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General introduction

Ultimately, the objective of health-care services and interventions is to maintain, restore,
or minimize a decline in a patient’s health [1]. Individuals define health in different ways
based on their personal health-related beliefs, values, and knowledge [2]. Some
individuals associate health predominantly with “the ability to work” [3]. By contrast,
elderly people often describe health in terms of preserving their autonomy and
self-reliance and not “being a burden to others” [4]. The Oxford English Dictionary
defines health as “the state of being free from illness or injury” [5]. However, the
definition of health formulated by the World Health Organization in 1948 as “a state of
complete physical, mental and social well-being, and not merely the absence of disease
or infirmity” [6] continues to be the most widely accepted definition.

For several decades, key indicators of treatment success have been patients’ survival,
disease recurrence, and laboratory values. Although these indicators are highly relevant
in many situations, they are not always appropriate for expressing what patients consider
to be meaningful descriptions of their symptoms, functional status, and perceived health
status. There could even be discrepancies between clinical health outcomes and patients’
conceptions of important outcomes. For example, a considerable proportion of cancer
patients are more concerned about their general health, quality of life, and infirmity than
they are about their survival [7]. Notably, in many clinical trials on cancer care, survival
remains the primary outcome [8].

There is increasing recognition worldwide of the need to measure patients’ health
outcomes with reference to their own experiences of their current health conditions.
Many researchers focus on measuring three main domains of health outcomes:
physical, mental, and social. Health evaluations, like any other scientific field, require
precise measurements. A wide range of instruments exist for measuring health
outcomes within different populations. A satisfactory measure of health outcomes is one
in which the content reflects patients’ perceptions and experiences of their health
conditions [9-11]. This type of evaluation entails what is often referred to as a
patient-centered approach.

PROMs
Patients may be considered the best assessors of their own health conditions. The idea
of incorporating patients’ views into health evaluations prompted the development of
patient-reported outcome measures (PROMs), which encompass all reports that are
directly sourced from patients regarding how they function or feel, without any
interpretation or filtering by physicians or others [12]. “Patient-reported outcome” is an
umbrella term covering diverse categories, including symptoms of diseases and the side
effects of treatments. PROMs can be used to measure the levels and impacts of
patients’ symptoms, such as fatigue, pain, or depression; functions like physical abilities,
cognitive functioning, or social activities; and multidimensional constructs like
health-related quality of life (HRQoL) [13].

Despite an emphasis on PROMs within health research, there seems to be less
concern about how they are designed and developed. Currently, many areas of health
care are guided by the principles of patient centeredness, patient involvement, and
patient advocacy. Patient centeredness is increasingly replacing the conventional
physician-centered approach. For example, the Patient-Centered Outcomes Research
Institute (PCORI) was established to expand the concept of patient centeredness from
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health-care delivery to health-care research and to fund comparative research on
clinical effectiveness that is patient centered [14]. PCORI considers research to be
patient centered if it entails a focus on outcomes that matter to patients and aims to
evaluate questions and PROMs that are meaningful and important to patients. A very
important factor that determines whether a PROM is patient centered relates to the
content of these measures and patients’ involvement in its generation [15, 16]. However,
a vast majority of frequently applied PROMs that are described in the literature were
constructed decades ago without patient involvement [15]. Consequently, they are far
from being patient centered [17].

Apart from the issue of PROM content, the question of how health should be
measured has long been a central one that has been extensively debated [18]. Two
contrasting frameworks are used to develop PROMs that measure health status [11, 19].
The first framework is a questionnaire-based approach for developing descriptive profile
PROMs. Descriptive profiles comprise one or more health domains aimed at measuring
the frequency or intensity of symptoms related to the specific domain. A major drawback
of such measures is that the self-reported severity of symptoms and functional
limitations does not necessarily reflect the extent to which these concerns are
considered important by patients.

The second framework entails the use of instruments to generate preference-based
PROMs that are derived from scaling models or preference-based methods. Instead of
measuring the level of the reported complaints (i.e., their frequency and intensity), these
PROMs generate a single number that expresses the overall quality of a patient’s health
(or of specific health conditions). Thus, a set of health items is quantified as a single
metric or index [11]. This thesis is grounded in the second framework, which is more
complicated than the first one, but which also yields measurements that are more
controlled. PROMs that are designed using this approach entail special judgmental
tasks, wherein respondents are asked to express their preferences for one health aspect
over another. Specifically, respondents are asked to formulate value judgments about a
specific health phenomenon, condition, or outcome by making trade-offs between health
items or attributes. These tasks typically require a comparative assessment of the
descriptions provided for different health states, with one health aspect being traded off
for another. Such preference-based tasks entail the weighting of distinct items according
to their relative importance, and a global value for the health condition in question is
consequently generated [11, 20].

