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For patients receiving liver or other organ transplants for diseases associated with substance use, risk for relapse posttransplantation
is a prominent clinical concern. However, there is little consensus regarding either the prevalence or risk factors for relapse to alcohol
or illicit drug use in these patients. Moreover, the evidence is inconsistent as to whether patients with pretransplantation substance
use histories show poorer posttransplantation medical adherence. We conducted a meta-analysis of studies published between
1983 and 2005 to estimate relapse rates, rates of nonadherence to the medical regimen, and the association of potential risk factors
with these rates. The analysis included 54 studies (50 liver, 3 kidney, and 1 heart). Average alcohol relapse rates (examined only
in liver studies) were 5.6 cases per 100 patients per year (PPY) for relapse to any alcohol use and 2.5 cases per 100 PPY for relapse
with heavy alcohol use. Illicit drug relapse averaged 3.7 cases per 100 PPY, with a significantly lower rate in liver vs. other recipients
(1.9 vs. 6.1 cases). Average rates in other areas (tobacco use, immunosuppressant and clinic appointment nonadherence) were 2
to 10 cases per 100 PPY. Risk factors could be examined only for relapse to any alcohol use. Demographics and most
pretransplantation characteristics showed little correlation with relapse. Poorer social support, family alcohol history, and
pretransplantation abstinence of �6 months showed small but significant associations with relapse (r � 0.17-0.21). Future research
should focus on improving the prediction of risk for substance use relapse, and on testing interventions to promote continued
abstinence posttransplantation. Liver Transpl 14:159-172, 2008. © 2008 AASLD.
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Organ transplantation has become an increasingly ac-
cepted strategy for the treatment of end-stage diseases
associated with substance abuse or dependence. For
example, despite early reservations as to whether pa-
tients with alcoholic liver disease were appropriate
transplant candidates,1-4 alcoholic liver disease is now
among the most common indications for liver trans-
plantation in both the United States and Europe,5-8 and

short-term (1-5 yr) survival rates for these patients are
similar to or exceed those of patients receiving trans-
plantation for other types of liver disease.5,9 A small
literature suggests that favorable outcomes are also
possible for liver and other solid organ transplant re-
cipients with histories of other types of substance
abuse (e.g., heroin use).10-13

Nevertheless, concerns remain regarding patients’ risk
of return to alcohol or other substance use posttransplan-
tation, especially in light of a growing body of data show-
ing that substance use relapse—especially return to
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heavy or “harmful” use14—bodes poorly for long-term
graft function, extrahepatic health, and patient surviv-
al.15-21 But how commonly do patients return to sub-
stance use after transplantation, and what are the stron-
gest predictors of this outcome? Reviews and
commentaries indicate that we cannot yet answer either
part of this question. For example, crude rates (unad-
justed for follow-up duration) of alcohol relapse after liver
transplantation have been reported to range from 0 to
95%.5,19,22-31

Reviews summarizing alcohol relapse rates posttrans-
plantation note that differences across studies are diffi-
cult to interpret or reconcile due to variations in study
methodology, definition and assessment of relapse, and
follow-up duration.5,25,31,32 Addressing differences in fol-
low-up duration has proved particularly vexing, with the
most common approaches to date consisting of comment-
ing on such differences qualitatively (without any corre-
sponding empirical adjustment of rate esti-
mates)5,25,26,28,29 or considering small groups of studies
piecemeal (e.g., examining the small group that report
6-month relapse rates, those reporting 12-month relapse
rates, etc.).22,23,32 Neither approach allows for full inte-
gration across studies. Moreover, despite the wide-spread
promotion of strategies believed to reduce posttransplan-
tation relapse risk (e.g., requiring that patients have �6
months of abstinence pretransplant or that patients par-
ticipate in formal substance use rehabilitation pro-
grams),31,33 reviews note that the empirical evidence link-
ing such factors to posttransplantation relapse remains
sparse and contradictory.7,25,31,34,35 Finally, a long-
standing debate has concerned whether patients with
histories of substance use/abuse are at risk not only for
relapse posttransplantation but for nonadherence to the
medical regimen (either alone or in concert with sub-
stance use relapse).3,36 Yet evidence to support or refute
assertions of heightened nonadherence risk remains
scattered across this literature11,17,36-40 and has not re-
ceived systematic review.

Without precise information about level of risk and
predictors of risk for relapse to substance use after liver
and other forms of organ transplantation, it becomes
difficult either to: 1) appropriately target clinical re-
sources to minimize the risk; or 2) design intervention
research to empirically evaluate promising clinical
strategies for risk reduction. Therefore, we performed a
meta-analysis to achieve 2 goals. First, we sought to
provide precise estimates of the rates of alcohol and
illicit drug relapse in individuals receiving liver or other
solid organ transplants. As part of this goal, we also
examined posttransplantation rates of nonadherence to
critical components of the medical regimen (e.g., taking
immunosuppressant medications) in transplant recip-
ients with pretransplantation histories of substance
use. Where there was substantial variation in sub-
stance relapse or other nonadherence outcome rates
across studies, we examined whether this variation
could be explained by differences in study characteris-
tics (e.g., study design). Second, we sought to determine
whether substance use relapse was associated with fea-
tures of pretransplantation substance use history and

other psychosocial characteristics hypothesized to in-
fluence posttransplantation relapse risk.

MATERIALS AND METHODS

The methodology for conducting and reporting the
meta-analysis followed established guidelines.41,42

Search Strategy and Study Selection

Eligible studies reported on transplant recipients with
pretransplantation histories of substance abuse/depen-
dence or diseases indicative of such use (e.g., alcoholic
liver disease). Studies included in the present report were
drawn from a larger literature search on nonadherence to
the medical regimen (including substance use) after organ
transplantation. We divided this literature into studies
that focused on general transplant samples and studies
that focused on samples of patients receiving transplan-
tation due to substance use. The former samples were
examined in an earlier meta-analysis.43 In contrast, the
present report examines all works describing samples of
patients receiving transplantation due to substance use.

