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Objective: To determine whether patients with
cirrhosis and depressive symptoms have a different
neuropsychological cognitive profile from patients
with cirrhosis without depressive symptoms in order
to show that cirrhosis may not be the only cause
for cognitive decline in patients with cirrhosis.

Method: Adult outpatients with a diagnosis of cirrhosis
based on histologic findings and clinical characteristics,
who did not have clinically overt hepatic encephalopathy
and who were being treated in the advanced liver disease
and liver transplant clinics, were recruited for the
study from May 2003 to May 2006. Patients underwent
neuropsychological testing and evaluation for depression
using the Beck Depression Inventory-II (BDI-II). Age-
adjusted standard neuropsychological domain scores
were compared between depressed (BDI-II score > 14)
and nondepressed (BDI-II score < 14) patients.

Results: Seventy-five subjects were included in the
study. The 23 patients with depression were similar to
the 52 nondepressed patients in level of education, age,
and race; the laboratory parameters of international
normalized ratio, bilirubin, creatinine, and albumin
concentration; and Model for End-Stage Liver Disease
scores. There was a higher percentage of women in the
depressed group than in the nondepressed group, with
a trend toward significance (52% vs 29%; P=.07). No
etiology of liver disease was associated with depression.
In linear regression analyses, decreases in cognitive
function were associated with higher BDI-II scores
for the domains of working memory (P=.026), with
a trend toward significance for visual-perception
(P=.056). Approximately 7% of the variability in working
memory score was predicted using the BDI score.

Conclusions: Depressive symptoms are associated
with worsened cognitive function in cirrhosis.
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I n patients with cirrhosis, cognitive impairment may
occur as a result of several mechanisms. A proposed
pathophysiologic mechanism is through the accumulation
of neurotoxic compounds and the synergistic actions of
some of these compounds with proinflammatory cytokines
in the brain that diminish the ability of astrocytes to
detoxify ammonia in the brain, the accumulation of
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which may interfere with neurotransmitter transport and
activity.!"® Changes in neurotransmitter activity could also
potentially lead to mood alterations, thereby creating an
association between mood disorders, such as depression,
and the cognitive impairment of cirrhosis. Because of
this potential link, management of patients with hepatic
encephalopathy may be best approached by addressing
any mood disorder and also lowering levels of ammonia
in the gastrointestinal tract. Recognition of the cognitive
profile of depressed patients with cirrhosis could be
helpful in raising awareness about mood status, which
has a potential negative additive effect on cognition.
Depression, common in the general population, is
frequent in patients with chronic liver disease and cirrhosis
and is present in up to 15% of patients on the liver
transplant waiting list and in up to 57% of patients with
cirrhosis.”"!! Depression has been studied in the setting
of liver disease caused by chronic hepatitis C virus (HCV)
infection and primary biliary cirrhosis.!*12-1° Patients
with chronic HCV frequently complain of depression
and difficulty performing tasks”®!%; furthermore,
they have been found to have neuropsychological
impairment in the domains of processing speed and
working memory.!"'® However, fewer studies have
been done in the general population with cirrhosis.
Depression can cause cognitive deficits that,
fortunately, may respond to appropriate therapy.
Whether the cognitive impairment due to depression
in cirrhosis is different, or incremental, to the cognitive
impairment of hepatic encephalopathy in patients
with advanced liver disease has not been thoroughly
studied. There is a risk that failure to recognize and
treat depression in cirrhosis could lead clinicians to
ascribe all cognitive deficits to hepatic encephalopathy.
The consensus from ongoing neuropsychological
analysis of patients with minimal hepatic encephalopathy
is that these patients show deficits mainly in attention
and visuomotor abilities,!” whereas language and verbal
intellect are usually found to be relatively spared.'® The
results of neuropsychological tests aimed at evaluating
memory in this population have been mixed. For
instance, O’Carroll et al'® found memory dysfunction.
However, others have found deficits in memory, but
attributed this to deficits in attention and visuospatial
functions.?’ The visuospatial deficits have been ascribed
to impairment in attention and fine-manual dexterity,
not simply to motor speed.'® In this study, we used a
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CLINICAL PoOINTS

¢ An assessment of mood disorders in patients with cirrhosis is important because of the
association between cirrhosis and depressive symptoms.

¢ Depressive symptoms may worsen cognitive impairment in patients with cirrhosis;
therefore, treatment of depression should be considered for these patients.

comprehensive neuropsychological battery in order to
capture the cognitive profile of patients with cirrhosis

who had depressed symptoms and those without
depressed symptoms. The overall goal of this study

was to determine whether patients with cirrhosis and
depressive symptoms had a different cognitive profile from
patients with cirrhosis without depressive symptoms.

