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BACKGROUND AND AIMS: With existing literature focusing on
general quality of life, the magnitude and impact of depression
among recipients after liver transplantation (LT) is unclear.
Hence, we aim to evaluate the prevalence, risk factors, and
outcomes for recipient-related depression after LT. METHODS:
Medline and Embase were searched. Single-arm analysis was
pooled using the generalized linear mixed model, and logistic
regression was performed to analyze risk factors. Pairwise
comparative meta-analysis in odds ratio was conducted for
binary outcomes. RESULTS: Of 1069 abstracts, 189 articles
underwent full-text review before the inclusion of 48 articles.
Pooled depression rate among 5170 recipients was 24.52%
(confidence interval [CI]: 19.46%–30.41%). Depression was
most prevalent in Asia compared with other geographical re-
gions. Younger age at transplantation (P ¼ .019) and university
education (P ¼ .051) were protective against depression.
However, those transplanted for alcoholic liver disease (odds
ratio: 1.14, CI: 1.10–1.18, P � 0.001) were more likely to be
depressed. Depression resulted in increased odds of mortality
(odds ratio: 1.82, CI: 1.08–3.07, P ¼ .04), graft loss (P ¼ .03),
and graft rejection (P ¼ .01). CONCLUSION: Depression is
highly prevalent after LT and may be associated with increased
mortality and poorer graft outcomes. More emphasis is needed
on the screening of depression among higher risk recipients.
Abbreviations used in this paper: ALD, alcoholic liver disease; BDI, Beck
Depression Inventory; HADS, Hospital Anxiety and Depression Scale;
HAMD, Hamilton Depression Rating Scale; LT, liver transplantation; NASH,
nonalcoholic steatohepatitis; OR, odds ratio; QOL, quality of life; SDS,
Keywords: Psychological Wellbeing; Mood Disorders; Liver
Transplantation; Mental Health
Zung Self-rating Depression Scale.
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Introduction

Liver transplantation (LT) is the definitive treatment
in patients with end-stage liver disease. With signif-

icant improvements in graft and patient survival over the
past few decades, the focus on outcome measures has
shifted toward inclusion of patient-reported quality of life
(QOL). However, psychosocial challenges are highly prev-
alent after LT,1 with depression being identified in up to
40% of LT recipients.2 Although numerous studies have
reported symptoms of depression in LT recipients, preva-
lence rates vary greatly, ranging from 17% to 40%.3,4 This
variation may likely reflect differences in the psychomet-
ric tools used to assess these disorders, study population,
and etiology of liver disease requiring LT among other fac-
tors. Clinically, presence of depression in LT recipients
has been associated with decreased compliance with
long-term medications5 and poorer clinical outcomes,6,7

including reduced survival when compared with their
LT recipients without depression.2 In addition, LT recipi-
ents with depression reported greater difficulty in return-
ing to work7 and lower levels of satisfaction with their
lives.5

At present, the impact of LT on QOL has been well
studied,1,8 but there remains a gap in literature on the pooled
prevalence estimates and variables affecting the development
of mood disorders in the LT population. Quantitative
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synthesis of depression in LT recipients is important in better
understanding the mental health burden in this population,
thereby allowing optimization of health services and support
programs. Given the significant impact of depression on both
psychological and physical wellbeing, identification of po-
tential risk factors is critical to target health resources to the
group that will benefit from it most. This meta-analysis,
therefore, sought to evaluate the prevalence, risk factors,
and outcomes of recipient-related depression after LT.
Methods
Search Strategy

A systematic literature search was conducted on Medline
and Embase database for articles relating to any depression
diagnosis in liver transplant recipients from inception to
January 21, 2021. This review was registered in advance with
PROSPERO (CRD42021231807).9 The search strategy used
included MeSH and text word searches on “Liver Transplant”
and “Depression”. No date restriction was applied. Identified
abstracts were compiled, and duplicates were removed with
EndNote X9 Software (Clarivate Analytics). In addition, the
screening of references of relevant articles and a previous
meta-analysis2 was also conducted to identify further eligible
studies not covered by the original database searches. The
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA 2020) guidelines were adhered to in the
synthesis of the review.10

