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Abstract
Objective—Anxiety disorders are prominent in chronic lung disease; lung transplant recipients
may therefore also be at high risk for these disorders. We sought to provide the first prospective
data on rates and risk factors for anxiety disorders as well as depressive disorders during the first
two years after transplantation.
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Method—178 lung recipients, and a comparison group (126 heart recipients), received
psychosocial and Structured Clinical Interview for DSM-IV assessments at 2-, 7-, 12-, 18-, and
24-months posttransplant. Survival analysis determined onset rates and risk factors.

Results—The panic disorder rate was higher (p<.05) in lung than heart recipients (18% v. 8%).
Lung and heart recipients did not differ on rates of transplant-related post-traumatic stress disorder
(15% v. 14%), generalized anxiety disorder (4% v. 3%), or major depression (30% v. 26%). Risk
factors for disorders included pretransplant psychiatric history, female gender, longer wait for
transplant, and early posttransplant health problems and psychosocial characteristics (e.g., poorer
caregiver support, use of avoidant coping).

Conclusions—Heightened vigilance for panic disorder in lung recipients and major depression
in all cardiothoracic recipients is warranted. Strategies to prevent psychiatric disorder should
target recipients based not only on pretransplant characteristics but early posttransplant
characteristics as well.
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INTRODUCTION
Lung transplantation has become an accepted therapeutic strategy for a variety of end-stage
lung diseases. In comparison to relatively stable rates of kidney, liver, and heart
transplantation in the last decade, the rate of lung transplantation has almost doubled in the
United States and worldwide.[1,2] Survival time has also improved, with 1-year survival
now at 79%–83% and 3-year survival at 63%–66%.[1,2] Nevertheless, survival time
remains poorer than for other types of solid organ transplantation where, for example, 3-year
survival is 79%–95%.[2] Because the lung is in constant contact with the external
environment, lung recipients are at greater risk than other solid organ recipients for
posttransplant morbidities including infection, acute allograft rejection, and secondary
illnesses.[3,4] Thus, despite improved physical functioning and general quality of life with
lung transplantation,[5–11] the prevalence of posttransplant physical symptoms and physical
functional impairments remains high even well after the recovery period.[8,12–16]

In the context of these stressors, one might expect that psychiatric morbidity in lung
recipients would be prominent. A growing literature has documented elevated global
psychiatric symptom and distress levels in these patients.[8,11,16–21] However, beyond
small case series,[22–25] there remains no information on rates, clinical characteristics, or
risk factors for diagnosable psychiatric disorders in this population. This is an important
omission since—as demonstrated in other forms of organ transplantation—clinically
significant psychiatric morbidity is prevalent[17,26–29] and can predict negative longer-
term health outcomes.[27–30]

Anxiety disorders, and panic disorder in particular, appear to be uniquely associated with
chronic lung disease, based on evidence from (nontransplanted) samples.[31–35] Given lung
recipients’ own history of lung disease plus their enduring physical symptoms and
functional impairments posttransplant, they may be at heightened risk for anxiety disorders
posttransplant, relative to risk in other transplant populations. In contrast, depressive
disorders are relatively common in many types of chronic disease patients, including
transplant recipients.[17,26,36–38] Thus, lung recipients—while at risk for depression due
to their exposure to posttransplant stressors—may not have a vulnerability to depression that
is greater than that possessed by other organ recipients.
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The goal of the present report was to prospectively examine onset rates, clinical
characteristics, and risk factors for DSM-IV[39] anxiety and depressive disorders during the
first two years after lung transplantation in a relatively large clinical epidemiologic sample.
We included a comparison group of heart transplant recipients. We judged that this would
constitute the most appropriate comparison group because heart recipients are the only other
major group of thoracic transplant patients, both groups generally receive care from the
same or overlapping teams posttransplant, and they are seen at similar intervals for follow-
up care posttransplant.

Our study, therefore, prospectively examined, first, whether lung recipients differed from the
comparison group in rates of psychiatric disorder onset. Second, we examined these groups
in terms of the disorders’ clinical characteristics, including episode durations, treatment
seeking and medications received, and patterns of comorbidity between the disorders. Third,
we examined pretransplant and early posttransplant risk factors for disorder. Potential risk
factors were selected for both conceptual and empirical reasons. Conceptual models of the
chronic stress process, most notably the vulnerability or diathesis-stress model,[40–43] posit
that individuals’ mental health in the face of stressors such as chronic disease and its
treatment will be influenced by their background sociodemographic and medical
characteristics, their health in the aftermath of treatment, and their psychosocial resources
and liabilities (particularly in areas such as social supports and coping). We thus selected
factors to represent these domains. Moreover, the factors we selected either are known to
increase risk for psychiatric disorder in the general population or were identified in an
International Society of Heart and Lung Transplantation (ISHLT) workgroup report[5] as
potentially important for mental health outcomes in cardiothoracic transplant populations.

