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Orlistat accentuates the fat-induced fall in blood pressure in older adults
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Abstract

Postprandial hypotension may be influenced by the digestion of fat. The aim of the present study was to evaluate the hypothesis that pro-
ducts of fat digestion mediate the hypotensive response to fat. In part A of the study, nine healthy older subjects were studied on three
separate occasions in randomised order. Blood pressure, heart rate (HR), plasma TAG and gastric emptying were measured following the
ingestion of equivolaemic drinks: (1) 300 ml of high-fat drink (88 % fat); (2) fat drink mixed with 120 mg orlistat (lipase inhibitor); (3) water
(controD). In part B of the study, ten healthy older subjects were studied on two separate occasions. Blood pressure, HR, plasma TAG and
superior mesenteric artery flow were measured during 90 min intraduodenal infusions of 10% intralipid (2-7 ml/min), with and without
120 mg orlistat. Oral fat ingestion was associated with decreases in systolic and diastolic blood pressures (both P=0-0001) that were greater
when orlistat was co-administered (both P<<0-05), and an increase in HR (P=0:0001) that was inhibited by orlistat co-administration
(P<0-03). Gastric emptying was slowed by oral fat digestion, and orlistat administration inhibited this slowing (P<0-04). Intraduodenal
fat infusion was not associated with changes in blood pressure but increased HR (P<0-0001), an effect attenuated by orlistat (P<0-05).
In conclusion, orlistat potentiates the hypotensive response to oral fat in older adults, possibly as a result of faster gastric emptying of
fat. The results do not support a role for fat digestion in lowering blood pressure.
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people may be to increase fat at the expense of carbohydrate
in the diet.

Digestion of fat and carbohydrate is necessary for the full
slowing of gastric emptying, stimulation of gut hormone
release and suppression of appetite that follows the ingestion

Postprandial hypotension (PPH), defined as a decrease in sys-
tolic blood pressure (SBP) of =20 mmHg within 2 h of the start
of a meal”, occurs frequently in older adults and can result in
significant morbidity, including an increased risk of falls and

syncope(1 -

(€))

, coronary events, stroke and increased mor- 0112
of these macronutrients in food™ ", It is not known, how-

ever, whether the digestion of carbohydrate and fat plays a
role in the blood pressure fall that follows the ingestion of
these macronutrients. This possibility is supported by the
observation that acarbose, which inhibits disaccharide diges-
tion to glucose, attenuates the blood pressure-lowering

tality'™. One approach to the prevention and treatment of
PPH may be to alter the type of food eaten in favour of macro-
nutrients, which minimise the fall in blood pressure. In the
elderly, there is some evidence that carbohydrate ingestion

reduces postprandial blood pressure more than other macro-

nutrients’>. Reports of the effects of fat ingestion on blood
pressure in older subjects have been inconsistent, with some

1€6-9 S or a delayed but

studies finding no fal or an increase
similar fall in blood pressure compared with those of carbo-
hydrate ingestion'®. If fat ingestion has a less pronounced
effect on blood pressure than carbohydrate ingestion, an

approach to the management of PPH in affected older

effect of oral sucrose in both elderly subjects and patients
with PPH'3'.

In the present study, orlistat, which inhibits lipase action
and thus fat digestion in the gut, was used to examine the
role of fat digestion in mediating fat-induced blood pressure
decreases. We hypothesised that the products of fat digestion
mediate the hypotensive response to fat, and that orlistat

Abbreviations: bpm, beats per min; DBP, diastolic blood pressure; HR, heart rate; PPH, postprandial hypotension; SBP, systolic blood pressure; T50, 50 %

gastric emptying time.
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would reduce the postprandial fall in blood pressure. If so,
this might have therapeutic implications for the management
of PPH.

The use of orlistat in such a study is potentially complicated
by its effects on gastric emptying and hence on gastric disten-
sion. The blood pressure-lowering effects of carbohydrates in
food are dependent on small-intestinal nutrient exposure’”
and are inhibited by gastric distension™®. The faster the
stomach empties, the greater the fall in blood pressure after

A7 Co-administering orlistat  with

oral glucose ingestion
high-fat foods inhibits lipase action and fat digestion, and, as
a result, accelerates gastric emptying and reduces gastric dis-
tension" '8 Both effects might be expected to enhance
fat-induced postprandial falls in blood pressure and thus
oppose a blood pressure-raising effect of the inhibition of
fat digestion if one was present. To bypass the effects of fat
and orlistat on both gastric distension and gastric emptying,
we also administered lipid (with and without orlistat)
intraduodenally.

