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Progress report

Thyroid hormones and the gut
Thyroid hormones have an effect on the gastrointestinal tract at all levels of
organization and clinicians have long recognized the associations that exist
between gastrointestinal symptoms and thyroid disease. Our present know-
ledge of the mechanisms by which thyroid hormones act on the gut is, how-
ever, fragmentary and much of the literature which deals with disturbances
in gastrointestinal physiology in hyper- and hypothyroidism is inconclusive." 2

This review is brief and makes no attempt to be comprehensive. It is
intended to illustrate some aspects of the effects of altered thyroid function
on the gastrointestinal tract rather than to dwell on the biochemical role of
thyroid hormones at the cellular and subcellular level-a subject recently
reviewed elsewhere.3

Patients with hyperthyroidism or hypothyroidism and symptoms referable
to the alimentary tract rarely regard these symptoms as major complaints.
This may explain the paucity of studies relating gastrointestinal disturbances
to thyroid disease. Changes in appetite, however, are commonly noted by
patients, and whereas hyperthyroid patients tend to develop hyperphagia,
hypothyroid patients more frequently decrease their food intake. Apart
from these changes in diet the commonest gut-related complaints reported
in thyroid diseases are undoubtedly those due to disordered bowel function-
in particular alteration in bowel habit.

The Stomach in Thyroid Diseases

Neither hyperthyroidism nor hypothyroidism is associated with consistent
gross pathological changes in the stomach. Studies from many centres con-
firm, however, that alterations in gastric structure and function may accom-
pany thyroid disease. The level of gastric acid secretion has been reported to
vary greatly with both hyper- and hypothyroid states, depending to some
extent upon the experimental animal studied. In man, hyperthyroidism is
frequently associated with histological gastritis and with diminished acid
output4'5 which may amount to achlorhydria. These abnormalities tend to
return towards normal as the hyperthyroidism is controlled.5'6 In the in-
dividual patient the correlation between histological changes in the stomach
and alterations in hydrochloric acid secretion is far from absolute and the
mechanism by which hydrochloric acid secretion is reduced in thyrotoxicosis
is not clear.5 In spite of the normal or low gastric acid production in thyro-
toxicosis at least one study7 has reported an increased incidence of duodenal
ulceration. This association was not confirmed, however, in a review of
9,618 patients with hyperthyroidism.8
The rate at which the stomach empties its contents into the duodenum

depends to some extent upon the level of circulating thyroid hormone. This
important factor must be considered when assessing intestinal absorption
following oral administration of test substances, eg, a glucose tolerance test.
The stomach empties rapidly in hyperthyroidism, 9,10,1112 whilst in hypo-
thyroidism gastric emptying is prolonged." These alterations in gastric
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motility will be discussed further in the next section.

Alterations in Motility in the Gastrointestinal Tract

With currently available in-vivo techniques it is not possible to quantitate
changes in gastric and intestinal motility except by relatively crude criteria.
Clinical and experimental observations leave little doubt, however, that the
motor activity of the gastrointestinal tract is increased in hyperthyroidism
and decreased in hypothyroidism. The increased smooth muscle activity in
thyrotoxicosis may be associated with 'intestinal hurry' whilst the sluggish
motility in hypothyroidism may directly lead to constipation, atony, and even
intestinal obstruction.13'14
The evidence that hyperthyroidism in man is associated with hypermotility

of the gastrointestinal tract depends in the main on three radiological
studies.'18'17 In one of these studies17 gastric emptying and intestinal
motility were assessed in 106 patients before and three to six weeks after
therapy with radioiodine (1311). In the untreated patient with thyrotoxicosis
the stomach emptied two to three times faster than normal and the small
intestine was entirely free of barium within one and a half to three hours of
its administration, compared to a normal emptying time of eight to 10 hours.
'Peristaltic activity' in the small intestine was stated to be markedly increased.
The gastric emptying time and the rate of intestinal transit had returned to
normal within four to six weeks of therapy with radioiodine.17
The rate at which the stomach empties food, or barium, into the duodenum

probably has some effect on motor activity in the small intestine and on
intestinal transit times. Further studies, in which alterations in gastric empty-
ing are controlled or avoided, are needed to define the effects of thyroid
hormones in livo on motility of the small-intestine per se.

