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The gut and oral glucose tolerance
The oral glucose tolerance test has a long history,1 but has had from
time to time to endure considerable criticism. One review of the test
published 10 years ago reads almost like an obituary, pointing out that
the considerable number of variables involved result in both poor
reproducibility and in difficulties in interpretation.2 In spite of this the
oral glucose tolerance test survives and for routine use in the diagnosis of
diabetes mellitus it has not been replaced by the intravenous glucose
tolerance test, which, although claimed to be more reproducible, is
less convenient.
One advantage of using the intravenous glucose tolerance test is that

it is unaffected by gastrointestinal factors such as gastric emptying rate
and intestinal absorption. These variables are in themselves of con-
siderable interest to gastroenterologists, and recent studies have made it
possible to define in a little more detail their influence on glucose
tolerance curves. The gastroenterologist's interest in oral glucose
tolerance can also extend to the role of the liver, as all the glucose load
has to pass through this organ before reaching the systemic circulation.
The recent recognition that a gastrointestinal factor, released by the
small intestine in response to oral glucose, plays an important role in the
metabolism of absorbed glucose by stimulating insulin secretions4,5
has extended the known influence of the gut to include metabolism of
glucose in muscle and adipose tissue, and has required a reappraisal of
the differences between the results of oral and intravenous glucose
tolerance tests. We can, therefore, legitimately include under the title of
this survey more gastrointestinal 'variables' than were at one time
thought necessary. Our list must include gastric emptying, intestinal
absorption, the gastrointestinal hormonal stimulus to insulin release,
the liver, and the pancreatic islets.

Variable gastric emptying has frequently been incriminated as a cause
of the known poor reproducibility of oral glucose tolerance tests.2 There
is no evidence to support these accusations against an organ whose
emptying of a glucose solution has been shown by Hunt and his col-
leagues6 to proceed in an orderly manner at a rate determined largely by
its volume and osmolality. In the individual subject the rate is constant
from day to day and is little affected by posture.7 Over a wide range of
glucose concentrations the gastric emptying rate falls as the concen-
tration of glucose rises. It has been suggested by Hunt that this is due to
the stimulation of receptors in the duodenum sensitive to the osmotic
pressure of the duodenal contents. If this was the case, then the glucose
polymers of 'liquid glucose BP', advocated for use in glucose tolerance
tests because they are less nauseating, might be expected to leave the
stomach more rapidly than glucose itself, but blood glucose curves after
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The gut and oral glucose tolerance

'liquid glucose' or glucose itself are very similar8' 9in the few com-
parative studies that have been performed. This is probably because,
except in patients with severe exocrine pancreatic insufficiency,10
hydrolysis of glucose polymers in the upper small intestine is so rapid
that even starch solutions leave the stomach at the same rate as iso-
caloric glucose solutions. Pancreatic insufficiency is the only cause of
defective glucose polymer digestion, as the final stage of starch digestion,
which is the breakdown of maltose and iso-maltose by disaccharidases
of the brush border, is not a rate-limiting step," and hereditary defects
of these particular enzymes do not occur. 'Liquid glucose' is probably
more palatable than an equivalent amount of glucose in a non-
polymerized form, and it has been used in large-scale population surveys
of glucose tolerance.'2 It may be useful if a 100 grams of glucose, widely
used in the United States, is the preferred dose. The theoretical draw-
back that it may give misleading results in pancreatic insufficiency is
perhaps insufficient to constitute a serious objection to its use.

In Great Britain, the usual dose of glucose employed for the oral test
is 50 grams. Dissolved in 250 ml of water this makes a very hypertonic
solution, but recent studies of gastric emptying during oral glucose
tolerance tests'3 have shown that, as is found with a more dilute solution
of the same volume,6 emptying proceeded in an exponential manner
after a variable but usually short initial delay. Significant delay due to
nausea was not encountered. The rate is conveniently expressed as the
Tl, the time taken for half the initial meal to leave the stomach, and in
normal individuals this lies between 40 and 80 minutes. This supports
old observations that at the time the blood sugar returns to normal an
appreciable amount of sugar may still be in the stomach.'4
The simultaneous determination of gastric emptying and glucose