Selection Criteria and Extraction
Prospective and retrospective cohort and cross-sectional

studies assessing depression rates among LT recipients were
included in the study. There were no restrictions in terms of
gender, age, race, or ethnicity. Only original studies and English
language articles were considered for inclusion, excluding re-
views, commentaries, editorials, conference abstracts, and ar-
ticles originating from the same database. Pediatric studies
defined as those with a study population of 18 years of age or
younger at the time of transplant were included. Other exclu-
sion criteria included (1) studies that failed to provide suffi-
cient information in the type of screening tools for depression,
and (2) studies that did not provide sufficient data to calculate
point prevalence of depression. The inclusion of an article was
evaluated by 3 independent blinded authors (W.H.L., D.J.H.T.,
C.W.P.), with any disagreements being resolved by obtaining
the consensus of a fourth author (M.D.M.). As with a previous
review,11 identification of depression can be classified into (1)
clinician-rated diagnosis based on diagnostic criteria as ascer-
tained by clinical interviews or rating instruments adminis-
tered by clinicians or researchers, (2) self-rated questionnaire
based on rating instruments self-administered by participants,
or (3) self-reported depression. A clinician-rated diagnosis in-
cludes psychiatric evaluation, diagnosis based on the Diagnostic
and Statistical Manual of Mental Disorders, 4th edition, text
revision, or Hamilton Depression Rating Scale (HAMD). The
self-rated questionnaire includes the use of validated depres-
sion scales (eg, BDI, Beck Depression Inventory; HADS, Hospital
Anxiety and Depression Scale; patient health questionnaire;
Children’s Depression Inventory; Korean Center for
Epidemiological Studies-Depression Scale; EuroQOL-5 Dimen-
sion; SDS, Zung self-rating depression scale) while self-reported
depression refers to patients’ self-identification of depressive
symptoms after donation.

Outcomes and Definitions
Relevant data from each article including background in-

formation (eg, author, year, hospital, country, study design),
baseline characteristics (eg, sample size, age, ethnicity, gender,
and so on), the method of diagnosis, and prevalence of post-LT
depression were extracted by 2 independent authors (C.W.P.
and B.J.M.T.) onto a structured proforma. The main outcomes of
interest in this meta-analysis were depression rates in LT re-
cipients. Risk factors analysis included the following parame-
ters: age, gender, indication for LT (hepatitis B, hepatitis C,
alcoholic liver disease [ALD], nonalcoholic steatohepatitis),
ethnicity (Caucasian, Hispanic, African-American), education
level (elementary, high school, college, or university), employ-
ment status (part-time or full-time employment vs unem-
ployed), and marital status (stable relationship or divorced).
Consistent with previous studies,12,13 patients were categorized
into age groups of younger than 25 years, 26–50 years, and
older than 50 years. Comparisons between depressed and
nondepressed LT recipients were conducted to evaluate the
impact of depression on the following clinical and patient
outcomes: mortality, graft loss, graft rejection, and alcohol use
after LT. Graft loss included both graft failure and retrans-
plantation while graft rejection and alcohol use after LT were
defined according to individual studies. Alcohol use after LT
was assessed in patients transplanted for ALD. For all included
studies, a diagnosis of depression preceded the post-LT
outcome of interest.
Statistical Analysis
All analyses were performed in STATA (StataCorp 16.1) and