METHODS
Respondents

Respondents were adults (aged ≥18) receiving their first lung or heart transplant between
November, 1999 and August, 2004 in the Cardiothoracic Transplantation (CT) Program,
University of Pittsburgh Medical Center. The eligibility criterion was survival beyond the
posttransplant surgical recovery period (defined as the first 6 weeks after surgery). Of 327
eligible transplant recipients, 23 refused to participate (7.0%). The 304 recipients enrolled
(178 lung, 126 heart recipients) did not differ from refusers on type of transplant or
demographic characteristics (age, gender, race/ethnicity, education, marital status).

During the study period, 30 patients (9.9%) withdrew consent and 35 patients died (11.5%).
As shown in Table 1, lung recipients were no more likely to withdraw than heart recipients,
but they were more likely to be lost due to death. This difference is addressed in study
analyses. There was no reliable association between reason for loss to follow-up and any
variable assessed in the study.

Procedure
The University of Pittsburgh Institutional Review Board approved the study. Respondents
provided written informed consent. They participated in individual 90- to 120-minute
interviews on three occasions during the first year post-transplant (2, 7, 12 months) and two
occasions thereafter (18, 24 months). Interviews were more frequent during the first year in
order to better capture a period characterized by marked changes and readjustments related
to the transplant.[44] The semi-structured interviews were conducted by trained clinicians
with advanced degrees in behavioral medicine fields. Interrater reliability on semi-structured
instruments (e.g., the Structured Clinical Interview for DSM-IV, SCID[45]) was maintained
at an intraclass correlation of ≥0.90.
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When possible, interviews coincided with CT Program outpatient visits. (Per Program
protocol, lung and heart recipients returned for follow-up visits every 1–2 months during the
first year and every 2–3 months during the second year posttransplant.) Otherwise,
interviews were conducted in respondents’ homes or by telephone. There were no significant
differences by interview mode for lung vs. heart recipients (see Table 1), neither was
interview mode associated with any other study variable. Data on transplant-related
characteristics (e.g., indication for transplant) were obtained from medical records.

Instruments
Psychiatric status posttransplant—We examined specific DSM-IV anxiety and
depressive disorders, including panic disorder, generalized anxiety disorder (GAD),
posttraumatic stress disorder related to the transplant experience (PTSD-T), major
depressive disorder (MDD), and adjustment disorder with anxiety and/or depressed mood.
Disorders were assessed with the SCID. The 2-month interview assessed disorders from the
time of transplant; subsequent interviews covered the period since last assessment.

We adopted a conservative approach to diagnosis, given patients’ medical status. Thus, in
individual case review, we assigned diagnoses based primarily on affective/cognitive
symptoms; somatic symptoms were used to support the diagnosis only when these
symptoms were judged to have been severe, disproportionate to the medical illness or any
medications patients were receiving and temporally related to the affective/cognitive
symptoms.[46,47]

Potential risk factors for posttransplant psychiatric disorder—Three domains,
comprising a total of 17 factors, were assessed at the initial interview. Some factors were
single items (e.g., demographic characteristics). Others were assessed by scales with
established psychometric properties. For the scales, Table 2 provides details regarding total
number of items assessed, time frame, scale scoring, internal consistency reliability for the
present sample, and sources for information on psychometric properties.

Domain 1: Pretransplant characteristics—In addition to demographic characteristics
(gender, age, race/ethnicity, education, income), we determined whether respondents had a
pretransplant lifetime history of panic disorder, GAD, or MDD using the SCID at the 2-
month interview. Duration of wait for the transplant was extracted from patients’ medical
records.

Domain 2: Posttransplant health-related characteristics—We assessed patients’
health status during the first 2 months of recovery with three variables. As shown in Table 2,
we assessed physical functional status and level of chronic dyspnea during the patient
interviews. In addition, patients’ medical records were reviewed to determine duration of
posttransplant hospitalization.

Domain 3: Posttransplant psychosocial characteristics—Two types of
characteristics, interpersonal resources and intrapersonal resources, were considered. With
respect to interpersonal resources, as shown in Table 2, we assessed the respondent’s
perception of support (both emotion and practical) from their primary family caregiver and
from their friends. These measures had skewed distributions; scores were dichotomized to
identify respondents with the poorest support (lower third of the distribution) relative to
remaining respondents.