Methods
Subjects

Part A — oral fat with or without orlistat. Of the healthy
older subjects, nine (eight men and one woman), with a
mean age of 732 (seM 2-0) years (range 66—85 years) and a
BMI of 259 (sem 0-6)kg/m* (range 23-0-28-8kg/m?), were
recruited by advertisement.

Part B - intraduodenal fat (with or without orlistat)
infusion. A total of ten healthy older subjects (five men
and five women), with a mean age of 72:6 (sem 1-1) years
(range 66-77 years) and a BMI of 251 (seM 0-8)kg/m?
(range 21-4-28-8kg/m?®), were recruited by separate
advertisement.

All subjects were non-smokers, and none had a history of
gastrointestinal disease or surgery, diabetes mellitus, signifi-
cant respiratory, renal, hepatic or cardiac disease, autonomic
dysfunction, chronic alcohol abuse or epilepsy. No subject
was taking medication known to influence blood pressure
or gastrointestinal function.

The present study was conducted according to the guide-
lines laid down in the Declaration of Helsinki, and all
procedures were approved by the Research Ethics Committee
of the Royal Adelaide Hospital. Written informed consent
was obtained from all subjects. For part B of the study, we
calculated that a minimum of five subjects per group
would be required to detect a mean difference in a SBP of
approximately 13 mmHg with a power of 0-80, assuming a

significance value <0-05%,

Study protocol

Part A — oral fat with or without orlistat. Each subject was
studied on three occasions, separated by at least 48h, in a
single-blinded fashion. On each day, subjects attended the
Discipline of Medicine, Royal Adelaide Hospital, at 08.30
hours following an overnight fast (12h for solids and 8:5h

for liquids). An intravenous cannula was placed in the left
antecubital vein for blood sampling, and subjects were
seated comfortably on a bed at approximately 90°, to mimic
normal physiological conditions during a meal. An automated
blood pressure cuff was placed around the right arm for the
measurement of blood pressure and heart rate (HR).

On each of the study days, at # = O min, subjects consumed
the following equivolaemic drinks in randomised order:
(1) water (control), 300 ml; (2) fat drink, 300 ml total, comprising
110 ml rich cream blended with 190 ml full-fat milk (88 % fat,
7% carbohydrate, mostly lactose, 5% protein; total energy
2732KkJ or 653 kcal), with low-energy flavouring; (3) fat-orlistat
drink, 300ml total, made up of 110ml rich cream blended
with 190ml full-cream milk, with low-energy flavouring,
with crushed and dispersed contents of one 120 mg capsule
of orlistat (Xenical®; F. Hoffmann-La Roche Limited, Basel,
Switzerland). All of the drinks were consumed within 3 min
at room temperature. The dose of 120mg orlistat was
chosen, as it reduced SBP when administered with a meal in
a previous study of patients with type 2 diabetes®".

Venous blood samples were obtained at baseline immedi-
ately before the ingestion of the drink (= —5 and —2min),
at 15 min intervals for the first 60 min, and then every 30 min
until = 181 min. Blood samples were collected in ice-chilled
dipotassium EDTA tubes containing 400 KIU (kallikrein inacti-
vator units) aprotinin/ml of blood (Trasylol; Bayer Australia
Limited, Pymble, NSW, Australia). Plasma was separated by
centrifugation (3200 g, 15 min, 4°C) within 30 min of collection
and stored at —70°C until assayed.

