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Hypothalamic-pituitary-gonadal function
in men with cirrhosis of the liver
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SUMMARY Hypothalamic-pituitary-gonadal function was studied in 37 cirrhotic males, 25 ofwhom
were alcoholic. Irrespective of aetiology, cirrhotic patients had significantly reduced free testo-
sterone concentrations. Despite low free testosterone concentrations and reduced or absent sperma-
togenesis, basal levels of luteinizing hormone (LH) and follicle stimulating hormone (FSH) were
normal in nearly all patients, suggesting impaired function of the hypothalamic-pituitary-gonadal
axis. In 14 cirrhotic men, seven of whom had gynaecomastia, the ability of the pituitary to secrete
LH and FSH in response to exogenous gonadotrophin releasing-hormone (LH/FSH-RH) was

assessed. A normal LH response to LH/FSH-RH was obtained in patients without gynaecomastia.
An exaggerated LH response was found in four of seven with gynaecomastia, suggesting Leydig cell
failure. The Leydig cell response to exogenous gonadotrophin in eight consecutive cirrhotic patients
was probably abnormal but difficult to interpret as all but one were within conventionally accepted
limits of normality. The patients without gynaecomastia gave a normal or minimally exaggerated
FSH response to LH/FSH-RH. Six of seven with gynaecomastia gave a markedly exaggerated re-
sponse suggesting failure of spermatogenesis, and all tested were either azoospermic or oligo-
spermic. The single patient with a normal FSH response had a normal sperm count. The pituitary
cells can therefore respond to LH/FSH-RH and the Leydig cells of the testes show some response to
exogenous gonadotrophin. Similar abnormalities in hypothalamic-pituitary-gonadal function have
recently been described in patients with normal liver function on chronic oestrogen therapy.

Loss of the normal male secondary sex characteristics
is common in patients with chronic liver disease
(Corda, 1925; Glass et al., 1940; Lloyd and
Williams, 1948; Summerskill et al., 1960). Tradi-
tionally these clinical signs have been attributed to
hormonal imbalance secondary to chronic liver
disease, but recently it has been postulated that
alcohol may have a specific action quite independent
of its hepatotoxic effect (van Thiel and Lester,
1974). Despite the advent of specific radioimmuno-
assays a universally acceptable hormonal basis for
clinical features such as gynaecomastia and testicular
atrophy has not been established (Adlercreutz, 1970;
1974). In particular, the role of oestrogens remains
in dispute. While some authors have reported ele-
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vated oestradiol levels (Korenman et al., 1969;
Cedard et al., 1970; Lourens, 1973; Chopra et al.,
1973), others have found these to be normal (Galvao-
Teles et al., 1973; Kent et al., 1973). Disturbed
androgen metabolism has also been reported.
Earlier reports (Coppage and Cooner, 1965; Baker
et al., 1972; Vermeulen et al., 1972a; Lourens, 1973)
suggested low or normal testosterone levels, but
Galvao-Teles et al. (1973) found a significant fall in
the unbound biologically active androgens
(measured as 17 ,-hydroxyandrogens) associated
with a significant rise in sex hormone binding
globulin (SHBG) concentrations.
To confirm and extend these studies, a larger

group of patients including alcoholic and non-
alcoholic liver cirrhotics have been studied. Endo-
crine investigations have included not only measure-
ment of hormone concentrations under basal condi-
tions but also hormone responses to dynamic tests
of hypothalamic-pituitary-gonadal function.
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Methods

Thirty-seven male cirrhotic patients were studied. Of
these, 25 were alcoholic (mean age 52 8 years, range
26-66 years) and 12 were non-alcoholic (mean age
51P8 years, range 22-74 years); this latter group in-
cluded five patients with cryptogenic cirrhosis, two
patients with chronic active hepatitis and cirrhosis,
one patient with chronic granulomatous liver
disease, and four with haemochromatosis. The
clinical diagnosis was confirmed histologically by
needle biopsy of the liver in all but nine patients in
whom either platelet deficiency or a prolonged pro-
thrombin time precluded liver biopsy. Fourteen
patients (37%), including 10 alcoholics, had definite
gynaecomastia which in all but two cases was bi-
lateral. No patient had galactorrhoea.

