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Abstract

Background—Depression and anxiety are common mental health problems in transplant
populations. There is mixed evidence concerning whether they increase morbidity and mortality
risks post-transplant. If such associations exist, additional risk reduction strategies may be needed.

Methods—~Four bibliographic databases were searched from 1981 through September, 2014 for
studies prospectively examining whether depression or anxiety (determined with diagnostic
evaluations or standardized symptom scales) affected risk for post-transplant mortality, graft loss,
acute graft rejection, chronic rejection, cancer, infection, and rehospitalization.

Results—Twenty-seven studies (10 heart, total n=1,738; 6 liver, n=1,063; 5 kidney, n=49,515; 4
lung, n=584; 1 pancreas, n=80; 1 mixed recipient sample, n=205) were identified. In each,
depression and/or anxiety were typically measured pre- or early post-transplant. Follow-up for
outcomes was a median of 5.8 years (range:0.50-18.0). Depression increased the relative risk (RR)
of mortality by 65% (RR=1.65, 95% CI:1.34,2.05; 20 studies). Meta-regression indicated that risk
was stronger in studies that did (v. did not) control for potential confounders(p=.032). Risk was
unaffected by type of transplant or other study characteristics. Depression increased death-
censored graft loss risk (RR=1.65, Cl:1.21,2.26, 3 studies). Depression was not associated with
other morbidities (each morbidity assessed in 1-4 studies). Anxiety did not significantly increase
mortality risk (RR=1.39, C1:0.85,2.27, 6 studies) or morbidity risks (assessed in single studies).

Conclusions—Depression increases risk for post-transplant mortality. Few studies considered
morbidities; the depression-graft loss association suggests that linkages with morbidities deserve
greater attention. Depression screening and treatment may be warranted, although whether these
activities would reduce post-transplant mortality requires study.

Keywords
organ transplantation; depression; anxiety; mortality; graft loss; morbidities

Introduction

Organ transplantation promotes survival(1). It can foster improvements in other domains
such as patient mental health and emational well-being, and these too are recognized as
salient outcomes during the transplantation process(2—6). Their importance as outcomes
would alone justify the need for timely identification and treatment of common psychiatric
conditions such as depression and anxiety in transplant patients. But it is possible that such
mental health problems could have their own negative consequences, increasing both
morbidity and mortality risks post-transplantation. Depressive and anxiety-related conditions
each serve as risk factors for morbidities and mortality in community-based and
nontransplant chronic disease populations(7-18). However, whether such associations occur
in the context of transplantation is unclear.
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On the one hand, one might argue that any impact of depression or anxiety on outcomes
would be attenuated in transplant populations, given routine use of psychiatric evaluation
protocols designed to screen out or identify transplant candidates requiring mental health
intervention before transplantation (2,4,6,19-21). On the other hand, despite such protocols,
prevalence rates of clinically significant depression and anxiety in transplant recipients
remain substantially elevated over rates in the general population, and they equal or exceed
rates in other chronic disease cohorts. For example, up to 63% of transplant recipients
experience depression or anxiety during the first several years post-transplant(2,6,22—24),
while rates during comparable time periods are 3-10% in the general population (9,25,26)
and 10-40% in individuals with arthritis, cancers, heart disease, diabetes, kidney disease and
lung disease(25-30). The elevated rates in transplant recipients may arise from stressors
associated with the recovery and rehabilitation process, the need to follow a complex
medical regimen, and adjustment to the prospect of new health threats including acute and
chronic graft rejection, infections, and malignancies (2,6,19). In this context, it would be
surprising if prevalent mental health problems such as depression and anxiety did not
increase risk for poor outcomes in transplant populations, just as they do in other general
population and patient groups(7-18).

To date, findings on whether either depression or anxiety predicts transplant-related
outcomes appear mixed. For example, across different types of organ transplantation, some
studies report that depression and/or anxiety occurring pre- or early post-transplant increases
patients’ risk for morbidities and mortality(31-35), with speculation that psychiatric distress
results in behavioral problems (e.g., poorer medical adherence) and/or pathophysiological
abnormalities that contribute to poor health outcomes. Other studies fail to find significant
associations(36-38), or even report that greater depression or anxiety predicts more
favorable post-transplant health outcomes(39,40), potentially due to behavioral factors (e.g.,
increased care-seeking among depressed individuals and/or increased symptom vigilance
among anxious individuals, leading to quicker identification of transplant-related
complications). It is also unclear whether depression is the more important risk factor, or
whether anxiety plays an equally strong role(41). Reviews summarizing these effects have
been narrative rather than systematic reviews. With few exceptions(4), they focus on narrow
portions of the literature—considering, for example, only certain types of transplantation, or
only reports published during brief time periods such as the 12—-18 months before the
review(22,23,41-46). The reviews note that differences across studies are difficult to
reconcile due to variations in study methodology, including the timing and nature of
assessments of predictors and outcomes, and the duration of follow-up. Other factors (e.g.,
type of transplantation, age group studied), may also affect observed associations, although
their impact is unknown.