With respect to intrapersonal resources, five measures were administered. First, we assessed
the extent to which respondents’ faith helped them in their daily life (Table 2). This measure
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was skewed; we dichotomized it to distinguish those with a low degree of this resource
(lower third of the distribution) from remaining respondents. In addition, we assessed coping
with four scales derived from the Brief COPE.[58] Respondents focused on what they felt
was their most serious recent health problem and rated their use of various coping strategies.
We created four composite variables from this measure based on results we obtained from a
principal components analysis; the variables were consistent with the higher order coping
factors identified by Carver et al.[59] Active coping reflected plans or behavior to actively
deal with the problem. The support-seeking/expression of emotions factor reflected attempts
to turn to others for support and express one’s feelings about the problem. Avoidant coping
reflected attempts to shun or deny the problem. Acceptance coping referred to accepting or
trying make the best of the situation. These four coping measures were skewed. However,
because no single approach to coping is maladaptive for every health problem,[60] we could
not use specific cut points on the scales to identify “poor” coping. We thus dichotomized
each at its median for use in analyses.

Statistical Analysis
Lung recipients’ background and clinical characteristics were examined relative to the
comparison group with χ2 tests (categorical variables) and t tests (continuous variables).
Survival analysis, using a life-table approach,[61] was used to determine the cumulative
posttransplant onset rates of the assessed psychiatric disorders. We used life-table rather
than Kaplan-Meier methods because, by the design of this clinical epidemiologic study,
individuals were retrospectively reporting on episodes occurring at any time since either
transplant (at the 2-month interview) or since the previous assessment (at all subsequent
interviews). The analysis considered whether disorder onsets occurred during each interval
between interviews.

We used descriptive approaches (e.g., box plots) to examine disorders’ clinical
characteristics (e.g., episode duration, comorbidity). Cox proportional hazards models were
fit in order to evaluate the independent predictive effects of potential risk factors on onset of
psychiatric disorder. The proportionality assumption was evaluated before fitting the
models.[62] We maintained a total respondent-to-total predictor variable ratio exceeding the
recommended range of 10:1 to 15:1.[62]

RESULTS
Sample characteristics

Table 1 displays background and transplant-related characteristics of the lung recipients
relative to the comparison group. The groups were similar to the respective U.S. populations
of lung and heart recipients transplanted during the same time period on distributions of
gender, age, ethnicity, and indications for transplantation.[64] The significant between-
group differences on several variables are also consistent with national data, and we
included these variables in analyses as possible contributors to between-group differences on
study outcomes. Lung recipients were hospitalized longer posttransplant and they reported
more chronic dyspnea at 2 months posttransplant. However, the groups were similar on
overall physical functional status.

Onset rates and temporal pattern of psychiatric disorders posttransplant
Results of survival analyses of the cumulative rates of posttransplant onset of psychiatric
disorders are shown in Figure 1. Lung recipients had a significantly higher rate of panic
disorder by two years posttransplant than heart recipients (18% v. 8%; p=.028; Figure 1a).
Lung recipients were also more likely to experience adjustment disorder with anxiety
(Figure 1e). Other disorders’ cumulative onset rates were similar across groups (Figure 1b–
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1d; 1f). The group differences on panic disorder and adjustment disorder with anxiety
largely accounted for the additional finding that the cumulative rate of any disorder (vs.
none) was higher in lung recipients (58%) than heart recipients (47%) by two years
posttransplant (Wilcoxon χ2(df=1)=5.12, p=.036; survival plot not shown).

Across both groups, some disorders were more common than others. For example, MDD
occurred in 26%–30% of recipients while GAD occurred in 3%–4%. Figure 1 also shows
that the various disorders had different temporal patterns of onset. All PTSD-T onsets
occurred in the early months posttransplant. Panic disorder, GAD, and adjustment disorder
onsets occurred primarily in the first year. In contrast, MDD onsets occurred more gradually
across the two-year period.

To address the possibility that the differential death rates between lung and heart recipients
influenced the findings in Figure 1, we repeated the survival analyses including only
recipients who remained alive throughout the study period. The pattern of results did not
change, either for disorder rates, the shape of the incidence curves, or differences between
study groups.

The data in Figure 1 indicate onsets posttransplant, but not whether these were first lifetime
onsets. Because we also determined pretransplant lifetime history of panic disorder, GAD,
and MDD, we examined whether lung and heart recipients with no lifetime history of a
given disorder differed in first lifetime onset posttransplant. Survival analyses indicated that
9% of lung recipients with no lifetime history of panic disorder had their first lifetime onset
by 2 years posttransplant, compared to 2% of heart recipients (Wilcoxon χ2 (df=1)=5.80, p=.
016). Lung and heart recipients did not differ significantly on first lifetime onset rates of
GAD posttransplant (1% and 3%, respectively; Wilcoxon χ2 (df=1)=1.78, p=.182) or first
lifetime onset of MDD posttransplant (15% and 20%, respectively; Wilcoxon χ2

(df=1)=0.28, p=.593).