Figure 1 summarizes our study retrieval and selec-
tion strategy. From 691 articles initially retrieved, 603
articles were excluded from the analyses herein. As
shown in Figure 1, articles were excluded if they pro-
vided no data on posttransplantation substance use
relapse or any other nonadherence outcome in trans-
plant recipients with substance abuse/dependence
histories. Studies were also excluded if they provided
neither: 1) the number of persons who relapsed (or had
any other outcome we examined) and the duration of
observation time for sample; nor 2) the association of
relapse (or any other outcome) with at least 1 of the
psychosocial risk factors we considered (as described
below). Finally, studies were excluded if they reported
on relapse or nonadherence exclusively in samples of
patients with poor health outcomes (e.g., graft loss,
death). The rationale for this exclusion was that studies
limited to patients with poor outcomes, some of which
can be produced by substance use, would not provide
rate information generalizable to the larger group of
transplant recipients who remained alive.

Data Extraction

Substance Use and Other Nonadherence
Outcomes

Pairs of authors (1 of whom was author M.A.D.) re-
viewed all studies. The 3 primary outcomes for the
present analyses pertained to substance use relapse:
relapse to any alcohol use posttransplantation, relapse
to heavy alcohol use, and relapse to any illicit drug use.
Three secondary outcomes pertained to behaviors in
other areas of the posttransplantation medical regimen:
tobacco use, immunosuppressant medication nonad-
herence, and failure to attend clinic appointments. No
other areas of nonadherence (e.g., failure to complete
blood work and tests, failure to monitor vital signs) were
examined in any report focused on transplant recipi-
ents with histories of substance use.
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A total of 3 of our 6 outcomes—alcohol relapse, illicit
drug relapse, and tobacco use—were consistently defined
across the original study reports as any use (vs. none). For
remaining outcomes (alcohol relapse with heavy use, non-
adherence to immunosuppressants, and nonadherence
to clinic appointments), we followed the standards of the
Cochrane Collaboration44,45 and other meta-analyses of
nonadherence in nontransplant populations:46 we ex-
tracted information from each study on the occurrence of
each outcome based on the study authors’ definition (i.e.,
their definition of what constituted heavy drinking, or
their definition of nonadherence to immunosuppressants
or required clinic appointments). (These definitions nec-
essarily varied somewhat depending on the studies’
method of outcome assessment; we evaluated the impact
of method differences on outcome as described below.)
Authors’ definitions of medication and clinic appointment
nonadherence reflected their transplant programs’ re-
quirements in these areas.

Assessment-Related and Other Study
Characteristics

We aimed to categorize the method used to assess each
substance use and nonadherence outcome into 5 broad

groups:46 1) self-report (e.g., patient interview, paper-
and-pencil survey, diary); 2) collateral report by family
member or health care professional (e.g., through inter-
view or survey); 3) biologic or other “indirect”47 measure
(e.g., blood level, electronic medication monitoring); 4)
historical data retrieved from medical records; and 5)
combinations of 2 or more of these methods (e.g., self
report � medical record data). However, no studies
were found that fell into categories (2) or (3). We also
recorded descriptive information about each investiga-
tion (e.g., type of transplant studied, geographic region
where the study was conducted, study design).

Finally, following current meta-analysis standards,41

pairs of us rated each study on 5 components of meth-
odologic quality, using a validated scoring system for
each.48 We employed a consensus approach in which
any disagreements were resolved before assigning a fi-
nal score. The 5 components (each rated as 1 � yes, 0 �
no) were whether: 1) the sample was clearly described
(e.g., including demographic information, dates of
transplant); 2) the patients approached for enrollment
were representative of the population of patients with
histories of substance use who received transplanta-
tion at the study’s site; 3) the sample enrolled was

Databases searched:  MEDLINE, PsycINFO, CINAHL, Global Health, AMED, EMBASE

Inclusion criteria: publication date 1981 (advent of cyclosporine) – 2005
report provides empirical data pertaining to post-transplant adherence
(including use of substances)

Yield: 1,837 citations

Exclusion criteria: case studies/samples < 10 (N = 742)
pediatric samples (all aged < 18) (N = 521)
none of the reasons above but full article not published in English (N = 19)

Yield: 555 articles meeting criteria were identified and retrieved 
+136 articles were identified from bibliographies of retrieved reports

TOTAL = 691 articles retrieved for more detailed evaluation

603 articles excluded from present analyses:

N = 180 adherence assessed only in general post-transplant
samples with no breakdown by respondent history of 
substance abuse/dependence

N = 423 no data on rates/correlates of substance use relapse or other
nonadherence outcomes OR no data on follow-up duration or
time period covered by the outcomes assessment OR relapse/
nonadherence assessed only in patients with poor outcomes
or only during an intervention

Final set of independent studies included:  25 + 29 = 54

TOTAL = 54 studies

Of remaining 88 articles 
N =59 publications were found to represent 25 independent

studies (i.e., 25 independent investigations published multiple
papers describing different aspects of their studies)
For studies with multiple publications, data on a given relapse
or nonadherence outcome were extracted from the report with
the longest duration of follow-up.

N =29 publications each represented independent studies

Figure 1. Identification of independent studies for current meta-analysis.
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representative of those approached; 4) the source of
outcome data (e.g., on relapse or other areas of nonad-
herence) and the time period covered by the outcome
measure were clearly described; and 5) analyses of out-
come rates were appropriate (i.e., if patients varied in
follow-up duration, rates were calculated via tech-
niques such as survival analysis). A composite quality
score was created for each study, which was the count
of the number of these 5 areas that were rated as “yes”
(total score range, 0-5).