A clearer understanding of whether depression and/or anxiety affect risk for post-transplant
morbidity and mortality, as well as factors moderating these associations’ strength, could
provide the foundation necessary for (a) identification of patients for whom mental health
monitoring and care are particularly critical, and (b) clinical trials testing interventions to
lessen any impact of depression and anxiety, thereby potentially reducing morbidities and
mortality post-transplant. We thus conducted a systematic review and meta-analysis to
achieve several goals. First, we sought to summarize and describe the literature across all
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types of organ transplantation, and encompassing both adult and pediatric samples. Second,
we aimed to determine how strongly depression and anxiety were each associated with post-
transplant mortality and with common transplant-related morbidities. Third, we aimed to
examine whether any observed associations varied depending on key study characteristics,
including type of population evaluated (e.g., organ transplant type, age group), study
methodology (e.g., approach to psychiatric assessment, follow-up duration), and study
quality.

We followed Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines(47).

Search Strategy and Study Selection

Following a protocol designed by the authors, eligible studies were sought from multiple
sources (Figure 1). Table 1 lists inclusion/exclusion criteria; the search included publications
through September, 2014. Pairs of authors (one of whom was M.A.D.) independently
evaluated titles and abstracts of identified citations and, for those deemed potentially
relevant by either member of the pair, full-text articles were retrieved.

Data Extraction

Pairs of authors (one of whom was M.A.D.) independently reviewed and extracted data from
each study, and then met to reconcile any differences in data extracted.

Predictor-outcome associations—The primary information extracted pertained to
prospective associations of depression and anxiety with any of 8 post-transplant outcomes
listed in Table 1 (see inclusion criteria). Relative risks (RRs) and 95% Confidence Intervals
(Cls), expressed in terms of risk for a poor post-transplant outcome as a function of a given
psychiatric predictor, were extracted. We selected results from the full statistical model that
adjusted for the largest number of potential confounders.

Assessment-related and other study characteristics—For each predictor
(depression, anxiety), we recorded the assessment method used (standardized clinical
interview v. standardized self-report symptom rating scale v. retrieval of medical records
information on a clinical evaluation). We recorded whether the predictor was defined in
terms of the presence/absence of caseness (i.e., individuals met criteria for diagnosable
disorder or had a score exceeding a clinically-validated threshold establishing caseness on a
symptom scale) or, alternatively, as degree of symptomatology along a continuous scale. We
recorded whether the predictor was assessed pre- or post-transplant.

For transplant-related outcomes, we recorded their source (medical/registry records v.
patient report). We extracted descriptive data about each study (e.g., publication date, type of
transplantation).

To evaluate study methodologic quality and risk of bias(47,50,51), pairs of authors
independently rated each study on 7 components of methodology using a validated scoring
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system for each(52). We employed a consensus approach where any disagreements were
resolved before assigning a final rating (see Appendix Table Al, footnote). The 7
components (each rated yes/no/cannot be determined) were whether (a) the sample was
clearly described (e.g., including demographics, dates of transplant); (b) the patients
approached for enrollment were representative of the study site’s transplant population, (c)
the sample enrolled was representative of those approached; (d) characteristics of patients
lost to follow-up were clearly described; (e) outcome measures were clearly described; (f)
all analyses adjusted for any differences in follow-up duration (censoring); and (g) all
analyses of psychiatric variable-outcome variable associations adjusted for potential
demographic and clinical confounders (i.e., factors that, if not controlled, could lead to
erroneous conclusions about the true size of the associations)(52,53). A total quality score—
a count of the components rated “yes” (score range, 0—7)—was computed for each study.

Statistical analysis

Descriptive statistics (e.g., percentages, means, standard deviations) were computed to
characterize the studies in the systematic review. Among studies included in the meta-
analysis, for each transplant-related outcome (e.g., mortality), we calculated the pooled
estimate of the RR for the outcome given the presence (v. absence) of patient depression at
baseline. We similarly calculated the RR given baseline anxiety. For studies examining
depression (or anxiety) only as a continuous predictor, we separately calculated the pooled
RR for the outcome in relation to incremental levels of depression symptomatology and the
RR in relation to incremental anxiety symptomatology.

Across studies, the pooled RR is a weighted average that takes within-study variance into
account. We generated it under a random effects model to allow generalizability beyond the
retrieved studies(54). If the pooled RR was statistically significant, we evaluated the impact
of publication bias, i.e., that studies finding predictor-outcome associations may have been
more likely to be published. We did this by (a) examining Begg’s funnel plot of study size
by effect size and the accompanying Begg and Mazumdar rank correlation(54), and (b)
calculating the “fail-safe N”’(54,55), i.e., the number of missing studies obtaining null
findings that would need to be added to the analysis so the pooled RR is no longer
statistically significant.

