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Although the burden of psychological problems among liver transplant recipients is recognized, little is known about the course of symptoms of anxiety and depression over
time. The aim of this study was to examine whether distinct trajectories of anxious and
depressive symptoms are present among adult liver transplant recipients from before
transplantation to two years afterwards; to identify associated demographic, clinical,
and individual characteristics; and to examine the influence of distinct trajectories on
outcomes. Data were retrieved by questionnaire before and at 3, 6, 12, and 24 months
after transplantation. Clinical data were retrieved by medical record review.
Using Latent Class Growth Analysis, three distinct trajectories for symptoms of anxiety
and depression were identified: “no symptoms,” “resolved symptoms,” and “persistent symptoms.” The trajectory of persistent anxiety comprised 23% of the transplant
recipients, the trajectory of persistent depression 29%. Several clinical and individual
variables were found to be associated with the trajectories of persistent anxiety and
depression: experiencing more side-effects from the immunosuppressive medication, a
lower level of personal control, more use of emotional coping, less use of task-oriented
coping, less disclosure about the transplant, and more stressful life events. Transplant
recipients within the trajectories of “persistent symptoms” reported worse medication
adherence and lower scores for all domains of health-related quality of life.
In conclusion, a significant subset of liver transplant recipients showed symptoms of
persistent anxiety and depression. Our results emphasize the importance of psychological care in the transplant population. Assessment of risk factors early in the transplant
process and continuous follow-up of psychological functioning are warranted. Based
on these assessments appropriate interventions should be undertaken to enhance psychological functioning in liver transplant patients.

TRAJECTORIES OF ANXIETY AND DEPRESSION

INTRODUCTION
Among liver transplant candidates clinically relevant symptom levels of 19%-55% have
been described for symptoms of anxiety,1-3 and 17%-62% for symptoms of depression.2,4
After transplantation, prevalence rates of clinically relevant symptoms of anxiety have
been described in 6%-35%5-7 of the transplant recipients, while 3%-58%6,8-10 have shown
clinically relevant symptoms of depression. These prevalence rates show the burden of
psychological problems among transplant patients, 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 symptoms levels between pre-transplant
and post-transplant, and a stable situation thereafter,2,8,11 although some studies have
shown an increase in symptoms levels after the initial decrease.12,13 However, these
studies all describe the course of symptoms of anxiety and depression based on mean
symptom levels or prevalence rates for the whole population under study. Given the
individual variation in symptom levels among transplant recipients, distinct trajectories
of anxiety and depression may be present within this general pattern. Exploring whether distinct trajectories are present in liver transplant recipients and examining their
influence on outcomes after transplantation may help to gain a better understanding
of the burden of anxiety and depression for transplant recipients. Moreover, examining
variables associated with distinct trajectories may provide insight into risk factors related to the persistence or development of psychological problems after transplantation,
and provide direction for interventions aimed at improving psychological functioning.
So far, only two studies have reported on distinct trajectories of anxiety and depression in liver transplant recipients over time. Miller et al.14 reported on trajectories of
resolved, unresolved, and no anxiety or depression, measured before and at six months
after liver transplantation. DiMartini et al.15 identified three trajectories of depression
from three to twelve months after transplantation: constantly high symptom levels,
increasing symptom levels, and constantly low symptom levels. Studies on trajectories of anxiety and depression in adult liver transplant recipients with measurementpoints both before and at several time points after transplantation are lacking. Given
the paucity of studies on this subject, little is known about trajectories of symptoms
of anxiety and depression in liver transplant recipients, their associated risk factors,
and their influence on outcomes after transplantation. Therefore, this study aims to:
1) examine whether distinct trajectories of anxious and depressive symptoms are present in liver transplant recipients from before transplantation to two years afterwards;
2) gain insight into the demographic, clinical, and individual characteristics associated
with the distinct trajectories; and 3) examine the influence of the distinct trajectories
of anxiety and depression on medication adherence and health-related quality of life
after transplantation.
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A prospective, longitudinal cohort study was performed among adult liver transplant
recipients of all three liver transplant centers in the Netherlands. Transplant candidates
who were on the waiting list between October 2009 and April 2013 were asked to
participate. Inclusion criteria were: 18 years or older, and receiving medical treatment
in one of the three transplant centers. Exclusion criteria were: unable to fill out a questionnaire due to physical, mental, or cognitive functioning or due to a language barrier.
In addition, recipients receiving a re-transplant within the study period were excluded.
Transplant recipients who could not be included in the study before transplantation
(eg, in cases of acute liver failure) were invited to participate in the study, starting at 3
months after transplantation.
Eligible transplant candidates and transplant recipients received a letter explaining the
purpose and procedure of the study, together with an informed-consent form, which
also granted permission to obtain medical data from the medical record. After written informed consent, the participants received a baseline questionnaire. Measures
of psychological functioning were repeated every six 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. After transplantation, transplant recipients filled out a questionnaire at three, six, twelve, and 24 months. The study ended
in October 2015. The institutional review board of the transplant center that initiated
the study 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 measurement-points.
Symptoms of anxiety were measured using the short-form of the State-Trait Anxiety
Inventory (STAI-6).16 The STAI-6 consists of 6 items rated on a 4-point intensity scale
(1 = not at all; 4 = very much), resulting in a total sum score between 6 and 24. Higher
scores indicate more symptoms of anxiety. Based on a transformation of the original
cutoff of ≥40 for the general population found in the 20-item scale,17 a cutoff score of
≥12 was used to identify clinically relevant cases. Cronbach’s alpha in this study varied
from 0.84 to 0.87.
Symptoms of depression were assessed using the Dutch version of the Center for Epidemiological Studies Depression scale (CES-D).18 The CES-D consists of 20 items, scored on
a 4-point self-report scale (0 = seldom or never; 4 = most of the time or always). Higher
scores indicate more symptoms of depression. A cutoff score of ≥16 was used to identify clinically relevant cases.19 Cronbach’s alpha in this study varied from 0.92 to 0.93.

