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Abstract 

Background: Sub-clinical hepatic encephalopathy is a commonly recognized cognitive 
sequelae of cirrhosis and is associated with normal neurological and mental status exams but 

impaired performance on neuropsychological measures. Cognitive slowing and impairments in 

executive functioning are frequently noted; however, there is debate in the literature regarding 
the degree of memory dysfunction in patients with sub-clinical hepatic encephalopathy. This 

study aimed to evaluate memory functioning in patients with sub-clinical hepatic 

encephalopathy.  Method: Individuals with cirrhosis and no overt hepatic encephalopathy who 
presented for assessment for possible liver transplant to a large academic medical center in the 

South between January 2002 and July 2003 were randomly selected for analysis. In this 

retrospective analysis, a sample of convenience of 125 individuals comprised the three 
diagnostic categories: alcohol (ETOH) induced- (n=40), hepatitis C virus (HCV) without 

ETOH induced- (n=42), and non-ETOH/non-HCV induced-cirrhosis (n=43). Results: Forty-
eight percent of study sample reported difficulties with memory functioning within the past 

year, independent of disease etiology.  Compared to normative data, individuals with all three 

cirrhosis etiologies performed significantly worse than their healthy peers across 
neuropsychological measures of verbal memory functioning. Multivariate analyses revealed 

that individuals with ETOH-induced cirrhosis performed significantly worse than individuals 

with non-ETOH/non-HCV-induced cirrhosis on a specific measure of learning and memory. 
Conclusions: Cirrhosis is associated with impaired memory functioning regardless of 

underlying liver disease etiology. It appears that that sustained periods of excessive ETOH 

consumption result in greater impairments in memory functioning than hepatic insufficiency 
alone. Impairments in memory functioning among individuals with cirrhosis have the potential 

to negatively affect receipt of medical information, compromising compliance with treatment 

recommendations and negatively affecting pre- and post-transplantation outcomes. 

 

© 2012 GESDAV 

 
INTRODUCTION 

Hepatic encephalopathy (HE) and a sub-clinical variant 

(SHE) are commonly recognized cognitive sequelae of 

cirrhosis [1,2].  The hallmark of overt HE is a 

fluctuation in consciousness (i.e., delirium); whereas, 

SHE typically is evident within the context of normal 

neurological and mental status exams [3,4]. However, 

individuals with SHE evince impaired performance on 

neuropsychological tests of psychomotor speed, short-

term memory/attention, visuospatial perception and 

construction, and executive functioning compared to 

healthy controls [5-7]. The cognitive deficits associated 
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with SHE are characteristic of neuropsychological 

conceptualizations of subcortical dysfunction [8].  

Neurophysiological studies [9] and a variety of brain 

imaging techniques, including positron emission 

tomography [10], magnetic resonance imaging [11], 

and magnetic resonance spectroscopy [12], provide 

support for subcortical involvement underlying SHE.  

The cognitive deficits, however, are unlikely to be a 

consequence of structural changes in brain morphology 

[13]. Rather they are likely a byproduct of hepatic 

insufficiency. Most theories of the pathogenesis of HE 

and SHE implicate the liver’s failure to remove 

nitrogenous substances and other neurotoxins from the 

plasma, thus indirectly affecting central nervous system 

(CNS) functioning [1, 14, 15]. 

Despite the well-established consequence of subcortical 

impairment on memory functioning [8], the literature to 

date in the area of cognitive functioning and cirrhosis 

has inconclusively implicated memory dysfunction as a 

characteristic of SHE. Some researchers have reported 

impaired memory functioning [4, 16-19], while others 

have reported intact functioning [6, 20, 21]. 

Additionally, Laennec’s (alcoholic) cirrhosis is a 

common etiology of cirrhosis, and the consequence of 

excessive alcohol consumption on memory functioning 

is well established [22]. Thus, the lack of consensus in 

the literature regarding memory impairments associated 

with cirrhosis is surprising.  

Because memory functioning consists of three primary 

processes: an initial encoding stage, a consolidation 

phase, and a retrieval phase, observed deficits in 

delayed recall of information can be the result of 

dysfunction in one or more of these primary processes 

[23].  Encoding and retrieval are usually associated 

with deficits in attention and/or executive functioning – 

areas of cognitive impairment that are associated with 

subcortical involvement [8] and consistently are 

implicated in SHE [6, 7]. Thus, we hypothesized that 

verbal memory dysfunction would be evident across 

neuropsychological measures regardless of the etiology 

of cirrhosis, given our understanding of the impact of 

subcortical dysfunction on memory. Additionally, we 

hypothesized that verbal memory dysfunction would be 

greater among individuals with alcohol-induced 

cirrhosis relative to the other major cirrhosis etiologies, 

because of the former’s direct effects on CNS 

functioning in addition to the indirect consequences of 

hepatic insufficiency.  