These two frameworks are complementary and serve different goals. However, as
previously noted, the focus of this thesis is on the preference-based framework. For the
majority of existing preference-based measures, the values assigned to health states
used in health evaluations are derived not from patients but from a representative sample
of the general public [21, 22]. Assessments made by patients and by members of the
general public often differ. Contrasting with members of the general population, patients
generally assign more favorable values to their own health states than to other similar
health states [23, 24].

PROMs are typically self-administered and can be conducted digitally using
electronic devices or on paper [25]. Electronic PROMs (ePROMs) have been
recommended as an improvement over paper-based data collection. The administration
of ePROMs has potential benefits, such as reducing missing and unusable data by not
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allowing respondents to continue the registration process without completing all of the
items and only allowing one response option per item [26]. Moreover, scoring on paper
can be more time consuming compared with electronic scoring [27]. More importantly,
some novel frameworks entail interactive routines that require an electronic platform.

Next steps
The recently introduced multi-attribute preference response (MAPR) model, which is
based on the preference-based framework, enables values to be generated for different
health states [28, 29]. This measurement model entails the following task. Patients first
describe their own health state by rating a set of health items. Next, they compare their
own health states with those of a set of hypothetical patients that are slightly different
from their own. They are then asked to indicate whether their own health states are
better or worse than the hypothetical ones. Because the response task in the MAPR
model simply requires patients to determine their preferences relating to their own
health states (that serve as reference standards) and (closely) related hypothetical
health states, the assessment is less likely to be affected by “subjective” motives and is
consequently easier to accomplish. From both the theoretical and practical
perspectives, this new measurement approach has the advantage of generating PROMs
that are preference based as well as patient centered.

Transplantation
Solid-organ (kidney, lung, heart, and liver) transplantation has been established as the
treatment modality of choice for patients with end-stage organ failure. It has been
estimated that in 2017, 16 transplant surgeries were performed hourly across the world,
resulting in a total of 139,024 organ transplantations that year. This number reflects an
increase of 7.25% compared with the figure for 2015 [30].

Considerable improvements in the clinical health outcomes of solid-organ recipients
have prompted growing interest in post-transplant HRQoL. Evaluations of HRQoL for
solid-organ recipients are frequently performed using generic or
domain/disease-specific PROMs [31-34]. There is a wide range of PROMs that measure
HRQoL in different settings and within different populations, including solid-organ
recipients. These existing PROMs are known to have certain shortcomings. Most of
them do not contain health items that target solid-organ recipients, and they do not
reflect a patient-centered design approach. Moreover, their implementation is time
consuming. To overcome these shortcomings, we incorporated patients’ inputs in the
development of a preference-based and patient-centered ePROM (mobile application),
known as the Transplant ePROM (TXP). This app focuses specifically on the impacts of
transplantation on the HRQoL of solid-organ recipients, can be implemented quickly,
and is user friendly.

Overview of the thesis
The second chapter of this thesis begins by outlining the reasons why PROMs have
become important in health-care settings. This outline is followed by a brief overview of
the present situation and a discussion that elucidates why many of the currently used
PROMs for measuring health outcomes are only moderately informative. The benefits
and pitfalls of the current approaches are discussed, and finally, a novel approach for
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developing more accurate, informative, and appealing PROMs is described.
The third chapter presents the findings of a study that followed the course of HRQoL of
a large cohort of lung transplant recipients over a period of up to 15 years. This study, in
which currently existing PROMs were administered among solid-organ recipients,
revealed that transplantation dramatically improves the HRQoL of patients with
end-stage organ failure. The fourth chapter presents a scoping review of the literature
that was conducted to determine which PROMs have been used to assess HRQoL in
solid-organ recipients. This study provides an informative pool of potential health items
for inclusion in the development of the TXP. The fifth chapter describes the next step in
the process of selecting health items for the TXP. An overview of health items derived
using a completely patient-centered approach that could be important from the
perspective of solid-organ recipients is presented in this chapter. A total of nine health
items were identified for inclusion in the TXP. The sixth chapter introduces the final
format of the TXP, designed as a new tool for assessing HRQoL in solid-organ
recipients. It reports on an empirical study in which a group of solid-organ recipients
rated their own health states and ranked them in comparison to those of other patients.
This is the first demonstration of the application of the TXP among transplant recipients.
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The value of PROMs