Predictor variables
In studies measuring anxiety and depression on a group level, a variety of demographic
variables, such as sex, age, marital status, education, and employment,6,9,10,20 clinical
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variables, such as primary liver disease, medical complications, and side-effects of the
immunosuppressive medication (ISM),9,10,21,22 along with individual variables, such as
previous psychiatric disorders, coping style, and health beliefs,11,12,20,22 have been found
to be associated with symptoms of anxiety and depression. Because little is known
about the risk factors associated with trajectories of anxiety and depression, we had
to rely on these studies to identify possible predictors of distinct trajectories. In this
study several demographic, clinical, and individual variables were taken into account
as predictor variables.
Demographic variables were retrieved by self-report in the baseline questionnaire. Sex,
age, marital status, and educational level were included in the analysis.
Regarding clinical variables, several variables that may be influential in the first two
years after transplantation were considered. The presence of transplant-related medical complications in the first two years after the transplantation was retrieved by medical record review and comprised the following complications: biliary complications
(yes/no), rejection (yes/no), vascular complications (yes/no), graft failure (yes/no), and
disease recurrence (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 two years after transplantation.
Hospital admissions which were part of the protocolled follow-up care after transplantation, were not taken into account.
Perceived side-effects of the ISM were measured at 24 months after transplantation by
the Dutch version of the Modified Transplant Symptom Occurrence and Symptom Distress Scale (MTSOSD-59R).23 This questionnaire assesses the occurrence of symptoms
associated with ISM side-effects. Each item is scored on a 5-point scale (0 = never; 4 =
always). Validation of the MTSOSD-59R showed excellent construct and discriminant
validity.23 In this study, data of the MTSOSD-59R were dichotomized to distinguish between side-effects occurring less often (score 0 to 2) and often (score 3 or 4). In the
analyses, the number of ISM side-effects occurring often was taken into account by
counting all ISM side-effects with a score of 3 or 4.
With respect to individual variables, three variables that are amenable to change were
considered.
Personal control was measured before the transplant and at three, twelve, and 24
months after the transplantation using the Pearlin-Schooler Mastery Scale.24 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 5-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 reliability and validity.24 Cronbach’s alpha in this study ranged from 0.80 to 0.82.
Coping style was measured at all measurement-points using the short-form of the Coping Inventory for Stressful Situations (CISS-SF).25 The CISS-SF measures three dimensions of coping: task-oriented, emotional, and avoidance coping. The CISS-SF consists
of 21 items, in which the respondents rate the extent to which they engage in various
types of coping activities, using a 5-point Likert scale (1 = not at all; 5 = very much).
Higher scores on a subscale indicate more use of the specific coping style. In this study,
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Cronbach’s alphas ranged between 0.79-0.86 for the task-oriented coping scale, 0.820.86 for the emotional coping scale, and 0.78-0.86 for the avoidance coping scale.
The emotional response to the receipt of a transplanted organ was measured at three,
twelve, and 24 months after transplantation, by using three subscales of the Transplant
Effects Questionnaire (TxEQ): worries about the transplant, feelings of guilt towards the
donor, and disclosure about having had a transplant.26 Items are scored on a 5-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.27 The Dutch version of the TxEQ (TxEQ-NL)
showed acceptable internal consistency scores (0.66-0.79), and an adequate fit with the
original TxEQ.27 In this study Cronbach’s alphas were 0.71-0.78 for the subscale “Worry,”
0.65-0.66 for the subscale “Guilt,” and 0.70-0.86 for the subscale “Disclosure.”
Because life events other than the transplantation may exert an influence on the psychological functioning of transplant recipients, the total number of other life events
during the first two years after the liver transplant was taken into account as a confounding variable. These data were retrieved by questionnaire at twelve and 24 months
after transplantation using the Trauma and Life Event Self-report Inventory (TLESI).28
The TLESI consist of a list of eleven stressful events (eg, death of a loved one, losing
one’s job) on which a person can indicate which events happened in the past five years.
We adjusted this to “past year” in order to establish that the life events were present
during the first or second year after the transplant. Additional life events that influence
a person’s life could be added.