METHODS 

Participants 

One hundred twenty-five (N=125) individuals with 

cirrhosis and without overt HE were randomly selected 

for analyses. Each participant presented for assessment 

for possible liver transplantation to the University of 

Alabama at Birmingham’s Liver Center between 

January 2002 and July 2003. In this sample of 

convenience, three etiologic groups were represented: 

alcohol-induced (ETOH; n=40), hepatitis C-induced 

(HCV; n=42), non-alcohol/non-HCV-induced 

(OTHER; n=43) cirrhosis. The following disease 

etiologies were included in the OTHER diagnostic 

category: hepatitis B, autoimmune hepatitis, alpha-1-

antitrypsin deficiency, primary sclerosing cholangitis, 

primary biliary cirrhosis, secondary sclerosing 

cholangitis, fibropolycystic liver disease, nonalcoholic 

steatohepatitis, hemachromatosis, Wilson’s disease, 

cryptogenic cirrhosis, Budd-Chiari syndrome, 

amyloidosis, and sarcoidosis. Data collection and 

analyses were conducted with full approval from the 

Institutional Review Board of the University of 

Alabama at Birmingham.    

Procedure 

In this retrospective analysis, individual medical 

records were reviewed. The records included a 

completed clinical diagnostic interview, a questionnaire 

assessing depressive symptomatology, a 

comprehensive neuropsychological assessment, and 

medical history, which included laboratory findings.  

Dependent Measures 

Verbal memory functioning was operationalized as 

performance on the California Verbal Learning Test – 

Second Edition (CVLT-II) [24] and the Logical 

Memory I and II subscales (LM1 and LM2, 

respectively) of the Wechsler Memory Scale – Third 

Edition (WMS-III) [25]. Scores from the following 

CVLT-II subscales were utilized: a) total number of 

words recalled trials 1-5; b) short delay free recall; c) 

long delay free recall; and d) recognition.  Scores from 

the following Logical Memory I and II subscales of 

WMS-III were utilized: a) LM1 Recall total score; b) 

LM2 Recall total score; and c) recognition. Other 

subscales were excluded from analysis to limit the 

number of potential dependent variables. Both tests 

have been used in clinical and research settings as 

neuropsychological measures of verbal memory 

functioning and have sound psychometric properties.  

Design 

This study employed a 3 X 4 between subjects, 

factorial design. The first factor was disease type and 

had three levels: 1) ETOH, 2) HCV and 3) OTHER. 

The second factor was disease severity as 

operationalized by the Model for End-Stage Liver 

Disease (MELD) score. The MELD score is the disease 

severity score used for listing patients for liver 

transplantation and is based on a mathematical model 

that uses laboratory values (serum total bilirubin, 
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creatinine, and international normalized ratio for 

prothrombin time; [26].  Disease severity was 

categorized based on the following MELD scores:  less 

than 10 (mild), 11-15 (moderate), 16-20 (severe), and 

21 and greater (very severe).  

Data Analyses 

Analyses were conducted on raw scores of each 

dependent variable. One-way analyses of variance 

(ANOVA) and chi-square analyses were employed to 

compare demographic and disease severity variables 

among the three disease etiologies.  Multiple single 

sample t-tests were performed on each dependent 

measure for each disease etiology using each etiologic 

group’s mean age and education as references to obtain 

published, normative (population) values.  A 

Bonferroni correction was employed to account for 

multiple comparisons and to control for alpha inflation; 

significance differences were noted for t-scores with 

associated p-values less than 0.0083. Data were then 

analyzed using a 3 X 4 factorial, multivariate analysis 

of covariance (MANCOVA).  The three covariates 

were age, depression and frontal lobe/executive 

functioning.  Depression was operationalized as total 

score on the Center for Epidemiological Study’s 

Depression Scales (CES-D; 27). Frontal lobe/executive 

functioning (verbal fluency) was operationalized as 

age- and education- adjusted standard score on the 

Controlled Oral Word Association test (COWA] [28, 

29]. It was selected over other measures of frontal lobe 

functioning as it is a verbal measure, and thus taps the 

same sensory modality as the two dependent measures.  

These three variables were included as covariates as 

they have all been shown to negatively affect memory 

functioning [30].  Univariate analyses were employed 

to follow-up significant multivariate main effects, and a 

Bonferroni correction was employed to account for 

multiple comparisons and to control for alpha inflation. 

