
Abstract

Aims/hypotheses. We examined the effects of lipase
inhibition with orlistat on (i) gastric emptying of, and
(ii) the glycaemic, glucagon-like peptide-1 (GLP-1)
and cardiovascular responses to, a high-fat/carbohy-
drate meal in type 2 diabetic patients.
Methods. Eight type 2 diabetic patients, who were aged
62 years (median range: 49–68 years) and managed by
diet alone, consumed a meal containing 65 g powdered
potato, 20 g glucose reconstituted with 200 ml water
(labelled with 20 MBq 99mTc-sulphur-colloid) and 45 g
margarine. They did this on two separate occasions,
with and without 120 mg orlistat, and while in the seat-
ed position with their back against a gamma camera.
Venous blood samples for measurement of blood glu-
cose, plasma insulin and GLP-1 were obtained imme-
diately before the meal and at regular intervals after-
wards. Blood pressure (systolic and diastolic) and heart
rate were measured using an automated device.

Results. Gastric emptying of the meal was faster after
orlistat than without orlistat (50% emptying time
[mean ± SEM], 61±8 min vs 98±5 min; p=0.0001). In
the first 60 min after the meal blood glucose (p=0.001)
and plasma insulin (p=0.01) concentrations were high-
er in patients who had taken orlistat; between 60 and
180 min plasma GLP-1 (p=0.02) concentrations were
lower after orlistat than without orlistat. Between 0 and
30 min systolic blood pressure (p=0.003) was lower,
and heart rate (p=0.03) greater in subjects who had
taken orlistat than in those who had not.
Conclusions/interpretation. Inhibition of fat digestion
by orlistat may—as a result of more rapid gastric
emptying—exacerbate postprandial glycaemia and the
postprandial fall in blood pressure in patients with
type 2 diabetes after ingestion of meals containing fat
and carbohydrate.
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Introduction

Optimisation of glycaemic control, usually assessed
by glycated haemoglobin, represents a major compo-
nent of the management of type 2 diabetes. Postpran-
dial glycaemia influences glycated haemoglobin [1]
and may also be an independent risk factor for
macrovascular disease [2, 3]. The rate of gastric emp-
tying of carbohydrate is now known to be a major de-
terminant of postprandial glucose concentrations in
healthy subjects [4] and patients with type 2 diabetes
[5].

We have reported that the incorporation of the li-
pase inhibitor, orlistat, into a drink containing oil
(60 ml) and glucose (75 g), consumed in the left lateral



BMI of 27.6 kg/m2 (median range: 21.9–36.1) and were man-
aged by diet alone, participated in the study. All patients met
World Health Organization criteria for the diagnosis of diabe-
tes. The duration of known diabetes was 2.5 (1.5–12) years,
and glycated haemoglobin was 6.5% (5.3–7.0%) (normal
range: 4–6%). Two subjects smoked (but smoking was prohib-
ited on the study days), and none consumed more than 20 g 
alcohol per day. No subject was taking medication known to
affect gastrointestinal function, appetite or glycaemia. The pro-
tocol was approved by the Research Ethics Committee of the
Royal Adelaide Hospital and each subject gave written, in-
formed consent.