Transplant outcomes
Regarding outcomes after transplantation, anxiety and depression have been associated with worse outcomes regarding quality of life, adherence, and survival in liver
transplant recipients.9,10,22,29,30 In this study, medication adherence and health-related
quality of life (HRQoL), measured at 24 months after transplantation, were used as
transplant outcomes.
Adherence to the immunosuppressive medication was measured using the adherence
subscale of the TxEQ,26,27 which measures behavioral as well as emotional aspects of
adherence to the ISM-regimen. Higher scores indicate better adherence. Cronbach’s
alpha in this study was 0.76.
Health-related quality of life was measured using the World Health Organization Quality of Life–BREF questionnaire (WHOQOL-BREF).31 The WHOQOL-BREF consists of 24
items covering 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 5-point Likert scale. For each subscale a mean value was
computed, with higher scores indicating a better quality of life. In this study Cronbach’s
alpha’s for the subscales were, respectively, 0.87, 0.87, 0.65, and 0.85.

Statistical analyses
Descriptive statistics were used to calculate mean scores and prevalence rates. For
continuous data, differences between groups were examined with the Student t-test
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(normally distributed variables) or the Mann-Whitney U test (non-normally distributed
variables). Categorical data were examined with either the X2-test or Fisher exact test,
where appropriate.
Latent Class Growth Analysis (LCGA) with robust maximum likelihood estimation was
used to identify trajectories of anxiety and depression using Mplus 7.1. (Muthen &
Muthen, Los Angeles, CA). LCGA can identify unobserved differences in growth trajectories over time.32 To select the best model, several criteria were used: 1) the Bayesian
Information Criterion (BIC) and the Akaike Information Criterion (AIC) 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 (BLRT) and the Vuong-Lo-Mendel
Rubin Likelihood Ratio Test (VLMR), 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 trajectories with fewer classes.33 Based on the
LCGA, each respondent was assigned to one class, representing the personal trajectory
of anxiety and depression, which was used in subsequent analyses in IBM SPSS 22.0
(IBM SPSS, Inc., Chicago, IL).
To examine which demographic, clinical, and individual variables differed significantly
between the distinct trajectories, X2-tests and ANOVAs were used. Given the longitudinal study design, multivariate analyses of the variables significantly differing between
trajectories was performed using General Linear Mixed Models (GLMM). In the GLMM
analyses a polynomial approach was used, with either one of the trajectories of anxiety or depression as target variables entered as a nominal variable. Covariates were
entered as fixed effects. ANOVAs were also used to examine the influence of the trajectories of anxiety and depression on health-related quality of life and adherence at two
years after transplantation. The P value was set at 0.05, 2-sided, for all analyses.

