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Occasional Reviezw

Endocrine aspects of liver disease

R G LONG

Some diseases that affect the liver may present with endocrine
symptoms-for example, haemochromatosis often presents with
the symptoms of diabetes mellitus or testicular failure. Patients
with primary liver-cell carcinomas, particularly the Chinese,
commonly present with erythrocytosis and hypercalcaemia,
which are believed to be due to synthesis of erythropoietin and
parathyroid-hormone-like peptides.1 The endocrine abnormali-
ties seen in cirrhosis, however, are secondary to the underlying
liver disease, and most of the endocrine glands are affected.
Poor hepatic metabolism of hormones and abnormalities of
plasma-binding proteins may aggravate the condition. This
paper reviews the clinical and biochemical endocrine abnor-
malities seen in patients with chronic liver disease, but does not
specifically cover hereditary or rare diseases.

Hyperglycaemia

The causes of hyperglycaemia with chronic liver disease are
numerous and in some patients the condition may be multifactorial.
Some patients with haemochromatosis, alcoholism, cystic fibrosis, and
schistosomiasis have evidence of pancreatic destruction, which may
result in reduction in beta cells. This can cause diabetes mellitus of
all degrees of severity.
Some patients with hepatitis B surface-antigen-negative chronic

active hepatitis have severe diabetes-often much aggravated by
corticosteroids. Hepatic ketone production may be reduced. The
complications of chronic diabetes are rare. Occasionally these patients
have an autoimmune medley of diseases, including diabetes mellitus,
pernicious anaemia, and hypothyroidism. They presumably have a
major immune defect, which may be partially mediated through
HLA-B8.
A more common problem in patients with cirrhosis (and sometimes

acute hepatitis) is the triad of mild-to-moderate glucose intolerance,
hyperinsulinaemia, and hyperglucagonaemia. The hyperglycaemia is

usually asymptomatic. Studies on plasma C-peptide concentrations
indicate that insulin secretion is normal in these patients and that the
hyperinsulinaemia is related to hepatocyte failure rather than to
portosystemic shunting.' The high plasma glucagon concentrations
result from a rise in the pancreatic form of 3500 molecular weight
rather than the high-molecular-weight enteroglucagon derived from
the gastrointestinal tract. The hyperglucagonaemia is related to
hepatocellular failure and increased secretion.
As insulin release is greater after oral rather than intravenous

glucose gastric inhibitory polypeptide (glucose-dependent insulino-
trophic polypeptide or GIP) released from the upper small bowel
may stimulate the greater insulin release. Subsequently the GIP
response to oral glucose in patients with cirrhosis has been found to
be increased.3 Further studies are needed to confirm this observation
and to relate it to the hyperinsulinaemia and hyperglucagonaemia of
cirrhosis.

Asymptomatic patients with mild biochemical glucose intolerance
need no other treatment than avoidance of too many carbohydrates.
Patients with more severe diabetic symptoms should have a low-
carbohydrate diet. Biguanides by mouth are contraindicated because
of the increased risk of lactic acidosis. Insulin should be given if the
patients fail to respond and, because of peripheral resistance caused
by hyperglucagonaemia and corticosteroid treatment, large doses are
often necessary.

Hypoglycaemia

Episodes of hypoglycaemia are rare in patients with non-alcoholic
cirrhosis, except when terminal hepatic failure supervenes, but are
important in alcoholics, recipients of liver transplants, and patients
with acute liver failure and primary liver-cell carcinoma. Failure to
recognise and treat the hypoglycaemia can result in neuroglycopenia
and irreversible chronic dementia. Alcohol inhibits gluconeogenesis,
and hypoglycaemia is a major problem in alcoholic patients, in whom
four types are recognised.4 Alcohol ingestion can result in both fasting
hypoglycaemia and reactive hypoglycaemia after acute alcoholic
drinking with little supplementary food and can potentiate hypo-
glycaemia induced by drugs (for example, propranolol). Finally,
reactive hypoglycaemia may be a feature of any chronic alcoholic. All
these types of hypoglycaemia may be prevented by abstinence.
Hypoglycaemia in patients with acute liver failure is associated