When there was significant variability across studies in size of their individual RRs (based
on the Q test for heterogeneity), we performed additional analyses. First, we performed a
“leave-one-out” sensitivity analysis (wherein each study is individually removed from the
analysis and the pooled RR is computed across remaining studies) to examine the pooled
RR’s stability and determine if any single study primarily accounted for its size(56). Next,
we used random effects meta-regression(54,57) to determine whether RR variability across
studies could be explained by 8 study characteristics: type of transplant, publication year,
age group studied, maximum duration of follow-up, whether psychiatric status was assessed
pre- or post-transplant, method used to assess psychiatric status, study methodologic quality,
and whether the associations of outcomes with depression and anxiety were examined after
controlling for potential confounders. (Although this latter variable was a component of the
methodologic quality rating, we also examined it individually because of its potentially
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critical role in influencing robustness and interpretation of any psychiatric status-outcome
association.)

Search results

As shown in Figure 1, 4,401 citations were identified, and 150 articles underwent full-text
review. Of these articles, 33 were included in the systematic review(31-40,58-79),
representing 27 studies of independent cohorts.

Description of studies

Table 2 summarizes descriptive information for the 27 studies; details for each investigation
are in Table 3. The largest number of studies (n=10, 37%) focused on heart recipients.
Studies were almost exclusively from North America or Europe. Across all studies, over
53,000 patients were included, contributing almost 164,000 person-years of observation.
One registry-based report (with 47,899 kidney recipients)(32) greatly increased the volume
of observations. Even so, Table 2 shows that studies of heart and liver transplantation each
contributed over 1,000 patients. Fewer lung recipients have been studied. Most studies
focused exclusively on adults. Two reports included transplant recipients of all ages; none
focused solely on children. Follow-up duration was a median of almost 6 years across
studies, ranging up to 18 years.

Table 2 shows that a majority of studies (59%) examined only depression as a risk factor,
while 44% examined both depression and anxiety. (Among the latter, only two
studies(60,75) attempted to determine independent effects of depression v. anxiety on
outcome; none considered whether the occurrence of both conditions together had
synergistic effects on outcomes.) In terms of assessment, in 74% of studies, depression and
anxiety were measured via standardized diagnostic assessments (e.g., the Structured Clinical
Interview for DSM-I11 or DSM-1V and/or psychometrically validated clinical scales)(see
Table 3). Remaining studies utilized data extracted from mental health diagnostic
evaluations in medical records.

Figure 2 shows the numbers of studies examining depression or anxiety in relation to each
post-transplant outcome. Mortality was the most common outcome, examined in 24 studies
in relation to depression and 10 studies in relation to anxiety. Morbidity outcomes were
examined more rarely, with some areas (e.g., chronic graft rejection, cancer) receiving
consideration in only 1-2 studies each. For most outcomes, studies of heart, liver, and lung
recipients were most common. Exceptions were graft loss outcomes where kidney recipient
studies predominated.

As shown in the last row of Table 2, the 27 studies varied in methodologic quality. Those
with low quality scores (26% of studies) failed to meet quality standards in the majority of
areas rated. (See Table 3 for each study’s total quality score; Appendix A provides
individual ratings used to calculate total scores). The majority of studies received scores in
the moderate to high quality range. Studies of liver recipients were most likely to receive
high quality scores.

Transplantation. Author manuscript; available in PMC 2016 May 01.
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Meta-analysis

Twenty-three of the 27 studies provided sufficient quantitative information for meta-
analysis.

Depression and risk for post-transplant mortality—Figure 3 shows the risk estimate
from each of 20 studies that examined whether depression affected mortality risk: estimates
ranged from an RR of 0.30, indicating a decreased mortality risk among patients with
depression, to an RR of 2.83, indicating an almost threefold increased mortality risk. Across
all studies, the pooled RR was 1.65 (Cl1:1.34,2.05), indicating a 65% greater mortality risk
among patients with depression.

We found no evidence suggesting that publication bias accounted for the pooled RR’s size,
based on both a visual review of funnel plot evidence, and the finding that the plot’s
accompanying Begg and Mazumdar rank correlation was not significant (v = —.20, p=.218)
(50). Furthermore, the fail-safe N was 251: this is the number of unpublished/unretrieved
studies obtaining null findings that would need to be added to the analysis so that the pooled
RR would become nonsignificant. The large fail-safe N suggests that the pooled RR is not
an artifact of publication bias favoring reports of large, significant RRs.

As evident in Figure 3, the size of the risk estimates varied across the 20 studies; this
heterogeneity was significant (Q=35.23, df=19, p=.013). “Leave-one-out” analysis showed
that the pooled RR changed relatively little no matter which of the 20 studies was omitted
(ranging from pooled RR=1.57, C1:1.25,1.96, to pooled RR=1.80, CI:1.50, 2.16), suggesting
that no one study unduly influenced the results. We next examined whether study
characteristics, such as type of transplant examined, accounted for the effect sizes’
heterogeneity. We first considered the impact of each characteristic shown in Figure 4
individually (i.e., one predictor at a time in a meta-regression equation). We began this way
because the total number of studies was not large enough to permit meta-regression with all
characteristics included simultaneously(54,80). As shown in Figure 4 (third subsection),
studies that included children found that depression more strongly increased mortality risk
(RR=2.22) than did studies of adults only (RR=1.54); this difference was significant
(Z2=3.01, p=.003; univariate analysis). The depression-mortality association was also
significantly stronger in studies that controlled for potential confounders than in studies that
did not (Figure 4). There were no other significant differences. When the two significant
characteristics from univariate analyses were included in a single meta-regression, study age
group became nonsignificant (Z=1.62, p=.105; rightmost column of Figure), while the
difference between studies that did v. did not control for potential confounders remained
significant (Z=2.15, p=.032).