Potential Correlates of Substance Use and
Nonadherence Outcomes

From each study, we extracted information on the size of
the associations of our outcomes with a series of psycho-
social characteristics. We aimed to examine as many as
possible of the characteristics hypothesized in the sub-
stance use and adherence literatures to be impor-
tant.15,23,25,26,31,32,34,43,46,49-52 However, there were only
sufficient numbers of studies (i.e., �5 for any given psy-
chosocial characteristic) for us to examine: 1) a single
outcome, alcohol relapse (any use), in relation to 2) the
variables of patient gender, age, education, marital sta-
tus, employment status, social support, pretransplant
psychiatric history (Axis I disorders), pretransplant illicit
drug use, family history of alcohol abuse/dependence,
duration of abstinence from substance use before trans-
plantation, and participation in a substance use rehabil-
itation program before transplantation. (It is noteworthy
that there were also too few studies to examine even the
single outcome of alcohol relapse in relation to other out-
comes such as immunosuppressant or clinic appoint-
ment nonadherence.) Among the potential psychosocial
correlates of alcohol relapse, 1 variable, duration of pre-
transplant abstinence, has been used in some studies as
a dichotomous variable (�6 months of abstinence vs.
longer abstinence), and in other studies as a continuous
variable. Thus, we considered it both ways in the present
analyses so that relevant information on abstinence du-
ration from as many studies as possible could be evalu-
ated. In addition, because it has been suggested that
there is a strong negative association between time since
transplantation and risk for alcohol relapse5 (yet too few
studies report any empirical estimate of this association),
we examined the timing of relapse descriptively.

Statistical Analysis

Examination of Rates of Relapse and
Nonadherence

Patients in most studies had unequal follow-up time, typ-
ically because they entered a given study at different time
points (e.g., different transplantation dates) or were lost to
follow-up at varying time points (e.g., due to death). Thus,
given our goal to compare rates in the face of differences in
duration of observation,53,54 we examined event rates—
e.g., cases of relapse—per 100 persons per year (PPY) (i.e.,
per 100 person-yrs of observation). If total person-yrs of
observation was not reported directly, we calculated it
from either reported cumulative probabilities or descrip-

tive information about the distribution of follow-up dura-
tion in the sample.53 The person-yrs metric is routinely
used in examining health-related outcome rates in many
patient populations.55-58

We calculated the pooled, or average, estimate of the
rate in each study outcome (rate � cases per 100 PPY)
across all contributing studies, as well as within each
organ transplant type (when studies varied in the type of
transplant recipients considered). The pooled estimate is
a weighted average that takes within-study variance into
account. It was calculated under a random effects model,
to allow generalizability beyond the retrieved studies.59

For each statistically significant pooled estimate, we eval-
uated the impact of publication bias (i.e., that studies
finding outcome rates exceeding zero may have been more
likely to be published) by calculating the “fail-safe N.” This
is the number of missing studies obtaining null findings
that would need to be added to the analysis so that the
pooled estimate would no longer be significant.60,61

For outcomes with substantial variability in rates
among contributing studies (as determined with the Q
test for heterogeneity), we used random effects meta-
regression to determine whether the variability could be
independently explained by any of 5 study characteris-
tics: geographic location, year of publication, study de-
sign, study quality, and method of assessment of the
study outcome.

Examination of Psychosocial Risk Factors in
Relation to Study Outcomes

The association of alcohol relapse (any use) with each
psychosocial variable was examined by extracting r,
the Pearson correlation coefficient, as the measure of
effect size (ES). (When the size of the association was
not reported directly, we calculated it from the rele-
vant test statistic reported for it, e.g., a t-test or a
chi-squared value). The ES indicates the strength and
irection of association between pairs of variables; we
chose it for its flexibility and applicability across measure-
ment scenarios (i.e., with continuous, dichotomous, or
ranked variables62,63). For each statistically significant
average ES, we calculated the fail-safe N. We determined
whether there was significant variability in ES across
studies with the Q test, and we examined whether study
characteristics defined above accounted for the variabil-
ity. Although we could not extract ES data on the associ-
ation between time since transplantation and risk for al-
cohol relapse, we provide descriptive data relevant to this
association.

RESULTS

Retrieved Studies

A total of 54 studies met our inclusion criteria; all but 4
pertained to liver transplant recipients. Table 1 pro-
vides descriptive information for the complete set of
studies. (Appendix A lists each study and the substance
use or other nonadherence outcomes examined; a bib-
liography is available from author M.A.D.) Similar num-
bers of studies were conducted in North America (all in
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the United States) and Europe (including France, Ger-
many, the United Kingdom, Spain, Austria, and Italy).
Over 3,600 patients were included across all studies,
contributing over 13,800 person-yrs of observation
time. The average duration of observation was over 4
yrs, ranging up to almost 13 yrs. Most studies exam-
ined substance use or other nonadherence outcomes
retrospectively, rather than by prospectively charting
the incidence of the outcomes over time. The majority of
the studies received total methodologic quality scores in
the low to moderate range.

The number of reports contributing data on each of
our primary and secondary outcomes are also shown in
Table 1. Studies of posttransplantation alcohol relapse
(any use) were most common and included only liver
recipients. Although there are far fewer studies of illicit
drug relapse, it has been considered across multiple
types of organ recipients. The secondary outcomes have

rarely been reported in individuals with pretransplan-
tation histories of alcohol or illicit substance use.

