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Abstract

Purpose Ectopic fat is often identified in obese subjects who
are susceptible to the development of type 2 diabetes mellitus
(T2DM). The ectopic fat favours the decrease in insulin sen-
sitivity (IS) and adiponectin levels. We aimed to evaluate the
effect of biliopancreatic diversion (BPD) on the accumulation
of ectopic fat, adiponectin levels and IS in obese with T2DM.
Materials and Methods A nonrandomised controlled study
was performed on sixty-eight women: 19 lean-control (23.0
+2.2 kg/m?) and 18 obese-control (35.0+4.8 kg/m*) with
normal glucose tolerance and 31 obese with T2DM (36.3+
3.7kg/m?). Of the 31 diabetic women, 20 underwent BPD and
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were reassessed 1 month and 12 months after surgery. The
subcutaneous adipose tissue, visceral adipose tissue, epicardi-
al adipose tissue and pericardial adipose tissue were evaluated
by ultrasonography. The IS was assessed by a hyperglycaemic
clamp, applying the minimal model of glucose.

Results One month after surgery, there was a reduction in
visceral and subcutaneous adipose tissues, whereas epicardial
and pericardial adipose tissues exhibited significant reduction
at the 12-month assessment (p<0.01). Adiponectin levels and
IS were normalised 1 month after surgery, resembling lean-
control values and elevated above the obese-control values
(»<0.01). After 12 months, the improvement in IS and
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adiponectin was maintained, and 17 of the 20 operated pa-
tients exhibited fasting glucose and glycated haemoglobin
within the normal range.

Conclusions After BPD, positive physiological adaptations
occurred in grade I and II obese patients with T2DM. These
adaptations relate to the restoration of IS and decreased
adiposopathy and explain the acute (I month) and chronic
(12 months) improvements in the glycaemic control.

Keywords Epicardial adipose tissue - Obesity - Type 2
diabetes mellitus - Biliopancreatic diversion surgery -
Hyperglycaemic clamp - Insulin sensitivity

Introduction

Adiposopathy is characterised by the pathological accumula-
tion of adipose tissue, due to environmental factors in genet-
ically and epigenetically susceptible individuals. One of the
anatomical manifestations of adiposopathy is the accumula-
tion of ectopic fat, which is commonly found in obese indi-
viduals prone to the development of type 2 diabetes mellitus
(T2DM) [1].

The accumulation of ectopic fat helps to reduce insulin
sensitivity (IS) and adiponectin and increases inflammation
in adipose tissue, increasing the expression and secretion of
pro-inflammatory cytokines and contributing to the develop-
ment of T2DM [2]. The ectopic fat depots can be grouped
according to their metabolic effects: the first group consists of
those with predominantly systemic effects, such as visceral
abdominal adipose tissue (VAT); the second group consists of
those with predominantly local toxic effects, including epicar-
dial (EAT) and pericardial adipose tissue (PAT) [3—6].

The treatment of T2DM involves dietary and behavioural
interventions as therapies of choice. In subjects with BMI
>35.0 kg/m? in whom glycaemic control does not reach ac-
ceptable levels with drug therapy and associated changes in
lifestyle, bariatric surgery is considered a treatment option.
Specially, if T2DM is associated with other comorbidities,
surgery could be considered for individuals with BMI
>30.0 kg/m? [8]. The surgical treatment is based on weight
loss, calorie restriction and hormonal and metabolic changes
resulting from anatomical-functional changes in the digestive
tract [7-9].

In a recent meta-analysis, the remission of T2DM were
more pronounced in patients undergoing biliopancreatic di-
version (BPD) surgery compared with other techniques [10].
To date, the mechanisms that modulate the remission of
T2DM after BPD are only partially known. Although some
studies have reported significant improvements in IS [11-13],
the effect of BPD on the deposition of EAT and PAT fat has not
yet been explored.

@ Springer

To identify additional evidence concerning the underlying
pathophysiological mechanisms related to the remission of
T2DM after BPD, the objectives of this study were as follows:
(1) to evaluate the effect of BPD on ectopic fat accumulation
(visceral, epicardial and pericardial), plasma adiponectin
levels and IS in grade I and II obese women with T2DM
and (2) to compare the accumulation of ectopic fat,
adiponectin levels and IS in the surgical group (pre- versus
post-surgery) with two control groups consisting of normal
weight and obese grade I and II women, both with normal
glucose tolerance.

