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Abstract

Background—Long-term survival after lung transplantation remains poor, yet modifiable risk
factors for late-term morbidity and mortality have yet to be identified. Because psychiatric
disorders increase risk for poor health outcomes in many non-transplant chronic disease
populations, lung recipients with depression or anxiety before or early post-transplant may be at
heightened risk for late-term transplant-related morbidity and mortality.
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Methods—Among 178 patients from a prospective study of mental health after lung
transplantation, we identified 1-year survivors and examined whether they experienced major
depression or anxiety disorders during that year as well as before transplantation. We used
multivariable Cox regression to examine the relationship between these disorders and risk for
subsequent bronchiolitis obliterans syndrome (BOS), mortality and graft loss for up to 15 years
post-transplant, controlling for other known risk factors for the outcomes.

Results—155 recipients were studied. Recipients with post-transplant depression had an elevated
risk of BOS (HR, 1.91; 95%Cl, 1.10,3.31), patient death (HR, 1.65; 95%CI, 1.01,2.71) and graft
loss (HR, 1.75; 95%Cl, 1.06,2.88). A trend toward reduced risk of BOS was observed in recipients
with post-transplant anxiety (HR, 0.61; 95%Cl, .37,1.00). Neither pre-transplant disorder was
related to risk for any outcome.

Conclusions—Early post-transplant depression increases risk for long-term transplant-related
morbidity and mortality. Screening to identify depression should therefore be routine in post-
transplant care. Although anxiety was not significantly associated with poor outcomes, screening
for post-transplant anxiety should also be routine, to reduce patient distress. Research is needed to
better understand mechanisms underlying depression-outcome associations.

Keywords
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Introduction

Despite improvements in long-term survival after lung transplantation, lung recipients
continue to have the highest morbidity and mortality of all solid organ recipients (1). Only
half of lung recipients survive to 5 years post-transplant; by 10 years, this rate drops to 31%
(1,2). Chronic rejection, manifested as bronchiolitis obliterans syndrome (BOS), is prevalent
and remains the major obstacle to long-term survival (2-4). Identifying reliable risk factors
for BOS is thus a necessary step toward optimizing patient survival. Although clinical
predictors of BOS as well as long-term survival have been identified (5-7), few of those
identified to date are currently preventable or modifiable.

Psychosocial risk factors — which are often modifiable through preventive interventions and
treatment — may also have key roles in predicting these outcomes in lung recipients. Among
such factors, psychiatric characteristics, in particular, warrant investigation as potential
predictors given their association with poor outcomes in a range of non-transplant general
medical illness and chronic disease populations (8-15). Moreover, the high prevalence of
depression and anxiety disorders among lung recipients during the first several years post-
transplant (occurring in up to 30% of recipients) (16-19) underscores their potential
importance as risk factors for poor outcomes.

However, psychiatric disorders have often only been considered as outcomes rather than risk
factors for health and survival in transplant recipients. The scant evidence from existing
studies that explore the role of psychiatric disorders as risk factors for medical outcomes in
transplant populations is mixed and inconsistent (20-36). In lung transplant populations, the
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evidence is especially slim and appears inconsistent depending on whether morbidity or
mortality outcomes are considered (32-37). Furthermore, lung recipient studies have
generally focused on the first few years post-transplant. To date, no studies have examined
the specific impact of psychiatric disorders on morbidity and mortality over a long-term
follow-up period.

We sought to determine whether depression or anxiety disorders occurring before or during
the first year after transplant increased subsequent risk for transplant-related morbidity and
mortality during the period up to 15 years after lung transplantation. We considered not only
psychiatric history before transplant, but also disorders present during the first year after
transplant because this latter period is the time during which post-transplant depression and
anxiety are most likely to emerge (19,38). The outcomes we examined — time to BOS onset,
patient mortality and graft loss — are common metrics used to determine transplant success.