R studio (Version 1.3.1093). A detailed statistical analysis can
be found in Supplementary Material 1. In brief, the proportion
of individuals with symptoms of depression in each study was
combined to give an overall pooled prevalence of depression
after LT. Random effects model was used in all analyses
regardless of heterogeneity as recent evidence suggests that it
provides more robust outcome measures than the alternative
fixed effects models.14 Statistical heterogeneity was assessed
via I2 and Cochran Q test values, where an I2 value of 0%–40%
indicates low heterogeneity, while values of 30%–60%, 50%–
90%, and 75%–100% were classified as moderate, substantial,
and considerable heterogeneity, respectively.15 A Cochran Q
test with a P value of �.10 was considered significant for het-
erogeneity. However, traditional tools measuring heterogeneity
for single-arm meta-analysis have been found to be inaccu-
rate16 with several single-arm analyses exceeding I2 >90%.17,18

Various subgroup analyses were conducted, including but not
limited to study population (ie, adults or pediatric), different
diagnosis methods11 (ie, clinician-diagnosed, self-reported, and
self-rated diagnosis), and various screening tools used19 (ie,
BDI, HADS, Diagnostic and Statistical Manual of Mental Disor-
ders, 4th edition, patient health questionnaire, Children’s
Depression Inventory, Korean Center for Epidemiological
Studies-Depression Scale, EuroQOL, HAMD, SDS). The rate of
depression was also stratified based on the mean follow-up



Figure 1. PRISMA flow di-
agram of included articles.
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time20 (ie, before or after 5 years of follow-up) and
geographical region (ie, Asia, North America, South America,
Middle East, and Europe). Risk factors were then identified
through a generalized linear model regression to obtain the
odds ratio (OR). Finally, a pairwise meta-analysis was per-
formed using the Dersimonnian-Laird random effects
model15,21 to obtain the OR and 95% CI between depressed vs
nondepressed patients. Statistical significance was considered
for outcomes with P value <.05. Quality assessment of included
articles was performed with Hoy et al22 tool for prevalence
study, which assesses the risk of bias based on sampling pop-
ulation, validity of data collection, and appropriate study in-
struments across 10 domains.
Results
Summary of Included Articles

In total, 1069 articles were retrieved from the search after
duplicates removal, with a final of 189 articles undergoing
full-text review. Of the 189 articles, a final of 48 articles were
included in this review (Figure 1). There were 9 longitudinal
studies, while the majority were cross-sectional. There were
14 included studies from United States; 4 from United
Kingdom; 3 each from Brazil, China, Italy, and Netherlands; 2
each from Egypt, Finland, Taiwan, Germany, Turkey, and
Spain; and one each from Canada, Denmark, Iran, Poland,
France, and Sweden. The articles included spanned from
1991 to 2020, with more articles using self-rated (n ¼ 33)
than clinician-rated, (n¼11) or self-reporteddepression (n¼
4). In total, 5170 transplant recipients who underwent either
living donor LT or deceased donor LT were assessed for
depression after LT (median sample study size: 74.5). A total
of 1478 individuals reported depression. Of the 48 articles, 42
articles involved adult LT recipients (mean age: 50.84 years),
while 6 articles focused specifically on the pediatric LT pop-
ulation (mean age: 12.77 years). A total of 1431 out of 4817
adults (29.71%) were assessed to have depression, while 47
out of 353 children (13.31%) had depression. The mean
follow-up duration for all LT recipients was 4.26 years. The
summary of included articles and risk-of-bias assessment can



Table 1. Pooled Prevalence of Depression

Subgroups No. of articles Total sample size Events Pooled prevalence

Overall 48 5170 1478 24.52% (CI: 19.46–30.41)

Adults only 42 4817 1431 25.75% (CI: 20.29–32.08)

Paediatrics only 6 353 47 16.64% (CI: 7.74–32.20)

Mean follow-up time
5 y or less 22 2048 541 26.21% (CI: 19.51–34.75)
More than 5 y 6 540 104 18.98% (CI: 12.95–26.94)

Diagnosis method
Self-rated 33 3782 1004 23.33% (CI: 17.84–29.89)
Clinician-rated 11 784 173 19.38% (CI: 11.47–30.85)
Self-reported 4 604 301 52.80% (CI: 43.07–62.32)