RESULTS
Study population
Figure 1 provides an overview of the study inclusion, the available data, and the reasons for missing data. Demographic and clinical characteristics of the study population
are shown in Table 1. Because of the number of missing data at baseline (37/153,
24%), the differences between patients with and without a baseline-measurement
was examined. No differences were found regarding demographic variables. However,
respondents without a baseline-measurement were on the waiting list for a significantly shorter period, had a higher MELD-score at transplantation, and were more
often transplanted for acute liver failure than were respondents with a baseline-measurement.
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Transplant candidates enlisted for liver transplantation N = 474
(October 2009- April 2013 )
Excluded n = 71
- n = 56 not able to fill out questionnaire
- n = 10 deceased soon after placement on waiting list
- n = 4 re-transplantation within study period
- n = 1 removed from waiting list within 1 week

Not able to include before transplantation
- n = 53 Transplantation within 1 week after enlistment
Eligible to participate before
transplantation
n = 350

Eligible to participate after
transplantation
n = 28

Informed consent n = 260

Transplant within study period
n = 1 53

Reasons for missing data

140
T0
n= 116

n = 19 transplant before study inclusion
n = 18 transplant before questionnaire was filled out

T1
n = 137

n = 7 died
n = 6 too sick/still hospitalized
n = 3 non-response

T2
n = 141

n = 1 died
n = 3 too sick/still hospitalized
n = 2 re-transplantation

T3
n= 133

n=
n=
n=
n=

4 died
1 re-transplantation
5 non-response
1 withdrawal from the study

T4
n = 127

n=
n=
n=
n=
n=

2 died
2 re-transplantation
4 non-response
1 withdrawal from the study
2 too sick (enlisted for re-transplantation)

Figure 1. Overview of study inclusion and data.
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Table 1. Demographic and clinical characteristics of the total study population, and of respondents with
and without a baseline measurement

All
n = 153

Respondents
with baseline
measurement
n = 116

Respondents
without baseline
measurement
n = 37

103 (67.3)
117 (76.5)

76 (65.5)
90 (77.6)

27 (73.0)
27 (73.0)

0.40
0.57

28 (18.5)
69 (45.7)
54 (35.8)
142 (92.9)

21 (18.3)
54 (47.0)
40 (34.8)
109 (94.0)

7 (19.4)
15 (41.7)
14 ( 38.9)
33 (89.2)

0.85

35 (23.0)
82 (53.9)
35 (23.0)

33 (28.4)
58 (50.0)
25 (21.6)

4 (10.8)
22 (59.5)
11 (29.7)

0.09

54 (35.3)
19 (12.4)
12 (7.8)
17 911.1)
36 (23.5)
4 (2.6)
11 (7.2)
32 (20.3)
15 (9.8)

42 (35.2)
16 (13.8)
9 (7.8)
15 (12.9)
26 (22.4)
0
8 (6.9)
25 (21.6)
11(9.5)

12 (32.4)
3 (8.1)
3 (8.10
2 (5.4)
10 (27.0)
4 (10.8)
3 (8.1)
6 (16.2)
4 (10.8)

0.68
0.57
0.59
0.17
0.57
0.003
0.73
0.48
0.81

140 (94.0)
125 (83.9)
15 (10.1)
71 (47.7)
11 (7.4)

104 (92.9)
93 (83.0)
11 (9.8)
50 (44.6)
8 (7.2)

36 (97.3)
32 (86.5)
4 (10.8)
21 (56.8)
3 (8.1)

0.45
0.62
>0.99
0.20
>0.99

10 (6.5)
12 (7.8)
7 (4.6)

8 (6.9)
10 (8.6)
5 (4.3)

2 (5.4)
2 (5.4)
2 (5.4)

>0.99
0.73
0.68

51.0 (11.8)

50.8 (11.4)

51.5 (13.1)

0.78

343 (542)
17.7 (8.0)

405 (418)
16.2 (7.4)

149 (505)
22.5 (10.9)

<.001
.002

32.9 (33.5)

34.1 (37.2)

29.1 (17.7)

0.43

9.6 (21.6)

10.6 (24.3)

6.2 (7.9)

0.27

P value

n (%)
Sex: Male
Marital status: Partner
Educational level:
Primary
Secondary
University
Nationality: Dutch
Employment status:
Working
Sick leave/ work disability
Other
Primary disease:
Biliary cirrhosis
Metabolic liver disease
Cryptogenic liver cirrhosis
Viral hepatitis
Alcoholic liver disease
Acute live failure
Miscellaneous
Hepatocellular Carcinoma
Re-transplantation
Immunosuppressive
medication at discharge
Corticosteroids
Tacrolimus
Cyclosporine
Mofetil
Other
Use of psychiatric drugs
Anti-depressants
Benzodiapines
Other

0.33

Mean (SD)
Age at transplantation
(years)
Time on waiting-list (days)
MELD score at
transplantation
Duration of hospital stay
after the transplant surgery
(days)
Duration of ICU stay after
the transplant surgery
(days)
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Trajectories of symptoms of anxiety

