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Abstract
Background and aim. Obesity is a major risk factor for the onset of insulin
resistance (IR), hyperinsulinemia and type 2 diabetes mellitus (T2DM) Evidence data
has proven that beyond important weight loss bariatric surgery especially Roux-en-Y
gastric bypass (RYGB) and bilio-pancreatic diversion (BPD) leads to significant
early reduction of insulinemia and of IR calculated through the homeostatic model
assessment (HOMA-IR), independently of fat mass decrease. Sleeve gastrectomy (SG)
is now used as a sole weight loss operation with good results. Therefore, the aim of
the present study was to investigate the early changes of fasting blood glucose, insulin
and HOMA-IR in a group of morbidly obese (MO) patients i.e. at 7, 30 and 90 days
after SG.
Methods. The study included 20 MO patients (7 male and 13 female) submitted
to SG. Anthropometrical (weight, body mass index –BMI, percent excess BMI loss
-%EBMIL) and biochemical (plasma glucose, insulin and calculated HOMA-IR )
evaluation were performed before and at 7, 30 and 90 days after SG. In addition, a
second group of 10 normal weight healthy subjects with a BMI ranging form 19 kg/m²
to 23.14 kg/m², matched for age and gender was investigated.
Results. Plasma glucose (p=0.018), insulin (p=0.004) and HOMA-IR (p=0.006)
values were statistically different between the studied groups. After surgery, at every
follow-up point, there were statistically different weight and BMI mean values relative
to the operation day (p<0.003). BMI, decreased at 7 days (estimated reduction=2.79;
95% CI:[2.12;3.45]), at 30 days (estimated reduction=5.65; 95% CI:[3.57;7.73]) and
at 90 days (estimated reduction=10.88; 95% CI:[7.35;14.41]) respectively after SG.
We noted a tendency toward statistical significant change of mean insulin values at 7
days after surgery (corrected p=0.075), no statistical change at 30 days (corrected
p=0.327) and a significant change at 90 days (corrected p=0.027) after SG as compared
to baseline. There was a significant change in mean values of HOMA-IR at 30 days
(corrected p=0.009) and at 90 days (corrected p=0.021) after the operation day.
Conclusions. The present study showed important early changes consisting in
reductions of mean values of plasma insulin and HOMA-IR after SG.
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Introduction

Obesity is a major risk factor for the onset of insulin
resistance (IR), hyperinsulinemia and type 2 diabetes
mellitus (T2DM) [1], a “combination” of conditions that are
associated with significant morbidity and mortality [2]. It is
well known that weight loss is associated with decrease of
IR, and therefore, it delays or prevents the onset of diabetes
and can restore blood glucose control in patients with
T2DM [3,4]. However, management of weight loss based
on diet, exercise and behavioral therapy are associated with
poor long term results [5].
Consistent data has proven that bariatric surgery
offers an important and sustained weight loss along
with significant amelioration/remission of T2DM [6-8].
Moreover, rapid improvement of IR and early resolution
of T2DM have been observed to occur after Roux-en-Y
gastric bypass (RYGB) [9,10,12] and bilio-pancreatic
diversion with duodenal switch (BPD-DS) [11], implying
that these changes are unrelated to weight loss, and
more likely induced by some hormonal effects of the
bariatric procedures through the entero-insular axis [13].
Furthermore, studies have shown that after bariatric surgery,
patients who are still obese have insulin sensitivity that is
similar to non-obese patients, which, again, indicate that
additional factors may be involved in decreasing IR [14].
However, the fact that bariatric surgery reduces IR before
significant weight loss remains poorly explained [14,15].
Sleeve gastrectomy (SG) is a purely restrictive
operation and has been initially described as a modification
of BPD and as part of a staged surgical approach for highrisk morbidly obese (MO) patients. More recently it has been
used as a sole weight loss operation [16-19]. SG is regarded
as a surgical intervention which in addition to significant
weight loss has an early high rate of T2DM resolution
[20-22], independent of loss of fat mass, suggesting that
it is more than a simple restrictive procedure [18]. Yet, the
precise mechanisms involved in the early control of blood
glucose after SG are still under research.
This study was designed to test the hypothesis
that IR changes rapidly in MO patients submitted to SG.
Therefore, the aim of the present study was to investigate
the changes of fasting blood glucose, insulin and HOMAIR in a group of MO patients at 7, 30 and 90 days after SG.

