
ORIGINAL CONTRIBUTIONS

Early Improvement of Postprandial Lipemia After Bariatric
Surgery in Obese Type 2 Diabetic Patients

E. Griffo & G. Nosso & R. Lupoli & M. Cotugno &

G. Saldalamacchia & G. Vitolo & L. Angrisani &
P. P. Cutolo & A. A. Rivellese & B. Capaldo

Published online: 30 December 2013
# Springer Science+Business Media New York 2014

Abstract
Background Bariatric surgery (BS) is able to positively influ-
ence fasting lipid profile in obese type 2 diabetic patients
(T2DM), but no data is available on the impact of BS on
postprandial lipid metabolism neither on its relation with
incretin hormones. We evaluated the short-term (2 weeks)
effects of BS on fasting and postprandial lipid metabolism in
obese T2DM patients and the contribution of changes in
active GLP-1.
Methods We studied 25 obese T2DM patients (age=46±
8 years, BMI=44±7 kg/m2), of which 15 underwent sleeve
gastrectomy and 10 underwent gastric bypass. Lipid and
incretin hormone concentrations were evaluated for 3 h after
ingestion of a liquid meal before and 2 weeks after BS.
Results After BS, there was a significant reduction in body
weight (p <0.001), fasting plasma glucose (p <0.001), fasting
plasma insulin (p <0.05), HOMA-IR (p <0.001), and fasting
plasma lipids (p <0.05). The meal response of plasma triglyc-
erides, total cholesterol, and HDL cholesterol was significant-
ly lower compared to pre-intervention (p <0.05, p <0.001). In
particular, the incremental area under the curve (IAUC) of
plasma triglycerides decreased by 60% (p <0.005). The meal-

stimulated response of active GLP-1 increased, reaching a
statistical significance (p <0.001).
Conclusions BS leads to an early improvement of fasting and
postprandial lipemia. The fall in fasting triglycerides is asso-
ciated with an improvement of insulin resistance, while the
reduction of postprandial lipemia is likely related to reduced
intestinal lipid absorption consequent to bariatric surgery.
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Background

Bariatric surgery is known to positively influence glucose
metabolism in obese type 2 diabetic (T2DM) patients,
resulting in disease remission in a large number of cases
[1, 2]. Of note, T2DM remission frequently occurs very
early after surgery, even before meaningful weight loss
has occurred [3, 4]. Besides glucose metabolism, bariatric
surgery exerts long-term favorable effects on fasting lipid
levels with reduction of triglycerides and LDL cholesterol
and increase in HDL cholesterol concentrations [5]. This
effect, consistently documented after different bariatric proce-
dures, is of much greater extent after purely malabsorptive
techniques as biliopancreatic diversion [6]. It is now recog-
nized that changes in gastrointestinal hormones and, in partic-
ular, the recovery of the meal response of GLP-1, consequent
to bariatric procedures, contribute to ameliorate glucose ho-
meostasis and, ultimately, to induce diabetes remission [7].
Although a number of studies have addressed incretin regula-
tion of glucose homeostasis [8, 9], much less is known about
the relationship between incretin hormones and lipid metabo-
lism and the effects of bariatric surgery on postprandial lipid
profile, which is expected to be primarily affected by this type
of surgery. This information would be of great clinical
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relevance since impairment of postprandial lipid metabolism
is viewed as an independent cardiovascular risk factor [10].

Studies in experimental animals have shown a reduction in
postprandial triglycerides after bariatric surgery, which is in-
dependent of weight loss [11]. Furthermore, emerging evi-
dence indicates that incretin-based therapies offer benefits
beyond glycemic control, with improvement of lipoprotein
metabolism [12].

Accordingly, the present study was undertaken to evaluate
the short-term (2 weeks) effects of bariatric surgery on fasting
and postprandial lipid metabolism in obese T2DM patients
and to establish whether changes in lipid profile are related to
active GLP-1 changes.

Methods

Participants

Twenty-five obese T2DM2 patients (12 men and 13 wom-
en) were studied. The inclusion criteria were as follows:
age 30–65 years, body mass index (BMI) ≥40 or ≥35 kg/
m2 with poor glycemic control under medical treatment,
no use of statins or other lipid-lowering agents, and eligi-
bility for sleeve gastrectomy (SG) or Roux-en-Y gastric
bypass (RYGB). All participants were examined by a
multidisciplinary and integrated medical team consisting
of a diabetologist, a bariatric surgeon, a psychiatrist, and
a dietician. Fifteen patients underwent SG, and ten
underwent RYGB. The clinical and metabolic evaluation of
participants was conducted at the Department of Clinical
Medicine and Surgery of University Federico II, while bariat-
ric surgery was performed at the Department of Surgery, S.
Giovanni Bosco Hospital of Naples. All patients were in-
formed of the risks and benefits of each procedure and pro-
vided written, informed consent before undergoing surgery.
The study was approved by the local ethics committee.