Clinical characteristics of psychiatric disorders
Among individuals meeting criteria for major disorders posttransplant (panic disorder,
GAD, PTSD-T, MDD), we examined the total months during the 2-year posttransplant
period in which respondents had active disorder. For GAD, PTSD-T, and MDD, this
included the index episode plus any recurrence. For panic disorder, we ascertained at each
assessment after initial diagnosis whether respondents continued to have panic attacks that
met diagnostic criteria. Figure 2 displays box plots of the sample’s distributions of duration
of active disorder. For example, PTSD-T had the greatest median duration (12 months), and
its interquartile range (IQR) was 7.2 to 18.5 months. The duration of MDD was shortest,
with the narrowest IQR. However, the MDD distribution was skewed; some individuals had
durations of MDD well above the median. Lung and heart recipients showed no significant
differences on total duration of any disorder (all p’s>.05). The box plots’ shapes did not
change if analyses were restricted to recipients surviving the entire study period.

We examined whether total duration of illness reflected one continuous period or a pattern
of recurrent episodes. As shown in Table 3, no individuals had recurrent episodes of GAD or
PTSD-T during the study period, and all individuals with panic disorder continued to
experience panic attacks intermittently after their initial posttransplant episode (and thus had
no extended period of remission that would allow for recurrence to be documented). In
contrast, one third of patients had recurrent episodes of MDD, with no difference between
study groups.

Within the SCID, individuals were asked whether they sought treatment and received any
psychotropic medications during episodes. MDD and GAD were associated with the highest
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treatment-seeking rates (Table 3). Recipients were least likely to seek help or receive
medications for panic disorder. Lung and heart recipients did not differ in rates of treatment
seeking or receipt of medications, although the number of cases is small.

We also considered disorders’ comorbidity patterns. First we examined whether each
respondent met criteria for more than one type of major disorder during the two-year study
period, regardless of whether the episodes overlapped in time. Figure 3 displays these
patterns. For example, 41 persons experienced only MDD, 11 met criteria for both MDD
and PTSD-T, and so on. Overall, of the 72 individuals with MDD, 31 (43%) had at least one
comorbid disorder. Comorbidity rates were higher for other disorders: 46% of individuals
with panic disorder met criteria for another disorder, as did 50% of those with PTSD-T, and
100% of those with GAD. The numbers of cases with specific combinations of disorders
were too small to examine by type of transplant. However, the percentage of lung recipients
with ≥1 comorbid disorder (27.5%) was similar to that in heart recipients (32.6%;
χ2(df=1)=0.32, p=.571).

Finally, we examined whether individuals who met criteria for multiple diagnoses had
episodes of disorder that overlapped in time. Of the 33 cases in Figure 3 with ≥1 diagnosis,
all but 4 (3 lung recipients with MDD and PTSD-T and 1 heart recipient with MDD and
panic disorder) had multiple disorders that overlapped at least partially in time.

Risk factors for psychiatric disorder
Because there were only 9 cases of GAD, risk factors could not be considered. To limit the
number of tests examining risk factor-psychiatric disorder associations, we first examined
simple, bivariate associations between each potential risk factor and the occurrence of the
remaining three disorders (panic disorder, PTSD-T, MDD). Potential risk factors showing
small associations (r or phi <.20) with all three types of disorder were not considered further.
Remaining factors were entered simultaneously into Cox proportional hazards analysis, with
a separate model fit for each disorder. Table 4 presents hazard ratios (HRs), generated from
the regression coefficients, and the 95% confidence interval for each HR. For dichotomous
risk factors (e.g., pretransplant history of psychiatric disorder), the HRs indicate the degree
of increased risk of a given psychiatric disorder if the risk factor was present. For continuous
risk factor variables (e.g., dyspnea), the HRs indicate the degree of increased risk per unit of
change on the risk factor.

Table 4 shows that risk for each of the disorders was increased from over 2 to 9-fold by a
pretransplant history of mood or anxiety disorder. In addition, panic disorder risk was
increased by female gender. Panic disorder risk was over twice as great if individuals used
avoidance strategies to cope with health problems. Risk for PTSD-T was increased by
chronic dyspnea early posttransplant. MDD risk was increased by two psychosocial
variables, poor family caregiver support, and use of coping strategies focused on support
seeking and expression of emotions.

