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Abstract

Objective—To summarize and critically review the existing literature on the prevalence of
posttraumatic stress disorder (PTSD) following organ transplantation, risk factors for post-
transplantation PTSD and the relationship of post-transplant PTSD to other clinical outcomes
including health-related quality of life (HRQOL) and mortality.

Methods—We conducted a systematic literature review using PubMed, CINAHL Plus, the
Cochrane Library, PsyclInfo and a search of the online contents of 18 journals.

Results—Twenty-three studies were included. Post-transplant, the point prevalence of clinician-
ascertained PTSD ranged from 1% to 16% (n = 738), the point prevalence of questionnaire-
assessed substantial PTSD symptoms ranged from 0% to 46% (n = 1,024), and the cumulative
incidence of clinician-ascertained transplant-specific PTSD ranged from 10% to 17% (n = 482).
Consistent predictors of post-transplant PTSD included history of psychiatric illness prior to
transplantation and poor social support post-transplantation. Post-transplant PTSD was
consistently associated with worse mental HRQOL and potentially associated with worse physical
HRQOL.

Conclusions—PTSD may impact a substantial proportion of organ transplant recipients. Future
studies should focus on transplant-specific PTSD, and clarify potential risk factors for, and
adverse outcomes related to, post-transplant PTSD.
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Introduction

Over 100,000 organ transplantations are performed annually worldwide [1]. While graft
survival has generally improved across organ types [2], there is interest in identifying
modifiable risk factors for adverse outcomes following organ transplantation. Though a
growing number of studies have identified that depression is substantially more common in
organ transplant recipients than the general population and is associated with increased risk
of post-transplant treatment non-adherence and mortality [3-6], relatively little is known
about the prevalence and potential health impacts of other psychiatric disorders in this
population.

Organ transplant recipients are exposed to extreme physiological and psychological
stressors, including life-threatening illness, transplant surgery, pain, and intensive care unit
(ICU) stays with mechanical ventilation and possible delirium, all of which make
posttraumatic stress disorder (PTSD) a reasonable concern for this population [7, 8]. PTSD
has been estimated to affect 3.5% of the U.S. population [9], and has been found to be
especially prevalent in other medically ill populations and associated with both worse
health-related quality of life (HRQOL) and increased healthcare utilization [7, 8, 10, 11].
Therefore, understanding the epidemiology of PTSD in organ transplant recipients is
important, especially since PTSD is amenable to treatment and could represent a modifiable
risk factor for adverse outcomes post-transplantation.

The current report details the results of a systematic review of studies examining PTSD in
adult organ transplant recipients. The authors' objectives were to: (1) determine the
prevalence of PTSD post-transplant; (2) identify potential risk factors for post-
transplantation PTSD; and (3) examine the relationship of PTSD symptoms following organ
transplantation to other post-transplantation outcomes such as HRQOL and mortality.

Materials and Methods

Approach and Search Strategy

We conducted a systematic review of the literature utilizing electronic databases and online
journal content. We searched PubMed (1966-2014), CINAHL Plus (1969-2014), the
Cochrane Library (2014, Issue 12) and Psyclnfo (1967-2014) as of January 21, 2015. Our
search strategy utilized the following terms mapped to the appropriate MeSH subject
headings and “exploded”: “mental disorders” AND (“transplants” OR “transplantation”).
The following terms were also included as text words: (“depress*” OR “stress” OR “anxi*”)
(See Supplementary Appendix A). In addition, we searched the online contents of 18
transplantation and psychiatry journals (see Supplementary Appendix B) using the search
terms (“posttraumatic” OR “PTSD”) AND “transplantation.” The search was limited to
English language articles.
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Study Selection

We sequentially reviewed citations, abstracts and full text articles in order to select eligible
studies. Articles were selected for review if they met the following a priori eligibility
criteria: (1) the population was composed of solid organ transplantation survivors = 18 years
of age; (2) PTSD assessments were conducted using validated measures (e.g., self-report
questionnaires or structured/semi-structured diagnostic interviews) = 1 month following
transplantation; and (3) the study size was = 15 participants. Abstracts, case reports/case
series and review articles were excluded.

Data Abstraction and Assessment of Study Quality

Results

For each eligible study, we abstracted information on study cohorts, PTSD measures,
potential risk factors for post-transplant PTSD and associations between PTSD following
organ transplantation and post-transplant health outcomes (e.g., HRQOL, mortality,
treatment non-adherence, graft rejection) using a data abstraction tool (see Supplementary
Appendix B). Authors of eligible studies were contacted for additional information when
necessary.