SPSS Version 16.0 was the statistical software package 

used for all statistical analyses.  Statistical significance 

was set at .05 for all analyses unless otherwise stated. 

RESULTS 

The sample consisted of primarily middle-aged (51.9 ± 

9.6 years), right-handed (88%), married (73.6%) 

Caucasians (85.6%). Most had completed some post-

secondary education, but individuals in the HCV group 

(12.4 ± 2.3 years) completed significantly fewer years 

of formal education compared to individuals in the 

OTHER group (14.0 ± 2.9 years), p=0.022. 

Furthermore, there were disproportionately more males 

in the ETOH group (72.5%) compared to individuals in 

the HCV (42.9%) and OTHER (41.9%) groups, 

p=0.007.  There also were disproportionately more 

individuals currently in the workforce in the OTHER 

group (58.1%) compared to individuals in the ETOH 

(23.1%) and the HCV (31.0%) groups, p=.004 (see 

Table 1).  The three etiologic groups did not 

significantly differ from one another across disease 

severity variables. Based on their MELD scores, the 

sample was comprised of individuals with moderate 

cirrhosis (see Table 2). 

 

Table 1. Comparison of Demographic Variables by Liver Disease Etiology  

Variable ETOH HCV OTHER 

N 40 42 43 

Age (mean ± SD) 53.2 ± 7.1 52.8 ± 9.8 49.9 ± 11.3 

Education (mean ± SD) 13.2 ±2,5 12.4 ± 2.3 14.0 ± 2.9 

Right Handed (%) 87,2 90,5 88,7 

Male (%) 72,5 42,9 41,9 

Caucasian (%) 90 90,5 76,7 

Married (%) 71,8 85,7 65,1 

In the workforce (%) 23,1 31 58,1 
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Table 2. Comparison of Disease Severity Variables by Liver Disease Etiology (mean ± std dev) 

Variable ETOH HCV OTHER 

N 40 42 43 

Total Bilirubin mg/dL 3.2 ± 2.9 3.0 ± 2.5 4.5 ± 6.2 

Creatinine mg/dL 1.3 ± 1.1 1.4 ± 1.7 1.2 ± 0.6 

INR 1.6 ± 0.4 1.5 ± 0.4 1.4 ± 0.5 

MELD 16.4 ± 5,6 15.5 ± 5,4 14.1 ± 6,7 

Portal HTN (%) 46,9 46,3 25,6 

History of Varices (%) 37,1 32,5 25 

Ascites (%) 61,8 51,2 47,5 

Edema (%) 21,2 17,9 17,9 

 

Table 3. Pearson’s Product Moment Correlation Coefficients among Dependent Variables 

Variable CVLT1-5 SDFR LDFR CVLT-RC LM1 LM2 WMS-RC 

CVLT1-5 1.000 .849* .841* .462* .583* .501* .449* 

SDFR  1.000 .813* .496* .541* .497* .431* 

LDFR   1.000 .465* .524* .520* .380* 

CVLT-RC    1.000 .176** .195** .091
ns

 

LM1     1.000 .847* .609* 

LM2      1.000 .672* 

WMS-RC       1.000 

All correlational analyses were conducted on raw scores.  CVLT1-5 = CVLT-II 1-5 total recall; SDFR = CVLT-II short delay free 
recall; LDFR = CVLT-II long delay free recall; CVLT-RC = CVLT-II recognition; LM1 = WMS-III Logical Memory I total recall; LM2 = 
WMS-III Logical Memory II total recall; WMS-RC = WMS-III Logical Memory Recognition. ** = significant at the p=.05 level; * = 
significant at the p=.01 level; ns = non-significant association.    

 

Table 4. Descriptive Statistics of Selected Measures by Liver Disease Etiology 

Variable ETOH HCV OTHER 

N 40 42 43 

CVLT-II (mean ± SD) 
   

 sdfr raw 7.6 ± 3.1 9.1 ± 3.1 9.3 ± 3.5 

 1-5 raw* 40.2 ±10.0 43.7 ± 10.4 47.1 ± 11.4 

 ldfr raw 7.7 ± 3.1 8.6 ± 3.9 9.6 ± 3.5 

recognition 15.5 ± 2.0 13.8 ± 2.2 14.3 ± 2.1 

WMS-III (mean ± SD) 
   