with a breakdown of the central metabolic role of the liver in glyco-
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genolysis and gluconeogenesis and may be treated by adequate oral
and, if necessary, intravenous D-glucose supplements.
Two types of hypoglycaemia are recognised in patients with primary

liver-cell carcinomas. Type A occurs preterminally from a failure of
hepatic glucose synthesis. In contrast, type B usually occurs early in
the illness of patients with well-differentiated tumours and is associated
with two enzyme deficiencies (glucose-6-phosphatase and phosphory-
lase), which result in defective gluconeogenesis and glycogenolysis. If
surgical excision is impossible the hypoglycaemia may be very difficult
to treat. One possible form of treatment is continuous nasogastric or

intravenous D-glucose during sleep when the patients are at maximal
risk.

Thyroid disease

An association between chronic active hepatitis and primary biliary
cirrhosis and both autoimmune hypothyroidism and a history of
thyrotoxicosis has been claimed and probably occurs, but a careful
prospective study with appropriate controls and the use of serum

thyrotrophin (TSH) and, when indicated, confirmatory thyrotrophin-
releasing hormone (TRH) tests is available only in chronic active
hepatitis.5 Numerous studies have shown a high incidence of high-
titre thyroid autoantibodies in patients with autoimmune liver
disease. There is also a rare association between sclerosing cholangitis
and Riedel's thyroiditis.

Thyroid function tests continue to provoke interest and controversy
in patients with chronic liver disease. The main physiological hormone
is triiodothyronine (T3). There is evidence that the conversion of
thyroxine (T4) to T3 is reduced in cirrhotic patients and also that
more physiologically inactive reverse T3 is synthetised.

Another major problem is plasma thyroid hormone binding. In
normal circumstances T3 and T4 are bound in plasma by thyroid-
binding globulin (75 %), thyroxine-binding prealbumin (15 %), and
albumin (10 %). In patients with primary biliary cirrhosis, chronic
active hepatitis, and viral hepatitis, serum thyroid hormone binding,
as assessed by T3 resin binding ratios, increases. This results in a

slight increase in the mean serum total T3 and T4 concentrations but
reduced biologically active free T3 and T4 concentrations, so that
hypothyroidism may be missed biochemically in these patients if the
standard serum total T3 and T4 measurements alone are made. In
contrast, patients with alcoholic liver disease have reduced serum

thyroid hormone binding. In patients with chronic liver disease
hypothyroidism is best sought by serum TSH concentrations (more
than 10 mIU/l suggests hypothyroidism; this can be confirmed by an

exaggerated response to intravenous TRH).
Response to thyroxine treatment in patients with hypothyroidism

and chronic liver disease should be assessed by measuring serum

TSH and total T3 (if available, free T3 is preferable). In advanced
cirrhosis hepatic conversion of T4 to T3 may fail. If a patient shows
clinical or biochemical evidence of this, T3 should replace T4
treatment.

Pseudo-Cushing's syndrome

Occasionally, patients with alcoholic cirrhosis have clinical features
of florid Cushing's syndrome, in particular a plethoric facies, truncal
obesity, thin skin, and a tendency to bruise easily. In a recent study
four alcoholic patients with minimal or no liver disease presenting
with features of Cushing's syndrome were found to have increased
plasma cortisol concentrations between 9 am and midnight, increased
24-hour urinary excretion of 17-oxosteroid and 17-oxogenic steroid,
and a loss of the normal circadian rhythm of adrenocorticotrophic
hormone (ACTH). Return to biochemical normality occurred within
one to two weeks of stopping alcohol.6 The most likely explanation of
this syndrome (called pseudo-Cushing's) is a stimulatory effect of
ethanol on ACTH metabolism. A history of excessive alcohol intake
should be sought in all patients presenting with features of Cushing's
syndrome.

