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ORIGINAL ARTICLE

Development of a Disease-Specific
Questionnaire to Measure Health-Related
Quality of Life in Liver Transplant Recipients
Sammy Saab,1,2 Vivian Ng,1 Carmen Landaverde,3 Sung-Jae Lee,4 W. Scott Comulada,4

Jennifer Arevalo,1 Francisco Durazo,1,2 Steven-Huy Han,1,2 Zobari Younossi,5 and Ronald W. Busuttil2

Departments of 1Medicine and 2Surgery, David Geffen School of Medicine, University of California Los
Angeles, Los Angeles, CA; 3Baylor University Medical Center, Dallas, TX; 4Semel Institute Center for
Community Health, University of California Los Angeles, Los Angeles, CA; and 5Inova Fairfax Hospital,
Falls Church, VA

Currently, no disease-targeted instrument is available for measuring health-related quality of life (HRQOL) in liver transplant
recipients. We developed and tested a post–liver transplant quality of life (pLTQ) instrument. Item selection for the pLTQ instru-
ment was based on responses from liver transplant recipients, 12 liver experts, and a literature search. Impact scores were
generated, and a factor analysis was conducted to organize the items into domains. Questions were constructed for each item,
and redundant questions were removed. The pLTQ instrument was initially administered to 196 liver transplant patients and
then was again administered to 77 patients 6 to 9 months later with a generic HRQOL survey [Medical Outcomes Study Short
Form 36 (SF-36)]. Analysis of variance was used to compare the scores of patients at different times since transplantation and
with various indications for transplantation. After redundancies were eliminated, the pLTQ instrument included 32 items in 8
domains: Emotional Function, Worry, Medications, Physical Function, Healthcare, Graft Rejection Concern, Financial, and Pain.
We found stable pLTQ instrument and SF-36 instrument scores over time. Data 6 to 9 months after the initial assessment indi-
cated stable quality of life outcomes. The pLTQ instrument is applicable to a variety of liver transplant recipients. The question-
naire was tested with a cross-sectional and longitudinal approach. Liver Transpl 17:567-579, 2011. VC 2011 AASLD.

Received September 23, 2010; accepted December 29, 2010.

Orthotopic liver transplantation provides a definitive
therapeutic measure for patients with end-stage liver
disease.1 In the last few decades, there have been
incremental improvements in patient and graft sur-
vival.2 Currently, the 5-year patient survival rate is
approximately 70%, and the 10-year survival rate is
60%.3-5 As a result, there has been a shift from the
acute management of liver transplant patients to a
more long-term approach as life expectancy after liver
transplantation continues to improve. With this shift
to a long-term approach, there has been a greater
focus on health-related quality of life (HRQOL), which

includes not only the physical well-being of patients
but also their emotional and social well-being.

Quality of life is defined by the World Health Organi-
zation as ‘‘individuals’ perceptions of their position in
life in the context of the culture and value systems in
which they live and in relation to their goals, expecta-
tions, standards, and concerns.’’6-8 The concept of
HRQOL is a more focused assessment determining
the quality of life by health parameters such as psy-
chological functioning, social functioning, and physi-
cal functioning.7 Several generic HRQOL question-
naires have been developed, but they do not identify
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disease-specific domains for specific medical states.
Disease-specific questionnaires provide greater speci-
ficity and sensitivity for patients of that population.7-9

Moreover, questionnaires that have been developed to
assess quality of life in patients with chronic liver dis-
eases also fail to capture unique components of liver
transplant recipients, such as rejection, disease re-
currence, side effects of immunosuppression, cardio-
vascular and cerebrovascular disease, infection, and
de novo malignancies.1,10,11

Several studies have assessed the quality of life in
liver transplant recipients and have identified important
items such as fatigue, physical function, psychosocial
stress, medical complications, cognitive function,
employment status, and sexual dysfunction.3,12-22 Such
studies have shown that the quality of life improves after
liver transplantation; this is demonstrated by improve-
ments in a patient’s self-image, functioning ability, and
perception of healthy status, and these factors continue
to improve over time.23-25 However, no disease-targeted
instrument has been available to measure HRQOL after
liver transplantation specifically in these patients.26,27

Thus, we sought to develop a disease-specific HRQOL
instrument for liver transplant recipients, that is, a
post–liver transplant quality of life (pLTQ) instrument.