 LM1 raw 33.6 ± 8.5 34.0 ± 11.3 36.4 ± 8.9 

 LM2 raw 19.2 ± 7.0 21.3 ± 7.8 22.3 ± 7.7 

 Recognition 24.2 ± 2.8 24.7 ± 3.2 25.1 ± 2.9 

Endorsing memory 52,6 61,9 38,5 

Problems (%) 
   

CES-D (mean ± SD) 15.7 ± 10.7 16.7 ± 10.7 13.4 ± 10.9 

COWA (mean ± SD) 91.5 ± 16.6 95.6 ± 11.4 95.7 ± 13.4 

Note. CVLT-II =California Verbal Learning Test – 2nd Edition, 1-5 raw = Trials 1-5 Total Score, sdfr raw = Short-Delay Free Recall 
raw score, ldfr raw = Long-Delay Free Recall raw score; WMS-III = Wechsler Memory Scale – 3rd Edition, LM1 = Logical Memory I 
raw score, LM2 = Logical Memory II raw score;  CES-D = Centers for Epidemiological Studies – Depression Scale; COWA = 
Controlled Oral Word Association Test; * significant difference between ETOH and OTHER, p < 0.05. 
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Almost half of the sample (48.8%) reported subjective 

difficulties with memory functioning; these findings 

were independent of disease etiology, X
2
 (2) = 4.49, 

p=0.106.  Results from the multiple, single-sample t-

tests indicated that individuals in the ETOH group 

performed significantly worse than age and education 

matched population norms on the CVLT-II short delay 

free recall (Mean = 7.6 vs. µ = 9.0), CVLT-II long 

delay free recall (Mean = 7.7 vs. µ = 9.0), and WMS-III 

LM1 Recall total score (Mean = 33.6 vs. µ = 39.5), 

p<0.0083.  Individuals in the HCV group performed 

significantly worse than age and education matched 

population norms on the CVLT-II 1-5 raw total score 

(Mean = 43.7 vs. µ = 50.0), CVLT-II short delay free 

recall (Mean = 9.1 vs. µ = 11.0), CVLT-II long delay 

free recall (Mean = 8.6 vs. µ = 11.5), CVLT-II 

recognition (Mean = 13.8 vs. µ = 15.0), and WMS-III 

LM1 Recall total score (Mean = 34.0 vs. µ = 39.5), 

p<0.0083.  Individuals in the OTHER group performed 

significantly worse than age and education matched 

population norms on the CVLT-II short delay free 

recall (Mean = 9.3 vs. µ = 11.0) and CVLT-II long 

delay free recall (Mean = 9.6 vs. µ = 11.5), p<0.0083.  

Evaluation of the variance-covariance structure of the 

dependent variables revealed a high degree of 

correlation among variables (0.198 < r < .849, p < 0.05) 

(see Table 3).  Consequently, the number of dependent 

variables for the multivariable analyses was reduced to: 

CVLT-II raw 1-5, CVLT-II long delay free recall, 

WMS-III LM1 and LM2.  While these variables are 

also highly correlated (0.520 < r < 0.841), they were 

included because of their clinical significance.  

Results from the original 3 X 4 MANCOVA revealed 

age and education to be non-contributory covariates; 

thus, they were removed from all further analyses. 

Results from the final model, which included the two 

independent variables (disease etiology and disease 

severity), the interaction term (disease etiology X 

disease severity) and a single covariate (COWA), 

revealed a significant multivariate main effect for 

disease etiology, F(8, 220) = 2.735, Pallai’s Trace = 

.181, p=.007.  Follow-up univariate analyses revealed a 

significant main effect for disease etiology on the 

CVLT-II 1-5 raw score, F(2, 112) = 3.42, p=.036.  

Post-hoc analyses revealed that individuals in the 

ETOH group (40.2 ± 10.0) performed significantly 

worse than individuals in the OTHER group (47.1 ± 

11.4), p=.031.  No other differences were significant 

(see Table 4).    

DISCUSSION 

This study is among the limited efforts specifically 

examining verbal memory functioning in individuals 

with cirrhosis presenting for consideration for liver 

transplantation. Perceived deficits in “memory” are 

common among individuals with cirrhosis, with 

approximately half (48.8%) of the sample endorsing 

difficulties with memory functioning within the year 

preceding their evaluation for possible liver 

transplantation. Objective measurements confirm the 

subjective complaints of memory impairments. Across 

neuropsychological measures of learning and memory, 

individuals with cirrhosis performed significantly 

worse than matched peers from population norm data. 

Additionally, individuals in all three diagnostic 

categories performed significantly worse than matched 

peers on the immediate and delayed recall of 

information presented in list form (i.e., CVLT-II short 

and long delay free recall).  Furthermore, individuals 

with alcohol- and HCV-induced cirrhosis evinced 

impaired performance on the immediate recall of 

information presented in context (i.e., WMS-III LM1). 

