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Progress report
Diabetes and the gut

The pathophysiology of impaired gastrointestinal function in both chronic
diabetes1' 2, and acute ketoacidosis3, remains undefined, although several
mechanisms have been implicated. These include autonomic neuropathy4,
microangiopathy5, changes in insulin and glucagon release, and acute
metabolic disturbance. In recent years various new gastrointestinal hormones
have been described6' 7, although their physiological importance remains to
be determined8. It is likely that both the chronic, and acute, metabolic
changes found in diabetes will modify the release of these hormones and alter
their effects on the gut. However, at the present time there are no studies of
gut hormone levels in diabetics with gastrointestinal complications and the
pathophysiological significance of these substances remains ill-defined.

This review will consider both the acute and chronic effects of diabetes
mellitus on the gastrointestinal tract alone and will largely be confined to
human data.

Acute manifestations

Anorexia, nausea, and vomiting are common presenting features of diabetic
ketoacidosis3'9. The aetiology of these symptoms is frequently attributed to
acute gastric stasis and nasogastric suction has been advocated as a routine
procedure in the emergency treatment of these patients10'11, although there is
no general agreement on this12. The frequency of clinically significant gastric
dilatation in such patients is unknown and there is no detailed study of gastric
emptying during ketoacidosis.
The aetiology of acute gastric dilatation during ketoacidosis is unknown,

although acute metabolic changes including glucagon and insulin release
have been implicated13 4. It has also been suggested that gastric atony
results from an acute, reversible, autonomic disturbance'5. The effects of local
gastrointestinal hormones on gastric motility have been incompletely studied
and, to date, only motilin has been found to increase gastric emptying6"16,
but has not been implicated in this context. Possibly the acute electrolyte
changes of ketoacidosis, especially intracellular hypokalaemia, affect gastric
motility. Acute gastroparesis has also been described in recent onset diabetics
after sudden stress in whom there was no acute metabolic disturbance'7.
Haematemesis as a complication of diabetic ketoacidosis is usually

secondary to either acute erosive, or haemorrhagic, gastritis. It has been
suggested that this results from an increased concentration of urea in the
retained gastric fluid18. The incidence of duodenal ulceration is thought to be
reduced among diabetics'920, although there is some conflicting evidence for
this21, and it is rarely responsible for haematemesis in these subjects.
Acute abdominal pain, in the absence of intra-abdominal disease, may

occur in these patients and can be of sufficient severity to mimic an acute
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abdomen. This can present a difficult diagnostic problem, as many of these
patients have both a leucocytosis3,22 and raised serum amylase23. The
diagnosis of acute pancreatitis is especially difficult in this condition and is
probably frequently under-diagnosed24. Persistent abdominal pain in diabetics
may also occur as a result of diabetic radiculopathy affecting the thoracic
nerve roots25. This condition may be diagnosed by electromyography and
probably explains earlier reports of 'tabetic pains' in diabetics1.

Chronic manifestations

Although chronic gastrointestinal symptoms in association with diabetes had
been recognised previously, it was the report by Rundles in 19454 that first
drew attention to the effects of diabetes on the gut. It was later suggested that
these effects were a manifestation of autonomic neuropathy26. Subsequent
series have stressed the frequent association with neuropathy in these
patients, although histological evidence of autonomic denervation to the gut
is incomplete.

OESOPHAGUS
Clinical manifestations of oesophageal dysfunction as a complication of
diabetes are rare, although dysphagia and diffuse ulceration have been
described27'28. Evidence for altered oesophageal motor function in diabeticswas
first reported in 196729. Fourteen patients were studied by means of a cine-
radiographic technique. All had gastrointestinal symptoms and clinical
evidence of autonomic neuropathy. Twelve of these patients had diminished,
or absent, oesophageal peristalsis and oesophageal emptying in the supine
position was delayed. Tertiary (non-peristaltic) or spastic contractions were
frequently observed but only three of these subjects described oesophageal
symptoms. Eight of these patients subsequently underwent oesophageal
manometry30, which demonstrated a reduction in the resting lower oeso-
phageal sphincter pressure (LOSP) and confirmed the reduction of amplitude
of peristaltic contraction together with the high incidence of tertiary con-
tractions. These observations have been confirmed in a combined radiological
-manometric study3l in which loss of tone of LOSP was found to result in
gastro-oesophageal reflux. In contrast with the observed hypersensitivity of the
oesophageal muscle to cholinergic agents in conditions such as achalasia and
Chagas disease, where there is degeneration of the myenteric plexus32'33, no
increase in LOSP was produced after bethanechol in diabetic subjects31. This
indirect evidence suggests that the myenteric plexus is functionally intact in
the diabetic.