Materials and methods

Study subjects and ethics statement
Twenty MO patients (7 male and 13 female) form
the Second Surgical Clinic of Cluj-Napoca were initially
enrolled in this study in a prospective and consecutive
manner. To be mentioned that in some cases the selected
patients missed the follow-up appointments. Patients who
met the 1991 bariatric surgery criteria of the National
Institutes of Health [23] and those who agreed to participate
to the study were included into the study. The exclusion
criteria were- acute and chronic inflammatory diseases,
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infectious diseases, severe endocrine, cardiovascular,
hepatic, renal diseases and cancer. Out of our sample of
patients 7 had T2DM (treated with oral antidiabetics and
with a good blood glucose control), 4 were with impaired
fasting glucose (IFG) and 8 of them were within normal
range of fasting blood glucose. Because insulinemia is
included in the equation for HOMA index calculation,
T2DM patients on insulin treatment were excluded. In
addition, a second group of 10 normal weight healthy
subjects with a BMI ranging form 19 kg/m² to 23.14 kg/m²,
matched for age and gender was investigated.
The present study was carried out in accordance
with the ethical principles of the Helsinki Declaration. The
research protocol was analyzed and approved by the Ethics
Committee of Iuliu Haţieganu University of Medicine and
Pharmacy (NO.341/2.06.2015) Cluj-Napoca and written
informed consent was obtained from all participants
included in the study.
Study design
This was a prospective interventional clinical study,
in which MO patients were evaluated anthropometrically
and biochemically before and at 7, 30 and 90 days after SG.
Protocol appointments included measurements of weight
and height based on which BMI and percent excess BMI
loss (%EBMIL) were calculated [24]. Also, at the same
points, tests were run for the measurement of fasting blood
glucose and insulin. Before surgery, diagnosis of T2DM
was based on a positive history of T2DM or fasting plasma
glucose (FPG) according to criteria established by the
American Diabetes Association [25].
After overnight fast blood samples were collected
and plasma was obtained through centrifugation. The
plasma samples were stored at -80 °C until analysis. The
measurements of fasting blood glucose and insulin, were
conducted at the Second Surgical Clinic Laboratory and
at the Oxidative Stress Laboratory form the Physiology
Department of Iuliu Haţieganu University of Medicine and
Pharmacy form Cluj-Napoca.
Assays
FPG levels were determined through the biochemical
method using the Medist kit. For fasting plasma insulin
levels we used the commercially ELISA kit INS-EASIA
KAP1251 (DIAsource) according to the specific protocol
of the manufacturer. Homeostasis model assessment of
insulin resistance (HOMA-IR) was used to evaluate insulin
resistance using the following formula HOMA-IR= (fasting
insulin µU/ml x fasting glucose mg/dl/)/22.5x18 [26].
Surgical procedure
The greater curvature including the complete fundus
was resected from the distal antrum (2-3 cm proximal to the
pylorus) to the angle of His (1 cm). We used a laparoscopic
stapler, EndoGIA (Autosuture, Norwalk, CT, USA) with a
60-mm cartridge in order to divide the stomach parallel to
and alongside a 34 CH bougie. The resected portion of the
stomach was extracted from the right upper abdominal 15-
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mm port site. A running absorbable suture was applied to
the staple-line to prevent hemorrhage.
Statistical analysis
The univariate Gaussian distribution for continuous
variable was verified separately for control and MO group,
by normality tests (Shapiro-Wilk test, D’Agostino skewness
test Anscombe-Glynn kurtosis test) and quantile-quantile
(Q-Q) plot. The descriptive statistics were expressed as
mean ± SD (standard deviation) for all variables as they had
a Gaussian distribution. We used the Student’s (t) test for
independent samples to assess the significant differences
of IR characteristics in control and MO patients and paired
Student test to analyze the changes in IR variables at every
time-point after surgery as compared to baseline. The
bivariate correlations between quantitative variables were
performed by Pearson coefficient. The estimated level of
statistical significance for all two-sided tests, except for
paired t-tests, was set at p<0.05. In the case of multiple
comparisons of repeated measures (comparison of IR

characteristics before and after surgery follow-up points),
we used the Bonferroni’s correction in order to keep the
error rate (α) to the specified level of 0.05. In this case, the
estimated significance was corrected by multiplying with
the number of performed t tests. Because of the missing
data, the number of subjects at every follow-up point being
different, we used pairwise deletion in all the tests.
The statistical analysis was performed with the
IBM SPSS v.19 (Armonk, NY: IBM Corp) and Statistica,
version 7.