Beyond these main effects, we added interaction terms between type of transplant and each
risk factor variable to the Cox models to determine whether any risk factor effects varied
across lung versus heart recipients. There were no differential effects by transplant group.

Lastly, because the number of panic disorder and PTSD-T cases in our sample was relatively
small in absolute terms (n=33 and n=38, respectively), a sensitivity analysis was performed.
Thus, it has been recommended that when the cases to predictors ratio is small (here, with 9
predictors in a model, the ratio is under 5 for each of these disorders), the Cox models
should be re-estimated with weaker predictors excluded in order to determine the stability of
any significant results.[65,66] When we excluded weak, nonsignificant predictors listed in
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Table 4, remaining predictors all retained statistical significance for both panic disorder and
PTSD-T.

DISCUSSION
This study provides the first empirical evidence about onset rates and risk factors for
psychiatric disorder through two years after lung transplantation. The inclusion of a
comparison group of heart recipients from the same transplant program allows us to begin to
identify clinical issues that may demand special attention in lung recipients, as well as issues
likely to be shared across all cardiothoracic transplant recipients.

Several key findings emerged in this regard. First, lung recipients are at elevated risk for
panic disorder. Their cumulative onset rate of panic disorder by two years posttransplant
(18%) was over twice that in the comparison group (8%). Both groups’ rates are
considerably higher than those for community-based samples, where 12-month and lifetime
rates have been found to be 2%–3% and 4%–5% respectively.[67–69] However, our data are
consistent with epidemiologic findings that panic disorder is highly comorbid with chronic
physical illness,[33,67] and is up to 10 times more prevalent in patients with lung conditions
than in the general population.[33]

Our lung recipients’ unique propensity for panic disorder is not explained by a pre-transplant
panic disorder history because, even among respondents with no such history, lung
recipients’ rate of first lifetime onset of panic disorder during the two years posttransplant
(9%) was considerably greater than that in heart recipients (2%). Lung recipients’ elevated
panic disorder rate also cannot be explained by the occurrence of episodes of acute dyspnea
or average levels of chronic dyspnea. Concerning acute dyspnea, DSM-IV criteria preclude
the diagnosis of panic disorder in individuals whose attacks occur solely in response to
episodes of dyspnea or situational precipitants of dyspnea.[39] With regard to chronic
dyspnea, while lung recipients reported more severe levels than did heart recipients, chronic
dyspnea did not emerge in multivariate analyses as an independent risk factor for panic
disorder.

It has been suggested that somatic symptom levels per se are less important contributors to
panic than is the individual’s neurobiological or cognitive response to those symptoms.[33]
Thus, the same biological pathways that underlie conditioned fear in animal models,[70]
and/or a pattern of catastrophic thinking in the presence of minor or ambiguous somatic
symptoms,[33] may increase an individual’s risk for panic disorder, particularly in the
context of chronic respiratory disease.[33,71] Lung recipients in particular, by virtue of their
history of respiratory disease and receipt of a major surgical intervention for it, may be
exquisitely sensitive and perhaps hypervigilant for symptoms; frightening symptoms may
provoke a panic response, followed by increased catastrophic thinking, and a vicious cycle
ensues. While our study could not test mechanisms responsible for panic risk in lung
recipients, our findings nevertheless suggest that transplant programs should be particularly
attentive to this risk in lung recipients, and engage in (a) screening and treatment for panic
disorder symptoms and (b) patient education about posttransplant somatic symptoms and
ways to self-manage these symptoms.

In contrast, our findings that posttransplant onset rates of other anxiety and mood disorders
were similar in lung and heart recipients suggest that transplant programs should pay equal
attention to risk for these disorders across both cardiothoracic populations. In particular,
MDD risk was substantial, with over one quarter of the sample experiencing it in just the
first two years after transplantation. As is typical in cardiothoracic transplant samples,
[17,18,72] a large percentage of our patients had pretransplant histories of MDD; MDD is
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well-known to be a chronic, relapsing disorder. Yet, even in individuals with no
pretransplant history, 15%–20% had their first lifetime onset of MDD during the 2-year
period posttransplant. This attests to the impact of the transplant experience, as does the
occurrence of PTSD-T in 14%–15% of recipients. The rate of PTSD-T, as well as the
clustering of onsets almost exclusively in the first year posttransplant, is consistent with past
findings in heart recipients.[54] Finally, as in other transplant cohorts,[16,52] GAD occurred
infrequently.