Study protocol. Each subject attended the Department of 
Nuclear Medicine, PET and Bone Densitometry at approxi-
mately 09.30 hours after an overnight fast (14 h for solids, 12 h
for liquids) [6] on two occasions, which were separated by 3 to
7 days. An automated blood pressure cuff (DINAMAP; John-
son & Johnson, Tampa, Fla., USA) was placed around the left
arm for measurement of blood pressure and heart rate [16, 17]
and an intravenous cannula was inserted into the right antecu-
bital vein for subsequent blood sampling. The subject was then
seated with his or her back against a gamma camera and al-
lowed to rest comfortably for ~30 min before consuming a
meal consisting of 65 g powdered potato (Deb, Epping, NSW,
Australia), reconstituted with 200 ml water containing 20 g
glucose and 45 g margarine (Fairy Cooking margarine, Epping,
NSW, Australia) and labelled with 20 MBq 99mTc-sulphur-col-
loid. The energy content of the meal was 2,600 kJ (total fat
40 g, total carbohydrate 62 g). Subjects consumed the meal
over 10 min. On one of the two days, 120 mg of orlistat (Xeni-
cal; Hoffmann-La Roche, Basel, Switzerland) was mixed into
the meal, in double-blind, randomised fashion, i.e. the individ-
ual(s) who presented the meal to the subjects and subsequently
analysed the data were unaware whether the meal contained
orlistat or not. The rationale for including orlistat in the meal
was that the lipase inhibitor would be active intragastrically
and its delivery into the small intestine coordinated with gas-
tric emptying of the fat component of the meal [6, 7]. Gastric
emptying was assessed for 180 min after meal consumption.
Blood samples were taken at −15 min, immediately before the
meal and then after meal completion at 15-min intervals for
120 min, and thereafter at 30-min intervals until 180 min.
Blood pressure and heart rate were also measured immediately
before the meal and then for 180 min. Postprandial hypoten-
sion was defined as a fall in systolic blood pressure of greater
than 20 mm Hg within 2 h of the meal [12, 13, 14]. Cardiovas-
cular autonomic nerve function was evaluated on one day, after
completion of the gastric emptying measurement [16, 17].
Subjects were requested to report any potential adverse effects
experienced during, or in the 72 h following, each study.

Gastric emptying. The time of completion of the meal was de-
fined as t=0 min [17]. Radio-isotopic data were acquired in 
1-min frames for the first 60 min and 3-min frames for the fol-
lowing 120 min [6]. Emptying curves were derived for total,
proximal and distal gastric regions and expressed as percent
retention over time. The 50% emptying time (T50) and the
amounts emptied between 0 to 60 and 60 to 120 min were also
derived [5, 6, 16]. Data were corrected for radionuclide decay
and gamma ray (tissue) attenuation using established methods
[5].

Blood glucose, plasma insulin and plasma GLP-1 concentra-
tions. Blood samples were collected in ice-chilled EDTA-
treated tubes containing 400 KIU aprotinin (Trasylol; Bayer
Australia, Pymple, Australia) per litre blood. Plasma was sepa-
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decubitus position, accelerates gastric emptying of fat
and glucose and potentiates the postprandial rises in
blood glucose and plasma insulin in patients with type
2 diabetes [6]. These observations were not surprising,
given that the regulation of gastric emptying of fat is
known to be dependant on lipolysis [7, 8]. Orlistat also
attenuated the incretin hormone (glucagon-like pep-
tide-1 [GLP-1] and glucose-dependent insulinotropic
polypeptide [GIP]) responses to the drink [6]. While
orlistat has been reported to induce weight loss and im-
prove glycated haemoglobin in obese type 2 patients
[9, 10, 11] and is used widely, to our knowledge, infor-
mation relating to postprandial glycaemia is limited to
one study, in which postprandial blood glucose con-
centrations were measured once, at 2 hours after a
meal of unspecified composition [11]. Our recent ob-
servations [6] suggest that lipase inhibition may ad-
versely affect postprandial glycaemia in type 2 diabe-
tes. However, the study was designed to evaluate
mechanisms and the liquid ‘meal’ used can be consid-
ered unphysiological because of its composition and
palatability, as well as the position of the subject dur-
ing the study. Accordingly, we have now evaluated the
effects of lipase inhibition on gastric emptying, gly-
caemia and GLP-1 levels in response to a more physio-
logical meal consumed in the upright posture.