PATIENTS AND METHODS

Instrument Development Phase

We developed an instrument for measuring longitudi-
nal changes over time in HRQOL for individuals who
have undergone liver transplantation. Our aim was to
construct an instrument able to assess both physical
and mental health, reflect areas of function that have
been identified to be important to post–liver trans-
plant recipients, and track changes that are clinically
important over a narrow time range. We sought (1) to
develop an instrument capable of producing summary
scores that can be statistically analyzed, (2) to provide
evidence of the reliability and validity of the instru-
ment, and (3) to develop a cost-effective and efficient
questionnaire that is easy to administer, widely appli-
cable, and relatively quick to complete with the least
number of questions possible (Fig. 1).

Patients

We selected patients from the post–liver transplant he-
patology outpatient practice at the Pfleger Liver Institute
of the University of California Los Angeles Medical Cen-
ter. Patients evaluated at the post–liver transplant clinic
were asked to participate in the study. The patients
were recruited over a course of 6 months. Patients were
included if they were liver transplant recipients and
were older than 18 years. Both English-speaking and
Spanish-speaking patients were included in the study.
The project was approved by the investigational review
board of the University of California Los Angeles Medi-
cal Center. Informed consent in writing was obtained
from each patient. Participation in the study was strictly
voluntary, and participants were not compensated.

Item Selection

The initial development of the pLTQ instrument
involved the collection of items that were thought to
be relevant to post–liver transplant patients with
respect to their functional status and sense of well-
being. Liver transplant recipients were interviewed in
focus group discussion sessions led by a moderator,
and items most pertinent to these patients were col-
lected through the focus groups. In addition, 12 liver
transplant experts were surveyed with open-ended
questionnaires on which they listed items that have a
significant impact on the quality of life of post–liver
transplant patients, and the importance of each item
was ranked on a 5-point Likert scale, with 1 being the
least important and 5 being the most important. On
the basis of the patient data, expert opinion, and a lit-
erature review of quality of life of post-liver transplant
recipients, an initial pLTQ instrument containing 121
items was developed.

Item Reduction

For the item reduction phase, 92 liver transplant recipi-
ents (a separate sample) were surveyed with open-
ended questionnaires containing the 121 items selected
in the previous phase of the study, and they were
asked to identify which items were of particular con-
cern to them and to rate their importance. The impor-
tance of each item that was of concern to the patient
was then ranked on a 5-point Likert scale, with 1 being
the least important and 5 being the most important.

Only items endorsed as concerns by more than 50%
of the patients were then considered. Impact scores
were generated for these items. Each impact score was
the product of the proportion of patients identifying an
item as a concern and the mean importance attributed
to that item. The impact scores could range from 0 to 5.

Forty items were identified as concerns by more
than 50% of the patients. We then conducted a factor
analysis of these items to help categorize the items
into various domains. Eigenvalue criteria and a scree
plot were used to determine the numbers of factors to
be considered. Items with an eigenvalue greater than
1 were identified. The rise of an eigenvalue correlated
with the increasing proportion of variance explained
by a factor, so a cutoff of 1 was used to identify fac-
tors for consideration. A scree plot was also used to
decide the number of possible domains. The scree
plot presented the eigenvalues of each factor in de-
scending order and determined where there was a
drop in the proportion of variance. Varimax rotation
was used to separate the factors with the optimal bal-
ance of variance explained by each factor. In our case,
the scree plot identified a model of 10 domains.

Questionnaire Construction and Pretesting

Appropriate questions were then constructed for each
item identified after the item reduction phase, and the
responses were based on how often the particular
item was of concern to the patient in the past 4
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weeks. A 7-point Likert scale was designed for the
responses, which ranged from being concerned all of
the time (Likert value 1) to not being affected at all
(Likert value 7). The 7-point Likert scale was chosen
on the basis of previously developed questionnaires
examining the quality of life in patients with chronic
liver diseases. The number of question items was
reduced from 40 to 32 to eliminate redundancies and
reduce responder fatigue. Twenty-one patients com-
pleted the self-administered pLTQ instrument for pre-
testing, and they commented on questions that they
found to be unnecessary or whose wording was
unclear. Changes were then made to the questionnaire
on the basis of the pretesting comments. A Spanish
version of the instrument was then developed via the
translation of the English instrument. Patients were
also timed in taking the questionnaire.