Truncal obesity, facial mooning, abdominal striae, acne vulgaris,
and hirsutism occur classically in patients (particularly adolescent
girls) with acute untreated hepatitis B surface-antigen-negative chronic
active hepatitis. These changes are consistent with raised plasma
cortisol concentrations and may transiently worsen with cortico-
steroids. Once a corticosteroid-induced remission is obtained the
features fade. After many years of corticosteroid treatment features of
chronic iatrogenic Cushing's syndrome-with fractures due to
osteoporosis, muscle wasting, systemic hypertension, and diabetes
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mellitus-may develop, which necessitates reducing corticosteroids
to a minimum (perhaps using azathioprine) once a biochemical
remission is obtained.

Hypoadrenalism
Hypoadrenalism is less well recognised in patients with chronic

liver disease. Corticosteroid treatment should be reduced carefully
in patients with chronic active hepatitis to avoid a steroid crisis.
About a quarter of patients with chronic alcoholism have a reduced
plasma cortisol response to insulin hypoglycaemia. Basal plasma
cortisol concentrations are normal, and there is no evidence that this
is clinically significant. In particular, controlled trials of corticosteroids
have shown no indication for this treatment in patients with alcoholic
liver disease.

Bone disease

Osteomalacia occurs in patients with chronic cholestatic liver
disease, alcoholic liver disease, and, rarely, chronic active hepatitis. It
appears to be due to vitamin D deficiency, caused by reduced
exposure to ultraviolet light without sufficient dietary vitamin D to
compensate. Vitamin D 25-hydroxylation in the hepatocyte micro-
somes is well preserved until advanced liver failure supervenes, and
the formation of 24,25- and 1,25-dihydroxy vitamin D in renal
tubular mitochondria is normal. Treatment with high-dose vitamin D
and adequate dietary calcium and phosphate results in clinical and
histological healing.

Osteoporosis occurs in patients with chronic liver disease, particu-
larly alcoholics and those treated with corticosteroids. There is no
evidence that corticosteroids are effective in patients with primary
biliary cirrhosis and when they are used there is often the complica-
tion of widespread vertebral collapse. Osteoporosis is also sometimes
a problem in patients with chronic active hepatitis treated with
corticosteroids. No cure is known but alcohol should be stopped, corti-
costeroid treatment reduced to a minimum, and a diet arranged with
adequate calcium, vitamin C, and protein. Immobilisation should be
minimised.

Periosteal reactions, sometimes in association with clubbing and
osteoarthropathy, are reported in most types of chronic liver disease
and primary liver-cell carcinoma but have no obvious endocrine
association.
Plasma ionised calcium and magnesium concentrations are normal

in patients with chronic liver disease. There is therefore no stimulus
for excessive parathyroid hormone secretion, and parathyroid bone
disease is unreported.7

Hypercalcaemia, probably due to tumour secretion of a parathyroid-
hormone-like polypeptide, occurs in occasional patients with primary
liver-cell carcinoma. Other biochemical abnormalities in such patients
include hypophosphataemia, hyperphosphaturia, and a raised urinary
excretion of hydroxyproline.

Male sexual function

The abnormalities of sexual function in men with cirrhosis
can be divided into those due to hypogonadism and those due to
feminisation.8 The hypogonadism is characterised by reduced or
absent libido; 80-900% of men with cirrhosis are impotent, and the
few able to ejaculate have oligospermia or azoospermia. Body hair,
beard growth, and the size of the testis and prostate are reduced.
Feminisation is characterised by gynaecomastia and sometimes also
by a female distribution of body hair and body habitus. There is
controversy about whether the feminisation is more common in
patients with alcoholic liver disease but it does not seem to correlate
with the degree of liver failure.
The biochemical abnormalities of the hypogonadism are now better

understood. In men with cirrhosis there is a reduced total plasma
testosterone associated with an increase in plasma sex-hormone-
binindg globulin, which greatly reduces the biologically active free
fraction of plasma testosterone. The failure of testosterone synthesis
occurs in the testis; it is due to the failure of conversion of andro-
stenedione to testosterone by a 17-3-hydrogenase enzyme. As a result
of the failure of the cirrhotic testis to synthetise testosterone, plasma
free androstenedione rises and a small amount is converted into
testosterone in peripheral tissues.
The exact biochemical cause of male feminisation is elusive but a

