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Trajectories of Anxiety and Depression After Liver
Transplantation as Related to Outcomes During
2-Year Follow-Up: A Prospective Cohort Study
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Herold J. Metselaar, PhD, Bart van Hoek, PhD, Robert J. Porte, PhD, and Adelita V. Ranchor, PhD
ABSTRACT
Objective: The aims of the study were to examine whether distinct trajectories of anxious and depressive symptoms are present among
liver transplant recipients from before transplantation to 2 years afterward, to identify associated demographic, clinical, and individual
characteristics, and to examine the influence of distinct trajectories on outcomes.
Methods: A prospective, multicenter cohort study was performed among 153 liver transplant recipients. Data were retrieved using ques-
tionnaires administered before transplantation and at 3, 6, 12, and 24 months after transplantation. Clinical data were retrieved by medical
record review. Latent class growth analysis was used to identify distinct trajectories. χ2 test, analyses of variance, and multinomial logistic
regression were used to identify associated variables and the impact of the distinct trajectories on outcomes.
Results: Three distinct trajectories for symptoms of anxiety (State-Trait Anxiety Inventory-short form) as well as depression (Center for
Epidemiological Studies Depression Scale) were identified: “no symptoms,” “resolved symptoms,” and “persistent symptoms.” The tra-
jectories of persistent anxiety and depression comprised, respectively, 23% and 29% of the transplant recipients. Several clinical and in-
dividual variables were associated with the trajectories of persistent anxiety and/or depression: experiencing more adverse effects of the
immunosuppressive medication, lower level of personal control, more use of emotion-focused coping, less disclosure about the transplant,
and more stressful life events. The trajectories of persistent symptoms were associated with worse outcomes regarding medication adher-
ence and health-related quality of life, but not with mortality.
Conclusions: A significant subset of transplant recipients showed persistent symptoms of anxiety and depression from before to 2 years
after transplantation. These results emphasize the importance of psychosocial care in the transplant population.
Key words: adherence, psychological functioning, quality of life, transplant candidates, transplant recipients.
CES-D = Center for Epidemiological Studies Depression scale,
CISS-SF = Coping Inventory for Stressful Situations-short form,
HRQoL = health-related quality of life, ISM = immunosuppressive
medication, LCGA = latent class growth analysis, LTRs = liver trans-
plant recipients, MELD = model for end-stage liver disease,
MLR = multinomial logistic regression, MTSOSD-59R = Modified
Transplant Symptom Occurrence and Symptom Distress Scale,
HR = hazard ratio, STAI-6 = State-Trait Anxiety Inventory-short
form, TxEQ = Transplant Effects Questionnaire
INTRODUCTION

Among liver transplant candidates, symptom levels of 19% to
55% have been described for anxiety and 17% to 62% for de-

pression (1–4), whereas among liver transplant recipients (LTRs),
prevalence rates of 6% to 35% regarding symptoms of anxiety
(5,6) and of 3% to 58% regarding depressive symptoms (5–9)
have been described. These prevalence rates show the burden of
psychological problems in the liver transplant population, problems
that may also interfere with medical treatment and may influence
outcomes after transplantation.

Studies reporting on the course of anxiety and depression over
time have shown a general pattern of significant decrease in symp-
toms levels between pre- and posttransplant as well as a stable sit-
uation thereafter (2,7,10). However, these studies all describe the
course of symptoms of anxiety and depression based on mean
symptom levels or prevalence rates for the whole study popula-
tion. Given the individual variation in symptom levels, distinct tra-
jectories of anxiety and depression may be present within this
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general pattern. Because of the aggregation and averaging of data,
these individual patterns may go unnoticed. Consequently, sub-
groups of patients with unfavorable courses of anxiety or depres-
sion might be missed and may not receive adequate support.
Exploring whether distinct trajectories are present in LTRs and ex-
amining their influence on outcomes after transplantation may
help gain a better understanding of anxiety and depression in this
patient population. Moreover, examining variables associated with
distinct trajectories may provide insight into variables related to
the persistence or development of psychological problems after
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Trajectories of Anxiety and Depression
transplantation and may provide direction for interventions aimed
at improving psychological functioning.

To date, only two studies have reported on distinct trajectories
of anxiety and depression in transplant recipients over time. Based
on cutoff scores, Miller et al. (11) reported on trajectories of re-
solved, unresolved, and no anxiety or depression, measured before
and at 6 months after liver transplantation. Mental health status be-
fore transplantation was identified as a risk factor, and LTRs with
unresolved anxiety or depression were found to show lower scores
on several domains of quality of life. Using statistical modeling
techniques, DiMartini et al. (12) identified three trajectories of de-
pression from 3 to 12 months after transplantation in recipients
transplanted for alcoholic liver disease: constantly high, increas-
ing, and constantly low symptom levels. Younger age, no partner,
history of depression or substance use, hepatitis C virus, and fewer
years of heavy drinking were identified as risk factors. Recipients
within the trajectories of increasing or persistent depression were
more than twice as likely to die (all causes).