Studies of the neuropathology of the oesophagus are few. In one series34
abnormalities were found in 18 of twenty unselected diabetics without
clinically significant dysphagia or neuropathy. Abnormalities were found
predominantly in the axons of the extrinsic and intrinsic parasympathetic
fibres while the neurones were normal.
Although it appears that most diabetics with oesophageal dysfunction also

have peripheral neuropathy, it is not clear whether altered motor function
also occurs in uncomplicated diabetics. In a comparative study of oesophageal
motility in neuropathic and non-complicated diabetics the amplitude of
pharyngeal contractions and the resting LOSP showed increased responsive-
ness to normal stimuli in diabetics without neuropathy35. The authors
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suggested that the transient hypersensitivity to normal stimuli might be an
early manifestation of diabetic neuropathy affecting the oesophagus. In a
series of 50 diabetics peripheral neuropathy was found to precede oeso-
phageal dysfunction36.

STOMACH
Gastric retention as a late complication of diabetes was described in 19454.
In a subsequent study26 delayed gastric emptying was again observed in a
series of patients with severe neuropathy and it was suggested that it resulted
from autonomic dysfunction. In 1958, Kassander37 described the condition as
'gastroparesis diabeticorum', emphasising that such patients were frequently
asymptomatic, and attributed it to autonomic neuropathy. Later series have
stressed the frequent association with generalised diabetic neuropathy and
also the similar condition found after vagotomy38.

In these, and other, series1' 39'40 gastric emptying was assessed by barium
radiology. Gastric emptying in diabetics has also been studied by a dye-
dilution method41. By this means, delayed emptying of saline42, and water43,
have been described, although the results were conflicting with regard to the
effect of diabetic neuropathy.
Although these techniques provide a simple method of estimating gastric

emptying it is likely that the response to normal food is very different.
Measurement of the rate of gastric emptying of solid meals using isotopically
labelled food has been desci-ibed44. A recent study of the gastric emptying of
solid meals in diabetics45 showed no significant difference in the rate of
emptying between non-complicated diabetics, diabetics with autonomic
neuropathy, and healthy controls. However, the results were more variable in
the diabetic groups, which emphasises the difficulty of interpreting single
observations. Similarly, in an earlier study of gastric emptying in diabetics
using hypertonic glucose solution46 a few subjects were found with very slow
emptying, although the overall mean rate was no different from that of
controls.
The differential rates of gastric emptying of both the solid, and liquid

components of a standard meal have been compared in a small series of
diabetics using a double-isotope technique47. The normal differentiation
between solid and liquid emptying was impaired in'the diabetics compared
with controls, which, it was suggested, might be due to abnormal antral
peristalsis not attributable to vagal denervation.
The aetiology of gastric stasis in the diabetic remains unresolved. In view

of the frequent association with peripheral and autonomic neuropathy, as
well as the similar condition found after vagotomy, it is likely that visceral
neuropathy is important in the aetiology. Unfortunately, there are no
detailed neuropathological studies available. Other mechanisms may also
contribute to the aetiology. Hyperglycaemia, and also glucagon, have been
shown to reduce gastric emptying in non-diabetics with duodenal ulceration'3,
although the concentrations ofglucagon required to affect emptying are much
higher than the physiological range7. Furthermore, in diabetics a similar
effect of hyperglycaemia could not be demonstrated43. It has also been
suggested48 that diminished gastric acid production after vagal neuropathy
might affect the emptying rate. The importance of gastrointestinal hormones
in chronic gastric stasis remains to be established.

Symptomatically the effects of gastric stasis are very variable. Many
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patients are entirely asymptomatic, while some describe vague abdominal
pain, fullness, nausea, and vomiting. Treatment is generally disappointing
and vaiious anticholinesterase preparations have been tried without much
success37'39'40. Antiemetics can provide temporary relief and, recently,
metoclopramide has been used successfully in some patients49. Various
surgical drainage procedures have been performed38, mostly with little
benefit probably, as there is no structural lesion of the gastric outlet.

Studies of gastric acid secretion in diabetics are conflicting. Some authors
have found diminished acid secretion48350'51, while others have reported no
significant difference from non-diabetic controls43'52'53. Gastric acid secretion
after pentagastrin was measured in a series of diabetics with autonomic
neuropathy and compared with the effect of insulin-induced hypoglycaemia54.
Secretion was reduced during hypoglycaemia but was normal after penta-
gastrin, which suggests vagal neuropathy with normally functioning gastric
mucosa. However, gastrin release during insulin hypoglycaemia is enhanced
after vagal section in man7, and the reduced response to hypoglycaemia might
reflect diminished vagal sensitivity as a result of poor diabetic control,
although there is no evidence to support this hypothesis. The gastric mucosa
has been found to be more frequently atrophic than in age-matched
controls"55 and impaired gastric secretion may be associated with
histological changes56. Corresponding with the increased incidence of gastric
mucosal atrophy there is an increased incidence of pernicious anaemia57-59
and gastric parietal cell antibodies among diabetics60'61.