Measures

Based on the item reduction and pretesting phase, the
final pLTQ instrument consisted of 32 items. The 32
items were grouped into 8 domains, and each had a
mean score ranging from 1 to 7 that was based on a
Likert scale. A higher score indicated a better quality of
life for each domain. The survey’s reliability was tested
by test-retest methods, and Cronbach’s alpha statistic
is provided as a measure of the internal reliability of
the instrument. All 8 domains were found to have sat-
isfactory internal reliability, and they are categorized
as follows: (1) Emotional Function (4 items; Cronbach’s

alpha ¼ 0.78), (2) Worry (7 items; Cronbach’s
alpha ¼ 0.85), (3) Medications (4 items; Cronbach’s
alpha ¼ 0.70), (4) Physical Function (6 items;
Cronbach’s alpha ¼ 0.79), (5) Healthcare (4 items;
Cronbach’s alpha ¼ 0.66), (6) Graft Rejection Concern
(2 items; Cronbach’s alpha ¼ 0.72), (7) Financial (2
items; Cronbach’s alpha ¼ 0.64), and (8) Pain (3 items;
Cronbach’s alpha ¼ 0.60). In addition, the overall pLTQ
instrument score across the 32 items had satisfactory
internal reliability (Cronbach’s alpha ¼ 0.93).

The Medical Outcomes Study Short Form 36 (SF-
36) instrument consisted of the following domains:
Physical Functioning, Role–Physical, Bodily Pain,
General Health, Vitality, Social Functioning, Role–
Emotion, and Mental Health.28 In addition, the Mental
Component Summary score and the Physical Compo-
nent Summary score are reported.

In order to track whether patients remained clini-
cally and physically stable or had changes in their
status over this time between the initial pLTQ instru-
ment completion and the completion of the instru-
ment 6 to 9 months later, an additional global rating
of change (GRC) questionnaire, a short 4-question
survey, was created and administered. A 7-point scale
was used for the responses for this 4-question survey;
the scale was related to the patient’s view of how his
or her health had changed in the last 6 to 9 months
and ranged from ‘‘much worse’’ (3) to ‘‘no change’’ (0)
to ‘‘much better’’ (þ3). Therefore, patients with an av-
erage score of �3 to �1 were noted to have an overall
deterioration in their health status, patients with a

Figure 1. Development of the
pLTQ instrument.
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score of 0 experienced no change, and patients with
an average score of þ1 to þ3 experienced an overall
improvement in their health status over time.

Assessment of HRQOL With the pLTQ

Instrument

Cross-Sectional Administration of

the pLTQ Instrument

We administered the final 32-item pLTQ instrument
and SF-36 to post–liver transplant patients with a
wide variety of indications for transplantation and at
various times since transplantation; demographic and
clinical data were recorded at the time of question-
naire administration. The target sample size was 200;
we hoped that recruiting patients with a wide variety
of disease types at different times from transplanta-
tion would allow us to detect differences in a wide
range of groups.

Longitudinal Administration of the pLTQ

Instrument

The pLTQ and SF-36 instruments were once again
administered to the patients 6 to 9 months after the
original administration of the instruments. The GRC
questionnaire, a short 4-question survey, was also
administered at this time. Patients who did not return
the questionnaire were called, and a repeat question-
naire was mailed to those who stated that they did
not receive the first mailed questionnaire to improve
the response rates.

Statistical Analysis

We compared the pLTQ instrument scores and SF-36
domains by the time since liver transplantation. The
time since transplantation was categorized as follows:
1 to less than 6 months, 6 to 12 months, and greater
than 12 months. Comparisons of the pLTQ instru-
ment scores and SF-36 scores by the time since trans-
plantation were conducted by analysis of variance
(ANOVA). Similarly, we used ANOVA to compare pLTQ
instrument scores by GRC scores. We also compared
the pLTQ instrument scores and SF-36 scores by the
hepatitis C status of patients. These comparisons
were made with t test statistics. We report the F test
statistic for ANOVA and the t test statistic for the t
test. The ages were compared with the t test.
Demographic proportions were compared with Fish-
er’s exact test. P values less than 0.05 are considered
to be statistically significant. All analyses were
conducted with SAS 9.2 (SAS, Inc., Cary, NC).