Operative Procedures

All operative procedures were laparoscopically performed by
the same surgery team. RYGB: consists of a 40-cm3 gastric
pouch. The Roux limb was constructed by transecting the
small bowel 100–150 cm distal to the ligament of Treitz.
The circular stapler was introduced transabdominally, to cre-
ate an ante-colic ante-gastric end-to-side gastro-jejunostomy.
Gastro-jejunostomy leak was tested by injecting 40–60 cm3 of
methylene blue. Side-to-side jejuno-jejunostomy was per-
formed by a 45-mm linear stapler through jejunotomy service,
100–150 cm distal to the gastro-jejunostomy. For SG, the
gastric greater curvature was freed up to the cardio-
esophageal junction close to the stomach and toward antrum
up to 3–5 cm from the pylorus. The gastric lumen was

calibrated with a 40-Fr bougie. Then, the stomach was
resected with linear staplers parallel to the orogastric tube
along the lesser curve starting 3–5 cm far from the pylorus.

Experimental Design

All participants were studied before and 2 weeks after surgery.
In both occasions, anthropometric, clinical, and laboratory
parameters were collected together with data on medication
use. In addition, plasma levels of glucose, insulin, lipids, and
active GLP-1 were evaluated at fasting and after a standard
liquid mixed meal test (MMT).

Mixed Meal Test

In the morning after a 12-h overnight fast, all patients con-
sumed a MMT (Resource® ENERGY Nestlè Nutrition),
which consisted of a standardized 304-kcal in a total volume
of 175 ml containing 41 g of carbohydrates, 13 g of proteins,
and 9 g of fat. They were asked to consume the meal within a
maximum of 30 min. Blood samples were drawn at 0, 30, 60,
90, 120, and 180 min, collected in chilled EDTA tubes, and
immediately centrifuged, and plasma was stored at −80 °C for
subsequent analysis.

Laboratory Procedures

Cholesterol and triglyceride 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. Fasting LDL cholesterol was calculated using the
Friedewald formula. Plasma glucose concentration was mea-
sured using the glucose oxidase method. Plasma insulin
(DIAsource ImmunoAssays S.A., Nivelles, Belgium) was de-
termined by ELISA kits on Triturus Analyzer (Diagnostics
Grifols, S.A., Barcelona, Spain).

Active GLP-1 was assayed by a non-radioactive, highly
specific sandwich ELISA method (Merck-Millipore) with
100 % cross-reactivity with active isoforms of GLP-1 (7–36
amide and 7–37 glycine-extended) but without reactivity with
inactive isoforms (9–36 amide and 9–37 glycine-extended),
GLP-2, or glucagon.

Calculations

Homeostasis model assessment of insulin resistance
(HOMA-IR) was calculated using the following formula:
fasting glucose (mg/dl)× fasting insulin (μU/l) / 405.
Postprandial incremental areas of triglycerides, total cho-
lesterol, and HDL cholesterol were calculated using the
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trapezoidal method as the area under the curve above the
baseline value (IAUC).

Statistical Analysis

Data are expressed as means±standard deviation unless oth-
erwise stated. Variables not normally distributed were ana-
lyzed after logarithmic transformation or by nonparametric
tests. Differences before and after bariatric surgery were eval-
uated by t test for paired data. Univariate analysis was
performed to evaluate associations between variables. A
p value <0.05 was considered statistically significant.
Statistical analysis was performed according to standard
methods using the Statistical Package for Social Sciences
software (SPSS/PC; SPSS, Chicago, IL, USA).

Results

The clinical and metabolic characteristics of participants are
given in Table 1. Since 2 weeks post operation, there was no
difference in weight loss and in the mainmetabolic parameters
between the two procedures, data on lipid and hormone
changes were pooled altogether. At week 2 after surgery, there
was a significant reduction in body weight, fasting plasma
glucose, and insulin as well as a marked reduction in insulin
resistance, as evidenced by a 50 % decrease in HOMA-IR.
Glucose response to the MMT was significantly reduced
(IAUC 8,867±5,733 vs. 5,744±4,676 mg/dl ·180 min,

