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The Re-evaluation of Sex Steroids Metabolism in Patients
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Abstract We examined the serum levels of testosterone (T), androstenedione (A,-A), estrone
(E1), estradiol (E2), and dehydroepiandrosterone sulfate (DHEA-S) in the non-alcoholic cirrhotic
male patients when divided into compensated or decompensated state. Serum level of T was
significantly elevated in compensated cirrhotic patients (9.63+1.00 ng/ml, mean+SE) compared
to that in decompensated cirrhotic patients (5.63+0.69ng/ml, p<0.01) and in aged-matched
normal controls (4.95+0.38 ng/ml, p<0.01). Serum levels of E1, E2 and A,-A tended to be
increased in decompensated cirrhotic patients, while there was not a significant difference
statistically. Serum levels of DHEA-S were markedly reduced in both compensated and
decompensated cirrhosis compared to those of normal controls. Serum concentration of cholines-
terase, indicative one of the representative residual liver function, showed a good positive
correlation to T (r=0.53, p<0.01), and a negative correlations to E1 (r=—0.67, p<0.01), E2 (r=—
0.77, p<0.01), A;-A (r=-—0.57, r=p<0.01). Also, we examined the relationship of the serum
levels to gynecomastia or esophageal varices. The cirrhotics with gynecomastia showed signifi-
cantly higher serum levels of El, E2, and A,-A, and lower level of T than those without
gynecomastia. And the cirrhotics with esohageal varices showed the greater level of T than those
without esophageal varices.

Our study suggests that low serum testosterone level of men with nonalcoholic cirrhotic is
not a common finding, especially in compensated state. Serum ratios of T/A,~A and E2/T
indicated high conversion from A,-A to T and low conversion from T to E2 in compensated
cirrhotic patients, thus contributing to the high level of serum testosterone in non-alcoholic
cirrhotic men. However, the mechanism of hypertestosteronemia in these cirrhotics will be
unknown.

i Many investigators have observed the ele-
Introduction

Advanced liver disease in men, especially
liver cirrhosis, is frequently complicated by
gynecomastia and loss of libido, which reflect
the feminizing or demasculinizing characteris-
tics of cirrhosis. Despite of the frequent exis-
tence of these physical signs, the precise patho-
physiologic mechanisms responsible for their
development are poorly understood.

vated levels of serum estrogens and reduced
level of serum testosterone in advanced alco-
holic liver disease?'®'?, These changes may be
explained by altered production rate and
retarded metabolic clearance rate of sex ster-
oids, while primary gonadal failure with long-
term alcohol toxicity also appears to contribute
to the hypotestosteronemia in alcoholic liver
cirrhosis¥®*®, Recent evaluation of the hypoth-
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alamo-pituitary-gonadal axis of adult hemo-
philiacs men with hepatitis virus induced
advanced liver disease demonstrated that
serum testosterone levels were not reduced
when compared with those of age matched
controls'. This, evidence suggests that the
etiology of the disease may be an important
factor for influencing on the hypothalamo-
pituitary-gonadal functions of individuals with
liver disease, and that the ultimate clinical
picture and complications, such as individual
liver function per se, gynecomastia and, por-
tosystemic shuting®'®, may affect on the metab-
olism of sex steroids. Although considerable
information is available for evaluating the
levels of serum sex steroids in individuals with
alcohol-induced liver cirrhosis, only a few data
are reported concerning the levels of sex ster-
oids in individuals with non-alcoholic liver
cirrhosis?®17,

In the present study, we reevaluated the
serum levels of sex steroids in male patients
with non-alcoholic liver cirrhosis based on the
severity of liver cirrhosis. Also, we examined
the relationship of the serum Ilevels to
gynecomastia or esophageal varices.