RESULTS

Instrument Development Phase

Item Selection

We interviewed 70 liver transplant recipients for the
initial item selection phase; 44% were female. The

mean age of the patients was 53.8 611.5 years.
Twenty-nine of the patients had hepatitis C, 8 had
hepatitis B, 9 had alcoholic cirrhosis, 14 had hepato-
cellular carcinoma, 9 had cryptogenic cirrhosis or
nonalcoholic steatohepatitis (NASH), 3 had primary
biliary cirrhosis, 4 had primary sclerosing cholangitis,
5 had fulminant hepatic failure, and 4 had other
types of liver disease. Fifteen patients had more than
one indication for transplantation (eg, both hepatitis
C and hepatocellular carcinoma). In addition, 12 liver
experts, who included liver transplant surgeons,
transplant coordinators, and hepatologists, were sur-
veyed with open-ended questionnaires on which they
listed items that have a significant impact on the
quality of life of post–liver transplant recipients. Ini-
tially, 121 items were identified.

Patients for Item Reduction

For the item reduction phase, 92 post–liver trans-
plant patients (a separate sample) were surveyed
with open-ended questionnaires containing the 121
items from the initial pLTQ instrument. Of the 92
patients surveyed, 48% were female. The mean age
of the patients was 52.5 613.0 years. Thirty-six of
the patients had hepatitis C, 12 had hepatitis B, 13
had alcoholic cirrhosis, 20 had hepatocellular carci-
noma, 11 had cryptogenic cirrhosis or NASH, 3 had
primary biliary cirrhosis, 4 had primary sclerosing
cholangitis, 7 had fulminant hepatic failure, and
10 had other types of liver disease. Twenty-three
recipients had more than one indication for trans-
plantation (eg, both hepatitis C and hepatocellular
carcinoma).

Item Reduction and Factor Analysis

Forty items were identified as concerns by more than
50% of the patients. Principal component analysis
and a scree plot suggested a 10-factor model. A factor
analysis was performed, and each item was assigned
to 1 of the 10 factors (Table 1). Redundant questions
were eliminated, and the final questionnaire was for-
mulated with 32 items. Eight final domains were iden-
tified for the 32 items after the redundant items were
eliminated.

Pretesting of the Questionnaire

The 32-item questionnaire was pretested with 21
patients. These patients were also timed and took 8
minutes on average to complete the questionnaire.
Thirteen of the 21 timed patients completed the Eng-
lish questionnaire, and 8 patients completed the
Spanish questionnaire; on average, 6.6 minutes was
needed to complete the English version of the ques-
tionnaire, and 10.3 minutes was needed for the
Spanish version of the questionnaire. The pLTQ
instrument is summarized in the supporting
information.
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TABLE 1. pLTQ Item Impact Scores and Factor Loadings

pLTQ Item

Proportion With

Concern Importance Impact

Factor

Loading

Factor 1
Q83. Memory loss 0.64 3.03 1.95 0.67
Q84. Depression 0.54 3.34 1.82 0.75
Q85. Getting upset easily 0.51 3.57 1.83 0.80
Q86. Mood swings 0.51 3.19 1.63 0.79
Q87. Increased worry 0.53 3.55 1.89 0.62
Q89. Anxiety 0.52 3.52 1.84 0.73

Factor 2
Q12. Instructions for medication 0.53 4.14 2.19 0.55
Q14. Multiple doctor visits 0.54 3.72 2.00 0.80
Q15. Multiple blood draws 0.54 3.74 2.03 0.78
Q18. Need to clarify everything with doctor 0.51 3.66 1.87 0.68
Q67. Having to take too many medications 0.62 3.67 2.27 0.43

Factor 3
Q26. Limitations in activities 0.70 3.67 2.58 0.57
Q51. Decreased energy 0.72 3.83 2.75 0.79
Q54. Loss in strength 0.77 3.72 2.87 0.80
Q93. Change in sleep patterns 0.67 3.56 2.40 0.60
Q99. Being dependent on others 0.66 3.70 2.46 0.52

Factor 4
Q7. Length of recovery 0.73 4.04 2.93 0.54
Q36. Fear of recurrent disease 0.61 3.96 2.41 0.63
Q38. Unaware underlying disease may remain 0.57 3.94 2.23 0.79
Q120. Question lifespan 0.55 4.17 2.31 0.35

Factor 5
Q68. Cost of medications 0.63 3.95 2.49 0.77
Q116. Many bills 0.60 4.12 2.48 0.83
Q117. Trouble with billing 0.51 3.90 2.00 0.73