p <0.05) compared to pre-intervention, while insulin response
increased without reaching the statistical significance
(p =0.110). The response of active GLP-1 to the MMT
increased significantly after surgery (IAUC 43 pmol/l ·
180 min (−13, 142) vs. 1,136 pmol/l·180 min (340, 2,455),
p <0.001; Table 1). The changes in lipid concentrations after
surgery are depicted in Fig. 1. After surgery, there was a
significant reduction in fasting plasma TG (182 mg/dl
(110, 231) vs. 130 mg/dl (104, 165), p <0.05), total choles-
terol (170±41 vs.148±29 mg/dl, p <0.005), LDL cholesterol
(119±30 vs. 100±28 mg/dl, p <0.05), and HDL cholesterol
(37±9 vs. 30±10 mg/dl, p <0.001). Post-MMT plasma TG,
total cholesterol, and HDL cholesterol were significantly low-
er compared to pre-intervention. IAUC of plasma TG de-
creased markedly by 60 % (4,050 mg/dl·180 min (2,019,
8,409) vs. 1,635 mg/dl·180 min (390, −2,603), p <0.001),
while no difference was observed in IAUC of total and HDL
cholesterol (Fig. 1). Analyzing postprandial lipid response
according to the type of surgery (SG or RYGB), no difference
was found between the two procedures (triglycerides
ΔIAUC=−4,099±1,276 mg/dl·180 min in SG and −3,100±
1,738 mg/dl·180 min in BPG, p =0.640; total cholesterol
ΔIAUC=−563±317 mg/dl ·180 min in SG and 324±
399 mg/dl ·180 min in BPG, p =0.092; HDL cholesterol
ΔIAUC=−106±168 mg/dl · 180 min in SG and 82±
175 mg/dl ·180 min in BPG, p =0.465). In addition, the
improvement in postprandial lipids was of the same extent
both in patients who before surgery were well controlled and
in those who were poorly controlled. A significant correlation

Table 1 Clinical and metabolic
characteristics of the patients be-
fore and two weeks after surgery

Data are means±SD or median
and interquartile range (25, 75)

BMI body mass index, IAUC in-
cremental area under curve,
HOMA-IR homeostasismodel as-
sessment of insulin resistance

Before surgery After surgery p value

Characteristic

Male/female 12/13 –

Age (years) 46±8 –

Diabetes duration (years) 4±4 –

Weight (kg) 124±23 110±22 0.000

BMI (kg/m2) 44±7 39±7 0.000

HbA1c (%) 8±2 –

Fasting glucose (mg/dl) 170±74 125±35 0.000

Fasting insulin (μU/ml) 25 (16, 35) 17 (12, 19) 0.004

HOMA-IR 9 (6, 14) 5 (4, 7) 0.000

Fasting GLP-1 (pmol/l) 3 (2, 4) 3 (2, 4) 0.977

Glucose IAUC (mg/dl) 8,867±5,733 5,744±4,676 0.019

Insulin IAUC (μU/ml·180 min) 5,757 (3,235, 7,513) 6,038 (2,766, 11,987) 0.110

GLP-1 IAUC (pmol/l·180 min) 43 (−13, 142) 1,136 (340, 2,455) 0.000

Therapy

Diet 2/25 22/25

Oral antidiabetic drugs 21/25 2/25

Oral antidiabetic drugs plus insulin 2/25 0/25

Insulin alone 0/25 1/25

Antihypertensive drugs 15/25 0/25
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was found between the reduction in fasting TG and the im-
provement of insulin resistance (r =0.477, p =0.016). No cor-
relation was found between fasting and postprandial lipids and
BMI and other variables including incretin hormones.

Discussion and Conclusion

Our data demonstrate that bariatric procedures, namely SG
and RYGB, improve fasting as well as postprandial lipid
profile and that this effect occurs within 2 weeks after the

intervention. The beneficial effect of bariatric surgery on
fasting plasma lipids is well recognized [13–16]. Saboya
et al. examined short-term changes in lipid profile after gastric
bypass in patients stratified according to initial BMI and
demonstrated that triglycerides were significantly reduced in
all BMI categories 1 month after surgery. Instead, HDL cho-
lesterol decreased a few days after bariatric procedures and
increased later on during the follow-up [17–20]. In line with
these observations, we found a significant reduction in HDL
cholesterol 2 weeks after surgery. This finding is not unex-
pected because HDL cholesterol tends to decrease in highly
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Fig. 1 Plasma concentration and
IAUC of plasma triglycerides (a),
plasma total cholesterol (b), and
plasma HDL cholesterol (c) after
mixed meal before (black
diamond) and 2 weeks after (light
grey square) bariatric surgery. Data
are means±SE. * p<0.001 vs.
2 weeks; **p<0.05 vs. 2 weeks
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dynamic conditions, such as that immediately after bariatric
surgery. In fact, this temporary decrease in HDL cholesterol
has been observed also after nonsurgical weight loss and has
been attributed to the marked reduction in calorie and lipid
intake [21]. Later on, when a more stable condition is reached,
HDL cholesterol tends to increase again as it occurred in our
patients who showed a significant increase in HDL cholesterol
1 year after surgery (data not shown).