Postprandial hypotension occurs frequently in older
subjects, particularly those with diabetes, and repre-
sents a major clinical problem by predisposing to syn-
cope and falls [12, 13, 14]. The maximum fall in
blood pressure (most evident for systolic blood pres-
sure) and increase in heart rate are usually evident
within 30 min of a meal [14]. The magnitude of these
changes is critically dependent on meal composition:
glucose has a major effect and there is little, if any,
change in blood pressure after ingestion of protein or
fat [15]. We have recently established, in healthy, old-
er subjects [16] and in type 2 diabetic patients [17],
that the postprandial fall in blood pressure and in-
crease in heart rate are influenced by the rate at which
glucose enters the small intestine, i.e. when gastric
emptying is more rapid, the fall in blood pressure is
greater. We therefore reasoned that acceleration of
gastric emptying of the carbohydrate component of a
fat/carbohydrate meal by orlistat could exacerbate the
postprandial fall in blood pressure and increase in
heart rate.

The aims of this study, therefore, were to evaluate
in type 2 diabetic patients the acute effects of lipase
inhibition with orlistat on (i) gastric emptying of, and
(ii) the glycaemic, GLP-1 and cardiovascular respons-
es to, a carbohydrate/fat meal.

Subjects, materials and methods

Subjects. Eight type 2 diabetic patients (five men, three wom-
en), who were aged 62 years (median range: 49–68), had a



dominal bloating (n=3) and loose and oily stools
(n=6). In all cases adverse effects were mild and re-
solved spontaneously within 48 h. No adverse effects
were reported on the control day. No subject had evi-
dence of autonomic nerve damage (score: 1; median
range: 0–2).

Gastric emptying and intragastric distribution

Total stomach. Total gastric emptying of the meal
(Fig. 1a) was faster with orlistat than without (T50:
61±8 min vs 98±5 min; treatment effect: F (1) = 75,
p=0.0001). The amount emptied between 0 and
60 min was greater than in the 60 to 120-min period
with orlistat (p=0.0018), while there was no signifi-
cant difference in these time periods in the control
study. The rate of energy delivery to the duodenum
between 0 and 60 min was greater with orlistat than
without (orlistat: 22.7±1.2 kJ/min vs control:
11.7±1.1 kJ/min; p=0.0004), while between 60 and
120 min there was no difference between the two
treatments (orlistat: 9.9±1.2 kJ/min vs control:
14.5±0.9 kJ/min).

Intragastric distribution. Less of the meal was re-
tained in the proximal stomach after orlistat (Fig. 1b)
than without orlistat (p=0.005). There was a trend for
less retention of the meal in the distal stomach
(Fig. 1c) following orlistat (p=0.09).

Blood glucose, plasma insulin and plasma GLP-1 con-
centrations

Blood glucose. There was no difference (Fig. 2a) in
baseline blood glucose between the two days. There
was a rise (p=0.0001) in blood glucose in the first
60 min after the meal on both days. Mean blood glu-
cose between 0 and 60 min (p=0.001) and peak blood
glucose (orlistat: 13.5±1 mmol/l vs control:
11.4±1 mmol/l; p=0.03) were higher after orlistat than
control. Between 60 and 180 min there was no signifi-
cant difference between the two days, although mean
blood glucose tended to be less after orlistat between
120 and 180 min. The AUCs for glucose between 0
and 60 min (orlistat: 658±34 mmol/min vs control:
524±28 mmol/min; p=0.006) and 0 and 120 min (orli-
stat: 1414±82 mmol/min vs control: 1194±81 mmol/
min; p=0.007), but not 0 and 180 min (orlistat:
1932±123 mmol/min vs control: 1826±120 mmol/
min), were significantly greater after orlistat than con-
trol.