Factor 6
Q6. Joint/back pain 0.54 3.72 2.00 0.51
Q27. Learning to walk after surgery 0.64 3.74 2.38 0.57
Q28. Decreased physical activity 0.75 3.57 2.67 0.64
Q29. Ability to drive 0.60 3.65 2.19 0.64
Q98. Family members worry about illness 0.73 3.84 2.79 0.48
Q100. Being burden on family members 0.63 3.78 2.38 0.38

Factor 7
Q34. Taking better care of health 0.66 4.00 2.65 0.73
Q111. New appreciation for life 0.63 4.17 2.63 0.71

Factor 8
Q35. Fear of rejection 0.75 4.10 3.08 0.65
Q37. Worry about infection due to immunosuppression 0.78 3.75 2.93 0.53
Q82. Fear complications if forgot to take medicine 0.57 4.10 2.32 0.62
Q112. Difficulty returning to work 0.52 3.88 2.04 0.71

Factor 9
Q3. Postoperative pain 0.67 3.47 2.34 0.54
Q4. Recurring abdominal pain 0.52 3.54 1.85 0.71
Q71. Side effects 0.64 3.56 2.28 0.57

Factor 10
Q16. Long waits for appointments 0.59 3.57 2.10 0.48
Q61. Numbness/tingling 0.51 2.98 1.52 0.76

NOTE: The proportions of variance were as follows: factor 1, 0.2988; factor 2, 0.0852; factor 3, 0.0490; factor 4, 0.0477;
factor 5, 0.0452; factor 6, 0.0426; factor 7, 0.0372; factor 8, 0.0312; factor 9, 0.0303; and factor 10, 0.0256.
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Assessment of HRQOL With the pLTQ

Instrument

Cross-Sectional Administration of

the pLTQ Instrument

Of the 196 post–liver transplant patients who com-
pleted the pLTQ instrument in the next phase of the
study, 40.3% were women, and the mean age was
53.1 6 12.6 years. In all, 209 surveys were adminis-
tered, but data from 13 patients were not included
because of incomplete questionnaires. Of these
patients, 79 had hepatitis C, 29 patients had hepatitis
B, 51 had hepatocellular carcinoma, 28 had alcoholic
cirrhosis, 25 had cryptogenic cirrhosis or NASH, 17
had primary sclerosing cholangitis or primary biliary
sclerosis, 13 had fulminant hepatic failure, and 19
had other causes of liver failure requiring transplan-
tation. Notably, there were 59 patients with more
than 1 diagnosis for transplantation (eg, both hepati-
tis C and hepatocellular carcinoma; Table 2).

The 196 patients completing this phase of the study
were also divided according to the time since liver
transplantation: 0 to 90 days for 29 patients (14.8%),
91 to 180 days for 28 patients (14.3%), 181 days to
less than 1 year for 22 patients (11.2%), 1 to less
than 2 years for 25 patients (12.8%), 2 to less than 5
years for 36 patients (18.4%), 5 to less than 10 years
for 26 patients (13.2%), and more than 10 years for
30 patients (15.3%).

The patients were stratified according to 3 time
points since transplantation: 1 to 6 months, 6 to 12
months, and greater than 12 months (Table 3). In gen-
eral, the overall pLTQ instrument score corresponds to
the time since transplantation. Among all patients, we

observed an overall improvement across time in the
pLTQ instrument Physical Function (F ¼ 4.39, P ¼
0.014) and Healthcare domains (F ¼ 5.25, P ¼ 0.006).
When the pLTQ instrument scores were stratified
according to the indication for transplantation, we
observed that the overall pLTQ instrument score for
patients with hepatitis C at the time of transplantation
was lower than the score for patients with other causes
of liver transplantation. We observed a similar gradient
across each of the 8 domains. In fact, when we exam-
ined the pLTQ instrument domains across time among
patients without hepatitis C, we found a significant
improvement in overall pLTQ instrument scores (F ¼
3.23, P ¼ 0.043) and in the Physical Function (F ¼
5.84, P ¼ 0.004), Healthcare (F ¼ 5.41, P ¼ 0.006),
and Pain domains (F ¼ 3.80, P ¼ 0.025). However, this
improvement was not seen in patients with hepatitis C.