We assessed study quality regarding assessment of potential risk factors for post-transplant
PTSD using the following five criteria adapted from the US Preventive Services Task Force
and prior systematic reviews of heterogeneous outcome data [12-14]: (1) enrollment of
consecutive participants; (2) no loss to follow-up of > 10% prior to first PTSD symptom
assessment; (3) description of participants lost to follow-up; (4) at least one statistical
comparison of participants lost to follow-up versus those completing the study; and (5)
adjustment for confounding by stratification, statistical adjustment, randomization or
comparison with a matched population. Study quality criteria were not used in decisions on
study inclusion or exclusion.

Search Results, Study Characteristics and Quality

We reviewed 10,219 citations, 988 abstracts and 591 full-text articles (Figure). Twenty-three
articles describing 21 cohorts of organ transplant recipients were eligible for data abstraction
(Table 1) [15-37].

Table 1 presents the study designs and baseline descriptive data for the 23 studies, ordered
by follow-up timing. Follow-up ranged from one month post-transplant [15] to 10.2 years
post-transplant [37]. The studies enrolled 2,833 participants.

Only slightly over one-quarter of studies enrolled consecutive transplant patients (see
Supplementary Table) [18, 19, 21, 29, 34]. Among cohort studies, more than half had over
10% of participants lost to follow-up [18, 19, 21, 28]. All of these studies provided
descriptions of participants lost to follow-up and conducted analyses to compare those lost
to follow-up to study completers. Only six of the 16 studies that examined potential risk
factors for post-transplant PTSD adjusted for confounding in their analyses of these risk
associations [18, 21, 26, 28-30].
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Method of Assessment and Prevalence of Post-Transplant PTSD Symptoms

Fourteen studies utilized in-person assessments of post-transplant PTSD [15-23, 25, 30,
32-34]; five, mailed questionnaires [24, 29, 35-37]; two, a combination of in-person
assessment and mailed questionnaire [26, 31]; one, internet questionnaire [28]; and one
study did not report how follow-up assessments were conducted [27]. Six studies employed
clinicians to make post-transplant PTSD diagnoses using versions of the Structured Clinical
Interview for the Diagnostic and Statistical Manual of Mental Disorders (SCID) [15, 21,
31-34]. In three of these studies, the investigators also used questionnaires to assess post-
transplant PTSD symptoms [31, 32, 34]. Five studies employed clinicians to make post-
transplant PTSD diagnoses using the Composite International Diagnostic Instrument (CIDI),
a structured diagnostic interview [16-20]. In two studies, psychiatrists conducted diagnostic
interviews using DSM-IV criteria [22, 23]. The remaining ten studies used only
questionnaires to ascertain post-transplant PTSD symptoms. Of these studies, four used the
Impact of Events Scale-Revised (IES-R) [27, 35-37]; three, the PTSD Checklist-Civilian
version (PCL-C) [24, 28, 30]; two, the Posttraumatic Symptom Scale-10 (PTSS-10) [25,
29]; and one, the PTSD Self-Report Scale (PTSD-SS) [26].

In examining the prevalence of substantial PTSD symptoms or PTSD diagnosis following
organ transplantation, we addressed several challenges as follows. First, since five studies
reported the prevalence of post-transplant PTSD from overlapping cohorts presented in
larger studies [16-18, 20, 36], we excluded these five studies from our descriptive analyses.
Second, four studies ascertained the cumulative incidence of PTSD specifically related to
the transplant experience [19, 21, 28, 33]. Twelve of the remaining 14 studies did not
specify whether ascertainment of PTSD was limited to only symptoms related to the
transplant (two studies noted that they examined both transplant-specific PTSD and PTSD
symptoms related to other traumatic exposures [32, 34]). Therefore, we report the ranges in
point prevalence of PTSD diagnosis or substantial PTSD symptoms ascertained post-
transplant and cumulative incidence of transplant-specific PTSD. For the lone interventional
trial included, we used the baseline prevalence for both the intervention and control group
under the reasoning that the control group was not necessarily more representative than the
intervention group. Notably, four of the five studies that used the IES-R to assess post-
transplant PTSD symptoms used a regression formula-based threshold to determine
substantial PTSD symptoms [31, 32, 35, 37]; the remaining study used a cut-off score of >
20 [27]. Since five studies reported the prevalence of both the full PTSD syndrome and sub-
threshold PTSD symptoms [24, 26, 28, 33, 34], we also report the prevalence range of sub-
threshold PTSD symptoms.