METHOD

This study was approved by the Mayo Foundation
Institutional Review Board, Rochester, Minnesota. We
recruited consecutive adult outpatients from May 2003 to
May 2006 with a diagnosis of cirrhosis based on histologic
findings and clinical characteristics, who did not have
clinically overt hepatic encephalopathy and who were
being treated in the Mayo Clinic advanced liver disease
and liver transplant clinics (Rochester, Minnesota).
Non-English-speaking subjects and subjects with active
gastrointestinal tract bleeding or other acute complications
related to liver disease were excluded. Subjects included
were required to be abstinent from alcohol and other
substances of abuse for at least 6 months, to have no
benzodiazepines or antipsychotic medications in their
regimen, and to be free of a diagnosis of a primary
neurologic disorder or an uncontrolled psychological
disorder, such as schizoaffective or bipolar disorders.

All patients in the study were assessed with standardized
neuropsychological tests and clinical evaluation during
a single visit. Patients underwent neuropsychological
testing and concurrent evaluation of depression using the
Beck Depression Inventory-II (BDI-II). For our analysis,
a score > 14 on the BDI-II was considered diagnostic of
depression.?! A BDI-II score is based on self-report,?!
rather than a DSM-IV diagnosis.?? Data on antidepressant
use were also collected using self-report and chart review,
but depressed patients were grouped solely according
to BDI-II score in order to capture only symptomatic
depression. The grade of hepatic encephalopathy for each
patient was determined by a clinician on the basis of the
West Haven Criteria®»** and that of Ferenci et al?® within
24 hours of the neuropsychological testing in most cases.

Methods of Neuropsychological Assessment

A standardized battery of pencil-and-paper
neuropsychological tests was administered to all subjects
by the same trained neuropsychometrist who was blinded
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to the results of the BDI-II and to the diagnosis of the
patients. The tests included the Wechsler Adult Intelligence
Scale-IIT (WAIS-IIT) block design, matrix reasoning, and
picture completion (to obtain the perceptual Organization
Index); arithmetic, digit span, and letter number
sequencing subtests (to obtain the Working Memory
Index); the digit symbol and symbol search subtests (for
the Processing Speed Index)®®; the Trailmaking A and B
time subtest”’; the California Verbal Learning Test (CVLT)
total learning and long free delay subtests?®; the Wechsler
Memory Scale-III (WMS-III) logical memory I and IT
and verbal pairs I and II subtests®’; the Rey-Osterrieth
Complex Figure (copy only)*’; and the Grooved Pegboard
dominant and nondominant hands subtests®! (Table 1).
All scores were transformed to age-adjusted standard
scores (placed on a common Z score metric), such that
negative scores represented poorer performance. Age
adjustment was based on appropriate normative samples
(ie, standardization samples for WAIS-III/WMS-III,
CVLT, Wide Range Achievement Test-II1,>* and Conners’
Continuous Performance Test-I1I*%; norms of Heaton et
al,** which also adjust for education, for Trailmaking
A and B, Finger Tapping, and Grooved Pegboard; and
norms of Meyers and Volbrecht® for Rey-Osterrieth
Complex Figure copy. These standard scores were then
organized into pertinent cognitive domains (Table 1).
All domains (except premorbid intelligence
quotient estimate) included at least 2 measures
to enhance the reliability of the estimated Z score
in each domain. The score for each domain is the
mean Z score for all subtests in that domain. The
continuous neuropsychological domain scores of
more than 1 SD (-Z) below the standardized mean
of the population were defined as abnormal on the
basis of published population means and standard
deviations among a normal population for each test.
It should be noted that the neuropsychological
tests and the BDI-II were administered at the same
time; typically, the patients were asked to complete
the BDI-II while waiting for the psychometrist to
administer neuropsychological testing. Our patients
had no clinically overt signs of hepatic encephalopathy;
therefore, although they could be considered to
have minimal hepatic encephalopathy, they were
not labeled as such, since there are no standardized
tests for minimal hepatic encephalopathy.
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Table 1. Neurocognitive Domains and Associated
Neuropsychological Tests

Domain Test

Working memory*  WAIS-III working memory

Information WAIS-III processing speed, Trailmaking A and B
processing speed time
Learning CVLT total learning, WMS-III logical memory I,
verbal pairs I
Memory CVLT long delay, WMS-III logical memory II and

verbal pairs II
WAIS-III perceptual organization, Rey-Osterrieth
Complex Figure copy
Motor Grooved Pegboard (dominant and nondominant
hands)

Visual-perceptual

?Also known as attention/concentration.