Above clinical level

18

14

10
8
6

No symptoms
(n = 35, 23%)

Resolved symptoms
(n = 59, 39%)

12
Below clinical level

STAI-6 score (range 6-24)
STAI-6
score (range 6-24)

16

Pre Tx

3

6

12

Persistent symptoms
persistent
(n = 59, 39%)
symptoms
(n = 59, 39%)

24

Months after Transplantation

Figure 2. Trajectories of symptoms of anxiety from before transplantation to 24 months after
transplantation.
142
Trajectories of depressive symptoms

Above clinical level

30

20

10
5
0

No symptoms
(n = 35, 23%)

Resolved symptoms
(n = 73, 48%)

15
Below clinical level

CES-Dscore
score (range
CES-D
(range0-60)
0-60)

25

Pre Tx

3

6

12

Persistent
symptoms
(n = 45, 29%)

24

Months after Transplantation

Figure 3. Trajectories of symptoms of depression from before transplantation to 24 months after
transplantation.
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Trajectories of symptoms of anxiety and depression
The parameter estimates of the LCGA analysis showed that the 3-class model was the
best model for both symptoms of anxiety and depression (Table 2). Regarding symptoms of depression, the 4-class model seemed to be the best model, but the VLMR
was not significant and the additional class was not meaningful conceptually; it distinguished two classes with depressive symptoms below the clinical cutoff score at all
measurement-points.
The distinct trajectories of symptoms of anxiety and depression are depicted in, respectively, Figure 2 and Figure 3. Trajectory 1 (no symptoms) represented transplant
recipients who did not show clinically relevant symptom levels of anxiety or depression
at any measurement-point. Transplant recipients in Trajectory 2 (resolved symptoms)
showed clinically relevant symptom levels of anxiety or depression around the cutoff
score before transplantation but not after transplantation. In Trajectory 3 (persistent
symptoms) the transplant recipients showed clinically relevant symptom levels of anxiety at all measurement-points. The trajectories regarding symptoms of anxiety comprised respectively 38.6% (n = 59), 38.6% (n = 59), and 22.9% (n = 35) of the transplant
recipients. Those involving depressive symptoms comprised, respectively, 22.9% (n =
35), 47.7% (n = 73), and 29.4% (n = 45) of the transplant recipients.
Within all trajectories, of both symptoms of anxiety and depression, a significant decrease (P <0.001) in symptom level was found between the measurements before
transplantation and at three months after transplantation, but not at subsequent measurement-points.

Variables associated with trajectories of anxiety and depression
As shown in Table 3, regarding demographic variables no significant differences between trajectories of anxiety and depression were found. With respect to clinical variables, the number of ISM side-effects, biliary complications, and the number of days
readmitted to the hospital differed significantly between trajectories of anxiety and/or
depression. Regarding individual variables, personal control, emotional coping, taskoriented coping, and the emotional response to the receipt of a transplanted organ
differed significantly between the trajectories of anxiety and/or depression. The number of other life events also differed significantly between trajectories of anxiety and
depression.
Multivariate analysis (Table 4) showed that the influence of some of the variables examined was comparable for the trajectories of anxiety and depression. Transplant recipients in the trajectories of no and resolved anxiety and depression reported less sideeffects of the ISM, a higher level of personal control, and made less use of emotional
coping compared to those in the trajectories of either persistent anxiety or depression.
Furthermore, transplant recipients within the trajectories of no or resolved anxiety
made more use of task-oriented coping and disclosed more often that they had received a transplant compared to those in the trajectory of persistent anxiety. Transplant
recipients within the trajectory of resolved anxiety encountered more biliary complications, but were readmitted to the hospital for fewer days compared to those in the tra-
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3283.078

3298.421

3-class

4-class

4332.732

4192.687

4309.403

3-class

4-class

5-class

4145.759

4162.378

4235.757

4405.511

3168.113

3186.104

3238.474

AIC

0.85

0.89

0.88

0.88

0.80

0.77

0.85

Entropy

38.619

95.739

191.754**

469.088**

33.099

74.370**

285.826**

VLMR (df)

38.619*

95.379**

191.754**

469.088**

33.099

74.370**

285.826**

BLRT (df)

10.5

9.8

22.9

52.9

37.3

38.6

72.8

1

26.1

23.5

47.7

47.1

25.5

38.6

27.2

2

18.9

37.9

29.4

-

13.7

22.8

-

3

Size (%)

