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tion of lipase accelerates the emptying of lipid from the
stomach.
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Introduction

Satiation occurs after the ingestion of fat-rich food, and
an increase in this satiation is commonly experienced
with aging. Dietary fat delays gastric emptying,1 which
is regulated by small-intestine nutrient-mediated feed-
back, such as by the duodenal receptor to the hydrolytic
products of triglycerides2 and release of cholecystokinin
(CCK).3 Aging is associated with changes in gastric
motor4 or neural function5 that have effects on gastric
emptying. Therefore, an aging effect on gastric empty-
ing of lipid has been considered, but the relationship
between them remains controversial.3,6–8

Lipase plays an important role in the digestion of fat.
Recent studies have indicated the importance of gastric
and pancreatic lipases in the regulation of gastric emp-
tying.9,10 In these studies, a lack of lipase accelerated
gastric emptying in a pancreatic insufficiency model.
Clinically, lipase is administered to improve satiation
after the eating of fat-rich foods even in subjects
without diseases; however, the effect of lipase adminis-
tration on gastric emptying time in these subjects is
unclear.

In this study, we used the non-invasive method of
electrical impedance tomography (EIT) to measure
gastric emptying of liquid meals with and without lipid
in young and elderly healthy subjects to determine
the age-associated effect of lipid on gastric emptying.
Lipase was also administered to both age groups with
the lipid meal to study the effect of lipolysis in the
stomach.
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Abstract: Lipid delays gastric emptying, and aging is
associated with changes in gastric motor function and
transit. However, little is known about the effect of lipid
on gastric emptying time in the elderly. To determine
the effect of aging on lipid gastric emptying, we used
electrical impedance tomography (EIT) to study gastric
emptying of liquid meals with or without lipid in five
young (23.0 6 0.6 years, mean 6 SEM) and six elderly
(73.3 6 1.6 years) healthy male volunteers. These sub-
jects drank 400ml of non-lipid soup (triglycerides, 0g)
or lipid soup (triglycerides, 24.6 g) in liquid test meals.
To study the effect of lipolysis in the stomach, a liquid
test meal containing 240mg of lipase in the lipid soup
was also administered. Plasma cholecystokinin (CCK)
concentration was measured by specific radioimmu-
noassay before and 30min after the ingestion of a test
meal. The gastric emptying time of the lipid soup was
longer in the elderly than in the young subjects, and the
time was significantly longer for lipid soup than for non-
lipid soup (P , 0.05) in both the young and elderly
subjects. Gastric emptying time for non-lipid soup was
not significantly different between the elderly and
young subjects. The administration of lipase shortened
the gastric emptying time for lipid in both the elderly
and the young subjects. Basal CCK concentration was
significantly higher in the elderly than in the young
subjects. However, there was no relationship between
gastric emptying time and plasma CCK concentration
after the ingestion of a test meal in the subjects overall.
In conclusion, the delaying effect of lipid on gastric
emptying is increased in the elderly, and the administra-
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Patients and Methods

Subjects

We studied five young healthy men (mean age, 23.0 6
0.6 years; range, 21–24 years; height, 175.0 6 1.67cm;
weight, 64.6 6 2.86 kg; body mass index (BMI), 21.1 6
0.82kg/m2 [mean 6 SEM]) and six elderly healthy
men (mean age, 73.3 6 1.6 years; range, 69–80 years;
height, 162.5 6 0.7cm; weight, 58.5 6 1.5 kg; BMI, 22.2
6 0.6kg/m2); all subjects were volunteers. The young
subjects were taller than the elderly subjects, but the
weight and BMI in the two groups were not significantly
different. None of the subjects had any history of major
gastrointestinal disease, diabetes mellitus, or surgery,
nor were any taking drugs that influence gastrointesti-
nal motility. All subjects gave their fully informed
consent for the studies, and the protocol was approved
by the Ethical Committee of the Research Center
of Health, Physical Fitness and Sports, Nagoya
University.

