CORRELATES AND OUTCOMES OF ALCOHOL USE AFTER SINGLE SOLID ORGAN TRANSPLANTATION:

A SYSTEMATIC REVIEW AND META-ANALYSIS

ABSTRACT

Background: Reviews on alcohol use in transplant recipients focus on liver recipients and their risk of
post-transplant rejection, but do not assess alcohol use in kidney, heart, or lung transplant recipients. This
systematic review and meta-analysis aims to synthesize the evidence on correlates and outcomes of any

alcohol use and at-risk drinking after solid organ transplantation (Tx).

Methods: We searched 4 databases for quantitative studies in adult heart, liver, kidney and lung Tx
recipients, investigating associations between post-Tx alcohol use and correlates and/or clinical, economic
or quality of life outcomes. Paper selection, data extraction and quality assessment were performed by 2
reviewers independently. A pooled odds ratio (OR) was computed for each correlate/outcome reported >

5 times.

Results: Of the 5,331 studies identified, 76 were included in this systematic review (93.3% on liver
Tx; mean sample size 148.9 (SD= 160.2); 71.9% male; mean age 48.9 years (SD= 6.5); mean time post-Tx
57.7 months (SD=23.1)). On average, 23.6% of patients studied used alcohol post-transplant. Ninety-three
correlates of any post-Tx alcohol use were identified, and 9 of the 19 pooled ORs were significantly
associated with a higher odds for any post-Tx alcohol use: male gender, being employed post-transplant,
smoking pre-transplant, smoking post-transplant, a history of illicit drug use, having first-degree relatives
who have alcohol-related problems, sobriety < 6 months prior to transplant, a history of psychiatric illness,
and having received treatment for alcohol-related problems pre-transplant. On average 15.1% of patients
had at-risk drinking. A pooled OR was calculated for 6 of the 47 correlates of post-Tx at risk drinking

investigated, of which pre-transplant smoking was the only correlate being significantly associated with



this behavior. None of the outcomes investigated were significantly associated with any use or at-risk

drinking.

Conclusion: Correlates of alcohol use remain under-investigated in solid organ transplant recipients
other than liver transplantation. Further research is needed to determine whether any alcohol use or at-
risk drinking is associated with poorer post-transplant outcomes. Our meta-analysis highlights avenues for

future research of higher methodological quality and improved clinical care.

KEY WORDS

Alcohol use, solid organ transplantation, systematic review, meta-analysis, risk factors, post-transplant
outcome



INTRODUCTION

Alcohol consumption is an integral part of many cultures and a common feature of social gatherings.
Worldwide, 47.7% of men and 28.9% of women drink alcohol, with an average intake of pure alcohol per
day of 30-57 grams for men and 10-29 grams for women [1]. While light to moderate intake (i.e., < 2
alcohol units per day for men (28 grams) and maximally 1 unit per day for women (14 grams)) does not
increase the risk of mortality or morbidity [2-5], the harmful impact of excessive alcohol use on a person’s
health cannot be ignored. In 2012, 5.9% of all global deaths were attributable to alcohol consumption [1].
Problematic alcohol use is the third most common risk factor for global disease burden, representing 5.5%
of global disability-adjusted life years [6] and is a key risk factor in the onset of over 200 diseases and
injuries, including cardiovascular disease, cancer, gastrointestinal disorders, diabetes and infectious
diseases [7]. The annual economic cost attributable to excessive alcohol use is estimated at $125 billion
Euros in Europe, and $224 billion dollars or about $1.9 dollars per alcoholic drink in the United States,

corresponding to 1-3% of a country’s gross domestic product globally [1, 8].

