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Abstract:

Background: Reduced postprandial secretion of peptide YY (PYY), glucagon-like peptide-1 (GLP-1), cholecystokinin, and in-
creased hunger was reported after a single dose of orlistat, an inhibitor of intestinal lipase. As yet, the influence of long-term therapy
with orlistat on PYY and GLP-1 release has not been studied. Our study was aimed at assessing the influence of 8-week therapy with
orlistat as a component of a weight loss program on pre-prandial circulating PYY and GLP-1 levels.
Methods: Forty obese women, without concomitant diseases, were randomly allocated to groups receiving orlistat or placebo during
an 8-week weight management program. Body mass, body composition and plasma levels of PYY, GLP-1 and insulin (for QUICKI
calculation) were determined prior to and at the end of therapy.
Results: Women treated with orlistat obtained significantly greater body and fat mass loss than those receiving placebo (9.0 ± 3.1 vs.

5.9 ± 3.2% and 21.9 ± 10.9 vs. 7.4 ± 15.6%, respectively). Only in those treated with orlistat a slight, but significant increase of the
QUICKI was found (8.0 ± 16.5 vs. –0.1 ± 12.7 %, respectively). Weight loss was followed by a significant increase of plasma levels
of PYY and GLP-1 in group treated with orlistat, and was about 2-times greater than receiving placebo. The increase was independ-
ent of body mass changes.
Conclusion: The long-term inhibition of intestinal lipase by orlistat increases the pre-prandial levels of GLP-1 and PYY, independ-
ent of body mass changes. Therefore, it seems that long-term treatment with orlistat may exert hunger suppressing and insulin
sensitizing incretin effect beyond weight reduction.

Key words:

orlistat, GLP-1, PYY, obesity

666 Pharmacological Reports, 2013, 65, 666�671

Pharmacological Reports
2013, 65, 666�671
ISSN 1734-1140

Copyright © 2013
by Institute of Pharmacology
Polish Academy of Sciences



Abbreviations: BMI – body mass index, CKK – cholecystoki-
nin, GLP-1 – glucagon like peptide 1, JTT-130 – intestine-
specific inhibitor of microsomal triglyceride transfer protein,
PYY – peptide tyrosine tyrosine, QUICKI – quantitative insu-
lin sensitivity check index

Introduction

Currently, orlistat is the only registered drug for the
pharmacotherapy of obesity in Europe [1]. Orlistat re-
duces dietary fat absorption in the dose-dependent
manner by intestinal lipase inhibition [3]. This drug is
recommended for long-term weight reduction therapy.
Published meta-analyses revealed additional meta-
bolic benefits of orlistat therapy such as lowering ef-
fect on serum lipid and glucose levels, and both sys-
tolic and diastolic blood pressure [1, 3, 10, 14]. It is
further suggested that orlistat may decrease postpran-
dial satiety by the inhibition of gut hormones release,
especially of GLP-1.

In our recent study, long-term therapy with orlistat
(3 times, 120 mg daily) had no effect on gastric emp-
tying and even brought a moderate prolongation of
the orocecal transit time [13]. It may suggest at least
the neutral effect of long-term orlistat therapy on sati-
ety. However, the results of some studies revealed that
a single dose of orlistat inhibits the release of gastro-
intestinal hormones and decreases postprandial satiety
[5–7].

Decreased by orlistat, intrajejunal lipase activity
diminishes the availability of free fatty acids within
the gut lumen, which would ultimately contribute to
the blunted release of cholecystokinin (CKK) [6] and
perhaps other gut hormones. It was shown that in-
traduodenal fat infusion suppresses ghrelin secretion
but stimulates PYY and pancreatic peptide release [7].
Moreover, Ellrichmann et al. [5] revealed that in nor-
mal weight healthy subjects a single dose of orlistat
reduces postprandial secretion of GLP-1, PYY and
CKK, whereas ghrelin level remains unaffected. Ad-
ditionally, the decrease of postprandial satiety sensa-
tion after orlistat administration was found [5]. The
opposite effect of a single dose of orlistat on postpran-
dial GLP-1 level was shown in obese, type 2 diabetic
subjects [4]. A lack of postprandial changes of glu-
cose, insulin, and GLP-1 after a single dose of orlistat
was found in obese subjects without concomitant dis-
eases [15]. So far, there is no study analyzing gut hor-

mone release stimulating satiety during long-term
orlistat therapy. Therefore, the aim of the present
study was to assess the influence of 8-week therapy
with orlistat as a component of a weight loss program
on pre-prandial circulating PYY and GLP-1 levels.