Rates of Study Outcomes and Rate
Differences by Type of Transplant

Figure 2 shows the average rate and 95% confidence
interval for the primary and secondary outcomes. For
example, the average rate for alcohol relapse (any use)
was 5.6, or approximately 6 cases per 100 PPY of ob-
servation. The average rates for all outcomes except
nonadherence to clinic appointments differ signifi-
cantly from zero (i.e., confidence intervals do not in-
clude zero). The rate for tobacco use is higher than rates
for any other outcomes, although its confidence interval
is also wider than that of any other outcome.

The relatively large fail-safe Ns for the rates in Figure
2, especially for alcohol relapse (any use) and alcohol

TABLE 1. Descriptive Information for 54 Independent Studies of Substance Use and Other Outcomes in Patients

With Pretransplant Histories of Alcohol or Illicit Drug Use

Characteristic

Type of organ transplant

Total Liver Kidney Heart

Number of studies 54 50 3 1
Year of earliest publication of any

study examining outcomes 1983 1988 1983 1991
Study location, continent: % (n)

North America 51.9 (28) 48.0 (24) 100.0 (3) 100.0 (1)
Europe 48.1 (26) 52.0 (26) – –

Total number of patients studied 3,651 3,551 53 47
Sample size: mean (SD) 68 (48) 71 (48) 18 (3) 47 (-)

Median 55 58 17 47
Range 11–209 11–209 15–21 –

Total person years of observation 13,821 13,414 111 296
Duration of observation or follow-up,

yrs: mean (SD) 4.2 (2.7) 4.2 (2.7) 2.0 (0.6) 6.3 (-)
Median 3.5 3.4 2.0 6.3
Range 0.9–12.9 0.9–12.9 1.6–2.4 –

Study design,
cross-sectional/retrospective (vs.
prospective): % (n) 88.8 (48) 88.0 (44) 100.0 (3) 100.0 (1)

Study quality evaluation: % (n)
Low (score 0–1) 3.7 (2) 2.0 (1) 33.3 (1) –
Moderate (2–3) 50.0 (27) 48.0 (24) 66.7 (2) 100.0 (1)
High (4–5) 46.3 (27) 50.0 (25) – –

Outcomes examined: no. of studies
Primary outcomes

Alcohol relapse, any use 48 48 0 0
Alcohol relapse, heavy use 21 21 0 0
Illicit drug relapse, any use* 8 4 3 1

Secondary outcomes
Tobacco use 3 3 0 0
Nonadherence to

immunosuppressants 7 6 0 1
Nonadherence to clinic

appointments 2 2 0 0

Abbreviation: SD, standard deviation.
*Includes 1 study of kidney recipients that reported on illicit drug use posttransplantation in patients with either alcohol or
illicit drug use before transplantation. All remaining studies examining this outcome focused on return to illicit drug use in
patients identified as having used illicit drugs before transplantation.
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relapse with heavy use, indicate that these average
rates are very robust to the discovery of many addi-
tional studies reporting null findings (i.e., the observed
rates are not artifacts of publication bias favoring re-
ports finding large, significant rates). The Q tests in
Figure 2 indicate that, except for clinic appointment
attendance, there is significant variability in the rates
across studies. Is this variability explained by type of
transplant (i.e., liver vs. kidney or heart)? Only 2 out-
come areas have been examined across multiple types
of transplant recipients: as shown in Table 2, the rate of
illicit drug relapse was significantly lower in liver trans-
plant recipient studies than in studies of other types of

recipients. The rate of immunosuppressant nonadher-
ence appeared to be lower in liver transplant recipients
than in heart transplant recipients. However, we could
not formally test this difference because the heart
transplant recipient rate was based on a single study.

Study-Related Characteristics Accounting for
Variability in Outcome Rates

We focused on the outcomes where there was significant
variability and, because meaningful analysis is difficult
with small numbers of studies, we considered only those
outcomes with more than 5 contributing studies. Results

Primary outcomes

Alcohol relapse, any use 48 5.6 (4.6, 6.6) 315.1** 7,779

Alcohol relapse, heavy use 21 2.5 (1.7, 3.3) 53.6** 568

Illicit drug relapse 8 3.7 (1.1, 6.2) 21.1* 56

Secondary outcomes:  other areas of the medical regimen

Tobacco use 3 9.9 (2.7, 17.1) 63.8** 136

Immunosuppressant nonadherence 7 3.2 (1.0,  5.4) 61.3** 80

Clinic appointment nonadherence 2 1.9 (-2.3,  6.0) 2.4 ---

aNumber of studies examining each nonadherence outcome.

bCannot be estimated for < 3 studies.

*p<.01  **p<.001

0                                                    12.5     25

Cases per 100 persons per year

Point estimate and 95% CIPoint                                           Fail-
Area                                                Na Estimate   (95% CI)         Q        Safe Nb

Figure 2. Pooled estimates of posttransplantation rates of substance use and other nonadherence outcomes. CI, confidence
interval.

TABLE 2. Rates of Study Outcomes by Type of Organ Transplant (Cases Per 100 person per year)a

Outcome area

Type of organ transplant

All Types Liver Kidney Heart

Rate (SE) Rate (SE) Nb Rate (SE) Nb Rate (SE) Nb

Illicit drug recidivism* 3.7 (1.3) 1.9 (1.4) 4 5.9 (2.6) 3 6.4 (2.6) 1
Nonadherence to

immunosuppressant
medications 3.2 (1.1) 2.6 (1.1) 6 — 0 6.1 (2.7)c 1

aAll other outcomes were examined exclusively in liver recipients.
bNumber of studies of each transplant type that examined each area of nonadherence.
cA comparison with liver recipient studies could not be performed due to the small sample size in this group.
*Significant differences (P � .05) in rates of nonadherence were found between studies of liver recipients vs. the combined
group of studies of kidney and heart recipients, based on meta-ANOVA.
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for the 4 outcomes meeting these criteria are shown in
Table 3. For each outcome, the estimated rate is shown
according to study characteristic. For example, for relapse
to any alcohol use, the second column of Table 3 shows
that European studies had a higher average rate (6.7; �7
cases per 100 PPY) than North American studies (rate of
4.4). This difference in rates was statistically significant
(Z � 3.53; P � 0.01). European studies also yielded sig-
nificantly higher rates of relapse to heavy alcohol use.
However, European studies showed lower rates of immu-
nosuppressant nonadherence.

