-peptide
levels. However, hepatic insulin clearance was similar in non-
diabetic and diabetic patients. When analyzing the relative

change of values before and after bariatric surgery in depen-
dence of diabetic status, we observed reduced loss of weight
and hence BMI in diabetic patients. However, when compar-
ing diabetic and non-diabetic patients, glucose levels were
reduced more significantly in diabetic patients together with
an increase in hepatic insulin clearance, which, however, did
not reach statistical significance.

Table 2 Patient characteristics
before and 1 year after bariatric
surgery

Before surgery After surgery

Median IQR Median IQR Delta IQR p value

Weight (kg) 126 29 81 21 0.63 0.12 p < 0.001

BMI 43.4 5.5 27.2 4.7 0.63 0 p < 0.001

Cholesterol (mg/dl) 173 30 148 42 0.87 0.21 p < 0.001

HDL (mg/dl) 44 12 54 18 1.22 0.35 p < 0.001

LDL (mg/dl) 95 32 75 32 0.81 0.34 p < 0.001

hs-CRP (mg/dl) 0.47 0.65 0.06 0.2 0.12 0.26 p < 0.001

IL-10 (pg/ml) 1.31 1.15 1.95 2.3 1.83 2.9 p < 0.001

NRG-4 (ng/ml) 0.68 0.36 0.6 0.2 0.98 0.47 p = 0.214

GLP-1 (pmol/l) 2.45 2.44 1.47 3.48 0.76 2.72 p = 0.530

Glucose (mg/dl) 99 45 87 14 0.87 0.35 p < 0.001

Proinsulin (pM) 10.78 10.96 4.86 4 0.41 0.36 p < 0.001

Insulin (U/ml) 23.9 20.4 4.8 6.5 0.24 0.16 p < 0.001

C-Peptid (ng/ml) 4.2 2 1.9 1.2 0.44 0.19 p < 0.001

HOMA1 5.33 7.63 1.12 1.5 0.19 0.2 p < 0.001

QUICKI 0.3 0.05 0.38 0.1 1.26 0.21 p < 0.001

HICS 0.19 0.11 0.38 0.1 1.76 0.9 p < 0.001

Characteristics of study subjects before and 1 year after bariatric surgery. Values are given in median including the
interquartile range (IQR). Delta values represent fold changes in values after surgery divided by values before
surgery. BMI bodymass index,HDL high-density lipoprotein, LDL low-density lipoprotein, hs-CRP high-sensitive
C-reactive protein, IL-10 interleukin 10, NRG-4 neuregulin 4, GLP-1 glucagon-like peptide-1, HOMA1 homeo-
stasis model assessment 1, QUICKI quantitative insulin sensitivity check index, HICS hepatic insulin clearance
score. Statistical significance was determined using a Wilcoxon rank test; p ≤ 0.05 was considered significant