tolerance enables the relationship between the two to be studied in some
detail in individual patients. Flat glucose tolerance curves, venous blood
sugar levels rising less than 5 mg per 100 ml are seen occasionally in
subjects with a normal gastric emptying time'. and in subjects with a
normal pattern of plasma insulin levels. This confirms that in healthy
young adults, particularly if venous rather than capillary blood is
sampled, a flat glucose tolerance curve can be a normal finding and is a
result of rapid metabolism and not of either deficient absorption or slow
gastric emptying. On the other hand, there is no doubt that in certain
pathological conditions changes in the gastric emptying rate may
significantly alter the shape of the glucose tolerance curves. This has
been demonstrated directly only in hyper- and hypothyroidism,'3 but it
is possible that the more rapid emptying found in many patients with
duodenal ulcer'6 may contribute to the higher glucose levels reported in
these patients 15 minutes after oral glucose.'7 The high peak glucose
often seen after a partial gastrectomy is also no doubt due to rapid
emptying of the gastric remnant. Reactive hypoglycaemia after partial
gastrectomy has been attributed to hyperinsulinaemia produced by this
high peak glucose,'8 but measurement of serum insulin levels does not
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reveal evidence of such a direct relationship.'9 Reactive hypoglycaemia
of a comparable extent can be induced by glucose infused intravenously
over a period of 30 to 45 minutes,19 although with this route of adminis-
tration serum insulin levels are much lower. Some other explanation
must, therefore, be found for postgastrectomy reactive hypoglycaemia.
Hypoglycaemia in a fasting subject is normally prevented by hepatic
glucose production. As the blood sugar rises after a glucose load hepatic
glucose production stops. As the blood glucose subsequently falls, the
liver again begins to produce glucose, and so a normal fasting blood
sugar is maintained. Reactive hypoglycaemia in either normal subjects
or in subjects with a partial gastrectomy might, therefore, be taken to be
due to the failure of the liver to resume glucose production sufficiently
rapidly. The normal exponential pattern of gastric emptying6 results in a
very gradual decline of the rate at which glucose enters the intestine
and this should provide ideal conditions for the liver gradually to resume
glucose production. A partial gastrectomy disturbs this normal pattern
and exponential emptying is no longer seen. In susceptible subjects this
is presumably responsible for reactive hypoglycaemia, but prospective
studies in which glucose tolerance and gastric emptying rates are
measured before and after operation are needed to elucidate the
relative roles of postoperative rapid gastric emptying, and of some
metabolic predisposition to reactive hypoglycaemia.
The absorption of glucose by the small intestine is highly efficient.

After ingestion of a concentrated solution, a combination of slow
gastric emptying,6 dilution within the duodenum,20 and active peri-
stalsis2' ensure that within the jejunum the glucose solution no longer
remains hypertonic. Intubation studies of the small intestine have
shown that a 30 cm length of human jejunum is capable of absorbing
20 g of glucose in one hour.22 As 30 cm represents only one tenth of the
small intestine, it is clear that absorption is rarely a rate-limiting factor
affecting glucose tolerance, as the stomach will only release about this
amount of a glucose load of 50g into the duodenum during the first hour
after ingestion.'3 Small intestinal mucosal damage therefore has to be
both severe and extensive if the glucose tolerance curve is to be signifi-
cantly affected, and in practice these conditions are fulfilled only in idio-
pathic steatorrhoea.23 Of other conditions studied, diabetes mellitus can
be singled out as the only condition in which jejunal glucose ab-
sorption is claimed to be more rapid than in normal subjects24 but it is
doubtful whether the small change demonstrated would significantly
affect the glucose tolerance test.

It has recently been clearly established that the insulin response to
orally administered glucose is greater than that to glucose given intra-
venously.3' 25 This additional stimulus to insulin release has a profound
influence on the disposal of a glucose load and hence on glucose
tolerance. A considerable body of evidence has now accumulated to
support the original concept that a hormonal mechanism is involved.
Of the hormones known to be present in the gastrointestinal tract,
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425The gut and oral glucose tolerance

secretin,4, 5 pancreozymin,5 gastrin,5 and glucagon26' 27 have all been
shown to be capable, under varying conditions, of stimulating insulin
release. Which ifany of these is most important under normal conditions
is not yet clear, but the answer should be available with the perfection of
techniques for immunoassay of these hormones in peripheral blood.
Some of the difficulties involved are exemplified by those encountered in
attempting to assess the role of glucagon. There is evidence that the
glucagon secreted into portal blood after a large glucose load arises
from the gut and not the pancreas.28 Furthermore, 'gut' glucagon may
differ from 'pancreatic' glucagon in its chemical, biological, and
immunological properties.28 The problem posed by the presence in
plasma of two immunologically cross-reacting glucagon-like substances
is therefore considerable. Claims that secretin29 is the agent involved
are difficult to reconcile with the knowledge that in man,30 as in animals,
intraduodenal glucose infusion has no effect on exocrine pancreatic
secretion. Pancreozymin is an unlikely candidate for the same reason,
although it may well be responsible for much of the insulin release
which occurs in response to the oral administration of amino acids.5. 28
In isolated preparations of pancreas, insulin secretion can be promoted
by intestinal extracts which contain little if any of the currently known
intestinal hormones.31 It may well be, therefore, that some as yet
unidentified hormone is the responsible agent.
The liver, situated between the portal and systemic circulation, is in

