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Effect of acarbose, pectin, a combination of acarbose
with pectin, and placebo on postprandial reactive
hypoglycaemia after gastric surgery
P A J SPETH, J B M J JANSEN, AND C B H W LAMERS

From the Division of Gastroenterology, St Radboud Hospital, University ofNijmegen, Nijmegen, The
Netherlands

SUMMARY In a double-blind study we have compared the effect of 50 mg acarbose, 100 mg
acarbose, 4.2 g pectin, a combination of 50 mg acarbose with 4.2 g pectin, and placebo on plasma
glucose, plasma insulin, breath hydrogen and hypoglycaemic symptoms after a normal
carbohydrate rich meal in nine patients with previous gastric surgery. Fifty milligrams acarbose,
100 mg acarbose and the combination of 50 mg acarbose with 4.2 g pectin significantly inhibited
the postprandial peak glucose concentration (p<0.01); The lowest plasma glucose concentration,
observed 60-150 minutes after ingestion of the meal, was significantly increased by the addition
of 50 mg acarbose (p<0.01) and the combination of acarbose with pectin (p<005). The
combination of acarbose with pectin was the only treatment that significantly inhibited the plasma
insulin peak (p<005). Eight of nine patients had symptoms of hypoglycaemia on placebo, two on
50 mg acarbose (p<005), two on 100 mg acarbose (p<005), five on pectin (ns), and two on the
combination of acarbose and pectin (p<005). All treatments with acarbose induced significant
increases in breath hydrogen excretion (p<005).

Postprandial reactive hypoglycaemia may occur in
patients with previous gastric surgery.1-3 This post-
prandial hypoglycaemia is thought to be because of
the rapid gastric emptying of a carbohydrate meal
into the small intestine inducing rapid absorption of
glucose followed by reactive hyperinsulinism and
subsequent hypoglycaemia.1-3 It has been shown
recently that 100 mg acarbose, an cx-glucoside
hydrolase inhibitor (Bayer, BAY g 5421), induced a
significant increase in the lowest plasma glucose
concentration after an oral dose of 50 g sucrose in
five patients with reactive hypoglycaemia after
gastric surgery.4 Although not presented in that
study, it is very likely that such a high dose of
acarbose will induce serious side-effects due to
malabsorption of carbohydrates.5,6 On the other
hand, it has previously been reported that addition
of 14.5 g of pectin to a 50 g oral glucose load
prevented the occurrence of hypoglycaemic
symptoms and induced a significant increase in the
lowest postprandial glucose concentration in nine
patients with previous gastric surgery.3 14.5 g of
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pectin is, however, an extremely high dose and it is
very unlikely that this dose of pectin is tolerated by
patients on chronic treatment.
The present study was undertaken to determine

whether a low dose of 50 mg acarbose is effective in
reducing hypoglycaemic symptoms and influencing
laboratory measurements after ingestion of a normal
carbohydrate rich meal in patients with symptoms of
postprandial reactive hypoglycaemia after gastric
surgery, and to compare the effect of 50 mg
acarbose with a higher dose of acarbose, with a
relatively low dose of pectin and with the combina-
tion of acarbose with pectin. Therefore, we have
compared in a double blind study the effect of 50 mg
acarbose, 100 mg acarbose, 4.2 g pectin, a combina-
tion of 50 mg acarbose with 4.2 g pectin and placebo
on plasma glucose, plasma insulin, breath hydrogen
and hypoglycaemic symptoms after a standardised
carbohydrate rich breakfast in patients with
symptoms of postprandial hypoglycaemia after
gastric surgery.

Methods

PATIENTS
Nine patients, eight men and one woman, mean age
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44 years with a range of 28 to 52 years, were studied.
Seven had undergone partial gastrectomy with
gastrojejunostomy (Billroth II) and two truncal
vagotomy with pyloroplasty between three and 19
(average 9.5) years before this study. Two patients
were previously treated by interposition of an
inversed jejunal segment without significant
improvement of symptoms. The patients were
selected on the basis of (1) a history of symptoms
suggestive of postprandial reactive hypoglycaemia,
(2) a plasma glucose concentration of less than 3.0
mmol/l at least 60 minutes after oral ingestion of 50 g
glucose per m2 body surface, and (3) hypoglycaemic
symptoms at least 60 minutes after the oral glucose
load.

