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Abstract

Background Bariatric surgery (BS) is known to favorably im-
pact fasting lipid profile. Fasting and postprandial lipids were
evaluated before and 2 years after BS in obese type 2 diabetic
(T2DM) patients.

Methods A prospective study was conducted in 19 obese
T2DM patients: ten undergoing sleeve gastrectomy (SG) and
nine undergoing Roux-en-Y gastric bypass (RYGB). Before
and 2 years after BS, clinical parameters and the response of
lipid and incretin hormones to a mixed meal (MM) were
assessed.

Results The two groups had similar characteristics at baseline.
After BS, weight loss was similar in the two groups (p<0.01).
Fasting glucose, insulin, and triglycerides decreased while
HDL cholesterol increased in a similar way (p<0.05); in con-
trast, fasting LDL cholesterol decreased only after RYGB
(»<0.05). Post-meal glucose concentrations decreased while
early insulin response significantly improved after both pro-
cedures (»<0.001 for both). Postprandial triglycerides de-
creased after both procedures (p<0.05) while postprandial
LDL cholesterol decreased only after RYGB (p<0.05).
Meal-GLP-1 increased postoperatively in both groups al-
though to a greater extent after RYGB (p<0.001 vs. SG).
GIP decreased after both procedures, especially after RYGB
(»=0.003). At multivariate analysis, GLP-1 peak was the best
predictor of LDL reduction (6=—0.552, p=0.039) while the
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improvement of HOMA-IR (3=0.574, p=0.014) and weight
loss (8=0.418, p=0.036) predicted triglycerides reduction.
Conclusions Both surgical procedures markedly reduce fasting
and postprandial triglycerides and increase HDL cholesterol
levels. LDL cholesterol decreases only after RYGB through a
mechanism likely mediated by the restoration of GLP-1.
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Abbreviations

T2DM Type 2 diabetes

BS Bariatric surgery

GLP-1 Glucagon-like peptide-1

SG Sleeve gastrectomy

RYGB Roux-en-Y gastric bypass

HDL High-density lipoprotein

LDL Low-density lipoprotein

TAUC Incremental area under curve

BMI Body mass index

HOMA-IR Homeostasis model assessment-estimated
insulin resistance

GIP Glucose dependent insulinotropic peptide

Introduction

Bariatric surgery (BS) represents an effective means to induce
sustained weight loss and to improve metabolic homeostasis
in patients with severe obesity and type 2 diabetes (T2DM)
[1]. BS is able to induce a marked reduction of fasting triglyc-
erides, with malabsorptive procedures (e.g., biliopancreatic
diversion) exerting a more pronounced effect than restrictive
procedures (e.g., gastric banding) [2, 3]. With regard to
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cholesterol, there is evidence that malabsorptive and mixed
procedures (e.g., Roux-en-Y gastric bypass) decrease total
and LDL cholesterol through a reduction of both synthesis
and absorption, whereas restrictive procedures do not affect
cholesterol levels [4, 5]. Limited information is available on
the impact of BS on postprandial lipid response, which is an
important cardiovascular risk factor especially in diabetic pa-
tients [6]. We previously demonstrated a 70 % reduction of
postprandial triglycerides in obese T2DM patients 2 weeks
after either sleeve gastrectomy (SG) or Roux-en-Y gastric
bypass (RYGB) [7]. A similar improvement in postprandial
TG-rich lipoproteins was observed in diabetic and non-
diabetic patients 3 months after SG or RYGB, independently
of weight loss [8, 9]. However, little information is available
on postprandial lipid changes in the long term, when a stable
metabolic and hormonal equilibrium is reached.

There is clinical evidence that pharmacologic activation of
the glucagon-like peptide-1 (GLP-1) receptor improves lipid
profile in T2DM patients, indicating that GLP-1 has the po-
tential to favorably affect lipid metabolism [10]. Also GIP
could contribute to reduce fasting lipid levels through modifi-
cation of insulin resistance [11]. Whether the changes in GLP-
1 and GIP levels consequent to BS directly affect lipid

metabolism is still unclear, also because most studies have
assessed lipid concentrations only in the fasting state.
Therefore, we evaluated the 2-year effects of SG and RYGB
on fasting and postprandial lipid profile in obese T2DM sub-
jects and the relation of lipid changes with modifications of
incretin levels.