Part B — intraduodenal fat with or without orlistat infusion.
Each subject was studied on two occasions, separated by a
minimum of 7d, in a single-blinded fashion. On each day,
the subject attended the Discipline of Medicine, Royal
Adelaide Hospital, at 08.30 hours following a fast (10-5h for
solids and 85h for liquids)***%*_ At that time, a silicone
rubber catheter (external diameter approximately 4 mm; Dent-
sleeve International Limited, Mui Scientific, Mississauga, ONT,
Canada) was introduced into the stomach via an anaesthetised
nostril®?*?. The assembly included an infusion channel
(internal diameter approximately 1 mm) and was positioned
so that the infusion port was located approximately 10cm
distal to the pylorus (i.e. in the duodenum), as well as two
other channels that were positioned in the antrum (2-5cm
proximal to the pylorus) and duodenum (2-5cm distal to the
pylorus), respectively, and were perfused with 0-9% saline.
The correct positioning of the catheter was maintained by
continuous measurement of the transmucosal potential
difference between the antral (—40mV) and the duodenal
(OmV) channel®. For this purpose, an intravenous cannula
filled with sterile saline was placed subcutaneously in the
left forearm and used as a reference electrode®. The tip of
the catheter passed into the duodenum by peristalsis, which
took between 20 and 165min. Once the catheter was in
position, the subject was placed in the recumbent position,
and an automated blood pressure cuff was placed around
the right arm®@*?*?. Approximately 30min after the catheter
had been positioned correctly (at = 0 min), an intraduodenal
infusion of fat (10% Intralipid®; Fresenius Kabi AB, Uppsala,
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Sweden) with or without 120 mg orlistat in a volume of 243 ml
was begun and continued at a rate of 2-7 ml/min for 90 min.
On the two study days, saline (0:9%) was infused intraduo-
denally at the same rate between /= 90 and 150 min®®. The
fat infusions resulted in an energy delivery of 12-6kJ/min
(3kcal/min). Intraduodenal infusions were performed using
a volumetric infusion pump (Gemini PC-1; IMED Corporation,
San Diego, CA, USA). At t= 150min, the catheter and the
intravenous cannula were removed, the subject was given a
light meal and then allowed to leave the laboratory.

Measurements

Blood pressure and heart rate. SBP, diastolic blood pressure
(DBP) and HR were measured using an automated oscillo-
metric blood pressure monitor (DINAMAP ProCare 100; GE
Medical Systems, Milwaukee, WI, USA). For part A of the
study, two baseline measurements were taken at t= —5 and
—2min, before the ingestion of the drink at #= Omin,
and subsequently, every 3 min, between ¢t = —2 and 91 min,
and then at 15min intervals until /= 181 min. For part B,
measurements were taken at f= —9, —6 and —3 min before
the commencement of the intraduodenal infusions and,
subsequently, every 3 min, between /= 0 and 150 min®>>?.

‘Baseline’ (i.e. = 0 min) blood pressure and HR were cal-
culated as the mean of measurements taken at += —5 and
—2min for part A of the study, and at 1=—-9, —6 and
—3min for part B of the study. PPH was defined as a fall in
SBP of =20 mmHg that was sustained for at least 30 min‘".

Gastric emptying. For part A of the study, two-dimensional
measurements of the antral area were performed using an
Aloka SSD-650 CL Ultrasound Machine (Aloka Company,
Limited Tokyo, Japan) with a 3-5-5MHz sector transducer,
as described and validated previously?”*®. The area recorded
during the fasted state was subtracted from the subsequent
measurements made after a meal. Gastric emptying was
expressed at any time point as Acq = 100 — ((Ap/
Ama) X 100), where Acq is the corrected antral area at a
time point, A is the area measured at a given time point,
and A,y is the maximum antral area recorded after meal
ingestion®. The antral area was measured immediately
before the drink (= 0min), and at 5min intervals until
15min, and then every 15 min until # = 180 min.

Superior mesenteric artery flow

For part B of the study, superior mesenteric artery flow was
measured by Duplex ultrasonography (i.e. B-mode and Dop-
pler imaging) using a Logiq™ 9 ultrasonography system (GE
Healthcare Technologies, Sydney, NSW, Australia), as
described previously®”
3.5C broad spectrum 2:5—-4 MHz convex transducer
t=—2,5 and 10min and then at 15min intervals between
t=0 and 150min. Blood flow (ml/min) was calculated
immediately using the formula: X r® X TAMV X 60, where

r is the radius of the superior mesenteric artery and TAMYV is
(30)

. The subject was scanned using a

(26,30) at

the time-averaged mean velocity

Total TAG concentrations. Plasma total TAG concen-
trations were measured in stored (—70°C) plasma samples.
Samples obtained at t = —2, 90 and 150 min were analysed.
Plasma was processed on an Olympus 5400 analyser using
TAG-liquid reagent (Integrated Sciences Private Limited,
Willoughby, NSW, Australia) at the Institute of Medical and
Veterinary Science Laboratories in Adelaide, SA, Australia®'®.