Anxiety and risk for post-transplant mortality—Figure 5 shows results for the 6
studies examining whether patient anxiety increased mortality risk. The pooled RR was
1.39, but was not statistically significant (C1:0.85,2.27). The studies’ effect sizes did not
show significant heterogeneity (Q=2.54, df=5, p=.771), precluding the need to examine
differences by study characteristics.
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Depression or anxiety as risk factors for post-transplant morbidities—
Considering first depression as a risk factor, Figure 6a shows that, among the four studies
examining overall graft loss (not censored for death), the pooled RR of 0.92 was not
significant (CI:0.36,2.35). Despite significant heterogeneity across studies (Q=23.17, df=3,
p<.001), there were too few studies to explore factors explaining the heterogeneity(50).
Leave-one-out analysis showed that the pooled RR was consistently nonsignificant (range:
pooled RR=0.63, CI:0.32,1.26 to RR=1.17, CI:0.44,3.06).

As shown in Figure 6b, among the three studies examining depression in relation to death-
censored graft loss, the pooled RR of 1.65 was significant (Cl:1.21,2.26). Concerning the
potential for publication bias influencing these results, while there were too few studies to
usefully examine the funnel plot, the fail-safe N of 50 suggests that the RR is robust to the
discovery of many additional studies with null results. The studies did not show significant
heterogeneity (Q=4.18, df=2, p=.124).

Two studies(36,60) examined depression in relation to acute graft rejection; neither found a
significant association (RR=0.42, CI:0.08,2.14; RR=0.90, CI1:0.48,1.69, respectively). The
pooled RR of 0.81 was not significant (C1:0.45,1.47). There was no evidence of
heterogeneity (Q=0.72, df=1, p=.395).

Remaining morbidities were examined relative to depression in only one study each, all with
nonsignificant findings: depression did not increase heart recipients’ risk of chronic graft
rejection (RR=1.66, C1:0.57,4.86)(60) or cancer (RR=1.42, CI:0.57,3.54)(66), or liver
recipients’ risk of infection or rehospitalization (RR=1.29, CI:0.82,2.05; RR=1.19, CI:
0.81,1.75, respectively)(36).

With respect to anxiety and post-transplant morbidities, no studies examined overall graft
loss or death-censored graft loss. Only single studies examined any of the other outcomes:
anxiety did not significantly increase heart recipients’ risk of acute rejection (RR=0.85, Cl:
0.30,2.37)(60), chronic rejection (RR=1.50, CI:0.54,4.18)(60), or cancer (RR=1.40, ClI:
0.49,4.01)(66).

Continuous measures of depressive and anxiety symptomatology, and risk for
post-transplant mortality and morbidities—Among studies examining depression
scale scores (with no imposed threshold defining clinically significant depression), we
examined the pooled RR for mortality for each 1-point increment on the scale. Across 6
studies, the RR of 1.02 was not significant (CI:1.00,1.03)(Figure 7a). Studies’ RRs did not
show significant heterogeneity (Q=7.81, df=5, p=.167). Among 3 studies examining
continuous anxiety scale scores, the pooled RR for mortality was 1.01 and was not
significant (CI1:0.99,1.03)(Figure 7b). There was no heterogeneity (Q=0.00, df=2, p=1.00).
No studies examined continuous depression or anxiety scale scores in relation to post-
transplant morbidities.

Discussion

We conducted the first systematic review with meta-analysis of a growing literature
examining whether depression and anxiety increase morbidity and mortality risks after
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transplantation. The review is timely given the continued challenge to identify modifiable
risk factors in order to improve post-transplant outcomes. Most studies focused on
depression, typically assessed pre- or early post-transplant, and its potential impact on post-
transplant mortality risk. Few studies considered whether depression predicts transplant-
related morbidities. Even fewer considered anxiety relative to either mortality or morbidity
post-transplant.

We found that the presence of depression was associated with a 65% increased risk of post-
transplant mortality. This effect size is well within the range of depression-mortality
associations noted in community-based populations(8,9,11,12), and in cohorts with lung,
heart or kidney disease(7,9-12,16,17,81-84), cancers(14,85), and diabetes(86). The risk
effects found in these reports typically range between 20%-90%. In fact, in our meta-
analysis, studies conducting the most stringent, rigorous analyses (by adjusting for potential
confounders and thereby reducing the possibility of drawing erroneous conclusions about
effect sizes)(50,52) found depression-mortality associations even stronger than those in other
populations: depression more than doubled the risk of post-transplant mortality (RR=2.13).