Individuals with non-alcohol, non-HCV induced liver 

disease etiologies did not evince such deficits.  Finally, 

individuals with HCV-induced cirrhosis also performed 

significantly worse than age- and gender-matched 

controls on a measure of learning across multiple 

presentations of the same material (CVLT-II 1-5 total 

raw score) as well as a measure of recognition (CVLT-

II Recognition). As there have only been a limited 

number of published articles to date assessing the 

impact of HCV on cognitive functioning in general, 

these findings extend our current understanding of this 

emerging field [19, 31-34].  

Notable differences in verbal memory functioning were 

also observed among the ESLD etiologies. Despite 

equivalent disease severity, individuals with alcohol-

induced liver disease evinced poorer verbal learning 

and memory than individuals with non-alcohol, non-

HCV-induced cirrhosis etiologies. Sustained periods of 

excessive alcohol consumption appear to result in 

greater verbal memory impairment than hepatic 

insufficiency alone, which is not surprising as the 

negative impact of alcohol on memory functioning is 

well documented and widely accepted [22, 35]. 

However, despite being adequately powered, this study 

failed to demonstrate a statistically significant 

difference between individuals with HCV-induced liver 

disease and individuals with non-alcohol, non-HCV 

cirrhosis etiologies, suggesting that the virus does not 

have a significant detrimental impact on memory 

functioning above and beyond the effects of hepatic 

insufficiency alone.  

Functional differences among cirrhosis etiologies are 

suggestive of structural differences in the mechanism 

of action of the differing etiologies. It is well 

established that excessive alcohol consumption affects 

cognitive processes associated with cortical (e.g., 

frontal lobes) as well as subcortical (e.g., basal ganglia) 
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structures [36, 37].  On the other hand, studies utilizing 

in vivo proton magnetic resonance spectroscopy have 

revealed selective cerebral metabolite abnormalities in 

the basal ganglia and white matter in HCV-infected 

individuals, suggesting only subcortical involvement 

[31, 38].  However, to the authors’ best knowledge, no 

studies have specifically examined the 

neurophysiological effects of non-alcohol and non-

HCV related liver disease.  Based on the findings from 

this study, indicating similar functioning in verbal 

learning among HCV-infected individuals and 

individuals with other disease etiologies, it appears that 

liver disease alone negatively affects subcortical 

structures without the impact on cortical structures that 

is seen in substance abuse.  

Notable strengths of this study are a large, diverse 

sample and multiple measures of verbal memory 

functioning. Whereas past efforts have typically 

utilized small, heterogeneous samples, this study was 

conducted on fairly large sample (N=125) with three 

distinct liver disease etiologies. For example, McRea et 

al. [6] had a sample of twenty individuals with cirrhosis 

and twenty controls and found no memory dysfunction.  

With such a small sample size, statistical analyses were 

likely underpowered and non-significant findings are 

not entirely unexpected. Additionally, the 

inconsistencies in the literature regarding memory 

impairments among individuals with liver disease may 

be a consequence of disparate methods of 

measurement. Notably, deficits in memory function 

relative to normative values were more evident across 

subscales of the CVLT-II compared to subscales from 

the WMS-III. Significant differences also were 

observed among the three ESLD etiologies on a 

subscale from the CVLT-II, but no statistically 

significant differences were observed across subscales 

from the WMS-III. Thus, the results support previous 

findings that individuals with liver disease do not 

evince impairments on many measures of the Wechsler 

memory scales [4, 6] but do evince impairments on 

measures of learning and memory that employ list 

learning [19].  

Although findings from this study provide evidence of 

a statistical difference among individuals with ESLD 

relative to published norms and among ESLD 

etiologies, these findings may not be clinically 

meaningful in and of themselves.  Across measures of 

learning and memory and disease etiologies, 

individuals with ESLD perform 0.5 to 1 standard 

deviations below their peers; however, these 

performances still fall within the average to low 

average range of functioning overall. In light of the 

frequency with which individuals self-report memory 

impairments and while not necessarily indicative of 

clinically meaningful neuropsychological impairment 

alone, recognizable changes in cognitive functioning 

have the potential to contribute to psychological 

distress, and SHE has been shown to negatively affect 

overall quality of life [39-41]. 