Other factors may also influence acid secretion including hyperglycaemia,
which has been found to have an inhibiting effect, and increased glucagon
secretion62s63

SMALL BOWEL
In addition to all the usual causes of diarrhoea the specific condition of
diabetic diarrhoea is recognised. The term 'diarrhoea of diabetes' was first
used in 193664 to describe unexplained diarrhoea associated with severe
diabetes. The authors observed no improvement during treatment with
pancreatic juice. Later reports have emphasised that such patients are
usually poorly controlled, complicated, diabetics with evidence of generalised
neuropathy. In a series of 125 cases of diabetic neuropathy, 27 were found to
have watery diarrhoea4. Subsequently in 1946, a series of 40 cases of diabetic
diarrhoea were reported65. The average of these subjects was 42 years and the
diabetes, which was poorly controlled, averaged nine years in duration.
Neuropathy was found in 23 of these cases. Symptomatically they complained
of intermittent, watery, diarrhoea, frequently worse nocturnally and associated
with faecal incontinence. Later series have stressed the frequent association
with neuropathy and especially autonomic disturbance, while pancreatic
exocrine function studies and small intestinal mucosal biopsy have been
normal53,66-70.

Steatorrhoea has also been described in diabetic subjects in whom there
was no evidence of either pancreatic exocrine insufficiency or coeliac dis-
ease71-73. Several authors have described patients with diabetes and associa-
ted coeliac disease73'74, although the nature of this association is not yet clear.
Recently the histocompatibility antigen HLA B8 has been shown to be
positively associated with juvenile-onset diabetes75 and also coeliac disease76.
The pathogenesis of diabetic diarrhoea and, also, steatorrhoea remains

1156

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.19.12.1153 on 1 D

ecem
ber 1978. D

ow
nloaded from

 

http://gut.bmj.com/


undefined. It has commonly been attributed to visceral neuropathy in view
of the frequent coexistence with symptoms of generalised autonomic dys-
function, including neurogenic bladder, orthostatic hypotension, impotence,
and gustatory sweating. In addition, similar intermittent diarrhoea is found
after vagotomy or ganglion blocking agents.

Despite this well-recognised clinical association, histological findings are
inconclusive. Abnormalities of the myenteric plexus have been reported in
one case77, but in a controlled study7l no specific lesions were observed in
the enteric ganglia, mucosa, muscle, or microvasculature. There is no
substantial evidence of histological abnormalities affecting the intestinal
sympathetic or parasympathetic nerves, the submucosal or myenteric plexus,
and the thoracolumbar and presacral nerves 7 8871 78. However, lesions of the
dendritic processes of the pre- and paravertebral sympathetic ganglia have
been reported79 which may result in altered sympathetic function. It has been
suggested that afferent sympathetic innervation is impaired, while the
efferent pathways are uninterrupted53.

Malins and French first reported symptomatic relief in 16 of 22 patients
with diabetic diarrhoea treated with chlortetracycline 7. Since then there have
been a number of other reports of clinical improvement after broad-spectrum
antibiotics80.81,84. This indirect evidence suggests that such patients have
clinically significant bacterial overgrowth in the small bowel, and that the
condition may be considered as a variant of the blind-loop syndrome82'83
However, there is no controlled trial of antibiotics in diabetic diarrhoea and
direct evidence of upper small bowel bacterial overgrowth has been obtained
in only a few patients53,80,84. Evidence of bile acid deconjugation in patients
with diabetic diarrhoea has been obtained by means of the 14C-glycocholate
(14C-GCA) test85, which provides further, indirect, evidence of small bowel
overgrowth70. Of the seven patients studied, four had increased breath
14C02 and normal faecal 14C excretion and responded to antibiotics. After
treatment the14C-GCA test became normal. This test may be used to predict
the likely response to antibiotics in patients with diabetic diarrhoea70.

Bile acid malabsorption has also been implicated in the aetiology of
diabetic diarrhoea after a report of symptomatic improvement with choles-
tyramine86. The authors drew attention to the similar clinical improvement
with cholestyramine seen in post-vagotomy diarrhoea, where bile acid
malabsorption has been demonstrated87'88. However, in the series already
described70 evidence for bile acid malabsorption was found in only one
patient with diabetic diarrhoea and treatment with cholestyramine was not
successful. This contrasts with a report of the 14C-glycocholate test in post-
vagotomy diarrhoea in which bile acid malabsorption was observed in five
patients, all of whom improved with cholestyramine89. Increased decon-
jugation of 14C-glycocholic acid has also been reported in a series of patients
treated with biguanide oral hypoglycaemic agents, none of whom had
symptoms of gastrointestinal or liver disease90. After antibiotics breath
'4C02 excretion was normalised. Thus small intestinal bacterial overgrowth
may explain the previously observed malabsorption of vitamin B12 in patients
taking biguanides9l-93, although these results contrast with an earlier study in
which oral tetracycline for seven days only marginally improved B12 ab-
sorption in four out of five patients taking metformin92.