Within the field of transplantation, alcohol-related research almost exclusively concentrates on alcoholic
cirrhosis as an etiology of end-stage liver disease, and the prevalence and, to a lesser extent, predictors of
relapse after liver transplantation [9]. Currently, about 1 out of 3 liver transplantations are performed for
alcoholic liver disease [10]. Post-transplant survival and quality of life (QOL) are similar for patients
undergoing transplantation for alcoholic liver cirrhosis versus for other etiologies. Some studies even
suggesting a lower rejection rate and graft loss from rejection in those transplanted for alcoholic liver
disease versus other indications [11]. Yet, in the case of alcohol relapse, occurring in an estimated 5.6 cases
per 100 per year [12], long-term survival is poorer due to the increased risk for cardiovascular disease and
cancer in those consuming alcohol post-transplant. Few studies have investigated the prevalence and

clinical consequences of alcohol use in kidney, lung or heart transplant patients, with percentages between
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0 and 78.2% being reported post-transplant in a recent narrative review [11]. Varying operational
definitions of alcohol use, measurement and case finding methods might contribute to this large range in
percentages observed. Also, risk factors for post-transplant (excessive) alcohol use have been investigated
almost exclusively in liver transplant populations, and predominantly in patients with alcoholic cirrhosis as
disease etiology, showing that more severe alcohol use and a shorter duration of abstinence prior to
transplantation are associated with a higher risk of post-transplant relapse [13-15]. However, most studies
did not use a theoretical framework underpinning the selection of variables under investigation, and
without effect sizes being calculated, it is difficult to appreciate a correlate’s true relationship with post-
transplant drinking behavior and its subsequent association with outcome. To our knowledge, no
systematic reviews have ever investigated a broad spectrum of correlates and outcomes, using a meta-
analytic approach among all solid organ transplant populations, in patients abstaining from alcohol use,
drinking at moderate levels, or showing at-risk drinking patterns (i.e., not only focusing on liver

transplantation or a single organ type).

The aims of this systematic review and meta-analysis were to: 1) investigate the correlates of post-
transplant alcohol use in adult heart, liver, kidney and lung transplant recipients, and 2) quantify the
clinical, economic and health-related quality of life outcomes of post-transplant alcohol use in solid organ

transplant recipients.
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MATERIALS AND METHODS

This systematic review and meta-analysis is one of four systematic reviews conducted, investigating the
relationships between correlates or outcomes and alcohol use, immunosuppressant medication
nonadherence, smoking [16], or physical inactivity following transplantation through the Brocher funded
grant to develop a Solid organ transplant Endpoint model on Relationships between Influencing factors

and OQutcomes of transplant Self-Management behaviors Consortium.

We designed a systematic review protocol based on the methodology outlined in the Center for Reviews
and Dissemination handbook [17] and followed the PRISMA guidelines for data reporting [18]. The
protocol is registered in the PROSPERO database (REGISTRATION NUMBER REMOVED IN ORDER NOT TO

REVEAL THE AUTHORS4 IDENTITY)[19].

Electronic database searches

The electronic databases of PubMed, Embase.com, PsycINFO (Ovid), and CINAHL (Ebscohost) were
searched from inception until April 30, 2016. The search string was first designed for PubMed in close
collaboration with a health sciences librarian (MLK), combining controlled vocabulary (MESH terms) and
free text words representing the concepts of alcohol consumption and solid organ transplantation (Table
1), and translated afterwards for the other databases (available from the researchers upon request). The
bibliographic software program EndNote® was used to manage the references emerging from the

comprehensive electronic database searches.

INSERT TABLE 1 ABOUT HERE

Titles and abstracts of references were screened against inclusion- and exclusion criteria by two reviewers
independently. Next, the full texts of all potentially relevant references were retrieved and assessed for

eligibility by two independent reviewers. Evaluations were compared and inconsistencies resolved via
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consensus or consultation with a third reviewer. Eligibility scores were documented using checklists
programmed in a Microsoft Access database for transparency. The reference list of eligible studies was
subsequently screened for additional studies meeting the pre-specified inclusion criteria. For companion
or duplicate papers, only the most recent publication was considered. If similar or follow-up results were
reported in different papers (i.e. companion papers), we included the paper with the largest sample size

or most complete dataset only.