Subjects and Methods
Participants

Nineteen obese T2DM patients were studied. The inclusion
criteria were as follows: age 3065 years, body mass index
(BMI)>40 or>35 kg/m* with poor glycemic control under
medical treatment, no use of statins or other lipid-lowering
agents and eligibility for SG or RYGB. Antidiabetic treatment
was oral hypoglycemic agents in 15 patients (9 in SG and 6 in
RYGB); 1 patient was treated with insulin; 3 patients (1 in SG
and 2 patients in RYGB) were on diet alone; 13 patients (9 in
SG and 4 in RYGB) were on antihypertensive drugs (ACE-
inhibitors/sartans) (Table 1). No patient was treated with
SGLT?2 inhibitors and/or thiazide diuretics or other drugs

Table 1  Clinical and metabolic characteristics of patients before and 2 years after surgery
Sleeve gastrectomy (n=10) Gastric bypass (n=9) SG vs RYGB
Pre-surgery 2 years p value Pre-surgery 2 years p value p value p value p value
(2 years vs (2 years vs  pre-surgery 2 years 2 years vs
pre-surgery) pre-surgery) pre-surgery

Male/female 4/6 - - 5/5 - - - -
Age (years) 47+9 - - 46+7 - - 0.804 -
Diabetes duration (years) 5+4 - - 445 - - 0.521 -
Body weight (kg) 119£16 89+23  0.008 116+15 8111  0.010 0.789 0.474  0.561
BMI (kg/m?) 4246 32+7 0.007 42+6 28+5 0.008 0.989 0318 0471
HbAlc (%) 7.6+1 57+0.2 0.021 8.0+2 5.7+0.8 0.010 0.596 0.882  0.512
Fasting plasma glucose (mg/dl)  157+52 105£21 0.010 166+£52 102£20 0.012 0.727 0.766  0.444
Fasting plasma insulin (mU/ml) 25+10 13+7 0.037 23+11 12+8 0.019 0.760 0.601  0.794
HOMA-IR 9+4 3+2 0.012 12+7 3+1 0.011 0.299 0.432  0.571
Total cholesterol (mg/dl) 171+34 173+38 0916 188+40 139+£21 0.006 0.357 0.019  0.004
LDL cholesterol (mg/dl) 99+32 98+31  0.940 101+28 73+£23  0.042 0.821 0.040  0.032
HDL cholesterol (mg/dl) 36+11 50+14  0.002 39+8 49+11  0.010 0.604 0.730  0.300
Triglycerides (mg/dl) 160+67 10719 0.026 174+73 86+14  0.005 0.752 0.752  0.557
Therapy n (%)

Diet alone 1 (10) 9(90) - 2(22) 9(100) - - - -

Oral antidiabetic drugs 9 (90) 1(10) - 6 (67) 0(0) - - - -

Insulin 0(0) 0(0) - 1(11) 0 (0) - - - -

RAS inhibitors 9 (90) 2200 - 4 (44) (11 - - - -

Data are expressed as means (£SD)

SG sleeve gastrectomy, RYGB Roux-en-Y gastric bypass, BMI body mass index, HOMA-IR homeostasis model assessment-estimated insulin resistance,

RAS renin-angiotensin system
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potentially influencing lipid levels. Clinical and metabolic
evaluation of participants was conducted at the Department
of Clinical Medicine and Surgery of University Federico II
while bariatric operations were performed at the Department
of Surgery, S. Giovanni Bosco Hospital of Naples. All patients
were informed of the risks and benefits of each procedure and
provided written informed consent before undergoing surgery.
The study was approved by the local Ethics Committee.

Study Design

All operative procedures were performed laparoscopically by
the same surgery team [7]. Before and 2 years after surgery, all
participants were given a liquid mixed meal (304 kcal,
Resource Energy Nestle Nutrition) containing 41 g carbohy-
drates (55 %), 13 g proteins (18 %), and 9 g fat (27 %). Blood
samples, taken fasting and at 30-min intervals for 3 h, were
collected in chilled EDTA/Aprotinin tubes, immediately cen-
trifuged, and plasma was stored at —80 ° C for determination
of substrates and hormones. At the 2-year follow-up, all

patients filled in a 7-day food record to estimate their nutrient
intake.

Laboratory Measurements

Cholesterol and triglycerides concentrations were determined
by enzymatic-colorimetric methods (ABX Diagnostics,
Montpellier, France, Roche Diagnostics, Milan, Italy) on a
Cobas Mira autoanalyzer (ABX Diagnostics, Montpellier,
France). HDL lipoproteins were separated from plasma by the
method of precipitation with phosphotungstic acid/magnesium
chloride. LDL cholesterol was calculated by Friedewald formu-
la (no patient had plasma triglycerides>300 mg/dl). Plasma
glucose, insulin, active GLP-1 and GIP concentrations were
measured by standard methods, as previously described [7].