Table 3 shows that 2 other study characteristics were
associated with significantly greater risk for relapse to any
alcohol use: study publication in 1995 or earlier, and use
of either self-report or multiple method approaches to
assessment. No study characteristic other than geo-
graphic location was associated with any other outcome.

Associations of Outcomes With Psychosocial
Variables

We were able to examine alcohol relapse (any use) in
relation to 12 potential psychosocial risk factors. (As

noted earlier, no other outcome was examined in suffi-
cient numbers of studies in relation to any risk factors.)
Figure 3 shows the direction and strength of the alcohol
relapse-psychosocial variable correlations, as well as the
number of studies examining each correlation. For exam-
ple, across the 14 reports contributing data on the alco-
hol-gender correlation, the average ES was r � �0.01
(confidence interval, �0.10-0.07). Only 3 of the 12 psy-
chosocial variables were significantly correlated with al-
cohol relapse: poorer social support, a family history of
alcohol abuse/dependence, and duration of pretrans-
plantation abstinence of � 6 months (ESs of 0.17, 0.17,
and 0.21, respectively; confidence intervals not overlap-
ping with 0). The fail-safe Ns of 9 or less for social support
and family history are small, but the fail-safe N of 179 for
abstinence � 6 months suggest that this latter associa-
tion with alcohol relapse is robust to the discovery of
many additional reports with null effects.

Q was significant for several ESs in Figure 3. How-
ever, no study characteristics (e.g., design, quality) sig-
nificantly accounted for the observed variability in ESs
across studies.

Finally, although we could not quantitatively exam-

TABLE 3. Study Characteristics Potentially Accounting for Variability in Outcome Rates (Per 100 PPY) Across

Independent Studies of Patients with Pretransplantation Histories of Alcohol or Illicit Drug Usea

Study Characteristic

Outcome Domain

Alcohol Relapse,

any use

Alcohol Relapse,

heavy use

Illicit Drug

Relapse

Nonadherence to

Immunosuppressant

Medications

rate (SE) Nb Z rate (SE) Nb Z rate (SE) Nb Z rate (SE) Nb Z

Study location
North America 4.4 (0.7) 22 3.53** 1.2 (0.5) 7 3.35** 3.7 (1.3) 8 — 5.0 (1.5) 4 2.60**
Europe 6.7 (0.7) 26 3.2 (0.4) 14 — 1.4 (1.4) 3

Year of publication
1983–1995 6.7 (0.8) 17 4.63*** 2.4 (0.6) 8 0.90 6.4 (2.0) 3 0.35 4.9 (1.5) 4 1.38
1996–2005 5.1 (0.6) 31 2.6 (0.5) 13 2.2 (1.3) 5 1.6 (1.5) 3

Study design
Cross-sectional/

retrospective
5.5 (0.5) 42 0.11 2.6 (0.4) 19 — 3.7 (1.3) 8 — 3.7 (1.3) 6 —

Prospective 6.8 (1.6) 6 2.2 (1.2) 2d — 1.7 (3.0) 1d

Study quality
Low/moderate (0-4)c 5.4 (0.7) 25 0.13 2.5 (0.7) 8 1.54 5.1 (1.5) 6 — 4.5 (1.8) 2d —
High (5–6) 5.9 (0.7) 23 2.6 (0.5) 13 1.5 (1.8) 2d 2.5 (1.2) 5

Method of assessmentd

Medical record 4.6 (0.6) 30 (ref) 3.1 (0.7) 9 (ref) 4.5 (1.5) 6 — 2.4 (1.5) 4 1.30
Self-report 8.6 (1.7) 5 3.53** 1.9 (0.9) 4 1.43 50.0 (50.0) 1d 7.8 (2.7) 2e

Multiple sources 7.2 (1.0) 13 3.56** 2.4 (0.6) 8 0.47 0.8 (3.0) 1d 1.7 (2.9) 1e

aThe meta-regression results in this table also controlled for differences in type of transplant (when studies of more than one
type were available) in examining effects of study characteristics on rates of the outcomes.

bNumber of studies included in each category of a given study characteristic, e.g., there were 17 studies of alcohol use
published between 1983–1995.

cThis category combined studies of low and moderate quality because there were too few low quality studies to be examined
separately.

dThere were too few studies in this category to be examined in the analyses.
eThe studies in these categories were combined and then compared to medical record assessment methodology because there
were too few studies in each category to allow for separate comparisons.

*P � .05. **P � .01. ***P � .001.
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ine an association between time since transplantation
and alcohol relapse risk (because too few studies re-
ported a relevant ES), Figure 4 shows descriptive data
on relapse timing. A total of 11 studies reported the
earliest and latest time posttransplantation at which
relapse occurred (and sometimes reported the mid-
point), based on survival analysis. Figure 4 shows that
risk for alcohol relapse (any use) begins early posttrans-
plantation and may continue for many years. Of the 9
studies following patients beyond 7 yrs, 6 observed new
cases of relapse to continue to occur as late as 4 to 9.5
yrs posttransplantation. Some of the 11 studies show a
long time lag between the final occurrence of relapse
and continued follow-up in the remainder of the sample
who remained abstinent (as denoted by the dashed
lines that continue to the end of follow-up in Fig. 4).
Others show that new cases of relapse continued to
occur through much or all of the follow-up period.