Materials and Methods
Study Design and Subjects

A nonrandomised controlled study was performed with 68
premenopausal women divided into three groups: lean normal
glucose tolerant (LeanNGT) (n=19; BMI 23.0+2.2 kg/m?),
obese normal glucose tolerant (ObeseNGT) (n=18; BMI 35.0
+4.8 kg/m?) and obese with overt type 2 diabetes
(ObeseT2DM) (n=31; BMI 36.3+3.7 kg/m?). Of the 31
ObeseT2DM subjects, 20 underwent BPD surgery. The sur-
gical group was studied at baseline and 1 and 12 months post-
surgery.

Diabetes was diagnosed according to the American
Diabetes Association criteria [14]. In the ObeseT2DM group,
the mean duration of diabetes was 4.7+4.5 years. Of the
patients who underwent BPD surgery, 12 were treated exclu-
sively with metformin, seven were treated with metformin and
sulfonylureas, and one was treated with diet and exercise.

The inclusion criteria were age over 20 years old, premen-
opausal and negative islet autoimmunity. The exclusion
criteria were the use of incretin mimetics, dipeptidyl
peptidase-4 inhibitors or insulin; significant kidney or liver
dysfunction; recent neoplasia (<5 years) and the use of oral or
injectable corticosteroids for more than 14 consecutive days in
the last 3 months.

This study was approved by the Ethics Committee of the
State University of Campinas, Brazil. All participants provid-
ed written informed consent before participation.

Biliopancreatic Diversion Surgery

The original technique reduces the total length of intestinal
absorption to 250 cm with a 50-cm common channel, increas-
ing malnutrition risk, particularly in less-obese individuals,
like the patients of the present study [ 15]. Therefore, this study
uses an adapted BPD technique to avoid nutritional compli-
cations. The BPD is performed with an approximately 60 %
distal gastric resection and a long Roux-en-Y reconstruction.
The volume of the stomach after surgery is approximately
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300 ml. The small bowel is transected at 2.8-3.2 m from the
ileocecal valve, and its distal end is anastomosed to the re-
maining stomach. The proximal end of the ileum, comprising
the remaining small bowel (involved in carrying
biliopancreatic juice but excluded from food transit), is anas-
tomosed to the bowel in an end-to-side fashion 80-120 cm
proximal to the ileocecal valve. Consequently, the total length
of absorbing bowel is reduced to 280-320 cm, of which the
final 80-120 c¢m, the common channel, is where
biliopancreatic juices and ingested food mix.

Anthropometrical Assessment

All of the subjects underwent detailed anthropometric exam-
ination, according to standard procedures, by the same exam-
iner while wearing light clothing and no shoes. Height, weight
and waist circumference at the umbilicus level were measured.
All measurements were taken in duplicate and averaged.

Assessment of Subcutaneous Adipose Tissue and Ectopic Fat
Depots: Intra-Abdominal Visceral Adipose Tissue, Epicardial
Adipose Tissue and Pericardial Adipose Tissue

The measurements of the different adipose tissues were per-
formed by the same professionals throughout the period of
data collection.

The thickness of subcutaneous and VAT in the abdominal
region were evaluated by ultrasonography using a 3.5 MHz
transducer positioned 1 cm above the umbilicus. The subcu-
taneous adipose tissue thickness was defined as the distance
between the skin and the outer surface of the abdominal rectus
muscle. The VAT was defined as the distance between the
internal surface of the rectus abdominis muscle and the ante-
rior wall of the aorta. The reading was performed in duplicate
directly from frozen images on the screen [16].

The evaluation of EAT and PAT was performed by two-
dimensional guided M-mode transthoracic echocardiography,
using the high-resolution equipment (Vivid 3, GE Healthcare)
with a linear transducer 10 L H40412LG (4-11 MHz). During
the examination, the patients were in the left lateral decubitus
position. The EAT was defined as the relative space echo
located between the outer wall of the myocardium and visceral
layer of the pericardium. The PAT was defined as the space
located between the echo parietal and visceral pericardium.
The thicknesses were measured in the parasternal long and
short axis frozen B-mode images, perpendicular to the free
wall of the right ventricle at end systole in three cardiac cycles
using the aortic ring as a point of reference for the long
parasternal anatomical axis and the level of the papillary
muscles for the short axis [17, 18]. All measurements were
taken in triplicate, and the mean value was used for the
analyses. To ensure the precision of the measurements obtain-
ed, the intraclass coefficients of correlation (ICC) were

calculated. The ICC for EAT was 0.95 (95 % CI 0.92-0.97)
and for PAT was 0.88 (95 % CI 0.82-0.92), p<0.001 for all.