The point prevalence of clinician-ascertained PTSD across all organ types ranged from was
1% at 3 months post-transplant [23] to 16% at a mean of 2.7 years post-transplant [32] (6
studies, n = 738), while the point prevalence of questionnaire-assessed substantial PTSD
symptoms ranged from 0% at 8 months post-transplant [25] to 46% at a mean of 1.1 years
post-transplant [27] (11 studies, n = 1,024). The cumulative incidence of clinician-
ascertained transplant-specific PTSD ranged from 10% at 7 months post-transplant [19] to
17% at 3 years post-transplant [19] (3 studies, n = 482), while the cumulative incidence of
questionnaire-assessed, transplant-specific substantial PTSD symptoms was 15% at 2 years
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post-transplant (1 study, n = 48) [28]. The prevalence of sub-threshold PTSD symptoms
ranged from 5% out to over 5 years post-transplant [26] to 20% at a mean of 3 years post-
transplant [33] (5 studies, n = 534).

Of note, three studies used both the SCID and the PTSS-10 [31, 32, 34]. In one study only
three of the participants diagnosed with PTSD post-transplant with the SCID also had
substantial PTSD symptoms on the PTSS-10 (score > 35) [32], while in another study all of
the participants with SCID-diagnosed PTSD had substantial PTSD symptoms on the
PTSS-10 [34] (the third study did not report concordance between the SCID and PTSS-10
among the transplant recipient cohort [31]).

Potential Risk Factors for PTSD Symptoms Post-Transplant

Four demographic factors were significantly associated with increased PTSD symptoms in
some studies: younger age in two of eight studies [18, 21, 24, 26, 29, 30, 33, 34]; female sex
in one of eight studies [18, 21, 24, 26, 29, 30, 33, 34]; lower educational status in two of
four studies [24, 26, 29, 33]; and lower income in one of three studies (Table 3) [18, 26, 30].
Having private insurance was associated with fewer PTSD symptoms following lung
transplantation in one study [30].

A history of pre-transplant psychiatric illness was associated with increased risk of PTSD
symptoms post-transplant in four of four studies [18, 21, 29, 33]. Prior exposure to traumatic
events was associated with increased risk of PTSD symptoms post-transplant in two of three
studies [24, 30, 33]. One study found that pre-transplant benzodiazepine use, though not
alcohol abuse, was associated with increased risk of PTSD symptoms post-transplant,
though this association did not retain significance in multivariable regression [29].

One of two studies found that a shorter duration on the transplant wait list was associated
with increased risk of PTSD post-transplant [33, 34]. One study of liver transplant recipients
found that higher pre-operative Model for End-Stage Liver Disease score was associated
with increased PTSD symptoms post-transplant [26]. While four studies enrolled transplant
recipients of different organ types and assessed potential risk factors for post-transplant
PTSD [21-23, 29], only one explicitly examined organ type transplanted as a potential risk
factor [29], finding that liver transplantation was associated with increased prevalence of
post-transplant PTSD vs. heart or lung transplantation [29].

Three transplant-related clinical characteristics were significantly associated with risk of
post-transplant PTSD in some studies: re-transplantation in one of two studies [29, 34];
postoperative complications in two of four studies [23, 26, 29, 34]; and acute rejection in
one of four studies [23, 30, 33, 34]. In a study of lung transplant recipients, lower post-
transplant forced expiratory volume in 1 second (FEV1) and/or forced vital capacity (FVC)
as well as development of bronchiolitis obliterans were associated with increased post-
transplant PTSD symptoms [30]. One study of liver transplant recipients found that a longer
ICU length of stay (LOS) was associated with increased risk of post-transplant PTSD [34].

Among post-transplantation factors, poor social support was associated with increased risk
of PTSD or increased PTSD symptoms in three of four studies [18, 21, 33, 34]. One study of

Gen Hosp Psychiatry. Author manuscript; available in PMC 2016 September 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Davydow et al.

Page 6

heart transplant recipients found that a low sense of personal control over events (i.e.,
mastery) was associated with increased PTSD symptoms [18]. One study of liver transplant
recipients found that post-transplant depressive symptoms as well as worse cognition post-
transplant, both assessed cross-sectionally (i.e., at the same time as PTSD symptoms) were
associated with greater risk of post-transplant PTSD [34]. In a mixed cohort of organ
transplant recipients, better post-transplant physical and mental HRQOL was correlated with
fewer PTSD symptoms post-transplant [29]. One study identified that post-transplant
benzodiazepine use was associated with increased risk of post-transplant PTSD, though this
association did not persist in multivariable regression [29]. One study of heart transplant
recipients found that having a spouse with PTSD was associated with increased PTSD
symptoms in the recipient [35]. One study of lung transplant recipients identified a
correlation between higher resilience and lower post-transplant PTSD symptoms [25].
Notably, time from transplant to follow-up assessment was not associated with either PTSD
diagnosis or symptom severity in any study that examined this potential risk factor [26, 27,
29, 30, 34].