Cardiovascular autonomic nerve function. 1In both parts A
and B of the study, cardiovascular autonomic nerve function
was evaluated at the end of one of the study days, using stan-
dardised cardiovascular reflex tests®'*?. Parasympathetic
function was evaluated by the variation (R—R interval) of the
HR during deep breathing and upon standing (ratio of the
R-R interval at approximately beat 30 to the R—R interval at
approximately beat 15). Sympathetic function was assessed
by the fall in SBP 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 dysfunction®®'*?.

Statistical analysis

The overall effects of treatment and time and the treatment X
time interactions on SBP, DBP and HR changes from baseline
and from t= —2 to 181 min for part A, and from = —2 to
90 min and =90 to 150 min for part B were assessed using
two-way ANOVA. Superior mesenteric artery flow was
assessed from t= —2 to 90min and from ¢ = 90 to 150 min.
Total TAG concentrations were analysed as changes from
baseline. The effects of time on SBP, DBP, HR, superior mesen-
teric artery flow, blood glucose and total TAG concentrations
were analysed using one-way ANOVA. Post hoc, paired com-
parisons, using Student’s ¢ test, adjusted for multiple compari-
sons by Bonferroni’s correction, were performed if ANOVA
showed significant effects. The maximum fall in blood press-
ure and maximum rise in HR were defined as the greatest
mean change from baseline in each subject at any given
time point for each treatment. In part A, comparisons of the
effects of the drinks on blood pressure and HR in older sub-
jects were analysed using repeated-measures three-way
ANOVA, with time and treatment as factors. Relationships
between the maximal decrease in SBP and the 50% gastric
emptying time (T50), and between the maximal increase in
HR and T50 were assessed by Pearson’s correlation analyses.
All analyses were performed using Statview version 5.0 (SAS
Institute, Inc., Cary, NC, USA). Data are expressed as means
with their standard errors. A P value of <0-05 was considered
statistically significant.

Results
Part A — oral fat with or without orlistat

A total of twelve people were screened, of which nine were
recruited. Of the excluded subjects, two were not willing to
cease antihypertensive medications temporarily and one was
enrolled in another research study at the time of screening.
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Fig. 1. Changes in systolic blood pressure from baseline in response to
(a) the oral ingestion of water (O), fat (®) and fat-orlistat ({J) drinks, and in

response to (b) the intraduodenal infusion of fat and fat-orlistat in older sub-
jects. Values are means, with standard errors represented by vertical bars.

None of the subjects had definite autonomic neuropathy; the
median score for autonomic nerve dysfunction was 0 (range
0-2); two subjects had a score of 1 and one subject had a
score of 2.

The study drinks were well tolerated. After the fat-orlistat
drink, oily stools and mild flatulence were reported by one
subject. After the high-fat drink, one subject reported mild
abdominal discomfort and nausea. In both cases, symptoms
were mild and had resolved spontaneously within 19h of
drink ingestion.

Systolic blood pressure. There were no significant differ-
ences in baseline SBP between the three study days (fat
drink 132-8 (sEM 4-8) mmHg v. fat-orlistat drink 131-6 (SEM
5-5)mmHg v. water 132:6 (SEm 4-8)mmHg; Fig. 1(a)).
However, one subject had PPH (i.e. a fall in SBP of
=20mmHg sustained for =30min) following both the fat
and fat-orlistat drinks. For SBP (change from baseline), there
was no significant treatment effect (P=0-07), but a significant
time (P=0-0001) effect and treatment X time interaction
(P=0-017) were found. SBP decreased progressively after
the fat (P=0:0001) and fat-orlistat (P=0-0001) drinks, but
not after the water drink (P=0-3). There was a greater
reduction in SBP after the fat-orlistat drink than after the fat
drink, which was significant between f=73 and 88min

(P<0-05). The maximum fall in SBP during the fat (163 (sEm
2-1) mmHg) and fat-orlistat (20:1 (sem 3-9) mmHg) drinks did
not differ significantly (P=0-27), and there was also no signifi-
cant difference in the time of maximum fall between the fat
and fat-orlistat drinks (66-3 (SEM 14-5) v. 68-3 (sEM 10-6) min,
P=09).