26.1

28.8

-

-

23.5

-

-

4

18.3

-

-

-

5

Note: BIC = Bayesian Information Criterion; AIC = Akaike Information Criterion; VLMR = Vuong-Lo-Mendel Rubin Likelihood Ratio Test; BLRT = Bootstrapped
Likelihood Ratio Test; * = significant at P = 0.05 level; ** = significant at P = 0.001 level

4469.150

2-class

Depressive symptoms

3302.113

2-class

Symptoms of anxiety

BIC

Table 2. Parameter estimates for model selection of the trajectories of anxiety and depression
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38 (64.4)
49 (83.1)
9 (15.5)
26 (44.8)
23 (39.7)
34 (57.6)
19 (32.2)
14 (23.7)
10 (16.9)
7 (11.9)
49.8 (12.0)
3.9 (4.1)
20.6 (24.6)
25.2 (4.4)
25.3 (3.9)
16.4 (5.5)
17.5 (4.7)

2.8 (0.6)
1.7 (0.5)
4.4 (0.7)
2.5 (2.2)

42 (71.2)
43 (74.1)

9 (15.3)
30 (50.8)
20 (33.9)

18 (30.5)
18 (30.5)
9 (15.3)
7 (11.9)
5 (8.5)

53.4 (11.0)
2.0 (3.7)
13.4 (20.0)

28.4 (3.9)

26.2 (5.0)
14.2 (4.7)
15.4 (5.6)

2.5 (0.8)
1.6 (0.5)
4.6 (0.5)
1.4 (1.4)

51 (69.9)
60 (82.8)
15 (20.5)
37 (50.7)
21 (28.8)
36 (49.3)
18 (24.7)
14 (19.2)
11 (15.1)
11 (15.1)
52.1 (11.4)
3.5 (4.3)
21.4 (25.5)
26.5 (4.5)
25.2 (4.8)
15.2 (4.5)
16.4 (4.8)

2.7 (0.7)
1.7 (0.5)
4.6 (0.5)
2.0 (1.8)

24 (68.6)
26 (76.5)
4 (11.4)
18 (51.4)
13 (37.1)
12 (34.3)
12 (34.3)
6 (17.1)
2 (5.7)
1 (2.9)
52.4 (12.0)
0.8 (1.0)
10.7 (17.8)
28.6 (3.7)
26.2 (4.3)
14.0 (4.1)
15.8 (5.4)

2.4 (0.8)
1.7 (0.5)
4.6 (0.5)
1.3 (1.2)

P value
0.72
0.35
0.41

0.01
0.93
0.28
0.73
0.79
0.12
0.001
0.03
<0.001
0.01
<0.001
0.08

0.001
0.001
<0.001
0.01

14 (40.0)
12 (34.3)
10 (28.6)
5 (14.3)
3 (8.6)
48.9 (12.3)
6.3 (6.0)
28.2 (33.3)
20.2 (4.4)
22.7 (5.4)
21.9 (6.5)
15.8 (4.2)

3.2 (0.7)
2.0 (0.7)
3.9 (0.8)
2.4 (2.1)

10 (29.4)
13 (38.2)
11 (32.4)

23 (65.7)
25 (71.4)

Trajectory
of Resolved
depression
n = 73

Trajectory of
No depression
n = 35

Trajectory
of Persistent
anxiety
n = 35

Note: ISM = immunosuppressive medication; # = in first two years after transplantation

n/%
Sex: Male
Marital status: Partner
Educational level:
Low
Middle
High
Medical complications#
biliary complications
vascular complications
rejection
graft failure
disease recurrence
Mean (SD)
Age at transplantation (years)
Number of ISM side-effects
Number of days rehospitalization#
Personal control
Coping style
Task-oriented coping
Emotional coping
Avoidance coping
Emotional response to the
receipt of a transplanted organ
Worry about transplant
Guilt towards donor
Disclosure transplantation
Number of life events #

Trajectory of
Trajectory of
No anxiety Resolved anxiety
n = 59
n = 59

3.3 (0.7)
2.0 (0.7)
4.0 (0.9)
2.8 (2.5)

23.9 (5.3)
21.6 (7.3)
16.5 (5.2)

20.7 (4.2)

48.0 (12.0)
6.4 (5.7)
23.8 (34.1)

18 (40.0)
19 (42.2)
13 (28.9)
9 (20.0)
3 (6.7)

9 (20.9)
14 (32.6)
20 (46.5)

28 (62.2)
31 (68.9)