Materials and Methods

Study Population

We prospectively enrolled 178 adults (aged =18 years) receiving their first lung transplant
between November 1999 and August 2004 in the Cardiothoracic Transplantation Program,
University of Pittsburgh Medical Center. The cohort has been described previously (19).
Ninety-five percent of all individuals transplanted during this timeframe agreed to enroll.
The eligibility criterion was survival beyond the post-transplant surgical recovery period
(defined as the first 6 weeks after surgery). Ten recipients (5.6%) died within 1 year of
transplantation and were excluded from the present analyses because a goal was to ascertain
whether psychiatric disorders during the first year post-transplant predicted subsequent
outcomes. Three of these recipients endorsed post-transplant depression at a study interview
before their death; 8 and 3, respectively, had depression and anxiety, pre-transplant. Thirteen
recipients (7.3%) did not complete the psychiatric assessments because they were too ill
(n=2) or refused (n=11); all 13 survived the first year. There were no differences in
demographic or transplant-related characteristics between this group of 13 recipients and
those who completed study assessments. Our final cohort consisted of 155 lung transplant
recipients whom we then followed prospectively for up to 15 years to ascertain study
outcomes.

Data Collection

The University of Pittsburgh Institutional Review Board approved the prospective collection
of both psychiatric interview and medical records data. Participants provided written
informed consent. During the first year post-transplant, participants were interviewed at 2, 7
and 12 months to assess the history and presence of mood and anxiety disorders, as
described below. Trained clinicians with advanced degrees in behavioral medicine fields
conducted the interviews. Transplant-related medical characteristics and information on
post-transplant clinical outcomes were obtained in annual reviews from recipients' medical
records, with censoring at patient death or at the end date of August 15, 2014.
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Demographic characteristics, transplant-related characteristics and medical
comorbidities—Demographic characteristics (i.e., gender, age, race/ethnicity, education,
income) were assessed at the initial interview. Transplant-related characteristics were
ascertained from the medical record, including: transplant indication; single v. bilateral
transplant; ischemia time of the donor graft; recipient/donor CMV mismatch; type of
induction immunosuppression received; length of hospital stay for transplant surgery; and
both acute cellular rejection (ACR) and airway inflammation (lymphocytic bronchiolitis,
LB) occurring during the first year post-transplant, diagnosed by histologic examination of
transbronchial or open lung biopsy specimens according to internationally established
criteria (39). Other medical comorbidities were also ascertained from the medical record,
including: insulin-dependent Type 2 diabetes; dialysis-dependent chronic kidney disease;
and congestive heart failure. Whether each of these comorbidities occurred pre- or during
the first year post-transplant was recorded.

Psychiatric disorders—Depression and anxiety disorders were diagnosed according to
standard criteria from the Diagnostic and Statistical Manual of Mental Disorders, 4t
Edition, Text Revision (DSM-IV-TR) (40). We used the Structured Clinical Interview for
DSM-IV-TR (SCID) (41) to determine the presence of major depressive disorder and
several anxiety disorders (panic disorder, post-traumatic stress disorder related to transplant
[PTSD-T] and generalized anxiety disorder). The 2-month interview assessed disorders
since the time of transplant, and the 7- and 12-month interviews covered the period since the
previous assessment. The present study examined whether or not each disorder occurred at
any time during the first year post-transplant. At the initial (2-month) interview, we also
determined with the SCID whether recipients had a pre-transplant lifetime history of major
depressive disorder, panic disorder or generalized anxiety disorder.

Outcomes—Three outcomes were considered: (1) onset of BOS, (2) patient survival and
(3) graft survival. Medical record abstractors and outcome adjudicators were blinded to
recipients' psychiatric status. The earliest date at which each outcome was present was
recorded. The outcomes were defined as follows. The presence of BOS at grade =1 was
determined according to internationally established criteria (39). Determinations were based
on consensus decisions by 2 study investigators and a transplant pulmonologist using
pulmonary function tests (PFTs) and medical records of clinical encounters. All recipients
received PFTs and clinical follow-up according to the transplant center's standard post-
transplant care protocol, including surveillance bronchoscopy with transbronchial biopsy
and bronchoalveolar lavage, spirometry, physical examination and bloodwork. The
surveillance protocol included follow-up (including PFTs) every 3-4 months during the first
2 years post-transplant. Beyond 2 years, all recipients received follow-up every 4-6 months,
with PFTs and additional testing performed as clinically indicated. The date of the incidence
of BOS was recorded. Patient survival was defined as time to patient death, with death date
ascertained from the medical record. Graft survival was defined as time to graft loss by
patient death or retransplantation.
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Statistical Analysis

