
and correlated with EEG and brain MRI abnormalities. 
Melatonin was the only hormone associated with the 
severity of liver insufficiency.
CONCLUSION: Abnormal pituitary hormone and mel-
atonin circadian patterns are present in cirrhosis before 
the development of hepatic encephalopathy. These 
abnormalities may be early indicators of impending 
hepatic encephalopathy. Factors affecting the human 
biologic clock at the early stages of liver insufficiency 
require further study.
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INTRODUCTION
Hepatic encephalopathy, a major complication of  cirrho-
sis, is a clinical syndrome characterized by mental status 
changes in patients with severe hepatic insufficiency. By 
contrast, the term “Minimal Hepatic Encephalopathy”, 
also known as subclinical hepatic encephalopathy (SHE) 
describes disturbances of  several biological functions, in-
cluding sleep and activities of  daily living, in the absence 
of  clinical neurologic symptoms[1-3]. Hormonal disorders 
and circadian rhythm abnormalities are often associated 
with liver disease[4], and the severity of  these disorders is 
related to liver disease severity and duration. The role of  
melatonin is critical, as diurnal melatonin rhythm disrup-
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Abstract
AIM: To analyze pituitary hormone and melatonin cir-
cadian rhythms, and to correlate hormonal alterations 
with clinical performance, hepatic disease severity and 
diagnostic tests used for the detection of hepatic en-
cephalopathy in cirrhosis.
METHODS: Twenty-six patients with cirrhosis were 
enrolled in the study. Thirteen patients hospitalized for 
systemic diseases not affecting the liver were included 
as controls. Liver disease severity was assessed by 
the Child-Pugh score. All patients underwent detailed 
neurological assessment, electroencephalogram (EEG), 
brain magnetic resonance imaging (MRI), assays of pi-
tuitary hormone, cortisol and melatonin, and complete 
blood chemistry evaluation.
RESULTS: Pituitary hormone and melatonin circadian 
patterns were altered in cirrhosis patients without 
clinical encephalopathy. Circadian hormone alterations 
were different in cirrhosis patients compared with con-
trols. Although cortisol secretion was not altered in any 
patient with cirrhosis, the basal cortisol levels were low 
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tion may significantly contribute to circadian function 
alterations[5].

The main goal of  the present study was to evaluate 
the circadian hormone secretion profile in cirrhosis pa-
tients without hepatic encephalopathy. Specifically, the 
study was designed to analyze the circadian rhythm of  
pituitary hormone, serum cortisol and melatonin, and 
correlate the hormone levels and 24-h hormone secre-
tion abnormalities with brain magnetic resonance imag-
ing (MRI) and electroencephalogram (EEG), which are 
used for the diagnosis of  encephalopathy. In addition, 
the study also assessed the correlation between circadian 
hormone rhythm and the severity of  hepatic disease as 
measured by the Child-Pugh score.

MATERIALS AND METHODS
Study design
This was an observational study conducted at the Univer-
sity Hospital of  Patras, Greece, in the years 2005-2006.

Patient recruitment
Twenty-six patients with cirrhosis were enrolled in the 
study. In addition, 13 patients hospitalized for various 
chronic diseases without liver or central nervous system 
(CNS) involvement were included as controls. We chose 
not to have a healthy control group, because hormone 
patterns in healthy people have been described in detail. 
Inclusion criteria were: age 35-75 years, abstinence from 
alcohol for at least 6 mo, cirrhosis confirmed by liver bi-
opsy, and regular follow-up in our Liver Outpatient Clinic. 
Exclusion criteria were signs or symptoms of  encephalop-
athy, any CNS or endocrine disease, use of  medications 
with CNS effects, and illegal substance abuse.

Mean age was 64.6 ± 9.5 years in cirrhosis patients 
and 67.8 ± 10.8 years in controls. There were no signifi-
cant differences between men and women. The etiology 
of  disease in the two study groups is shown in Table 1.

The study was approved by the Institution Ethics 
Committee, and a written informed consent was ob-
tained from all patients.

All study participants underwent comprehensive 
biochemical and clinical evaluation. The severity of  cir-
rhosis was assessed by the Child-Pugh classification: 22 
patients were Child-Pugh A (16 with score 5, and 6 with 
score 6), and 4 patients were Child-Pugh B (1 with score 7, 
2 with score 8 and 1 with score 9). There was no patient 
with Child-Pugh class C.