Associations of PTSD Symptoms and Post-Transplant Outcomes

Five studies examined associations between PTSD following organ transplantation and post-
transplantation HRQOL (Table 4) [24, 26, 29, 32, 34]. All five found that post-transplant
PTSD symptoms were associated with worse mental HRQOL, while three of four identified
that post-transplant PTSD symptoms were associated with worse social functioning [24, 26,
29, 34], and three of three found that post-transplant PTSD symptoms were associated with
worse general health [26, 29, 34]. Also, three [26, 29, 34] of the five studies ascertaining
associations between post-transplant PTSD and post-transplant HRQOL found that post-
transplant PTSD or substantial PTSD symptoms were associated with significantly worse
physical functioning HRQOL domain scores.

Only two studies, both of heart transplant recipients, ascertained potential associations
between post-transplant PTSD and post-transplant mortality [17, 33]. While one of these
studies did not find an association between post-transplant PTSD and mortality [33], the
other found that post-transplant PTSD was associated with nearly 14-times greater odds of
mortality [17]. Only one study examined potential associations between post-transplant
PTSD and treatment non-adherence, finding that PTSD intrusive symptoms, though not the
full PTSD syndrome, were associated with greater odds of treatment non-adherence [33].
The single study that assessed a potential association between post-transplant PTSD and
graft rejection in heart transplant recipients did not find a significant association [17]. No
associations were found between post-transplant PTSD and incident coronary artery disease
(determined by coronary arteriography) or post-transplant malignancies [17, 33].

Discussion

To our knowledge, this paper is the first systematic review of the existing literature on
PTSD in adult organ transplant recipients. This review highlights several key issues. First,
we identified that PTSD, either as ascertained by diagnostic interview or defined as
questionnaire-ascertained substantial PTSD symptoms, may be two to five-times higher than
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the US general population estimated one year prevalence [9]. The prevalence of PTSD in
organ transplant recipients is similar to studies of PTSD in acute coronary syndrome
survivors [38], though not quite as high as that found in general ICU or acute respiratory
distress syndrome (ARDS) survivors [7, 8]. Importantly, if sub-threshold PTSD symptoms
are also considered, then over one-quarter of organ transplant recipients may experience at
least some degree of PTSD following transplantation.

Second, the two factors most consistently associated with increased risk of post-transplant
PTSD include pre-transplant psychiatric illness and poor social support post-transplant.
These findings are not unexpected since a pre-trauma history of psychiatric illness is known
to increase risk for developing PTSD [8, 39], while strong social support has been shown to
potentially moderate PTSD risk following trauma exposure [40]. We also found that
demographic factors and transplant-related clinical characteristics appear to be less
consistent predictors of PTSD post-transplant, findings similar to those in systematic
reviews of PTSD in critical illness survivors [8].

Third, PTSD in organ transplant recipients may have a substantial negative impact on
HRQOL that goes beyond mental HRQOL. While these results are consistent with the
literature in critical illness survivors as well as the general PTSD literature [7, 8, 41], the
impact of post-transplant PTSD on self-reported general health appears to be more
pronounced than in other populations. Although only two studies examined the association
of post-transplant PTSD with other post-transplant clinical outcomes, there is evidence that
PTSD symptoms in transplant recipients could increase the risk of both treatment non-
adherence and mortality. These findings warrant replication in additional organ transplant
recipient cohorts, particularly since similar results have been reported in other studies of
patients with chronic diseases [42, 43].