Diastolic blood pressure. There were no significant differ-
ences in baseline DBP between the three study days (fat drink
74-2 (SEM 2-4) mmHg v. fat-orlistat drink 75-2 (SEM 2-6) mmHg
v. water 75:6 (seM 2-5) mmHg). For DBP (change from base-
line), there were significant treatment (P=0-007) and time
(P=0-0001) effects and treatment X time interaction
(P=0-0001) over the duration of the study. DBP decreased
after the high-fat (maximum decrease of 9-6 (sem 1-2) mmHg,
P=0-0001) and the fat-orlistat (11-1 (sEem 2:9) mmHg,
P=0-0001) drinks, but not after the water drink (P=0-31).
There was a slight, but significantly greater, reduction in
DBP following the ingestion of the fat-orlistat drink than
after the fat drink (P<0:05), with a maximal fall in DBP of
111 v. 9-6 mmHg, respectively.

Heart rate. There were no significant differences in base-
line HR between the three study days (fat drink 59-7 (SEm
1:4) beats per min (bpm) wv. fat-orlistat drink 57-8 (SEM
1-8bpm v. water 592 (sem 1-1)bpm; Fig. 2(a)). For HR
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Fig. 2. Changes in heart rate (beats per min (bpm)) from baseline in
response to (a) the oral ingestion of water (O), fat (®) and fat-orlistat (CJ)
drinks, and in response to (b) the intraduodenal infusion of fat and fat-orlistat
in older subjects. Values are means, with standard errors represented by ver-
tical bars. Mean values were significantly different for treatment x time effect
(fat v. fat-orlistat): * P<0-05, ** P<0-001.
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Fig. 3. Gastric emptying of water (O), fat (®) and fat-orlistat (CJ) drinks. Values
are means, with standard errors represented by vertical bars. Mean values

were significantly different for treatment x time effect (fat v. fat-orlistat):
* P<0-04.

(change from baseline), there were significant treatment
(P=0-0001) and time (P=0-0001) effects, and treatment X time
interaction (P=0-0001). HR increased after both the fat
(P=0:0001) and fat-orlistat (P=0-0001) drinks, and decreased
non-significantly after the water drink (P=0-09). The increase
in HR was slightly greater following the fat drink than after the
fat-orlistat drink, but only at 55 and 58min (P<<0:03). The
maximum rise in HR during the fat (14-8 (sem 2:6) bpm) and
fat-orlistat (10-9 (sem 1-6) bpm) drinks did not differ signifi-
cantly (P=0-13), and there was also no significant difference
in the time to maximum rise in HR between the fat and fat-orli-
stat drinks (79-3 (sem 16-5) v. 71-7 (SEM 13-9) min, P=0-63).

Gastric emptying. Gastric emptying of water was faster
than that of the fat-orlistat drink, which was in turn faster
than that of the fat drink (treatment effect, P=0:0004; Fig. 3).
Gastric emptying was significantly faster after the fat-orlistat
drink than after the fat drink from t=45 to 120min
(P<0:04). There was no difference before that time. The
T50 for the fat drink was greater compared with water (60-3
(sEM 7'1D) v. 247 (sEM 5-8) min, respectively, P=0-0003) and
non-significantly greater than the fat-orlistat drink (47-4 (SEm
5:0) min, P=0-24).

Relationships between gastric emptying, blood pressure
and heart rate. There were no significant relationships
between the maximum fall in SBP and the T50 after either
the fat-orlistat drink (R —0-24, P=0-54) or the fat drink (R
—0:08, P=0-85). There was a significant relationship between
the maximum rise in HR and the T50 after the fat-orlistat drink
(R 0-83, P=0-000), but not after the fat drink (R 0-17, P=0-65).