After an overnight fast the patients ingested
within 15 minutes a standard breakfast containing
three slices of bread with 20 g butter, 42 g
marmalade, and 10 g sugar, 100 ml tea containing 10
g sugar, and 150 ml milk. In total the breakfast
contained 88 g carbohydrate, 18.5 g fat and 11 g
protein, together 2350 Joules (560 Calories). During
each breakfast the patients ingested in random order
and in a double-blind fashion two tablets containing
either 50 mg acarbose each, or one placebo and one
50 mg acarbose, or both placebo, and six large
capsules containing 0.7 g pectin each or placebo.
Acarbose (BAY g 5421) was obtained from Bayer
Clinical Research Benelux, Mijdrecht, The Nether-
lands, and pectin from Pomosin, Bunschoten, The
Netherlands. The studies were performed at least
two days apart. Blood samples were drawn at -15,
0, 15, 30, 45, 60, 90, 120, 150, and 180 minutes
through an AbbocathR needle perfused with 0.9%
saline. Plasma glucose was measured by the method
of Hoffman7 and plasma insulin by radioimmuno-
assay.8 At the same time intervals end-expiratory
gas samples were obtained for analysis of breath
hydrogen.9 In addition, we studied whether the
patients had hypoglycaemic symptoms during the
period 60 to 150 minutes after ingestion of the meal.

All patients gave informed consent. Results were
expressed as mean ±1 SEM. Statistical analysis was
performed by non-parametric tests (Wilcoxon's and
sign test).10

Results

Ingestion of the meal together with the placebo
tablets and placebo capsules induced symptoms of
reactive hypoglycaemia in eight patients. Peak
plasma glucose concentrations were 8.6±0-5 mmol/l
with a range of 6.3 to 12-0 mmol/l. Hypoglycaemia
ranged from 1. 1 to 3.7 mmol/l with a mean value of
2-6±0-3 mmol/l (Figure; Table). Two patients had
very high peak plasma insulin concentrations of 313
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Figure Effect ofplacebo, 50 mg acarbose, 100 mg
acarbose, 4-2 g pectin, and combination of50 mg acarbose
with 4-2 g pectin on peaks and nadirs ofplasma glucose
(upper panel), peak plasma insulin (middle panel), and rise
in breath hydrogen excretion (lowerpanel), in nine patients
with previous gastric surgery. The open circles denote
glucose peaks and the closed circles glucose nadirs.

and 442 ,uU/ml, while three patients showed an
exaggerated rise in breath hydrogen excretion of
more than 25 ppm (Table; Figure).

After addition of 50 mg acarbose to the meal only
two of the patients experienced hypoglycaemic
symptoms (p<O0O5). Furthermore, this treatment
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Table Effect ofplacebo, 50 mg acarbose, 100 mg acarbose, 4-2 g pectin, and the combination of50 mg acarbose with 4-2 g
pectin on plasma glucose, plasma insulin, breath hydrogen excretion and hypoglycaemic symptoms after carbohydrate-rich
meal in nine patients with previous gastric surgery

Glucose (mmolll) Breath hydrogen Patients with
Insulin peak after 180 min hypoglycaemic

Highest Lowest ,Ulmt ppm symptoms (no)

Placebo 8.6±0.5 2.6±0.3 172±43 24±14 8
Acarbose 50 mg 7-2±0-4t 3-2±0-2t 124±41 64±21* 2*
Acarbose 100mg 7-0±0-5t 3-2±03 120±4() 86±19* 2*
Pectin 4-2 g 8-3±0-5 2.9±0.2 150±36 24±19 5
Acarbose 50 mg + pectin 4.2 g 7-2±0-6t 3.4±0.2* 1(2±+17* 61 ± 18* 2*