In contrast, although anxiety appeared to bear a modest association with increased mortality
risk post-transplant, this association was not significant. Anxiety has been found to increase
mortality risk in other chronic disease populations(7,9,16-18). It is noteworthy, however,
that we identified only six studies examining this relationship, and thus our estimate of the
pooled effect size was less precise (wider CI) than the estimated effect for depression. In
turn, although study methodologic quality was equivalent across investigations of depression
and anxiety (see ratings, Table 3), the Cls around the estimates from individual studies
examining anxiety tended to be slightly wider, indicating less precision, than those from
studies examining depression (Figures 3 and 5). Given fewer and less precise estimates in
the transplant literature, it remains premature to draw strong conclusions regarding anxiety’s
role in relation to mortality.

Given the larger pool of studies focused on depression and post-transplant mortality, we
could examine whether depression’s impact on risk varied depending on specific study
characteristics. In addition to the difference noted above between studies that did vs. did not
adjust for confounding factors, we found some evidence that depression more strongly
predicted mortality in studies that included children than in those that did not. Although
significant in univariate analysis, this effect was diminished in multivariable analysis.
However, only two of 20 studies assessing mortality in the meta-analysis included children;
none directly compared children to adults. Given evidence that psychosocial factors such as
emotional well-being have heightened impact on health and behavioral outcomes after
pediatric transplantation(87,88), establishing whether depression plays any role in pediatric
samples should be a future research priority.

We found no evidence that the depression-mortality association’s size was affected by other
study-related characteristics, including type of organ transplant studied, era of study
publication, method of determining depression caseness, timing of depression assessment
(pre- v. post-transplant), and follow-up duration. The absence of significant differences
based on assessment timing is particularly noteworthy because it suggests that any

Transplantation. Author manuscript; available in PMC 2016 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dew et al.

Page 10

occurrence of depression, whether pre- or post-transplant, has the potential to increase
mortality risk. Depression is a readily treatable disorder and many pharmacologic and
psychotherapeutic interventions exist(89,90). Although there is concern regarding the level
of evidence and the safety of utilizing many interventions—particularly pharmacologic
strategies—pre-transplant in individuals with severely compromised organ
function(28,39,91,92), there is a large psychosomatic medicine practice-focused literature
showing that pharmacologic and psychotherapeutic options can be utilized safely and
effectively with transplant recipients who have stable organ function(6,23,44,93-96). Hence,
ongoing screening (with treatment) for depression at routine post-transplant follow-up may
be warranted, and has also been recommended pre-transplant(4,23,24,95), but with the
caveat that we continue to lack the rigorous clinical trial evidence essential to assert that
depression screening and treatment are effective. Moreover, any potential harms of screening
also merit rigorous study.

But—if programs decide to undertake screening given the current state of the evidence—
how best to screen for depression? We note that it was clinically significant depression—i.e.,
depression meeting diagnostic criteria or exceeding a threshold for caseness on a self-report
scale—that increased mortality risk. In contrast, among studies considering depressive
symptomatology along a continuum (assessed by scales, with no threshold imposed), there
was no large or statistically significant association with mortality. This suggests that, rather
than aiming to detect small and likely subclinical increments to symptomatology, screening
efforts should focus identifying clinically significant depression, using validated assessment
instruments with thresholds for caseness (e.g., Beck Depression Inventory-11(97), Patient
Health Questionnaire-9(98)).

Our meta-analyses of post-transplant morbidity risks found that the largest numbers of
studies considered graft loss in relation to depression. Risk for overall graft loss was not
significantly increased by depression. However, death-censored graft loss allows for a more
focused consideration of factors affecting graft function independent of patient
mortality(48). Depression elevated risk for this outcome by 65%. All studies, however,
focused on kidney recipients, who can receive dialysis or retransplantation after graft failure.
Other organ recipients have no equivalent of dialysis and would require retransplantation.
Retransplantation rates remain relatively low(1). Thus, although potentially important, it
may be challenging to examine death-censored graft loss in relation to depression beyond
kidney transplantation.

We found little evidence that risk for any other post-transplant morbidity was increased by
either depression or anxiety. However, each outcome was examined in only 1-2 studies.
Given that depression and anxiety are associated with increased risk for many morbidities in
the general population (e.g., diabetes, cancers, cardiac events)(7,11,13,14,81-83), more
extensive examination of associations with morbidities in transplant populations is needed.

Both behavioral and pathophysiological mechanisms may explain why depression would
increase risk for post-transplant mortality and, at least in kidney recipients, death-censored
graft loss. For example, depression can lead to poorer adherence to the post-transplant
immunosuppressive medication regimen(99-102) which, in turn, can increase mortality and
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graft 10ss(100,102,103). In multiple populations, depression is linked to poorer lifestyle
behaviors including substance use, and inadequate diet and exercise(104-107). Depressed
individuals frequently suffer from reduced social support and increased social isolation, both
of which increase mortality risk(108-110). As noted above, depression increases risk for
many medical conditions; these in turn contribute to mortality. Depression also appears to
lead to reduced heart rate variability, and elevated levels of C-reactive protein and pro-
inflammatory cytokines, each of which increase mortality risk in general population and
advanced organ disease cohorts(111-115).