Results

We used descriptive statistics to characterize the sample's demographic, transplant-related,
and medical characteristics. To determine the impact of pre- and post-transplant psychiatric
disorders on each outcome, we used multivariable Cox regression with data censoring due to
patient death (for the BOS outcome) or end of follow-up. This approach allowed us to
examine the unique impact of each psychiatric disorder while controlling for demographic,
transplant-related and medical comorbidity covariates known to be associated with
morbidity and mortality (2,42). This is important because, without controlling such
covariates, any observed associations of psychiatric status with outcomes might be spurious,
i.e., due to factors leading to both the psychiatric conditions and the outcomes of interest
(43). For each outcome, one analysis was done to assess the impact of pre- and post-
transplant major depression, and a separate analysis was done to assess the impact of pre-
and post-transplant anxiety disorders. We performed separate analyses to examine
depression history and anxiety history so that we could maintain an adequate ratio of
respondents:predictors of at least 15:1 in the analyses (43), and because the rate of comorbid
depression and anxiety was generally low, as discussed below. We assessed regression
model assumptions for all models as appropriate (43). For all analyses, we required a p level
<.05 to declare that a finding was statistically significant.

Description of Study Sample

Demographic and transplant-related characteristics of our sample of 155 lung recipients are
shown in Table 1. Our sample is similar to the international population of lung recipients
transplanted during the same period in terms of gender, age, transplant indication and
transplant type (2). Most patients received tacrolimus-based immunosuppression. Nearly
half of all unilateral transplants were performed in recipients with chronic obstructive
pulmonary disease/emphysema, and—mirroring the pattern of associations in ISHLT
registry data during the years of transplant encompassed by our study (2)—indication for
transplant and type of transplant were significantly associated (y2(3)=45.9;p<.001). Median
follow-up time was 12.1 years (range:10-14.7 years).

Description of Psychiatric Disorders

Table 1 also shows the distribution of pre- and post-transplant depression and anxiety
disorders in the sample. Over 40% (n=63) of the sample had a pre-transplant history of
depression, and nearly 20% (n=30) had depression during the first year post-transplant. Of
those with a pre-transplant history of depression, 36% experienced diagnosable depression
during the first year post-transplant. Of those with depression post-transplant, 27% of cases
were incident cases (i.e., occurring in individuals with no previous history of depression).

As noted in Table 1 (footnote e), the numbers of cases of individual anxiety disorders were
relatively small; thus, we focus on whether recipients met criteria for any anxiety disorder.
Table 1 shows that 25% (n=39) of the sample had a pre-transplant history of an anxiety
disorder and 26% (n=40) had an anxiety disorder during the first year post-transplant. Of
those with a pre-transplant history of anxiety, 44% experienced diagnosable anxiety during
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the first year post-transplant. Of those with anxiety post-transplant, 58% of cases were
incident cases.

Comorbidity between depression and anxiety was relatively infrequent. Pre-transplant, 16%
of the sample had histories of both types of disorders, and post-transplant, 7% met criteria
for both types of disorders.

Prediction of Study Outcomes

BOS—For the BOS analysis, the sample excluded 3 recipients whose BOS preceded the
depression and anxiety diagnoses during the first year post-transplant; this ensured that we
examined the prospective impact of each psychiatric disorder. There were 106 cases of BOS.
Risk of BOS was nearly doubled if recipients experienced post-transplant major depression
(hazard ratio [HR], 1.91; 95% confidence interval [CI], 1.10,3.31; p=.021; see first column,
Table 2), whereas risk of BOS was not reliably associated with pre-transplant depression
(p>.05; Table 2). Fig. 1a depicts the association of post-transplant depression with BOS risk.