Results of small bowel transit studies in these subjects are contradictory.
Measurements using balloon kymography have shown reduced motility in
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diabetics with autonomic neuropathy compared with controls94, while
radiological studies using barium have been reported as showing both
increased and decreased transit26,53'67'80'95. Dye-marker methods have also
been used with variable results68'95. More recently, the measurement of the
breath hydrogen appearance time after ingestion of a non-absorbable
carbohydrate has been found to provide a simple, non-invasive, method of
estimating small bowel transit96. By means of this technique small bowel
transit has been found to be delayed in diabetics with autonomic neuropathy
compared with non-complicated diabetics and controls97. Unfortunately, it is
not possible to study transit in this way when there is small bowel bacterial
overgrowth, as premature hydrogen production will often occur97.

In summary, it is likely that small bowel transit is reduced in patients with
autonomic neuropathy affecting the bowel and that this may result in the
development of bacterial overgrowth in some patients. Where small bowel
bacterial overgrowth occurs bile acids may be deconjugated which, in turn,
can result in diarrhoea. Treatment in these patients would normally be
successful with antibiotics, although there remain some patients with diabetic
diarrhoea in whom bile acid deconjugation cannot be demonstrated, and
in these subjects treatment with antibiotics is unlikely to be effective. Treat-
ment has also been described with cholinergic drugs68 and sympathomimetic
agents67 with marginal therapeutic effect. Otherwise treatment is largely
symptomatic, including careful diabetic control. Loperamide may also prove
effective in some antibiotic resistant cases (Scarpello, J. H. B., unpublished
observations).

ABSORPTION
There are only a few detailed reports of perfusion studies in the human
diabetic53,98-100, in contrast with the large number of investigations in the
experimental animal when diabetes has been chemically induced'1l. In man
the results are conflicting with reports that duodenal glucose absorption is
both increased100 and normal98. In a recent study'02 the effects of serum
insulin and glucose concentrations on jejunal absorption of glucose, sodium
and water were compared in insulin-requiring diabetics and healthy controls.
Normal absorption was found in the diabetics and no significant alteration in
absorption was observed in the controls during periods of increased serum
insulin or glucose concentration. The authors speculate that the different
results in animal studies, wheie glucose absorption has usually been found to
be increased, may reflect differences in the severity and duration of insulin
deprivation. The enzymatic activities of disaccharidases, alkaline phospha-
tase, and peptide hydrolases, have been measured in small bowel biopsies of
maturity- and juvenile-type diabetes'03. Normal hydrolysis of disaccharides
and oligopeptides was found in contrast to the increased digestive enzymatic
activities observed in experimental diabetes'04-107. Absorption studies in
patients with diabetic diarrhoea are even fewer. In the most detailed series53
the jejunal absorption of sodium and water was similar to that of non-
diabetic controls.

LARGE BOWEL
Constipation has been reported as a common feature of diabetic neuro-
pathy4"108, although it is difficult to compare its incidence with that of the
normal population. It can be very severe and result in colonic dilatation with
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Diabetes and the gut 1159

faecal impaction'09. The aetiology of constipation in these subjects is unclear.
It has been suggested that colonic neuropathy occurs as part of the overall
diabetic neuropathy2. To date there are no studies of colonic motility in
diabetes.

Summary

In conclusion, most gastrointestinal complications of diabetes do not pro-
duce symptoms. However, in a minority there may be severe nausea, vomiting,
diarrhoea, or faecal impaction, associated with considerable morbidity. More
research is required into the effects of diabetes on the gut, which should, in
turn, result in a better understanding of normal gastrointestinal function.
Although at present most symptoms are attributed to the effects of visceral
neuropathy, their intermittent nature is difficult to understand and suggests
that transient metabolic or hormonal disturbances may be responsible.
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Received for publication 19 July 1978

References

'Katz, L. A., and Spiro, H. M. (1966). Gastrointestinal manifestations of diabetes. New England
Journal of Medicine, 275, 1350-1361.
2Goyal, R. K., and Spiro, H. M. (1971). Gastrointestinal manifestations of diabetes mellitus.
Medical Clinics of North America, 55, 1031-1044.
'Beardwood, J. T., Jr. (1935). The abdominal symptomatlo>gy of diabetic acidosis. Journal of
the American Medical Association, 105, 1168-1172.
4Rundles, R. W. (1945). Diabetic neuropathy; general review with report of 125 cases. Medicine,
24, 111-160.
5Angervall, L., and Save-Soderbergh, J. (1966). Microangiopathy in the digestive tract in sub-
jects with diabetes of early onset and long duration. Diabetalogia, 2, 117-122.
'Bloom, S. R. (1974). Hormones of the gastrointestinal tract. British Medical Bulletin, 30, 62-
67.
'Bloom, S. R. (1977). Gastrointestinal hormones. Internationial Review ofPhysiology, 12, 71-103.
8Bloom, S. R. (1976). Gastric inhibitory peptide, vasoactive intestinal peptide, and motilin:
physiological and pathophysiological alterations. Journal ofEndocrinology, 70, 9P.
9Joslin, E. P., Root, H. F., White, P., and Marble, A. (1942). Diabetic coma. Journal of the
American Medical Association, 119, 1160-1165.