Such potential mechanisms have received little to no study in transplant populations, thus
precluding consideration in our review. Other limitations of our review reflect the state of the
research we synthesized: this literature provides little consideration of some patient
subgroups (e.g., children); it focuses on all-cause rather than cause-specific mortality; and
there is a dearth of work on post-transplant morbidities. There are other domains of
outcomes that our review does not address, including patient-reported physical functional
status, role function, and other components of quality of life.

We also could not examine combined effects of depression and anxiety for any evidence of
synergistic effects on outcomes because no individual studies considered this issue. In
addition, a potential criticism of our decision to employ meta-analysis is that meta-analysis
combines results of studies that differ in their characteristics and it may ignore such
differences(54,57). However, consistent with best practices for meta-analysis(50,54,56,80),
we examined whether a variety of study characteristics moderated the size of the observed
depression-mortality associations. In other instances (e.g., the anxiety-mortality association,
the association of depression and death-censored graft loss), studies’ effect sizes showed no
evidence of heterogeneity, thus precluding a search for effect moderators. Nevertheless, we
note that, overall, the relevant literature remains small, and there may be additional
unmeasured factors that could influence the strength of observed risk factor-outcome
associations. One such factor is receipt of mental health treatment. With one exception
focused on depression treatment (72; discussed below), the studies we examined did not
report whether patient outcomes differed as a function of psychiatric treatment. It is
possible, for example, that anxiety bore a weaker, nonsignificant relationship to mortality in
our meta-analysis because it was treated more aggressively than depression. However,
studies examining psychiatric treatment in transplant populations suggest that anxiety is
treated at similar rates or is even undertreated relative to depression (116-119). Finally, our
review did not include “gray literature” (i.e., unpublished data and reports produced by
government, academics, or industry that are not peer-reviewed or included in standard
bibliographic databases)(50). However, whether the inclusion of gray literature leads to more
accurate effect size estimates is unclear(50,120). Moreover, our results appear robust to
publication bias.

Our review’s limitations suggest issues important for future work. At the same time, our
findings—particularly those showing a depression-post-transplant mortality association—
provide an important foundation and justification for our recommendations of depression
screening and focused treatment, not only pre- but post-transplant. We need not await an
understanding of mechanisms by which depression increases mortality risk before
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proceeding with risk-reduction activities. An observational study hints at the potential
impact of such work within transplantation: Rogal et al.(72), in additional analyses of the
DiMartini et al. cohort(31) included in the present meta-analysis, found that liver recipients
who received adequate, evidence-based pharmacotherapy for early post-transplant
depression had long-term survival equivalent to that of nondepressed recipients, while
depressed recipients receiving inadequate or no treatment had poorer survival. Important
next steps include randomized trials to determine if such effects are causal and robust. In the
meantime, clinical attention to the mental health of transplant patients seems warranted, not
only for maximizing quality of life but because of its potential to affect post-transplant
survival.
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Unique citations identified by search of 4 databases® Additional citations identified by review of
(MEDLINE, PsychINFO, CINAHL, EMBASE) bibliographies of all full-text retrieved articles
(n=4401) (n=5)

|

|

Citations screened on basis of title
and abstract

(n=4406) Citations excluded (n=4256)

+ No psychiatric predictors, 2821

« No clinical outcomes, 929

« Review, commentary, 425
+_Case report or qualitative study, 81

Full-text articles assessed for
eligibility

Full-text articles excluded (n=117)

] [ Eligibility ] [Screening][Identification]

(n=150) ulFtext )
« Depression, anxiety not assessed before clinical
outcomes, 7
« Depression, anxiety not examined empirically, 22
« Post-transplant outcomes not examined, 28
« Did not report associations of depression or anxiety
. . . . with clinical outcomes, 47
Articles included in review - No useable analyses (e.g., failed to adjust for
(n=33), consisting of censoring in observation of outcomes), 13
27 independent cohorts
® Records excluded (n=4 studies)
B « Did not report risk estimates (hazard ratios, relative
8 risks, odds ratios) and 95% confidence intervals, or
= provide sufficient data for their calculation
Independent studies included in
(meta-analysis)
(n=23)
e
Figure 1.

PRISMAZ® flow diagram of study selection.

@ Adapted from PRISMA guidelines (47).

b The search algorithm was (kidney transplant* or pancreas transplant* or heart transplant*
or lung transplant* or heart-lung transplant* or liver transplant*) AND (psych* or mental or
depress* or anxiety or mood) AND (survival or morbidity or mortality or cancer or rejection
or infection or hospitalization or health), AND limit = 1981 — current (September, 2014)
AND limit = human. Although an exclusion criterion to retrieved citations was that they
were published in a language other than English, Spanish, French or German, none of the
identified citations was excluded due to this criterion. See Table 1 for full list of inclusion/
exclusion criteria.
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All-cause mortality

Graft loss
Death-censored graft loss
Acute graft rejection
Chronic graft rejection
Cancer

Infection
Rehospitalization

Depression

All-cause mortality

Graft loss
Death-censored graft loss
Acute graft rejection
Chronic graft rejection
Cancer