All blood samples for basal hormone studies were
taken between 9.00 and 10.00 am. The serum or
plasma was then stored at - 20°C to await analysis
at a later date. Plasma testosterone levels were
measured in all patients by a specific radioimmuno-
assay. In 17 unselected consecutive patients (mean
age 47 years; range 29-61 years) the percentage
unbound testosterone was measured by steady state
gel filtration (Anderson et al., 1972a; Burke, 1969).
The free fraction concentration was then derived
by multiplying the total testosterone level by the
percentage unbound testosterone. Free testosterone
levels were similarly estimated in 16 normal males
(mean age 30 years, range 26-36 years).

In all patients, basal concentrations of luteinizing
hormone (LH) and follicle stimulating hormone
(FSH) were measured by radioimmunoassay and
results were expressed in mU/ml of LH and FSH of
standard LER 907.

In 14 unselected consecutive cirrhotic males in-
cluding eight alcoholics (mean age 50 8 years, range
26 to 72 years) the response of the pituitary to the
gonadotrophin releasing hormone was assessed.
Seven of these patients, including four alcoholics,
had gynaecomastia. Basal heparinized blood samples
were taken between 9.00 and 10.00 am at 0 minutes
and followed immediately by a bolus intravenous
injection of 100 ,tg luteinizing hormone/follicle
stimulating hormone-releasing hormone (LH/FSH-
RH). Further samples of blood were then taken at
+ 20 and + 60 minutes (Besser et al., 1972). All
plasma samples were separated immediately and
stored at - 20°C to await estimation of LH and
FSH by radioimmunoassay.

In eight consecutive cirrhotic males including four
alcoholics (mean age 50 8 years; range 26-72 years)
the ability of the Leydig cells of the testis to respond
to human chorionic gonadotrophin (HCG) was
assessed by the method of Anderson et al. (Anderson

et al., 1972b). Basal blood samples were taken on day
0 between 9.00 and 10.00 am. HCG (2000 IU) was
then given by intramuscular injection on day 0 and
on day 3 and daily blood samples for testosterone
were taken between the same hours on days 1 to 5.

Results

The free testosterone concentrations in normal
subjects and cirrhotic patients are shown in Fig. 1.
Regardless of aetiology and irrespective of the pre-
sence or absence of gynaecomastia, the cirrhotic
patients had free testosterone concentrations (34-3
+ 36-7 pg/ml) (mean ± 1 SD) which were signifi-
cantly lower (p < 0 001) than those found in the
normal controls (106-5 ± 45-7 pg/ml). Apart from a
single alcoholic patient, there was no overlap
between the cirrhotics and the control patients. In
contrast, total plasma testosterone concentration
(not illustrated) was 5 4 ± 1 4 ng/ml for normal
subjects and 5 0 ± 3 8 ng/ml for cirrhotics. Total
plasma testosterone concentration in cirrhotics with-
out gynaecomastia was 4 9 ± 4-2 ng/ml, and in those
with gynaecomastia it was 5-6 + 3-4 ng/ml. There
were no differences between any of these groups.
The basal gonadotrophin levels are indicated

in Figs. 2 and 3. The normal range for basal LH is
0 8 to 13-3 mU/ml and for basal FSH is 0-2 to 8-3
mU/ml. Irrespective of aetiology or the presence or
absence of gynaecomastia all but two patients had

Normal
patients

z200-

g. -

C2- 1601
0

c

u

o 120-
u
Wc -

% 820-0

8-0-

E
*1

0*

Cirrhotic patients
Al A0*

* 0

_-- t

i i

Total With Without
group qyn. gyn.

Fig. 1 Free testosterone concentrations in normal
subjects and in alcoholic (A) and non-alcoholic (0)
cirrhotic male patients with and without gynaecomastia.
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Fig. 2 BasalLH concentrations in alcoholic (A) and
non-alcoholic (0) cirrhotic male patients with and
without gynaecomastia. Dotted line indicates upper
range of normal.
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Fig. 3 Basal FSH concentrations in alcoholic (A)
and non-alcoholic (0) cirrhotic male patients with and
without gynaecomastia. Dotted line indicates upper
range ofnormal.

normal basal LH concentrations (4 0 ± 2-5 mU/mI)
and all but two different patients had normal basal
FSH concentrations (3-1 ± 2-4 mU/ml).