Inclusion and exclusion criteria

Studies eligible for inclusion in this systematic review had to fulfill the following criteria: 1) report on
original or primary quantitative studies; 2) include adult (> 18 years of age) recipients of single heart, liver,
kidney or lung transplants; 3) address alcohol use; and 4) focus either on the association between post-
transplant alcohol use and clinical, economic or health-related quality of life outcomes, or on correlates of

post-transplant alcohol use, or both.

The following papers were excluded: 1) publications that did not report results from an original
guantitative research project (e.g. qualitative studies, case reports with single subjects, reviews, books,
consensus reports, statements, editorials, letters to the editor, or dissertations); 2) studies on combined
organ transplant populations (e.g. liver and kidney), or other forms of tissue or organ transplantation (e.g.
stem cell or pancreas transplantation); 3) studies focusing on children or adolescents < 18 years of age;
and 4) quantitative studies focusing on a different topic or not addressing correlates or outcomes of post-
transplant alcohol use. Studies were also excluded if they had insufficient information to allow effect size

calculation based on the results published or full texts that could not be found.

Data extraction
A codebook was designed and programmed in an Access 2007 database (Microsoft, Seattle, WA, USA) to

guide the data extraction, covering the following sections: a) general information on the paper (e.g., year



of publication, country of origin, funding source of study, organ type); b) study methods (e.g. study design,
sample size and characteristics (e.g. age, gender, time since transplant); c) theoretical framework
underpinning the investigation of correlates or outcomes of alcohol use; d) clinical, economic and health-
related quality of life outcomes; e) correlates; f) quality assessment criteria; and g) specific information

regarding prevalence and measurement methods documenting post-transplant alcohol use.

The correlates were further divided into social/economic-related, patient-related, condition-related,
treatment-related and healthcare team or system related correlates, in line with the taxonomy used by
the World Health Organization to classify correlates of medication adherence [20], and to facilitate
comparisons of results between the parallel systematic reviews on post-transplant smoking behavior,
physical inactivity and medication nonadherence. Clinical, economic and health-related quality of life
outcomes represent conditions that are not yet present at time of transplantation but occur during the
post-transplant trajectory. If conditions (e.g. diabetes mellitus) were present prior to or at time of

transplantation, they were classified as condition-related correlates.

We distinguished between studies reporting any alcohol use versus at-risk drinking (i.e., drinking alcohol
in amounts that could cause adverse health effects; defined as drinking > 2 units per day for men and > 1

unit per day for women) [2], and correlates and outcomes were extracted accordingly.

Both the codebook and taxonomy on correlates and outcomes were developed iteratively, piloted and

adapted until there was 100% consensus among the consortium partners.

Data extraction was again performed by two researchers independently, and inconsistencies resolved until

there was 100% agreement on the data extracted.
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Quality of reporting

Quality assessment was performed by two reviewers independently using an adapted version of previously
published quality evaluation checklists [21, 22]. The quality of each study was rated in terms of definitions
provided, sampling strategies, sample sizes, methodological strength, completeness of data reporting and
reproducibility. Each of the 14 quality criteria are reported separately and no total score was calculated,

as not all criteria were applicable to all studies.

Data analysis and synthesis

Study characteristics were summarized by descriptive statistics as appropriate (i.e., percentages, median,
or mean depending on the measurement level and distribution of the data). An effect size, expressed as
odds ratio (OR) with 95% confidence interval, was calculated for each correlate or outcome of any alcohol
use or at-risk drinking investigated by at least five independent studies. An online effect size calculator
was used to facilitate the computation of effect size types per publication (i.e. standardized mean
difference, correlation coefficient, odds ratio and risk ratio, depending on the input data available) [23].
All effect size types were subsequently transformed into odds ratios, after which a pooled OR was
calculated under a random-effects model across all contributing studies using SAS® [24]. Effect sizes were
calculated by two researchers independently and compared afterwards. For each statistically significant
pooled OR, the fail-safe N was calculated to evaluate the impact of publication bias (i.e., studies with
statistically significant findings were more likely to be published) [25]. The fail-safe N represents the
number of non-significant studies that would need to be added so that the pooled OR would no longer be
statistically significant. The Q-test documenting heterogeneity (i.e. variability in effects among pooled