Protocol

After the subjects fasted overnight, their gastric
secretion was inhibited by the oral administration of
200mg cimetidine (Tagamet; Smith Kline Beecham,
Tokyo, Japan) 1h before the test for EIT images.
EIT images of gastric emptying were measured by
applied potential tomography (APT; University of
Sheffield, UK).11 EIT images were collected over 15-s
periods at 1-min intervals. The images were collected
for 5min before and 60 min after the ingestion of test
meals. Subjects were asked to sit during the study. All
subjects drank 400ml of each of three kinds of liquid
test meals with 0.65% NaCl: (1) non-lipid soup (triglyc-
erides, 0g; 13 kcal); (2) lipid soup (30 g of margarine
mixed with non-lipid soup; triglycerides, 24.8g;
237kcal), and (3) lipid soup with lipase (240 mg of Li-
pase A12, donated by Amano Pharmaceutical, Nagoya,
Japan, taken with lipid soup). The studies were per-
formed in a double-blind manner, and the intervals
between the three consecutive studies were more than 1
week.

Blood samples were drawn into ice-chilled tubes
containing ethylenediamine-tetraacetic acid (EDTA)
before and 30min after the ingestion of the test meals,
and were immediately centrifuged at 4°C at 3000rpm
for 15min. The plasma samples were stored at 230°C
until assay. Plasma CCK concentration was measured
by radioimmunoassay (RIA), using OAL-656 antise-
rum (Otsuka Assay Laboratories, Tokushima, Japan),12

after ethanol extraction of CCK from plasma. This
CCK assay measures all forms of active human
CCK.

Analysis of results

To obtain a profile of gastric emptying by EIT, the
gastric region was outlined, using an integrated image of
the first three frames obtained after ingestion, and the
resistivity of this region was calculated by computer for
all images. The percentage of the meal remaining in the
stomach was calculated by expressing each value as a
percentage of the minimum value after ingestion, and
this was plotted against time. The times taken for a
quarter (T1/4) and for half the meal to empty (T1/2) were
calculated from the percentage plots.

Statistical analysis

Data values are expressed as means 6 SEM. Compari-
son of gastric emptying time and plasma CCK concen-
tration between the young and elderly groups was done
with a Mann-Whitney U-test, and comparisons between
the non-lipid soup test, lipid soup test, and lipid soup
with lipase test were done with the paired t-test after
adjusting for equal variance. Correlation between gas-
tric emptying time and plasma CCK concentration was
analyzed by Spearman rank correlation. The P values
computed were two-tailed, and P , 0.05 was considered
significant.

Results

There were no significant differences in the gastric emp-
tying time of the non-lipid soup between the young and
elderly subjects (5.3 6 0.9 vs 5.8 6 1.1min for T1/4, and
15.2 6 2.9 vs 15.8 6 6.3 min for T1/2; Table 1). Gastric
emptying time for the lipid soup was longer than that for
the non-lipid soup in both the young and elderly sub-
jects. In the elderly subjects, the percentage of remain-
ing lipid soup was significantly greater from 10 to 22min
than that of non-lipid soup (P , 0.05; Fig. 1), and both
T1/4 (13.2 6 3.5 min) and T1/2 (28.0 6 6.1 min) for lipid
soup were significantly greater than the corresponding
values for non-lipid soup (P , 0.05; Table 1). T1/2 for
lipid soup was longer in elderly subjects (28.0 6 6.1 min)
than in young subjects (19.1 6 3.3 min), but the differ-
ence was not significant. The addition of lipase short-
ened the gastric emptying time for lipid soup in both
young and elderly subjects (Table 1).

Basal (before ingestion of test meal) plasma CCK
concentration was significantly higher in elderly sub-
jects (10.9 6 0.5pg/ml) than in young subjects (8.5 6
0.5pg/ml; P , 0.01). However, there were no differ-
ences between young and elderly subjects in D plasma
CCK concentration 30min after ingestion for all test
meals (Table 2).

There was no significant relationship between plasma
CCK concentration 30min after ingestion and gastric
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emptying were shown in a liquid but not in a solid meal.
Therefore, the effect of aging is related to the form of a
test meal.

Age-related changes occur in gastric motility-related
factors, such as gastric “pump” dysfunction14 and abnor-
mal sensory feedback from the small intestine.15 Delay
of gastric emptying in the elderly may reflect increased
small-intestinal feedback, occurring as a result of “hy-
persensitivity” of small-intestinal receptors or increased
exposure of small-intestinal receptors to nutrients.14

CCK is released into the bloodstream from the small
intestine in response to a nutrient meal, and it delays
gastric emptying by relaxation of the fundus, inhibition
of antral motility, and stimulation of pyloric contrac-
tions.3 Since lipid is an important factor in the release of

Fig. 1A,B. Percentage of liquid meal
remaining in the stomach in A young
subjects and B elderly subjects. Open
circles, Non-lipid meal; open squares,
lipid meal; colsed circles, lipid meal
with lipase. *P , 0.05 non-lipid vs
lipid meal

emptying time (r 5 0.247 for T1/4 and r 5 0.210 for
T1/2) when the results of all subjects were analyzed
together.