Infection
Rehospitalization

Anxiety

No.ofstudies: 0 2 4 6 8 10 12 14 16 18 20 22 24

MW Heart recipient studies @ Kidney recipient studies O Liver recipient studies
O Lung recipient studies © OtherP

Figure 2.
Numbers of studies examining depression or anxiety in relation to each clinical outcome

(across 27 studies in systematic review)?2

a Post-transplant outcomes were determined in all studies from medical record or registry
reviews, with the exception of Burke(40), in which the outcome was based on patient self-
report.

b For depression, this category included one study of a mixed sample of heart recipients,
liver recipients, and lung recipients, and one study of pancreas recipients. For anxiety, this
category included the study of the mixed sample.
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Author
Corruble
Corruble
Dew
Rowley
Skotzko
Maricle
Favaro
Rogal
Singh
Zelle
Novak
Van de Beek
Smith
Dobbels
DiMartin
Havik
Grigioni
Owen
Gedaly

Zipfel
pooled estimate

Organ
kidney

liver
heart
liver
heart
heart
heart
liver
liver
kidney
kidney
heart
lung
kidney
liver
heart
heart
heart
liver
heart

Q(19) = 35.23, p=.013

Figure 3.

1.06
1.27
1.34
1.61
1.66
1.81
1.85
2.24
2.31
2.32
2.62
274
2.74

2.83
1.65

95%Cl
.06, 1.43
19, 1.57
.07, 3.41
22, 1.72
14, 577
.27, 3.33
43, 2.58
.28, 5.81
29, 612
1.09, 2.37
1.12, 2.46
1.06, 3.09
1.04, 3.28
2.00, 2.50
1.20, 4.46
1.13, 4.78
1.05, 6.51
1.22, 6.15
1.08, 6.98

.76,10.61
1.34, 2.05

Relative Risk

Page 23

and ClI Weight, %P

N

——

o
-

_\
va

N

Decreased risk

Association of depression with post-transplant mortality?
@ The studies classified patients according to depression status (present/absent). The
presence of depression was defined as either diagnosable major depressive disorder or
depression symptom levels exceeding an established threshold for caseness on a

standardized symptom scale.

Increased risk

1.64
4.06
1.10
3.40
1.23
2.46
4.21
1.75
1.76
1.62
10.43
10.30
7.96
15.28
6.34
5.63
4.08
4.84
3.93
2.24

b Pooled estimate is weighted to take into account the precision of the effect within each
study; larger weights are assigned to studies with greater precision.
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Analysis
Study No. of Relative Risk and Cl Univariate  Multivariable

characteristic Studies RR 95% Cl1 z ] z ]
1. Study sample, type of transplant
Heart 9 184 136248 L (refy
Kidney 4 172 1.20,245 = -0.29 .769 —
Liver 6 124 64, 2.38 = -1.80 .071 -
Lung 1 185 1.04,328 = > - -
2. Year of publication
= S
1986-2005 7 172 116,256 o 0.20 .841
2006-2014 13 162 1.25,210 ———
3. Study age group
Adult only 18 1.54 1.20,1.97 —_— 3.01 .003 1.62 .105
Adults & children 2 222 199,248 =
4. Study follow-up duration
<5 years 9 122 .76, 1.94 & 121 226
> 5 years 11 181 1.48,2.22 -
5. Study timing of depression assessment
Pre-transplant 9 1.28 .85, 1.94° L 1.28 199
Post-transplant 12 182 146, 2.27 D —— E———
6. Study it to
3 —_
Standardized assessment 12 1.54  1.16, 2.05 1.10 272
Medical record review 8 187 138252 = >
7. Study methodologic quality
Low 3 174 90,337 : > (ref)
Moderate 14 163 128,208 _— 047 638
High 3 159 63,403 L > 051 612
8. Study analysis adjusted for potential confounders of
depression-outcome association® =
Yes 9 213 1.93,235 2.68 .007 215 .032
No 11110 69.1.77 &
1 !
T T
0.50 1.0 1.5 2.0 2.5
<& S
>

See footnotes on next page <€
hag) Decreased risk Increased risk

Figure 4.
Study characteristics potentially explaining variability in the size of the depression - post-

transplant mortality association (relative risk): Meta-regression results

a Because there was only one lung recipient study and the relative risk was similar to heart
recipient samples, the studies were combined to create a referent group of thoracic transplant
recipients.

b Favaro et al.(66) examined pre- and post-transplant depression separately in relation to
mortality. We report our analysis that includes both effect sizes (RRs) from this study.
However, because the two effect sizes are not independent, we performed a sensitivity
analysis by including only the effect based on pre-transplant depression, and then repeated
the analysis including only the effect based on post-transplant depression. The separate
results were indistinguishable from those reported here.