Materials and Methods

Patients and normal controls: Twenty
eight patients with non-alcoholic liver cirrhosis
(posthepatitic B 3, posthepatitic C 25) aged 46 to
65 years and 8 strictly age matched normal
males (54.9+1.1 yo) were participated in this
study (Table 1). The diagnosis of liver cirrhosis
was based on the clinical manifestations, liver
function tests, and the histology of liver biopsy.
Patients with marked obesity (>130% of the
standard body weight), diabetes mellitus
(HbA,>9.09%), history of the steroid therapy,
large hepatocellular carcinoma (more than 2 cm
in diameter), and history of a surgical por-
tocaval anastomosis were eliminated from this
study. The patients were independently classi-
fied into two groups on the basis of the clinical
and laboratory findings which included 1)
compensated (Child-Pugh A) or decompensated
state (B or C) 2) the existence of feminization
sign such as a gynecomastia 3) the existence of
esophageal varices observed by endoscopy.

Measurement of Sex Steroids: Blood was
taken from an antecuvital vein of the subjects
fasting in the morning. After blood sampling,
the serum was immediately frozen and stored
at —20°C until assay. Sensitive and specific

Table 1 Liver functions of the patients with non-alcoholic liver cirrhosis

Compensated Decompensated
(n=17)
Age (yo) 56.9+3.1 56.3t1.4
ALT (IU/L) 63.1+£13.1 54.7+8.4
ALP (IU/L) 185.2+14.4 216.2+16.3
ChE (IU/L) 181.9+13.6 112.8+14.7
Albmin (g/dl) 3.86%0.07 3.09£0.11
PT (%) 81.8+4.4 59.9£2.5
Child-Pugh
A
B 14
C 3
mean score 5.91+0.1 8.6+0.4
(Mean=SE)

ALT =alanine aminotransferase ; ALP=alkaline phosphatase ;

ChE=cholinesterase ; PT =prothrombin time
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radioimmunoassay were used to measure the
serum concentrations of testosterone (Diagrios-
tic Products Corporation, Los Angeles, CA,
USA), A,~ androstenedione (Wein Labora-
tories, Suceasunna, NJ, USA), estrone (SRL,
Tokyo, Japan), estradiol (Daiichi Radioisotope
Laboratories, Tokyo, Japan), and dehydroe-
piandrosterone sulfate (Wein Laboratories,
Suceasunna, NJ, USA).

Statistical Analysis: The serum concentra-
tions of sex steroids from each group were
expressed as mean *+ SE. Multiple compari-
son to assess the significant differences among
the two groups of cirrhotics and normal con-
trols was performed by Kruskall-Wallis non-
parametric one way analysis of variance
(ANOVA) and Scheffé test. The significant
difference among the groups was considered at
P<0.05. Non-parametric Spearmann correla-
tion conefficient was used to examine the rela-
tionship.

Results

Serum levels of sex steroids in patients with
compensated or decompensated liver cirrhosis
(LC) and healthy males are shown in Table 2.
Serum level of testosterone (T) was significant-
ly higher in the patients with compensated

cirrhosis than that in patients with decompen-
sated cirrhosis or that in age matched normal
controls, although there was not a significant
difference between decompensated cirrhotic
patients and normal controls. Serum levels of
estrone (E1), estradiol (E2) and androstenedione
(As-A) tended to be increased in the patients
with decompensated cirrhosis among three
groups. Serum level of dehydroepiandrosterone
sulfate (DHEA-S) was markedly decreased in
both compensated cirrhosis (389.5+43.0 ng/ml)
and decompensated cirrhosis (401.2+66.2 ng/
ml) compared to that of normal control
(1617.6+£215.7 ng/ml, p<0.01). - The serum
cholinesterase concentrations in LC patients
showed a good positive correlation to that of T
(r=0.53, p<0.01), while negative correlations to
El (r=-0.67, p<0.01), E2 (r=—0.77, p<0.01)
and A,-A (r=-0.57, p<0.01) except DHEA-S

- (Fig. 1).