Table 3 Patient characteristics 6 months after bariatric surgery

Before surgery After surgery

Median IQR Median IQR p value

Weight (kg) 129 20 91.12 19 < 0.001

BMI 44.9 3.4 30.9 5.5 < 0.001

hs-CRP (mg/dl) 0.69 0.89 0.21 0.36 < 0.001

Glucose (mg/dl) 93 15 86 17 0.017

Insulin (U/ml) 18.6 11.1 7.1 4 < 0.001

C-Peptid (ng/ml) 3.65 2.5 2.1 0.72 < 0.001

HOMA1 4.1 3.8 1.5 1.2 < 0.001

QUICKI 0.31 0.04 0.36 0.05 < 0.001

HICS 0.19 0.11 0.29 0.12 < 0.001

Characteristics of an additional 26 patients undergoing a 6-month follow-
up but not a 1-year follow-up are given in Table 3. Statistical significance
was determined using a Wilcoxon rank test; p ≤ 0.05 was considered
significant
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To further assess whether this observed amelioration of
metabolic parameters would be reflected in reduced pancreatic
dysfunction, we analyzed three miRNAs associated with the
pancreas [30–32]. We observed a significant reduction in hsa-
miR-130b-3p (p < 0.001), and hsa-miR-132-3p (p < 0.001),
(Fig. 1a, b). In contrast, hsa-miR-375 showed a significant
increase 1 year after bariatric surgery (p < 0.001) (Fig. 1c).
Furthermore, hsa-miR-375 baseline levels correlated with glu-
cose levels (R = 0.482, p = 0.01), insulin (R = 0.707,
p < 0.001), and C-peptide (R = 0.629, p < 0.001) and conse-
quently also with HOMA1 (R = 0.482, p = 0.001). When sep-
arating patients according to their diabetic status, non-diabetic
patients showed correlations only for insulin (R = 0.846,
p < 0.001) and C-peptide (R = 0.715, p < 0.001) but not for
glucose and HOMA1, whereas hsa-miR-375 was correlated
to all of those parameters in diabetic patients (glucose R =
0.514, p = 0.035; insulin R = 0.522, p = 0.32; C-peptide R =
0.527, p = 0.03, and HOMA1 R = 0.693, p = 0.002). No cor-
relations of hsa-miR-375 were observed 1 year after bariatric
surgery regardless of patient status. Levels of all miRNAs
were similar in patients regardless of their diabetic status be-
fore and after surgery. Likewise, reduction of miRNAs was
similar regardless of diabetic status.

As our results indicated an increased hepatic insulin clear-
ance after bariatric surgery and especially in diabetic patients,
we analyzed markers of liver dysfunction (Table 5). Overall,

liver dysfunction was reduced 1 year after bariatric surgery in
all patients regardless of diabetic status. However, baseline
γGT levels were significantly higher in diabetic patients be-
fore surgery but similar after surgery (Table 6). γGT levels
correlated significantly with insulin levels in all patients (R =
0.427, p = 0.004). This correlation was only due to diabetic
patients with a very strong correlation in these patients (R =
0.743, p = 0.001) and no correlation for non-diabetic patients
(R = − 0.23, p = 0.913). This correlation remained intact after
bariatric surgery for all patients (R = 0.629, p < 0.001) again
with no correlation in non-diabetic patients (R = 0.027, p =
0.895) and a strong correlation for diabetic patients (R =
0.929, p < 0.001).

Previously, hsa-miR-122-5p (miR-122) was associated
with hepatic injury and insulin resistance [33]. We therefore
determined if miR-122 was reduced after bariatric surgery.
miR-122 was significantly downregulated 1 year after bariat-
ric surgery in all patients (fold change = 0.45, p < 0.001).
Baseline levels and levels after bariatric surgery were similar
in diabetic and non-diabetic patients. Hsa-miR122 correlated
significantly at baseline with AST (R = 0.501, p = 0.001), and
ALT (R = 0.555, p < 0.001), but not with γGT (R = 0.158, p =
0.311). However, correlation of hsa-miR122 was significant
for all liver parameters one year after bariatric surgery (AST:
R = 0.44, p = 0.003; ALT: R = 0.303, p = 0.48; γGT: R =
0.759, p < 0.001). In addition, relative reduction of hsa-

Fig. 1 miRNA levels in morbidly
obese patients before and after
Roux-en-Y gastric bypass
surgery. Circulating levels of
miRNAs hsa-miR130 (panel a),
hsa-miR-132 (panel b), hsa-miR-
375 (panel c), and hsa-miR122
(panel d) were determined as
described under “Methods.”RNA
spike-in values were used for
normalization of miRNA CT

values to obtain delta-CT (ΔCT)
values. Statistical significance
was determined using a Wilcoxon
rank test; p ≤ 0.05 was considered
significant
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miR122 correlated with relative reduction of AST (R = 0.378,
p = 0.012) and ALT (R = 0.303, p = 0.48) but not with γGT
(R = 0.171, p = 0.274). At baseline and 1 year after surgery,
hsa-miR122 did not correlate with levels of metabolic syn-
drome. In addition, relative reduction of BMI 1 year after
surgery did not correlate with miR-122 relative reduction
levels. When analyzing only diabetic patients, we found no
correlation of miR-122 levels before surgery but we observed
a positive correlation of relative changes in QUICKI with
relative changes in miR-122 (R = 0.535, p = 0.027) in diabetic
patients.

Discussion

We present here evidence for an amelioration of meta-
bolic syndrome–associated parameters in 43 morbidly
obese patients 1 year after bariatric surgery. The overall
reduction can be observed in all patients regardless of
previous diabetic status. In an additional patient group
of 26 patients, we were able to confirm our results
already 6 months after RYGB surgery. This suggests
that morbidly obese patients regardless of their diabetic
status benefit from RYGB surgery in terms of metabolic
syndrome prevention or amelioration. Similar to previ-
ous studies, we observed a massive reduction in BMI

1 year after RYGB surgery [34]. In addition, lipid pro-
files changed with a reduction in total cholesterol and
LDL and a slight increase in HDL. Furthermore, pa-
tients presented with a decreased proinflammatory status
as suggested by the dramatic drop in hs-CRP and a
similar increase in the anti-inflammatory cytokine IL-
10. The results obtained in our cohort are in line with
previous experiences in RYGB surgery patients [35].