The existing literature has several important limitations. Many studies were cross-sectional
in design, therefore limiting the ability to determine the direction of the association between
potential risk factors and PTSD symptoms. Also, the questionnaires used to ascertain PTSD
symptoms displayed sub-optimal discriminatory characteristics compared to structured and
semi-structured diagnostic interviews. In addition, several studies had substantial losses to
follow-up, potentially introducing selection bias. Furthermore, the majority of included
studies did not ascertain only PTSD symptoms that were specifically related to the transplant
experience. While it is conceivable that the extreme stress of the transplant experience could
lead to recurrences of PTSD symptoms related to prior traumatic exposures, understanding
the exact nature of PTSD in organ transplant recipients is essential for designing effective
interventions. Moreover, while PTSD is highly comorbid with major depression [44], and
comorbidity between depression and anxiety disorders such as PTSD has been associated
with adverse health outcomes [45], none of the included studies examined the relationship of
comorbidity between post-transplant PTSD and depression with other longer-term post-
transplant outcomes. Therefore, additional prospective studies of PTSD specific to the organ
transplantation experience are needed that also identify self-report PTSD symptom measures
with improved case-finding properties and that examine the impact of comorbid post-
transplant psychiatric conditions on post-transplant HRQOL, mortality and graft rejection.
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Further research is needed to increase understanding of potential risk factors for PTSD
following organ transplantation. One study of lung transplant recipients and one study of
liver transplant recipients identified clinical characteristics (e.g., post-transplant bronchiolitis
obliterans, ICU LOS) significantly associated with risk of post-transplant PTSD [30, 34].
These results warrant replication since bronchiolitis obliterans in lung transplant recipients
was previously shown to be associated with increased risk of depression [46], and longer
ICU LOS has been found to be associated with increased risk of PTSD in ARDS survivors
[7]. Since one study found that liver transplant recipients may be at greater risk of post-
transplant PTSD compared to heart or lung transplant recipients [29], more studies are
needed to clarify whether liver transplant recipients are at especially heightened risk of
developing PTSD.

Notably, none of the studies assessed early post-transplant psychiatric symptoms as potential
predictors for later PTSD; psychiatric symptoms (e.g., acute stress, anxiety and/or
depressive symptoms) prior to, or shortly following, hospital discharge, have been found to
be potent predictors for the development of later PTSD in critical illness survivors [8, 47].
Also, while one study examined both pre-transplant and post-transplant benzodiazepine use
as potential risk factors for post-transplant PTSD [29], no studies assessed in-hospital
benzodiazepine exposure. Studies of critical illness survivors have found that in-ICU
exposure to benzodiazepines, particularly to high doses of benzodiazepines for sedation,
may be a risk factor for subsequent PTSD [8, 48]. In addition, further research is needed on
the potential role of immunosuppressant regimens, particularly corticosteroid exposure, in
the development of post-transplant PTSD. While corticosteroids have been found to produce
anxiety symptoms [49], studies in the critical care literature have found that in-ICU
corticosteroid exposure may reduce the risk of subsequent PTSD [48, 50]. Given these
results in critical illness survivors, future studies of potential risk factors for PTSD in organ
transplant recipients should examine in-hospital benzodiazepine and corticosteroid exposure
as well as early post-transplant psychiatric symptoms as part of a comprehensive model that
also incorporates pre-transplant factors (e.g., prior psychiatric illness), transplant patient
group (e.g., liver transplant recipients vs. other transplant recipients) and post-transplant
factors (e.g., social support).

A pathophysiological mechanism underlying how organ transplantation may lead to
subsequent PTSD in recipients could be through transplantation-related systemic
inflammation. Studies have found that genetic polymorphisms involved in regulating the
inflammatory cascade are associated with increased risk of PTSD [51, 52], including in
surgical populations [53], potentially through increasing systemic inflammation [52].
Furthermore, following organ transplantation the complement cascade is activated by human
leukocyte antigen (HLA) antibodies [54], and studies have found that the complement
cascade is hyperactive in individuals who have undergone acute psychological stress and
potentially those with PTSD [55, 56]. Additional research is needed to determine if
increased systemic inflammation could be a common pathway linking organ transplantation
and subsequent PTSD risk.

Our systematic review has several potential limitations. Due to the methodological issues of
the original studies described above, confidence regarding the precision and validity of our
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findings should be tempered. In particular, due to substantial heterogeneity in PTSD
assessment methods and timing as well as relatively few studies adjusting for confounding
in their analyses of potential risk factors for post-transplant PTSD, we are unable to conduct
a meta-analysis of the results presented here with sufficient precision that minimizes the
possibility of spurious conclusions being made. Also, we were unable to review potential
risk factors for post-transplant PTSD for each organ transplant recipient group due to an
insufficient number of studies examining these associations among different transplant
populations. Furthermore, we did not assess for potential publication bias. Finally, despite a
comprehensive search of 10,219 citations, potentially eligible studies may have been omitted
due to inconsistent indexing in electronic databases.