Our data on duration of posttransplant disorder episodes and comorbidity patterns suggest
that the burden of living with these illnesses can be great. Many recipients who met
diagnostic criteria spent a substantial proportion of the 2-year study period with active
illness, particularly patients with anxiety disorders. Total time living with MDD was shorter,
but affected patients were at risk for recurrences. The considerable comorbidity among the
disorders further increases their burden. Overall, the price of the illness burden in our
sample is likely to be exacted in reduced quality of life. Unfortunately, as is typical in
community-based and outpatient samples,[73] many patients did not seek treatment or
receive medication. This was particularly so for panic disorder, perhaps because panic
episodes occur sporadically and thus this disorder’s symptoms may be even less apparent to
treatment providers than symptoms of disorders such as MDD and GAD. The low rates of
both treatment-seeking and receipt of treatment for panic disorder, combined with the
elevated rate of this disorder in lung recipients, further point to the need for increased
vigilance by transplant teams to detect and ensure care for this condition.

The identification of risk factors for anxiety and depressive disorders may also help teams to
better target detection efforts. We examined a wide array of potential risk factors, selected
for both conceptual and empirical reasons. For example, poor social supports have been
conceptualized as key vulnerabilities for psychiatric disorder in the face of chronic stress
(such as that experienced in medically ill populations).[40–43] Other characteristics
(lifetime psychiatric history; demographic variables such as gender) are well-established in
psychiatric epidemiologic studies to affect risk for the disorders we studied.[66,67,74,75]. In
the present study, some factors that emerged as important (e.g., gender) will be readily
available in a transplant team’s medical records. Other risk factors (e.g., patients’ strategies
for coping with health problems, family caregiver support) may require more effort to assess
but the effort may be well-spent to the extent that the factors themselves can be modified to
reduce risk of significant psychiatric distress. For example, interventions to modify coping
strategies in order to improve emotional well-being in transplant populations have shown
some success, although studies have been small and have not included lung recipients.[76–
78] These interventions have been either telephone-[76,78] or internet-based[77] and hence
may show promise in terms of adoption by transplant programs with limited resources for
face-to-face clinical strategies, especially given that transplant recipients may reside long
distances from their transplant programs and return for care increasingly less often as time
elapses posttransplant.

Our study has several limitations. First, it involved patients from a single transplant center.
This may affect our findings’ generalizability, although our sample was clinically and
demographically similar to national cohorts. Second, we assessed only anxiety and
depressive disorders. However, these conditions are prevalent in chronic disease
populations, and this led to our focus in the current study. Third, we assessed PTSD only
with regard to the transplant experience; we did not examine PTSD either before or after
transplantation due to other traumatic events. It is possible that previous PTSD caused by
other experiences might potentiate the development and/or complicate the course of PTSD-
T. These are important issues to examine in future research.
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A fourth study limitation is that, although our total sample size was large, particularly for
studies of psychiatric disorder in transplantation, the absolute numbers of cases of disorder
remained modest from a statistical standpoint—particularly for panic disorder and PTSD-T.
Thus, the Cox models’ findings regarding significant risk factors for these disorders must be
interpreted with caution and the effects that we observed require replication. Finally, there
are potential risk factors that we did not assess that might influence posttransplant mental
health (e.g., psychosocial characteristics such as dispositional optimism, sense of mastery or
locus of control). In addition, we focused on factors that could be ascertained close to the
time of transplant, given our goal of prospectively examining predictors of initial
posttransplant psychiatric disorder onset. However, later-term transplant-related medical
complications (e.g., malignancy, chronic graft rejection) are likely to affect patients’
emotional well-being as well. Studies that follow recipients for longer periods will need to
incorporate potential risk factors related to the medical issues that they face in the later years
posttransplant.

Future work should consider both the development of novel interventions to address
psychiatric issues prominent among lung recipients (e.g., panic disorder) and the adaptation
of existing mental health interventions designed and initially tested in other organ transplant
populations.[76–78] Because psychiatric disorder onset begins early posttransplant,
transplant teams should consider whether targeting both screening and intervention efforts to
the pretransplant period or early months posttransplant might yield the largest benefits for
disorder prevention in cardiothoracic transplant recipients.
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Figure 1.
Cumulative incidence of psychiatric disorder during the first two years posttransplant in
lung vs. heart recipients (solid line denotes lung recipients; dotted line denotes heart
recipients).
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Figure 2.
Distribution of total duration of disorder among individuals who met diagnostic criteria
during 2-year study period.a
aThe box plots include all individuals, regardless of whether they received treatment for
these disorders.
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Figure 3.
Comorbidity of assessed disorders during 2-year study period.
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Table 1

Study participation, background and transplant-related characteristics of lung and heart recipients.