A better understanding of the verbal memory 

dysfunction evident among individuals with ESLD has 

the potential to improve patient care. Individuals living 

with chronic conditions are becoming increasingly 

responsible for the day-to-day management of their 

disease. Medical staff typically provides information 

necessary to manage a chronic condition verbally. Most 

medical interventions – pharmacological as well as 

behavioral – have been shown to be more beneficial 

than harmful when followed as prescribed, and 

noncompliance with prescribed regimens undermines 

the possible benefit achievable from these interventions 

[42-44]. Strict compliance with medical 

recommendations becomes especially important for 

individuals with ESLD who undergo transplantation. 

During the post-transplantation period, the ability to 

recall specific instructions and apply them as specified 

is imperative to survival, as even a slight fever may be 

an early indication of graft rejection. Strict adherence 

to medication (e.g., immunosuppressive regimens) as 

well as dietary and substance use restrictions is a 

requisite to successful transplantation outcomes.  

While the current findings highlight the relative 

impairment of verbal memory functioning among 

individuals with ESLD compared to published norms, 

the design of this study did not employ a control group, 

and consequently, interpretation of these findings 

should take this limitation into account. Furthermore, 

disproportionately more males had alcohol-induced 

liver disease.  This finding, however, is not entirely 

surprising as there are disproportionately more males in 

alcohol treatment programs, even among those 

programs that specifically target female populations 

[45-47]. Nonetheless, this is a limitation of this study, 

and results should be interpreted with caution. Of note, 

the design of the current study is not capable of 

adequately describing the nature of the deficits in 

verbal memory.  Future research should examine the 

degree to which impairments in verbal memory 

functioning are a result of deficiencies in encoding, 

consolidating and/or retrieving newly learned 

information. Finally, it is noteworthy that individuals 

with HCV typically have significant alcohol and drug 

histories [48,49], and individuals with HCV who drink 

alcohol in excess have more severe histological injury, 

faster disease progression, and a greater incidence of 

hepatocellular carcinoma and cirrhosis [50].  However, 

the current analyses were limited to individuals with 

HCV but without concomitant histories of alcohol use.  

Therefore, all conclusions regarding the effect of HCV 

on verbal memory functioning should be limited to this 
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select population. Future research should examine the 

additive effects of alcohol and HCV on verbal memory 

functioning 

REFERENCES 

1. Blei AT, Cordoba J, The Practice Parameters Committee 

of the American College of Gastroenterology. Hepatic 

encephalopathy.  Am J Gastroenterol 2001; 96:1968-

1976. 

2. Weissenborn K, Ennen JC, Schomerus H, Ruckert N, 

Hecker H. Neuropsychological characterization of hepatic 

encephalopathy. J Hepatol 2001; 34: 768-773. 

3.  Blei AT, Cordoba J. Subclinical encephalopathy. Dig Dis 

1996; 14:2-11. 

4. Tarter RE, Switala J, Arria A, Plail J, Van Thiel DH. 

Subclinical hepatic encephalopathy: Comparison before 

and after orthotopic liver transplantation. Transplantation 

1990; 50:632-637. 

5. Mattarozzi K, Campi C, Guarino M, Stracciari A. 

Distinguishing between clinical and minimal hepatic 

encephalopathy on the basis of specific cognitive 

impairment. Metabolic Brain Disease 2005; 20:243-249. 

6. McCrea M, Cordoba J, Vessey G, Blei AT, Randolph C. 

Neuropsychological characterization and detection of 

subclinical hepatic encephalopathy. Archives of 

Neurology 1996; 53:758-763. 

7. Weissenborn K, Heidenreich S, Ennen JC, Ruckert N, 

Hecker H. Attention deficits in minimal hepatic 

encephalopathy. Metabolic Brain Disease 2001; 16:13-19. 

8. Lezak MD. Neuropsychological Assessment (3rd Ed). 

New York: Oxford University Press; 1995. 

9.  Saxena N, Bhatia M, Joshi YK, Garg PK, Dwivedi SN, 

Tandon RK. Electrophysiological and neuropsychological 

tests for the diagnosis of subclinical hepatic 

encephalopathy and prediction of overt encephalopathy. 

Liver 2002; 22:190-197. 

10. Kato A, Suzuki K, Kaneta H, Obara H, Fugishima Y, 

Sato S. Regional differences in cerebral glucose 

metabolism in cirrhotic patients with subclinical hepatic 

encephalopathy using positron emission tomography. 

Hepatol Res 2000; 17:237-245. 

11. Krieger S, Jauss M, Jansen O, Theilmann L, Geissler M, 

Krieger D. Neuropsychiatric profile and hyperintense 

globus pallidus on T1-weighted magnetic resonance 

images in liver cirrhosis. Gastroenterology 1996; 

111:147-155. 