Total TAG concentrations. There was no difference in
baseline total TAG concentrations between the three study
days (P=0-72). TAG concentrations did not change from base-
line after the water drink. There was a rise in total TAG con-
centrations after both the fat and treatment fat-orlistat
(P<0-001) infusions. At 90min, change from baseline TAG
concentrations was not significantly different between the
fat and fat-orlistat treatment days, although it was non-
significantly greater on the fat treatment day (0-46 (SEm 0-14)
v. 0-11 (0-14) mmol/l, P>0-05).

Part B — intraduodenal fat with or without orlistat infusion

A total of ten people were screened, and all were recruited.
The median score for autonomic nerve dysfunction was 1-0
(range 0—4); one of the ten subjects had definite autonomic
dysfunction. While the studies were well tolerated, eight of
the ten subjects reported adverse effects after completion of
the intraduodenal infusions. Loose stools or diarrhoea were
experienced by six subjects after completion of the fat (n 4)
or fat-orlistat (7 3) infusion. Of the ten subjects, one reported
abdominal cramps and two experienced fatigue after com-
pletion of the fat-orlistat infusion. In all cases, adverse effects
were mild and resolved spontaneously by the following day.
PPH (i.e. a fall in SBP of =20 mmHg sustained for at least
30min) was evident in two subjects; in one subject during
both infusions and in the other during the fat infusion only.
In one subject, total TAG concentrations could not be
measured as intravenous cannulation was not possible.

Systolic blood pressure. There was no significant differ-
ence in baseline SBP between the 2d (fat v». fat-orlistat
infusion): 125-8 (seM 54) v. 1262 (59)mmHg (P=0-85).
Between =0 and 90min, there was no difference in SBP
between the 2d (P=0-94). There were also no significant
changes in SBP during the fat (P=0-62) or fat-orlistat
(P=0-35) infusion. The maximum falls in SBP from baseline
during the fat (117 (sem 2-8)mmHg) and fat-orlistat (12-7
(seM  33)mmHg) infusions were comparable (P=0-51;
Fig. 1(b)).

Between ¢ = 90 and 150 min, there was no significant differ-
ence in SBP between the 2d (P=0-71), nor were there any sig-
nificant changes in SBP during the fat (P=0-83) or fat-orlistat
(P=094) infusion. At = 150min, SBP was not significantly
different from baseline after the fat (P=0-87) or fat-orlistat
(P=0-94) infusion (Fig. 1(b)).

Diastolic blood pressure. There was no significant differ-
ence in baseline DBP between the 2d (fat v. fat-orlistat infu-
sion): 67-1 (SEM 3-4) v. 68-:0 (3-2) mmHg (P=0-41). Between
1 =0 and 90 min, there was no significant difference in DBP
between the 2d (P=059). There was a trend (P=0-08) for a
fall in DBP during the fat, and DBP fell during the fat-orlistat
(P<0:02) infusion.

Between ¢t = 90 and 150 min, there was no significant differ-
ence in DBP between the 2d (P=0-93). There were also no
significant changes in DBP during the fat (P=0-52) or fat-
orlistat (P=0-44) infusion. At t = 150 min, there was no differ-
ence in DBP from baseline after the fat (P=0-98) or fat-orlistat
(P=0-92) infusion.

Heart rate. There was no significant difference in baseline
HR between the 2d (fat ». fat-orlistat infusion): 559 (SEM 2:4)
0. 567 (2:2) bpm (P=0-45). There was a rise in HR during both
the fat and fat-orlistat (P<0-0001 for both) infusions. The
maximum increases in HR during the fat (160 (SEm
1:9)bpm) and fat-orlistat (182 (sEm 2:9) bpm) infusions were
comparable (P=0-48), but between = 0 and 90 min, there
was a significant treatment X time effect (P<0:05). HR was
higher (P<0-05) between t=75 and 90min during the fat
infusion, when compared with the fat-orlistat infusion
(Fig. 2(b)).
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After 90 min, HR decreased during both infusions. Between
1 =90 and 150 min, there was no significant difference in HR
between the 2d (P=0-11). HR fell (P<0-0001) during the fat
infusion, and there was a trend (P=0-08) for a fall in HR
during the fat-orlistat infusion (P=0-08). At #= 150 min, HR
was greater than baseline after the fat infusion (P=0-0001),
and there was a trend (P=0-00) for HR to be greater than base-
line after the fat-orlistat infusion (Fig. 2(b)).