'°Harwood, R. (1951). Diabetic acidosis. Results of treatment in 67 consecutive cases. New
England Journal of Medicine, 245, 1-9.

"Sheldon, J., and Pyke, D. A. (1968). In Clinical Diabetes and its Biochemical Basis, pp.442-443.
Edited by W. G. Oakley, D. A. Pyke, and K. W. Taylor, Blackwell: Oxford.

'2Hockaday, T. D. R., and Alberti, K. G. M. M. (1972). Diabetic coma. British Journal of
Hospital Medicine, 7, 183-198.
3Aylett, P. (1962). Gastric emptying and change of blood glucose level as affected by glucagon
and insulin. Clinical Science, 22, 171-178.
4Herrera, F., Kemp, D. R., Tsukamoto, M., and Eisenberg, M. M. (1967). Insulin inhibition of
gastric secretion and motility: The potassium reversed effect. Surgical Forum, 18, 300-303.

"Scott, J., and Lloyd-Mostyn, R. H. (1976). Acute autonomic dysfunction in diabetic keto-
acidosis. Lancet, 1, 590.
'Bloom, S. R., Ralphs, D. N., Besser, G. M., Hall, R., Coy, D. H., Kastin, A. J., and Schally,
A. V (1975). Effect of somatostatin on motilin levels and gastric emptying (Abstract). Gut, 16,
834.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.19.12.1153 on 1 D

ecem
ber 1978. D

ow
nloaded from

 

http://gut.bmj.com/


1160 J. H. B. Scarpello and G. E. Sladen

"Howland, W. J., and Drinkard, R. U. (1963). Acute diabetic gastric atony. Journal of the
American Medical Association, 185, 214-216.

"Davenport, H. W. (1968). Destruction of the gastric mucosal barrier by detergents and urea.
Gastroenterology, 54, 175-181.
9Wood, M. N. (1947). Chronic peptic ulcer in 94 diabetics. American Journal of Digestive
Diseases, 14, 1-11.

2"Dotevall, G. (1959). Incidence of peptic ulcer in diabetes mellitus. Acta Medica Scandinavioa,
164, 463-477.

21Monson, R. R. (1970). Duodenal ulcer as a second disease. Gastroenterology, 59, 712-716.
22Alberti, K. G. M. M., and Hockaday, T. D. R. (1977). Diabetic coma: a reappraisal after five
years. Clinics in Endocrinology and Metabolism, 6, 421-455.

23Knight, A. H., Williams, D. N., Ellis, G., and Goldberg, D. M. (1973). Significance of hyper-
amylasaemia and abdominal pain in diabetic ketoacidosis. British Medical Journal, 3, 128-131.

24Hughes, P. D. (1961). Diabetic acidosis with acute pancreatitis. British Journal of Surgery, 49,
90-91.

25Longstreth, G. F., and Newcomer, A. D. (1977). Abdominal pain caused by diabetic radiculo-
pathy. Annals of Internal Medicine, 86, 166-168.

26Hodges, F. J., Rundles, R. W., and Hanelin, J. (1947). Roentgenologic study of small intestine
II. Dysfunction associated with neurologic diseases. Radiology, 49, 659-673.

27Vinson, P. P., and Wilder, R. M. (1933). Diffuse ulceration of the esophagus and trachea
associated with diabetes mellitus. Archives of Internal Medicine, 52, 541-544.

2"Wilder, R. M. (1940). Clinical Diabetes Mellitus and Hyperinsulinism, pp. 302-303. Saunders:
Philadelphia.

29Mandelstam, P., and Lieber, A. (1967). Esophageal dysfunction in diabetic neuropathy-
gastroenterology: clinical and roentgenological manifestations. Journal of the American
Medical Association, 201, 582-586.

3"Mandelstam, P., Siegel, C. I., Lieber, A., and Siegel, M. (1969). The swallowing disorder in
patients with diabetic neuropathy-gastroenteropathy. Gastroenterology, 56, 1-12.

31Stewart, I. M., Hosking, D. J., Preston, B. J., and Atkinson, M. (1976). Oesophageal motor
changes in diabetes mellitus. Thorax, 31, 278-283.

3'Kramer, P., and Ingelfinger, F. J. (1951). Esophageal sensitivity to mecholyl in cardiospasm.
Gastroenterology, 19, 242-251.

33Heitmann, P., and Espinoza, J. (1969). Oesphageal manometric studies in patients with chronic
Chagas disease and megacolon. Gut, 10, 848-851.

34Smith, B. (1974). Neuropathology of the oesophagus in diabetes mellitus. Journal of Neur-
ology, Neurosurgery and Psychiatry, 37, 1151-1154.

3"Horgan, J. H., and Doyle, J. S. (1971). A comparative study of esophageal motility in diabetics
with neuropathy. Chest, 60, 170-174.