The ultimate goal of any health intervention is to improve, sustain, or minimize decline of
the patient’s health condition [1]. Measurement plays an integral role in the evaluation of
efforts directed at achieving this goal. Key clinical outcome measures include indicators
such as disease recurrence, laboratory data, and patient survival. However, these
indicators do not reflect patients’ perceptions of their health conditions. For this,
patient-reported outcome measures (PROMs) are required. PROMs supplement
commonly tracked indicators of physiological or organ-specific functioning with data on
symptoms experienced by patients, their functional status, and their wellbeing to capture
the full impacts of their health problems. Despite the growing interest in and use of
PROMs, the process of developing and constructing them is still evolving. In this paper,
we argue that most of the currently used PROMs may not actually measure what
matters most to patients. Moreover, special PROMs extending beyond the conventional
ones are needed for many purposes.

Patient-reported outcome measures (PROMs)
Increased interest in patients’ perspectives within healthcare has prompted the
development of PROMs that directly report patients’ statements on how they function or
feel in the absence of any interpretation or filtering of information by physicians or
others [2]. The term PROM encompasses a broad spectrum of outcomes that include
the symptoms of a disease or the side effects of a treatment (e.g., fatigue, pain, or low
mood), functions (e.g., social activities, cognitive functioning, or physical abilities), and
even multidimensional constructs, including health-related quality of life or perceived
health status [3, 4].

PROMs can be used as measures within clinical consultations, research, or program
evaluation, serving multiple functions across a variety of niches. Indicative examples of
their use include monitoring patients’ clinical status, auditing practitioners’ or providers’
performances, assessing the extent to which the objectives of a health intervention are
being achieved, comparing interventions, or assessing the cost-effectiveness of certain
interventions.

Health content
A good PROM can be recognized from its content when it relates to health issues as
experienced by patients [5]. Often, this content focuses on health-related quality of life,
as defined by the WHO [6]. An important question that arises is how should items
(content) be selected for inclusion in PROMs and by whom? Items that are proposed by
researchers and physicians run the risk of foregrounding (clinical) aspects of health
conditions that are of little or no relevance to patients, while omitting other aspects that
patients consider significant. In our opinion, patients should be invited from the start of
the process of PROM development to identify what they consider as the most important
health items related to their diseases. In other words, PROMs should be developed from
a patient-centered perspective.

The notion of patient centeredness stems from the practice of patient-centered care.
The conventional physician-centered approach is increasingly giving way to a patient-
centered approach. A widely accepted definition of patient centeredness, introduced by
the US-based Institute of Medicine, is: “providing care that is respectful of, and responsive
to, individual patient preferences, needs and values, and ensuring that patient values
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guide all clinical decisions [7].” The Patient-Centered Outcomes Research Institute (also
in the United States) considers research to be patient centered when it includes a focus
on outcomes that matter to patients and when it seeks to evaluate questions and PROMs
that are meaningful and important to patients [8].

We have started to experiment with a novel method (HealthFan©) to select items for
PROMs directly from patients. This patient-centered approach differs from many of the
approaches currently used to determine the content of PROMs, as typical psychometric
methods are inadequate for this purpose [9]. A comprehensive list of candidate items
derived from literature searches, expert meetings, and patient consultations are
graphically depicted as a systematic approach for assembling related health items within
subdomains. The software makes it possible to present large sets of health items to
patients in a clear, informative diagram and is intended to make the cognitive task
easier. With this tool patients can select a set of items they consider as most important,
followed by a simple ranking task, all worked out in simple and intuitive software.

Applying the HealthFan method, we recently generated items as a first step towards
developing a PROM for patients experiencing chronic pain [10]. We were surprised to
learn that when reporting their experiences of chronic pain, patients generally prioritized
fatigue, which is not included in existing PROMs that are generally used for reporting
chronic pain.

Different frameworks
Apart from the content of PROMs, another important consideration is the type of
measurement framework used to construct PROMs. In fact, two contrasting frameworks
are used to construct PROMs [11, 12].

The first framework, which is the better known of the two, generates PROMs that are
synonymous with questionnaires. Almost all PROMs that are currently in use have been
created using this framework. They cover one or more health domains (e.g., mobility
and anxiety), with multiple items (questions) provided for each domain. Patients are
asked to identify a specific frequency or intensity regarding a specific health domain for
these items. An example is, “Are you able to go up and down the stairs at a normal
pace?” Patients choose from the following response categories: “without any difficulty”
(a score of 1), “with a little difficulty” (2), “with some difficulty” (3), “with much difficulty”
(4), and “unable to do” (5). A total score is obtained for each domain by summing the
scores obtained for its component items. These domain scores are collectively used to
generate an overall descriptive profile of the patient’s health status (Figure 1, quadrants I
and II). A plethora of these conventional PROMs exist, notably the SF-36 [13],
EORTC-QLQ-C30 [14], and the Kansas City Cardiomyopathy Questionnaire [15].