Superior mesenteric artery flow. There was a trend for a
difference in baseline (i.e. t= —2min) superior mesenteric
artery flow between the 2d (fat v. fat-orlistat: 5889 (SEM
58:1) v. 7082 (sEM 80:4) ml/min; P=0-07). There was a rise
in superior mesenteric artery flow during both the fat and
fat-orlistat infusions (P<<0-0001 for both), which was evident
from #=15min (P<0-05 for both). Between = —2 and
90min, there was a significant treatment X time effect
(P<0-006) for superior mesenteric artery flow. Superior
mesenteric artery flow was higher (P<<0-05) between = 60
and 90 min during the fat infusion, when compared with the
fat-orlistat infusion (Fig. 4).

Between ¢ = 90 and 150 min, there was no significant differ-
ence in superior mesenteric artery flow between the 2d
(P=0-16). There was a fall in superior mesenteric artery flow
during both the fat (P<<0:0001) and fat-orlistat (P<0-0002)
infusions, which was evident from ¢= 120min (P=0-0001)
during the fat infusion and from ¢= 105min (P=0-03)
during the fat-orlistat infusion. At £ = 150 min, superior mesen-
teric artery flow was greater than baseline after both the fat
(P=0-01) and fat-orlistat (P=0-05) infusions (Fig. 4).

Total TAG concentrations. There was a trend for a differ-
ence in baseline (i.e. t= —2min) total TAG concentrations
between the 2d (fat v. fat-orlistat): 1-1 (sem 0-13) v. 0-87 (SEM
0-09) mmol/l (P=0-07).

Between ¢t = —2 and 150 min, there was no difference in
total TAG concentrations between the two study days
(P=0-62). However, there was a rise in total TAG concen-
trations after both the fat and fat-orlistat infusions (P<<0-0001
for both). At = 150min, total TAG concentrations were
greater than baseline after both the fat and fat-orlistat infusions
(P<0:0001 for both).
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Fig. 4. Superior mesenteric artery flow in older subjects in response to the
intraduodenal infusion of fat (®) and fat-orlistat (OJ) drinks. Values are
means, with standard errors represented by vertical bars. Mean values were
significantly different for treatment x time effect (fat v. fat-orlistat): * P<0-05.

Discussion

We confirmed that orlistat accelerated gastric emptying of fat,
as found in previous studies'"'®=*" The novel observations
are that (1) orlistat potentiated the hypotensive response to
oral fat in older subjects, possibly due to faster gastric empty-
ing of fat and (2) the hypotensive effect of fat appeared not to
depend on fat digestion.

Oral ingestion of a high-fat drink resulted in an increased
HR and significant decreases in both systolic and DBP, with
mean falls of approximately 8 and 6 mmHg, respectively.
These blood pressure falls are consistent with the results of
some®'?, but not all>”, studies. The increase in HR probably
reflects the activation of a baroreceptor reflex; as splanchnic
blood flow increases after a meal, thus reducing systemic vas-
cular resistance, there is a compensatory increase in HR. While
possible, it seems very unlikely that the fall in blood pressure
after fat ingestion was due to the small amount of carbo-
hydrate in the drink (mainly lactose, 7% of total energy,
192Kk]). Intraduodenal infusion of a greater amount of carbo-
hydrate (glucose at 4-2kJ/min (1kcal/min) for 60min,
251KkJ) than that used in the present study does not decrease
blood pressure in older adults, whereas a greater glucose load
of 12:6kJ/min (3kcal/min) for 60min has a substantial
effect®. Our group has shown that healthy older adults
experience comparable blood pressure decreases after oral
or intraduodenal fat administration to those after equienergetic
oral®® or intraduodenal® carbohydrate administration. It
seems unlikely, therefore, that dietary modification, by altering
the ratio of carbohydrate to fat content in a meal, has the
potential to ameliorate the postprandial fall in blood pressure
in older individuals with, or at risk of, PPH.