Screening tool
BDI 11 1268 314 21.24% (CI: 14.92–29.31)
HADS 11 1150 226 18.73% (CI: 12.25–27.56)
DSM-IV 5 325 64 18.22% (CI: 11.39–27.87)
PHQ-9 4 292 161 49.20% (CI: 21.08–77.84)
CDI 2 158 17 14.59% (CI: 4.41–38.73)
CES-D 2 432 91 22.03% (CI: 14.40–32.19)
EQ5D 2 226 53 23.45% (CI: 18.38–29.42)
HAMD 1 75 5 6.67% (CI: 2.80–15.04)
SDS 1 256 142 55.47% (CI: 49.33–61.45)

Geographical region
Asia 5 801 292 32.09% (CI: 15.59–54.73)
North America 15 1536 469 29.64% (CI: 19.38–42.48)
South America 3 236 75 31.78% (CI: 26.16–37.99)
Middle East 5 343 75 15.72% (CI: 5.56–37.12)
Europe 20 2254 567 20.98% (CI: 15.24–28.15)

BDI, Beck Depression Inventory; CDI, Children’s Depression Inventory; CES-D, Korean Center for Epidemiological Studies-
Depression Scale; DSM IV, Diagnostic and Statistical Manual of Mental Disorders, 4th edition; EQ5D, EuroQOL-5, Dimen-
sion; HADS, Hospital Anxiety and Depression Scale; HAMD, Hamilton Depression Rating Scale; PHQ-9, patient health
questionnaire; SDS, Zung self-rating depression scale.
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be found in Supplementary Materials 2 and 3, respectively,
with all included studies assessed to have low to moderate
risk of bias.
Prevalence of Depression
The pooled prevalence of depression among 5170 re-

cipients after LT ranged from 3.74% (CI: 1.20%–9.85%) to
78.00% (CI: 63.67%–88.01%) with an overall meta-
analytical prevalence of 24.52% (CI: 19.46%–30.41%). A
summary of the pooled prevalence can be found in Table 1.
Depression rates were 25.75% (CI: 20.29%–32.08%) and
16.64% (CI: 7.74%–32.20%) among 4817 adults and 353
children, respectively, without significant difference be-
tween groups (P ¼ .10). Comparisons on depression point
estimates across self-reported depression, self-rated in-
strument, and clinician-rated diagnoses yielded 52.80% (CI:
43.07%–62.32%, n ¼ 604), 23.33% (CI: 17.84–29.89,
n ¼ 3782), and 19.38% (CI: 11.47–30.85, n ¼ 784),
respectively.

A separate subgroup analysis was conducted based on
the tool used to measure depression. Of the 49 studies
reporting depression rates in LT recipients after transplant,
11 used BDI and 11 used HADS, with a pooled prevalence of
21.24% (CI: 14.92%–29.31%) and 18.73% (CI: 12.25%–
27.56%), respectively. Among studies that used other
questionnaires, the lowest depression rate was reported in
one study that used HAMD (6.67%, CI: 2.80%–15.04%),
compared with the highest depression rate in a study using
SDS (55.47%, CI: 49.33%–61.45%).

A subgroup analysis was performed to account for dif-
ferences in depression rates based on geographical regions
(Table 1 and Figure 2). The prevalence of depression was
32.09% (CI: 15.59%–54.73%, n ¼ 5) in Asia, 31.78% (CI:
26.16%–37.99%, n ¼ 3) in South America, 29.64% (CI:
19.38%–42.48%, n ¼ 15) in North America, 20.98% (CI:
15.24%–28.15%, n ¼ 20) in Europe, and 15.72% (CI:
5.56%–37.12%, n ¼ 5) in Middle East. Depression rates
were lower for studies with longer than 5 years of follow-up
at 18.98% (CI: 12.95–26.94, n ¼ 6) than those for studies
with shorter than 5 years of follow-up at 26.21% (CI:
19.51–34.75, n ¼ 22) although both groups were not
significantly different (P ¼ .24).
Risk Factors of Depression
The baseline characteristics of patients in the included

studies were used as risk factor adjustment for depression,
and the results are summarized in Table 2. University ed-
ucation was found to be a preventive factor against
depression after LT (OR: 0.34, CI: 0.17–0.67, P ¼ .051). In
the analysis of indications for LT, patients who were