The second framework is quite different. These types of PROMs require judgmental
tasks, wherein patients assess two or more health aspects and choose the one that they
prefer. In such tasks, distinct health items are weighted based on the relative importance
assigned to them. Subsequently, a single global value associated with a patient’s health
condition is computed based on the aggregated set of weighted items [11]. Such a value
is denoted by a metric number on a scale extending from the worst to the most optimal
health condition (full health). These special PROMs differ from conventional PROMS not
only because they entail assessments but also because they use a small set of items.
These items collectively describe a patient’s health condition (Figure 2). Therefore, the
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Figure 1. A schematic depiction of patient-centered development (items are selected based on patient
involvement) and associated measurement frameworks. Several widely used patient-reported outcome
measurements (PROMs) are positioned within this scheme. Patient-centered electronic PROMs (ePROMs)
that are currently being developed are positioned in the fourth quadrant.

advantages associated with PROMs created using this measurement framework are,
firstly, that items are weighted and, secondly, that the outcome is a single global value
that expresses the quality or value of a patient’s health condition.

Both types of PROMs may be equally suitable for use in clinical trials and other
studies; however, their usefulness relates to the intended purpose of the PROM, which
is largely determined by the perspectives and interests of its users (i.e., patients,
clinicians, researchers, managers, or policymakers). If the purpose of the PROM is to
audit/monitor the performance of a practitioner or provider organization, then patients’
factual accounts of their state of health are required. Such measurements can be
collected using conventional PROMs. However, if the purpose is to guide the process of
improving the clinical management of patients or organizations, then a PROM that
provides a single value representing the global impact of a given health condition on a
patient would be more appropriate.

Current initiatives
In the current healthcare context, several new initiatives are being developed, with the
aim of enhancing the extent to which PROMs reflect patients’ needs and experiences.
One of these initiatives is the value-based healthcare (VBHC) program that foregrounds
the achievement of high value for patients as the overarching goal of healthcare
delivery [16]. Such a value that purportedly captures the interests and opinions of
patients is measured on the basis of the achieved outcomes. To measure these
outcomes, the US-based International Consortium for Health Outcomes
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Figure 2. A comparison of conventional PROMs (multiple items for each health domain, summed to obtain a
score) and special PROMs (one item for each distinct health domain, weighted to obtain a single value).

Measurement (ICHOM) launched an initiative to produce standard sets of PROMs to
support the VBHC program [17]. Another recent American initiative is the Patient
Reported Outcomes Measurement Information System (PROMIS) [18]. PROMs
included in the PROMIS measure the severity of individual patients’ health conditions
relating to one specific health domain. Moreover, they can be administered through
“computerized adaptive testing” that generates precise measurements derived solely
from responses to a few selected items extracted from a larger bank of items.

As previously mentioned, the ICHOM is creating standard sets of outcome measures
that also include PROMs. An inspection of these sets revealed that most PROMs were
not patient centered in their development. Working groups comprising 10–20 or more
medical experts and one or two patient representatives were formed to select existing
PROMs as part of an ICHOM standard set [19]. Thus, experts’ opinions clearly
outweighed those of patients in the selection process. Moreover, the ICHOM selection
protocol focuses on existing PROMs [20], most of which have been developed without
any patient involvement at an early stage of item selection [21]. Some of the ICHOM
standard sets do include the EQ-5D instrument that generates a global value. This
instrument is the most widely used one in its class (quadrant III in Figure 1) and was
specifically developed for conducting cost-effectiveness analyses [22]. However,
patients were neither involved in the selection of the items nor in the assigning of
weights to them. Consequently, the EQ-5D and comparable instruments do not fulfil the
standards of patient centeredness. In general, the legacy instruments used by health
economists are complex and confronting us with a whole set of methodological
challenges [23].
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A similar situation applies to the PROMIS tools. Despite the development of a
state-of-the-art methodology for this large-scale initiative, the associated measures are
all based on items derived from questionnaires that were developed decades ago. At
that time, items were selected mostly on the basis of experts’ opinions rather than those
of patients who have experienced limitations and symptoms. Patients’ involvement is
mostly confined to the initial PROM construction process, during which their feedback
on the clarity, content, and appropriateness of the proposed items were sought. Here
too, these PROMs do not measure the impacts of limitations and complaints on patients;
instead, they measure the level of these limitations and complaints.

