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Abstract

Although it is well known that depression is associated with poorer medical outcomes, the
association between depression- and liver transplant (LTX)-specific outcomes has not been
investigated. We identified three trajectories of depressive symptoms evolving within the first
post-LTX year in a cohort of 167 patients transplanted for alcoholic cirrhosis: a group with
consistently low depression levels at all time points (group 1, n = 95), a group with initially low
depression levels that rose over time (group 2, n = 41), and a group with consistently high
depression levels (group 3, n = 31). Controlling for medical factors associated with poorer
survival, recipients with increasing depression or persisting depression were more than twice as
likely to die (all cause mortality) within the subsequent years. At 10 years post-LTX the survival
rate was 66% for the low depression group, but only 46% and 43%, respectively, for the
increasing depression and high depression groups. Except for a paradoxically higher percentage of
malignancies in the low depression group, the causes of death and other specific LTX outcomes
were not different between groups. Whether treatment of depression will improve survival rates is
an area for research.
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Introduction

Subjects

Depression, one of the most common mental health disorders, is especially relevant to liver
transplant (LTX) patients due to its higher prevalence in medically ill populations and its
association with poorer medical outcomes. Although the rates of depression are known to be
high following liver transplantation (nearly 30% of recipients) (1), few studies have
considered the association between depression and outcomes following transplantation. In
one study of wait-listed LTX candidates 63% were identified as depressed based on a beck
depression inventory (BDI) score >10 (2). Depressed LTX candidates were more likely to
die while awaiting transplantation than nondepressed candidates even after controlling for
severity of illness (2). While pre-LTX depression was not associated with 1-and 6-month
survival after LTX, post-LTX depression was not assessed (2) leaving the question of the
association between post-transplant depression and outcomes unanswered. In a subsequent
study of post-LTX recipients Singh et al. (3) found that hepatitis C (HCV) infected
recipients who had recurrence of their HCV were by 1-year post-LTX more likely to be
depressed than others but the association between depression and outcomes was not
investigated.

Given the significant medical and psychological stressors created by the burden of end-stage
liver disease and the subsequent LTX surgery and recovery, we hypothesized that not only
would depressive symptoms be common in this population, but that depression occurring
within the critical first year of post-LTX recovery would increase the risk for poor short and
long-term medical outcomes. Thus, as part of an investigation of medical outcomes in
patients receiving liver transplants for alcoholic liver disease (ALD) we collected
prospective repeated measures of depressive symptoms occurring within the first post-LTX
year to examine the onset of these symptoms. With these repeated assessments we were
additionally able to examine the patterns or trajectories of depression evolving within that
first year. Finally with these depressive trajectories we were able to investigate whether they
predicted long-term survival and medical outcomes.

We conducted a prospective longitudinal study of patients transplanted for ALD to
investigate their outcomes following transplant. This cohort provided an opportunity to
additionally investigate the association between prospectively measured depressive
symptoms and long-term survival and outcomes. Our cohort consisted of patients with ALD
who were transplanted at the Starzl Transplant Institute (STI) from May 1998 to July 2003.
At the time of enrollment patients needed to be at least 3 months post-transplant and
discharged from the medical facility. After signing informed consent, they were voluntarily
enrolled in our study. During the period of study recruitment, 226 transplant recipients had
either a primary or secondary diagnosis of ALD. Of these, 177 participated (30 died before
enrollment, 14 refused to participate and 5 were too ill to be enrolled (e.qg. still
institutionalized). Four participants did not complete any of their first year questionnaires
and were not included in the analyses. Given the goal of examining depression trajectories
during the first year post-LTX as predictors of subsequent outcomes, we also excluded the
six subjects who died before 1-year post-LTX.
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The pre-LTX diagnosis of ALD was determined by a consensus diagnosis from interviews
and examinations by our transplant surgeons (PF and MdV), hepatologists and psychiatry
team (AD and MGF). Psychiatric diagnoses of alcohol dependence or alcohol abuse were
made by the psychiatry team using a structured clinical interview and the diagnostic and
statistical manual of mental disorders IV (4) criteria. Patients with ALD had a history of
excessive alcohol use defined as = 20 g of ethanol/day for women or = 60 g ethanol/day for
men (5) and the majority (>80%) had consumed this amount for 10 years or longer.