All seven cirrhotic patients without gynaeco-

mastia gave a normal LH response to LH/FSH-RH
(Fig. 4). The LH response to LH/FSH-RH in the

seven cirrhotics with gynaecomastia is shown in
Fig. 5. Three patients (two alcoholics) gave a normal
response, while four (three alcoholics) gave an ex-
aggerated response. Two of these latter patients had
slightly elevated basal LH levels. These were the
only patients in the whole series with elevated basal
LH concentrations.
The FSH response to LH/FSH-RH in the seven

cirrhotic patients who did not have gynaecomastia
is shown in Fig. 6. At 20 minutes one value from an
alcoholic patient was slightly above the normal
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Fig. 4 LH response to LH/FSH-RH in seven cirrhotic
male patients without gynaecomastia. Hatched area
represents range of normal response.
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Fig. 5 LH response to LH/FSH-RH in seven cirrhotic
male patients with gynaecomastia. Hatched area

represents range of normal response.
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range, while at 60 minutes four patients (two
alcoholics) gave mildly exaggerated responses. These
findings contrasted strongly with those in the seven
cirrhotic patients who did have clinical gynaeco-
mastia (Fig. 7). Six of these gave a markedly exag-
gerated FSH response to the releasing hormone,
while a single alcoholic patient gave a normal
response.

Sixty per cent of patients were asked to produce a
specimen for sperm counting. Of these, 20% were
successful. Of the seven samples obtained from
cirrhotic patients, two were normal, while five were
oligo- or azoospermic. The ability to produce a
sample and the sperm count found were quite un-
related to either the aetiology of the liver disease or
the presence or absence of gynaecomastia.
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Fig. 8 Testosterone concentration after HCG
administration in eight cirrhotic male patients.

The plasma testosterone rose after HCG admini-
stration in all of the eight cirrhotic patients studied
(Fig. 8). A normal plasma testosterone response to
HCG is defined as a rise of at least 50% above the
basal level by day 3. Using this criterion, all but one
patient showed a normal response.

Discussion

ts without gynaecomastia. Hatched area Several reports have shown elevated levels of
ange of normal response. SHBG in patients with chronic liver disease (Galvao-

Teles, et al., 1973; van Thiel and Lester, 1974) and
we have recently shown this to be true irrespective
of the aetiology of liver cirrhosis (Mowat and
Dawson, in preparation). Normally, more than 98%
of circulating testosterone is bound to SHBG and
there is now good evidence that it is the small un-
bound fraction which is biologically active (Mauvais-
Jarvis et al., 1971; Ruder et al., 1971; Burke and
Anderson, 1972; Vermeulen et J1., 1972b).
Although several authors have reported normal

or low circulating total androgen concentrations in
cirrhosis of the liver, the results may underestimate
the degree of gonadal dysfunction in patients with
elevated SHBG levels Few authors have examined
free testosterone concentrations. Our measurements
of the free fraction show strikingly low concentra-
tions of free testosterone irrespective of the type of
cirrhosis and regardless of the presence or absence of
gynaecomastia. While the marked difference be-
tween the cirrhotic groups and our control groupD 20 40 60 might be partly attributable to the younger age ofTime (min) the controls, this is unlikely to be of significance,

FI response to LH/FSH-RH in seven cirrhotic since it has been recently demonstrated that free
ts without gynaecomastia. Hatched area testosterone levels, although tending to fall after
ange ofnormal response. the age of 50 years, are not significantly reduced
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until the seventh decade or later (Stearns et al.,
1974). The low free testosterone concentrations that
we report agree with the low free 17 fl-hydroxy-
androgens found in cirrhotic patients by Galvao-
Teles et al. (1973) and the findings of Chopra et al.
(1973) on a smaller series.
The difficulty in collection of seminal fluid

samples from cirrhotic male patients is well known
and our experience of only a 20% successful ejacula-
tion rate conforms with the experience of others
(van Thiel et al., 1974). Five of the seven samples
were oligospermic or azoospermic with only two
normal ejaculates.

Thus, in the patients studied, there is evidence of
both inadequate testosterone production by the
Leydig cells and also inadequate sperm production
by the tubular cells. This combined defect could
theoretically be due to either a primary gonadal
failure or else due to inadequate trophic stimula-
tion by the hypothalamic-pituitary system.