12. Taylor-Robinson SD. Applications of magnetic resonance 

spectroscopy to chronic liver disease. Clin Med 2001; 

1:54-60.   

13. Butterworth RF. Complications of cirrhosis III. Hepatic 

encephalopathy. J Hepatol 2000; 32: 171-180. 

14. Haussinger D, Kircheis G, Fischer R, Schliess F, vom 

Dahl S. Hepatic encephalopathy in chronic liver disease: 

a clinical manifestation of astrocyte swelling and low 

grade cerebral edema. J Hepatol 2000; 32:1035-1038. 

15. Yurdaydin C, Jones EA. Hepatic encephalopathy. In: 

Gitnick G, Hollander D, Samloff IM, Schoenfield LJ, 

Vierling JM (Eds.) Principals and Practice of 

Gastroenterology and Hepatology. 2nd Edition. Norwalk, 

Connecticut: Appleton & Lange; 1994.  

16. Arria A, Tarter R, Kabene A, Laird, S, Moss H, Van 

Thiel D. The role of cirrhosis in memory functioning of 

alcoholics. Alcohol Clin Exp Res 1991; 1:932-937. 

17. Bahceci F, Yildirim B, Karincaoglu M, Dogan I, Sipahi 

B. Memory impairment in patients with cirrhosis. J Natl 

Med Assoc 2005; 97:213-216. 

18. Gitlin N, Lewis D, Hinkley L. The diagnosis and 

prevalence of subclinical hepatic encephalopathy in 

apparently health, ambulant non-shunted patients with 

cirrhosis. J Hepatol 1986; 3:75-82. 

19. Ortiz M, Cordoba J, Jacas C, Flavia M, Esteban R, 

Guardia J. Neuropsychological abnormalities in cirrhosis 

include learning impairment. J Hepatol 2006; 44:104-110. 

20. Tarter RE, Hegedus AM, Van Thiel  DH, Schade RR, 

Gavaler JS, Starzl TE. Nonalcoholic cirrhosis associated 

with neuropsychological dysfunction in the absence of 

overt evidence of hepatic encephalopathy. 

Gastroenterology 1984; 86:1421-7.  

21. Weissenborn K, Heidenreich S, Giewekemeyer K, 

Ruckert N, Hecker H. Memory impairment in early 

hepatic encephalopathy. J Hepatol 2003; 39:320-325 

22. Block RI, Erwin WJ, Ghoneim MM. Chronic drug use 

and cognitive impairments. Pharmacology, Biochemistry 

and Behavior 2002; 73:491-504. 

23. Deweer B, Pillon B, Pochon JB,  Dubois B. (2001). Is the 

HM story only a ‘remote  memory’? Some facts about 

hippocampus and memory in humans. Behav Brain Res 

2001; 127:209-224.   

24. Delis DC, Kramer JH, Kaplan E, Ober BA. CVLT-II: 

California verbal learning test manual (2nd ed., adult 

version). San Antonio, Texas: The Psychological 

Corporation; 2000. 

25. Wechsler D. WAIS III & WMS III Technical Manual. 

San Antonio, Texas: The Psychological Corporation; 

1997.  

26. Brown RS, Kumar KS, Russo MW, Kinkhabwala M, 

Rudow DL, Harren P, et al. Model for End-Stage Liver 

Disease and Child-Turcotte-Pugh as predictors of pre-

transplantation disease severity, post-transplantation 

outcome, and resource utilization in United Network for 

Organ Sharing Status 2A patients. Liver Transplantation 

2002; 8:278-284. 

27. Radloff LS. The CES-D: A self-report depression scale 

for research in the general population. Applied 

Psychological Measurement 1977; 1:385-401.  

28. Benton, A. Differential behavioral effects in frontal lobe 

disease. Oral version of word fluency test, 

Neuropsychologia 1969; 6:53–60. 



Journal of Behavioral Health 2013; 2(1):79-86 

86  http://www.jbhvh.com 

29. Ruff RM Light RH, Parker SB, Levi HS. Benton 

Controlled Oral Word Association Test: reliability and 

updated norms. Arch Clin Neuropsychol 1996; 11:329–

338. 

30. Squire LR, Shimamura A.). The Neuropsychology of 

memory dysfunction and its assessment. In:  Grant I,  

Adams KA (Eds.) Neuropsychological Assessment of 

Neuropsychiatric Disorders. Oxford University Press: 

New York; 1996.  