Hormone assays
Blood samples for cortisol, melatonin, prolactin and 
TSH levels were drawn at 09.00, 14.00 and 21.00 h in 
an attempt to make inferences about circadian hormone 
secretion patterns. Prolactin, TSH and cortisol levels 
were measured by the electrochemiluminescence 
technique (Elecsys 2010 ROCHE, Roche Diagnostics 
GmbH D-68298 Manheim), while melatonin levels 
were determined using a radio-immunoassay method 
(Biosourse, rue de1: Industrie-B-1400 Nivelles, Catalog 
Nr. KIPLO800).

Brain MRI
Brain MRI was performed without contrast with a 1 
Tesla Gyroscan Intera MRI scanner using a head coil. 
Transverse and coronal sections were obtained with T1 
sequences. Basal ganglia MRI signal was evaluated and 
compared with adjacent brain white matter MRI signal. 
The regions of  interest (ROI) in the globus pallidus were 
defined bilaterally in axial and coronal images, whereby 
each ROI included a predetermined number of  pixels. 
Quantitative image analysis was done by calculating the 
mean signal intensity for each ROI. MRI signal was 
classified as Grade 0 = no alterations, Grade 1= mild 
alterations (Figure 1A) or Grade 2 = severe alterations  
(Figure 1B).

Neurologic assessment
All patients underwent comprehensive clinical neurologic 
examination with emphasis on cortical function assess-
ment. An awake 16-channel digital EEG was obtained 
with a standard 10-20 scalp electrode system. Abnormal 
EEG findings were classified as specific (epileptiform 
or paroxysmal) or nonspecific (theta and delta waves in 
various combinations) disturbances. Nonspecific dis-
turbances were further classified as mild, moderate or 
severe.

Statistical analysis
All statistical analysis was done with SPSS (Chicago, Il-
linois, USA) version 12 for Windows. Continuous data are 
presented as mean ± SD. The Student’s t-test was used to 
compare means and the Fischer’s exact test to compare 

Figure 1  T1 MRI of basal ganglia in cirrhosis: mild (grade 1) signal increase (A) 
and severe (grade 2) signal increase (B).

A B

Table 1  Diagnostic data on patients with cirrhosis and control 
patients

Cirrhosis patients Controls

Cirrhosis etiology Patient number Admission diagnosis Patient number

Alcohol 13 COPD 5
HBV infection   9 Cancer (no liver or 

CNS metastasis)
4

HCV infection   1 Ulcerative colitis 3
Alcohol + HBV   1 Crohn’s disease 1
Alcohol + HCV   1
Unknown   1



proportions. Correlations between continuous variables 
were evaluated with Pearson’s correlation coefficient. Hor-
mone assay results were analyzed with repeated measures 
ANOVA on the log of  measured values. The Student-
Neumann-Keuls test was used for post-hoc multiple com-
parisons. P < 0.05 was considered statistically significant 
for all tests.

RESULTS
Physical exam
All cirrhosis patients had normal muscle tone, normal 
tendon reflexes and no f lapping tremors. Ascites 
was present in 2 patients, splenomegaly in 14 and 
endoscopically documented esophageal varices in 8 
patients. Neurological evaluation did not reveal any 
abnormalities in the control subjects.

Liver function tests and hormone assays
Baseline liver function tests showed minimal hepatic 
insufficiency without evidence of  active liver disease 
(Table 2).

Hormone concentrations at 09.00 h, 14.00 h and 

21.00 h are presented in Figure 2A-D.
Prolactin levels did not show significant variations 

during the day in the controls. By contrast, prolactin lev-
els were significantly (P < 0.05) lower at 14.00 compared 
to 09.00 and 21.00 h in the cirrhosis group.

Morning TSH levels were significantly higher  
(P < 0.05) in cirrhosis patients compared to controls. With-
in the cirrhosis group, TSH levels were significantly higher (P 
< 0.001) at 9.00 h compared to 14.00 h and 21.00 h.