Calculations

Homeostasis model assessment of insulin resistance (HOMA-
IR) was calculated using the following formula: fasting

Glucose

300
300

150
150

mg/dl
N
.
/
/
T
)

mg/dl

minutes

Insulin

150 SG

150

100
l} N 100

50

nU/ml
nU/ml

50
# *

N
" -
0 30 60 90 120 180 minutes

Fig. 1 Plasma concentration and IAUC of glucose and insulin after a
mixed meal before (continuous line and white bar) and 2 years (dotted
line and gray bar) after sleeve gastrectomy (SG) or gastric bypass

RYGB
IAUC
SG RYGB
12000
10000
= 8000
% 6000 * N
g 4000
2000
0
0 30 60 90 120 180 minutes
RYGB IAUC
SG RYGB

12000

10000

8000

6000

(uU/ml- 180°)

4000

2000

0

30 60 90 120 180 minutes

(RYGB). Data are expressed as means (:SEM). *p<0.05, %p<0.01 and
#p<0.001, pre- vs post-surgery

@ Springer



1250

OBES SURG (2016) 26:1247-1253

glucose (mg/dl) x fasting insulin (1U/1)/405. Glucose, insulin,
lipid, GLP-1, and GIP responses to the mixed meal were eval-
uated as the area under the curve above the baseline value
(IAUC) for 3 h, calculated with the trapezoidal rule.

Statistical Analysis

Data are expressed as means+SD unless otherwise stated.
Variables not normally distributed were analyzed after logarith-
mic transformation. Differences were evaluated by ¢ test for
paired data within each surgical procedure and by ¢ test for
unpaired data between the two surgical procedures. Bivariate
associations were assessed by Pearson’s correlation. A multi-
variate regression analysis was performed to identify which
variables best predicted the changes in lipid levels. A p value
<0.05 was considered statistically significant. The statistical
analysis was performed according to standard methods using
the Statistical Package for Social Sciences software (SPSS/PC;

SPSS, Chicago, IL). Based on previous reports [4], we estimat-
ed that 9 patients in each group were needed to detect a 30 %
difference in LDL cholesterol level between the two proce-
dures with a 80 % power at 5 % significance level.

Results

The anthropometric and metabolic parameters of participants
before and 2 years after surgery are presented in Table 1.
Subjects had similar characteristics at baseline. The diet
followed by the patients after intervention was similar in the
two groups (Kcal 1390+503 vs 1386+572; Fat% 3143 vs 35
+7; CHO% 53+7 vs 49+9; Protein% 17+5 vs 19£5). After
surgery, BMI decreased to the same extent in the two groups.
Blood glucose control significantly improved after both pro-
cedures with HbA 1c reduction of 1.9 % in the SG and 2.3 % in
the RYGB group. All patients, except one, discontinued
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hypoglycemic treatment. Fasting insulin and HOMA-IR were
reduced by 2—4-fold with both procedures. Fasting triglycer-
ides markedly decreased while HDL cholesterol increased af-
ter either SG or RYGB. In contrast, total and LDL cholesterol
decreased significantly by ~25 % after RYGB while they
remained unchanged after SG, with a significant difference
between the two procedures (p<0.05). Glucose response to
the meal significantly decreased after both procedures
(»<0.05, p<0.001). A more rapid and sharp increase in insu-
lin concentration was observed after surgery in both groups
(»<0.05) followed by a steeper fall thereafter. However, no
difference was found in the insulin IAUC between SG and
RYGB (Fig. 1).

Postprandial triglycerides markedly decreased whereas
HDL cholesterol increased after both interventions (Fig. 2).
Conversely, postprandial LDL cholesterol levels were signif-
icantly lower after RYGB compared to SG (p<0.05). No sig-
nificant difference was found in the TAUC of triglycerides,
HDL, and LDL cholesterol between the two interventions
(Fig. 2). GLP-1 meal response, very flat preoperatively, in-
creased after surgery, with a higher increment after RYGB
(IAUC 17534271 vs 256+78 pmol/Ix 180 min, p<0.001).
GLP-1 peak was 1042 pmol/l after SG and 49+6 pmol/l after
RYGB (p=0.001) (Fig. 3). GIP response to the mixed meal
markedly decreased after SG (320,951+£12,448 vs 21,947+

5990 pg/ml, p=0.007) as well as RYGB (27,177+£1460 vs
12,867+5290 pg/ml, p=0.024), with a greater reduction after
RYGB (p=0. 003) (Fig. 3).