'Hollis, J. B., Braddom, R. L., and Castell, D. 0. (1974). Esophageal motor function in diabetes
mellitus and its relation to peripheral neuropathy (Abstract). Gastroenterology, 66, 713.

"7Kassander, P. (1958). Asymptomatic gastric retention in diabetics (gastroparesis diabeti-
corum). Annals of Internal Medicine, 48, 797-812.

""Wooten, R. L., and Meriwether, T. W., III. (1961). Diabetic gastric atony: A clinical study.
Journal of the American Medical Association, 176, 1082-1087.

39Marshak, R. H., and Maklansky, A. (1964). Diabetic gastropathy. American Journal of
Digestive Diseases, 9, 366-370.

4"Zitomer, B. R., Gramm, H. F., and Kozak, G. P. (1968). Gastric neuropathy in diabetes
mellitus: clinical and radiologic observations. Metabolism, 17, 199-211.

41Hunt, J. N. (1954). The inhibitory action of sucrose on gastric digestive activity in patients with
peptic ulcer. Guy's Hospital Report, 103, 161-173.

42Dotevall, G. (1961). Gastric emptying in diabetes mellitus. Acta Medica Scandinavica, 170, 423-
429.

43Aylett, P. (1965). Gastric emptying and secretion in patients with diabetes mellitus. Gut, 6,
262-265.

44Griffith, G. H., Owen, G. M., Kirkman, S., and Shields, R. (1966). Measurement of rate of
gastric emptying using chromium-51. Lancet, 1, 1244-1245.

4"Scarpello, J. H. B., Barber, D. C., Hague, R. V., Cullen, D. R., and Sladen, G. E. (1976).
Gastric emptying of solid meals in diabetics. British Medical Journal, 2, 671-673.

4"Hall, W. H., and Sanders, L. L. (1976). Gastric emptying of hypertonic glucose in diabetes
mellitus and duodenal ulcer. Southern Medical Journal, 69, 433-435.

47Campbell, I. W., Heading, R. C., Tothill, P., Buist, T. A. S., Ewing, D. J., and Clarke, B. F.
(1977). Gastric emptying in diabetic autonomic neuropathy. Gut, 18, 462-467.

48Dotevall, G. (1961). Gastric secretion of acid in diabetes mellitus during basal conditions and
after maximal histamine stimulation. Acta Medica Scandinavica, 170, 59-69.

49Brownlee, M., and Kroopf, S. S. (1974). Metoclopramide for gastroparesis diabeticorum
(Letter). New England Journal of Medicine, 291, 1257-1258.

r°Bowen, B. D., and Aaron, A. H. (1926). Gastric secretion in diabetes mnellitus: Report of 10
diabetic patients who had diarrhoea and achlorhydria. Archives of Internal Medicine, 37, 674-
684.

5"Rabinowitch, 1. M., Fowler, A. F., and Watson, B. A. (1931). Gastric acidity in diabetes

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.19.12.1153 on 1 D

ecem
ber 1978. D

ow
nloaded from

 

http://gut.bmj.com/


Diabetes and the gut 1161

mellitus: Its clinical significance based on a study of one hundred cases. Archives of Internal
Medicine, 47, 384-390.

5'Marks, I. N., Shuman, C. R., and Shay, H. (1959). Gastric acid secretion in diabetes mellitus.
Annals of Internal Medicine, 51, 227-237.

"3Whalen, G. E., Soergel, K. H., and Geenen, J. E. (1969). Diabetic diarrhoea: A clinical and
pathophysiological study. Gastroenterology, 56, 1021-1032.

'4Hosking, D. J., Moody, F., Stewart, I. M., and Atkinson, M. (1975). Vagal impairment of
gastric secretion in diabetic autonomic neuropathy. British Medical Journal, 2, 588-590.

"5Angervall, L., Dotevall, G., Fagerberg, S. E., and Lehmann, K. E. (1962). Gastric mucosa in
patients with diabetes of early onset. Acta Pathologica et Microbiologica Scandinavica, Suppl.,
154, 108-110.

"Angervall, L., Dotevall, G., and Lehmann, K. E. (1961). The gastric mucosa in diabetes
mellitus: functional and histopathological study. Acta Medica Scandinavica, 169, 339-349.

57Root, H. F. (1931). Diabetes and pernicious anemia. Journal of the American Medical Associa-
tion, 96, 928-933.

"Arapakis, G., Bock, 0. A. A., Williams, D. L., and Witts, L. J. (1963). Diabetes mellitus and
pernicious anaemia. British Medical Journal, 1, 159-161.

"Wilkinson, J. F. (1963). Diabetes mellitus and pernicious anaemia (Letter). British Medical
Journal, 1, 676-677.

6"Moore, J. M., and Neilson, J. (1963). Antibodies to gastric mucosa and thyroid in diabetes
mellitus. Lancet, 2, 645-647.

"1Neilson, J., and Moore, J. M. (1963). Antibodies to gastric mucosa in diabetes mellitus (Letter).
Lancet, 2, 1388-1389.