The patients were also asked to complete the SF-36
along with the pLTQ instrument (Table 4). For analy-
sis, the results were stratified into 3 time points since
liver transplantation: 1 to less than 6 months, 6 to 12
months, and greater than 12 months. Among all
patients, we observed significant improvements over
time in the Physical Functioning (F ¼ 10.47, P <
0.001), Role–Physical (F ¼ 19.72, P < 0.001), and
General Health domains (F ¼ 3.08, P ¼ 0.048) and in
the Physical Component Summary score (F ¼ 10.87, P
< 0.001). When the results were stratified according to
the indication for transplantation, patients without hep-
atitis C were noted to have improvements in the Physi-
cal Functioning (F ¼ 12.59, P < 0.001) and Role–Phys-
ical domains (F ¼ 11.60, P < 0.001) and in the
Physical Component Summary score (F ¼ 8.95, P ¼
0.003). However, in patients with hepatitis C, an
improvement was noted only in the Role–Physical do-
main (F ¼ 7.62, P ¼ 0.001) over time.

TABLE 2. Demographic Characteristics of the Primary and Follow-Up Cohorts of Liver Transplant Recipients

Characteristic Initial Cohort

Follow-Up Cohort

P Value*Responders Nonresponders

Total patients (n) 196 77 119
Age (years)* 53.1 6 12.6 55.6 6 11.7 51.8 6 13.1 0.134
Gender: male/female (n/n) 117/79 49/28 68/51 0.584
Time since transplantation at initial survey [n (%)]
0 to <6 months 57 (29.1) 22 (28.6) 35 (29.4) 0.710
6 to 12 months 22 (11.2) 14 (18.2) 8 (6.7) 0.163
>12 months 117 (59.7) 41 (53.2) 76 (63.9) 0.343

Indication for transplantation [n (%)]
Hepatitis C 79 (40.3) 29 (37.6) 50 (42.0) 0.552
Hepatitis B 29 (14.8) 15 (19.5) 14 (11.8) 0.153
Hepatocellular carcinoma 51 (26) 22 (28.5) 29 (24.4) 0.511
Alcoholic cirrhosis 28 (14.3) 13 (16.8) 15 (12.6) 0.411
Cryptogenic cirrhosis and NASH 25 (12.8) 12 (15.6) 11 (9) 0.081
Primary sclerosing cholangitis or primary biliary sclerosis 17 (8.7) 10 (13) 7 (5.9) 0.118
Fulminant hepatic failure 13 (6.6) 2 (2.6) 11 (9.2) 0.082
Other 19 (9.69) 5 (6.5) 14 (11.8) 0.323
More than 1 indication† 59 (30.1) 32 (41.6) 27 (22.7) 0.007

*Patient ages are presented as means and standard deviations.
†For example, some patients had both hepatitis C and hepatocellular carcinoma.
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Longitudinal Administration of the pLTQ

and SF-36 Instruments

The 196 patients who completed the pLTQ instrument
in the previous phase were all mailed the pLTQ
instrument to complete again within 6 to 9 months of
completing the initial questionnaire. Of the 196
patients, 77 patients (39.3%) returned the question-
naire. On follow-up, 8 of the initially recruited
patients (4.08%) died before requestioning. There
were no statistical differences between the 77 people
who returned the survey and those patients who did
not return the survey (Table 2). Of the 77 patients
completing the pLTQ instrument in this phase of the
study, 28 patients (36.4%) were female, and the mean
age of the patients was 55.6 6 11.7 years. Of these
patients, 29 had hepatitis C, 15 had hepatitis B, 22
had hepatocellular carcinoma, 13 had alcoholic cir-
rhosis, 14 had cryptogenic cirrhosis or NASH, 10 had
primary sclerosing cholangitis or primary biliary scle-
rosis, 2 had fulminant hepatic failure, and 5 had
other causes of liver failure requiring transplantation.
Notably, there were 32 patients with more than 1 di-
agnosis for transplantation (eg, both hepatitis C and
hepatocellular carcinoma).

The patients completing this phase of the study
were also divided according to the time since liver
transplantation and according to the time since the
initial completion of the first pLTQ instrument in the
previous phase of the study. Among the 77 patients, 7
patients (9%) were 0 to 90 days from transplantation,
15 patients (19.5%) were 91 to 180 days from trans-
plantation, 14 patients (18.2%) were 181 days to 12
months from transplantation, 7 patients (9%) were 1
to less than 2 years from transplantation, 15 patients
(19.5%) were 2 to less than 5 years from transplanta-
tion, 8 patients (10.4%) were 5 to less than 10 years
from transplantation, and 11 patients (14.3%) were
more than 10 years from liver transplantation.