Next steps
Conventional PROMs are often lengthy, and patients may find them tedious to complete.
By contrast, well-designed electronic PROMs (ePROMs) can be relatively short. Such
ePROMs should extend beyond simply providing a translation from a manually
completed form to an electronic online mode. The full capacity and features of modern
software, including animation, colors and icons, routings, interactions, and layers, should
be utilized. The use of such ePROMs can also facilitate the provision of interactive
explanations and instructional elements in feedback modules to support patients in real
time.

In many situations, special PROMs are needed to weigh the importance that patients
attach to specific health aspects. This requires a more complex analytical procedure
which cannot be easily accomplished without the use of computers. Therefore, the
challenge is to develop ePROMs that not only produce a global value but are also fully
patient centered (quadrant IV in Figure 1). With the development of this new group of
ePROMs, patients can be provided with an integrated portrayal of the full measurement
complexity, created with state-of-the-art software [24]. The use of such software in
conjunction with modern measurement models can even lead to a reduced likelihood of
biased patient responses resulting from adaptation, strategic performance, or some
other mechanism [25]. Although there have been attempts to redesign PROMs that are
oriented in this direction, much remains to be done (Figure 3).

We concur with the following observation made by Alvan Feinstein, the founding
father of Clinimetrics, more than two decades ago: “Devising suitable creative strategies
to ascertain, incorporate, and weigh patients’ preferences is one of the fundamental
intellectual challenges facing quality-of-life researchers today [26].” We are now in a
position to make this happen. Modern ePROMs can incorporate these requirements in
tools that appeal to patients, researchers, policy makers, and medical doctors.
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Figure 3. The generic health-status instrument CS-Base used in the measurement routine of the
HealthSnApp©TM mobile application (prototype). There are two tasks in the mobile app. Task 1 is a descriptive
task in which all the health items are listed in interactive boxes presented in table format on a single screen (on
the left). When the interactive box for a specific item is clicked, it rotates to display the response options. For
example, when the box labelled “Social functioning” is clicked on, it rotates to display the following response
options: “No problems with social functioning,” “Some problems with social functioning,” “Moderate problems
with social functioning,” and “Severe problems with social functioning.” Information collected during the first task
is used in the second assessment task in which respondents indicate which level of a specific health item they
consider to be the most problematic. This task can be repeated multiple times. Task 2 provides a self-ranking
exercise conducted by the patients regarding their health status and other health states (here, 3) progressing
from worse to better. This ranking is used to estimate weights for the levels of each item at the group level.
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Abstract
During the last 3 decades lung transplantation (LTx) has become a proven modality to
increase both survival and health-related quality of life (HRQoL) in patients with various
end-stage lung diseases. Most previous studies have reported improved HRQoL shortly
after LTx. With regard to long-term effects on HRQoL, however, the evidence is less
solid. This prospective cohort study was started with 828 patients who were on the
waiting list for LTx. Then, in a longitudinal follow-up, 370 post-LTx patients were
evaluated annually for up to 15 years. For all wait-listed and follow-up patients, four
HRQoL instruments were administered: State-Trait Anxiety Inventory, Zung Self-rating
Depression Scale, Nottingham Health Profile, and a visual analogue scale.
Cross-sectional and generalized estimating equations (GEE) analysis for repeated
measures were performed to assess changes in HRQoL during follow-up. After LTx,
patients showed improvement in all HRQoL domains except pain, which remained
steady throughout the long-term follow-up. The level of anxiety and depressive
symptoms decreased significantly and remained constant. In conclusion, this study
showed that HRQoL improves after LTx and tends to remain relatively constant for the
entire life span.
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Introduction
Lung transplantation, with a reported median survival of 5.8 years, is currently
recognized as a worthwhile modality of treatment for patients with end-stage lung
diseases [1]. Over 55,000 transplants have been performed worldwide over the last
three decades. This quantitative increase was concurrent with improvements in the
physical and mental aspects of health in these patients [1, 2]. The survival rate has
increased due to advances in surgical techniques and post-operational care such as
guidance on lifestyle and administration of potent anti-microbial agents. Besides the
increase in life years, it is important for both patients and health-care providers to
assess the effects of transplantation on health-related quality of life (HRQoL).