So far, studies on the course of anxiety and depression in trans-
plant recipients with measurement points before and at several
time points after transplantation are lacking. Therefore, this study
aims to the following: (1) to examine whether distinct trajectories
of anxious and depressive symptoms are present in LTRs from be-
fore transplantation to 2 years afterward; (2) to gain insight into de-
mographic, clinical, and individual characteristics associated with
the distinct trajectories; and (3) to examine the influence of the dis-
tinct trajectories onmedication adherence, health-related quality of
life, and mortality after transplantation.

METHODS
A prospective, multicenter cohort study was performed among LTRs at
three transplant centers in the Netherlands. All consecutive transplant can-
didates who were on the waiting list between October 2009 and April 2013
were asked to participate. Inclusion criteria were 18 years or older and those
receivingmedical treatment in one of the three transplant centers. Exclusion
criteria were those unable to fill out a questionnaire because of physical,
mental, or cognitive functioning or because of a language barrier. In addition,
recipients receiving a retransplant within the study period were excluded.
Transplant recipients who could not be included in the study before trans-
plantation (e.g., in cases of acute liver failure) were invited to participate in
the study, starting at 3 months after transplantation.

Eligible patients received a letter explaining the purpose and procedure
of the study, together with an informed-consent form, which also granted
permission to obtain data from the medical record. After written informed
consent, the participants received a baseline questionnaire. Measures of
psychological functioning were repeated every 6 months after inclusion
in the study until the transplantation was conducted. In this study, the data
from the latest measurement point before the transplant surgery were used
to describe symptoms of anxiety and depression before transplantation. Af-
ter transplantation, the participants filled out a questionnaire at 3, 6, 12, and
24 months. The time needed to fill out the various questionnaires was 60 to
90 minutes. The study ended in October 2015. The institutional review
board of the University Medical Center Groningen approved the study,
and a positive recommendation of local feasibility was obtained from the
other transplant centers (METc2009.190).

Research Instruments

Outcome Variables
Symptoms of anxiety and depression were measured at all measure-
ment points.
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Symptoms of anxiety were measured using the short form of the State-
Trait Anxiety Inventory (STAI-6) (13). The STAI-6 consists of six items
rated on a four-point intensity scale (1 = not at all; 4 = verymuch), resulting
in a total sum score between 6 and 24. Higher scores indicate more symp-
toms of anxiety. Based on a transformation of the original cutoff of 40 or
greater for the general population found in the 20-item scale (14), a cutoff
score of 12 or greater is used to identify clinically relevant cases. The Dutch
version of the STAI-6 has shown good internal consistency scores
(Cronbach α = .83) (13). In this study, α values varied from .84 to .87.

Symptoms of depression were assessed using the Dutch version of the
Center for Epidemiological Studies Depression Scale (CES-D)(15). The
CES-D consists of 20 items, scored on a four-point self-report scale
(0 = seldom or never; 4 = most of the time or always). Higher scores indi-
cate more symptoms of depression. A cutoff score of 16 or greater is used
to identify clinically relevant cases (16). The Dutch version of the CES-D
has shown good internal consistency scores with α values between .79 and
.92 (15). In this study, α values varied from .92 to .93.
Associated Variables
In studies measuring psychological problems on a group level, a variety of
demographic variables, such as sex, age, and marital status (6,8,9), clinical
variables, such as primary liver disease, medical complications, and ad-
verse effects of the immunosuppressive medication (ISM) (8,9,17,18),
alongwith individual variables, such as previous psychiatric disorders, cop-
ing style, and health beliefs (10,18,19), have been found to be associated
with symptoms of anxiety and depression. Because little is known about
factors associated with trajectories of anxiety and depression, we relied
on these studies to identify variables possibly associated with distinct
trajectories.

Regarding demographic variables, sex, age at transplantation, marital
status (partner yes/no), and educational level (primary, secondary, univer-
sity) were considered. These data were retrieved by self-report in the base-
line questionnaire or medical record review (age at transplantation).

Regarding clinical variables, several variables that may be influential
in the first 2 years after transplantation were considered. The presence of
transplant-related medical complications in the first 2 years after the trans-
plantation was retrieved by medical record review and comprised the fol-
lowing complications: biliary complications (yes/no), rejection (yes/no),
vascular complications (yes/no), graft failure (yes/no), and disease recur-
rence (yes/no).

The number of days readmitted to the hospital was recorded, starting
from the day of hospital discharge after the transplant surgery up until
2 years after transplantation. Hospital admissions that were part of the
protocolled follow-up care after transplantation were not taken into account.

Perceived adverse effects of the ISM were measured at 24 months after
transplantation by using the Modified Transplant Symptom Occurrence
and Symptom Distress Scale (MTSOSD-59R) (20). This questionnaire as-
sesses the occurrence of symptoms associated with ISM adverse effects.
Each item is scored on a five-point scale (0 = never; 4 = always). Validation
of the MTSOSD-59R showed excellent construct and discriminant validity
(20). In this study, data of the MTSOSD-59R were dichotomized to distin-
guish between adverse effects occurring less often (score 0 to 2) and often
(score 3 or 4). In the analyses, the number of ISM adverse effects occurring
often was taken into account by counting all ISM adverse effects with a
score of 3 or 4.