For validation of the pLTQ instrument and SF-36
scores, the data were stratified by the hepatitis C sta-
tus (Table 5). Among the 77 who completed the fol-
low-up assessment, 72 patients had complete base-
line and follow-up data. Across all patients who
completed both assessments, we observed that
patients remained physically and clinically stable over
time; this was reflected in both pLTQ instrument and
SF-36 scores. We observed a significant improvement
in the SF-36 Physical Functioning domain after 6 to 9
months (t ¼ 2.18, P ¼ 0.031). Among patients without
hepatitis C, we observed a significant improvement in
the pLTQ instrument Healthcare domain (t ¼ 2.33, P
¼ 0.022) and the SF-36 Physical Functioning domain
(t ¼ 2.27, P ¼ 0.026).

To further determine whether the pLTQ instrument
scores and SF-36 scores remained stable over time,
we examined the pLTQ instrument and SF-36 associ-
ations with the GRC scores, which were categorized
as follows: got worse, no change, or improved (Table
6). We observed a general improvement in the pLTQ
instrument and SF-36 scores across GRC scores.

Among all patients, we observed a significant positive
association between the GRC score and the SF-36
General Health domain score (F ¼ 6.34, P ¼ 0.003),
Vitality domain score (F ¼ 4.85, P ¼ 0.011), and
the Physical Component Summary score (F ¼ 4.36,
P ¼ 0.017). Among patients without hepatitis C, we
observed a significant positive association between
the GRC score and the SF-36 Role–Emotion domain
(F ¼ 4.13, P ¼ 0.023). Among patients with hepatitis
C, we observed a significant positive association
between the GRC score and the SF-36 Role–
Physical (F ¼ 4.20, P ¼ 0.027), General Health
(F ¼ 6.14, P ¼ 0.007), and Vitality domains
(F ¼ 5.82, P ¼ 0.009) and the Physical Component
Summary score (F ¼ 4.24, P ¼ 0.027).

DISCUSSION

Using a framework previously used for the develop-
ment of other disease-specific HRQOL instruments,
we have developed the first disease-targeted HRQOL
instrument for patients who have undergone liver
transplantation: the pLTQ instrument.29-31 Previ-
ously, the absence of a disease-specific instrument for
assessing HRQOL in this specific patient population
has been a significant drawback for adequately
assessing the quality of life after liver transplantation.
Although the SF-36 has become the most frequently
used HRQOL instrument, it has many disadvantages,
such as the lack of assessment of cognitive function
and the lack of validation of changes in patient
responses over time.32

Additionally, there are concerns specific to the post–
liver transplant population that may affect patients’
quality of life and simply cannot be addressed in a
generic quality of life instrument, such as adverse
effects of immunosuppressive medications, rejection,
and the ability to pay for follow-up care. In our study,
a wide variety of sources, including patients with a va-
riety of indications for liver transplantation and a
panel of liver experts, were used to develop the initial
items to ensure that the most pertinent items were
captured. The use of factor analysis allowed categori-
zation of the different items into appropriate domains
representing specific components of HRQOL pertain-
ing to post–liver transplant patients. The pLTQ instru-
ment is unique because there are several domains in
our study designed to be specific to our population
that are not measured in the SF-36 or other generic
questionnaires, such as the Worry, Medications,
Healthcare, and Financial domains. The rest of the
domains in the instrument were designed to be com-
parable to the SF-36 domains for purposes of cross-
comparison and validation, although the questions
within each domain were intended to be specific to
liver transplant recipients. The pretesting found that
the pLTQ instrument is clear, is easy to administer,
and can be completed fairly quickly. Our instrument
is able to capture factors specific to liver transplant
recipients that are generally not addressed by general
questionnaires.
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We administered the pLTQ instrument to a fairly
large cohort of patients with a variety of indications for
liver transplantation, and we captured the patients at
a variety of time points since liver transplantation. Our
data demonstrate that the patients’ overall HRQOL
and their HRQOL in various domains improved with
time after transplantation. This is consistent with pre-
vious studies using the SF-36: both mental and physi-
cal components of life improved within 1 month after
transplantation, and there was continued improvement
3 and 6 months after liver transplantation. Such
changes in the SF-36 scores were also reflected by our
cohort of patients over time.33,34