Table 3 depicted the ratios of E2/T,
E1/A,-A, T/A,-A, and E2/El1 among these
groups. The patients with compensated LC
showed much higher T/A,-A ratio and lower
E2/T ratio than the patients with decompensat-
ed or normal controls. The ratio of E2/E1 was
decreased in both the patients with compensat-
ed and decompensafed LC in compared to nor-

Table 2 Serum levels of sex steroids in liver cirrhosis and controls

Compensated Decompensated Controls
E1 (ng/ml) 52.14+11.24 91.06+28.00 50.08+6.00
E2 (ng/ml) 57.80+24.94 142.92+55.70 64.43+9.55
T (ng/ml) 9.631‘}1.00 5.63£0.69 4.95+0.38
e !
*k
A,-A (ng/ml) 0.98+0.17 1.13+0.12 0.78+0.06
DHEA-S (ng/ml) 389.5+43.0 401.2+66.2 1617+215.7
: pooommeeeeees PO
b !
* K
(Mean=+SE)

El=estrone ; E2=estradiol ; T =testosterone ; A,~A=androstenedione ;

DHEA-S=dehydroepiandrostérone sulfate.
** =P <0.01
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Fig.1 Correlation between serum levels of cholinesterase (ChE) and that of sex steroids. A:
androstenedions (A,—A), B: testosterone (T), C: estrone (E1), D: estradiol (E2).

Table 3 The serum ratios of E2/T, E1/A-A, T/A,-A, and E2/E1 in liver cirrhosis

Compensated Decompensated Controls
E2/T . 7.1x3.7 140.7+123.5 - 13.1+1.6
el
| T |
*
E1/A.-A 67.1£10.4 74.5%£20.5 67.1£8.3
T/A-A 11.7+1.9 5.7+0.9 6.6+0.6
T .
E2/E1 11.7£1.9 6.6+1.2 0.940.2
A 1
e |
**
(Mean+SE)

El=estrone ; E2=estradiol ; T =testosterone ; A,~A=androstenedione;
DHEA-S=dehydroepiandrosterone sulfate. ’
**=P<0.01, *=P<0.05.

mal controls. There was not a significant showed significantly higher serum levels of EI,
difference in the ratio of E1/A,-A among these E2, and A,-A, and lower level of T than those
groups. without gynecomastia; while there were no

The cirrhotic patients with gynecomastia difference on the hepatic dysfunction severity
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Table 4 - Gynecomastia and serum levels of sex steroids in liver cirrhosis

Gynecomastia (n=_20) (n: 8)

El (ng/ml) 54.3+9.3 127.8%+47.1 *
E2 (ng/ml) 62.2+17.4 238.8+100.3 *k
T (ng/ml) 7.83+0.79 4.45+0.99 *
A-A (ng/ml) 0.97+0.11 1.37+0.17 *
DHEA-S (ng/ml) 435.2+63.7 464.7+141.5 NS
Child-Pugh 7.1+0.3 8.8+1.0 NS
Age (yo) 56.8+1.9 53.4%2.6 NS

(Mean=SE)

El=estrone ; E2=estradiol ; T =testosterone ; A,~A =androstenedione ;

DHEA-S=dehydroepiandrosterone sulfate.

**=P<(0.01, *=P<0.05, NS=not significant

Table 5 Esophageal varices and serum levels of sex steroids in liver cirrhosis

Esophageal varices (n;13) (nIIS)

El (ng/ml) 68.3+16.7 62.9+8.9 NS
E2 (ng/ml)) 80.0£22.7 93.1+28.8 NS
T (ng/ml) 5.23%+0.85 7.60x0.66 *
AA (ng/ml) 0.98+0.17 1.10£0.13 NS
DHEA-S (ng/ml) 594.61125.6 330.4%35.7 NS
Child-Pugh 7.5+0.48 7.4%0.4 NS
Age (yo) 53.1£2.9 57.2£1.8 NS

(Mean=SE)

El=estrone; E2=estradiol ; T=testosterone ; A,~A=androstenedione ;

DHEA-S=dehydroepiandrosterone sulfate.