Cortisol levels were significantly lower (P < 0.001) 
at all times in cirrhosis patients compared to controls. 
However, the circadian cortisol secretion pattern was 
not altered compared to the pattern described in healthy 

Table 2  Baseline biochemical data (mean  ±  SD)

Parameter Cirrhosis Control P

Bilirubin (mg/dL)   1.44 ± 0.95   0.89 ± 0.24 < 0.01
Albumin (q/dL)   4.0 ± 0.5   3.7 ± 0.9
Globulin (q/dL)   3.9 ± 0.7   3.8 ± 0.5
PT (s) 14.4 ± 1.8 11.4 ± 0.8   < 0.001
SGOT (U/L)   49 ± 31   42 ± 34
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Figure 2  A: Prolactin 
levels in c i r rhosis 
patients and controls; 
B: TSH levels in cirr-
hosis patients and 
controls; C: Cortisol 
levels in c i r rhosis 
patients and controls; 
D: Melatonin levels in 
cirrhosis patients and 
controls; E: Cortisol 
and severity of EEG 
abnormalities.
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individuals. Both the study groups (cirrhosis patients and 
controls) demonstrated a significant (P < 0.05) trend of  
decreasing cortisol levels from morning to night.

Melatonin levels were higher at 9.00 h compared to 
14.00 h (P < 0.05) and 21.00 h (P < 0.01) in cirrhosis pa-
tients, whereas there was no such pattern in controls. The 
main difference between cirrhosis patients and controls 
was higher morning melatonin levels in patients with cir-
rhosis.

Brain MRI
Brain MRI was abnormal in 18 of  26 cirrhosis patients, 
with high bilateral symmetrical signal intensity on T-1 
images in the globus pallidus, the putamen, or both. The 
mean basal ganglia signal intensity was 1093.4 ± 171.8 
units on T-1 images. We did not find any brain MRI 
abnormalities in controls. The MRI abnormalities and 
Child Scores are presented in Table 3.

EEG
EEG was performed in 22 of  26 cirrhosis patients and 
demonstrated nonspecific disturbances in 11 (50%) pa-
tients. Disturbances consisted of  theta or delta waves, and 
were graded as mild (7 patients), moderate (3 patients), or 
severe (1 patient). We did not find epileptiform discharges 
in any patient. Cirrhosis patients with abnormal EEG had 
significantly (P < 0.05) higher mean basal ganglia MRI 
signal intensity (1151.1 ± 177.8 units) compared to those 
with normal EEG (1014 ± 135.3 units).

Hormone profile and MRI
We did not find any correlation between melatonin, TSH 
and prolactin levels with MRI abnormalities. However, 
serum cortisol levels showed significant (P < 0.005) asso-
ciation with brain MRI abnormalities; the 9.00 (P < 0.04) 
and 14.00 h (P < 0.01) cortisol levels correlated with the 
severity of  MRI disturbances.

Hormone profile and cirrhosis severity
We did not find any association between prolactin or 
TSH levels and cirrhosis severity as measured by the 
Child-Pugh score. However, there was an association 
between cortisol and melatonin levels in patients with 
Child-Pugh score of  5 (16 patients) compared with 
those with score > 5 (10 patients). Specifically, patients 
with Child score > 5 manifested impaired circadian cor-
tisol variation (P < 0.05) and significantly lower morning 
cortisol levels (P < 0.01) compared to those with Child 
score of  5 (Figure 2E).

The evening melatonin levels were significantly (P  

< 0.04) lower in cirrhosis patients with Child-Pugh score  
> 5 (Group 2) compared to those with Child-Pugh score 
of  5 (Group 1).

Hormone profile and EEG
We did not observe any association between prolactin, 
TSH, or melatonin levels and the severity of  EEG dis-
turbances (quantified as 0 = no EEG abnormalities, 1 = 
mild EEG abnormalities, 2 = severe EEG abnormali-
ties). However, cortisol levels were higher in cirrhosis 
patients without EEG abnormalities compared to those 
with mild (P < 0.05) EEG disturbances, and were even 
higher compared to those with severe (P < 0.01) EEG 
abnormalities. The observed association between corti-
sol and EEG abnormalities was more pronounced in the 
morning (P < 0.001).

DISCUSSION
The presence of  characteristic brain MRI and EEG 
disturbances, and hormone abnormalities in cirrhosis 
patients without hepatic encephalopathy is the main 
finding of  the present study.

Hepatic encephalopathy is a syndrome characterized 
by abnormal mental status in patients with severe liver 
disease[6-8]. SHE is a milder condition associated with 
cirrhosis and/or porto-systemic shunts. The diagnosis 
of  SHE is clinically relevant because it may precede the 
development of  overt hepatic encephalopathy. Moreover, 
the psychomotor deficits in SHE may impair cognitive 
function and activities of  daily living[2,3]. SHE diagnosis 
is based on psychometric tests, EEG and brain MRI. 
However, since there is no “gold standard” for diagnosing 
SHE[1-3,9], the prevalence of  this condition in cirrhosis has 
been reported variously as 30% to 84%, possibly due to 
different diagnostic criteria used in the various studies.