In our study, we were able to show that patients
with hepatitis C as an indication for liver transplanta-
tion had lower pLTQ instrument scores in comparison
with patients who underwent liver transplantation for
causes other than hepatitis C. We also noted that the
pLTQ instrument scores generally did not improve
over time as significantly as they did for patients with
other indications for transplantation. This is consist-
ent with findings from multiple studies looking at SF-
36 HRQOL scores after liver transplantation for hepa-
titis C patients: lower scores were noted in comparison
with scores for those undergoing transplantation for
causes not related to hepatitis C. Scores were promi-
nently lower for the Bodily Pain and Social Functioning
domains. Both the physical and mental components of
the SF-36 scores were also lower. This may have been
due to the psychological stress of being concerned with
disease recurrence and the sequelae associated with
disease recurrence and progression.8,16,35-41

Our validation data, which were obtained 6 to 9
months after the administration of the initial pLTQ
and SF-36 instruments, indicated stable scores over
time. In fact, we found significant improvements in sev-
eral pLTQ instrument and SF-36 domains 6 to 9
months after the initial assessment. We were also able
to demonstrate positive associations between the GRC
scores and the pLTQ instrument scores and SF-36
scores 6 to 9 months after the initial assessment. The
small number of patients studied after subgroup analy-
ses may explain why significance was not seen in these
domains with positive associations. Our findings
underscore the utility of the pLTQ instrument for a va-
riety of liver transplant recipients.

Our pLTQ instrument may play a role in unique
liver transplant populations such as recipients of
organs from living related donors. Indeed, recipients
of living donor transplants experience psychosocial
declines in their quality of life after transplanta-
tion.19,42 Because the pLTQ instrument is designed to
track the psychological, social, and physical changes
in the quality of life over time specifically in liver trans-
plant recipients, future studies are required to assess
the utility of our instrument in other populations.

The limitations of our study include the use of a sin-
gle tertiary-care medical center in the construction
and testing of our pLTQ instrument. Although we
sampled patients who represented a large variety of
indications for liver transplantation, a selection bias is

still possible. However, a large difference across popu-
lations seems unlikely because quality of life concerns
are apparent across most populations. Furthermore,
the next step in our study is to administer the pLTQ
instrument at other liver transplant centers nationally
to allow for a separate sample for further validation.
Although a large sample size was chosen for the initial
cohort of patients completing the pLTQ instrument, at
6 to 9 months, the sample size was smaller with a
39.3% response rate. However, this is reflective of the
change in the way in which the pLTQ instrument was
administered at the second time point because the
patients were asked to respond by mail. The initial
recruitment of the patients was conducted in the clinic
setting; patients were asked to fill out a survey while
they were waiting for their scheduled appointment in
the posttransplant clinic, and they were subsequently
mailed a follow-up pLTQ instrument at 6 to 9 months.
It would not have been possible to re-administer the
pLTQ instrument during a clinic visit because the fol-
low-up intervals of these patients were not the same,
and some of the patients were followed only yearly.
Clinical study response rates vary widely.43-45 We
believe that our response rate of approximately 40% is
consistent with response rates observed in previous
studies. We maximized our response rate by calling
participants who did not return the questionnaire to
remind them to return the survey, and we provided
second mailings to those who did not receive the ques-
tionnaires initially. Comparing those who returned the
follow-up questionnaire to those who did not, we
found that the demographic characteristics were com-
parable, and this suggested that a response bias was
unlikely in our sample (Table 2).

However, because of the smaller sample for the longi-
tudinal data, we found that even though several
domains of the study had positive associations in com-
parison with the SF-36 instrument, the associations
did not reach significance because of the even smaller
populations in subgroup analysis. Furthermore,
because of limitations in the data collection and a lack
of available pathological data, we were unable to corre-
late HRQOL with the stage of recurrent disease and
instead used the time from liver transplantation for
those with hepatitis C. Additionally, although a Span-
ish version of the questionnaire was developed and
tested, significant recruitment of primarily Spanish-
speaking patients did not occur. We plan additional
studies in a Spanish-speaking population in the future.

In summary, the pLTQ instrument is the first dis-
ease-specific HRQOL instrument that has been devel-
oped with methodological rigor for patients who have
undergone liver transplantation. As a population, liver
transplant recipients are generally at risk from many
conditions in comparison with the general population,
and their HRQOL is typically affected most in the im-
mediate postoperative period. Understanding how
their HRQOL changes over time is important in track-
ing these patients over various studies. The pLTQ
instrument can be useful in subsequent clinical
research involving liver transplant patients.
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