**=P<(0.01, *=P<0.05, NS=not significant

based on Child-Pugh scores and ages (Table 4).
The presence of palmar erythema in LC
patients was not related to the levels of those
sex steroids (data not shown). The cirrhotics
with esophageal varices showed the greater
levels of T than those without esophageal var-
ices, while the serum levels of other steroids
had no relation to the presence of esophageal
varices (Table 5).

Discussion

Although many investigators have observed
the reduced level of serum T in advanced alco-
holic liver disease!?'?, recent studies in post-
necrotic men showed that serum T levels were
not reduced when compared with those of age

matched controls'¥'?. In this study, we noticed
the significant elevation of serum T level in the
patients with compensated LC compared to
those in the patients with decompensated LC
and age matched controls. The increased con-
version from A,-A to T and decreased conver-
sion from T to E2 may be responsible for the
elevated serum levels of T in compensated LC
patients, while the cause of these metabolic
changes of sex steroids remains to be unknown.
The serum concentration of cholinesterase as
an index of limited reserve of liver function in
LC patients had a good positive correlation to
the serum T level in all cirrhotics, reflective to
that serum T levels were paralleled to the
severity of cirrhosis. It was reported that the
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sex hormone binding globulin (SHBG), prefer-
entially bound to T, was markedly increased in
LC especially in compensated LC in spite of
reduced free T level®. Although we could not
measure the serum levels of SHBG in these
subjects, high concentrations of SHBG might
contribute to the high levels of serum T in these
compensated LC patients. The serum T level of
the patients with decompensated LC made no
difference to that of normal controls. This data
may have a sampling problem because of the
use of limited number of Child C patients (n=3)
compared to Child B (n=10). In fact, serum T
level of these 3 Child C patients was apparently
low (mean=2.8ng/ml).

Serum levels of E1, E2 and A,-A tended to be
increased in the patients with decompensated
cirrhosis. These increases of sex steroids in the
alcoholic patients were already reported by
several investigators!?'?, Furthermore, we
found that the serum levels of each sex steroid
had a negative correlation to the serum concen-
tration of cholinesterase. These data suggested
that the decreased hepatic extracion of these
sex steroids caused the high serum levels of
these sex steroids. However, our preliminary
data suggest that the increased formation of
estrogens from androgens occurs in the
advanved LC patients (unpublished observa-
tion). Serum levels of DHEA-S were
significantly reduced in both compensated and
decompensated cirrhosis compared to thoses of
normal controls. As dehydroepiandrosterone is
sulfated by dehydroepiandrosterone sulfotrans-
ferase (DHEA-ST) in the liver and adrenal
gland?, the low levels of DHEA-S in cirrhotics
might be result from the reduction: of hepatic
DHEA-ST activity.

Interestingly, the LC patients with
gynecomastia showed markedly higher levels of
El, E2 and A,- A than those without
gynecomastia, however, the presence of
gynecomastia seemed to be not related to the
severity of LC based on Child-Pugh scores.
The long duration of LC may account for the

presence of this complication because there was
a wide variety of the periods to become LC in
the patients with post-necrotic hepatitis. At
present, we could say the high levels of serum
El and E2 may affect on the development of
gynecomastia not only in ‘alcoholic LC but in
post-necrotic LC.

Serum level of T was increased and E1, E2,
and A,-A levels were not changed in the LC
patients with esophageal varices which was
represented one of the portosystemic shunting.
It has been reported that the experimental large
portosystemic shunting in male rats caused the
increasing the plasma level of E2 and decreas-
ing that of T®MV191"_ This evidence is distinc-
tively contrast to the high concentration of
serum T level in LC patients with esophageal
varices. We could not answer this discrepancy,
but the difference of shunting volume between
postnecrotic patients and experimental models
may cause this discrepancy. In postnecrotic
patiens, much smaller portsystemic shunting
than experimental models. may have little
effects on the metabolism of sex steroids. Also,
we could speculate the present of esophageal
varices may induce the SHBG production in
postnecrotic LC by some unknown mechanisms.
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