The Small Intestine in Thyroid Disease

STRUCTURAL CHANGES
There is strong evidence that thyroid hormones are necessary to ensure
normal maturation in intestinal mucosal cells. If the thyroid gland is removed
in the immature rat, for example, the small intestine fails to develop and
mature normally,18 and in the rat at least the thyroid hormones are im-
portant in stimulating cell mitosis and growth in the crypt zones of the
intestinal mucosa.19
The weight of the small intestine increases in experimental hyperthyroidism

in the rat.2'20 This is associated with an increase in the height of the villi as
well as with an increase in the total mucosal thickness :2,21 preliminary studies
also suggest concomitant hypertrophy of the microvillous border of the
mucosal epithelial cells.2'21 In addition, the total protein content of the
mucosa is increased in the hyperthyroid rat and this is accompanied by
increased activities of enzymes known to be associated histochemically with
the brush border region of the cell.2'21

In established hypothyroidism the intestine may show marked structural
alterations and diffuse myxoedematous infiltration is occasionally seen
throughout the whole bowel wall. The duodenum and colon in particular
may become enormously distended. For reasons which are not clear these
changes occur less frequently in stomach, jejunum, and ileum.
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DIARRHOEA AND STEATORRHOEA
A history of alteration in bowel habit can frequently be obtained from patients
with either hyperthyroidism or hypothyroidism. Certainly, in patients with
thyrotoxicosis frank diarrhoea may be present at the time of presentation.
More commonly, however, a history of increased bowel movements is
elicited, the stools being merely less well formed than usual.

It is now recognized that diarrhoea and steatorrhoea occur commonly in
hyperthyroidism in man,2,5,22,23,24 the daily faecal fat excretion probably
exceeding 7 g in at least 25 % of patients. Diarrhoea, sometimes accompanied
by steatorrhoea, may be the major or indeed the only complaint in patients
with thyrotoxicosis, and in the absence of other manifestations of hyper-
thyroidism may suggest primary disease of the small intestine.25 Consequently,
any patient with unexplained diarrhoea or steatorrhoea deserves to have the
diagnosis of thyrotoxicosis excluded.
The occurrence of steatorrhoea in hyperthyroidism is well documented.

It is difficult to understand, therefore, why reference texts in gastroenter-
ology26 and in endocrinologyl sometimes fail to include the association, and
why some recent reviews on intestinal malabsorption do not list hyperthy-
roidism as a cause.27'28,2
The mechanisms of diarrhoea and steatorrhoea in thyrotoxicosis in man

are unknown. They are commonly attributed, although without direct
supporting evidence, to the presence of hypermotility in the gastrointestinal
tract. A recent study has suggested that 'hypermotility' may indeed play a
major role in causing steatorrhoea in the experimental animal.12 When hyper-
thyroidism was induced in the rat by feeding thyroid extract there was a
marked increase in faecal fat excretion: the steatorrhoea could not be
attributed wholly to hyperphagia or to increased dietary fibre intake, as it
persisted when hyperphagia was prevented and when fibre was excluded from
the diet. The authors confirmed the presence of rapid gastric emptying and
intestinal transit in hyperthyroid rats. However, total biliary bile salt concen-
trations and output were normal in the hyperthyroid animals and the ability
of the small intestinal mucosa to absorb micellar and emulsified lipid was
not impaired. The hyperthyroid animals malabsorbed free fatty acid and
triglyceride to a similar extent. These findings suggested that the steatorrhoea
was not due to any primary defect in pancreatic, biliary, or small intestinal
mucosal function, but was more likely the result of disturbances in the intra-
luminal phase of fat absorption following rapid gastric emptying and rapid
transit of lipids through the small intestine.12

Rapid gastric emptying and intestinal hurry have also been demonstrated
repeatedly in hyperthyroidism in man,15 16 1724 but the definitive mech-
anism(s) of the steatorrhoea has yet to be studied. Both steatorrhoea and
the motility disturbance return towards normal with effective treatment of
the hyperthyroidism.2'5"7'24

Diarrhoea and steatorrhoea have been considered very rare manifestations
of hypothyroidism. However, a recent paper suggests that these symptoms,
together with changes in villous structure in the small intestine, may also
occur commonly in hypothyroidism.30 Further studies are required to
determine the true incidence of these associations.

D-GLUCOSE ABSORPTION
It is commonly accepted that the absorption of D-glucose from the small
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intestine is increased in hyperthyroidism and decreased in hypothyroidism.
There is not, however, general agreement on this point and review of the
literature does not permit an unequivocal conclusion.2 The confusion is in
part due to the variety of animals and the widely divergent experimental
conditions used to study the effect of thyroid hormones on glucose absorption.

Glucose absorption has been re-examined by techniques in vitro and
in vivo in the hyperthyroid rat.2'31 The study in vitro, performed in everted
sacs of small intestine, confirmed a previous report20 suggesting an increase
in 'mucosal glucose transfer' per unit weight of intestine in hyperthyroid rats.
The authors emphasized, however, that the rate of glucose disappearance
from fluid bathing the mucosal surface of a sac in vitro cannot be related to
glucose absorption in the intact animal: the increased mucosal glucose
transfer may reflect mainly the greater rate of mucosal glucose metabolism
which occurs in hyperthyroidism. The study in vivo on the other hand demon-
strated a significant reduction in the rate of glucose absorption from perfused
loops of proximal small intestine in the hyperthyroid rat.2 31 Absorption
was reduced to a mean of 640% of the control level, in close agreement with
an earlier study in the hyperthyroid rat.32
The statement that glucose absorption is increased in hyperthyroidism is