Measures and Variables

Every 3 months for the first post-LTX year we repeatedly assessed depressive symptoms
using the BDI, a widely used instrument to assess the severity of symptoms of depression
(6). It contains 21 multiple choice questions, each answer scored on a scale of 0-3 and
summed to a total score. Higher total scores indicate more severe depressive symptoms.
Cronbach’s alpha in our sample across all time points was 0.86-0.95 demonstrating very
good internal consistency between the affective and physical symptoms in the BDI.

Psychiatric and psychosocial variables were extracted from the medical record from
structured psychiatric evaluations performed at the pre-LTX assessment. Demographic and
socioeconomic variables were provided by participants on their first survey assessment.

Medical variables and survival information were obtained from the medical records. The
model for end-stage liver disease (MELD) score was calculated at the point of transplant.
Transplant recipients provide blood samples weekly for the first 3 months following
transplant, then monthly to 1 year and then every 2—3 months thereafter. We collected all
data on liver enzymes (alanine aminotransferase (ALT), aspartate aminotransferase (AST)
and gamma-glutamyltransferase (GGTP)) and renal functioning (creatinine) out to the
furthest post-LTX time point for each participant. According to the standard normal values
at our chemistry lab (ALT <63 IU/L, AST <41 IU/L, GGTP <41 IU/L and creatinine < 1.5
mg/dL) we calculated the percentage of each individuals’ labs that were abnormal 50% or
more of the time. Patients undergo biopsies based on clinical picture and need. We similarly
calculated the percentage of biopsies that were read by our pathologists as demonstrating
acute rejection, recurrent HCV or as having steatohepatitis. For our outcomes we considered
those who had 20% or more of biopsies with these findings. All tissue pathology data were
reviewed by trained evaluators in our STI Transplant Pathology department. Each biopsy is
rated on specific features including the presence of fat, bile duct and portal inflammation,
venous endothelial inflammation and lobar architecture and inflammation. Acute rejection
required both a pathologist’s descriptive report of acute rejection and a rejection activity
index score = 3 (7).

The Charlson comorbidity index is a commonly used index of medical comorbidity
developed based on 1-year mortality data (8). The index encompasses 22 comorbid medical
conditions predicting mortality where mortality for each disease was converted to a relative
risk of death within 12 months. A summary score is created from the weighted relative risks
of the comorbid illnesses. The Charlson comorbidity index was calculated from all of the
medical co-morbidities documented in the medical record up to 1 year following transplant.
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In a prior analysis we determined the amounts of daily alcohol consumption for
participant’s post-LTX course using a calendar method of data collection. These data
allowed us to compute the total yearly amounts of alcohol consumption (9). For these
analyses as we were examining survival following the first post-LTX year, we used the total
amount of alcohol consumed in the first year as a predictor of outcomes.

Statistical Analyses

We examined BDI scores over the four time points within the first post-LTX year. Two data
procedures were performed to prepare these data for further analysis. First because cluster
analysis requires complete data we identified any missing BDI values. We applied
unbalanced repeated measures modeling to impute the missing scores (10, 11). Ninety-four
percent had two or more data points and those with incomplete data were no different than
others on any parameter assessed (including age, gender, race, sociodemographic variables,
severity of liver disease or pre-LTX depression, anxiety or substance use history). Those
with any incomplete data (vs. none) also did not differ on levels of depression observed
when the BDI was able to be assessed. Thus, the missingness made criteria to be considered
as ignorably missing (12,13) and imputation was thus appropriate. Next because we
hypothesized that specific levels of depression would be associated with poorer outcomes,
we applied standard threshold cut points (6) to classify each subject’s score as showing low
(0-9.5), moderate (9.51-16.5) and high (16.51 and above) depressive symptoms at each of
the four time points.