Figure 2.Map of depression rates by country.
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transplanted for ALD were more likely to be depressed (OR:
1.14, CI: 1.10–1.18, P � 0.001). By and large, age, ethnicity,
gender, employment, and marital status did not affect
depression rates among LT recipients.
Outcomes of Depression
Odds of mortality for LT recipients with depression was

1.82 (CI: 1.08–3.07, P ¼ .04, n ¼ 328) compared with
nondepressed patients. Patients with depression also had
increased likelihood of graft loss (OR: 2.64, CI: 1.64–4.24, P¼
.03, n¼ 664) and graft rejection (OR: 1.76, CI: 1.12–2.77, P¼
.01, n ¼ 470). However, no significant association was found
between depression and alcohol consumption after LT (OR:
1.56, CI: 0.76–3.19, P ¼ .44, n ¼ 384; Table 3).
Discussion
Previous reviews have focused on assessing the effects

of LT on general QOL including physical functioning and
mental wellbeing (Supplementary Material 4), but robust
evidence on pooled prevalence estimates and predictors of
depression in the LT population remains lacking. This meta-
analysis of 48 articles synthesizes the global prevalence, risk
factors, and outcomes of depression among 5170 LT re-
cipients (Figure 3). In this study, we found that depression
was highly prevalent after LT affecting nearly one in 4 LT
recipients and was less common as follow-up duration
increased, consistent with the trend towards improved
mental health with more years after transplantation.27

In this study, depression in LT recipients was associated
with increased mortality, graft loss, and graft rejection. For
all included studies, a diagnosis of depression preceded the
post-LT outcome of interest. While it is unclear how graft
rejection and failure can be affected, one possible behavioral
mechanism may be the decreased adherence to post-
transplant immunosuppressive medication regimen among
patients with depression.28 Patients with depression may be
less willing to participate in essential clinical care such as
cancer screening or cardiovascular risk assessment, which
can negatively affect survival in a population at significantly
higher mortality risk from these. Moreover, depressed in-
dividuals often experience social isolation and lack of social
support, both of which are established predictors of
mortality.29,30

Previous reviews have also shown that depression
contributes to hazardous health behaviors,31 including
substance use, which bodes poorly for long-term graft
function.32 However, similar to the findings of Chun-
charunee et al,33 our analysis found that depressed
patients were not more likely to consume alcohol after
LT. Concerningly, Errichiello et al34 also found that pa-
tients with major depression displayed significantly
higher suicidal ideation (P � .001), while 3 other
included studies reported suicide attempts or ideation
by recipients with depression.35–37 Notwithstanding,
these findings should be interpreted with caution given
the limited sample size in the analysis of the outcomes.
More high-quality studies are needed to validate the
adverse impacts of depression on clinical endpoints
among LT recipients.

Recipients from Asia had the highest rates of depression,
while the lowest rates were reported in the Middle Eastern
region. The actual prevalence of depression in Asia is likely



Table 2. Summary of Risk Factors

Baseline characteristics No. of articles Total sample size Effect size P value

Age group
26–50 y old 15 1836 OR: 0.92 (CI: 0.76–1.13) .46
Above 50 y old 24 2585 OR: 1.01 (CI: 0.93–1.09) .85

Gender
Male 46 3109 OR: 1.22 (CI: 1.01–1.48) .088
Female 46 1944 OR: 0.82 (CI: 0.68–0.99) .088

Indication for transplant
HBV 12 1131 OR: 0.95 (CI: 0.87–1.04) .27
HCV 18 1814 OR: 1.06 (CI: 0.86–1.30) .61
Alcoholic liver 24 2358 OR: 1.14 (CI: 1.10–1.18) <.001a