Plasma insulin. There was no difference (Fig. 2b) in
baseline plasma insulin between the two days. There
was a rise (p=0.0001) in plasma insulin in the first
60 min on both days. Between 0 and 60 min plasma
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rated by centrifugation (3200 g, 15 min, 4°C) and stored at −
70°C for subsequent analysis. Blood glucose concentrations
(mmol/l) were determined immediately by the glucose oxidase
method using a portable glucose meter (Medisense Precision
QID; Abbott Laboratories, Bedford, Mass., USA). The accura-
cy of this method has been confirmed in our laboratory using
the hexokinase technique [4]. Plasma insulin concentrations
(mU/l) were measured by ELISA immunoassay (Diagnostics
Systems Laboratories, Webster, Tex., USA). The sensitivity of
the assay was 0.26 mU/l; the intra-assay coefficient of varia-
tion was 2.6%, and the inter-assay coefficient of variation was
6.2% [6]. Plasma GLP-1 concentrations (pmol/l) were mea-
sured by radioimmunoassay. Antibody, supplied by Professor
S.R. Bloom (Hammersmith Hospital, London), did not cross-
react with glucagon, GIP, or other gut or pancreatic peptides
and has been demonstrated by chromatography to measure in-
tact GLP-1(7–36) amide. The intra-assay coefficient of variation
was 17%, and the inter-assay coefficient of variation was 18%.
Sensitivity was 1.5 pmol/l [6].

Blood pressure and heart rate. Blood pressure (systolic and 
diastolic) and heart rate were measured before ingestion of the
meal and after completion of the meal every 3 min for the first
60 min and every 6 min between 60 and 180 min [16, 17].

Cardiovascular autonomic nerve function. Autonomic nerve
function was evaluated using standardised cardiovascular re-
flex tests. Parasympathetic function was evaluated by the vari-
ation (R–R interval) of the heart rate during deep breathing and
the immediate heart rate response to standing (‘30:15’ ratio).
Sympathetic function was assessed by the fall in systolic blood
pressure in response to standing. Each test result was scored
according to age-adjusted criteria as 0 = normal, 1 = borderline
or 2 = abnormal for a total maximum score of 6. A score of 3
or more was considered to indicate definite autonomic dys-
function [5, 6].

Statistical analysis. For all the biochemical variables, the mean
of two baseline measurements was used in statistical analysis.
Gastric emptying, blood glucose, plasma insulin, plasma GLP-
1, blood pressure (systolic, diastolic) and heart rate were eval-
uated using repeated measures ANOVA with treatment and
time as factors. The number of levels of the factor ‘time’ was
dependent on the variable analysed; 10 time points for gastric
emptying, 11 for blood glucose, plasma insulin and GLP-1,
and 31 for blood pressure and heart rate. Student’s paired t
tests were used to compare maximum (peak) concentration and
baseline measurements. Blood glucose, plasma insulin and
GLP-1 were analysed between 0 and 60 min and 60 and
180 min. For blood glucose, AUCs between 0 and 60 min, 0
and 120 min and 0 and 180 min were calculated using the
trapezoidal rule. Given that the effects of a meal on blood pres-
sure and heart rate are characteristically maximal within
30 min [12, 13, 14], blood pressure and heart rate were analy-
sed for the periods 0 to 30 min and 30 to 180 min and ex-
pressed as change from baseline [16]. Statistical significance
was accepted at a p value of less than 0.05 and data are pre-
sented as mean values ± SEM, unless stated otherwise.

Results

All subjects tolerated the study well; six of the eight
subjects reported side effects after orlistat treatment,
all occurring after completion (i.e. after 180 min) of
the gastric emptying measurement. These included ab-
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Fig. 1. Total (a), proximal (b) and distal (c) stomach retention
of a high-fat mashed potato meal containing orlistat (black cir-
cles) vs control (white circles). Data are expressed as mean
values ± SEM (n=8) between t=0–180 min

Fig. 2. Blood glucose (a), plasma insulin (b) and plasma GLP-
1 (c) concentrations immediately before and after ingestion of
a high-fat mashed potato meal containing orlistat (black cir-
cles) vs control (white circles). Data are expressed as mean
values ± SEM (n=8) between t=0–180 min



control study had postprandial hypotension (i.e. a fall
in systolic blood pressure >20 mm Hg). Between 30
and 180 min blood pressure was non-significantly less
following orlistat (data not shown).