Hierarchical agglomerative cluster analysis (14,15) was then applied to subjects’ depressive
symptom levels across the four waves of assessment to identify if subjects could be
categorized into discrete groups depending on their unique trajectories of change in
depression levels over time. The analysis used the unweighed pair-group method, with
arithmetic averages and squared Euclidean distance coefficients. A three-cluster solution
(i.e. describing three distinct groups of subjects) provided the optimal fit to the data, based
on examination of standard metrics (e.g. amalgamation coefficient).

We examined predictors of depression trajectory membership considering pre-LTX
demographic (age, gender, race, marital status, educational level, occupation), psychiatric
history variables (alcohol dependence diagnosis, family history of alcohol disorder, years of
heavy drinking, length of sobriety, other substance use, history of depression or anxiety) and
early post-LTX medical variables (transplant hospitalization length of stay (LOS), intensive
care unit (ICU) LOS, Charlson comorbidity index at 1-year post-LTX, MELD score at LTX,
hepatocellular carcinoma, donor age, and number of inpatient admission and number of
clinic visits within the first post-LTX year and total amount of alcohol in standard drinks
consumed in the first post-LTX year). Amounts of alcohol consumed were natural log
transformed prior to analyses due to skewedness. Differences between groups were
identified using cross tabulation for categorical variables or analysis of variance for
continuous variables. Fisher’s exact test was used for categorical variables when the number
of cases was small.

Am J Transplant. Author manuscript; available in PMC 2014 August 14.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

DiMartini et al.

Results

Page 5

Cox proportional hazard modeling was used to generate survival curves and investigate
which pre- and early post-transplant variables predicted survival beyond 1 year. The data on
survival for each patient were included until the end of the observation period or until the
event occurred. Based on the results of the cluster analyses we used the BDI trajectory group
assignment to predict survival. We also examined medical variables commonly associated
with poorer post-LTX survival; LTX hospitalization and ICU LOS, Charlson comorbidity
index, MELD score, HCV, pre-LTX hepatocellular carcinoma, recipient age, donor age and
gender. The values for MELD scores, length of hospital and ICU stay were natural log
transformed prior to further analyses due to skewedness. The length of the hospital and ICU
stays was highly correlated so only the length of the hospital stay was included in the
analyses. Correlations between the BDI scores and Charlson comorbidty index across all
time points were small (Pearson correlation coefficients <0.28) suggesting that the BDI is
capturing the symptoms of depression independent of physical morbidity.

Outcomes and causes of death were dichotomized as present or not and differences between
trajectory groups were identified using cross tabulation. Fisher’s exact test was used when
the number of cases was small.

Continuous variables are presented as the mean + standard deviation (SD), and categorical
variables are presented as proportions. A p-value less than 0.05 was considered statistically
significant. All analyses were performed using statistical package for the social sciences
(SPSS) version 18.0.

Sample demographics

The 167 participants, who survived the first year and were included in the analyses, were
predominately European American males, reflecting the demographics of the transplant
population and of patients with end-stage ALD. Table 1 shows their pretransplant
demographic, psychiatric and early post-LTX medical characteristics. The majority (75%) of
participants met pre-LTX lifetime Diagnostic and Satistical Manual of Mental Disorders,
Fourth Edition (DSM-1V) criteria for alcohol dependence and most had an additional
lifetime psychiatric diagnosis, mostly depressive disorders (20%). In addition, nearly 40%
had used substances other than alcohol and 27% had used injected drugs (over 60% of those
who used other substances). A majority of the patients (55%) had not participated in any
form of addiction rehabilitation prior to transplantation. Most (63%) identified a first-degree
biologic relative who also had problems with alcohol use.