In conclusion, a substantial proportion of solid organ transplant recipients may have some
degree of PTSD symptoms which negatively impact HRQOL and possibly increase the risk
of mortality. Risk factors for PTSD post-transplant appear to include a prior history of
psychiatric illness and poor social support after transplant, although additional research into
modifiable clinical risk factors is necessary. Since PTSD takes a substantial toll on
transplant patients, their families, and society, collaboration between transplant specialists,
primary care physicians, and mental health clinicians is necessary in order to facilitate
prompt, comprehensive evaluation and treatment.
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Table 3
Potential risk factors for posttraumatic stress disorder symptoms following solid organ

transplantation

Outcome: posttraumatic stress

1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Study (N) Measure of association Potential risk factor symptoms/disorder
Stukas et al. Hierarchical logistic regression® a. Group (caregiver) a OR: 1.60, n.s.
1999 [18] (N= b Femal b OR: 3.36, P <0.01
300) @ . emale . : 3.36, .
c. Family psychiatric history c. OR:1.18, n.s.
d. Personal psychiatric history d. OR: 3.04,P<0.01
e. Low friend support e. OR: 2.24,P <0.05
f. Low family cohesion f. OR: 1.37, n.s.
g. Low mastery g. OR: 1.60, n.s.
h. Low family cohesion x h. P <0.05
ersonal psychiatric histo
P e i i P <0.05
i Low family cohesion x family
psychiatric history
Hierarchical linear regression? (i) Group (caregiver) () B: 0.02, n.s.
(k) Gender (k) B: 0.07, n.s.
(I) Age (1) B: -0.26, P < 0.05
(m) Income (m) B: -0.23, n.s.
(n) Personal psychiatric history (n) B: 0.89, P < 0.001
(o) Low friend support (0) B: 0.31, P<0.05
(p) Low family cohesion (p) B: 0.22, n.s.
(9) Low mastery (q) p: 0.41, P< 0.01
(r) High avoidant coping (r) : 0.11, n.s.
Dew et al. 2001b 2 . :
[20] (N = 63) x© test VAD as a bridge to heart transplantation ns.
Dew et al. 2012 Cox proportional hazards a. Female a. HR: 1.53 (95%CI: 0.76,
[21] (N = 239) regression . i 3.11)
b. History of depression or
anxiety disorder b. HR: 2.61 (95%Cl: 1.21,
5.68
c. SF-36 PF at 2 months post-
transplant c. HR: 0.99 (95%Cl: 0.98,
1.01
d. Chronic dyspnea at 2 months )
post-transplant d. HR: 0.82 (95%CI: 0.69,
. 0.97)
e. Poor social support from
family caregiver e. HR: 1.12 (95%Cl: 0.57,
2.20
f. Low support from religious )
faith f. HR: 0.69 (95%Cl: 0.32,
_ . 1.49)
g. High support seeking/
expression of emotions g. HR:0.89 (95%CI: 0.43,
1.83
h. High avoidance coping
h. HR: 1.61(95%Cl: 0.80,
3.20)
Fukunishi et al.
2002 [22] (N= 2 test Pre-transplant alexithymia ns.

95)
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Study (N)

Measure of association

Potential risk factor

Outcome: posttraumatic stress

symptoms/disorder

Fukunishi et al.

2001 [23] (N =
275)

Possemato et al.

2009 [24] (N =
63)

Cohen et al.
2014 [271 (N =
25)

Jinetal. 2012
[26] (N = 241)

Guimaro et al.
2011 [27] (N=
24)

Possemato et al.

2010 [28] (N =
48)

Baranyi et al.
2013 [29] (N=
126)

2 test

Spearman's correlation

Spearman's correlation

Stepwise multiple linear
regression

Mann-Whitney U

Repeated measures analysis of

covariance

Mann-Whitney U, x 2, or Fisher's

exact test

Hospital LOS, liver or kidney function,
allograft rejection, major complications

a.
b.

o

Time from liver transplant (< 5 months vs.

Age
Gender
Education
Ethnicity

# of prior traumas

Higher resilience

Age, gender, marital status,
income, employment status,

etiology of liver failure, donor

type, time since transplant,
immunosuppressive agent

MELD score
Complications

Educational status

> 5 months)

Medical fact writing vs. Expressive

writing

Time since transplant

Pre-transplant psychiatric
diagnosis

Pre-transplant benzodiazepine

use (any vs. none)

Post-transplant benzodiazepine

use (any vs. none)

Pre-transplant alcohol abuse
(any vs. none)

Post-transplant alcohol abuse

(any vs. none)

Gender

Years of education/vocational

training
Employment status
Age
Type of transplant

Post-operative medical
complications

Re-transplantation

IS

o

IS

o

n.s.