based on the study of Althausen and Stockholm.9 These authors adminis-
tered intragastric glucose to euthyroid and hyperthyroid rats and reported
a faster rate of glucose disappearance from the whole length of small intestine
in the hyperthyroid animals. Gastric emptying was not controlled in this
study and the results may not conflict with the data in vivo mentioned above.
The mucosal absorptive surface of the small intestine is increased in the
hyperthyroid rat,2'2' the stomach empties more rapidly9"0'12 and the in-
testinal transit time is decreased. Thus, glucose may leave the stomach at a
faster rate in the hyperthyroid animal, and, in the presence of intestinal hurry,
may be distributed to a greater length and mucosal surfacze area of small
intestine. Under these circumstances a diminished capacity of unit length of
intestine to absorb glucose may be masked by absorption from a longer
segment of small intestine.2 Glucose can be absorbed from all parts of the
small intestine33 and the intestinal absorptive capacity is difficult to exceed
even with very high glucose concentrations.34'35 It is possible, therefore, that
the amount of glucose absorbed from the diet, or from a test meal, may be
normal or increased in the intact hyperthyroid animal, while the absorptive
capacity of a given length of small intestine to absorb glucose when stressed is
reduced. Further studies are needed to compare rates of glucose absorption
following intragastric and intraduodenal administration of glucose.

In man, thyrotoxicosis is frequently associated with impaired glucose
tolerance and hypothyroidism with a flat glucose absorption curve. Differ-
ences in the rates of gastric emptying in thyroid disorders (see above) may
well contribute to these disturbances in glucose metabolism," and further
studies are also needed in man to define the effects of thyroid hormones on
glucose absorption.

D-XYLOSE ABSORPTION
The urinary excretion of D-xylose is increased in rats treated with thyroid
hormone although the rate of intestinal absorption of D-xylose is probably
unaltered.36 Disturbances in D-xylose metabolism also occur in thyroid
disease in man. Broitman and his coworkers37 demonstrated increased urinary
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D-xylose excretion in hyperthyroid patients following both oral and intra-
venous administration of D-xylose. The reverse applied to patients with
myxoedema-the rate of D-xylose excretion was reduced after both oral and
intravenous administration of the pentose sugar. Intestinal D-xylose absorp-
tion, on the other hand, was estimated to be normal in hyperthyroid and in
phyothyroid patients.37

CALCIUM HOMEOSTASIS
The absorption of calcium from the small intestine varies greatly in thyroid
diseases.38 However, Cook and his colleagues23 were able to demonstrate
increased faecal calcium excretion and negative calcium balance in nine
patients with thyrotoxicosis and metabolic bone disease. Treatment of the
thyrotoxicosis restored positive calcium balance in all patients.

MISCELLANEOUS
The synthesis of bile salts is also affected by the thyroid hormones. In
general, a change in thyroid status does not significantly alter total bile acid
excretion although the normal bile salt pattern may be profoundly
altered.'2,39'40'4' One recent study, for example, was unable to demonstrate
a difference in the total concentration of conjugated bile salts in the bile of
fasting euthyroid and hyperthyroid rats: however, whereas taurocholate
was the major bile acid in control animals taurochenodeoxycholate was the
major bile acid in hyperthyroid animals.'2 This relative increase in the di-
hydroxy bile acids in hyperthyroidism has been demonstrated also in man.24

It has long been recognized that hyperthyroidism and hypothyroidism
may present with bizarre manifestations. Unusual gastrointestinal mani-
festations of hyperthyroidism include severe anorexia, recurrent nausea and
vomiting, hyperbilirubinaemia, hypoproteinaemic oedema,42 and unexplained
oedema with normal serum proteins.43 Presentation in the guise of a frank
malabsorption syndrome has been discussed above. Patients with hypo-
thyroidism, on the other hand, may present with rectal prolapse, obstinate
constipation, enormous colonic dilatation, and faecal impaction. External
features of myxoedema may be absent or slight and if this syndrome is not
recognized progressive intestinal atony and death may result.'3 In long-
standing myxoedema intractable ascites may develop ('myxoedematous
ascites'). The ascites of hypothyroidism is usually recognized late but it
responds well to thyroxine therapy, usually within two to three weeks.44'45

Conclusion

It is clear that excess or deficiency of thyroid hormone may affect all levels of
the gastrointestinal tract and that the resultant changes may have clinical
as well as biochemical relevance. Increased awareness of the associations
between thyroid hormones and the gut may improve diagnosis in some
unexplained gastrointestinal disorders and may aid in the interpretation of
tests of gastric and intestinal function.

W. R. J. MIDDLETON
A. W. Morrow, Department ofGastroenterology, Royal Prince Alfred Hospital,

Sydney, Australia
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