Acta Diabetologica (2021) 58:513-516
https://doi.org/10.1007/500592-020-01633-2

SHORT COMMUNICATION

=

Check for
updates

Changes induced by metabolic surgery on the main components
of glucose/insulin system in patients with diabetes and obesity

Elisabetta Rinaldi’

- Maria Grazia Zenti' - Maddalena Trombetta' - Giulia Ceradini’ - Anna Altomari’ -

Maria Linda Boselli’ - Lorenza Santi' - Marco Battistoni? - Riccardo C. Bonadonna®* - Enzo Bonora'

Received: 6 October 2020 / Accepted: 3 November 2020 / Published online: 24 November 2020

© Springer-Verlag ltalia S.r.l., part of Springer Nature 2020

Introduction

Bariatric surgery is able to induce remission of type 2 dia-
betes (T2D). Several studies reported an improvement of
insulin sensitivity after surgery [1], but data about insulin
secretion and insulin clearance are less abundant and some-
what controversial [2, 3]. Aim of our study was to assess
the changes of the determinants of glucose regulation, i.e.,
insulin secretion, insulin sensitivity and insulin clearance
in a group of T2D patients with obesity one month and over
1 year after metabolic surgery.

Methods

Ten (M/F=5/5) patients with T2D and obesity (mean + SD:
duration of diabetes: 5.6 + 1.3 years, BMI: 45.2+1.8 Kg/
m?) candidate for sleeve gastrectomy (SG) or gastric bypass
(RYGB) were recruited for the protocol approved by the
Local Ethical Committee (CE 2170) and registered as
NCTO01767441. Remission of diabetes was defined according
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to HbAlc value <42 mmol/mol Hb and FBG <5.6 mmol/l
off diabetic medications for at least 12 months. A 5 h-mixed
meal test (MMT: containing 186 kcal obtained from 30 g
of corn flour as carbohydrates and from 20 g of parmesan-
cheese as protein and fat) was performed before (MMTO),
1 MMT1) and 12 months (MMT12) after surgery. Fasting
plasma glucose (FPG), Insulin, C-peptide, glucagon, gluca-
gon-like peptidel (GLP-1) and gastric inhibitory polypeptide
(GIP) were measured at the times as reported in Fig. 1. Beta-
cell function (BCF) and insulin-clearance were assessed by
mathematical modeling as, previously reported [4]. B-cell
function is described by two components: one related to the
rate of increase in plasma glucose (DC: derivative control)
and the other related to glucose concentration per se (PC:
proportional control). As p-cell function and insulin clear-
ance influence insulin bioavailability and the latter is derived
from PC, we calculated insulin bioavailability as adjusted
PC (PCadj) according to the formula: PCadj=02/insulin
clearance [5]. PCadj (pmol/mmol) provides an index of
the increase in insulin bioavailability (pmol/L) in response to
an increase in glucose concentration of 1 mmol/L. To better
understand the changes of insulin bioavailability in response
to glucose and IS over time, we plotted the trajectory of the
changes of PCadj and OGIS over time [5]. A rightward and/
or upward trajectory hallmarks the improvements in glucose
regulation, whereas a leftward and/or downward trajectory
indicates a worsening in glucose regulation. All comparisons
were carried out by nonparametric tests (Friedman test and
subsequent Wilcoxon test when appropriate). Statistical sig-
nificance was set at p <0.05. Insulin sensitivity (IS) was esti-
mated with the oral glucose insulin sensitivity index (OGIS).
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Fig. 1 Plasma levels of glucose (a), insulin (b), GLP-1 (c¢), GIP (d) curves during MMT at baseline (M0), 1 month (M1) and 12 months (M12)
after bariatric surgery. P values calculated by Friedman test. Each dot in the curves is Mean + Standard error of the mean

Results

Three subjects underwent SG and seven subjects under-
went RYGB. After surgery, body weight consistently
decreased at 1 month (Aweight: — 13.5 kg) and at 1 year
(Aweight: — 36.2 kg). Eight patients showed diabetes
remission at 12 months.

During MMT after surgery:

1 FPG and the area under the glucose concentration
curve (AUC ,05) in response to MMT, significantly
decreased at 1 and 12 months after surgery.

Fasting plasma insulin concentrations showed marked
reductions at 1 and 12 months after surgery. AUC; ¢ in
was reduced by 40% and 56% at MMT1 and MMT12,
respectively.

Fasting GLP-1 concentration did not change both a
1 month and 12 months, whereas the AUC of GLP-1
during the MMT progressively increased over the time,
showing a progressively higher early peak after surgery.
Fasting GIP significantly decreased 1 month after
surgery and remained stable at 1 year. No significant
changes in AUC of GIP during the MMT were observed
after surgery (Fig. 1).

No significant changes in glucagon fasting levels and in
the AUC of glucagon after surgery were detected (data
not shown).
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6 A nonsignificant trend of improvement in both DC
and PC (p=0.236 and p=0.097, respectively) (Fig. 2)
and no significant changes in insulin clearance were
observed (p=0.407). A graded, significant improvement
of IS was observed at 1- and 12-month (p =0.001).
The changes over the time of insulin bioavailability in
response to the meal (PCadj) and IS (OGIS-2 h) showed
an evident rightward trajectory as in Fig. 2, which
could explain the improvement in glucose regulation as
depicted in Fig. 1.

Discussion

This study evaluated the short (1 month) and sustained
(12 months) effects of metabolic surgery on the main deter-
minants of glucose regulation and the incretin response to
MMT in 10 patients with T2D and obesity. Metabolic sur-
gery induced a significant weight loss, an improvement in
glucose homeostasis and a remission of diabetes in 80% of
patients. The improvement in glucose homeostasis could
be put in motion by the combination of caloric restriction
and by changes in gut hormone secretion. The improvement
in the GLP-1 curve during MMT could have had positive
effect on p-cell function, even if the changes of DC and PC,
observed at both 1 and 12 months after surgery, did not reach
statistical significance. In contrast, IS increased by about
65%, consistent with results from previous studies [1]. To
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better explain the physiological changes observed after bari-
atric surgery in our subjects, we explored the dynamic inter-
play between BCEF, insulin clearance and IS. BCF and insulin
clearance affect insulin bioavailability (PC,q;) which forms
a physiological feedback loop with IS to regulate glucose
homeostasis [4]. The vector plot showed a rightward trajec-
tory, which is explanatory for the sustained improvement in
glucose regulation and for diabetes remission in 8 out of 10
patients after metabolic surgery. However, a longer follow-
up is needed to monitor further changes in insulin bioavail-
ability. The main strength of our study is the simultaneous
assessment of BCF, insulin clearance and IS to explore the
joint changes in all these metabolic parameters one month
and over 1 year during real world mixed meal test after the
metabolic surgery. The main limitation is the low number
of subjects enrolled: it made it difficult to detect the effect
of each surgical procedure on the determinants of glucose
regulation and also to observe potentially significant changes
in BCF and insulin clearance. In conclusion, metabolic sur-
gery in subjects with T2D and obesity yields an amelioration
of glucose homeostasis due to a marked improvement in IS,
detectable already soon after surgery.
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