R =-0.18, n.s.
R=-0.13, n.s.
R=0.27,P <0.05
R =0.06, n.s.
R=0.39,P<0.01

=-0.45,P=0.02

n.s.
B=0.24,P=001
B =4.96, P = 0.009
B=-4.78 P =001

24 vs. 15 IES-R points, P = 0.09

36 vs. 32 PCL-C points, P=0.14
10 vs. 8 PCL-C intrusive symptom

points, n.s.

13 vs. 12 PCL-C avoidant symptom

points, n.s.

12 vs. 10 PCL-C arousal symptom

points, P =0.09

Comparisons: PTSD vs. No PTSD

a.
b.

o

Gen Hosp Psychiatry. Author manuscript; available in PMC 2016 September 01.

29 vs. 24 months, P = 0.14
44% vs. 11%, P = 0.001
16% vs. 3%, P =0.02
21% vs. 11%, P = 0.02
16% vs. 20%, P = 1.00
5% vs. 5%, P = 1.00
P=0.59
P=0.85
P =0.09

49 vs. 53 years old, P =
0.04

Liver (30%) vs. Lung (9%)
vs. Heart (6%), P = 0.003

P=0.46
16% vs. 4%, P = 0.07
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Study (N)

Measure of association

Potential risk factor

Outcome: posttraumatic stress
symptoms/disorder

Gries et al. 2013
[30] (N = 210)

Favaro et al.
2011 [33] (N=
107)

Multiple linear regression

Bivariate linear regression

Multiple linear regression®

2 test

(n) Age
(0) Gender

(p) Pre-transplant psychiatric
diagnosis

(9) Re-transplantation

(r) Pre-transplant benzodiazepine
use

(s) Liver transplant
(t) Lung transplant

(u) Post-operative medical
complications

(v) Time since transplant
(w) Post-transplant SF-36 PCS
(x) Post-transplant SF-36 MCS

(y) Post-transplant occupation/work
satisfaction

(z) Post-transplant benzodiazepine
use

a. Younger age
b. Lower income
c. Unmarried
d. Prior traumatic event
e. Lower post-transplant FVC or
FEV,
f. Acute cellular rejection
g. Bronchiolitis obliterans
syndrome
h. Time since transplant
i Idiopathic pulmonary fibrosis
vs. COPD
(i) Age
(k) Female

(1) Pre-Transplant Pulmonary
Diagnosis (COPD is reference):

(11) Idiopathic pulmonaryfibrosis
(12) Cystic fibrosis
(13) Pulmonary arterialhypertension
(14) Other(m) Private insurance
(n) Prior traumatic event
(o) Acute rejection
(p) Bronchiolitis obliterans

syndrome

a. Time on transplant wait list,
acute rejection,
immunosuppressant type, 1-

(n) B =007, P=044
(0)p=0.10, P=0.32
(p) B =3.07, P=0.04
(0) p=4.84, P=0.02
(r)B=0.67,P=050
(s)p=0.10, P=0.33
(t)p=-0.05,P=062
(u)p=0.12 P=0.18
(v)p=0.15P=0.11

(w) B =-0.33, P <0.001

(x) B = -0.53, P < 0.001

(y) B = -0.20, P = 0.004
(2)B=0.07, P=0.28

a. P <0.001
b. P =0.001
c. P =0.001
d. P =0.003
e. P <0.001
f. P <0.001
g. P=0.01
h. P=0.63
i P=0.05

(i) p=0.35, P <0.001¢
(k) p=-0.12, P=0.10
(11)p=0.02,P=0.84
(12) p=0.09, P=0.32
(13) p = 0.005, P = 0.94
(14)p=0.03,P=0.65
(m)p=0.23, P<0.001€
(n) B =-0.25, P<0.001¢
(o) p=-0.10, P=0.10

(p) p =-0.18, P = 0.005¢

(@) ns.
(b1) Avoidant PTSD symptoms: P
< 0.006
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Study (N)

Measure of association

Potential risk factor

Outcome: posttraumatic stress

symptoms/disorder

Rothenhéausler et
al. 2002 [34] (N

= 75)

Kruskal-Wallis one way analysis
or x2 test

year rejection score, pre-
transplant smoking, education,

marital status, gender, age,

prior traumatic experience

Low social support

Prior major depression

Female
Age (median)
Disabled
Married

Months since transplant
(median)

Days on transplant wait list
(median)