Depression trajectories

We identified three clusters of trajectories of depressive symptoms within that first year: a
group who showed consistently low depression levels at all time points (group 1, n = 95), a
group with initially low depression levels that rose over time (group 2, n = 41) and a group
with consistently high depression levels (group 3, n = 31). The low depression group had
60% or more with low BDI scores over all time points. The increasing depression group had
nearly 60% moderate to high BDI scores at the 3 month time point but 100% by the 12
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month assessment. The high depression group had nearly 100% across all time points with
moderate to high BDI scores (see Figure 1 for the percentage of groups by level of BDI
scores at each time point).

We considered pre-LTX psychiatric, demographic and early post-LTX medical factors as
predictors of the depression trajectories (Table 2). The low depression group was
significantly older (mean 52 vs. 48 years), more likely to be married or have a partner, less
likely to have had a pretransplant history of depression or other substance use, less likely to
have HCV and had more years of heavy drinking. There were no other differences between
groups on demographic, medical or psychiatric history variables.

Depression trajectory outcomes

We found that those in the increasing depression group and the high depression group had
significantly poorer survival beyond the first post-LTX year (x2 = 34, p = 0.000) compared
to those in the low depression group even when controlling for age and other medical
variables commonly associated with poorer survival: hospital length of stay, Charlson
comorbidity index, severity of liver disease at the point of LTX (MELD score), HCV,
hepatocellular carcinoma and donor age (see Table 3 Variables in the survival analysis). In
fact at 10 years post-LTX the survival rate was 66% for the low depression group, but only
46% and 43%, respectively, for the increasing depression and the high depression groups
(Figure 2). Only three variables reached significance, age, the Charlson comorbidity index
and depression, and depression had the strongest impact on survival. Compared to low
depression patients, the increasing and high depression groups were more than twice as
likely to die (all cause mortality) over the subsequent years (hazard ratios 2.25, Cl 1.2-4.3
and HR 2.38, Cl 1.2-4.7, respectively).

We also preliminarily investigated outcomes and causes of death between the three groups.
The depression groups did not differ on percentage of abnormal ALT, AST or creatinine but
the two depression groups were more likely to have elevated GGTP. Interestingly there were
no differences between groups with respect to graft loss, or occurrence of rejection episodes
on biopsy. There also was no difference between groups on death due to recurrent HCV.
This is especially interesting given that a larger percentage of those with HCV were in the
increasing and high depression groups. However there were more deaths in the low
depression group due to malignancies compared to the two other groups (see Table 4 for
comparison of group outcomes). There was one death from suicide at 1.5 years following
transplant and this patient was in the low depression group.

While we had hypothesized that depression and resumed alcohol consumption would be
associated, there was no difference between groups in the amounts of alcohol consumed
within that first year post-LTX as the depression trajectories were evolving. Approximately
50% of all three depression groups were abstainers. Groups also did not differ on the
percentage of biopsies showing steatohepatitis (fat commonly due to recurrent alcohol use)
nor were there differences between groups on death due to recurrent ALD.
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Conclusions

We found distinct trajectories of depressive symptom levels, as measured by BDI scores,
can emerge during the first post-LTX year. From these trajectories we found both persistent
and incipient depression in the early post-LTX period are significantly associated with
poorer long-term survival independent of medical predictors of poorer survival. In fact
depression was the strongest predictor of survival conferring a two times higher risk for
death. Younger, unmarried patients with HCV and pre-LTX histories of other substance use
and depression were more likely to experience these problematic trajectories. Those in the
rising and high depression groups while more likely to be infected with HCV were not more
likely to die of HCV recurrence. While HCV is commonly associated with poorer survival,
the effect size noted in very large cohorts (16) is small (HR 1.14) and while HCV had a
similar effect size in our study (HR 1.12) the size of our cohort may not have allowed this to
reach significance.