Oral Glucose Tolerance Test (OGTT)

After a 12-h overnight fast, an intravenous catheter was placed
into the antecubital vein. The subjects ingested a 75-g glucose
load. Blood samples were collected at 0 (pre-load) and
120 min (post-load) to measure glucose [7].

Insulin Sensitivity Assessment: Hyperglycaemic Clamp Test

After a 12-h overnight fast, a cannula was retrogradely
inserted into a peripheral hand vein. Glucose was infused into
an antecubital vein in the opposite arm and divided into two
phases: the “first dose”, which included a sufficient amount of
glucose to increase the blood glucose levels to the desired
plateau (180 mg/dl), and the “maintenance dose”, which was
calculated every 5 min during the test and was dependent on
blood glucose measurements. Blood samples were obtained
every 2.5 min during the first 10 min of glucose infusion and
then every 5 min up to 180 min. Glucose levels were mea-
sured in all blood samples. Insulin levels were measured at the
same time as glucose under basal conditions and for the first
20 min of infusion and every 20 min thereafter [19]. The
glucose minimal model was used to calculate insulin sensitiv-

ity (IS) [20].
Assays

Plasma glucose levels were measured in the fasting state and
during the dynamic tests using a glucose analyser (YSI 2700)
with a coefficient of variation (CV) of 2 %. Plasma insulin
levels were analysed using an automated two-site chemilumi-
nescent immunometric assay. The intra-assay and inter-assay
CVs were 5.2-6-4 % and 5.9-8.0 % for insulin, respectively.
Adiponectin levels were measured by an ELISA, and all had
coefficients of variation below 10 %.

Statistical Analysis

Statistical analyses were performed using IBM SPSS-
Statistics 20.0. The data are presented as the mean=+standard
deviation for normally distributed data and as the median
(25th—75th percentiles) for nonparametric data. The Kruskal-
Wallis test was used to compare three independent groups. A
post hoc analysis with Bonferroni’s multiple range test was
used to determine which groups differ from the other groups.
Friedman’s test was used to compare repeated measures. The
Wilcoxon signed-rank test associated with Bonferroni correc-
tion was used to test the effects with a significance level of
0.0167. The correlation coefficient of Spearman was applied
to test the correlation between the delta (A=postoperatively
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value—preoperatively value) of the ectopic fat deposit and its
preoperative values. For all of the other tests, significance was
set at p<0.05.

Results
Clinical and Metabolic Characterisation at Baseline

The ObeseNGT and ObeseT2DM groups were in the same
BMI range; nonetheless, the groups exhibited distinct distri-
butions of body fat. The ObeseT2DM group exhibited a larger
waist circumference than the ObeseNGT group, indicating the
presence of an increased deposit of fat in the abdominal
region. This greater accumulation of fat was explained by
the greater thickness of subcutaneous adipose tissue. Both
groups were similar with respect to the thickness of VAT.
However, the accumulation of EAT was more pronounced in
the ObeseT2DM group compared with the ObeseNGT group.
Plasma adiponectin and IS were also similar between the two
obese groups but were decreased in the ObeseT2DM group
compared with the LeanNGT group (Table 1).

Postoperative Clinical and Metabolic Characterisation

All of the subjects who underwent BPD were studied
1 month and 12 months after the procedure. Excess
body weight decreased significantly at both time points
with a concurrent significant reduction in waist circum-
ference and body fat percentage. Glycated haemoglobin
was significantly reduced at both time points, whereas
fasting blood glucose, blood glucose 2 h after stimula-
tion with oral glucose and fasting insulin decreased in

the first month postoperatively and maintained their
reduced levels 12 months after surgery (Table 2).