Regarding individual variables, three variables were considered, mea-
sured at 24 months after the transplantation.

Personal control was measured using the Pearlin-Schooler Mastery
Scale (21). The mastery scale measures the degree to which individuals feel
they can control things that happen to them and consists of seven items
rated on a five-point Likert scale (1 = totally disagree; 5 = totally agree).
Higher scores indicate a higher level of personal control. The mastery scale
is used in a variety of healthy and ill populations and has shown good reli-
ability and validity (21). In this study, α value was .80.
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Coping style was measured using the short form of the Coping Inven-
tory for Stressful Situations (CISS-SF) (22). The CISS-SFmeasures the fol-
lowing three dimensions of coping: task-oriented coping, in which an
individual generally takes an active problem solving approach; emotion-
oriented coping, in which an individual habitually engages in maladaptive
behaviors such as ruminating as response to stress; and avoidance coping,
in which an individual typically uses behaviors aimed at avoiding the
stressful situation. The CISS-SF consists of 21 items, rated on a five-
point Likert scale (1 = not at all; 5 = very much). Higher scores on a sub-
scale indicate more use of the specific coping style. In this study, α value
was .84 for the task-oriented coping scale, .86 for the emotion-oriented cop-
ing scale, and .80 for the avoidance coping scale.

The emotional response to the receipt of a transplanted organwasmea-
sured by using the following three subscales of the Transplant Effects
Questionnaire (TxEQ): worries about the transplant, feelings of guilt to-
ward the donor, and disclosure about having had a transplant (23). Items
are scored on a five-point Likert scale (1 = strongly disagree; 5 = strongly
agree). On the subscales “worry” and “guilt,” a higher score indicates a
problematic response, whereas on the “disclosure” subscale, a lower score
indicates a problematic response (24). The Dutch version of the TxEQ
showed acceptable internal consistency scores (.66-.79) and an adequate
fit with the original TxEQ (24). In this study,α values of the subscales were
as follows: worry .78; guilt .65; and disclosure .79.

Because life events other than the transplantation may exert an influ-
ence on the psychological functioning of transplant recipients, the total
number of other life events during the first 2 years after the transplantation
was taken into account as a confounding variable. These data were re-
trieved by questionnaire at 12 and 24 months after transplantation using
the Trauma and Life Event Self-report Inventory (25). The Trauma and Life
Event Self-report Inventory consists of a list of 11 stressful events (e.g.,
death of a loved one) on which a person can indicate which events hap-
pened in the past 5 years. We adjusted this to “past year” to establish that
the life events were present during the first or second year after the trans-
plant. Additional life events that influence a person's life could be added.
The total number of different life events during the first 2 years after the
transplantation were taken into account.

Transplant Outcomes
Anxiety and depression have been associated with worse outcomes regard-
ing quality of life, adherence, and survival in LTRs (8–11,18,26) and were,
therefore, taken into account as transplant outcomes in this study, measured
at 24 months after transplantation.

Medication adherence was measured using the adherence subscale of
the TxEQ (23,24), which measures behavioral (e.g., “Sometimes I forget
to take my antirejection medicines”) as well as emotional (e.g., “Sometimes
I think I do not need my antirejection medicines”) aspects of adherence to
the ISM regimen. Items are scored on a five-point Likert scale (1 = strongly
disagree; 5 = strongly agree). Higher scores indicate better adherence. The
TxEQ-adherence subscale was found to have adequate internal consistency
(α = .78-.79) and test-retest reliability (23,24). In this study,α value was .76.

Health-related quality of life (HRQoL) was measured using the World
Health Organization Quality of Life-BREF questionnaire, the abbreviated
version of the WHOQOL-100 questionnaire (27). This questionnaire con-
sists of 24 items covering the following four domains of HRQoL: physical
capacity, psychological functioning, social relationships, and environment;
and two items regarding general quality of life and health. All items are
rated on a five-point Likert scale. For each subscale, a higher mean score
indicates better quality of life. In this study,α values for the subscales were,
respectively, .87, .87, .65, and .85.

Mortalitywas assessed by medical record review and was defined as fol-
lows: death of all causes within the first 2 years after transplantation (yes/no).

Statistical Analyses
Descriptive statistics were used to calculate mean scores and prevalence
rates. Regarding differences between respondents with and without a
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baseline measurement, continuous data were examined with the Student's
t test or the Mann-WhitneyU test and categorical data were examined with
the χ2 test or Fisher exact test where appropriate.