NASH 7 908 OR: 1.38 (CI: 0.55–3.48) .53

Ethnicity
Caucasian 12 1186 OR: 1.42 (CI: 0.99–2.04) .14
Hispanic 4 508 OR: 0.015 (CI: 0.00011–2.21) .10
African-American 6 723 OR: 1.35 (CI: 0.53–3.45) .63

Education
Elementary 15 2055 OR: 0.85 (CI: 0.67–1.08) .21
High school 13 1932 OR: 1.04 (CI: 0.80–1.36) .77
College 5 492 OR: 0.47 (CI: 0.23–0.97) .14
University 5 584 OR: 0.34 (CI: 0.17–0.67) .051a

Employment status
Employed 26 3087 OR: 1.13 (CI: 0.83–1.54) .44

Marital status
Divorced 5 558 OR: 1.00 (CI: 0.54–1.82) .99
Stable relationship 24 2886 OR: 1.05 (CI: 0.78–1.41) .77

CI, confidence interval; HBV, hepatitis B; HCV, hepatitis C; NASH, nonalcoholic steatohepatitis; OR, odds ratio.
aP < .05 is statistically significant.
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to be underreported as stigma around mental health issues
may often result in lower utilization of mental health ser-
vices.38 In addition, only a small minority of included
studies originated from Asia (10.20%) compared with
Europe (40.82%) and North America (31.25%). Further-
more, traditional screening methods for depression have
also been demonstrated to be less sensitive in Asians.39 This
suggests a dire need for more Asian studies to be conducted,
given the lack of studies from this region despite the high
depression rates.

In the analysis of factors associated with a depression
diagnosis, university education was found to be protective
while ALD increased depression risk in recipients. University-
educated recipients were less likely to have depressive
symptoms attributable to better resources and coping
mechanisms with lower education levels being a commonly
cited factor for higher depression rates.40,41 In contrast,
Table 3. Summary of LT Outcomes

Outcomes No. of articles Total sam

Mortality7,23 2 32

Alcohol consumption after LT7,24 2 38

Graft loss5,7,23,25 4 66

Graft rejection5,25,26 3 47

CI, confidence interval; LT, liver transplantation; OR, odds ratio
aP < .05 is statistically significant.
patients transplanted for ALD had an increased likelihood of
depression. The association of ALD with affective disorders,
particularly major depression and neurotic disorders, is well
recognised.42 A study of 6050 individuals by Hasin and Grant
found a strong and specific association between prior alcohol
dependence and risk of major depressive disorder.43 This is
clinically significant as alcohol use disorder is the second
most common indication for LT in the United States and
Europe.44 Although emerging evidence suggests that other
chronic liver diseases such as hepatitis C and non-alcoholic
fatty liver disease may also increase risks of depression,45,46

no significant association was found in our pooled analysis
of the existing literature. Interestingly, female LT recipients
were not at increased risks of depression comparedwith their
male counterparts. Although higher depression rates have
been reported among women undergoing heart transplant,47

a studybyDoering et al48 observed that depressive symptoms
ple size Events Effect size P value

8 104 OR: 1.82 (CI: 1.08–3.07) .04a

4 126 OR: 1.56 (CI: 0.76–3.19) .44

4 103 OR: 2.64 (CI: 1.64–4.24) .03a

0 124 OR: 1.76 (CI: 1.12–2.77) .01a

.



Figure 3. Summary of
prevalence, risk factors,
and outcomes of depres-
sion in LT recipients. *P �
.05 denotes statistical
significance.
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improved over time, and gender differences were no longer
significant by 9 months, potentially explaining the nonsig-
nificant results. Regardless, the contribution of gender to
depressive symptomology of LT recipients deserves
further attention, especially since heightened risk of
depression is well-established in healthy female cohorts.49

Mechanisms underlying determinants of emotional distress
among women recipients need to be empirically examined,
and until then, the utility of gender to guide screening among
LT recipients remains uncertain.