Most importantly these trajectories reveal temporal patterns within the first post-LTX year
that would not have been identified on a single assessment. Single time points can reveal
high or low symptoms but not whether the individual is better or worse. As is the standard in
clinical practice, monitoring symptoms over time is essential to discover trends of persisting
symptoms that require clinical attention. Untreated depression can worsen as may have been
evidenced by our increasing depression trajectory. Interestingly we did not find a decreasing
depression trajectory. However, about 40% of the low depression group had moderate and a
small percentage had high symptoms of depression at the 3 month time point but at
subsequent time points only about 20% had moderate symptoms. The low depression group
may represent some who were initially depressed but largely recovered as the year
progressed. Thus these findings have important implications for clinicians who assess
patients during the first post-LTX year and who should be watchful for both the onset and
evolution of depressive symptoms. While the creation of depression trajectories is not
clinically feasible, we demonstrate the use of patient rated clinical measures can provide
critical information for the assessment and monitoring of depressive symptoms. Depression
is a readily treatable disorder and many pharmacologic and therapeutic interventions exist
that are acceptable for LTX recipients.

The depressed groups had several important risk factors for depression. They were more
likely to have had a prior history of depression. Depression can often reactivate in times of
stress such as undergoing LTX. They were also more likely to be infected with HCV which
is also associated with depression. Lastly social support is critical to early recovery and
those who were not married and had no partner were more likely to develop depression,
perhaps reflecting the essential benefit of support in the early post-LTX recovery period.

We also found that most outcomes including causes of death were not different between
groups, but those in the low depression group were more likely to die of a malignancy and
nearly half of those deaths (n = 4) were from lung cancer. We did not have smoking data on
participants but believe these are likely tobacco related deaths. The mean survival for lung
cancer deaths was 4 years suggesting that smoking-related cancers may not develop until the
long term and perhaps those in the increasing and high depression trajectories died before
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developing such a cancer. This underscores the importance of maintaining not only alcohol
but tobacco abstinence.

Those in the depression groups were more likely to have elevated GGTP values. While it
may seem reasonable to expect that depression would lead to alcohol use as a form of
coping or self-medication and thus elevated liver enzymes, we did not find a connection
between alcohol use and depression, based on amounts of alcohol consumed within the first
year. However we did not assess alcohol consumption beyond the first year and patterns
may change over time. The groups also did not differ in deaths as a result of alcoholic liver
disease. However, the number of deaths for any specific cause was small and thus these
findings remain preliminary. An explanation for the higher GGTP values is unclear;
however, depression is sometimes associated with poorer adherence to medical regimens.
We did not have adherence data to examine this assumption.

The negative impact of depression and even symptoms of depression on outcomes is well
established following myocardial infarction (17-20), stroke (21) and other cardiovascular
diseases and even chronic disease states such as diabetes (22). In these studies it was the
depression following the medical event or diagnosis that predicted survival. The several
studies of depression prior to transplant in liver (2) and lung candidates (23,24) have not
found pretransplant depressive symptoms to predict short-term post-transplant survival.
Perhaps it is the proximity of the depressive symptoms to outcomes that is critical. So many
factors can intervene from the pre- to post-operative phases that the influence of
pretransplant depression on post-transplant outcomes may be less relevant.

Increasingly the associations between depression and possible pathophysiologic mechanisms
that could worsen medical illness are being identified including increased inflammatory
markers (e.g. proinflammatory cytokines), endocrinologic derangements (e.g. increased
stress hormones such as cortisol) and cardiovascular abnormalities (e.g. rigid
parasympathetic tone, decreased heart rate variability, increased coagulation factors). These
mechanisms, if similar for depressed LTX patients, could lead to poorer outcomes. Such
systemic mechanisms may lead to earlier death from a wide range of causes which may
account for the increased rate in death we observed but not differences in specific causes of
death.