Results

The subjects’ physical and laboratory characteristics
are presented in table 1. Mean values of plasma glucose
(p=0.018), insulin (p=0.004) and HOMA-IR (p=0.006)
values were statistically different between the studied
groups. We noted higher levels of plasma glucose, insulin
and HOMA-IR in the MO group. None of the patients
presented perioperative complications.

Table 1. Anthropometric and metabolic characteristics of the subjects at baseline.
Control
group

MO group

Differences in means values

Mean±SD*

Mean±SD

p-values**

Weight (kg)

64.60±9.67

131±28.48

0.015

BMI (kg/m²)

21.72±1.58

46.45±6.94

0.01

Fasting glucose (mg/dl)

91.30±5.23

101.90±22.28

0.018

Fasting insulin (μUI/ml)

15.77±1.63

28.04±11.35

0.004

HOMA-IR
3.50±0.39
7.09±3.15
0.006
BMI body mass index, HOMA-IR homeostasis model assessment of insulin resistance
*SD=standard deviation for each group; **Student’s t test for independent groups

After surgery, there were statistically different mean
weight and BMI values, at every follow-up point, relative to
the operation day (paired Student’s t test, corrected p<0.003).
The analysis of weight changes revealed an estimated
mean reduction of 7.31 kg (95% CI:[6;9]) at 7 days, of
15.6 kg (95% CI: [9;22]) at 30 days and of 32 kg (95% CI:
[21;42]) at 90 days after SG. Regarding BMI, we observed
decreases at 7 days (estimated reduction=2.79; 95%
CI:[2.12;3.45]), at 30 days (estimated reduction=5.65; 95%
CI:[3.57;7.73]) and at 90 days (estimated reduction=10.88;
95% CI:[7.35;14.41]). Mean BMI showed that by the end of
the study the patients were still obese (BMI=37.80±6.72).
The %EBMIL was 12.88±5.77% at 7 days, 25.63±13.77%
at 30 days and 48.15±12.22 % at 90 days after SG.
Regarding insulin values, we noted a tendency
toward statistical significant change at 7 days after surgery
(corrected p=0.075), no statistical change at 30 days
(corrected p=0.327) and a significant change of mean

values (corrected p=0.027) at 90 days after SG as compared
to baseline (Figure.1). For analyzed cases, we obtained an
estimated mean reduction of insulin of 12.73 microlU/ml
at 7 days (95% CI: [2;23.5], of 8.10 microlU/ml at 30 days
(95% CI:[-2.09;18.31]) and of 21.99 microlU/ml at 90 days
(95% CI:[9.33;34.64]).
As for HOMA-IR values, there was a significant
change in mean values at 30 days after the operation day
(corrected p=0.009) and at 90 days (corrected p=0.021)
(Figure 1). At 30 days we noted a HOMA-IR reduction
level of 3.08 points (95% CI: [1.30;4.85]) while at 90 days
a drop of 6.78 points (95% CI:[3.10;10.45]).
No changes were observed as far as blood glucose
was concerned (corrected p>0.05).
Because of the small sample size, when analyzing
the correlations at baseline and at each follow-up point,
we did not identify any statistically significant relationship
(p>0.05).
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Figure 1. Insulin and HOMA-IR changes after surgery.