"Solomon, S. P., and Spiro, H. M. (1959). The effects of glucagon and glucose on the humian
stomach. American Journal of Digestive Diseases, 4, 775-786.

63Dotevall, G. (1961). Gastric secretion of acid in diabetes melli.us. Acta Medica Scandinavica,
suppl., 368, 8-20.

"4Bargen, J. A., Boliman, J. L., and Kepler, E. J. (1936). The "diarrhea of diabetes" and steator-
rhoea of pancreatic insufficiency. Proceedings of the Staff Meetings of the Mayo Clinic, 11, 737-
742.

"Sheridan, E. P., and Bailey, C. C. (1946). Diabetic nocturnal diarrhea. Journal of the American
Medical Association, 130, 632-634.

"Martin, M. M. (1953). Diabetic neuropathy. A clinical study of 150 cases. Brain, 76, 594-624.
'7Malins, J. M., and French, J. M. (1957). Diabetic diarrhoea. Quarterly Journal ofMedicine, 26,
467-480.

6"Vinnik, I. E., Kern, F., Jr., and Struthers, J. E., Jr. (1962). Malabsorption and the diarrhea of
diabetes mellitus. Gastroenterology, 43, 507-520.

6"Malins, J. M., and Mayne, N. (1969). Diabetic diarrhea. A study of thirteen patients with
jejunal biopsy. Diabetes, 18, 858-866.

7"Scarpello, J. H. B., Hague, R. V., Cullen, D. R., and Sladen, G. E. (1976). The 14C-glycocholate
test in diabetic diarrhoea. British Medical Journal, 2, 673-675.

7'Berge, K. G., Sprague, R. G., and Bennet, W. A. (1956). The intestinal tract in diabetic diar-
rhoea. A pathologic study. Diabetes, 5, 289-294.

72Mailman, R-. H. (1958). Steatorrhea with diabetes: a case report. Annals of Internal Medicine,
49, 190-192.

73Wruble, L. D., and Kaiser, M. H. (1964). Diabetic steatorrhea: A distinct entity. American
Journal of Medicine, 37, 118-129.

74Green, P. A., Wollaeger, E. E., Sprague, R. G., and Brown, A. L., Jr. (1962). Diabetes mellitus
associated with non-tropical sprue. Diabetes, 11, 388-392.

75Cudworth, A. G., and Woodrow, J. C. (1976). Genetic susceptibility in diabetes mellitus:
analysis of the HLA association. British Medical Journal, 2, 846-848.

7"British Medical Journal (1978). Coeliac disease in Galway (Editorial). British Medical Journal, 1,
3-4.

"Francois, R., and Mouriquand, C. (1958). Diarrhee incoercible et fatale chez un jeune diabetique.
Ittude des plexus myent&iques. Semaine des Hopitaux de Paris, 34, 1526-1531.

78Drewes, V. M., and Olsen, S. (1965). Histological changes in the small bowel in diabetes
mellitus: a study of peroral biopsy specimens. Acta Pathologica et Microbiologica Scandina-
vica, 63, 478-480.

"'Hensley, G. T., and Soergel, K. H. (1968). Neuropathologic findings in diabetic diarrhea.
Archives ofPathology (Chicago), 85, 587-597.

"8Sumi, S. M., and Finlay, J. M. (1961). On the pathogenesis of diabetic steatorrhea. Annals of
Internal Medicine, 55, 994-997.

"Green, P. A., Berge, K. G., and Sprague, R. G. (1968). Control of diabetic diarrhea with
antibiotic therapy. Diabetes, 17, 385-387.

82Tabaqchali, S., and Booth, C. C. (1966). Jejunal bacteriology and bile-salt metabolism in
patients with intestinal malabsorption. Lancet, 2, 12-15.

"3Fromm, D. (1973). Ileal resection, or disease, and the blind loop syndrome: Current concepts
of pathophysiology. Surgery, 73, 639-648.

"4Goldstein, F., Wirts, C. W., and Kowlessar, 0. D. (1970). Diabetic diarrhea and steatorrhea.
Microbiologic and clinical observations. Annals of Internal Medicine, 72, 215-218.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.19.12.1153 on 1 D

ecem
ber 1978. D

ow
nloaded from

 

http://gut.bmj.com/


1162 J. H. B. Scarpello and G. E. Sladen

8"Fromm, H., and Hofmann, A. F. (1971). Breath test for altered bile-acid metabolism. Lancet,
2, 621-625.

86Condon, J. R., Suleman, M. I., Fan, Y. S., and McKeown, M. D. (1973). Cholestyramine and
diabetic and post-vagotomy diarrhoea (Letter). British Medical Journal, 4, 423.

'7Gerskowitch, V. P., Allan, J. G., and Russell, R. I. (1973). Increased faecal excretion of bile-
acids in post-vagotomy diarrhoea (Abstract). British Journal of Surgery, 60, 912.