When analyzing markers of the metabolic syndrome,
we found a robust and significant drop of glucose, insulin,
C-peptide, and proinsulin levels regardless of diabetic sta-
tus of the patients 1 year after surgery. As expected dia-
betic patients presented with higher levels of glucose, in-
sulin, and C-peptide before surgery compared with non-
diabetic patients. However, levels of proinsulin were not
altered by the diabetic status. Previously, it was already
suggested that high-fasting proinsulin levels might be in-
dicative for insulin resistance [10]. Furthermore, high pro-
insulin secretion was previously associated with beta cell
dysfunction [36]. The overall high levels of proinsulin
might further suggest an overall dysfunction of beta cells
in our patient cohort regardless of diabetic status before
surgery. After RYGB surgery, similar levels of change for
proinsulin and insulin levels as observed in our cohort
were already reported [8]. We add to the current knowl-
edge that changes in the level of proinsulin might be

Table 5 Liver parameters in
patients before and 1 year after
gastric bypass surgery

Before surgery IQR After surgery IQR Delta IQR p value

AST (U/l) 22 16 21 11 0.94 0.53 0.251

ALT (U/l) 29 37 19 12 0.65 0.89 0.002

γGT (U/l) 37 30 17 14 0.52 0.31 p < 0.001

Hepatic liver enzyme parameters were measured in patients before and 1 year after bariatric surgery. Delta values
represent fold changes in values after surgery divided by values before surgery. Values are given as median and
interquartile range (IQR). AST aspartate transaminase, ALT alanine transaminase, γGT γ-glutamyltransferase.
Statistical significance was determined using a Wilcoxon rank test; p ≤ 0.05 was considered significant

Table 6 Liver parameters stratified by diabetic status before and 1 year after gastric bypass surgery

Non-Diabetic Diabetic Non-Diabetic Diabetic Non-
diabetic

Diabetic

Before
surgery

IQR Before
surgery

IQR p
value

After
surgery

IQR After
surgery

IQR p
value

Delta IQR Delta IQR p
value

AST
(U/l)

19.5 17 23 19 0.12 21 9 19 20 0.842 0.95 0.48 0.82 0.5 0.393

ALT (U/l) 27.5 30 36 40 0.146 18.5 12.3 19 24.5 0.663 0.7 0.88 0.54 0.6 0.693

γGT
(U/l)

28.5 28 45 33 0.04 15.5 12.5 17 14.5 0.357 0.53 0.32 0.5 0.3 0.799

Patients were stratified according to their diabetic status and liver enzyme parameters are given accordingly. Delta values represent fold changes in values
after surgery divided by values before surgery. Given p values are for comparison of the non-diabetic and diabetic group at the given time point. Values
are given as median and interquartile range (IQR). AST aspartate transaminase, ALT alanine transaminase, γGT γ-glutamyltransferase. Statistical
significance was determined using a Wilcoxon rank test; p ≤ 0.05 was considered significant
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directly connected to the overall weight loss after RYGB
surgery in diabetic patients. In addition, we observed a
dysfunctional relation of proinsulin with insulin and C-
peptide in morbidly obese patients before surgery as cor-
relations of the three proteins were only present after
RYGB surgery.

To further understand changes in the pancreatic function in
morbidly obese individuals, we analyzed the profile of hsa-
miR-130b, hsa-miR-132-3p, and hsa-miR-375, representing
three miRNAs associated with pancreatic function. hsa-miR-
130b was previously demonstrated to be elevated in islets
from hyperglycemic human donors [30], hsa-miR-132-3p
was proposed to be elevated long before the onset of diabetes
in a mouse model, and hsa-miR-375 was demonstrated to be
involved in the formation of beta cell identity, control of beta
cell mass, and regulation of insulin secretion [32]. Our data
indicates a reduction of hsa-miR-130b, and hsa-miR-132.
Considering previous reports about these miRNAs, such re-
duction might indeed indicate reduced pancreatic stress after
RYGB surgery due to the reduction of hyperglycemia. We
speculate that both hsa-miR-130 and hsa-miR-132 might be
early indicators of metabolic stress before the onset of clinical
symptoms as also the non-diabetic patient group displayed a
significant reduction in both miRNAs 1 year after surgery.
Furthermore, we observed an increase of hsa-miR-375 1 year
after bariatric surgery. Knockout of hsa-miR-375 in a mouse
model induced a hyperglycemic phenotype with reduced beta
cell mass [37]. The increased level of circulating hsa-miR-375
might therefore indicate an amelioration of beta cell function
or changes in beta cell mass as indicated previously [14].