DISCUSSION

The literature on posttransplantation relapse to sub-
stance use consists almost exclusively of studies of liver
transplant recipients. With few exceptions, then, the in-
terpretation of our findings is limited to these patients.
With this caveat, the rates of the outcomes we examined,
summarized in Figure 2, provide essential information to

guide clinicians’ assessments of the overall risk of these
outcomes in their patients. Such rate estimates can also
be valuable for developing clinical strategies to reduce or
limit risk.43,53 From a research standpoint, Figure 2 re-
veals the areas for which there remains limited posttrans-
plantation risk information in patients with substance
use histories. Alcohol relapse has clearly received the
greatest attention to date, despite equally salient con-
cerns about relapse risk in the growing numbers of trans-
plant recipients with other types of substance use histo-
ries.23,64,65 In particular, many patients with hepatitis C
virus—now the most common indication for liver trans-
plantation, alone or in combination with alcoholic liver
disease5,6—are likely to have acquired the virus via illicit
drug use.23 Thus, relapse to drug use demands increased
scrutiny in future studies.

The average rates of all outcomes we examined suggest
that during any given year of observation, most trans-
plant recipients with substance use histories will neither
use substances nor become nonadherent to components
of the medical regimen. For example, the posttransplan-
tation healthcare provider can expect to see only approx-
imately 6 patients relapse to alcohol use and 4 relapse to
illicit drug use for every 100 former substance users dur-
ing a given year of follow-up. Tobacco use posttransplan-
tation was the most prevalent outcome, at approximately

N of Average ES Fail-
Correlate                                          Studies    r (95% CI)         Q      Safe N

Male gender 14 -.01 (-.10, .07) 18.6 ---

Older age 12 -.08 (-.16, .01) 14.6 ---

Greater education 5 .01 (-.09, .11) 1.1 ---

Unmarried 8 .07 (-.03, .17) 5.8 ---

Unemployed before transplant 5 .04 (-.07, .14) 1.2 ---

Poorer social support 6 .17 ( .02, .31) 9.1 9

Pre-transplant psychiatric history 7 .02 (-.09, .12) 2.2 ---

Pre-transplant illicit drug use  8 .13 (-.05, .30) 24.5* ---

Family history of alcohol abuse/dep. 6 .20 (.06, .33) 8.2 16

Pre-tx alcohol abstinence < 6 mos. 17 .21 ( .11, .31) 41.2* 179

Shorter pre-tx alcohol abstinence 9 .14 (-.04, .31) 27.3** ---

No pre-tx alcohol rehab. program 9 .05 (-.06, .16) 12.2 ---

*p < .01   **p < .001          

aPositive effect sizes indicate associations of alcohol recidivism with male gender, 
greater age, greater education, unmarried status, pre-transplant unemployment, poorer 
social support, pre-transplant history of  psychiatric disorder, pre-transplant history of 
illicit drug use, family history of alcohol abuse/dependence, pre-transplant alcohol 
abstinence < 6 mos, shorter pre-transplant abstinence time, and lack of pre-transplant 
participation in an alcohol rehabilitation program.

Abbreviations:  ES, effect size; CI, confidence interval; tx, transplant; dep, dependence; 
rehab, rehabilitation

-.25                                             0               .25                                .50

Effect size, correlation coefficient

Point estimate and 95% CI

Figure 3. Associations between posttransplantation alcohol relapse (any use) and psychosocial variables.
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10 cases per 100 PPY. Although this estimate was based
on only 3 studies, our finding of a relatively high preva-
lence of tobacco use is consistent with the increased at-
tention that this outcome is receiving in the clinical liter-
ature,66-69 including mounting evidence that it is
associated with significant morbidities (e.g., lung and oro-
pharyngeal cancers;70 vascular complications69) after
liver transplantation. The tobacco use rate found in the
present analysis was greater than the rate of 3.4 cases per
100 PPY that we observed in our earlier meta-analysis of
general transplant samples.43 Overall, our findings sup-
port the need for smoking cessation programs to be more
widely available to transplant patients,68 particularly
those with substance use histories because these individ-
uals are more likely than other patients to also be smok-
ers.66

In contrast, we observed a lower rate of immunosup-
pressant medication nonadherence than we found in
our earlier analysis of general liver transplant samples
(3.2 cases vs. 6.7 cases per 100 PPY, respectively).
These results, then, belie assertions that persons with
pretransplantation substance use histories are at
greater risk for medication nonadherence than other
patients. We could not examine, however, whether re-
lapse to substance use posttransplantation elevates the
risk for medication nonadherence because too few
studies have considered this issue.

With respect to our primary outcomes, relapse to any
alcohol use after liver transplantation was over twice as
common as relapse with heavy alcohol use (almost 6 vs.
less than 3 cases per 100 PPY). This suggests that only
a minority of recipients who return to alcohol use may
become heavy or “harmful” drinkers. (It can be argued
that relapse to “any” alcohol use does not specify quan-
tity of use and that perhaps most if not all individuals in
the 49 studies reporting on “any use” actually relapsed

to heavy use. However, 20 of the 49 studies reported
both outcomes for their cohorts (see Appendix A). The
findings from these 20 studies are virtually identical to
those reported across all available studies: approxi-
mately 6 cases per 100 PPY return to any use, while less
than 3 per 100 PPY return to heavy use.)