Discussion

The present study aimed at analyzing the early
changes of HOMA-IR, fasting plasma insulin and glucose
in a group of MO patients who underwent SG. Fasting
plasma insulin and HOMA-IR changed early after surgery
and reached values comparable with those of the control
group by the end of the study. Also, we observed that at
each follow-up point BMI dropped, but, the patients were
still obese (BMI=37.80 kg/m²) at 3 months after SG.
Significant decrease of IR during the first 3 months
following bariatric surgery (laparoscopic adjustable gastric
banding LAGB and RYGB) has been reported previously
[10]. LAGB is a purely restrictive technique, therefore the
findings showed that the caloric restriction imposed by
LAGB plays an important role in reducing IR. However,
the authors observed that IR was lower after RYGB as
compared to the LAGB patients. RYGB implies the
rearrangement of the gastrointestinal tract and therefore
the study suggested that beyond caloric restriction other
mechanisms may also be involved in the greater drop of
IR following this type of intervention [10]. Furthermore,
some studies showed early improvement in IR within days
of surgery [9,11,12] clearly unrelated to weight loss, which
occurred much more slowly. Taken together, mounting
evidence showed significant improvement of glucose
homeostasis beyond food restriction and weight loss, e.g.
by favorable changes in gastrointestinal hormones, such as
incretins that enhance insulin sensitivity, at least after some
kinds of bariatric procedures [13,27,28].
SG has been initially proposed as a first step operation
in high risk patients submitted to laparoscopic BPD-DS in
order to shorten the duration of the intervention, with the
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duodeno-ileostomy and ileo-ileostomy as a second stage
a few months later [29]. Patients achieved remarkable
weight loss after the first stage of this approach, and
therefore SG has started to be used as an independent
antiobesity operation [28]. Although SG was considered at
first a purely restrictive operation, which does not involve
rearrangement of the gastrointestinal tract, studies have
shown rapid improvements of HOMA-IR and plasma
glucose suggesting the hypothesis that SG might be more
than a simple gastric restriction [30, 31]
Herein, the mean values of fasting plasma insulin
and HOMA-IR were increased at baseline. Early after
surgery, at each follow-up point we observed important
changes of these parameters and all in all these changes
consisted in reductions of the plasma levels. Moreover, the
values reached by the end of the study were comparable with
those of the control group, even though the patients were
still obese. However, as we can see in the figure, although
7 days after surgery there is a tendency towards decrease
of both parameters, an increase can be observed 30 days
after SG. An interesting issue to be addressed is whether
the decrease of IR is influenced by the presence/absence of
T2DM. If we look at the literature we see that some show
a lesser increase in insulin sensitivity in T2DM patients
when compared with those with IFG, while others show no
significant difference between normo and hyperglycaemic
patients after bariatric surgery. Taken together, there is no
consensus on insulin sensitivity change in non-diabetic
patients when compared with diabetic patients [15].
An important drop in HOMA-IR to near normal
values was reported also by Eickhoff et al. [32] as early as
3 months after SG in a group of obese patients with IFG
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or type 2 diabetes. Rizello et al.[30] showed in a group of
MO patients with T2DM submitted to SG a sharp (5 days)
and significant reduction of insulin concentration (from
41.8±13.2μg/l to 14.8±7.92μg/l) and HOMA IR (from
17.1±9.4 to 4.3±3.4). Furthermore, they noted that at the
15th postoperative day serum insulin concentration and
HOMA-IR remained significantly lower in the absence of
significant weight modifications. However 30 and 60 days
after SG these values remained substantially unchanged in
spite of a greater weight loss [30]. A recent study showed
that HOMA-IR and BMI decreased significantly in the
first week after SG, but, however percent weight loss was
not correlated with percent changes in all of the glycemic
parameters at this follow-up schedule [31]. Other studies
however, did not reveal a significant decrease of HOMAIR at one week or one month after SG, but only by the
3rd month [33,34]. In this respect, Rao et al.[15] showed in
an elegant meta-analysis that the change in HOMA-IR at
1-2 weeks was not statistically significant, although it was
strongly trending and that an increasing follow-up time was
found to produce an increasing effect size.
Taken together these data suggest that SG displays
an additional mechanism (other than caloric restriction
and weight loss) that contributes to changes in T2DM and
HOMA-IR and confirms that LSG is more than a restrictive
procedure. A hormonal mechanism has been suggested.
Firstly, ghrelin which is a hormone produced mainly by
the gastric fundus may play a role in short- and longterm energy balance as it seems to suppress the insulinsensitizing hormone adiponectin, block hepatic insulin
signaling, and inhibit insulin secretion. Thus, the removal
of the gastric fundus through SG may lead to reduced
ghrelin secretion and therefore to improvement of the
glucose metabolism [18]. Secondly, YY peptide (PYY) and
glucagon-like peptide 1 (GLP-1) seem to be increased after
SG even though this procedure does not involve rerouting
of the food. A potential explanation for PYY and GLP1 increases following LSG could be accelerated gastric
emptying and earlier contact of chyme with the L cells of
the hindgut [35]. Last but not least, the mechanisms that are
involved in SG’s beneficial effects on glucose metabolism
are complex and merit further investigation.
Our study has its limitations. First, the small sample
of patients and lack of continuity in presenting at all the
follow-up points. Secondly, our patients belonged to
different categories in regard to the glycaemic state.
In conclusion, the present study has confirmed the
hypothesis that there is an early change of IR after SG.
Furthermore, this change is based on reductions of HOMAIR and fasting plasma insulin values.
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