Trajectory
of Persistent
depression
n = 45

<0.001
0.02
<0.001
0.01

0.14
<0.001
0.81

<0.001

0.13
<0.001
0.07

0.30
0.13
0.35
0.19
0.10

0.21

0.68
0.25

P value

Table 3. Differences in demographic, clinical, and individual variables between the distinct trajectories of anxiety and depression in liver transplant recipients
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Table 4. Odds ratios and 95% confidence interval (CI) of variables associated with trajectories of persistent
anxiety compared to no anxiety and resolved anxiety, and of trajectories of persistent depression
compared to no depression and resolved depression
Odds
ratio

95% CI
Lower

Odds
ratio

Upper

95% CI
Lower

Upper

Persistent anxiety vs. no
anxiety

Persistent anxiety vs. resolved
anxiety

1.83

0.52

6.44

6.79

2.23

20.70

Number of ISM side-effects

0.78

0.70

0.87

0.90

0.83

0.97

Number of days re-hospitalization#

0.98

0.95

1.00

0.98

0.96

0.99

Personal control

1.35

1.21

1.50

1.14

1.04

1.25

Task-oriented coping

1.25

1.13

1.39

1.18

1.07

1.30

Emotional coping

0.85

0.78

0.93

0.89

0.82

0.96
2.82

Variable
Biliary complications#

Worry about the transplant

1.44

0.71

2.89

1.51

0.80

Guilt towards donor

0.44

0.19

1.02

0.72

0.35

1.48

Disclosure about transplantation

2.39

1.21

4.71

2.35

1.34

4.13

Number of life events#

0.66

0.53

0.82

0.98

0.82

1.16

Persistent depression vs.
no depression
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Persistent depression vs.
resolved depression

Number of ISM side-effects

0.56

0.46

0.70

0.92

0.86

0.98

Personal control

1.30

1.18

1.43

1.19

1.11

1.29

Emotional coping

0.93

0.86

1.02

0.90

0.85

0.96

Worry about the transplant

0.33

0.17

0.62

0.92

0.57

1.50

Guilt towards donor

0.77

0.39

1.55

0.58

0.34

1.00

Disclosure about transplantation

1.70

0.91

3.17

1.56

1.01

2.43

Number of life events#

0.59

0.47

0.73

0.98

0.68

0.90

Note: ISM = immunosuppressive medication; # = in first two years after transplantation

jectories of persistent anxiety. Transplant recipients in the trajectory of no anxiety reported fewer other life events compared to those in the trajectory of persistent anxiety.
Transplant recipients in the trajectory of no depression worried less often about their
transplant compared to those in the trajectory of persistent depression. Those in the
trajectory of resolved depression made less use of emotional coping and disclosed
more often that they had received a transplant compared to those in the trajectory of
persistent depression. Compared to transplant recipients in the trajectory of persistent
depression, those in the trajectories of no or resolved depression reported fewer other
life events.

TRAJECTORIES OF ANXIETY AND DEPRESSION

Influence of distinct trajectories on medication adherence and health-related
quality of life
Transplant recipients within the distinct trajectories of anxiety and depression differed
significantly on the level of medication adherence (P = 0.02 and P = 0.01, respectively).
Transplant recipients in the trajectories of “no symptoms” showed the highest scores
for adherence (4.6, ± 0.5 and 4.7, ± 0.5, respectively), compared to 4.4 (± 0.6) in both
the trajectories of “resolved symptoms”, and respectively 4.0 (± 0.9) and 4.1 (± 0.9) in
the trajectory of “persistent symptoms.”
Regarding HRQoL, significantly different mean scores (P <0.001) in all domains of HRQoL
at 24 months after transplantation were found between transplant recipients within
the distinct trajectories. In the trajectories of “no symptoms,” the highest scores in all
domains of HRQoL were found. The trajectories of “persistent symptoms” showed the
lowest scores. Posthoc-analyses revealed that for the social domain, the trajectories of
“no symptoms” and “resolved symptoms” did not differ significantly for the trajectories
of anxiety (P = 0.53) as well as depression (P = 0.47).