To identify distinct trajectories of anxiety and depression, latent class
growth analysis (LCGA) with robust maximum likelihood estimation was
used using Mplus 7.1. (Muthen &Muthen, Los Angeles, CA). The LCGA
can identify unobserved differences in growth trajectories over time (28).
MPlus uses full information maximum likelihood for missing data, cur-
rently a highly recommended approach (29). Based on the continuous
scores on the STAI-6 and CES-D, the best model was selected, using sev-
eral criteria: (1) the Bayesian Information Criterion and the Akaike Infor-
mation Criterion were used to measure the relative fit of the model, with
lower values indicating a better fit; (2) the significance of the Bootstrapped
Likelihood Ratio Test and the Vuong-Lo-Mendel Rubin Likelihood Ratio
Test, which indicate whether a K-class model is superior to a K-1-class
model, was used to compare the identified models; (3) entropy was used
to examine latent class separation, with higher entropy (>0.6) indicating
better separation; and (4) an extra class of substantial size (>5%) should
be conceptually meaningful and represent a trajectory differing from trajec-
tories with fewer classes (30). Based on the LCGA, each respondent was
assigned to one class, representing the personal trajectory of anxiety and de-
pression, which was used in subsequent analyses in IBM SPSS 22.0 (IBM
SPSS, Inc, Chicago, IL).

To identify demographic, clinical, and individual variables that differed
significantly between the distinct trajectories, χ2 tests and analyses of var-
iance were used. After checking for collinearity, multinomial logistic re-
gression analysis was used to examine the independent effect of variables
differing significantly on the distinct trajectories using odds ratios.

The association of the identified trajectories of anxiety and depression
with outcomes was examined using χ2 tests or analyses of variances. Effect
sizes were calculated using Cohen's d. With respect to associated and out-
come variables, data were not imputed. The p value was set at .05, two-
sided, for all analyses.
RESULTS

Study Sample
Figure 1 provides an overview of the study inclusion, the available
data, and reasons for missing data. Demographic and clinical char-
acteristics of the study sample are shown in Table 1. Because of the
number of missing data at baseline (37/153, 24%), differences be-
tween respondents with and without a baseline measurement were
examined. No differences were found regarding demographic var-
iables. However, respondents without a baseline measurement
were on the waiting list for a significantly shorter period, had a
higher model for end-stage liver disease score at transplantation,
and differed significantly regarding primary liver disease; the pro-
portion of respondents transplanted for acute liver failure was
higher in this group (p < .05).

Trajectories of Symptoms of Anxiety and Depression
The parameter estimates of the LCGA analysis showed that the
three-class model was the best model for both symptoms of anxi-
ety and depression (Table 2). Regarding symptoms of depression,
the four-class model seemed to be the best model, but the Vuong-
Lo-Mendel Rubin Likelihood Ratio was not significant and the
additional class was not meaningful conceptually.

The distinct trajectories of symptoms of anxiety and depression
are depicted in, respectively, Figure 2 and Figure 3. LTRs in trajec-
tory 1 (no symptoms) did not show clinically relevant symptom
levels at any measurement point. LTRs in trajectory 2 (resolved
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FIGURE 1. Overview of study inclusion and data.

Trajectories of Anxiety and Depression
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TABLE 1. Demographic and Clinical Characteristics of the Total Study Sample and of Respondents With and Without a
Baseline Measurement

All
(N = 153)

Respondents With Baseline
Measurement (n = 116)

Respondents Without Baseline
Measurement (n = 37) p

n (%)a

Sex: male 103 (67.3) 76 (65.5) 27 (73.0) .40

Marital status: partner 117 (76.5) 90 (77.6) 27 (73.0) .57

Educational level:

Primary 28 (18.5) 21 (18.3) 7 (19.4) .85

Secondary 69 (45.7) 54 (47.0) 15 (41.7)

University 54 (35.8) 40 (34.8) 14 (38.9)

Nationality: Dutch 142 (92.9) 109 (94.0) 33 (89.2) .33

Employment status:

Working 35 (23.0) 33 (28.4) 4 (10.8) .087

Sick leave/work disability 82 (53.9) 58 (50.0) 22 (59.5)

Others 35 (23.0) 25 (21.6) 11 (29.7)

Primary disease:

Biliary cirrhosis 54 (35.3) 42 (35.2) 12 (32.4) .019

Metabolic liver disease 19 (12.4) 16 (13.8) 3 (8.1)

Cryptogenic liver cirrhosis 12 (7.8) 9 (7.8) 3 (8.1)

Viral hepatitis 17 (11.1) 15 (12.9) 2 (5.4)

Alcoholic liver disease 36 (23.5) 26 (22.4) 10 (27.0)

Acute liver failure 4 (2.6) 0 4 (10.8)

Miscellaneous 11 (7.2) 8 (6.9) 3 (8.1)

Hepatocellular carcinoma 32 (20.3) 25 (21.6) 6 (16.2) .48

Retransplantation 15 (9.8) 11(9.5) 4 (10.8) .81

ISM at discharge (n = 149)

Corticosteroids 140 (94.0) 104 (92.9) 36 (97.3) .45

Calcineurin inhibitor 140 (94.0) 104 (92.9) 36 (97.3) .33

Mofetil 71 (47.7) 50 (44.6) 21 (56.8) .20

Others 11 (7.4) 8 (7.2) 3 (8.1) >.99

Use of psychiatric drugs

Antidepressants 10 (6.5) 8 (6.9) 2 (5.4) >.99

Benzodiapines 12 (7.8) 10 (8.6) 2 (5.4) .73

Others 7 (4.6) 5 (4.3) 2 (5.4) .68

Mortality 14 (9.2) 13 (11.2) 1 (2.7) .12

M (SD)b

Age at transplantation, y 51.0 (11.8) 50.8 (11.4) 51.5 (13.1) .78

Time on waiting list, d 343 (542) 405 (418) 149 (505) <.001

MELD score at transplantation 17.7 (8.0) 16.2 (7.4) 22.5 (10.9) .002

Duration of hospital stay after transplant surgery, d 32.9 (33.5) 34.1 (37.2) 29.1 (17.7) .43