In the presence of normal basal FSH and LH
levels, low testosterone and severely impaired
spermatogenesis are suggestive of both a gonadal
defect and abnormal hypothalamic-pituitary func-
tion. We have demonstrated that the Leydig cells in
all but one patient (Fig. 8) can respond to large doses
of HCG by increasing the circulating testosterone
levels by at least 50% by day 3. This is the conven-
tional criterion of a normal response (Anderson et
al., 1972b). However, in patients with low basal
testosterone levels this may not be valid. For
example, patients with panhypopituitarism with
similar low levels showed an 800% rise and even
patients with Klinefelter's syndrome, with high
basal gonadotrophin levels, had a greater than 200%
increment in plasma androgen levels (Anderson et
al., 1972b). Our results therefore do not exclude a
gonadal defect in testosterone production. Van Thiel
et al. (1974) reported that 46% of their patients
given HCG failed to achieve the 50% increment in
testosterone above basal concentrations. However,
80% of the patients whom they studied had an
alcoholic hepatitis, whereas none of our patients
tested had this pathology.

If, however, gonadal failure is the sole cause of
the abnormal spermatogenesis and reduced plasma
testosterone concentrations, one would expect a
compensatory increase in trophic stimulation by
negative feedback via an intact hypothalamic-
pituitary-gonadal axis and thus elevated basal FSH
and LH levels. The nature of the gonadal products
responsible for this feedback regulation of gonado-
trophin secretion in the male is not established.
There is good evidence, however, that LH secretion
normally correlates inversely with circulating free
testosterone concentrations (Stearns et al., 1974) and

that FSH secretion by the pituitary usually increases
with diminished spermatogenesis, since it appears
likely that some products of the germinal epithelium
of the tubules play a role in inhibiting FSH secretion
(Odell and Moyer, 1971; Leonard et &l., 1972).
Thus, in our patients the combination of normal
basal plasma gonadotrophins and demonstrable
gonadal hypofunction must indicate a defect in this
regulatory mechanism. The defect must be located
either at the hypothalamic or pituitary level and the
LH/FSH-RH studies were performed in order to
determine the likely site of this lesion, bv testing the
pituitary's ability to respond to a specific trophic
stimulus.
The results of the releasing hormone studies re-

veal that pituitary release of LH and FSH in all
patients studied is not impaired. This would indicate
that the defect in the regulatory mechanism may lie
in the hypothalamus. One is tempted to speculate
that one cause for the hypothalamic dysfunction
may be inhibition by excess circulating oestrogens
in these patients; reports to date on circulating
plasma oestradiol concentrations in male cirrhotic
patients are contradictory and further investigation
of this is required.
An interesting finding of uncertain significance in

the releasing hormone studies was the marked FSH
(and, to a lesser extent, LH) hyper-responsiveness
seen in those cirrhotic patients with gynaecomastia;
this contrasted with the largely normal FSH and LH
responses seen in those patients without gynaeco-
mastia. However, the failure of the testes of our
patients to produce testosterone and sperm was
equivalent irrespective of the presence or absence
of gynaecomastia. While such hyperresponsiveness
is typically seen when there is primary failure of the
target organ (Mortimer et al., 1973), it is of con-
siderable interest that exaggerated gonadotrophin
responses to LH/FSH-RH have been reported re-
cently in patients with normal liver function on
chronic oestradiol therapy (Jaffe and Kaye, 1975).
This is a further indication of the importance of
studies on oestrogen metabolism in our patients.
We therefore conclude that there is evidence of a

regulatory defect at the hypothalamic level and also
a failure of the testes to respond to normal trophic
hormone stimulation. The role of oestrogens in the
pathogenesis of these abnormalities remains to be
clarified. A comparable conclusion was reached by
van Thiel et al. (1974) in their study of alcoholic
liver disease. Our study however, shows that such
abnormalities are also found in patients with non-
alcoholic liver disease. This demonstrates clearly
that alcohol is not an obligatory accompaniment of
the endocrine changes of chronic liver disease.
Further, clomiphene stimulation tests indicate
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either a hypothalamic or pituitary defect (van Thiel
et al., 1974). Our releasing hormone studies clearly
show that the pituitary can respond normally and
thus suggest that there is abnormal hypothalamic
function in these patients.

We are grateful to the Wellcome Research Founda-
tion and to the North East Thames Regional Health
Authority for financial support. We are also grateful
to Professor J. Landon for allowing us to use the
facilities of his laboratory.
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