There was a trend toward reduced risk of BOS in recipients with post-transplant anxiety
(HR, 0.61; 95%Cl, .37,1.00; p=.050) (Fig. 1b and Table 2, first column). Risk did not
reliably vary between recipients with and without pre-transplant anxiety (p>.05, Table 2).

Patient survival—There were 107 deaths. The most common causes of death were graft
failure (25%), infection (24%) and malignancy (21%), followed by pulmonary (11%),
cardiovascular (3%) and cerebrovascular (3%) causes. The distribution of causes of death
did not differ by psychiatric diagnosis (depression: x2(6)=6.07, p=.414; anxiety: x2(6)=3.70,
p=.717). Risk of patient death was higher for recipients with post-transplant major
depression than recipients without (HR, 1.65; 95%CI, 1.01,2.71; p=.048) (Fig. 2a), whereas
risk of patient death did not differ between recipients with and without pre-transplant
depression (p>.05, see second column, Table 2).

Risk of patient death was not related to post-transplant anxiety (HR, 0.96; 95%Cl, 0.60,1.53;
p=.854) (Fig. 2b and Table 2). Risk was also unrelated to pre-transplant anxiety (p>.05,
Table 2).

Graft survival—There were 112 cases of graft loss. Risk of graft death was higher for
recipients with post-transplant major depression than recipients without (HR, 1.75; 95%Cl,
1.06,2.88; p=.028) (Fig 3a), whereas risk of graft loss did not differ as a function of pre-
transplant depression history (p>.05, see third column, Table 2). Risk of graft loss also was
not reliably related to post-transplant anxiety (HR, 0.84; 95%Cl, 0.53,1.34; p=.471) (Fig.
3b). Pre-transplant anxiety did not affect risk of graft loss (p>.05, Table 2).

Of interest is whether the impact of either depression or anxiety varied depending on
recipients' native lung disease. However, adding the interaction term for indication for
transplant with each psychiatric predictor to the models for each outcome yielded
consistently small and nonsigificant effects (see also Table 2, footnote c).
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Discussion

Identifying modifiable predictors of poor outcomes is an important step toward reducing
long-term morbidity and mortality in lung recipients. Although the link between psychiatric
distress and mortality (and to a lesser extent, morbidity) has been studied in recipients of
other solid organs, this issue has received little attention in lung recipients. The handful of
existing studies in lung recipients have examined transplant-related morbidities as predictors
of psychiatric distress (16,17,32), or pre-transplant or early post-transplant psychiatric
symptoms as predictors of health outcomes mainly in the early years post-transplant (33-37).
Findings from the latter studies have been inconsistent. Moreover, the vast majority
examined relatively short follow-up periods post-transplant. Our study is the first to
prospectively examine the impact of post-transplant psychiatric disorders on long-term
morbidity and mortality in lung recipients, and its nearly 15-year follow-up is the longest
follow-up period in studies of these risk factors to date. Studying the prospective impact of
psychiatric disorders on transplant-related outcomes is a distinct and important question
given that depression and anxiety are prevalent in lung recipients and are largely modifiable
through medical and behavioral intervention.

Our main finding is that major depression during the first year post-transplant reliably
increases risk for long-term morbidity and mortality. This is consistent with a large body of
work in general medical illness and chronic disease populations (8-12). In transplant
populations, studies have reported mixed findings on the link between depression in the
early aftermath of transplant and mortality (20-25,29,37). However, our findings are
consistent with the only other study to examine the impact of post-transplant depression
among lung recipients (37): although Smith et al. focused on depressive symptom levels
rather than diagnosable depressive disorder, they found that a greater depressive symptom
level at 18 months post-transplant was associated with increased mortality risk during the
next decade of follow-up.

The literature on the impact of depression on risk for morbidity in transplant recipients is
even smaller and equally mixed (22,29-31). To our knowledge, only one study has examined
the impact of post-transplant depression on subsequent morbidity in lung recipients,
showing an association between depression and the development of BOS over the following
year (33). Our finding thus adds an important sample to the growing body of literature
suggesting that depression, particularly when present post-transplant, increases risk for
morbidity and mortality.