Of the patients who underwent surgery, 12 were exclu-
sively treated with metformin, seven were treated with
metformin associated with sulfonylureas and one subject
was exclusively treated with diet and exercise. In the first
month after surgery, most patients stopped using antidia-
betic drugs. Only one patient was taking metformin, and
another patient was in therapy with metformin associated
with sulfonylurea. Twelve months after BPD, only one
patient was using metformin associated with sulfonylurea.
The antidiabetic medications were stopped at 1 month
after surgery when the patients presented fasting plasma
glucose levels <99 mg/dl and 2 h postprandial glucose
levels <140 mg/dl. At 12 months medication were
stopped when fasting plasma glucose levels were
<99 mg/dl and 2 h postprandial glucose levels were<
140 mg/dl or glycated haemoglobin <6 %.

With respect to the evolution of the glycaemic control,
1 month after surgery, 12 of the 20 obese patients with
T2DM exhibited fasting glucose levels within the normal
range (<100 mg/dl), and seven exhibited glycated
haemoglobin <6 %. One year after surgery, 13 exhibited
fasting glucose levels within the normal range and glycated
haemoglobin levels <6 %, 17 exhibited only fasting glucose
levels within the normal range and 17 exhibited only glycated
haemoglobin levels <6 %.

Accumulation of Subcutaneous Adipose Tissue, Ectopic Fat,
Serum Adiponectin and Insulin Sensitivity After Surgery

The thickness of the subcutaneous and VAT exhibited a sig-
nificant reduction 1 month and 12 months postoperatively.
The thickness of EAT and PAT exhibited a significant

Table 1 Clinical and metabolic
characteristics of the groups
LeanNGT, ObeseNGT, and

ObeseT2DM at baseline

Data are presented as the mean+
standard deviation for variables
with normal distribution and me-
dian (interquartile range) for vari-
ables without normal distribution
according to the Shapiro-Wilk
test. p indicates that the Kruskal-
Wallis test was performed,
followed by the Bonferroni test
for baseline comparisons

Variables LeanNGT ObeseNGT ObeseT2DM p
(n=19) (n=18) (n=31)

Age (years) 35(26-41) 37 (30-44) 45 (40-48)*** 0.001
Body mass index (kg/m?) 22.9(21.5-239) 33.2(30.8-40.4)*  36.0 (33.2-39.3)* 0.001
Waist circumference (cm) 82.5+£5.3 108.6+11.6* 116.0£9.8%** 0.001
Subcutaneous adipose tissue (mm)  17.3+5.3 25.6+7.1% 34,449 8%%* 0.001
Visceral adipose tissue (mm) 26.9+10.2 60.4+16.9* 69.3+£22.2% 0.001
Epicardial adipose tissue (mm) 0.56+0.17 0.82+0.18* 1.024£0.28*** 0.001
Pericardial adipose tissue (mm) 1.16+0.22 1.48+0.23* 1.57+0.26* 0.001
Adiponectin (pg/ml) 4.3 (2.1-5.6) 2.1 (1.2-3.6)* 1.6 (1.1-2.9)* 0.002
Glycated haemoglobin (%) 4.4+0.6 4.9+0.7 7.3+1.5%%* 0.001
Fasting glycaemia (mg/dl) 85 (82-90) 93 (89-95) 136 (107-161)***  0.001
Postprandial glycaemia (mg/dl) 102 (96-115) 120 (111-136) 260 (225-320)***  0.001
Fasting insulin ((U/1) 5.0 (3.9-6.7) 6.6 (5.4-11.6) 11.2 (6.9-16.5)* 0.001
IS (107* d/kg/min per wU/ml) 15.1 (8.3-24.2) 5.6 (2.6-11.2)* 7.2 (3.2-16.8)* 0.005

*p<0.05 vs. LeanNGT;
**p<0.05 vs. ObeseNGT
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Table 2 Evolution of the clinical
and metabolic characteristics of
the ObeseT2DM group in the
baseline assessment, 1 month and
12 months after surgery

Friedman test and Wilcoxon
signed-rank test associated with
Bonferroni correction

*p<0.05 vs. pre-BPD; **p<0.05
vs. 1 month post-BPD

reduction at the assessment performed 12 months after surgery
(Fig. 1), with an average reduction of 21 % for EAT and of

Fig. 1 Evolution of the
accumulation of adipose tissue
(a), insulin sensitivity (b) and
serum adiponectin (c) in obese
women with type 2 diabetes at
baseline, 1 month and 12 months
after surgery. Friedman test and
Wilcoxon signed-rank test asso-
ciated with Bonferroni correction.
*p<0.05 vs. pre-BPD, **p<0.05
vs 1 month post-BPD. IS insulin
sensitivity, SAT subcutaneous ad-
ipose tissue, PAT pericardial adi-
pose tissue, EAT epicardial adi-
pose tissue, VAT visceral adipose
tissue