studies), as well as the |2 statistic with 95% confidence interval to describe the percentage of variation
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across studies that is due to heterogeneity rather than chance were also reported, as these statistics are
suitable to describe heterogeneity across small sample studies [26]. If a correlate or outcome was assessed
less than 5 times, an overview was produced, indicating the number of publications that showed a

significant association with any post-transplant alcohol use or at-risk drinking.

RESULTS

Sample size

After title and abstract screening, 513 of 5331 references were eligible for full text analysis. Excluding 4
companion papers, 2 duplicate publications and 431 papers that did not fulfill the inclusion criteria, data

on correlates and outcomes from 76 studies were extracted and summarized (Figure 1) [27-102].

INSERT FIGURE 1 ABOUT HERE

Study characteristics

Given that 2 publications enrolled the same cohort of patients, but reported different findings [90, 91],

study characteristics and quality appraisal was reported for 75 unique studies only.

Except for 4 studies on kidney [32, 37, 56, 101] and 1 study on lung transplant recipients [55], all studies

examined correlates and outcomes of alcohol use in liver transplant populations (93.3%). About half of the
studies were conducted in Europe (48%), followed by 33 studies from North America (44%), with only 5
studies coming from Asia (6.7%) and 1 from Australia (1.3%). The sample size across the 75 studies ranged
from 6 to 834 (mean= 148.9; SD= 160.2), the average patient age was 48.9 years (SD= 6.5) (reported in 62
studies only), and a mean of 71.9% male patients (SD= 15.6) (reported in 65 studies) were included. At
study enrollment, patients were on average 57.7 months post-Tx (SD= 23.1; range 21 to 108 months,
reported in 39 studies only). Irrespective of the operational definition of alcohol use used, the mean

percentage of patients consuming alcohol post-transplant was estimated at 23.6% (SD= 11.7; range 2.6%-
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52.8%; mean weighted for sample size 22.4%). At-risk drinking was estimated to occur in 15.1 % of the

patients (SD= 7.1; range 1.4-28%; mean weighted for sample size 13.5%).

Quality assessment

Figure 2 illustrates the methodological quality of included studies. Although most studies described how
they assessed alcohol use and at what time, they had methodological shortcomings in terms of: unclear
definitions of correlates or outcomes, insufficient reporting of the psychometric properties of the
instruments used to measure them, inappropriate sample sizes for the number of factors studied,

incomplete description of the statistical analysis plan, and lack of a prospective design.

INSERT FIGURE 2 ABOUT HERE

Correlates of alcohol use

In total, 93 different correlates were investigated in relation to any post-transplant alcohol use, of which
36 were patient-related, 27 condition related, 17 social-/economic-related, 11 treatment-related and only
2 health-care team /system-related factors (Tables 2 and 3). Pooled effect sizes could be calculated for 19
correlates, of which 9 were significantly positively associated with any alcohol use post-transplant (Table
2), i.e. male gender, being employed post-transplant, smoking pre-transplant, smoking post-transplant, a
history of illicit drug use, having first-degree relatives who have alcohol-related problems, sobriety of less
than 6 months prior to transplant, a history of psychiatric illness, and having received treatment for

alcohol-related problems pre-transplant.

INSERT TABLE 2 ABOUT HERE

Forty-seven correlates were investigated in relation to at-risk drinking, i.e. 14 condition-related, 13
patient-related, 11 social- /economic-related, 7 treatment-related correlates, and 2 factors related to the

healthcare team or system (Table 2 and 3). A pooled effect size could be calculated for 6 correlates, of
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which pre-transplant smoking was the only one being significantly associated with post-transplant at-risk

drinking (Table 2).