The decrease of fasting triglycerides was positively corre-
lated with weight loss (R=0.470, p=0.049), reduction of
HOMA-IR (R=0.679, p=0.001) and reduction of GIP [AUC
(R=0.871, p=0.005). In the RYGB group, LDL cholesterol
was inversely related with GLP-1 peak (R=—0.733, p=0.007)
adjusted for pre-surgery values.

The multivariate model, adjusted for age, gender, duration
of T2DM and HbA 1c, showed that GLP-1 peak was the best
predictor of LDL reduction (6=—0.552, p=0.039) while re-
duction of HOMA-IR (5=0.574, p=0.014) and weight loss
(5=0.418, p=0.036) predicted triglycerides improvement.

Discussion

Our study shows that SG and RYGB exert similar effects on
body weight, glucose control, fasting, and postprandial tri-
glycerides and HDL cholesterol, whereas total and LDL cho-
lesterol levels were ~30 % lower after RYGB than SG. This
difference is likely due to the type of surgery since both quan-
titative and qualitative dietary intake was similar in the two
groups.
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This finding is in line with previous studies showing a de-
crease in total and LDL cholesterol after malabsorptive or
mixed surgery, but no change after restrictive procedures [4,
5]. A recent study demonstrated that malabsorptive, but not
restrictive, procedures reduce sterol absorption and increase
both cholesterol synthesis and catabolism with a net reduction
in total and LDL cholesterol levels [4]. Noteworthy, this effect
was independent of weight loss and the improvement of glu-
cose metabolism and insulin sensitivity [4, 5], raising the pos-
sibility that factors activated by intestinal rearrangement may
contribute to cholesterol reduction. The significant inverse cor-
relation between LDL cholesterol and GLP-1 meal response
found in our RYGB patients supports the hypothesis that the
restoration of GLP-1 may contribute to the reduction of plasma
cholesterol level. In experimental animals, GLP-1 is able to
suppress hepatic lipogenesis through activation of AMPK
pathway [12] and the genes involved in fatty acid f3-
oxidation [13]. It could be hypothesized that the inverse rela-
tion between GLP-1 peak and LDL cholesterol in RYGB group
may be due to a common factor, i.e., an increase in circulating
bile acids, which is known to occur after RYGB but not after
restrictive procedures [14—16]. Bile acids are able to stimulate
GLP-1 secretion through the interaction with the TGRS recep-
tor and, in the meanwhile, affect cholesterol metabolism
through an interaction with transcriptional factors (LXR,
FXR, and PPARS), as recently reviewed by Moschetta [17].

At odds with a differential effect on cholesterol,
RYGB and SG cause a similar reduction of fasting as
well as postprandial triglycerides, confirming in the long
term the results obtained early after surgery [7]. The
reduction of fasting triglycerides is attributable to
weight loss and improvement of insulin resistance,
whereas the reduction of postprandial triglyceride is likely a
consequence of reduced absorption of triglycerides and/or
synthesis of chylomicrons. This hypothesis is supported by a
recent kinetic study showing a reduced production of VLDL
and chylomicron in RYGB and SG patients [18].

The association between changes in GIP levels and triglyc-
erides reduction found in our patients after surgery suggests
that the suppression of GIP may play a role in improving
triglyceride metabolism [19]. This possibility is supported
by previous studies in rodents showing that GIP is able to
promote post-meal triglyceride clearance and to increase fat
storage by adipocytes [20]. In addition, there is evidence that
the disruption of GIP signaling reduces fat accumulation in
adipocytes [20] and that GIP receptor knockout mice exhibit
an increased insulin sensitivity [21]. Our finding that, in the
multivariate model, GIP is no longer associated with triglyc-
erides reduction strongly indicates that its effect is mediated
by weight loss and improvement of insulin resistance.

In the long term, both procedures induce a significant in-
crease in HDL cholesterol, confirming previous clinical stud-
ies [22].

@ Springer

A limitation of our study is that it was performed in a
nonrandomized setting; however, the two groups of patients
had similar pre-surgery clinical and metabolic characteristics,
making very unlikely the possibility that the differences ob-
served between the two procedures may be attributed to pa-
tients’ selection bias. Noteworthy, we elected diabetic subjects
who did not take lipid-lowering agents to better appreciate the
changes in lipid levels induced by BS without the confound-
ing effect of drug usage.

In conclusion, either RYGB and SG persistently improve
glucose metabolism, reduce both fasting and postprandial tri-
glycerides, and increase HDL cholesterol. LDL cholesterol
decreases only after RYGB; this effect—Ilikely mediated by
surgery-induced GLP-1 restoration—underlines the crucial
role of gut in the regulation of lipid metabolism. A longer
follow-up period is required to highlight possible differences
and changes in the clinical outcome of each procedure.
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