Group comparison

Characteristic
Lung

Recipients
Heart

Recipients
test

statistica
p

level

Study participation

Number enrolled 178 126

Lost to follow-up due to withdrawal of consent 10.7 8.7 0.32 .576

Lost to follow-up due to death 17.9 2.4 16.12b <.001

Mode of interview, % at clinic, % at home, % by phone

  2-month interview 70.9, 9.5, 19.6 74.8, 7.6, 17.6 0.57 .750

  7-month interview 53.4, 9.3, 37.3 62.1, 6.0, 31.9 2.36 .308

  12-month interview 50.3, 9.5, 40.1 58.6, 7.2, 34.2 1.78 .411

  18-month interview 43.0, 8.4, 48.6 48.3, 5.7, 46.0 0.84 .660

  24-month interview 28.7, 4.9, 66.4 34.3, 10.2, 55.6 3.82 .148

Background

Age, M (SD) 50.7 (11.7) 52.2 (12.3) 1.03 .306

Gender, % male 52.2 68.3 7.81 .005

Race/ethnicity, % European American 94.9 85.7 7.77 .005

Education, % ≤ high school 48.9 48.4 0.01 .936

Occupation, % nonprofessional 54.8 62.7 1.89 .170

Household income below U.S. poverty level,[63] % yes 13.6 25.4 6.72 .010

Marital status, % married 70.8 75.4 0.79 .374

Lifetime psychiatric history

  Panic disorder, % yes 18.2 12.5 1.72 .189

  GAD, % yes 13.6 38.3 0.41 .523

  MDD, % yes 42.0 11.7 0.25 .619

  Any of these disorders, % yes 50.0 47.1 0.24 .624

Transplant-related

Indication for transplant, % lung recipients

  COPD/emphysema 35.4

  Idiopathic pulmonary fibrosis 21.3

  Cystic fibrosis 16.3

  Other 27.0

Type of lung transplant, % lung recipients

  Single 53.4

  Bilateral 46.6

Indication for transplant, % heart recipients

  Coronary artery disease 42.3

  Myopathy 41.3

  Other 16.6

Length of hospitalization post-transplant %
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Group comparison

Characteristic
Lung

Recipients
Heart

Recipients
test

statistica
p

level

  ≤ 14 days 34.8 42.5 7.73 .052

  15–21 days 19.1 23.8

  22–28 days 15.2 12.7

  ≥ 29 days 30.9 18.3

Functional impairment at 2 mos. posttransplant

  SF-36 physical functioning (0=low, 100=high), M (SD) 52.9 (25.6) 55.7 (25.1) 0.94 .349

  Chronic dyspnea, (1=extreme, 10=none), M (SD) 7.0 (2.1) 7.7 (2.1) 2.80 .005

a
χ2 tests (categorical variables) or t tests (continuous variables).

b
calculated with continuity correction due to small expected values in some cells.

Abbreviations: GAD, generalized anxiety disorder; MDD, major depressive disorder.

Gen Hosp Psychiatry. Author manuscript; available in PMC 2013 March 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Dew et al. Page 19

Ta
bl

e 
2

Pa
tie

nt
-r

ep
or

t s
ca

le
s u

se
d 

to
 a

ss
es

s p
ot

en
tia

l r
is

k 
fa

ct
or

s

Po
te

nt
ia

l r
is

k 
fa

ct
or

In
st

ru
m

en
t

N
o.

 o
f i

te
m

s u
se

d;
tim

e 
fr

am
e

Sc
al

e 
en

dp
oi

nt
s

C
ro

nb
ac

h’
s

α,
 c

ur
re

nt
sa

m
pl

e

So
ur

ce
s f

or
ps

yc
ho

m
et

ri
c

pr
op

er
tie

s

Po
st

tra
ns

pl
an

t h
ea

lth
-r

el
at

ed
 c

ha
ra

ct
er

is
tic

s

Ph
ys

ic
al

 fu
nc

tio
na

l s
ta

tu
s

R
A

N
D

 M
ed

ic
al

 O
ut

co
m

es
 S

tu
dy

Sh
or

t F
or

m
 3

6 
(S

F-
36

)
10

; P
as

t 4
 w

ee
ks

0 
= 

po
or

, 1
00

 =
 e

xc
el

le
nt

.8
9

W
ar

e 
et

 a
l.[

48
]

Sh
or

tn
es

s o
f b

re
at

h
D

ys
pn

ea
 C

om
po

ne
nt

, C
hr

on
ic

R
es

pi
ra

to
ry

 D
is

ea
se

 Q
ue

st
io

nn
ai

re
5;

 P
as

t 2
 w

ee
ks

1 
= 

ex
tre

m
e 

dy
sp

ne
a,

 1
0 

= 
no

dy
sp

ne
a

.9
0

G
uy

at
t e

t a
l.,

[4
9]