Materials and Methods

Forty-six of 60 screened young, obese women with-
out concomitant diseases, were enrolled into this
study. The exclusion criteria included pregnancy,
breast-feeding, symptoms of gastrointestinal disor-
ders, cholelithiasis, pancreatic diseases, use of any
medication (including oral contraception), a history of
bariatric procedures or any other abdominal surgery
affecting the anatomical integrity of the digestive
tract, except for appendectomy. The study protocol
was approved by the Bioethics Committee of Medical
University of Silesia and all subjects gave their in-
formed written consent for participation in the study.

During the randomization visit women were ran-
domly allocated (1 : 1) in a double-blind manner (en-
velope method) into two groups: those that received
orlistat (Xenical; Roche, Basel, Switzerland) or re-
ceived placebo (orlistat capsules filled with a neutral
substance).

Study protocol

All women in the study were examined during the
morning between 8.00 and 9.00 a.m. after an over-
night fast (16 h). Body mass and height were meas-
ured and BMI was calculated. Body composition was
measured using bioimpedance method (Bodystat ana-
lyzer 1500, Isle of Man, U.K.). Blood samples were
collected (according to the recommendations of the
manufacturers of kits) to determine serum concentra-
tions of PYY and GLP-1. The subjects were then ran-
domized and participated in a 8-week group weight
reduction program, consisted of one hour counselling
with a physician, dietician or physiotherapist and one
hour psychotherapy (cognitive and behavioral methods)
every second week. The low calorie (1200–1400 kcal),
low fat, high carbohydrate diet (with restriction of
simple carbohydrates) and regular physical activity
(no less than five times a week about 30–40 min in-
cluding: walking, cycling and swimming) were rec-
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ommended. Additionally, prior to 3 major meals, study
subjects were receiving 120 mg of orlistat or placebo.
At the end of the 8-week program all measurements
were repeated.

Forty subjects, 20 in each group, completed the
study. Six women, 3 in each group, discontinued par-
ticipation in the program, due to personal reasons
(n = 3), or adverse drug reactions: steatorrhea, defe-
cate urgency (n = 3). The characteristics of the study
groups are shown in Table 1.

Laboratory procedures

PYY and GLP-1 levels were assayed using ELISA kit
from Phoenix Pharmaceuticals (Burlingame, USA)
with a lower limit of sensitivity of 0.1 ng/ml and
0.5 pg/ml, respectively, and an intra- and interassay
coefficients of variations of < 15 and %, respectively.

The serum glucose concentration was estimated by
colorimetric method (Roche, Switzerland). Serum in-
sulin concentration was measured by radioimmunoas-
say (DPC Diagnostic Products Corporation, Los An-
geles, USA) with a lower limit of sensitivity of
1.2 µIU/ml and intra- and interassay coefficients of
variations of 5.2 and 5.8%, respectively.

The quantitative insulin sensitivity check index
(QUICKI) was calculated with standard formula:

1/[log(glucose) + log(insulin)].

Statistical analysis

All statistical analyses were performed with the use of
Statistica 8.0 software. Results are presented as the
means ± SD. Intragroup comparisons were accom-
plished with the Wilcoxon signed-rank test, whereas
the Mann-Whitney U test was used for intergroup
comparisons. The Spearman rank-order test was used
to calculate the univariate coefficients between ana-
lyzed parameters. The ANOVA test was used for
changes of body mass with post-hoc Tukey’s analysis.
The adjusted for obtained body weight reduction
analysis was performed to demonstrate independent
influence of orlistat therapy. The results were consid-
ered as significant with a p value of less than 0.05.

Results

Efficacy of the weight reduction program

Age, body mass, BMI, and fat mass on the randomi-
zation visit were similar in both study groups. After
the 8-week weight reduction program a significantly
greater weight and fat mass loss among women re-
ceiving orlistat compared to placebo was obtained
(9.0 ± 3.1% vs. 5.9 ± 3.2% of the initial weight and
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Tab. 1. Characteristics of obese subjects (study groups) and the effect of weight reduction therapy with orlistat or placebo

Orlistat (n = 20) Placebo (n = 20)

before after D % before after D %

Body mass
(kg)

100.5 ± 19.2 91.3 ± 16.9*** –9.2 ± 4.1## –9.0 ± 3.1## 101.8 ± 18.2 96.0 ± 18.7*** –5.8 ± 3.2 –5.9 ± 3.2

BMI
(kg/m2)

37.7 ± 7.4 34.1 ± 6.6*** –3.5 ± 1.6## –9.3 ± 3.4## 36.6 ± 5.6 34.5 ± 5.7*** –2.1 ± 1.1 –5.9 ± 3.2

Fat mass
(%)