Abbreviations: CVLT = California Verbal Learning Test,
WAIS-III = Wechsler Adult Intelligence Scale-III, WMS-III = Wechsler
Memory Scale-III.

Statistical Methods

Depressed (BDI-II score > 14) and nondepressed
(BDI-II score < 14) patients were compared with
respect to demographic characteristics, factors
associated with liver disease, concomitant disease,
and neuropsychological domain scores using
the Fisher exact test for binary variables and the
Wilcoxon rank sum test for continuous variables.

In addition, we used continuous BDI-II scores to
predict neuropsychological domain scores using linear
regression. Within the linear regression models, 4 models
were planned for each neuropsychological domain
score: BDI-II score, gender, HCV, and education level. In
addition to assessing the overall effect of BDI-II score on
neuropsychological score, presence of HCV and years of
education were each used to adjust the overall effect, as
each was thought to potentially confound the association
of interest. If the unadjusted and adjusted coefficients for
the BDI-II differed by 0.5 Z score units or more, then the
added variable was considered a confounder. Age was not
tested as a confounder, because neuropsychological scores
were already adjusted for age for those tests in which an
age effect is anticipated. Furthermore, gender was assessed
as an effect modifier for the effect of BDI-II score on
neuropsychological score. We also used the published
population mean and standard deviation among a normal
population to assess the overall neuropsychological
abilities of this cirrhotic population for each test.

Power was calculated using the correlation observed
between BDI-II score and each neuropsychological
domain score. Calculations were performed using SAS
statistical software version 8.2,% and the regression
figures were produced using R version 2.0.1.%7

RESULTS

Patient Characteristics
A total of 75 patients with cirrhosis were prospectively
evaluated. All subjects had lack of clinically overt signs
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Table 2. Characteristics of Patients With Cirrhosis

Depressed ~ Nondepressed P
Variable (n=23) (n=52) Value
Age, mean (interquartile range), y ~ 58.0 (44-78) 58.5 (24-76) .75
‘Women, n (%) 12 (52.2) 15(28.8) .07
Race, n (%) 1.00
White 22 (95.7) 49 (94.2)
Other 1(4.1) 3(5.8)
Employed, n (%) 13 (56.5) 40 (76.9) 1
Total education, mean (SD), y 13.8 (2.15) 14.6 (2.35) .19
Diagnosis, n (%)
Alcoholic 6(26.1) 17 (32.7) .79
Hepatitis C virus 5(21.7) 7 (13.5) .50
Choloestatic 3(13.0) 13 (25.0) .36
Nonalcoholic steatohepatitis 2(8.7) 3(5.8) .64
Other 11 (47.8) 21 (40.4) 62
MELD score, median 10.1 (8.0-11.0)  10.(8.0-12.0) .75
(interquartile range)
Clinical values, median
(interquartile range)®
International normalized ratio 1.1 (1.0-1.2) 1.1(1.0-1.2) .54
Bilirubin (mg/dL) 1.3 (1.0-1.7) 1.6 (1.0-3.1) .10
Creatinine (mg/dL) 1.0 (1.0-1.2) 1.0(1.0-1.2) .67
Albumin (g/dL) 3.5(3.1-4.3) 3.3(2.9-3.9) 24
Concomitant diseases, n (%)°
Diabetes mellitus 7 (30.4) 9(17.3) 23
Hypertension 5(21.7) 9(17.3) .75
Other 3(13.0) 13 (25.0) .36

*Patients compared using the Wilcoxon rank sum test.
bPatients compared using the Fisher exact test.
Abbreviation: MELD = Model for End-Stage Liver Disease.

of hepatic encephalopathy according to our defined
criteria as described above. Fifty-two patients were
classified as nondepressed (BDI-II score < 14), with a
mean (SD) BDI-II score of 6 (3.8). Twenty-three patients
were classified as depressed (BDI-II score > 14), with

a mean (SD) BDI-II score of 21 (6.8). Nine of the 23
depressed patients were being treated with antidepressant
medications at the time of evaluation. Four of the 9
patients had a diagnosis of depression from a psychiatrist.
In contrast, only 1 of the 52 nondepressed patients (BDI-
II score < 14) was being treated with an antidepressant
(ie, symptoms were in remission); this patient was also
diagnosed as having depression by a psychiatrist.