88Allan, J G., Gerskowitch, V. P., and Russell, R. I. (1974). The role of bile acids in the patho-
genesis of postvagotomy diarrhoea. British Journal of Surgery, 61, 516-518.

8"Scarpello, J. H. B., and Sladen, G. E. (1977). Post-vagotomy diarrhoea (Letter). Lancet, 1,
646-647.

"9Caspary, W. F., Zavada, I., Reimold, W., Deuticke, U., Emrich, D., and Willms, B. (1977).
Alteration of bile acid metabolism and vitamin-B12-absorption in diabetics on biguanides.
Diabetalogia, 13, 187-193.

9"Berchtold, P., Dahlqvist, A., Gustafson, A., and Asp, N. G. (1971). Effect of a biguanide
(metformin) on vitamin B12 and folic acid absorption and intestinal enzyme activities. Scan-
dinavian Journal of Gastroenterology, 6, 751-754.

92Tomkin, G., Hadden, D. R., Weaver, J. A., and Montgomery, D. A. D. (1971). Vitamin-B12
status of patients on long-term metformin therapy. British Medical Journal, 2, 685-687.

"3Tomkin, G. H. (1973). Malabsorption of vitamin B12 in diabetic patients treated with phen-
formin: A comparison with metformin. British Medical Journal, 3, 673-675.

94McNally, E. F., Reinhard, A. E., and Schwartz, P. E. (1969). Small bowel motility in diabetics.
American Journal of Digestive Diseases, 14, 163-169.

95Muri, J. W. (1953). Nocturnal diarrhea in diabetes mellitus. Acta Medica Scandinavica, 146,
143-145.

"Bond, J. H., Jr, and Levitt, M. D. (1975). Investigation of small bowel transit time in man
utilising pulmonary hydrogen (H2) measurements. Journal ofLaboratory and Clinical Medicine,
85, 546-555.

97Scarpello, J. H. B., Greaves, M., and Sladen, G. E. (1976). Small intestinal transit in diabetics.
British Medical Journal, 2, 1225-1226.

9"Gottesbtiren, H., Schmitt, E., Menge, H., Bloch, R., Lorenz-Moyer, H., and Riecken, E. 0.
(1973). Untersuchungen zum Einflubb des Insulins auf die intestinal resorption bei Menschen.
I. Vergleich der Glucose, Wasser-und Electrolytresorption bei Diabetikern und stoffwechsel-
gesunden. Research in Experimental Medicine, Probanden (Berlin). 160, 326-330.

"9Gottesbiuren, H., Schmitt, E., Menge, H., Bloch, R., Lorenz-Moyer, H., and Riecken, E. 0.
(1973). Untersuchungen zum Einfluss des Insulins auf die intestinale Resorption beim Menschen.
2. Der Einfluss endogenen und intravenos injizierten Insulins auf die Resorption. Research in
Experimental Medicine (Berlin), 161, 262-271.

10°Vinnik, 1. E., Kern, F., Jr., and Sussman, K. E. (1965). The effect of diabetes mellitus and
insulin on glucose absorption by the small intestine in man. Journal ofLaboratory and Clinical
Medicine, 66, 131-136.

°01Levin, R. J. (1969). The effects of hormones on the absorptive, metabolic, and digestive
functions of the small intestine. Journal of Endocrinology, 45, 315-348.

102Costrini, N. V., Ganeshappa, K. P., Wu, W., Whalen, G. E., and Soergel, K. H. (1977). Effect
of insulin, glucose, and controlled diabetes mellitus on human jejunal function. American
Journal of Physiology, 233, E181-187.

103Caspary, W. F., Winckler, K., and Creutzfeldt, W. (1974). Intestinal brush border enzyme
activity in juvenile and maturity onset diabetes mellitus. Diabetalogia, 10, 353-355.

1^401sen, W. A., and Rogers, L. (1971). Jejunal sucrase activity in diabetic rats. Journal ofLabora-
tory and Clinical Medicine, 77, 838-842.

05Younoszai, M. K., and Schedl, H. P. (1972). Effect of diabetes on internal disaccharidase
activities. Journal ofLaboratory and Clinical Medicine, 79, 579-586.

1°6Caspary, W. F., Rhein, A. M., and Creutzfeldt, W. (1972). Increase of intestinal brush border
hydrolases in mucosa of streptozotocin-diabetic rats. Diabetalogia, 8, 412-414.

107Caspary, W. F. (1973). Effect of insulin and experimental diabetes mellitus on the digestive-
absorptive function of the small intestine. Digestion, 9, 248-263.

108Mayne, N. M. (1965). Neuropathy in the diabetic and non-diabetic populations. Lancet, 2,
1313-1316.

09Paley, R. G., Mitchell, W., and Watkinson, G. (1961). Terminal colonic dilatation following
intractable diarrhoea in a diabetic. Gastroenterology, 41, 401-407.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.19.12.1153 on 1 D

ecem
ber 1978. D

ow
nloaded from

 

http://gut.bmj.com/