Previous research suggested NRG-4 as a potential marker
of metabolic syndrome [38] including elevation in prediabetic
and diabetic patients [39]. However, within our cohort, we did
not detect differences in plasma levels between non-diabetic
and diabetic patients and failed to measure changes 1 year
after bariatric surgery. However, recent data from mouse ex-
periments described a potential role of hepatic NRG-4 in glu-
coneogenesis [29]. As we measured only plasma levels of
NRG-4, we cannot rule out different organs being responsible
for its production before and after RYGB surgery.

GLP-1 was reported to be increasingly released postpran-
dial after RYGB and contribute to improved glucose metabo-
lism [40]. At baseline in a fasting state, we were not able to
determine changes in circulating levels of GLP-1. However,
GLP-1 secretion was reported to be dependent on the rate of
carbohydrate digestion [41] which could explain the lack of
GLP-1 change in our cohort as blood samples were taken in an
overnight fasting state.

RYGB surgery was previously associated with an increase
in hepatic insulin clearance [28]. Our study supports this data
as we were able to observe a similar increase of hepatic insulin
clearance measured via the ratio of C-peptide and insulin. This
increased hepatic insulin clearance might also explain the

beneficial development of the HOMA index [42]. We there-
fore suggest that especially diabetic patients benefit from bar-
iatric surgery by increasing insulin clearance. Besides a pos-
sible amelioration of hepatic insulin clearance, overall liver
dysfunction was reduced after RYGB surgery. Both previous-
ly elevated liver enzyme parameters were reduced in our co-
hort 1 year after surgery. Of note, diabetic patients presented
with elevated γGT levels compared with non-diabetic patients
in our cohort. Furthermore, γGT levels correlated significant-
ly with insulin levels before and after bariatric surgery exclu-
sively in diabetic patients. γGTwas already shown to associ-
ate with type 2 diabetes mellitus and metabolic syndrome
[43]. Furthermore, γGTwas already demonstrated to correlate
with several markers of obesity and metabolic syndrome [44,
45]. Our data might indicate that diabetic status and liver
functionmight be closely related in diabetic patients even after
RYGB surgery.

To further understand changes in liver function after
surgery, we analyzed hsa-miR-122. Altered hsa-miR-122
function has been already documented in a variety of liver
diseases including alcohol-induced liver disease and non-
alcoholic fatty liver disease as well as in insulin resistance
[33, 46, 47]. Recently, this miRNA was associated with
the prediction of liver dysfunction after liver resection
[48]. Furthermore, previous publications suggested a role
for hsa-miR-122 as a biomarker for obesity [49]. Here we
were able to demonstrate that patients showed reduced
levels of hsa-miR122 1 year after RYGB surgery regard-
less of diabetic status. Interestingly, hsa-miR-122 correlat-
ed with AST and ALT but not γGT before surgery.

Some limitations might be considered when interpreting
data from our cohort group. We only included patients under-
going RYGB surgery omitting other bariatric surgery proce-
dures. Given the success of the procedure for weight loss, a
stratification for efficiency is difficult as all patients massively
reduced their BMI 1 year after the surgery. It would be inter-
esting to evaluate in long-term studies the overall health ben-
efit and changes in the metabolic risk in patients undergoing
RYGB surgery. In addition, due to legal restrictions, we could
not access data of patients who declined to participate in the
study. Therefore, a selection bias between those patients who
volunteered to participate in the study and those who declined
to take part cannot be excluded. Similarly, a selection bias
might exist between those patients who voluntarily performed
the required follow-up visits and those who did not.

However, overall, our data demonstrates that all morbidly
obese individuals benefited from RYGB surgery regardless of
previous diabetic status. Classical parameters of the metabolic
syndrome, but also miRNAs associated with hepatic and pan-
creatic stress, were all reduced in our cohort. We therefore
suggest, that, at least in our cohort, no metabolically healthy
individual was present as all patients showed improvement in
metabolic syndrome–associated parameters.
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