53.0 ± 7.5 45.4 ± 7.9** –7.7 ± 6.4# –14.0 ± 12.0## 51.4 ± 5.4 46.6 ± 6.4** –4.9 ± 5.5 –9.2 ± 10.9

Fat mass
(kg)

54.1 ± 16.5 42.3 ± 14.1*** –11.8 ± 6.4### –21.9 ± 10.9## 51.2 ± 13.8 47.6 ± 14.9*** –3.6 ± 6.9 –7.4 ± 15.6

Free fat mass
(kg)

46.4 ± 7.7 49.1 ± 6.0 2.7 ± 6.3# 7.0 ± 14.2# 50.6 ± 6.6 48.4 ± 6.7 –2.2 ± 6.2 –3.8 ± 12.1

Free fat mass
(%)

47.0 ± 7.5 54.7 ± 7.9*** 7.7 ± 6.4# 17.6 ± 14.7## 48.6 ± 5.4 53.4 ± 6.4** 4.9 ± 5.5 10.5 ± 11.5

QUICKI 0.26 ± 0.05 0.28 ± 0.04* 0.03 ± 0.02 8.0 ± 16.5# 0.26 ± 0.03 0.26 ± 0.03 0.00 ± 0.03 –0.1 ± 12.7

D - Differences after weight reduction therapy ** p < 0.01, *** p < 0.001 after vs. before therapy; # p < 0.05, ### p < 0.001 orlistat vs. placebo



21.9 ± 10.9% vs. 7.4 ± 15.6% of the initial fat mass,
respectively) – Table 1. Additionally, only in those
women treated with orlistat, a slight, but significant
increase of the QUICKI was found (Tab. 1).

Changes of fasting plasma PYY and GLP-1

levels after weight loss

In both groups the weight loss was followed by sig-
nificant increases of plasma concentration of PYY,
while GLP-1 increase was significant only in the
group treated with orlistat (Tab. 2). It should be em-
phasised that the range of PYY and GLP-1 increase
was significantly greater in group receiving orlistat.

In the combined analysis of both groups, a signifi-
cant positive correlation between changes of BMI and
plasma GLP-1 (R = 0.37, p = 0.02) but not PYY
levels, was observed.

The adjusted for weight loss analysis of PYY and
GLP-1 changes was performed to exclude the influence
of difference of weight reduction obtained between
study groups. After adjustment, the observed changes of
PYY and GLP-1 levels remained significantly greater in
patients treated with orlistat (Figs. 1 and 2).

Discussion

The present study is the first observation concerning
the effect of long-term orlistat therapy on gastrointes-
tinal hormones involved in the regulation of satiety.

Partially opposed to previously published results,
which show the postprandial decrease of GLP-1 and
PYY levels after single dose of orlistat in healthy nor-
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Tab. 2. The effect of weight reduction therapy with orlistat or placebo on plasma concentrations of gastrointestinal and satiety regulating hor-
mones and insulin resistance

Orlistat Placebo

before after D % before after D %

PYY (ng/ml) 23.8 ± 9.2 46.2 ± 15.1*** 22.4 ± 10.4# 104.5 ± 58.3 21.6 ± 7.8 36.3 ± 9.3*** 14.7 ± 9.2 82.0 ± 63.0

GLP-1 (pg/ml) 5.3 ± 2.2 10.2 ± 4.0*** 4.9 ± 3.0### 45.5 ± 17.5 4.7 ± 2.8 7.1 ± 3.6 2.5 ± 1.4 67.3 ± 55.2

D – Differences after the treatment relative to the basal; *** p < 0.001 after vs. before weight reduction therapy; # p < 0.05; ### p < 0.001 orlistat
vs. placebo

Fig. 1. The effect of 8-week weight reduction therapy with orlistat or
placebo on changes of plasma preprandial PYY levels (adjusted for
body weight changes). Data presented as the mean values with 95%
CI (box) and SD

Fig. 2. The effect of 8-week weight reduction therapy with orlistat or
placebo on changes of plasma preprandial GLP-1 levels (adjusted
for body weight changes). Data presented as the mean values with
95% CI (box) and SD