It would be important to determine whether our findings can be replicated in other transplant
cohorts. This is especially important as our cohort of LTX patients included only those with
pre-LTX diagnosis of ALD. Alcohol dependence and major depression are often comorbid
psychiatric disorders and thus we may have observed higher rates of depressive symptoms
than would be seen in a sample of patients with all liver diseases. These findings should also
be replicated in other cohorts of organ transplant recipients. In one study DeVito Dabbs et
al. found that lung and heart-lung transplant recipients who had depressive symptoms also
experienced greater levels of physical impairment than those who did not and the role of
psychological distress was independent of the contribution of actual medical complications
to increased physical impairment (25). Dew et al. found that persistently high depressive
symptoms during the first year after heart transplantation increased the risk for chronic graft
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rejection during subsequent years (26). However, we examined acute but not chronic
rejection.

An additional limitation of our study is that we assessed symptoms of depression not the
actual diagnosis of a clinical depression. While higher BDI scores are suggestive of an
actual depressive disorder, further assessment would be needed to establish the diagnosis.
However the BDI is the best patient rated instrument having excellent validity and reliability
and is used extensively in studies of medically ill populations. As a dimensional measure the
BDI can produce a continuum of depressive symptom severity across which the patient’s
relative level of distress can be measured. This dimensional approach allowed us to observe
changes in the severity of symptoms over time and thus identify the trajectories of
symptoms. In addition, a recent meta-analysis found that just having symptoms of
depression can increase the risk of death in congestive heart failure (27). Lastly we do not
know whether those with significant depressive symptoms were treated and what their
treatment response may have been.

In the future researchers should look beyond depressive symptoms to the potential
mechanistic underpinnings of how depression may lead to worse outcomes (e.g. increased
physiologic stress or proinflammatory cytokines, etc.). These studies could lead to improved
identification perhaps even before depressive symptoms evolve. Screening and treating
patients for depression throughout the early post-LTX period targeting those most at risk for
depressive symptoms is recommended. Whether interventions to treat depression early on
will improve long-term survival remains unknown.
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ALD alcoholic liver disease

ALT alanine aminotransferase

AST aspartate aminotransferase

BDI Beck Depression Inventory

DSM-1V Diagnostic and Satistical Manual of Mental Disorders, Fourth Edition
GGTP gamma-glutamyltransferase

HCV hepatitis C

ICU intensive care unit

LOS length of stay
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MELD model for end-stage liver disease
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Figurel.
Percentage of cluster groups with low, moderate and high BDI scores at each time point.
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Survival for three groups of BDI trajectories.
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Cohort demographic, psychiatric and medical characteristics (n = 167)

Demographics

Gender, % male

Age, M (SD)

Race, % white

Education, % > high school
Occupation, % blue collar
Marital status, % married
Alcohol and psychiatric history
Years heavy drinking, M (SD)
Months of sobriety, M (SD)°
Average drinks/week, M(SD)?
Alcohol rehabilitation, % yes
Family history alcoholism, % yes
Alcohol dependence diagnosis, % yes
Other substance use, % yes
Depressive disorder, % yes
Anxiety disorder, %

Medical variables

Presence of hepatitis C, % yes

MELD score, M (SD)&

Charlson comorbidity score (SD)

84
50 (8)
95
48
75
52

20 (9)
40 (46)
107 (109)
45
63
75
38
20
13

47
17 (7)

7.15 (1.5)

a . - . .
Log transformed to reduce skewness prior to statistical test. Untransformed means and SDs are presented to facilitate interpretation.
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Table 2