After lung transplantation, patients encounter challenges such as risk of graft
rejection, chronic lung allograft dysfunction such as bronchiolitis obliterans syndrome
(BOS), infections and malignancies due to immunosuppression, and side effects of
medications [3, 4]. In both the short and long term these issues can also affect their
HRQoL. Several studies have been performed with health-outcome measurement
instruments that capture a specific element of HRQoL. In the short term, most patients
are found to experience meaningful improvements after lung transplantation [5-10].
However, the generalizability of these studies is constrained by methodological
problems such as cross-sectional design, short-term follow-up, and small sample sizes.
A few longitudinal studies have evaluated HRQoL after lung transplantation [11-14]. The
biggest changes they report occur in the early post-transplant period in the domains of
physical health and functioning like walking capacity which generally remained constant
in subsequent follow-ups. But these studies have methodological problems too: small
sample size and inclusion of combined heart and lung-transplant patients. In light of
their systematic review, Seiler and colleagues summarized HRQoL and psychological
outcomes in patients after LTx and found that “the trajectory beyond 3 years
post-transplant appears to remain uncertain, mostly due to the lack of data” [15].

In the present study we describe the trend of HRQoL in a large cohort of
lung-transplant patients demonstrated by longitudinal serial annual evaluations up to 15
years after transplantation. We then evaluate the effect of demographic and clinical
factors on that trend during the post-transplant period. Our hypothesis was that health
improves after transplantation and then remains stable.

Methods
Study design
In a prospective cohort study conducted from 1992 to 2014, all eligible candidates for lung
transplantation in the University Medical Center Groningen (UMCG) who gave consent
to participate were included in the study. In addition, patients from the University Medical
Center Utrecht (UMCU) and Erasmus Medical Center Rotterdam (EMC) were included
from 2002 on. Inclusion criteria were candidacy for lung transplantation, age ≥ 18, and
sufficient Dutch language skills. Neither patients with previous lung transplantation nor
candidates for a combined heart and lung or lung and liver transplantation were included.

The study protocol was approved by the institutional review boards of all 3 centers.
Since post-transplant health evaluations are part of standard care at all 3 centers, Dutch
legislation did not require ethical approval. The immunosuppression protocol in the
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UMCG was Cyclosporine-based from 1992 to 2001; afterwards, it was
Tacrolimus-based. All participants received adequate information about the study and
were assured that their information would remain confidential. After obtaining informed
consent, demographic variables such as age, gender, marital status, working situation,
and underlying pulmonary disease were registered.

All patients were asked to fill in two generic and two domain-specific instruments
to score their perceived HRQoL. The self-report instruments were first completed upon
entering the waiting list for lung transplantation and subsequently upon annual evaluation.
The maximum follow-up time in this cohort was 15 years. Forms were sent by postal mail
and participants were asked to fill in the instruments themselves at home.

HRQoL instruments
This study applied two domain-specific HRQoL instruments to evaluate anxiety and
depression. Anxiety was measured with the State-Trait Anxiety Inventory (STAI), a
20-item self-report measure in which responses are given on a four-point Likert scale
from 4 (always) to 1 (never). The overall score ranges from 20 to 80, with 80
representing the worst possible state of anxiety [16]. Depression was measured with the
Zung Self-rating Depression Scale (SDS), a 20-item self-report instrument with a 4-point
Likert scale to evaluate the psychological, affective, and somatic symptoms associated
with depression. The overall score to be obtained with this instrument ranges from 25 to
100, where high scores indicate severe symptoms [17]. We followed the standard
instructions of the Zung and STAI. Accordingly, when calculating overall scores, if the
number of missing items was equal or less than 2, we imputed their value by taking the
mean of the other items. Overall scores with more than 2 missing items were excluded
from the analysis.

In addition, the Nottingham Health Profile (NHP) was used as a generic HRQoL
instrument. The NHP is a self-report tool that contains 38 items and measures 6
domains of HRQoL: emotional reactions, social isolation, sleep, pain, energy, and
physical mobility. The response categories for each item are ‘yes’ and ‘no’. Separate
scores are calculated for each domain and lie between 0 and 100, whereby higher
scores represent lower levels of HRQoL. Following the instructions for this instrument, if
for an individual patient a response was missing on at least one item, that domain was
excluded from the analysis [18].

In addition, patients were shown the visual analogue scale of the EuroQol instrument
(EQ-VAS) and asked to choose a number between 0 and 100 to represent their perceived
health condition. A higher number indicates better health [19].

Statistical analysis
Descriptive statistics were used to summarize the patients’ demographic and baseline
characteristics. Means (standard deviation) were calculated at every follow-up point to
chart the trends for the HRQoL domains. Several independent variables were selected
on the basis of their clinical relevance and similar previous studies for the purpose of
assessing their effect on the trends of HRQoL found in this study. The list consisted of
gender, age, working situation, marital status, pre-transplant diagnosis, type of transplant,
and type of immunosuppression after transplantation. The independent variables were
entered in the analysis as determinants of longitudinal change. Separate analyses were
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performed in which the patients were divided in 3 groups based on age (younger than 44,
between 45 and 55, and older than 56 years). Graphs were drawn to demonstrate the
trend of the scores of the instruments with a 95 percent confidence interval. The scores
were reversed on the graphs to demonstrate the increasing trend of HRQoL.