Sc
hu

ne
m

an
n 

et
 a

l. 
[5

0]

Po
st

tra
ns

pl
an

t p
sy

ch
os

oc
ia

l c
ha

ra
ct

er
is

tic
s

So
ci

al
 su

pp
or

t f
ro

m
 fa

m
ily

 c
ar

eg
iv

er
Pa

tie
nt

-C
ar

eg
iv

er
 S

up
po

rt 
Sc

al
e

20
; C

ur
re

nt
 ti

m
e

1 
= 

lo
w

.9
2

Sp
an

ie
r[

51
]; 

Pe
ar

lin
 &

Sc
ho

ol
er

[5
2]

 D
ew

 [5
3]

So
ci

al
 su

pp
or

t f
ro

m
 fr

ie
nd

s
Fr

ie
nd

 S
up

po
rt 

Sc
al

e
12

; C
ur

re
nt

 ti
m

e
1 

= 
lo

w
.8

9
M

oo
s [

50
]

Su
pp

or
t f

ro
m

 re
lig

io
us

 fa
ith

Fa
ith

 it
em

s
4;

 C
ur

re
nt

 ti
m

e
1 

= 
lit

tle
 su

pp
or

t f
ro

m
 fa

ith
, 4

= 
hi

gh
 su

pp
or

t f
ro

m
 fa

ith
.8

0
K

in
g 

&
 H

un
t[5

7]

C
op

in
g 

w
ith

 h
ea

lth
 p

ro
bl

em
s

B
rie

f C
O

PE
28

a ;
 F

oc
us

 o
n 

a 
re

ce
nt

pr
ob

le
m

1 
= 

di
d 

no
t u

se
, 4

 =
 u

se
d

st
ra

te
gy

 a
 lo

t
C

ar
ve

r [
58

] C
ar

ve
r e

t a
l.

[5
9]

  A
ct

iv
e 

co
pi

ng
5

.7
5

  S
up

po
rt 

se
ek

in
g/

ex
pr

es
si

on
 o

f e
m

ot
io

ns
 c

op
in

g
7

.6
9

  A
vo

id
an

t c
op

in
g

6
.6

2

  A
cc

ep
ta

nc
e 

co
pi

ng
8

.7
0

a 2 
ite

m
s r

ef
le

ct
in

g 
se

lf-
bl

am
e 

co
pi

ng
 w

er
e 

no
t i

nc
lu

de
d 

in
 C

ar
ve

r e
t a

l.’
s o

rig
in

al
 w

or
k 

w
ith

 th
is

 sc
al

e 
an

d 
w

er
e 

no
t e

xa
m

in
ed

 in
 th

e 
pr

es
en

t s
tu

dy
.

Gen Hosp Psychiatry. Author manuscript; available in PMC 2013 March 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Dew et al. Page 20

Table 3

Rates of disorder recurrence, treatment seeking during episodes and receipt of psychotropic medications for
disorder during the first two years posttransplant.

DSM-IV Disorder
Panic disorder
(n = 35 cases)

GAD
(n = 9 cases)

PTSD-T
(n = 38 cases)

MDD
(n = 72 cases)

Recurrent episodes, % yes (n)

    Total sample 0.0a (0) 0.0 (0) 0.0 (0) 30.6 (22)

    Lung recipients --- --- --- 32.5 (13)

    Heart recipients --- --- --- 28.1 (9)

    Lung vs. heart, exact p --- --- --- .799

Sought treatment,b % yes (n)

    Total sample 54.3 (19) 77.8 (7) 60.5 (23) 70.8 (51)

    Lung 57.7 (15) 100.0 (5) 63.6 (14) 75.0 (30)

    Heart 44.4 (4) 50.0 (2) 56.3 (9) 65.6 (21)

    Lung vs. heart, exact p .700 .167 .742 .440

Received psychotropic medications,b % yes (n)

    Total sample 48.6 (17) 77.8 (7) 50.0 (19) 65.3 (47)

    Lung 50.0 (13) 100.0 (5) 50.0 (11) 65.0 (26)

    Heart 44.4 (4) 50.0 (2) 50.0 (8) 65.6 (21)

    Lung vs. heart, exact p 1.000 .167 1.000 1.000

a
As noted in the text, all recipients continuted to experience panic attacks after their initial posttransplant episode, and thus had no period of

remission that would allow for recurrent to be documented.

b
As noted in the text, information on seeking treatment and receiving medications was obtained during the SCID.

Abbreviations: GAD, generalized anxiety disorder; PTSD-T, post-traumatic stress disorder related to the transplant; MDD, major depressive
disorder.
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