Correlates of any alcohol use and at-risk drinking for which no pooled effect sizes could be calculated, are

presented in Table 3.

INSERT TABLE 3 ABOUT HERE

Outcomes of alcohol use

Twenty-three outcomes were studied in relation to any alcohol use. None of the 3 outcomes for which a
pooled effect size could be calculated was significantly associated with any post-transplant alcohol use

(Table 2).

INSERT TABLE 4 ABOUT HERE

Similarly, out of 17 outcomes studied in relation to at-risk drinking, a pooled effect size could be calculated
for one outcome, yet mortality was not significantly associated with post-transplant at-risk drinking.

Outcomes for which no pooled effect size could be calculated are presented in Table 3.
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DISCUSSION

To the best of our knowledge, this is the first systematic review and meta-analysis that simultaneously
assessed correlates and outcomes of post-transplant alcohol use in different single adult solid organ
transplant populations. We had several key findings that are of importance for both research and clinical

practice.

First, studies focused almost exclusively on correlates and outcomes of post-transplant alcohol use in liver
transplant recipients. We could only include five studies on kidney or lung transplant patients, of which
two did not had alcohol use as their prime focus [32, 37]. This is not surprising, as alcoholic cirrhosis is
among the leading indications for liver transplantation, and transplant teams remain concerned about the
risk of alcohol use relapse. However, given that drinking alcohol is a common practice in the general
population and that excessive alcohol use is the third most common risk factor for global disease burden
[6], the lack of evidence on correlates of alcohol use and their impact on post-transplant outcome in other
transplant populations is unexpected. A cross-sectional study revealed that about 9% of patients on the
wait list for heart or lung transplantation drank above safety levels[103], a behavior that most likely will
continue without follow-up. It remains to be investigated whether alcohol use, be it any use or at-risk
drinking will affect graft outcomes in solid organ transplant groups other than liver transplantation. Several
studies in our meta-analysis reported alcohol use and even at-risk drinking in patients undergoing liver
transplantation for other indications, highlighting that regular assessment of alcohol use should be part of
routine follow-up of all transplant patients both pre- and post-transplant, and irrespective of disease
etiology. Self-report is still the prevailing assessment method, yet, specific attention should be given to
maximize accuracy of alcohol use measures [104], in particular in populations without a known history of
alcohol-related problems, as drinking patterns might be more benign and hence remain more hidden.

Although this was not the purpose of the present review, our pooled prevalence of any alcohol use (23.6%)
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and at-risk drinking (15.1%) are consistent with prevalence rates previously documented in liver

transplantation [14, 15].

Second, our study is the first to disentangle any post-transplant alcohol use from at-risk drinking. A large
number of correlates have been explored in relation to any alcohol use (i.e. 93 correlates), yet for only 19
(20.2%) a pooled effect size could be calculated, of which 9 factors showed a significant association with
post-transplant alcohol use. Our results coincide with previous studies that focused on psychiatric risk
profiles of pre-Tx alcohol use [105], showing that patients with mental health problems and patients with
other addiction problems (smoking, illicit drug) require close monitoring and appropriate supportive
interventions. Pre-Tx treatment might indicate more severe alcohol use. It remains unclear, however,
whether patients attending pre-transplant treatment programs were successful in giving up alcohol use
completely prior to transplant or whether supportive interventions were sustained post-transplant. These
are two alternative hypotheses why a relationship between having received treatment pre-transplant and
post-transplant alcohol use is observed. Although our findings and those of previous reviews demonstrate
the relevance of the 6-months abstinence rule prior to (liver) transplant [12, 13], a debate is ongoing within
the literature on whether this rule should be abandoned for patients with a poor survival prognosis on the
waiting list [106]. Rather than debating the pre-transplant length of sobriety, our efforts should shift
towards pre-transplant screening programs and support programs, not only for people with alcoholic liver
disease, but also for all transplant candidates. If starting treatment already prior to Tx is not possible (e.g.
because of the medical condition of the patient or the urgency of the Tx), professionals should make every
effort to provide appropriate and sustainable support after Tx. Although successful alcohol treatment
programs exist [107], they unfortunately have not yet been formally tested in pre- and post-transplant
populations. In addition, our finding that patients returning to work are more prone to alcohol use or
relapse post-transplant is intriguing, yet, it remains unclear whether this also results in poor outcomes.