Although the literature on anxiety and medical outcomes is smaller than that which focuses
on depression, existing evidence suggests that anxiety also has a clinically important and
harmful role in a range of non-transplant medical illnesses (13-15). However, the few
studies in transplant populations have reported mixed findings: one relatively large study of
heart recipients found strong links between post-transplant PTSD-T and mortality (31),
whereas 3 other studies of heart recipients have not shown similar associations (24-26). As
the first study to examine anxiety's impact in lung recipients, our findings are an important
first step toward understanding whether post-transplant anxiety should be considered a risk
factor for subsequent poor outcomes. Although we did not find a statistically significant (p<.
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05) relationship between post-transplant anxiety and patient or graft mortality, we observed
a trend toward reduced risk of BOS in recipients with post-transplant anxiety. More work in
this population is needed to reliably determine the direction and strength of any link between
anxiety and medical outcomes.

It is notable that neither pre-transplant depression nor anxiety was associated with morbidity
or mortality across our 15-year follow-up. The majority of recipients in our sample who had
pre-transplant histories of psychiatric disorders did not experience episodes of these
disorders during the first year post-transplant. Moreover, we observed cases of depression
and anxiety post-transplant in individuals with no pre-transplant histories of such disorders.
Taken together, all of these findings suggest that pre-transplant psychiatric status does not
necessarily portend risk for poor medical outcomes or poor psychiatric functioning. Two
(34,35) of three previous studies in lung recipients similarly observed no predictive impact
of pre-transplant psychiatric status on post-transplant health, although their follow-up
periods were considerably shorter (34-36). One explanation for why depression after but not
before transplant in our cohort might have an impact on outcomes is that post-transplant
depression is more proximal to the outcome and thus more likely to have a stronger effect.
Another possible explanation is that recipients with depression pre-transplant may have
sought mental health treatment before transplant and were therefore better prepared to cope
with the stresses of transplantation. In any case, these findings suggest that a history of a
psychiatric disorder before transplantation does not necessarily portend poorer post-
transplant outcomes, which is an important consideration for candidate selection.

The question of whether psychiatric treatment can attenuate the risk of poor outcomes in
recipients with depression is important. It is especially pertinent in light of evidence from
liver recipients suggesting that adequate treatment of depression may improve outcomes
(44). We have already described our cohort's patterns of help-seeking for psychiatric
conditions (19): the majority of recipients with post-transplant depression and anxiety, 70%
and 58%, respectively, had received pharmacologic treatment, whereas less than half of
those with pre-transplant disorders had received such medications. Our sample size
precludes definitive analyses of the impact of treatment receipt, but stratifying the sample
with post-transplant depression by whether or not they received pharmacologic treatment
does not suggest that receipt of medication was associated with improved survival.
Similarly, we discerned no evidence of medication effects in recipients with anxiety
disorders (although, again, our sample is underpowered for reliable interpretation). More
broadly, although the high proportion of patients who received treatment for psychiatric
disorders indicates that these disorders were often recognized by clinicians, we cannot
discern whether untreated cases were actually undetected, or whether other clinical issues
may have precluded or made pharmacologic treatment for these individuals more difficult.

Although our study was not designed to address the mechanisms underlying the links
between post-transplant depression and subsequent morbidity and mortality (or the trend
associating post-transplant anxiety with reduced risk of BOS), we were able to examine
several behavioral elements that may have had a role in these pathways. Some evidence
suggests that transplant recipients with psychiatric disorders, particularly depression, have
poor medical adherence after transplant (45). However, previous analyses with the present
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cohort did not find evidence that recipients' pre- or post-transplant psychiatric status was
associated with adherence levels, at least through the first 2 years post-transplant (adherence
was not monitored beyond this time point) (46). Another possibility is that recipients with
depression were less likely to request and subsequently undergo pulmonary biopsies and
PFTs, which might have delayed detection and treatment of complications. Alternatively,
those with anxiety may have been more vigilant regarding these issues. However, upon
additional medical record reviews, we found that recipients' likelihood of undergoing these
procedures was the same regardless of whether they experienced depression, anxiety or
neither disorder. Furthermore, we have previously reported that recipients with and without
psychiatric disorders did not differ in their number of missed clinic visits (46), suggesting
that psychiatric status did not impact the consistency of post-transplant clinical follow-up in
the first 2 years post-transplant.