The depressed and nondepressed groups did not
significantly differ in their demographic characteristics,
liver disease characteristics, clinical tests of liver
function, or presence of concomitant diseases (Table 2).

We included patients who were treated with
antidepressants, whether or not they were exhibiting
signs of depression in the analysis, without
adjustments being made, because the effects of
treatment on the cognitive domains were negligible.

Neuropsychological Profile of Patients With
Cirrhosis Versus Normative Data

The neuropsychological profile of patients with
cirrhosis was compared with normative data (population
without cirrhosis), as shown in Table 3. Patients with
cirrhosis, irrespective of depression status (data not
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Table 3. Neurocognitive Function of Patients With Cirrhosis
Compared With Normal Population Without Cirrhosis

Mean

Cognitive Domain Z Score 95% CI P Value
Working memory 0.07 -0.15 t0 0.29 .54
Information processing speed -0.37 —-0.59 to -0.14 .002
Learning 0.10 —-0.77 t0 0.28 .26
Memory -0.94 -1.08 to —0.80 <.0001
Visual-perceptual -0.91 -1.22t0-0.60  <.0001
Motor -1.17 —-1.43t0 —0.91 <.0001

Table 4. Association of Beck Depression Inventory-II (BDI-II)
Score With Neuropsychological Domains?

Coefficient of

Cognitive Domain BDI-II Scores SE P Value R?
Working memory -0.029 0.013 .026 0.066
Information -0.0192 0.0128 138 0.03
processing speed
Learning —-0.018 0.010 .84 0.040
Memory —-0.0104 0.008 196 0.023
Visual-perceptual -0.035 0.018 .056 0.049
Motor 0.0016 0.016 92 0.0001

?Each cognitive domain’s standardized Z score was used as the outcome
variable in a linear regression of BDI-II score. The BDI-II estimate
may be interpreted as the mean change in the cognitive domain
corresponding to a 1-unit change in BDI-II score; for example, an
increase of 10 in the BDI-II score leads to a mean decrease of 0.29 in
the working memory domain score.

shown), showed significant differences from norms in
the neurocognitive domains of information processing
speed (P=.0015), memory (P <.0001), visual-perceptual
(P<.0001), and motor (P<.0001) functions.

Neuropsychological Profile According to BDI-II Scores
In linear regression analyses with BDI-II scores as
a continuous variable, increasing depression score was
associated with worsening cognitive performance in
2 domains: working memory and visual-perceptual
functions. As reflected in the coefficients in Table 4, an
increase of 10 points in the BDI-II score was associated
with the following decreases in mean cognitive domain
Z scores: —0.29 for working memory (P=.026) and
-0.35 for visual-perceptual, which was not significant
(P=.056). The effects of changes in BDI-II scores on
neuropsychological domains are depicted in Figure 1.
HCV did not confound the effect of BDI-II score
on cognitive ability in any of the neuropsychological
domains (data not shown). After adjusting for HCV, the
association between depression and working memory
remained similar and statistically significant (P=.027).
Education also did not confound the association
between depression and cognitive impairment in any
domains (data not included). Gender modified the
effect of depression on motor function, but not for the
other neuropsychological domains. Among women, a
10-point increase in BDI-II score was associated with
a mean decrease of 0.35 standard deviations in motor
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function. Among men, the 10-point increase in BDI-
II score was associated with a mean decrease of 0.029
standard deviations in motor function (P=.039).

Power Calculation

Power was in the range of 41%-62% in the domains
of working memory (also referred to as attention),
learning, and visual-perceptual functions. Power in
the domains of information processing speed, motor,
and memory functions was lower (33%, 5%, and 25%,
respectively). This may be because deficits in these
domains are ubiquitous in cirrhosis, so that there is
little observed variation within this diseased group.

DISCUSSION

The goal of this study was to examine the association
between cognitive dysfunction and depression in patients
with cirrhosis. As expected, the neurocognitive profile
of patients with cirrhosis revealed general impairment,
irrespective of whether they had depressive symptoms.
In our sample, small, but statistically significant increases
in depression score were associated with decreasing
cognitive function in the domain of working memory.

A trend toward significance was observed for the
association between increasing depression scores and
declines in the visual-perceptual performance domain.