Generalized estimating equations (GEE) models were employed to identify significant
determinants of longitudinal changes in HRQoL during the 15-year follow-up time. GEE
analysis takes into account the correlation of responses for an individual patient and
has many advantages for analyzing longitudinal or repeated measures. This statistical
routine is flexible in handling missing data and produces efficient and unbiased regression
coefficients (β) [20]. In this study, the exchangeable working correlation matrix option was
used to estimate βs for each independent variable. Level of significance was set at a p
value of less than 0.05. Student’s t-tests were performed to compare the results of our
study with data for the general population. All statistical analyses were done with the
SPSS 20.0 software package (IBM Corporation, Chicago IL, USA). SigmaPlot version
12.3 (Systat Software, Inc., San Jose CA, USA) was used for drawing the graphs.

Results
Patients’ participation and demographics
From 1992 to 2014 a total of 1083 end-stage lung-disease patients became candidates
for lung transplantation in the UMCG, UMCU, and EMC. Among them 828 (76%)
participated in the study by filling in the instruments the moment they were placed on the
waiting list. Some possible reasons for not participating in the study were a lack of
interest, a short time between candidacy and surgery, and being too ill. Eventually,
370 (34%) of those initial participants underwent lung transplantation. In addition to
those 828 participants, 56 patients (from the original 1083 candidates) filled in the
instruments after transplantation for the first time, bringing the total number of
participants up to 884 (81%). Figure 1 schematically depicts the inclusion and the
number of patients (including percentages of living respondents) who filled in the
HRQoL instruments at each time point, the number of patients who died, censored due
to the end of study, and lost to follow-up during the 15 years.

The age of patients in this study ranged from 13 to 69 years, with a mean age of
46.6 (11.7 SD) when wait-listed. Two patients were registered on the waiting list at age 13
and 14, but they started to fill in the instruments after they turned 18. A total of 487 (55%)
patients were female (Table 1). A large proportion of the participants (30%) had become
end-stage lung-disease patients due to chronic obstructive pulmonary diseases (COPD),
a smaller share due to cystic fibrosis (CF) (17%).
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Figure 1. Scheme of study inclusion and follow-up (LTx, lung transplantation).
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Table 1. Sociodemographic characteristics of the study population

Characteristics N Percent

Waiting list
Gender

Male 397 44.9
Age years mean (range) 46.6 13-69
Marital status (have partner) 599 67.8
Working or studying 215 24.3
Underlying medical disease

Alpha1-anti trypsin deficiency 109 12.3
Cystic fibrosis 155 17.5
COPD 269 30.4
Other 351 39.7

First year after LTx
Gender

Male 154 48.1
Age years mean (range) 47.6 19-66
Marital status (have partner) 213 66.6
Working or studying 76 23.8
Underlying medical disease

Alpha1-anti trypsin deficiency 55 17.2
Cystic fibrosis 48 15.0
COPD 97 30.3
Other 120 37.5

Type of LTx
Bilateral 199 62.2

Type of immunosuppression
Tacrolimus 225 70.3

Baseline differences in HRQoL
In the waiting list assessment, female patients showed significantly higher levels of
anxiety and depression than males (Figure 2). Their mean NHP scores on energy and
physical activity were also worse (Figure 3). Patients who were working or studying had
significantly better STAI and Zung scores (38.3±0.8 and 50.6±0.6) than the non-working
group on the waiting list (43.2±0.5 and 55.7±0.4). Those working or studying had better
scores on energy, social isolation, and physical activity (52.34±5.3, 8.90±2.3, and
35.74±3.1) compared to the non-working group (72.21±2.7, 14.62±1.6, and 55.89±2.2).
Similarly, the working or studying patients reported better VAS scores before the
transplantation compared to patients who did not work or study (51.1±2.4 and 41.4±1.5).
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Figure 2. Reversed mean scores for depressive symptoms (Zung) by gender.

According to the underlying medical disease, patients with cystic fibrosis had the
lowest level of anxiety (39.1±0.9), followed by patients diagnosed with alpha 1-anti trypsin
deficiency (40.5±1). Patients with COPD had the highest STAI mean score (43.9±0.7).
They also had significantly higher levels of depression (56.7±0.6) than patients with cystic
fibrosis, alpha 1-anti trypsin deficiency, or other pulmonary diseases (52.8±0.8, 53±0.8,
and 54.1±0.5 respectively).