Our study has several limitations. First, we report only a single-center experience. However,
our findings are potentially generalizable because our cohort's clinical and demographic
characteristics are similar to those of the international lung transplant population, and our
center's protocol for surveillance biopsies and PFTs is similar to that used in other centers
across the United States. Second, our selection of outcomes was limited to BOS, patient
death and graft loss. Although these are among the most important outcomes for lung
recipients, we were unable to examine two other major post-transplant outcomes: infections,
because they are not consistently documented in our transplant center's medical record
beyond the first few years post-transplant (i.e., patients may not return to our center for care
of every infection), and malignancies, because too few cases occurred over our follow-up.
Third, our estimates of depression's impact on risk for BOS were obtained from traditional
Cox regression models in which cases without BOS who died before the end of follow-up
were considered censored at the point of death. A competing hazards approach, modeling
both time to death and time to BOS might have yielded different effects. However,
traditional (non-competing hazards) models have been shown to perform well when the
competing event (here, death in 29 cases before BOS onset) is infrequent relative to the
event of interest (here, BOS observed in 106 cases; there were also 17 cases that did not
have BOS and remained alive throughout follow-up) (47). A competing hazards approach
was not feasible given our limited sample size, number of outcome events and numbers of
cases of the psychiatric disorder (47,48).

A fourth study limitation is that, while our study design followed recipients prospectively
after transplant, our assessment of pre-transplant psychiatric disorders was retrospective.
Fifth, as noted earlier, we were unable to directly assess the impact of psychiatric treatment
because our sample had too few cases of the disorders and our study collected limited
information on the range of psychiatric interventions patients may have received (e.g.,
psychotherapy). Future work should attempt to determine whether treating psychiatric
disorders, especially depression, attenuates the risk of poorer outcomes that we observed in
recipients with early post-transplant depression. Future work should also strive to recruit
large enough samples to examine any differential impact on risk for outcomes associated
with depression occurring early v. later during the first year post-transplant, as well as in
subsequent years. It would also be important to consider differential effects of depression
based on patients' other transplant-related characteristics or medical comorbidities. For
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example, the combination of multiple medical comorbidities plus depression might have a
synergistic effect, leading to poorer outcomes than either set of factors alone. Our study
addressed the initial question of whether psychiatric status itself plays a key role in elevating
risk but was not designed to address questions regarding complicated patterns of combined
effects. Finally, our study was not designed to isolate the causal pathways underlying the
link between psychiatric disorders and physical outcomes. It is clear that future exploration
of mechanistic hypotheses — both behavioral and pathophysiologic — will be important for
understanding this relationship and identifying potential targets for intervention.

In sum, major depression during the first year after transplant appears to be an important risk
factor for poor long-term outcomes, nearly doubling the risk of BOS and increasing the risk
of patient death and graft loss over 1.5-fold. This underscores the need to screen all
recipients for psychiatric disorders after transplant, which is not currently standard practice
in most transplant centers. Short and easy-to-administer screening instruments, such as Beck
Depression Inventory-I1 (49), Patient Health Questionnaire-9 (50), Spielberger State-Trait
Anxiety Inventory (51) or Generalized Anxiety Disorder-7 Scale (52), may be practical tools
for transplant teams to use to identify cases to refer for more in-depth evaluation and
treatment. Identifying and treating depression should be a major priority after transplant, not
only because effective depression treatments exist but also because treating depression may
be a means of preventing long-term morbidity and mortality. Although anxiety during the
first year post-transplant does not appear to be associated with increased risk for morbidity
and mortality, transplant teams should nonetheless screen for, monitor and treat anxiety as
well, since it factors largely into quality of life. The opportunity for mental health screening
and intervention during the first post-transplant year should not be missed, as this is when
post-transplant psychiatric disorders are most likely to emerge (19,38) and when transplant
teams have most contact with recipients. Heightened mental health surveillance during this
critical period may yield benefits that ultimately extend beyond quality of life to improved
post-transplant health over the long-term.
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Figure 1.