Diastolic blood pressure. There was no difference in
baseline diastolic blood pressure (orlistat: 66±5 mm
Hg vs control: 67±6 mm Hg). After the meal there
was no significant difference in diastolic blood pres-
sure between treatments (data not shown).

Heart rate. There was no difference (Fig. 3b) in base-
line heart rate (orlistat: 61±2 beats per min vs control:
63±2 beats per min). Heart rate increased in the first
30 min after the meal on both days (p=0.0001). This
increase was evident by 3 min after orlistat. The mag-
nitude of the increase was greater with orlistat than
with control (p=0.03).

Discussion

This study establishes that in patients with diet-con-
trolled type 2 diabetes the lipase inhibitor, orlistat,
when included in a semi-solid, palatable, carbohy-
drate/fat meal consumed in the seated position: (i) 
accelerated gastric emptying; (ii) increased the post-
prandial rises in blood glucose and plasma insulin;
(iii) attenuated the plasma GLP-1 response; and (iv)
increased the magnitude of the postprandial fall in
blood pressure and rise in heart rate, when compared
to a control meal that did not contain orlistat.

The increased blood glucose and insulin responses
observed by us after orlistat are likely to primarily re-
flect the acceleration of gastric emptying [6]. Our ob-
servations [6, 18, 19] and those of others [20] indicate
that fat (as well as carbohydrate) is a substantial stim-
ulus to the secretion of the incretin hormone GLP-1,
and that this is dependent on fat digestion [6, 18]. In
our previous study [6] the GLP-1 (as well as GIP) re-
sponse was attenuated by orlistat (an effect that has
now been confirmed) and may contribute to the less
than adequate compensatory increase in plasma insu-
lin and the observed increase in postprandial glucose
concentrations. Interestingly, orlistat in the present
study had no effect on the initial GLP-1 response,
whereas plasma GLP-1 concentrations were lower be-
tween 60 and 120 min. This could be due to the fact
that after administration of orlistat the rate of energy
delivery was faster than on the control day between 0
and 60 min, i.e. both glucose and fatty acids which es-
caped lipase inhibition would act as stimuli for GLP-1
release [6] (it can be assumed that the dose of orlistat
used would result in ~50% lipase inhibition [21]).

While studies are now indicated to evaluate the
chronic effects of lipase inhibition on postprandial
glycaemia and incretin responses in type 2 diabetes, it
seems clear that orlistat has the potential to exacerbate
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insulin was higher (p=0.01) after orlistat than in con-
trol. However, there was no difference in peak plasma
insulin between the two treatments (orlistat:
72.3±8.7 mU/l vs control: 64.2±8.7 mU/l; p=0.14).
There was no difference in plasma insulin between 60
and 180 min on the two days.

Plasma GLP-1. There was no difference (Fig. 2c) in
baseline plasma GLP-1 between the two days. There
was a rise (p=0.0001) in plasma GLP-1 in the first
60 min on both days. Between 0 and 60 min, there
was no difference in plasma GLP-1; however, be-
tween 60 and 180 min plasma GLP-1 was lower
(p=0.02) following orlistat than in control. There was
no difference in peak plasma GLP-1 (orlistat:
16.9±2.9 pmol/l vs control: 17.5±1.3 pmol/l).