DISCUSSION
Three distinct trajectories of symptoms of both anxiety and depression in adult liver
transplant recipients were identified: a trajectory of “no symptoms,” “resolved symptoms,” and “persistent symptoms.” A significant subset of liver transplant recipients
showed persistent symptoms of anxiety (23%) or depression (29%) after transplantation.
These 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 we did not find a trajectory resembling an increase in symptom levels
after transplantation. This might be due to the sample size, but differences in study
population and design might also have been responsible for this. DiMartini et al.15 included only transplant recipients transplanted for alcoholic liver disease and did not
include a pre-transplant measurement-point. In our study, the study population was
comprised of transplant recipients with various primary liver diseases and included a
pre-transplant measurement-point.
In our study, all trajectories showed a significant decrease in symptom level between
the measurements before and at three months after transplantation, implying a beneficial effect of the transplantation on psychological functioning for all recipients. Despite
this beneficial effect, transplant recipients with high symptom levels of either anxiety
or depression before transplantation seem to benefit less and to be most at risk for
maintaining high symptom levels after transplantation. Moreover, transplant recipients
within the trajectories of persistent symptoms, reported lower HRQoL and lower medication adherence. These results show not only the burden of psychological problems in
transplant patients, but also that they are at risk for worse outcomes regarding (graft)
survival due to their non-adherence.
In contrast to previous studies,6,9,10,20 we found no associations between demographic
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variables and the distinct trajectories of anxiety and depression in this study. Regarding
clinical complications, of all medical complications examined, only having had biliary
complications was associated with the trajectory of resolved anxiety. This seems to
indicate that transplant-related medical complications after transplant surgery do not
contribute to the persistence of symptoms of anxiety and depression. However, the
number of days readmitted to the hospital differed significantly between the trajectories of anxiety. This might indicate that medical complications that require prolonged
hospitalization, regardless of the underlying reason, may contribute to the persistence
of symptoms of anxiety. However, it remains unclear whether anxiety leads to longer
hospitalizations or vice versa.
Recipients in the trajectories of persistent symptoms of both anxiety and depression reported more severe ISM side-effects. This finding is in line with an earlier study among
liver transplant recipients, in which was found that the number of ISM side-effects was
associated with symptoms of anxiety and depression regardless of time since transplantation.21 This result highlights the importance of the effective management of ISM
side-effects. However, little is known about the treatability of these side-effects, and
effective management strategies to decrease ISM side-effects are lacking.34 This needs
to be further addressed in future research.
Regarding individual variables, we found that respondents in the persistent symptom
trajectories had a lower level of personal control, made more use of emotional coping,
less use of task-oriented coping, and less often disclosed about having had a transplant. These results indicate that individual characteristics play an important role in the
persistence of symptoms of anxiety and depression. Therefore, interventions aimed at
empowering transplant recipients by strengthening coping skills, personal control, or
social support may help to improve their psychological functioning. However, evidence
regarding effective psychosocial interventions in transplant recipients is limited.35 Only
a few studies report findings concerning psychosocial interventions, showing that these
interventions may well be effective in reducing distress in transplant recipients.35 Given
this scarcity of evidence based interventions for the transplant population, psychosocial interventions need to be developed and examined for their effectiveness.
The strength of our study is its prospective, multicenter design, the adequate response
rate (69%) and the reasonable sample size (n = 153). Although, data for pre-transplant
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 beforehand. This indicates that the results of our
study are valid for the study population.
Despite this, the generalizability of our results may be limited. Replication of our findings in larger samples is needed to be able to generalize our result to the liver transplant population as a whole. Larger sample sizes may also be needed to be able to
identify additional trajectories (eg, increasing symptoms) of anxiety and depression.
Furthermore, a longer follow-up is needed to be able to analyze the influence of the
distinct trajectories on survival after transplantation.

TRAJECTORIES OF ANXIETY AND DEPRESSION

In conclusion
Three distinct trajectories of symptoms of both anxiety and depression in adult liver
transplant recipients were identified: a trajectory of “no symptoms,” “resolved symptoms,” and “persistent symptoms.” A significant subset of liver transplant recipients
showed persistent symptoms of anxiety (23%) or depression (29%) after transplantation, with a negative effect on medication adherence and HRQoL. The trajectories of
“persistent symptoms” were influenced by clinical variables, especially ISM side-effects,
as well as individual variables such as coping, personal control, and disclosure about the
transplant. The results of our study emphasize the importance of psychological evaluation and support in the care of transplant recipients. Individual risk factors associated
with symptoms of anxiety and depression need to be assessed early in the transplant
process and continuous follow-up on the psychological functioning of transplant recipients is warranted. If necessary, interventions aimed at managing ISM side-effects and
empowerment can be offered to enhance the psychological functioning of transplant
candidates and recipients. However, psychosocial interventions for transplant patients
still need to be developed and examined for their effectiveness.
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