Asterisks indicate significant differences from placebo (*p<0.05; tp<001).
Glucose: 1 mmol/l = 18-2 mg/10() ml. Insulin: 1 ,uU/mi = 7-2 pmol/l.

significantly reduced the plasma glucose peak to
7.2±0-4 mmol/l (p<0.01) and it increased the
plasma glucose nadir to 3-2±0-2 mmol/l (p<001).
In the two patients with severe hypoglycaemia of 1-1
and 1-4 mmol/l the plasma glucose nadir increased
to 2-6 mmol/l. The peak plasma insulin concentra-
tions were not significantly reduced by 50 mg
acarbose, although plasma insulin peaks in all
patients were less than 250 ,U/ml. This treatment
induced a significant rise in breath hydrogen
excretion (p<005); five of the nine patients had a
rise in breath hydrogen excretion of more than 25
ppm (Figure; Table).

Increasing the dose of acarbose to 100 mg did not
lead to better results than those obtained with 50 mg
acarbose. Symptoms of reactive hypoglycaemia
were present in two of the patients (p<0-05). The
peak plasma glucose concentration was inhibited to
7-0±0-5 mmol/l (p<0-01) and the nadir was
increased to 3-2±0-3 mmol/1 (ns). Peak plasma
insulin concentrations were not significantly
inhibited and were in the same range as after 50 mg
acarbose. Excretion of breath hydrogen was signifi-
cantly increased compared with placebo (p<0-05),
but the expiratory hydrogen excretion after 100 mg
acarbose was not significantly higher than after 50
mg acarbose; six patients had increases in hydrogen
excretion of more than 75 ppm, while the remaining
three patients had normal responses of less than 25
ppm.

After addition of 4-2 g pectin to the meal five of
the patients had hypoglycaemic symptoms (ns). The
plasma glucose peak and nadir were not significantly
influenced to 8-3±0-55 mmol/l and to 2-9±0-2
mmol/l, respectively. Peak plasma insulin concen-
trations were almost unaffected by this dose of
pectin. There was no influence on breath hydrogen
excretion.
The combination of 50 mg acarbose with 4X2 g

pectin gave no better results than those obtained

with 50 mg acarbose. Two patients had symptoms
suggestive of reactive hypoglycaemia (p<eOO5). The
plasma glucose peak was reduced to 7-2±0-6 mmol/l
(p<001) and the nadir was increased to 3-4±0-2
mmol/l (p<005). The combination of acarbose with
pectin was the only treatment which significantly
reduced the plasma insulin peak (p<0-05; Table).
All peak plasma insulin concentrations were
reduced to less than 200 ,U/ml (Figure). The rise in
breath hydrogen excretion was significantly
increased compared with placebo (p<O-05) and did
not differ from the results obtained with 50 mg
acarbose.

Discussion

Acarbose is a recently developed a-glucoside hydro-
lase inhibitor of microbial origin.5- ' After ingestion
it inhibits digestion of starch and sucrose and it
therefore delays absorption of carbohydrate. By
preventing the rapid rise in blood glucose with
subsequent hyperinsulinism and hypoglycaemia
after ingestion of carbohydrate, acarbose might be
of value in the treatment of reactive hypoglycaemia
in patients with gastric surgery. This favourable
effect in patients with postprandial reactive hypo-
glycaemia was recently substantiated, when
McLoughlin et a14 showed that 100 mg acarbose
ingested before an oral dose of 50 g sucrose
significantly improved symptoms. In that study it
was further shown that acarbose attenuated the
plasma glucose curve and inhibited the plasma
insulin peak. The present study differs considerably
from McLoughlin's study in the following respects:
(1) a 50 mg and a 100 mg dose of acarbose were
studied, (2) a normal carbohydrate rich breakfast
was ingested, (3) the patients had more severe
postprandial hypoglycaemia, (4) a combination of
acarbose with pectin was also studied, and (5)
end-expiratory breath hydrogen concentrations
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were measured. Furthermore, we have compared
the results with those of 4.2 g pectin. This dose of
pectin, administered in six large capsules, is much
lower than in most previous studies. In most studies
about 15 g pectin is mixed with a glucose
solution,3"2A4 while in some studies about 10 g
pectin was added to a glucose solution or to
marmalade in a meal. 1'57 Despite several studies on
the effects of pectin in patients with previous gastric
surgery,3'4"7 to our knowledge, no studies on long
term effects of pectin have been reported. This is
probably owing to the difficulties that patients have
in taking these large amounts of pectin for months to
years. Pectin is unpalatable if it is not packed in
capsules or sachets or added to sugar solutions or
marmalade. We felt that admihistration of 4.2 g
pectin in six large capsules containing 0.7 g each
with meals is the maximal amount of pectin which
might be tolerated by patients in the long run. It
should be realised that the availability of pectin
might have been reduced by the capsule form, but it
has been shown that the wall of a capsule is
completely destroyed within 10 to 15 minutes after
ingestion. 8
The present study showed that 50 mg acarbose