Duration of ICU stay after transplant surgery, d 9.6 (21.6) 10.6 (24.3) 6.2 (7.9) .27

ICU = intensive care unit.
a χ2 test.
b Student's t test (normally distributed data) or Mann-Whitney U test (nonnormally distrusted data).

MELD, model for end-stage liver disease.

ORIGINAL ARTICLE
symptoms) showed symptom levels around the cutoff score before
but not after transplantation. LTRs in trajectory 3 (persistent symp-
toms) showed clinically relevant symptom levels at all measure-
ment points. The trajectories regarding symptoms of anxiety
comprised, respectively, 38.6%, 38.6%, and 22.9% of the LTRs.
Those involving depressive symptoms comprised, respectively,
22.9%, 47.7%, and 29.4%.
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Within all trajectories, a significant decrease (p < .001) in
symptom levels was found between the measurement points be-
fore and at 3 months after transplantation.

The percentage of LTRs with or without a pretransplant mea-
surement differed significantly within the trajectories of anxiety
(p = .016) and depression (p = .007). Additional analyses revealed
that the percentage of LTRs without a pretransplant measurement
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TABLE 2. Parameter Estimates for Model Selection of the Trajectories of Anxiety and Depression

Size, %

BIC AIC Entropy VLMR, df BLRT, df 1 2 3 4 5

Symptoms of anxiety

2 class 3302.11 3238.47 0.85 285.83* 285.83* 72.8 27.2 — —

3 class 3283.08 3186.10 0.77 74.37* 74.37* 38.6 38.6 22.8 —

4 class 3298.42 3168.11 0.80 33.10 33.10 37.3 25.5 13.7 23.5

Symptoms of depression

2 class 4469.15 4405.51 0.88 469.09* 469.09* 52.9 47.1 — — —

3 class 4332.73 4235.76 0.88 191.75* 191.75* 22.9 47.7 29.4 — —

4 class 4192.69 4162.38 0.89 95.74 95.38* 9.8 23.5 37.9 28.8 —

5 class 4309.40 4145.76 0.85 38.62 38.62** 10.5 26.1 18.9 26.1 18.3

BIC = Bayesian Information Criterion; AIC = Akaike Information Criterion; VLMR = Vuong-Lo-Mendel Rubin Likelihood Ratio Test; BLRT = Bootstrapped Likelihood
Ratio Test.

*Significant at p = .01 level.

**Significant at p = .05 level.

Trajectories of Anxiety and Depression
was significantly lower (p < .05) in the trajectories of resolved
symptoms (anxiety: 19% versus 45%; depression 30% versus
53%) and significantly higher (p < .05) in the trajectories of no symp-
toms (anxiety: 54% versus 34%; depression: 41% versus 17%). In
the trajectories of persistent symptoms, no significant differences
were found between these groups. Of all LTRs, 18.3% (n = 28)
showed persistent symptoms of both anxiety and depression.
Variables Associated With Trajectories of Anxiety and
Depression
As shown in Table 3, regarding demographic variables, no signif-
icant differences between trajectories of anxiety and depression
were found. With respect to clinical variables, the number of
ISM adverse effects, biliary complications, and the number of days
readmitted to the hospital differed significantly between trajecto-
ries of anxiety and/or depression. Regarding individual variables,
personal control, emotion-oriented coping, task-oriented coping,
the emotional response to the receipt of a transplanted organ, and
FIGURE 2. Trajectories of symptoms of anxiety from before transplant
the cutoff of ≥12 of the clinical relevant symptoms level.
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the number of other life events differed significantly between the
trajectories of anxiety and/or depression.

Multivariate analysis, in which the trajectories of persistent
symptoms were used as the reference category, showed that the
number of ISM adverse effects, the level of personal control,
emotion-oriented coping, and the number of other life events were
independently associated with the distinct trajectories of anxiety
and/or depression (Table 4). Personal control was positively asso-
ciated with the trajectories of anxiety and depression indicating
that LTRs within the trajectories of no or resolved symptoms were
more likely to have a higher level of personal control than those in
the trajectories of persistent symptoms. The number of ISM ad-
verse effects was negatively associated with the distinct trajecto-
ries of both anxiety and depression. However, the odds ratios
were only significant between the trajectories of persistent and
no symptoms, indicating that LTRs in the trajectories of no anxi-
ety and depression were less likely to report severe ISM adverse
effects compared with LTRs with persistent symptoms. Further-
more, the use of emotion-oriented coping and the number of other
ation to 24 months after transplantation. Note: the bold line depicts
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FIGURE 3. Trajectories of symptoms of depression from before transplantation to 24 months after transplantation. Note: the bold line
depicts the cutoff of ≥16 of the clinical relevant symptom level.
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life events were negatively associated, and disclosure about the
transplant was positively associated with the trajectories of de-
pression. LTRs in the trajectory of resolved depression were less
likely to use emotion-oriented coping and weremore likely to dis-
close that they had received a transplant compared with LTRs
with persistent symptoms. LTRs in the trajectory of no depression
were less likely to have experienced other life events compared
with LTRs with persistent symptoms.