Blood pressure and heart rate

Systolic blood pressure. There was no difference
(Fig. 3a) in baseline systolic blood pressure (orlistat:
127±5 mm Hg vs control: 122±4 mm Hg). There was
a fall in systolic blood pressure in the first 30 min fol-
lowing orlistat (p<0.003), but not control. The magni-
tude of the fall was greater with orlistat than with con-
trol (p=0.02). Two subjects on orlistat and one in the

Fig. 3. Change in systolic blood pressure (a) and heart rate in
beats per minute (bpm) (b) from baseline after ingestion of a
high-fat mashed potato meal containing orlistat (black circles)
vs control (white circles). Data are expressed as mean values ±
SEM (n=8) between t=0–30 min



the glycaemic responses to meals containing both fat
and carbohydrate in this group. It should be recogni-
sed that the test meal used in this study had a high fat
content, and that many people would at least occa-
sionally consume meals with comparable amounts of
fat. The effects of orlistat on the glycaemic response
to meals of lower fat and carbohydrate content could
well be less marked and now warrant evaluation.
However, it is now recognised that, in healthy subjects
and type 2 diabetic patients, even minor variations in
gastric emptying of carbohydrate may have a major
effect on postprandial glycaemia and incretin respons-
es [4, 5, 22, 23, 24, 25, 26].

Postprandial hypotension is now recognised as a
major cause of morbidity in patients with type 1 and
type 2 diabetes [13, 27]. In older subjects even rela-
tively minor falls in postprandial blood pressure may
lead to clinical events [14]. Treatment options have
hitherto been primarily based on anecdotal observa-
tions, with a focus on the use of dietary manipulation
[27]. Despite its prevalence, the pathophysiology of
postprandial hypotension remains poorly defined [13,
27]. While insulin has some vasodilatory properties
[28], the observation that postprandial hypotension
occurs in patients with type 1 diabetes [13], who are
by definition insulin-deficient, suggests that plasma or
portal insulin concentrations do not contribute signifi-
cantly to the pathogenesis of postprandial hypoten-
sion.

The effects of lipase inhibition on the cardiovascu-
lar response to a meal have, to our knowledge, not
been evaluated before. Although none of our subjects
had autonomic neuropathy, the postprandial fall in
systolic blood pressure and rise in heart rate were
greater after orlistat. We have established that there is
a relationship between the magnitude of the postpran-
dial fall in systolic blood pressure and rise in heart
rate with the rate of gastric emptying [16, 29]. In 
patients with type 2 diabetes [29] and healthy older
subjects [16] slowing of gastric emptying and glucose
absorption by the addition of guar gum to a glucose
drink is associated with an attenuation of the fall in
blood pressure. More recently, using direct intraduo-
denal glucose infusions, we established that the mag-
nitude of the postprandial fall in blood pressure is de-
pendent on the rate of nutrient entry into the small in-
testine [30]. The fall in systolic blood pressure and the
rise in heart rate were substantially greater in response
to a 3 kcal/min (12.5 kJ/min) when compared to a
1 kcal/min (4.2 kJ/min) intraduodenal glucose infu-
sion. Interestingly, the latter differences were evident
within a few minutes [30], as in the current study, in-
dicating that the presence of only a small amount of
glucose can trigger the heart rate response. Given the
known effects of lipase inhibition on gastric emptying
[6], it is not surprising that the addition of orlistat to a
mixed carbohydrate/fat meal resulted in a greater fall
in systolic blood pressure and increase in heart rate.

The magnitude of the observed maximum fall in sys-
tolic blood pressure after orlistat (mean: 18.3±4.5 mm
Hg) suggests that this effect could be clinically signif-
icant. In view of our observations, the effects of acute
and chronic lipase inhibition on the cardiovascular re-
sponse to meals containing fat and carbohydrate in pa-
tients with postprandial hypotension, with and without
diabetes, warrant evaluation.

In summary, this study established that in type 2 di-
abetic patients acute administration of the lipase in-
hibitor, orlistat, had adverse effects on the glycaemic
and blood pressure responses to a meal containing
both fat and carbohydrate. These observations high-
light the importance of fat content in determining the
glycaemic response to a meal in patients with type 2
diabetes; they also raise questions about the potential
glycaemic and cardiovascular risks associated with the
ingestion of high-fat/carbohydrate meals by patients
chronically using lipase inhibitors.
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