a position to influence oral glucose tolerance profoundly. Glucose
administered orally is metabolized more rapidly than when given
intravenously,32 and it has been assumed that this is due to the removal
by the liver of most of the administered oral load. The demonstration of
increased insulin secretion after oral glucose provides an alternative
explanation for the superiority of oral over intravenous glucose
tolerance. A variety of different experimental approaches have recently
provided evidence which suggests that glucose removal by the liver has
been overestimated. First, glucose infused into the portal vein of
anaesthetized dogs results in arterial glucose levels similar to those after
administration into a peripheral vein.33 Secondly, after an end-to-side
portacaval anastomosis in human subjects peripheral blood glucose and
insulin levels following oral glucose are no higher than before operation.l5
And thirdly, isotopic studies in unanaesthetized dogs indicate that about
threequarters of a load of UC14 glucose given orally reaches the peri-
pheral circulation.4 The cause of the impaired tolerance to both oral and
intravenous glucose tolerance seen in the majority of patients with liver
disease is therefore obscure, but it is certainly not simply a matter of
a diminished mass of functioning tissue. Many possibilities have been
considered and the subject has recently been fully reviewed.35 One
factor is that cirrhotic patients are, rather like obese subjects, resistant
to the action of both endogenous and exogenous insulin, but the cause
of this insulin resistance is unknown. Fortunately, although of theor-
etical interest, the disturbed glucose metabolism is of little practical
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426Holdsworth

importance, as cirrhotic patients rarely develop symptoms of dia-
betes in spite of their abnormal glucose tolerance, and they do not
become ketotic.
The pancreas is the last organ to concern us directly in this review.

The basic biochemical abnormality in diabetes mellitus remains
unknown, but most studies now agree that, except in obese subjects,
defective insulin secretion is demonstrable in most diabetics of both
'juvenile' and 'maturity onset' varieties. In most diabetic subjects there
is no exocrine pancreatic disease, and even the islets may be normal
histologically. Chronic pancreatitis does, however, cause overt diabetes
in some patients, and most patients with this condition have impaired
insulin secretion36 31 even if this is not sufficiently severe to produce
disturbances in carbohydrate tolerance. Ohlsen3 has shown some corre-
lation between the degree of impairment of exocrine and endocrine
pancreatic function in chronic pancreatitis, and has suggested that
combined tests of endocrine and exocrine pancreatic function can
contribute to the accurate diagnosis of these patients. The diagnostic
value of serum insulin levels has also been suggested by Joffe et al.36
They measured plasma insulin after intensive p-cell stimulation with
oral glucose, tolbutamide, and glucagon, a procedure which can be
compared with the maximal stimulus type of test used to study exocrine
function of the stomach and pancreas. Under these conditions low
insulin responses were found in all their patients with chronic pan-
creatitis. Insulin secretion has not been studied in patients with haemo-
chromatosis, and the relative contribution made by pancreatic disease
and cirrhosis to the impaired glucose tolerance seen in this condition is
unknown.35 The diabetes is not caused simply by a diminished capacity
for insulin secretion. Many cases require more insulin for their control
than is the case in subjects with total pancreatectomy and occasionally
severe insulin resistance is encountered, several hundred units daily
being required for control. The diabetes of haemochromatosis is
worthy of further study, not least because it is often considerably
improved after treatment by repeated venesection. Whether this is due
to improved liver function or to improvement in islet-cell function is not
known.
The familiarity and ease of performance of the oral glucose tolerance

test ensure that, carried out under careful standardized conditions, it will
retain its important role in the diagnosis of diabetes nmellitus. For the
clinical investigator the test involves too many variables both in the
gastrointestinal tract and elsewhere to be anything but the crudest of
tools for the study of disturbed carbohydrate metabolism. To the
gastroenterologist, its value will also remain strictly limited. A normal
rise in blood glucose after administration of glucose mixed with the
other monosaccharide component of a disaccharide has to be demon-
strated before the finding of an absent or very small rise in blood sugar
after administration of lactose or sucrose can be used as evidence for
deficiency of the corresponding disaccharidase. Oral glucose tolerance

426

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.10.6.422 on 1 June 1969. D

ow
nloaded from

 

http://gut.bmj.com/


The gut and oral glucose tolerance 427

curves can be of help in the diagnosis of pancreatic steatorrhoea and will
continue to be useful in assessing symptoms which may be due to post-
gastrectomy hypoglycaemia.

C. D. HOLDSWORTH
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