mal weight subjects [5–7], we have shown that 8-
week therapy with orlistat does not only impair the se-
cretion of anorexogenic intestinal hormones such as
GLP-1 and PYY, but even increases their pre-prandial
levels, independently of weight reduction. Further-
more, it should be emphasized that the significant in-
crease plasma GLP-1 was found only in the obese re-
ceiving orlistat and independent of body mass
changes. We also found a significant decrease of se-
rum insulin level, accompanied by a slight improve-
ment of the QUICKI in subjects receiving orlistat but
not placebo. Thus, we hypothesized that it is partially
a consequence of the incretin effect of orlistat. This
hypothesis is supported by the results of a recently
published study demonstrating that orlistat taken in
standard dose improved glycemic control in over-
weight and obese type 2 diabetic subjects more than
would be predicted by the weight loss alone [4, 11,
12]. Jacob et al. [11] suggested that one of the mecha-
nisms responsible for this effect is stimulation of
GLP-1 secretion in the distal small intestine. In turn,
increased GLP-1 release improves postprandial insu-
lin secretion during orlistat therapy. Moreover, some
authors suggested that mechanisms which can explain
the recently reported significant reductions in fasting
glucose and glycosylated hemoglobin (HbA1c) inde-
pendent of weight loss in obese patients with type 2
diabetes included decrease of visceral adipose tissue
deposit, improvement of insulin sensitivity, slower di-
gestion of dietary fat, reduction of postprandial
plasma fatty acids levels, and stimulation of GLP-1
secretion [4, 11, 12]. It should be emphasized that our
results are partially in accordance with previously
published studies performed in overweight and obese
subjects. Damci et al. [4], after administration of a
single dose of orlistat, observed a postprandial in-
crease of plasma GLP-1 level in overweight and
obese type 2 diabetic patients, while Sahin et al. [15]
showed that a single 120 mg dose of orlistat does not
affect postprandial serum glucose, insulin and plasma
GLP-1 levels in obese subjects without concomitant
diseases. These contrary results suggest that the effect
of short-term inhibition of intestinal lipase by orlistat
is dependent on the degree of the functional incretin
axis impairment.

The potential mechanism of incretin activity im-
provement by the inhibition of intestinal lipase activ-
ity during long-term administration of orlistat is un-
known. Thomsen et al. [16] suggested that GLP-1 re-
lease is stimulated by increased intestinal fat content

as the result of reduced fat digestion. The results ob-
tained by these authors indicate that the type of fat
(saturated or monounsaturated) consumed may have
the impact on GLP-1 release. Therefore, we hypothe-
sized that the greater increase of plasma GLP-1 level
in obese women receiving orlistat partially may be the
result of greater changes in diet, enforced by the un-
pleasant side effects related to orlistat. As PYY is se-
creted by the same L cells, a hypothetically analogous
mechanism may take place. However, the potential
mechanism of oristat action on the incretin axis in hu-
mans requires further studies. The data with experi-
mental study performed in rats fed a 35% fat diet sug-
gested that single dose of orlistat abolished the stimu-
latory effect of JTT-130, a novel intestine-specific
inhibitor of microsomal triglyceride transfer protein,
on GLP-1 and PYY release. Moreover, JTT-130 ad-
ministration increased the levels of triglycerides in the
intestinal tissue and the luminal contents of triglyc-
erides, free fatty acids, and cholesterol. Therefore,
these authors suggested that free fatty acids stimulate
the secretion of PYY and GLP-1 from L cells and also
that the treatment with orlistat, which inhibits hy-
drolysis of triglycerides to free fatty acids, reverses
the elevation of PYY and GLP-1 stimulated by JTT-
130 receiving. However, the hypothesis is weakened
by differences in the time course of the luminal free
fatty acids and plasma PYY and GLP-1 elevation [9].
However, this study did not assess long-term effect of
orlistat treatment. Thus, such observations do not ex-
clude the long-term impairment of fat absorption by
orlistat which may stimulate the incretin axis. Al-
though, Beglinger et al. [2] revealed that generation of
long-chain fatty acids through hydrolysis of fat is the
critical step for fat-induced stimulation of GLP-1 in
humans. It should be emphasized that orlistat inhibits
lipase activity only by about 30% decreasing fat ab-
sorption, an in turn, more fatty acids reach the colon
and stimulate the GLP-1 release in a greater extent.
Thus, it can be expected that lower compliance with
diet recommendation to restriction of fat consump-
tion, especially saturated, may influence the amount
of fatty acids reaching the colon and enhancing
GLP-1 release. We are unable to verify this hypothe-
sis as the measurements of fecal fat excretion was not
performed. The results of previously published study
revealed that orlistat enhanced the fecal fat content
more than ten times [8].

The limitations of our study are the size of study
group, participation restricted to women, and lack of
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postprandial PYY and GLP-1 measurements. More-
over, we did not analyze the diet composition. Never-
theless, it is the first study assessing the long-term ef-
fect of orlistat therapy on levels of gut hormones
regulating satiety.

In summary, the long term inhibition of intestinal
lipase by orlistat increases the pre-prandial levels of
GLP-1 and PYY, independent of body mass changes.
Therefore, it seems that long-term treatment with
orlistat may exert hunger suppressing and insulin sen-
sitizing incretin effect beyond weight reduction.
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