Cox regression curves depicting freedom from BOS in lung transplant recipients with and
without (a) depression and (b) anxiety during the first year after transplant. p values refer to
tests of significance between recipients with and without the psychiatric disorder.
Abbreviations: dep, depression; anx, anxiety
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Figure2.
Cox regression curves depicting patient survival in lung transplant recipients with and

without (a) depression and (b) anxiety during the first year after transplant. p values refer to
tests of significance between recipients with and without the psychiatric disorder.
Abbreviations: dep, depression; anx, anxiety
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Cox regression curves depicting graft survival in lung transplant recipients with and without
(a) depression and (b) anxiety during the first year after transplant. p values refer to tests of
significance between recipients with and without the psychiatric disorder. Abbreviations:

dep, depression; anx, anxiety
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Table 1
Demographic, Transplant-Related and Psychiatric Characteristics of the Sample, n=155

Characteristic % (No.)
Demogr aphic
Age, years, mean (SD) 51.8 (12.0)
Male 49.0 (76)
Caucasian 94.8 (147)
Less than high school education 49.0 (76)

Transplant-related
Years since transplant, median (IQR) 12.1  (10.8-13.2)

Indication for transplant

COPD/emphysema 43.2 (67)
Pulmonary fibrosis (including sarcoidosis and scleroderma) 31.0 (48)
Cystic fibrosis 15.5 (24)
Other 103 (16)
Bilateral lung transplant® 45.2 (70)
Total length of stay for transplant, days, median (IQR) 21 (12-35)
Ischemia time of donor graft, minutes, mean (SD) 308.7 (95.6)

Induction immunosuppression

Alemtuzumab 30.3 47)

Daclizumab 29.7 (46)

Rabbit antithymocyte globulin 18.7 (29)

None 21.3 (33)
Maintenance immunosuppression

Tacrolimus 87.1 (135)

Cyclosporine 12.9 (50)
CMV mismatch (Recipient—/Donor+)b 274 (42)
Acute cellular rejection during first year post-transplant 65.8 (102)
Lymphocytic bronchiolitis during first year post-transplant 25.8 (40)

Medical comorbidities

Insulin-dependent Type 2 diabetes pre-transplant 5.8 9)
Insulin-dependent Type 2 diabetes during first year post-transplant 18.1 (28)
Dialysis-dependent chronic kidney disease pre- or during the first year post-transplant 0.0 (0)
Congestive heart failure pre- or during the first year post-transplant 0.0 (0)
Psychiatric
Major depressive disorder
Pre-transplant® 40.9 (63)
Received pharmacologic treatment 44.4 (28)
During first year post-transplantd 19.9 (30)
Received pharmacologic treatment 70.0 (21)

Anxiety disorder®
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Characteristic % (No.)
Pre-transplant® 25.3 (39)
Received pharmacologic treatment 41.0 (16)
During first year post-transplant® 26.5 (40)
Received pharmacologic treatment 57.6 (23)

a -
Includes 4 heart-lung recipients

b . .
n=153 because there was missing information on 2 donors

n=154 because there was insufficient information to determine whether 1 recipient had pre-transplant disorders

n=151 because there was insufficient information to determine whether 3 recipients had post-transplant disorders

Page 18

ePre—transplant, 6 recipients had panic disorder only, 9 had GAD only and 7 had both disorders. Post-transplant, 14 recipients had panic only, 1 had

GAD only, 19 had PTSD-T only, 3 had panic and GAD, and 3 had panic and PTSD-T

Abbreviations: IQR, interquartile range; COPD, chronic obstructive pulmonary disease; ALAT, a-1-antitrypsin deficiency
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