Variables ObeseT2DM group P

Baseline 1 month 12 months

(n=20) post-BPD post-BPD

(n=20) (n=20)

Excess body weight (kg) 29.6+10.5 19.449.5* 8.6£8.4%** 0.001
IMC (kg/m?) 36.5+£3.7 32.4+3.4%* 28.242.9%%* 0.001
Waist circumference (cm) 117.5£11.0 107.1+10.3* 99.0+8.5%*%* 0.001
Glycated haemoglobin (%) 7.2+1.3 6.1+1.1% 5.1£0.9%** 0.004
Fasting glycaemia (mg/dl) 133+38 98+19* 88.2+13.1* 0.001
Postprandial glycaemia (mg/dl) 259 (231-306) 119 (110-180)* 118 (81-169)* 0.006
Fasting insulin (LtU/1) 11.7 (8.6-16.7) 5.2 (3.6-7.5)* 3.5(2.0-12.4)* 0.001
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pre-BPD; ** p < 0.05 vs one month post-BPD. IS = insulin sensitivity, SAT = subcutaneous adipose

tissue, PAT = pericardial adipose tissue, EAT = epicardial adipose tissue, VAT = visceral adipose

tissue.
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Fig.2 Evolution of the accumulation of epicardial (a) and pericardial (b)
adipose tissues in obese women with type 2 diabetes at baseline and
12 months after surgery. EAT epicardial adipose tissue, PAT pericardial
adipose tissue

According to Fig. 3, at baseline, the patients with higher
levels of VAT, EAT and PAT were the patients with a greater
reduction in their respective magnitudes 12 months after BPD.
No significant correlations with IS and adiponectin were
identified (data not shown).

In Fig. 4, it is possible to observe the comparisons between
the ObeseT2DM surgical group and the control groups at all
evaluation time points. The thickness of SAT and EAT in the
ObeseT2DM group before the operation and 1 month after the
operation was greater than the thicknesses of the two control
groups. One year after surgery, the thicknesses of SAT and
EAT resembled the values of the ObeseNGT group and
remained higher than that of the LeanNGT group. The VAT
and PAT in the ObeseT2DM group before and 1 month after
BPD exhibited greater thickness with respect to the LeanNGT
group and similar values compared to the ObeseNGT group.
One year after the intervention, the thickness of VAT and PAT
reached levels that were comparable to the LeanNGT group
and reduced compared with the ObeseNGT group.

Preoperatively, the plasma adiponectin of the ObeseT2DM
group was similar to that of the ObeseNGT group and less
than the levels of the LeanNGT group. One month after
surgery, the difference between the ObeseT2DM group and
the LeanNGT group was no longer statistically significant.
Twelve months after surgery, the adiponectin levels in the
ObeseT2DM group remained similar to the levels in the

Fig. 3 Correlation coefficients A r=-0.57,p=0.01 B r=-0.76; p=0.001
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values of different ectopic fat o ° 7 150 ®
depots. Spearman coefficient of E =
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Spearman coefficient of correlation. BMI = body mass index, EAT = epicardial adipose, PAT =

pericardial adipose tissue, VAT = visceral adipose tissue.
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the Bonferroni test; *p < 0.05 vs. LeanNGT; **p < 0.05 vs. ObeseNGT.

LeanNGT group, with higher levels of adiponectin than the
ObeseNGT group.

Before surgery, the ObeseT2DM group exhibited lower IS
as measured by the hyperglycaemic clamp test compared with
the LeanNGT group and similar IS compared with the
ObeseNGT group. One month after BPD, the ObeseT2DM
group exhibited IS levels statistically comparable to the
LeanNGT group and higher than the ObeseNGT group
(»p<0.05). One year after surgery, the ObeseT2DM group
exhibited higher IS compared with both controls.

The patients who failed to normalise fasting glucose level
or glycated haemoglobin at 1 year following BPD did not
present different levels of EAT, PAT, VAT, SAT, adiponectin
and IS, compared with those that normalised the blood glu-
cose control (data not shown).