Cirrhosis patients without clinical encephalopathy of-
ten demonstrate high basal ganglia MRI T-1 signal inten-
sity, likely due to manganese deposition in the brain[10-12].

EEG is useful in the diagnosis of  SHE, as slow (2-5 Hz) 
high-amplitude frontal lobe waves are characteristic of  
early hepatic encephalopathy. Although EEG abnormali-
ties are not encephalopathy-specific, abnormal theta and 
delta wave activity correlates with disease severity [13].

Several biological rhythm abnormalities, including 
impaired arterial pressure diurnal variation, nocturnal 
portal pressure rise, melatonin secretion and sleep pat-
tern alterations occur in cirrhosis. The various mecha-
nisms proposed to explain these circadian abnormalities 
include the following: (a) effect of  neurotoxins on the 

Table 3  MRI abnormalities and child scores n (%)

Child score A5 (n  = 16) A6 (n  = 6) B7 (n  = 1) B8 (n  = 2) B9 (n  = 1) C (n  = 0)

Severity of brain MRI abnormalities 0 8 (50) - - - - -
1  5 (31.20) 5 (83) 1 (100) 1 (50) - -
2 3 (18.80) 1 (17) - 1 (50) 1 (100) -

MRI abnormality Grading: 0 = no abnormalities, 1 = mild abnormalities, 2 = severe abnormalities.
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suprachiasmatic hypothalamic nucleus (SCN), which is 
the “human biologic clock”[14,15], and (b) elevated morn-
ing melatonin levels due to impaired liver melatonin me-
tabolism, causing a circadian clock phase-shift[16,17].

Liver diseases are associated with several hormone 
disorders, including decreased serum levels of  T3, corti-
sol, testosterone, FSH and insulin, and elevated prolactin 
concentrations[18-22]. In addition, a characteristic high 
daytime melatonin pattern[5] has been described; this may 
contribute to the sleep-wake cycle disturbances and hor-
mone disorders, as SCN is located in the hypothalamus, 
which regulates pituitary hormones[5,23-26].

Melatonin may act as an internal circadian body 
rhythm “synchronizer”, and plasma melatonin profile may 
be a circadian pacemaker marker. Therefore, melatonin 
rhythm disruption observed in cirrhosis may reflect circa-
dian alterations with significant clinical implications: high 
daytime melatonin levels can cause an endogenous clock 
phase-shift and may therefore partly explain the sleep dis-
turbances observed in cirrhosis[5,27-29]. Additional factors, 
unrelated to melatonin but involved in liver failure, such 
as false neurotransmitters, cerebral amines and cerebral 
arteriovenous shunts may also contribute to hormonal 
circadian abnormalities in the early stages of  hepatic en-
cephalopathy. Our findings suggest that diurnal melatonin 
abnormalities correlate with the severity of  liver disease in 
cirrhosis and may be identifiable early, before the develop-
ment of  clinical hepatic encephalopathy.

Prolactin secretion follows a pulsatile pattern, with a 
characteristic nocturnal rise, but cirrhosis is associated 
with elevated 24-h prolactin levels and loss of  circadian 
prolactin rhythm[30-32]. However, our cirrhosis patients 
had significant prolactin circadian rhythm disturbances 
without baseline elevation. The differences between our 
findings and previous studies[30,31] may be explained by 
patient selection, as we excluded patients with clinical 
encephalopathy.

A diurnal TSH secretion pattern, with the highest 
concentrations in late evening and the first hours of  
nocturnal sleep is well documented in normal subjects. 
Circadian TSH level variations may be modulated, in 
part, by a dopaminergic mechanism, which plays a major 
role in TSH rhythmicity in liver disease[33-35]. In our study 
TSH circadian abnormality was identified in the absence 
of  clinical encephalopathy.

Although impaired cortisol inactivation is well docu-
mented in cirrhosis, basal circadian cortisol secretion re-
mains stable[36,37]. In the present study, patients with cir-
rhosis had low 24 h cortisol levels compared to controls.

Our data suggests that cirrhosis patients without 
encephalopathy have disrupted melatonin, TSH and pro-
lactin circadian cycle, and suppressed 24-h cortisol levels, 
but the circadian cortisol rhythmicity is unaffected. More 
importantly, the melatonin abnormalities (lower night 
levels) are more pronounced in advanced liver failure 
(Child score > 5). As these findings were not seen in 
controls, the hormone abnormalities identified in cirrho-
sis could be specific for liver disease.