Epidemiologic studies outside the field of transplantation suggest that working post-transplant might
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induce higher stress, which might trigger alcohol use as a stress reliever [108]-{485], a hypothesis that

merits further investigation in transplant populations also.

Third, although most correlates investigated in relation with at-risk drinking and for any alcohol use were
similar, only pre-transplant smoking was significantly associated with at-risk drinking post-Tx. This is
surprising, given that most Tx centers nowadays urge patients to give up smoking prior to listing. On the
other hand, similar to excessive alcohol use, smoking is an addiction, explaining why smoking and alcohol
use might often go hand in hand. Alcoholic cirrhosis as an etiology of end-stage liver disease was not a
significant predictor, which is surprising, as previous reviews often leave the impression that this
population is particularly at-risk for relapse and/or problematic drinking post-transplant [13-15]. Not all
studies clearly define alcohol use. Future studies should pay close attention to the operational definition,
alongside using a valid assessment method to detect alcohol use, and investigate risk factors for different
degrees of alcohol use severity. A more comprehensive approach in assessing risk factors is also needed,
as most studies a) examine single or few correlates simultaneously, b) tend to focus on factors that cannot
be changed (e.g. condition-related or demographic factors), c) did not use theoretical models to guide that
selection of relevant drivers of the behavior under study, and d) ignore that factors related to the

healthcare provider and healthcare setting might play perhaps a bigger role than patient-level factors.

Fourth, in contrast to most reviews focusing on correlates exclusively, we also examined outcomes. The
current state-of-the-art evidence does not indicate that any drinking alcohol post-transplant places
transplant patients at a higher risk for poorer post-transplant outcomes. This is surprising, giving that
multiple studies describe the detrimental impact of alcohol use on mortality and morbidity, yet perhaps
this might only be true for harmful drinking patterns. Unfortunately, we could not calculate a pooled effect
size for most of the outcomes investigated, hence this conclusion should await of future studies that clearly

distinguish between mild and severe alcohol use and take time since transplantation into consideration.
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Our study had some limitations. First, our review might have missed potentially relevant studies, although
the chances are low, given the systematic approach we used to screen the available literature, including
checking the reference lists of retrieved studies. Second, no specific taxonomy currently exists to classify
alcohol-use specific correlates. However, we classified correlates using the World Health Organization
taxonomy for medication adherence correlates [20], and our taxonomy allows for comparison of risk
factors for other health behaviors, including medication adherence, smoking and physical activity, that are
currently investigated in 3 systematic reviews conducted in parallel with ours. Moreover, by classifying risk
factors, one is able to immediately see opportunities for new research, as healthcare system related
factors, for instance, have not been investigated in great detail in relation to post-transplant alcohol use.
Third, for most correlates and outcomes, substantial heterogeneity can be noted (for which we used a
random-effects pooling technique). Fourth the fail-safe N is often small, hence our results should be
interpreted with caution as it is possible that there is publication bias in that studies with significant
findings are more likely to be published. Finally, although many studies suffer from methodological
shortcomings, we did not stratify our findings based on study quality. Rather, we use these insights as
recommendations for future studies, including the need for prospective research with sufficiently large
sample sizes that clearly describe their sample, appropriately define alcohol use, and use reliable and valid

measurement methods for assessing correlates and/or outcomes.

In conclusion, our systematic review is highly innovative as it is the first to assess both correlates and
outcomes of post-transplant alcohol use not only in liver transplantation, but also in kidney, heart and lung
transplantation. Our meta-analytic approach illuminates important avenues for further research and

improvement of clinical care.
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