Conclusion

This is the first study to investigate the impact of BPD surgery
on the accumulation of epicardial and pericardial ectopic fat.
Concurrently, visceral fat, adiponectin and insulin sensitivity
by the clamp technique were evaluated. The main findings of
this study were the following: (1) reduction in the thickness of
intra-abdominal subcutaneous and VAT 1 month after surgery,
(2) reduction in the thickness of EAT and PAT 12 months after
surgery and (3) normalisation of the adiponectin levels and the
IS 1 month after surgery with substantial increases in the
levels of IS 12 months after surgery. The reductions in the
accumulation of VAT, EAT and PAT identified in this study
after BPD are consistent with the findings of previous studies
that evaluated the effect of Roux-en-Y gastric bypass and
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gastric banding in the accumulation of these fat depots. A
study conducted with 33 grade III obese patients undergoing
Roux-en-Y gastric bypass identified reductions in the accu-
mulation of VAT and EAT 6 months after surgery by comput-
ed tomography [21]. Willens and colleagues evaluated the
effect of gastric banding on the EAT of 23 grade III obese
patients 8 months after surgery [22]. The authors identified
reductions of EAT in proportion to the accumulation of EAT in
the preoperative period. For comparison, no studies that have
evaluated the changes in EAT and PAT 1 month after bariatric
surgery were found. With respect to other ectopic fat depots,
Greco and colleagues reassessed obese patients 6 months after
BPD and found that lipid deprivation selectively depletes
intramyocellular fat stores and induces a normal metabolic
condition with respect to IS, intracellular insulin signalling
and circulating leptin regardless of a persistent excess of total
body fat mass [23].

Due to the common embryonic origin, the adipose tissue
around the vessels and the epicardial and pericardial regions
exhibit the same metabolic and inflammatory characteristics
of the intra-abdominal visceral fat. In addition, the EAT and
PAT have a higher lipolytic rate than the subcutaneous adipose
tissue [24]. In a recent publication, our group demonstrated
that VAT and EAT are highly correlated [25]. However, despite
these previously mentioned embryonic and metabolic charac-
teristics, the present study demonstrated a different response
in VAT and subcutaneous adipose tissue compared with EAT
and PAT after weight loss induced by BPD.

In the present study, the increase in adiponectin levels after
BPD also reflects the decrease in adiposopathy in these pa-
tients, which may have contributed to the improvement in IS.
Adiponectin is an insulin-sensitiser cytokine that operates in
decreasing hepatic gluconeogenesis and increased muscle
fatty acid oxidation. In a study conducted by Salani and
colleagues, the authors observed a significantly increased
serum adiponectin 1 month after BPD surgery in parallel with
the 11 % decrease in body weight [26].

The findings of the present study on the improvement in IS
are consistent with the results of BPD reported in previous
studies that examined obese patients with T2DM [11-13, 27].
The normalisation of IS after malabsorptive procedures seems
to occur partially independently of weight loss. In a study of
morbidly obese patients with glucose tolerance ranging from
normal to T2DM, the results revealed that the most pro-
nounced improvement in IS was reached 7-10 days after
BPD [13]. A recent study from our group found a lack of
improvement in peripheral IS 1 month after Roux-en-Y gastric
bypass in women, reinforcing the difference in the metabolic
effects of different surgical techniques [28]. The acute im-
provement in IS seems to be a specific effect of the technique
of BPD and is associated with the modulation of intestinal
factors for surgery. The long-term improvement of IS is likely
related to weight loss and improved adiposopathy [29].
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The limitation of the present study concerns the use of
ultrasonography methods to assess the ectopic fat depots, as
computed tomography and magnetic resonance imaging are
the gold standard methods, with more precision and accuracy.
The ultrasound method presents lower cost and exposure risk
than these methods and has been demonstrated to be the best
alternative method for the evaluation of intra-abdominal adi-
pose tissue deposition in obese women. The VAT measured by
ultrasound correlates well with CT-determined VAT (r=0.7;
p<0.001) [16]. In addition, EAT assessed by echocardiogram
and by magnetic resonance image are strongly correlated (=
0.9; p<0.001) [17].

The findings indicate the various positive physiological
adaptations after BPD in grade I and II obese patients with
T2DM. These adaptations are related to the restoration of IS
and decreased adiposopathy, explaining acute (1 month) and
chronic (12 months) improvements in the level of glucose
tolerance and glycaemic control observed. Understanding
the mechanisms of changes in metabolism after BPD should
contribute to the development of new clinical and surgical
approaches to treating the disease.
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