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.280.6209.225 on 26 January 1980. D
ow

nloaded from
 

http://www.bmj.com/


BRITISH MEDICAL JOURNAL 26 JANUARY 1980

reduced plasma androgen-oestrogen ratio and a possible increase in
the sensitivity of the breast in men with cirrhosis may be important.
There is much controversy over the plasma and urinary concentrations
of the three principal unconjugated oestrogens (oestradiol, oestrone,
and oestriol). Oestradiol is the most biologically active oestrogen, and
some workers have found the total and free concentrations to be high.
The correlation between a rise in plasma oestradiol and gynaecomastia
is poor. A correlation has, however, been noted between the biologi-
cally weaker plasma oestrone and the presence of gynaecomastia.
Kinetic studies have shown increased peripheral conversion of
androgens to oestrogens.

Evidence has also been found for a hypothalamic defect in these
patients, in that the plasma follicle-stimulating hormone (FSH) and
luteinising hormone (LH) concentrations are not so high as would be
expected with such a pronounced degree of testicular failure. The
response of plasma FSH and LH to luteinising hormone-releasing
hormone (LHRH) is normal. High plasma prolactin concentrations
have also been reported and may be a cause of the hypogonadism.
The male sex hormone changes are comparable in patients with

alcoholic and non-alcoholic chronic liver disease. Chronic alcoholism
without cirrhosis is associated with a rise in sex-hormone-binding
globulin and a fall in plasma-free testosterone. Alcohol ingestion may
therefore potentiate the hypogonadism of cirrhotic patients.

Treatment of both hypogonadism and feminisation is difficult. In
patients with gynaecomastia drugs known to cause this condition
(particularly spironolactone) should not be used. Alcohol should be
avoided. There is no evidence that testosterone treatment is beneficial,
and in view of its numerous dangers (including cholestasis and primary
liver-cell carcinoma) should be avoided. Recently, improved sexual
function has been reported after bromocriptine treatment in an
abortive trial for chronic portosystemic encephalopathy.9 In patients
with high plasma prolactin concentrations a radiograph of the
pituitary fossa should be taken, to exclude an expanding pituitary
tumour; and if the result is negative bromocriptine could be con-
sidered. If it is positive an endocrinologist should be consulted.

Precocious puberty has occurred in a boy with a hepatoblastoma
and raised gonadotrophins.

Female sexual function

As there is a high incidence of amenorrhoea, oligomenorrhoea, and
non-ovulatory cycles in women with cirrhosis, infertility is common.
Libido is also commonly reduced. Both amenorrhoea and reduced
libido are particularly prominent during relapses of chronic active
hepatitis and may return towards normal during remission. Two
groups of patients with relatively normal fertility are those with
Wilson's disease and those with early primary biliary cirrhosis, when
itching in the third trimester (which resolves after delivery) may be a
first symptom. Rare cases of conception after episodes of decompen-
sated liver failure and portacaval shunts have, however, been reported.
Hormonal studies in women with cirrhosis have attracted much
less study than those in men. Hyperprolactinaemia is reported, and
bromocriptine treatment might be considered in such patients.
Pregnancy in patients with cirrhosis is associated with an increased

incidence of uterine deaths but does not appear to alter the prognosis
of the underlying liver disease. About 200% of the patients develop
jaundice, ascites, or encephalopathy during pregnancy. Intra-
abdominal pressure increases during the third trimester and causes an
increase in portal vein pressure. A further dramatic increase occurs
in the second stage of labour. Haematemesis from portosystemic
varices at these times is a life-threatening complication. Postpartum
haemorrhage from reduced coagulation factors and thrombocytopenia
may also be a problem. The incidence of congenital abnormalities in
surviving children is similar to that of the normal population, but
those born to hepatitis B surface-antigen-positive mothers have an
increased incidence of chronic antigenaemia.
Another specific problem is the development of acute jaundice,

sometimes with liver failure, in previously normal pregnant women.
All causes of acute jaundice (hepatocellular, obstructive, and haemo-
lytic) must be considered. Causes of hepatocellular jaundice include
viral hepatitis and, after the 30th week of gestation, acute fatty liver
of pregnancy and eclampsia with disseminated intravascular coagula-
tion. The prognosis of hepatitis is good, but with acute fatty liver of
pregnancy both mother and child usually die despite all resuscitative
measures. Intrahepatic cholestatic jaundice of pregnancy usually
presents with pruritus in the third trimester of pregnancy and is
thought to be due to high plasma oestrogen concentrations. Oral
cholestyramine usually helps the itching and does the fetus no harm.
The pruritus disappears after delivery but may recur in subsequent
pregnancies and also, rarely, at the end of each menstrual cycle.
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Sodium metabolism