31. Forton DM, Thomas HC, Murphy CA, Allsop JM, Foster 

GR, Main J, et al.. Hepatitis C and cognitive impairment 

in a cohort of patients with mild liver disease. Hepatology 

2002; 35:433-439. 

32 Hilsabeck RC, Perry W,  Hassanein TI. 

Neuropsychological impairment in patients with chronic 

hepatitis C. Hepatology 2002; 35:440-446. 

33. McAndrews MP, Farcnik K, Carlen P, Damyanovich A, 

Mrkonjic M, Jones S, Heathcote EJ. Prevalence and 

significance of neurocognitive dysfunction in hepatitis C 

in the absence of correlated risk factors. Hepatology 

2005; 41:801-808. 

34. Weissenborn K, Krause J, Bokemeyer M, Hecker H, 

Schuler A, Ennen JC, et al. Hepatitis C virus infection 

affects the brain-evidence from psychotropic studies and 

magnetic resonance spectroscopy. J Hepatol 2004; 

41:845-851. 

35. Edwin D, Flynn L, Klein A, Thuluvath PJ. Cognitive 

impairment in alcoholic and nonalcoholic cirrhotic 

patients. Hepatology 1999; 30:1363-1367. 

36. Moselhy HF, Georgiou G,  Khan A. Frontal lobe changes 

in alcoholism: a review of the literature. Alcohol 

Alcohol 2001; 36:357-368.  

37. Parson OA. Alcohol abuse and alcoholism.  In: RL 

Adams, OA Parsons, JL Culbertson, SJ Nixon (Eds.). 

Neuropsychology for clinical practice: etiology, 

assessment, and treatment of common neurological 

disorders. Washington, D.C.:  American 

Psychological Association; 1996.   

38. Forton DM, Allsop JM, Main J, Foster GF, Thomas HC, 

Taylor-Robinson SD. Evidence for a cerebral effect of the 

hepatitis C virus. Lancet 2001; 358:38-39. 

39. Groeneweg M, Quero JC, De Bruijn I, Hartmann IJC, 

Essink-Bot ML, Hop WCJ, Schalm SW. Subclinical 

hepatic encephalopathy impairs daily functioning. 

Hepatology 1998; 28:45-49. 

40. Tarter RE, Switala J, Plail J, Havrilla J, Van Thiel DH. 

Severity of hepatic   encephalopathy before liver 

transplantation is associated with quality of life after 

transplantation. Arch Intern Med 1992; 152:2097-2101. 

41. Schomerus H, Hamster W. Quality of life in cirrhosis 

with minimal hepatic encephalopathy. Metabolic Brain 

Disease 2001; 16:37-41. 

42. DiMatteo MR. Enhancing patient adherence to medical 

recommendations. JAMA 1994; 271:79-83. 

43. Haynes RB, McKibbon KA, Kanani R, Brouwers MC, 

Oliver T. Interventions to Assist Patients to Follow 

Prescriptions for Medications. Oxford: The Cochrane 

Collaboration. Update Software; 1997. 

44. Horne R. Representation of medication and treatment: 

advances in theory and measurements. In: R Petrie & J 

Weinlan, eds. Perceptions of Health and Illness: Current 

Research and Applications. London: Harwood Academic; 

1997:155-188. 

45. Callahagn RC, Cunningham JA. Gender differences in 

detoxification: predictors of  completion and re-

admission. J Subst Abuse Treat 2002;23: 399-407. 

46. Green CA, Polen MR, Dickinson DM, Lynch FL, Bennett 

MD. Gender differences in predictors of initiation, 

retention, and completion in an HMO-based substance 

abuse treatment program. J Subst Abuse Treat 2002;23: 

285-295. 

47. Mark TL, Dilonardo JD, Chalk M, Coffey RM. Factors 

associated with the receipt of treatment following 

detoxification. J Subst Abuse Treat 2003;24: 299-304. 

48. Mishra G, Gninsky C, Roswell R, Fitzwilliam S, Hyams 

KC. Risk factors for hepatitis C virus infection among 

patients receiving health care in a Department of Veterans 

Affairs hospital. Dig Dis Sci 2003; 48:815-820. 

49. Serra MA, Escudero A, Rodriguez F, del Olmo JA,  

Rodrigo JM. Effect of hepatitis C virus infection and 

abstinence from alcohol on survival in patients with 

alcoholic cirrhosis. J Clin Gastroenterol 2003; 36:170-

174. 

50. Bhattacharya R, Shuhart MC. Hepatitis C and alcohol: 

interactions, outcomes, and implications. J Clin 

Gastroenterol 2003; 36:242-52. 

 

 

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License which permits 
unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited. 