In this clinical sample of consecutive patients
with cirrhosis, clinically significant levels of
depressive symptoms were common (31%). The high
frequency of depression in patients with cirrhosis
has also been shown in other studies wherein a
rate up to 57% ranging from mild depression to
extremely severe depression has been reported.*

Although our results require replication, the findings
of this study are important because they suggest that
depression is common in patients presenting to the clinic
with cirrhosis, and that depression appears to have an
additional effect on cognition, beyond that attributed to
cirrhosis per se. It is unclear whether depression precedes
the diagnosis of cirrhosis or vice versa in this population.
However, it is known in general that when depression
is treated in other populations, such as the elderly and
patients with traumatic brain injury, cognition improves,
including executive function, attention, and psychomotor
function.®-*! Although the present results do not
suggest a causal direction, it is plausible to hypothesize
that cognitive function, specifically in working memory
and visual perception, may worsen in patients with
hepatic encephalopathy as depression scores increase
or vice versa. These findings suggest that clinicians
should be alert to monitor for signs of depression
in cirrhotic patients with hepatic encephalopathy,
especially since depression is often treatable.
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It is well established that chronic disease overall is
associated with neuropsychological deficits and high
mortality,*>~** but only a few studies have examined
the differences in cognitive profiles between depressed
and nondepressed patients with cirrhosis and lack
of overt hepatic encephalopathy. It is important to
understand the factors that contribute to the variability
in clinical presentation of patients with hepatic
encephalopathy, including etiologies of liver disease. In
general, of all the causes of liver disease, the effect of
chronic HCV on cognition has been most extensively
studied. Chronic HCV confers increased association
with depression'>*~47 and added neuropsychological
impairment. We found that when we adjusted
for HCV, working memory was still impaired in
patients with cirrhosis and depressive symptoms.

There is a strong association between depression
and chronic HCV.#68 Hilsabeck et al*”* and Forton
et al*® described the neurocognitive deficits of patients
with chronic HCV as being primarily in the areas of
attention and concentration, working memory, and
psychomotor speed. However, a limitation of the study
by Hilsabeck et al*” was that the study population had
a large proportion of patients with cirrhosis; therefore,
it is difficult to differentiate the findings that are
due to chronic HCV and those due to cirrhosis. The
cognitive profiles of patients with cirrhosis and patients
with chronic HCV without cirrhosis appear to differ;
namely, the cognitive changes that have been ascribed
to chronic HCV without cirrhosis and without hepatic
encephalopathy are attention and slight memory deficits.>!
In contrast, our subjects had biopsy-proven or clinically
proven cirrhosis and represented liver disease from a
wider spectrum of causes, and, in this study, correlations
were made between neurocognitive impairment and
depressive symptoms. In addition, the population
studied by Hilsabeck et al*’ was heterogeneous in the
use of illicit drugs and psychiatric history. In contrast,
Weissenborn et al®! and McAndrews et al*? excluded
patients on interferon therapy and had more homogeneous
populations and found deficits in attention and memory.

The observation of an association between depression
and cirrhosis in our study confirms the findings of
others.!>#4-% Although several studies have assessed
the association between depression and chronic liver
disease, especially HCV, most of these studies did not
specifically examine patients with cirrhosis,*** and
if patients with cirrhosis were evaluated, the effects of
depression on cognition were not evaluated.*6->>

Although significant differences associated with
depression were only found in working memory
function with a trend toward significance in visual-
perceptual functions, it should be kept in mind that
patients with cirrhosis can have profound and diffuse
neurocognitive deficits in other domains, as shown by
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our prior work.”” The findings presented here indicate
that the patients with cirrhosis represent a population
with diffuse neurocognitive findings at baseline that
is worsened by depression. Hence, the associated
power calculations from this study do not reflect the
clinically significant changes in cognition that may
occur when cirrhosis is superimposed with depression.
Our findings indicate that more extensive research in
the area of depression in patients with cirrhosis is needed.
Neurotransmitter dysfunction has been identified as one
of the pathogenic mechanisms of cognitive dysfunction
of cirrhosis and hepatic encephalopathy, which could
potentially lead to changes in mood. It is probable that
the institution of treatment of depression in some patients
with cirrhosis could reduce cognitive impairment, making
them more productive in the workplace; improve their
quality of life; and potentially address issues, such as
driving. Although our results represent the findings from
a small study with relatively low power, they suggest that
larger studies are needed. The strengths of our study
include use of a broad-based neuropsychological battery
and a focus on patients with cirrhosis due to diverse
etiologies of liver diseases. Furthermore, these results
also indicate some potentially reversible components
of hepatic encephalopathy. Hence, multimodal therapy
aimed at decreasing ammonia concentration in the
gastrointestinal tract and concurrent management of
mood disorders, if present, may be the best approach.
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