Sodium retention is a factor in the development of ascites due to
cirrhosis. Other major factors are hypoalbuminaemia and portal
hypertension. The sodium retention is associated with much-
increased total body sodium concentrations and very low renal
sodium excretion. The normal daily urinary excretion of sodium is
about 100 mmol and of potassium 50 mmol; in cirrhotic patients the
potassium excretion is sometimes raised but the sodium excretion is
often only 1-5 mmol/24 h.
The main mechanism for this sodium retention is probably severe

maximal secondary hyperaldosteronism due to high plasma renin
concentrations, the stimulus for which is a reduction in the plasma
reaching the juxtaglomerular apparatus. In some cases this is associated
with reduced total blood flow to the kidneys; but even when the renal
blood flow is normal or increased the blood flow to the juxtaglomerular
apparatus is still thought to be reduced, as a result of intrarenal
corticomedullary shunting. The rise in renin concentration results,
via angiotensin I and II, in increased aldosterone secretion. There is
also some evidence for reduced metabolic clearance of aldosterone in
patients with cirrhosis.
There is probably more to the sodium retention of cirrhosis than

secondary hyperaldosteronism. A poor correlation exists between
sodium excretion and plasma aldosterone concentrations and
aminogluthemide, which inhibits the synthesis of aldosterone, has not
been found to reduce uniformly sodium retention. Secondary hyper-
aldosteronism is a major factor in sodium retention and potassium
loss but abnormalities of intrarenal blood flow and renal tubular
function may also play a part.10

Growth hormone

In some children with chronic liver disease reduced growth is a
problem that is related more to the chronic disease state than to a
deficiency of growth hormone. It can be worsened in children by
corticosteroid treatment and such treatment should be kept to a
minimum during the pubertal growth spurt.

Raised growth hormone concentrations have been found in patients
with alcoholic cirrhosis, both basally and after stimulation with
thyrotrophin-releasing hormone.1' If confirmed, this increase may be
another factor in the pathogenesis of the diabetic glucose tolerance
curves often seen in these patients.

Erythropoietin

The development of erythrocytosis with a raised haemoglobin, red
cell count and red cell mass, and normal platelet and white cell counts
in a patient with cirrhosis usually heralds the development of a primary
liver-cell carcinoma. The syndrome also occurs occasionally in non-
cirrhotic patients. Primary liver-cell carcinomas are secondary only
to renal carcinomas in causing erythrocytosis. The radioimmunoassay
of erythropoietin is difficult but the most likely explanation of the
erythrocytosis is inappropriate tumour synthesis of this polypeptide.

Vasoactive intestinal peptide

Vasoactive intestinal peptide (VIP) is a polypeptide present through-
out the gut and brain, which may be a neurotransmitter. Raised
plasma VIP concentrations have been reported in cirrhotic patients
but these are not high enough to cause the classical feature of hyper-
vipaemia, secretory diarrhoea. VIP is concentrated in the liver and
lungs; and in experimental animals, if the liver is bypassed, VIP
accumulates in the lungs.'2 VIP may therefore play a part in the patho-
genesis of the pulmonary oedema of acute liver failure.

Endocrine diseases and the liver

Primary endocrine diseases not uncommonly cause clinical, bio-
chemical, and histological changes in the liver, and it is important to
recognise that these may occur without underlying primary liver
disease. Effective treatment of the endocrine disorder usually results
in complete resolution of the hepatic abnormalities.
Hepatomegaly and abnormal hepatic biochemistry occur in young

insulin-dependent diabetic patients with poor control and ketosis.
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Increased hepatic glycogen appears to cause the hepatomegaly. The
Mauriac syndrome, with gross hepatomegaly, childhood diabetes,
retarded growth, obesity, and florid facies, is rare. Fatty infiltration
of the liver is common in overweight patients with maturity-onset
diabetes.