Influence of Distinct Trajectories on Transplant
Outcomes
LTRs within the distinct trajectories of anxiety and depression dif-
fered significantly regarding medication adherence (p = .016 and
p = .007, respectively). LTRs in the trajectories of no symptoms
showed the M (SD) highest adherence scores of 4.6 (0.5) and
4.7 (0.5), respectively, compared with 4.4 (0.6) in both the trajec-
tories of resolved symptoms, and respectively 4.0 (0.9) and 4.1
(0.9) in the trajectories of persistent symptoms. These differences
indicated large effects sizes (Cohen's d = .82) between the trajec-
tories of no and persistent symptoms of both anxiety and depres-
sion, and small to medium effects sizes (Cohen's d = .39–.54)
between the other trajectories.

Regarding HRQoL, LTRswithin the distinct trajectories differed
significantly (p < .001) on all domains. LTRs in the trajectories of no
symptoms showed the highest scores on all domains, whereas LTRs
in the trajectories of persistent symptoms showed the lowest scores.
Effect sizes regarding HRQoL were large (Cohen's d > .80) on al-
most all domains, only regarding the social domain the effect sizes
were small to negligible (Cohen's d = .17–.39).

With respect to mortality, no significant differences were found
between the distinct trajectories of anxiety (p > .99) or depression
(p = .78). Additional analysis using Cox hazard ratio (HR) regres-
sion analysis showed that neither having symptoms levels above
the cutoff point of anxiety (≥12) or depression (≥16) before trans-
plantation (respectively, HR = .99, 95%CI = 0.72–1.38; HR = .99,
95%CI = 0.71–1.37) nor at 3 months after transplantation (respec-
tively, HR = 1.00, 95% CI = 0.71–1.41; HR = 1.00; 95% CI =
0.69–1.46) were associated with mortality within the first 2 years
after transplantation.
Psychosomatic Medicine, V 80 • 174-183 180
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DISCUSSION
Three distinct trajectories of symptoms of both anxiety and depres-
sion in adult LTRs were identified as follows: a trajectory of “no
symptoms,” “resolved symptoms,” and “persistent symptoms.”
Of all recipients, 23% showed persistent symptoms of anxiety
and 29% persistent symptoms of depression from before to
2 years after transplantation, with a negative effect on medication
adherence and HRQoL. The trajectories of persistent symptoms
were associated with several clinical and individual variables:
ISM adverse effects, coping style, personal control, disclosure
about the transplant, and other life events.

Our findings are in line with the study of Miller et al. (14), who
also found trajectories of no, resolved, and unresolved symptoms
of anxiety and depression. In contrast to DiMartini et al. (15), no
trajectory resembling an increase in symptom levels after trans-
plantation was found. This might be due to the sample size, but
differences in study sample and design might also have been re-
sponsible for this. DiMartini et al. (15) only included LTRs
transplanted for alcoholic liver disease and did not comprise a
pretransplant measurement. In our study, the study sample was
composed of LTRs with various primary liver diseases and a
pretransplant measurement was included.

All trajectories showed a significant decrease in symptom level
between the measurements before and at 3 months after transplan-
tation, implying a beneficial effect of the transplantation on psy-
chological functioning for all LTRs. Despite this beneficial effect,
LTRs with high symptom levels of either anxiety or depression be-
fore transplantation seem to benefit less and to be more at risk for
maintaining high symptom levels after transplantation. Although
we did not find that LTRs in the trajectories of persistent symptoms
had a higher mortality rate in the first 2 years after the transplanta-
tion, these recipients did report a significantly lower level of
HRQoL and lower medication adherence. These results show the
burden of psychological problems in LTRs, and indicate that recip-
ients with persistent symptoms present a vulnerable group.

In contrast to studies examining associated variables of anxiety
and depression on a group level (6,8,9,31), we found no associa-
tions between demographic variables and the distinct trajectories
of anxiety and depression. However, these findings are in line with
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TABLE 3. Differences in Demographic, Clinical, and Individual Variables Between the Distinct Trajectories of Anxiety and
Depression in Liver Transplant Recipients

Trajectory of
No Anxiety
(n = 59)

Trajectory of
Resolved
Anxiety
(n = 59)

Trajectory of
Persistent
Anxiety
(n = 35) p

Trajectory of
No

Depression
(n = 35)

Trajectory of
Resolved
Depression
(n = 73)