The alcohol use outcome rates are annualized rates.
Since our descriptive analysis of time to onset of drinking
(Fig. 4) suggested that new cases are observed from early
posttransplantation to many years later, it is the cumula-
tive rates of relapse to any use or heavy use that become
particularly worrisome. For example, at a rate of almost 6
cases of relapse to any alcohol use per 100 patients per
year (PPY), the cumulative incidence rate would be ap-
proximately 11 cases by 2 yr posttransplantation, 28
cases by 5 yr, and so on. In Figure 5, we plot the expected
cumulative incidence rate for both of the alcohol out-
comes, based on the meta-analysis findings. Figure 5 also
shows the rates extracted from the individual studies. It is
possible that the cumulative incidence rates would even-
tually level off, but our analyses do not allow us to deter-
mine when that might occur. However, the fact that some
studies report new cases of relapse even many years post-
transplantation suggests that cumulative rates may con-
tinue to grow even in the late-term years. As shown in
Figure 5, very few studies have followed cohorts beyond 7
to 8 yrs posttransplantation, and thus it is difficult to
extrapolate beyond that point.

Our results suggest that illicit drug relapse was
slightly less common than relapse to any alcohol use. It
is the only outcome that was considered in multiple
studies beyond liver transplantation. Indeed, the rate of
illicit drug relapse was significantly higher in recipients
of other organs than in liver recipients. We suspect that
this partly reflects the fact that most studies of other
types of recipients were conducted earlier than the liver
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*see Appendix A for full listing of studies and authors (Garhardt, 1996 is listed with 
Goldstein, 1993 in Appendix A; Campbell, 1998 is listed with Beresford, 1992; 
Cuadrado, 2005 is listed with Fábrega,1998)

Figure 4. Time to alcohol re-
lapse (any use) after liver trans-
plantation. For each of 11 stud-
ies reporting time to relapse
after adjusting for differences in
patients’ follow-up duration, the
range of time to relapse is plot-
ted (earliest point, midpoint
[mean or median], latest point),
as well as length of total fol-
low-up in the sample.
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recipient studies. These kidney and heart recipient re-
ports either note that pretransplantation abstinence was
not as closely monitored as is current practice,11 do not
comment on whether there was any monitoring,10,71 or
emphasize issues other than abstinence (e.g., adherence
to dialysis for kidney patients) were more important both
pre- and posttransplantation for these patients.10,72

Geographic and other study methodologic character-
istics were related to variations in the substance use
and nonadherence outcome rates. Of particular note,
European studies showed higher rates of relapse to any
alcohol use and relapse with heavy alcohol use, com-
pared to North American (United States) studies. We
know of no evidence to suggest that the higher Euro-
pean rates reflect any differential degree of emphasis
across transplant programs on the importance of absti-
nence either before or after transplantation. Instead,
the effects may arise from the fact that alcoholic liver
disease patients in Europe are exposed to cultures with
higher average levels of alcohol consumption than in
North America.73 These environmental conditions may
make it more difficult for liver transplant recipients
with histories of alcohol use to continue to abstain from
alcohol posttransplantation.

Independent of geographic location, studies published
after 1995 have found lower rates of relapse to any alcohol
use. This may reflect transplant programs’ increasingly
stringent protocols for the selection of liver transplant

candidates with histories of alcohol use.15,16,26,33 Finally,
assessment method affected observed alcohol relapse
rates. Self-report alone and multiple-method assess-
ments (typically self-report � biological measures such as
blood tests, or self-report � collateral report) yielded the
highest rates of alcohol relapse. Our findings indicate that
medical record reviews alone seriously underestimate al-
cohol relapse rates.

An important objective of our analysis was to deter-
mine the degree to which study outcomes were associ-
ated with patient psychosocial characteristics. The lit-
erature permitted us to examine only 1 outcome,
relapse to any alcohol use, in relation to only some
hypothesized psychosocial predictors. We found that
patient demographic characteristics, pretransplanta-
tion psychiatric and illicit drug history, and pretrans-
plantation participation in rehabilitation bore little to
no association with relapse. A total of 3 significant as-
sociations were found, although they were modest in
size: poorer social support, a family history of alcohol
abuse/dependence, and a pretransplantation duration
of abstinence of 6 months or less each mildly increased
the risk for posttransplantation relapse (correlations of
0.17 to 0.21). Overall, the fact that these modest asso-
ciations were statistically reliable indicates that these
variables have some predictive utility. However, they
are not strong enough to predict risk with a high degree
of accuracy. In the case of pretransplantation absti-
nence, its limited impact may be due to the fact that
transplant programs strive to apply the “6-month rule”
as a key criterion for candidate selection. If the highest
risk patients (those with shorter or no abstinence) are
largely eliminated from the candidate pool, then it
would be expected that this variable should show only a
limited correlation with relapse.

There are limitations to the present meta-analysis.
We included only studies in which the full text was in
English. However, the number of potentially relevant
non-English reports was minute relative to the number
of reports reviewed for possible inclusion. We have al-
ready noted other limitations that reflect the areas of
focus and omission within the body of research that we
synthesized: 1) little consideration of samples beyond
liver transplantation; 2) beyond substance use out-
comes, consideration of nonadherence in only a narrow
range of the components of the medical regimen; 3)
examination of psychosocial variables only in relation
to relapse to any alcohol use, despite calls for the liter-
ature to focus on heavy or harmful use7,8,14; 4) inability
to examine associations between posttransplantation
substance use relapse and medical regimen adherence
because too few studies examined such effects; and 5)
inability to examine many variables proposed to be im-
portant predictors of substance use relapse (e.g.,
whether past substance use met criteria for depen-
dence vs. abuse, presence of personality disorder) be-
cause too few studies have included them. Indeed,
these areas of focus and omission in the literature pro-
vide a roadmap for work in the future.