Discussion

This study showed that the effect of the lipid content in
a liquid meal on gastric emptying was greater in elderly
than in young subjects. Aging in normal subjects may
be associated with retardation of gastric emptying.4,6,7

However, Kasano et al.8 demonstrated that gastric emp-
tying of a semisolid meal with fat was almost constant in
healthy subjects regardless of age. Moore et al.4 and
Kao et al.13 demonstrated that the age effects on gastric

Table 1. Gastric emptying time of liquid meals

Test meal Non-lipid Lipid Lipid with lipase

Quarter emptying time (T1/4, min)
Young subjects (n 5 5) 5.3 6 0.9 12.0 6 3.4 6.5 6 1.4
Elderly subjects (n 5 6) 5.8 6 1.1 13.2 6 3.5* 9.8 6 2.3

Half emptying time (T1/2, min)
Young subjects (n 6 5) 15.2 6 2.9 19.1 6 3.3 11.5 6 1.9
Elderly subjects (n 6 6) 15.8 6 6.3 28.0 6 6.1* 18.4 6 3.5

*P , 0.05 vs non-lipid meal
Values are means 6 SEM
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CCK, this peptide is thought to be related to the greater
delay of gastric emptying in elderly subjects. In the
present study, basal plasma CCK concentration was
higher in elderly subjects, and DCCK after ingestion of
the lipid meal was similar in young and elderly subjects.
Furthermore, there were no differences in gastric emp-
tying time for a non-lipid meal between the young and
elderly subjects regardless of the basal CCK concentra-
tion. Since gastric emptying of a liquid meal occurs by
fundus contractions leading to a gastroduodenal pres-
sure gradient, exposure to higher plasma CCK in eld-
erly subjects may, in part, cause inhibition of emptying
because of a greater than normal relaxation of the fun-
dus. Cook et al.16 reported that intraduodenal lipid infu-
sion stimulated phasic pyloric pressure waves, and this
response was greater in elderly subjects than in young
subjects. This increased pressure may reflect a reduction
in the activity of inhibitory neural pathways. Smits
and Lefebvre17 showed the relationship between gastric
emptying of a liquid meal and the non-adrenergic non-
cholinergic neuron-stimulated relaxation of the gastric
fundus with aging. Therefore, all the above factors are
thought to be relevant to the delay of gastric emptying
after the ingestion of a meal with lipid; however, we did
not provide information about all the possible factors in
this study.

Lipase is also related to the regulation of gastric emp-
tying.10 Lipase is secreted from gastric chief cells (gastric
lipase) and pancreatic acinar cells (pancreatic lipase),
and gastric lipase contributes to about 10% of triglycer-
ides hydrolysis.18 The lipolytic activity of lipase after the
ingestion of a lipid meal plays an important role in
gastric emptying because products of gastric lipolysis.
such as diglycerides, monoglyceride, and free fatty acid,
stimulate CCK secretion, leading to the inhibition of
gastric emptying.9,10 From the results of these studies,
the administration of lipase with a lipid meal appears to
cause further inhibition of gastric emptying with the
elevation of plasma CCK, because large amounts of
lipolysis products flow into the duodenum from the
stomach. However, in our study, the addition of lipase
to a lipid meal accelerated gastric emptying in both the

elderly and young subjects. Furthermore, there was no
difference in plasma CCK elevation after the ingestion
of meals with and without lipase. The reasons for this
difference in lipase effect are likely to be, in part, due to
differences in methodology. Mayer et al. and Schwizer
et al. used models that induced lack of lipase activity
with a specific lipase inhibitor9,10 or pancreatic fistula.10

In our study, we observed the effect of adding lipase to
a meal in subjects with normal gastric and pancreatic
secretions. The administration of lipase may be ex-
pected to relieve satiation after a lipid meal.

In conclusion, the delaying effect of lipid on gastric
emptying is accentuated in the elderly. The addition of
lipase to lipid meals accelerates the emptying of lipid
from the stomach.
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