Trajectory of
Persistent
Depression
(n = 45) p

n (%)a

Sex: malec 42 (71.2) 38 (64.4) 23 (65.7) .72 24 (68.6) 51 (69.9) 28 (62.2) .68

Marital status: partnerc 43 (74.1) 49 (83.1) 25 (71.4) .35 26 (76.5) 60 (82.8) 31 (68.9) .25

Educational levelc

Low 9 (15.3) 9 (15.5) 10 (29.4) .41 4 (11.4) 15 (20.5) 9 (20.9) .21

Middle 30 (50.8) 26 (44.8) 13 (38.2) 18 (51.4) 37 (50.7) 14 (32.6)

High 20 (33.9) 23 (39.7) 11 (32.4) 13 (37.1) 21 (28.8) 20 (46.5)

Medical complications

Biliary complications 18 (30.5) 34 (57.6) 14 (40.0) .031 12 (34.3) 36 (49.3) 18 (40.0) .30

Vascular complications 18 (30.5) 19 (32.2) 12 (34.3) .93 12 (34.3) 18 (24.7) 19 (42.2) .13

Rejection 9 (15.3) 14 (23.7) 10 (28.6) .28 6 (17.1) 14 (19.2) 13 (28.9) .35

Graft failure 7 (11.9) 10 (16.9) 5 (14.3) .73 2 (5.7) 11 (15.1) 9 (20.0) .19

Disease recurrence 5 (8.5) 7 (11.9) 3 (8.6) .79 1 (2.9) 11 (15.1) 3 (6.7) .095

M (SD)b

Age at transplantation, y 53.4 (11.0) 49.8 (12.0) 48.9 (12.3) .12 52.4 (12.0) 52.1 (11.4) 48.0 (12.0) .13

No. ISM adverse effectse 2.0 (3.7) 3.9 (4.1) 6.3 (6.0) .001 0.8 (1.0) 3.5 (4.3) 6.4 (5.7) <.001

No. days rehospitalizationd 13.4 (20.0) 20.6 (24.6) 28.2 (33.3) .028 10.7 (17.8) 21.4 (25.5) 23.8 (34.1) .066

Personal controle 28.4 (3.9) 25.2 (4.4) 20.2 (4.4) <.001 28.6 (3.7) 26.5 (4.5) 20.7 (4.2) <.001

Coping stylee

Task-oriented coping 26.2 (5.0) 25.3 (3.9) 22.7 (5.4) .011 26.2 (4.3) 25.2 (4.8) 23.9 (5.3) .14

Emotion-oriented
coping

14.2 (4.7) 16.4 (5.5) 21.9 (6.5) <.001 14.0 (4.1) 15.2 (4.5) 21.6 (7.3) <.001

Avoidance coping 15.4 (5.6) 17.5 (4.7) 15.8 (4.2) .081 15.8 (5.4) 16.4 (4.8) 16.5 (5.2) .81

Emotional response to
the receipt of a
transplanted organe

Worry about transplant 2.5 (0.8) 2.8 (0.6) 3.2 (0.7) .001 2.4 (0.8) 2.7 (0.7) 3.3 (0.7) <.001

Guilt toward donor 1.6 (0.5) 1.7 (0.5) 2.0 (0.7) .001 1.7 (0.5) 1.7 (0.5) 2.0 (0.7) .018

Disclosure
transplantation

4.6 (0.5) 4.4 (0.7) 3.9 (0.8) <.001 4.6 (0.5) 4.6 (0.5) 4.0 (0.9) <.001

No. life eventsd 1.4 (1.4) 2.5 (2.2) 2.4 (2.1) .009 1.3 (1.2) 2.0 (1.8) 2.8 (2.5) .006

ISM = immunosuppressive medication.
a χ2 test.
b Analyses of variance.
c Measured at baseline.
d Measured throughout the first 2 years after transplantation.
e Measured at 24 months after transplantation.

Trajectories of Anxiety and Depression
other studies examining variables associated with trajectories of
anxiety and depression in other patient groups, in which also no re-
lations were found with demographic variables (32,33).

Regarding clinical variables, none of the transplant-related
medical complications examined were associated with the distinct
trajectories. This seems to indicate that these medical complica-
tions do not contribute to the persistence of symptoms of anxiety
and depression. Another explanation of this finding may be that
a longer period might be needed to observe distress in LTRs as a
consequence of medical complications, because they may not be
Psychosomatic Medicine, V 80 • 174-183 181
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aware of the possible negative influence of these complications
on outcomes at the long term.