While the results of the present study do not conclusively
answer the question of whether fat digestion is required for
its hypotensive effect, they suggest that it is not, although
the extent of digestion of fat may modify the cardiovascular
response to its ingestion. Fat digestion (lipolysis of TAG to
fatty acids) is required for its appetite-suppressant
effect®3? for the stimulation of cholecystokinin, glucagon-
like peptide and peptide tyrosine—tyrosine®*>’
of ghrelin(SG), slowing of gastric emptying
pancreatic enzyme secretion®.
administered with oral fat in part A of the study, there was a
slight, but significant, enhancement of the fat-induced decrease
in both systolic and DBP, the opposite of what would be
expected if products of fat digestion lowered blood pressure.
Co-administration of orlistat with intraduodenal fat had no
effect on blood pressure in part B of the study. In contrast,
orlistat produced a slight but significant inhibition of the fat-
induced pulse rate increase in both parts of the study. This
is consistent with fat digestion being at least partly responsible
for the increase in HR induced by fat ingestion. Similarly, the
inhibition of fat-induced increased splanchnic blood flow after
intraduodenal orlistat co-administration favours a role of fat
digestion in this process.

The results of part A of the study do not exclude a role for
fat digestion in fat-induced hypotension, as the hypotensive
effect of faster gastric emptying due to orlistat may overshadow

, suppression
(182037 .04

When orlistat was co-
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a weaker effect of orlistat to block the formation of hypo-
tensive fat digestion products. Gastric emptying was slower
after the high-fat drink compared with water, a finding consist-
ent with previous studies®®. It has previously been demon-
strated that the fall in postprandial blood pressure is directly
related to the rate of gastric emptying in individuals with
type 2 diabetes’”; when gastric emptying is slowed, the
rate of delivery of nutrients to the small intestine, and thus
nutrient-driven effects on blood pressure, is delayed. The
acceleration of gastric emptying produced by orlistat therefore
delivers fat to the small intestine more rapidly, thus presum-
ably enhancing its hypotensive effects, and also reduces gas-
tric distension, which would have the same effect. Although
it is known that the stomach empties at a relatively constant
rate of 84-12:6kJ/min (2-3 kcal/min)®?, the fat and fat-
orlistat drinks were emptied at faster rates of 16:7—25-1kJ/min
(4—6kcal/min), suggesting that the intragastric fat may have
separated from the aqueous component™. Part B of the
study allowed examination of the effects of fat digestion
more directly, as administration of fat and orlistat directly
into the duodenum removed any effects on the rate of gastric
emptying. DBP decreased from baseline after intraduodenal
fat infusion, as in our previous study in older adults®. In
the same study(Z(’), SBP decreased after fat infusion only
when compared with the effects of a saline infusion, which
we did not include in the present study for logistical reasons.
In that study®@®
between 90 and 120min, whereas DBP was maximally
reduced before 90 min in the present study. The reason for
this difference is not apparent.

The absence in part B of the study of any effect of orlistat
co-administration on the fat-induced decrease in DBP argues
against a role of fat digestion in this blood pressure effect.
This may, however, reflect the limited inhibition of fat diges-
tion produced by orlistat with intraduodenal infusion. The
increase in plasma TAG concentrations (the result of fat diges-
tion) produced by fat, administered orally or intraduodenally,
was only slightly, and not significantly, inhibited by orlistat co-
administration. There are limitations in using plasma TAG con-
centrations to assess lipase inhibition®'=*® and alternative
measurements, such as daily faecal fat excretion, may be
needed ¥ 1t is possible that administration of a higher orli-
stat dose, or more vigorous mixing with the intralipid solution,
would have produced greater lipase inhibition and permitted
better examination of the role of fat digestion on blood press-
ure and HR in part B of the study. Nevertheless, there was no
evidence of an orlistat effect on blood pressure, whereas there
was a significant inhibitory effect on HR, suggesting a hierar-
chy of sensitivities, with HR being more readily affected by
products of fat digestion than is blood pressure. This warrants
further investigation.

In summary, these findings do not support a role for the
products of fat digestion in mediating the blood pressure-
lowering effect of fat. Orlistat cannot, therefore, be used to
attenuate the hypotensive response to a meal in older individ-
uals, while manipulation of the composition of a meal, in
particular its carbohydrate and fat content, also seems unlikely
to be of benefit.

, the effects of fat on DBP were most marked
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