We did not find any correlation between melatonin, 
TSH or prolactin levels with the severity of  brain MRI 

or EEG abnormalities, but the lack of  association may 
be a type-Ⅱ error due to the small number of  patients. 
Cortisol levels correlated with brain MRI abnormali-
ties, EEG abnormalities and severity of  liver disease 
(Child score > 5). Melatonin and cortisol abnormalities 
correlated with severity of  liver disease, while TSH and 
prolactin levels did not. As we could not find any similar 
findings in the literature, we believe these observations 
deserve further investigation.

Our cirrhotic patients with SHE had abnormal circa-
dian pituitary hormone secretion and diurnal melatonin 
cycle. The abnormal hormonal pattern in SHE is differ-
ent compared to patients with systemic diseases not af-
fecting the liver and healthy individuals. The presence of  
these abnormalities in cirrhotics without clinical enceph-
alopathy raises the possibility that these patterns may 
represent indicators of  early hepatic encephalopathy.

We believe that originality is the main strength of  
our study, as there are no published reports on pituitary 
hormone abnormalities in relation to the severity of  
hepatic encephalopathy. The main limitations include 
the study design (observational, no randomization, no 
power analysis, small patient number), and the attempt 
to make inferences about circadian patterns from three 
measurements per day. An additional (fourth) measure-
ment if  obtained the following morning could have 
provided additional insight into the time course of  the 
observed hormone changes. Since the number of  statis-
tical comparisons largely exceeded the number of  cases 
and groups, positive findings should be interpreted with 
caution, because of  the possibility of  type I error. The 
inclusion of  a healthy control group would have im-
proved the study, and should perhaps be considered in 
future studies on this subject.

In conclusion, circadian hormone disturbances occur 
early in cirrhosis and are associated with disease sever-
ity. These observations raise the interesting hypothesis 
that alterations in circadian hormone secretion may be 
an early sign of  impending clinical encephalopathy. This 
hypothesis has significant clinical implications and there-
fore, we believe, deserves further investigation.

COMMENTS
Background
Hepatic encephalopathy is a neuropsychiatric disorder associated with clinical 
manifestations ranging from slightly altered mental status to coma. The sever-
ity of symptom depends on the severity of liver disease, and the presence of 
metabolic or infectious complications. The term “Minimal Hepatic Encephalopa-
thy” includes biological disturbances such as that of sleep and daily activities, 
in the absence of neurologic symptoms. Abnormalities of psychometric tests, 
electroencephalogram (EEG) and brain magnetic resonance imaging (MRI) 
may support the diagnosis of Minimal Hepatic Encephalopathy. Hormonal disor-
ders and circadian rhythm abnormalities are often associated with liver disease, 
and the severity of these disorders is related to the severity and duration of the 
liver disease. The role of melatonin, a marker of intrinsic circadian pacemaker is 
critical, since diurnal melatonin rhythm disruption may reflect circadian function 
alterations leading to disturbances in the daily activities.
Research frontiers
Circadian pituitary hormone alterations, brain MRI and EEG abnormalities have 
been described in cirrhosis. However, there is limited data on the relationship of 
these abnormalities with the severity of cirrhosis and hepatic encephalopathy.  
This field deserves further study.
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Innovations and breakthroughs
This present study is the first attempt to evaluate circadian hormone abnormalities 
in relation to EEG, brain MRI, subclinical hepatic encephalopathy (SHE) and the 
severity of cirrhosis. The main finding is the presence of characteristic brain MRI, 
EEG and hormone secretion abnormalities in cirrhosis patients with SHE.
Applications
Our data suggests that melatonin and pituitary hormone circadian rhythm ab-
normalities are present early in the course of cirrhosis and are associated with 
the severity of liver disease in patients without clinical encephalopathy. These 
findings raise the interesting hypothesis that circadian hormone abnormalities 
may be an early sign of the development of hepatic encephalopathy.
Terminology
Circadian rhythm means a predictable physiologic fluctuation in a 24 h period; 
SHE is a clinical entity consisting of mild neuropsychological abnormalities affect-
ing the activities of daily living in cirrhosis patients without clinical encephalopathy.
Peer review
This is a non-randomized observational study with novel and interesting find-
ings, demonstrating that abnormal pituitary hormone and melatonin circadian 
patterns are present in cirrhosis patients without hepatic encephalopathy. The 
manuscript is well written.
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