reduced hypoglycaemic symptoms after a carbo-
hydrate rich breakfast. Furthermore, this treatment
significantly attenuated the glucose curve and it
slightly inhibited the plasma insulin peak. Fifty
milligrams acarbose, however, induced significant
rises in breath hydrogen excretion. These rises in
expiratory hydrogen excretion are because of mal-
absorption of carbohydrate which may lead to
side-effects, such as borborygmia, meteorismus or
flatulence. After the meal six patients on 50 mg
acarbose and seven patients on 100 mg acarbose had
complaints of carbohydrate malabsorption, while
three patients had such complaints on placebo. In
contrast with our results in postgastrectomy
patients, oral administration of 50 mg acarbose with
50 g sucrose to normal subjects did not result in
significant rises in expiratory hydrogen excretion.6
Patients with previous gastric surgery seem to be
prone to carbohydrate malabsorption, as three of
nine patients in our study had an abnormally high
rise in breath hydrogen excretion after the breakfast
and placebo. It has previously been found that 14.5
g pectin added to a glucose solution inhibits the rise
in expiratory hydrogen excretion in patients after
gastric surgery. In the present study, however, a
low dose of pectin did not influence postprandial
breath hydrogen excretion. Furthermore, addition
of pectin to 50 mg acarbose did not inhibit the
increased postprandial expiratory hydrogen concen-
trations induced by the 50 mg acarbose treatment.

Results with 100 mg acarbose were not better than

with 50 mg acarbose. The addition of 4.2 g pectin to
50 mg acarbose did not significantly improve the
results. It might be argued that a dose of 4.2 g pectin
is too low to promote the effect of 50 mg acarbose.
Studies of larger doses of pectin, however, added to
50 mg acarbose are of limited value, as patients will
be unlikely to comply with such a treatment in the
long term.

In summary, this study showed that 50 mg
acarbose ingested with a carbohydrate rich meal
improved symptoms of reactive hypoglycaemia in
patients with previous gastric surgery. This improve-
ment in clinical symptoms was accompanied by an
attenuation of the glucose curve and a tendency to
decrease plasma insulin concentrations. Addition of
4*2 g pectin to the same meal did not significantly
improve clinical symptoms or laboratory measure-
ments. A dose of 100 mg acarbose or the combina-
tion of 50 mg acarbose with 4.2 g pectin did not lead
to better results than those obtained with 50 mg
acarbose. All treatments with acarbose induced
significant increases in breath hydrogen excretion.
Long-term studies on 50 mg acarbose with daily
meals in patients with postprandial reactive hypo-
glycaemia after gastric surgery have to be performed
in order to determine whether the improvement of
symptoms persists and whether the side-effects are
acceptable.

The authors are indebted to Professors T J Benraad
and A P Jansen for laboratory measurements, and
to Miss H J M Lamers, dietition, for her advice.
Acarbose was obtained from Dr J H Branolte,
Medical Department, Bayer, Mijdrecht, The
Netherlands.

This paper was presented at the autumn meeting of
the British Society of Gastroenterology, Exeter,
September 1981.
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