In this study, depression rates were highest with self-
reporting compared with clinician or self-rated assessment
tools. However, reliance on patients’ self-identification of
depression may overestimate actual rates as symptoms of
chronic liver disease such as fatigue, lack of appetite, and
weight changes may easily be mistaken for somatic symp-
toms of depression.50 While self-rated questionnaires are
often used in clinical settings for screening or clinical
research because of the speed and ease of administration, it
is important to note that clinician-rated diagnosis remains
the gold standard.50 BDI and HADS depression scores were
most commonly used with depression rates of 21.24% and
18.73%, respectively, in keeping with a previous review
which showed strong correlation of these 2 instruments
with clinician-assessed depression severity, establishing
criterion validity.51 To date, there is still no validated
disease-specific instruments to measure mental health dis-
orders in LT population, which may explain the variation in
prevalence of depression in this study. Besides developing
more precise and standardized assessment tools to collect
quantitative evidence, future research should also consider
using qualitative analysis to yield insights into the complex
nature of psychological challenges that LT recipients face.52
Implications on Practice
Transplant societies across the world recommend psy-

chosocial assessment to ensure the psychological fitness of
transplant candidates and to identify potential risk factors
for nonadherence after LT.53–55 Moving forward, depression
screening in LT recipients using validated assessment in-
struments, especially for recipients transplanted for ALD,
older individuals, and those with lower education level,
could potentially be emphasized as a crucial aspect of psy-
chosocial evaluations. Previous reviews have also recom-
mended the treatment of depression in transplant patients
with medication and psychotherapy, with caution given to
the hepatotoxicity of antidepressants and its drug in-
teractions with immunosuppressants.56
Strengths and Limitations
This study has several strengths. To our knowledge, this

is the first meta-analysis that systematically reviews the
evidence of depression in LT recipients with a combined
sample size of 5170 recipients. However, there remains
much heterogeneity in the diagnosis method of depression
and the cutoff values to define depression for each diag-
nostic criterion. While self-rated questionnaires measure
symptoms rather than the actual disorders, which can only
be established via a structured psychiatric or psychological
interview, it is important to note that these proxies are
practical, often used, and widely accepted in most well-
established, reputable studies.19,57,58 In addition, I2, a mea-
sure of heterogeneity, was significantly large in this analysis
albeit attributable to the large sample size. It is well
recognized that large sample sizes often result in inflated
heterogeneity estimates.59,60 As such, previous prevalence
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meta-analyses often yield a large I2 of >90%.61,62 This may
suggest a lack of an appropriate tool for accurate mea-
surements of heterogeneity. Instead, consistent with a pre-
vious review,19 multiple subgroup analyses were conducted
to account for heterogeneity and to test for the robustness
of associations. In the analysis of factors associated with
depression diagnosis, we were unable to account for pre-LT
psychiatric diagnosis and recipients’ relationship with do-
nors and assess their living conditions because of a paucity
of data. Similarly, outcomes including adherence to treat-
ment and employment after LT were underreported. A
possible confounder in the outcome analysis is that patients
who suffered increased post-LT complications may have
developed depression which further exacerbated clinical
outcomes. These findings should also be interpreted with
caution as the small sample size may have limited statistical
power. Finally, further stratification of risk factors and
outcomes by pediatric population could not be conducted
owing to a sparsity of data although depression rates were
similar between adult and pediatric populations. Impor-
tantly, this study highlights common risk factors of
depression in LT recipients and consolidates clinically
important transplant-related outcomes.
Conclusion
This systematic review highlights the substantial psy-

chological burden among LT recipients, especially among
recipients transplanted for ALD and those with lower edu-
cation levels. Development of integrated models of care that
encompass holistic management of clinical endpoints and
psychological comorbidity is key to quality patient care.
More high-quality studies are warranted to validate the
adverse effects of depression on clinical outcomes in LT
recipients including increased mortality risk and poorer
graft outcomes.
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