Several additional challenges must also be addressed
in new research, given our findings. First, in terms of
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Figure 5. Rate of alcohol relapse as a function of time since
transplantation. Solid line shows estimate from meta-analysis
(alcohol relapse, any use: 5.6% increment annually, i.e., 5.6
cases per 100 PPY; alcohol relapse, heavy use: 2.5% increment
annually). This line becomes dashed after 9 years due to the
limited number of studies available. Points show individual
studies’ rates. Individual studies’ rates were calculated at the
end of follow-up for studies that followed all patients for the
same duration or for studies that adjusted for differences in
follow-up duration through survival analysis; otherwise, studies’
rates represent the midpoint of each study’s follow-up period.
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prediction of relapse risk, it may be most important to
determine how many risk factors a person possesses,
even if each of those risk factors alone bears only a weak
association with relapse. The idea that a constellation of
risk factors may be critical is not new.36,74,75 But re-
search to date typically evaluates the independent effect
of each factor rather than searching for additive predictive
power and attempting to identify a critical threshold of
risk burden. The modest findings from the present anal-
yses—that no single factor seems to be of major impor-
tance as a predictor—suggests that a new approach is
needed. Alternatively, our findings may indicate that
careful candidate selection has eliminated the highest
risk patients—but the fact that cumulative risk for re-

lapse appears ultimately rather large suggests that there
is still room for improving prediction.

Second, research to develop and test posttransplanta-
tion abstinence-promoting interventions is essential.
Such work need not await the identification of risk factors
if a model of “universal prevention”76 is adopted, in which
preventive interventions are offered to all recipients with
pretransplantation histories of substance use. Posttrans-
plantation intervention research in this area is undoubt-
edly difficult, given patients’ medical burden, complex
treatment regimen, and frequent denial of need for inter-
vention.77 Yet, given our findings regarding enduring risk
for substance use relapse after transplantation, interven-
tion efforts would be well-justified.

APPENDIX A

TABLE A1. Independent Studies Included in Meta-Analysis

Study first author, year

(first author, year of

additional related

publications) Country

Outcome areas examined
Examined

psychosocial

correlates

included in

the meta-

analysis

Alcohol

relapse,

any

use

Alcohol

relapse,

heavy

use

Illicit

drug

relapse,

any use

Tobacco

use

Nonadherence

to immuno-

suppressant

medications

Nonadherence

to clinic

appointment

follow-up

Liver transplant studies
Starzl, 1988 USA X
Kumar, 1989 (Arria,

1991)
USA X X X

Bird, 1990 UK X
Beresford, 1992

(Lucey, 1992, 1994,
1997; Beresford,
1994; Campbell,
1997, 1998)

USA X X X X

Doffoel, 1992 France X
Knechtle, 1992 USA X X
Bonet, 1993 (Van

Thiel, 1995;
Tringali, 1996)

USA X X X

Gish, 1993 USA X X
Goldstein, 1993

(Tripp, 1996;
Gerhardt, 1996)

USA X X X

Osorio, 1993 (Osorio,
1994)

USA X X

Pageaux, 1993
(Pageaux, 1999;
2003)

France X X X X

Berlakovich, 1994a
(Berlakovich,
1994b, 1999)

Austria X X X

Howard, 1994
(Pereira, 1997;
2000)

UK X X X X X

Krom, 1994 (Jauhar,
2004)

USA X X

Poynard, 1994
(Poynard, 1999)

France X
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TABLE A1. (Continued)

Study first author, year
(first author, year of
additional related
publications) Country

Outcome areas examined Examined
psychosocial

correlates
included in

the meta-
analysis

Alcohol
relapse,

any
use

Alcohol
relapse,

heavy
use

Illicit
drug

relapse,
any use

Tobacco
use

Nonadherence
to immuno-
suppressant
medications

Nonadherence
to clinic

appointment
follow-up

Raakow, 1995
(Rommelspacher,
1996)

Germany X X

Reeck, 1995 Germany X
Durand, 1996 France X X
Zibari, 1996 USA X
Anand, 1997 (Tang,

1998)
UK X X X

Chapman, 1997 USA X
Coffman, 1997 USA X X X
Everson, 1997

(Talamantes, 1998)
USA X X X

Foster, 1997 USA X X X
Pera, 1997 Spain X
Stephanini, 1997 Italy X X
Wiesner, 1997 USA X
Fábrega, 1998

(Cuadrado, 2005)
Spain X X X X

Heineman, 1998 Germany X
Berlakovich, 1999a

(Berlakovich,
1999b; 2000)

Austria X X X

Conjeevaram, 1999 USA X
Gledhill, 1999 UK X X
Newton, 1999 USA X X
Romano, 1999

(Rodriguez Romano,
2002)

Spain X

Talaulicar, 1999 Germany X
Burra, 2000 (Burra,

2001)
Italy X X X

DiMartini, 2000 USA X
Jain, 2000 (Bellamy,

2001)
USA X X

Platz, 2000 Germany X X
DiMartini, 2001

(DiMartini, 2005)
USA X X X

Gish, 2001 USA X X
Karman, 2001 USA X X
Mackie, 2001 UK X X X
Ayata, 2002 (Goldar-

Najafi, 2002)
USA X

Tome, 2002 (Varo,
2002)

Spain X X

Walter, 2002 Germany X X
Liu, 2003 USA X
Miguet, 2004 France X X X
Bjornsson, 2005 Sweden X X X
Perney, 2005 France X X X

Kidney transplant
studies

Stevens, 1983 USA X
Gordon, 1986 USA X
Butkus, 2001 USA X

Heart transplant studies
Hanrahan, 1991

(Hanrahan, 2001)
USA X X

NOTE: Each row in this table describes an independent study of a given type of transplant recipient. A bibliography of the
studies is available from author M.A.D.
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