Cushing's syndrome and high-dose corticosteroid treatment may
cause a fatty liver. Obesity alone causes fat deposition in the liver
with abnormal results in liver function tests. The hepatic abnormality
is proportional to the excess body weight and may be related to
increased mobilisation of fatty acids from peripheral fat.

Thyrotoxicosis may cause heart failure and be associated with
jaundice and on occasion ascites. Fatty infiltration may occur. Hepatic
blood flow is unchanged from normal, but metabolic requirements are
increased; the resulting relative hypoxia may cause centrizonal
necrosis, which may unmask previously asymptomatic Gilbert's
disease and cause jaundice. Cirrhosis due to a combination of venous
congestion, hepatocyte necrosis, and possibly fat infiltration has been
reported in severe untreated cases.

Untreated hypothyroidism may cause ascites with a high protein
content. It is associated with hepatic centrizonal congestion and
fibrosis. Thyroxine produces resolution.

Finally, acromegaly is associated with hepatomegaly, which may
be difficult to detect clinically. Bromsulphthalein clearance is increased,
suggesting that some liver function may be supranormal.

Conclusion

Endocrine problems in patients with chronic liver disease
are common and can cause considerable diagnostic and thera-
peutic confusion. Each individual patient must be carefully
assessed to make a correct diagnosis because effective treatment
and even cure (haemochromatosis, Wilson's disease, resectable
tumours, and primary endocrine diseases) may be possible.

I thank Dr S R Bloom for advice and the Medical Research Council
for financial support as a training fellow.
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Contemporary Themes

Medical opportunities in France

Despite the proximity of France to England, in the past 30 years
British doctors have been more familiar with medical practice
in North America and Australia than in their closest European
neighbour. This insularity of English-speaking doctors is,
however, being eroded by two political changes: firstly, the
freedom of movement within occupational groups that has been
encouraged by the EEC and, secondly, the daunting effect on
prospective transatlantic travellers of the current complex
requirements for medical visitors to the United States.
At the top level the research organisations, academic in-

stitutions, and professional bodies in France and Britain are now
doing all they can to encourage medical visits and exchanges
between the two countries, and the Joint Franco-British
Medical Interchange Committee met last year in the British
Council Headquarters in London to look for practical ways
to help set up such exchanges.

Getting to France

How, then, can a young British doctor or medical research
worker find ways of spending some time in France?

Conferences-At the simplest level, he or she may find a
clinical or research conference within his or her field of interest
(and approved for that purpose by the consultant or depart-
mental head). In these circumstances the British Council will

consider applications for travelling costs (but not subsistence)
if no other organisation is prepared to offer a grant.

Short-term visits-Individuals may wish to visit one (or
more) research units in France to learn a particular technique
or to carry out a specific, preplanned study. Again the British
Council could fund such visits, and grants are also available
for that type of visit from the Ciba Foundation.

Exchange arrangements-Formal arrangements for the
exchange of research fellows exist between the Medical Research
Council and the Institut National de la Sante et de la Recherche
Medicale (INSERM) and the Centre National de la Recherche
Scientifique (CRNS). The Royal Society has another formal
agreement with CRNS: under its terms the Royal Society funds
travel for British scientists but does not support research work.
In addition, the Medical Research Council, the British Council,
and the Wellcome Trust all have funds available for travel
Fellowships.

Twinned laboratories-INSERM and the Medical Research
Council have for some years had a scheme for twinning labora-
tories, so allowing easy flow of staff across the Channel in both
directions. A number of collaborative research projects are
also being financed by INSERM. The Wellcome Trust is
willing to finance schemes for Franco-British laboratory
collaboration.

Clinical exchanges-While all concerned are anxious to
encourage clinical exchanges several practical difficulties still
have to be overcome. The major research organisations cannot
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