The finding that LTRs in the trajectories of persistent symp-
toms reported more severe ISM adverse effects is in line with an
earlier study among LTRs (17). However, it remains unclear
whether experiencing more adverse effects leads to persistent
symptoms of anxiety and/or depression or vice versa. Although
management of ISM adverse effects is warranted, little is known
about the treatability of these adverse effects and effective man-
agement strategies are lacking (34).
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TABLE 4. Odds Ratios and 95% CI of Variables Associated With Trajectories of Persistent Symptoms of Anxiety Compared With
No Anxiety and Resolved Anxiety and of Trajectories of Persistent Symptoms of Depression Compared With No Depression and
Resolved Depression

Variable

Persistent Anxiety Versus No Anxiety Persistent Anxiety Versus Resolved Anxiety

95% CI 95% CI

Odds Ratio Lower Upper Odds Ratio Lower Upper

Biliary complicationsa 1.58 0.16 15.76 5.44 0.69 42.67

No. ISM adverse effectsb 0.82 0.68 0.98 0.92 0.81 1.06

No. days rehospitalizationa 0.97 0.93 1.02 0.98 0.95 1.01

Personal controlb 1.44 1.17 1.76 1.22 1.02 1.46

Task-oriented copingb 1.18 0.99 1.40 1.11 0.95 1.30

Emotional copingb 0.87 0.75 1.00 0.90 0.80 1.02

Worry about the transplantb 1.20 0.35 4.06 1.27 0.43 3.73

Guilt toward donorb 0.47 0.11 2.04 0.54 0.14 2.02

Disclosure about transplantationb 1.92 0.61 6.04 1.80 0.73 4.44

No. life eventsa 0.75 0.52 01.09 0.98 0.82 1.16

Persistent Depression Versus No Depression Persistent Depression Versus Resolved Depression

95% CI 95% CI

Odds Ratio Lower Upper Odds Ratio Lower Upper

No. ISM adverse effectsb 0.56 0.38 0.82 0.91 0.79 1.05

Personal controlb 1.42 1.17 1.72 1.28 1.11 1.49

Emotional copingb 0.89 0.76 1.04 0.88 0.79 0.99

Worry about the transplantb 0.42 0.12 1.50 1.16 0.43 3.11

Guilt toward donorb 0.55 0.14 2.14 0.64 0.22 1.85

Disclosure about transplantationb 1.29 0.41 4.03 2.78 1.10 7.01

No. life eventsa 0.54 0.34 0.85 0.76 0.56 1.05

Bold variables significantly associated with the distinct trajectories of anxiety or depression in MLR.

ISM = immunosuppressive medication.
a Measured throughout the first 2 years after transplantation.
b Measured at 24 months after transplantation.

ORIGINAL ARTICLE
Regarding individual variables, we found that LTRs in the tra-
jectories of persistent symptoms had a lower level of personal con-
trol, mademore use of emotion-oriented coping, and disclosed less
often about having had a transplant. These results indicate that in-
dividual characteristics play an important role in the persistence of
symptoms of anxiety and depression. Therefore, interventions
aimed at empowering transplant recipients by strengthening cop-
ing skills or personal control may help improve their psychological
functioning. However, a recent systematic review revealed that ev-
idence regarding effective psychosocial interventions in transplant
recipients is limited. So far, only a few studies showed that psycho-
social interventions may well be effective in reducing distress in
transplant recipients (35). Therefore, psychosocial interventions
for transplant recipients need to be developed and examined for
their effectiveness. Psychosocial interventions that have shown
to be effective in other chronic illness patient groups (36,37) can
be used to develop interventions tailored to the needs of the trans-
plant population.

Overall, the results of our study emphasize the importance of
psychological evaluation and support in the care of LTRs. Individ-
ual factors associated with symptoms of anxiety and depression
need to be assessed early in the transplant process, for example,
Psychosomatic Medicine, V 80 • 174-183 182
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with the “Stanford Integrated Psychosocial Assessment for Trans-
plantation” (38), and a continuous follow-up of the psychological
functioning of LTRs using patient-reported outcome measures,
such as PROMIS (39) is warranted.

Based on the findings, interventions aimed at empowerment
can be offered to enhance the psychological functioning of trans-
plant candidates and recipients.

The strength of our study was its prospective, multicenter de-
sign, the adequate response rate (69%), and the reasonable sample
size (N = 153). Although, data for pretransplant psychological
functioning were missing in 24% of the respondents, respondents
with and without a baseline measurement only differed regarding
some transplant-related variables that could be expected before-
hand. This indicates that the results of our study are valid for our
study population.

Despite this, the generalizability of our results may be limited.
The sample size was relatively small for LCGA; therefore, replication
of our findings in larger samples is needed to be able to generalize our
result to the liver transplant population as a whole. The generalizabil-
ity of our resultsmay also be composed by the relatively large number
of respondents (17%) who were lost over time. Larger sample sizes
may also be needed to be able to identify additional trajectories
February/March 2018
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Trajectories of Anxiety and Depression
(e.g., increasing symptoms) of anxiety and depression. In future stud-
ies, additional trajectories may also be revealed by considering symp-
toms of anxiety and depression together.
CONCLUSIONS
In this study, three distinct trajectories of symptoms of both anxi-
ety and depression in adult LTRs were identified as follows: a tra-
jectory of no symptoms, resolved symptoms, and persistent
symptoms. A significant subset of LTRs showed persistent symp-
toms of anxiety (23%) or depression (29%) after transplantation,
with a negative effect on medication adherence and HRQoL.
The trajectories of persistent symptoms were mainly associated
with individual variables such as coping, personal control, and dis-
closure about the transplant. The results of our study emphasize
the importance of psychological evaluation and support in the care
of transplant recipients.

Source of Funding and Conflicts of Interest: The authors report
no conflicts of interest.
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