Comparison of pre-LTX and early post-LTX variables between trajectory groups

Page 15

Test statistic?,
Pre- and early post-L TX variables Low depression Increasing depression  High depression p-Value
Demographic
Age, mean (SD) 52 (8) 48 (7) 48 (8) 5.9, 0.003
Gender (% male) 87 73 87 ns
Race (% white) 96 95 94 ns
Married or had partner (% yes) 61 44 36 7.5,0.02
Education (% beyond HS) 53 40 43 ns
Psychosocial
Alcohol dependence dx (% yes) 72 73 87 ns
Family hx alcoholism (% yes) 62 58 72 ns
Prior hx of depression (% yes) 12 32 26 0.046"
Other substance use (% yes) 28 42 61 11, 0.004
Years of heavy drinking, mean (SD) 22 (9) 18 (8) 18 (9) 3.2,0.04
Length of sobriety, months (SD) 41 (47) 39 (43) 41 (45) ns
Alcohol amount consumed in first year, mean (SD)b 8 (38) 12 (42) 6 (17) ns
Medical
HCV infection (% yes) 38 54 65 7.7,0.02
HCC (% yes) 16 7 19 ns
MELD, mean (SD) 17 (7) 17 (7) 16 (8) ns
Length of hospital stay, m days (SD) 24 (24) 25(23) 24 (24) ns
ICU length of stay, m days (SD) 14 (21) 15 (18) 17 (24) ns
Donor age, mean years (SD) 46 (17) 47 (15) 41 (18) ns
Charlson comorbidity index at 1 year, m (SD) 6.8 (1.2) 72(1.7) 7.4 (1.4) ns
Inpatient admissions within first year, m (SD) 2.3(2) 1.9 (1.7) 2.7(2.8) ns
Transplant clinic visits within first year, m (SD) 30(12) 31(12) 26 (14) ns

*
Exact p-value is reported because the number of cases is small (2-sided Fisher’s exact p).

a)(2(2) for dichotomous variables, F (2,167) for continuous variables.

b . . . . I
For purposes of comparison between types of alcohol consumed, alcohol consumption was reported in standard alcohol drink units (i.e. one 12-
ounce beer, 5-6 ounces of wine or a 1-ounce ‘shot’ of hard liquor). Untransformed data are presented for clarity.
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Table 4

Comparison of outcomes between the three BDI trajectory groups

Outcomes Low depression Increasing depression High depression  Exact p*
>20% of biopsies with steatohepatitis® 8%, n=7 8%,n=3 13%,n=4 p=069
220% of biopsies with acute rejection® ~ 31%,n=27 36%, n=14 27%,n=38 p=073
Graft failure 37%,n=10 55%, n=11 31%,n=5 p=0.32
= 50% GGTP values abnormal 68% n = 65 85%n =35 87% n =27 p=0.03
2 50% AST values abnormal 38% n = 36 51% n=21 36% n=11 p=0.28
>50% ALT values abnormal 58% n = 55 73% n =30 74%n =23 p=0.13
= 50% creatinine values abnormal 44%n =42 49% n =20 48% n =15 p=.86
Causes of death N = 27C N =20 N=16

Alcoholic liver disease 7%, n=2 5%, n=1 6%,n=1 p=1.0
Recurrent HCV 22%,n=6 35%,n=7 25%,n=4 p=0.67
Other causes of liver failured 7%,n=2 15%,n=3 12%,n=2 p=069
Malignancy® 37%,n =10 5%,n=1 6%,n=1 p =0.009
Cardiac events’ 4%,n=1 10%, n=2 12%,n=2 p=0.59
Infection or sepsis 7%, n=2 15%,n=3 19%,n=3 p=0.50
Unknown 7%,n=2 5%,n=1 12%,n=2 p=0.71
Accident/trauma 7%, n=2 5%, n=1 0% p=0.78
Other 4%,n=1 5%, n=1 6%, n=1 p=1.00

*
Exact p-values are reported because the numbers of cases are small (2-sided Fisher’s exact p).

a“I'en participants did not get biopsies.

bRejection Activity Index score = 3 on biopsy.

C. . L . .
Total number adds to more than 27 as two persons died of a combination of recurrent HCV and alcohol related liver disease.

Includes portal vein thrombosis, hepatic artery thrombosis, acute/chronic rejection, infarction.

e . .
Includes hepatocellular carcinoma, lung and skin.

flncludes myocardial infarction, heart failure, arrhythmia.
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