¢ Note that the comparison of studies that did vs. did not adjust for confounders was a
between-studies comparison designed to test a question of effect modification, i.e., whether
studies using more rigorous, stringent procedures (i.e., analyses that would reduce the
possibility of drawing erroneous conclusions about the true size of the depression-mortality
association) produced effect sizes that, on average, differed from those in studies that did not
use such an analytic approach(50,52,80). At the same time, one might expect that within a
given study, smaller effects would be observed after controlling for confounders compared
to before such adjustment(80). Among the nine studies that reported controlling for
confounders, 5 reported only results from multivariable models. Of the four studies that
reported univariate results, followed by multivariable results, three observed that controlling
for confounders did attenuate the size of the association of depression with
mortality(33,34,74). The fourth study showed little difference in the size of depression-
mortality associations between univariate and multivariable analyses(36).
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Author

Owen
Dew
Zipfel
Skotzko
Favaro

Grigioni

pooled estimate

Organ
heart

heart
heart
heart
heart

heart

Q(5) = 2.54, p=.771

Figure 5.

91

1.35

1.37

1.40

212

1.39

95% Cl

08, 2.92
20, 4.02
44, 417
24, 7.92
52, 3.76

.88 5.11

.85, 2.27

Relative Risk and CI

0

3

Weight, %°

10

S
>

Decreased risk Increased risk

Association of anxiety with post-transplant mortality®
@ The studies classified patients according to anxiety status (present/absent). The presence of
anxiety was defined as either any diagnosable anxiety disorder or anxiety symptom levels

exceeding an established threshold for caseness on a standardized symptom scale.
b Pooled estimate is weighted to take into account the precision of the effect within each
study; larger weights are assigned to studies with greater precision.
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6.a. Graft loss (not censored for death)

Author Organ
Corruble kidney
Corruble liver
Rogal liver
Dobbels kidney

pooled estimate

Q(3) = 23.17, p<.001

RR 95% CI
44 A7, 113
A7 .20, 1.08

1.37 .50, 3.76

210 1.94, 227

.92 .36, 2.35

6.b. Death-censored graft loss

Author Organ
Zelle kidney
Novak kidney
Dobbels kidney

pooled estimate

Q(2)=4.18, p=.124

Figure 6.

RR 95% Cl
119 67, 213
143 .87, 2.34
1.97 1.77, 2.20

1.65 1.21, 2.26

AR

N

Relative Risk and CI
—_—1
——
—_——

[
’

|
<&

V2

Decreased risk Increased risk

Association of depression with post-transplant graft loss?
@ See Figure 3 for definition of depression and explanation of weights
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7.a. Depressive symptoms and mortality risk

Author Organ
Evon lung
Farmer heart
Novak kidney
Vermuelen lung
Smith lung
Corruble liver

pooled estimate

Q(5) = 7.81, p=.167

RR
1.00
1.00
1.02
1.02
1.04

1

-

7

1.02

95% Cl
.95, 1.05
.98, 1.02
1.00, 1.04
1.00, 1.04
99, 1.09
1.01, 1.34

1.00, 1.03

7.b. Anxiety symptoms and mortality risk

Author Organ
Vermuelen lung
Smith lung
Corruble liver

pooled estimate

Q(2) = 0.00, p=1.000

Figure 7.

RR
1.01

1.01

1.01

1.01

95% Cl
.99, 1.03

.97, 1.05

.94, 1.08

.99, 1.03

A°

=

Relative Risk and CI

va

Decreased risk

Increased risk

Page 27

Weight, %2
719
27.09
27.60
27.60
9.38

1.14

72.98
21.08

5.94

Association of continuous measures of depression and anxiety symptoms and post-transplant

mortality

a See Figure 3 for explanation of weights
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Table 1

Page 28

Inclusion and exclusion criteria for studies for the systematic review and meta-analysis.

Inclusion criteria

Exclusion criteria

For inclusion in both the systematic review and meta-analysis:

Study publication between 1981 (advent of cyclosporine
and hence the modern era of transplantation) and
September, 2014 inclusive.

Included solid organ transplant recipients.

Examined depression or anxiety in relation to any of 8
post-transplant outcomes:

- All-cause mortality

- Graft loss (graft failure resulting in return to
dialysis [in kidney transplantation],
retransplantation, or death with a functioning
graft) (1,48)

- Death-censored graft loss (graft failure resulting
in return to dialysis [in kidney transplantation] or
retransplantation; it excludes patient death with a
functioning graft) (1,48)

- Acute graft rejection
- Chronic graft rejection
- Cancer

- Infection

- Rehospitalization after the index hospitalization
for transplant

For exclusion from both the systematic review and meta-analysis:

Among the final pool of studies in the systematic review, exclusion

Publication in languages other than English, Spanish,
French, or German.

Did not collect quantitative data (e.g., reviews, qualitative
reports).

Data collected on depression and/or anxiety did not
antedate the onset of transplant-related clinical outcomes.

No appropriate analyses were conducted (e.g., none of
the analyses adjusted for censoring when examining risk
of outcomes).

Despite performing at least some appropriate analyses, no
findings concerning associations of either depression or
anxiety with post-transplant outcome associations were
reported.

from the meta-analysis:

Did not report relative risk (RR) estimates for the
associations of depression and/or anxiety with post-
transplant outcomes (either hazard rates [HRs] if there
was censoring during follow-up or relative risk ratios if
there was no censoring) and 95% confidence intervals
(Cls)

AND

Did not provide sufficient information to allow RRs and
Cls to be calculated (49).
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