The major finding of our study is the marked fall in post-
prandial triglycerides. Already 2 weeks after surgery, the
response of postprandial triglycerides was minimal with a
reduction from preoperative values of approximately 70 %.
The two procedures, one restrictive (SG) and the other one
restrictive/malabsorptive (RYGB), appear to exert similar ef-
fects on postprandial triglyceride metabolism. This finding is
in agreement with recent evidence indicating that the type of
surgery impacts primarily cholesterol metabolism rather than
triglycerides. In fact, Benetti et al. reported a significant re-
duction in cholesterol levels after malabsorptive procedures
(biliopancreatic diversion and biliointestinal bypass) but not
after purely restrictive procedures (adjustable gastric
banding), whereas triglycerides decreased similarly with the
two types of surgery [22].

Studies in experimental animal have shown that GLP-1 or
GLP1 receptor agonists may reduce postprandial triglycerides
through several mechanisms: (1) decreased synthesis of apo-
lipoproteins B-48 and A-IV by the intestinal cells thus
inhibiting lipoprotein assembling in enterocytes, (2) inhibition
of gastric lipase activity, and (3) reduced intestinal lymph flow
[23, 24]. In many studies performed in T2DM patients,
incretin therapy, such as GLP-1R agonism or DPP-4 inhibitor,
are able to decrease postprandial triglycerides and apoB-48
concentrations [25, 26]. Altogether, these data indicate that
GLP-1 plays a role in the regulation of lipid metabolism. In
our study, the meal response of GLP-1 increased dramatically
2 weeks after surgery, confirming that bariatric surgery is able
to restore the enterohormone profile due to the prompt contact
of nutrients with the enteroendocrine cells. Althoughwe failed
to find a significant correlation between meal-stimulated re-
sponse of GLP-1 and postprandial triglycerides after surgery,
we cannot exclude that the early increase in GLP-1 may have
contributed, at least in part, to the very flat postprandial triglyc-
eride curve. Actually, the limited number of patients studied
does not allow us to draw a firm conclusion on this issue.

It is worth considering that our patients drastically reduced
their calorie intake immediately after surgery and that may
have had important metabolic consequences. Actually, there is
ample evidence that short-term calorie restriction drastically
improves glucose tolerance, hepatic insulin sensitivity, and
lipid metabolism [11, 27, 28]. However, animal as well as
human studies have shown that, at comparable weight loss,
bariatric surgery induces a much greater incretin response and
more profound metabolic changes than calorie restriction,

indicating that, beyond fasting, factors specifically related to
surgery may play beneficial effects [11, 28, 29]. It should be
considered that the negative calorie balance may have influ-
enced the reduction in fasting lipids rather than the response to
the meal test since composition of the meal was identical
before and after surgery. It is possible that a reduced absorp-
tion of dietary lipid may have contributed to the marked
reduction in postprandial TG, at least in patients undergoing
BPG. Whatever the underlying mechanism, the reduction of
postprandial triglyceride is clinically important since it repre-
sents an independent cardiovascular risk factor.

In our study, we found a close association between the
decrease in fasting TG and the reduction of insulin resistance.
It is known that obese as well as type 2 diabetic patients are
insulin resistant and have an increased free fatty acid flux,
which leads to accumulation of triglycerides in adipose as well
as in nonadipose tissues. Fat accumulation triggers a complex
cascade of events that further impairs insulin sensitivity [30,
31]. On this basis, it is likely that the improvement of insulin
resistance produced by bariatric surgery may have caused a
reduction in plasma triglycerides although it is also possible
that the fall of triglycerides may have contributed to improve
insulin resistance, as demonstrated by Mingrone et al. [32].

Some limitations of the study should be acknowledged.
The number of patients evaluated in this study is small, which
precludes us from comparing the impact of SG and RYGB on
postprandial lipemia; in addition, due to the short-tem obser-
vation, we cannot exclude that a differential effect of the two
procedures may manifest at a longer follow-up.

In conclusion, bariatric surgery leads to an early improve-
ment of lipid metabolism not only fasting but also postpran-
dially. The fall in fasting triglycerides is associated with an
improvement of insulin resistance, while the reduction of
postprandial lipemia is likely related to reduced intestinal lipid
absorption consequent to bariatric surgery.
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