Median ICU LOS (days)
Alcoholic liver disease
Infectious hepatitis
PBC/PSC
Hepatic malignancy
Miscellaneous liver disease
Acute liver failure
History of retransplantation

History of recurrence of
HBV/HCV

In-hospital delirium
Post-operative Gl bleeding
Post-operative infections
Acute rejection
Cardiovascular complications
Acute renal failure
ARDS

Number of in-ICU
complications (median)

Post-transplant cognition
(median SKT score)

Post-transplant depression
(median HAM-D score)

Social support (median Social
Support Scale score)

(b2) Sub-threshold PTD: P <
0.01

(b3) Full PTSD: P < 0.04

(c) Full PTSD: P< 0.05,0R: 4.4

(95%Cl: 1.0, 20.4)

Comparisons: Full PTSD vs. Sub-
threshold PTSD vs. No PTSD

a.

-

- @

0% vs. 54% vs. 43%, P =
0.16

44 vs. 51 vs. 55, P =0.20

50% vs.46% vs. 33%, P =
0.55

50% vs. 77% vs. 81%, P =

42 vs. 63 vs. 43, P =0.27
8vs. 11vs. 28, P =0.03
13vs. 14vs. 9,P=0.01

0% vs. 38% vs. 33%, P =
0.30

75% vs. 8% vs. 22%, P =
0.30

0% vs. 8% vs. 14%, P =
0.30

0% vs. 8% vs. 7%, P = 0.30
25% vs. 38% vs. 24%, P =

m. 0% vs. 31% vs. 15%, P =

0.27

n. 0% vs. 44% vs. 9%, P =

0. 100% vs. 22% vs. 26%, P =
0.32

p. 25% vs. 61% vs. 29%, P =
0.08

q. 50% vs.31% vs. 28%, P =
0.63

r. 50% vs. 77% vs. 50%, P =
0.21

S. 50% vs. 92% vs. 53%, P =
0.03

t. 50% vs. 46% vs. 29%, P =
0.39

u. 25% vs. 69% vs. 43%, P =

V. 25% vs. 8% vs. 5%, P =
0.30

W. 3vs.4vs. 3,P=0.04

X. 5vs.3vs.1,P<0.01

y. 22 vs. 7vs. 2,P<0.001
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Study (N)

Measure of association

Potential risk factor

Outcome: posttraumatic stress
symptoms/disorder

Bunzel et al.
2007 [35] (N =
38)

Bunzel et al.
2005 [37] (N=
41)

Mann-Whitney U or Wilcoxon
or Fisher's exact test

Wilcoxon test

Spouse with PTSD vs. Spouse
without PTSD

VAD device type, age, cardiac
diagnosis, pulsatile vs. non-
pulsatile mechanical
circulatory assist device

Pulsatile vs. non-pulsatile mechanical

circulatory assist device

Z. 33vs.63vs. 71, P<0.01
(al) 10 vs. 5 IES-R avoidance
symptom points, P = 0.008

(a2) 12 vs. 4 IES-R hyper-arousal
symptom points, P = 0.001

(b) n.s.

n.s.

Abbreviations (in alphabetical order): ARDS = acute respiratory distress syndrome; 3 = linear regression coefficient in multivariable model; Cl =

confidence interval; COPD = chronic obstructive pulmonary disease; FEV1 = forced expiratory volume in 1 second; FVC = forced vital capacity;
HAM-D = Hamilton Rating Scale for Depression; HR = hazard ratio; HBV = hepatitis B virus; HCV = hepatitis C virus; ICU = intensive care unit;
IES-R = Impact of Events Scale-Revised; LOS = length of stay; MELD = Model for End-Stage Liver Disease; n.s. = not significant; OR = odds
ratio; PCL-C = PTSD Checklist-Civilian version; PTSD = posttraumatic stress disorder; PBC = primary biliary sclerosis; PSC = primary sclerosing
cholangitis; SF-36 MCS = Short-Form 36 Mental Component Summary; SF-36 PCS = Short Form-36 Physical Component Summary; SF-36 PF =
Short-Form-36 Physical Functioning score; SKT = Short Cognitive Performance Test; VAD = ventricular assist device.

eLI'he analyses examining potential risk factors for post-transplant PTSD included both transplant recipients and their caregivers.

b . . - .
Regression models were adjusted for recipient vs. caregiver status.

In the multivariable linear regression models, the PCL-C outcome underwent inverse transformation. Therefore, a negative § coefficient
corresponds to greater PTSD symptoms, while a positive  coefficient corresponds to fewer PTSD symptoms.
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