Patterns of HRQoL after LTx
The STAI and Zung mean scores as well as all domains of the NHP, except for pain,
declined sharply immediately after transplantation. Overall, the study population
reported a considerably higher perceived health condition (VAS score) compared to the
assessment when placed on the waiting list (Table 2). The improvement in HRQoL
remained relatively steady from the first year after LTx to the end of follow-up. After
transplantation, most patients reported a HRQoL comparable to that of the general
population [21]. However, post-transplant patients had a higher level of depression
compared to values for the general population sample (p < 0.001) [17].

Patterns of HRQoL after LTx in different groups
GEE analysis was performed to evaluate the longitudinal differences in HRQoL scores
on selected independent variables (Appendices 1 and 2). Regarding gender, females
showed significantly higher levels of depression than males after LTx (p = 0.01)
(Figure 2). Similarly, females had worse mean scores on energy level (p = 0.009) and
physical activity (p = 0.012) (Figure 3). Regarding age, patients in all 3 categories
showed a significant decline in anxiety and depressive symptoms immediately after
transplantation, and that trend continued steadily until the end of follow-up. Patients
younger than 44 years had significantly better scores on sleep (p = 0.011) and physical
activity (p = 0.0001).

From the first to the fourth year after transplantation, the lowest STAI scores were
found among cystic fibrosis patients and the highest among COPD patients.
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Figure 3. Reversed mean scores for physical activity and energy domains of HRQoL (NHP) by gender.

However, GEE analysis did not show a significant difference between these diagnostic
groups. Comparison of the 4 diagnostic groups showed that patients with CF and
alpha 1-anti trypsin deficiency had significantly lower levels of depression (p = 0.003 and
p = 0.025, respectively) than patients with other diagnoses. The perception of overall
health was better in the CF and alpha 1-anti trypsin groups, according to their VAS score
(p = 0.001 and p = 0.016). CF patients also had the lowest scores on energy level
(p = 0.007), sleep (p = 0.001), and physical activity (p < 0.001).

The STAI and Zung mean scores of both working/studying and non-working groups
decreased considerably one year after the transplantation and remained constant during
the post-transplant period. The working/studying group had a statistically significant lower
level of anxiety (p = 0.024) and depression (p = 0.016). This group also had better scores
in the physical activity and pain domains of NHP (p < 0.001), especially in the first 6 years
of the post-transplant period.

Patients who received Tacrolimus for immunosuppression after lung transplantation
reported levels of anxiety in our study comparable to those reported by patients who
received Cyclosporine (p = 0.953). Since the usage of Tacrolimus is part of the newest
protocol for patients in our medical centers, the comparison of these groups is only
possible for the most recent 11 years. According to the depression, despite the slightly
higher level of depressive symptoms in the Tacrolimus group compared to the
Cyclosporine group in the first 3 years after LTx, GEE analysis showed a non-significant
difference between these two groups during the post-transplant period.

Regarding the type of transplant, unilateral and bilateral lung recipients showed a
similar steady trend in STAI and Zung scores during follow-up. Patients who underwent
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Table 2. Scores on the 4 HRQoL instruments: mean (standard deviation)

Reference
value

MID
Waiting list

N=828
Year 1
N=320

Year 5
N=161

Year 10
N=54

Year 15
N=12

STAI ≤37 10 42.1 (11.2) 32.9 (10.8) 33.4 (10.4) 33.4 (10.9) 36.0 (14.0)

Zung ≤33 8-9 54.5 (9.5) 41.8 (10.9) 43.0 (10.4) 41.8 (10.5) 43.1 (10.6)

NHP Energy <15 n/a 67.5 (35.6) 14.3 (29.9) 17.4 (31.7) 17.5 (30.9) 29.4 (45.9)
NHP Pain <15 n/a 8.3 (17.7) 7.4 (18.4) 9.1 (22.5) 16.0 (29.4) 16.4 (30.7)
NHP Emotional <15 n/a 18.3 (21.4) 6.0 (13.4) 6.8 (14.7) 8.6 (18.4) 11.9 (20.0)

reactions
NHP Sleep <15 n/a 25.4 (29.8) 16.4 (26.4) 15.7 (25.4) 18.7 (29.1) 3.5 (11.0)
NHP Social <15 n/a 13.2 (19.5) 3.2 (9.7) 2.9 (9.0) 4.8 (13.4) 6.1 (10.4)

isolation
NHP Physical <15 n/a 51.0 (26.5) 11.1 (19.8) 11.1 (18.3) 13.6 (18.2) 10.0 (15.7)

mobility

VAS >82 7-10 43.7 (18.5) 78.5 (16.8) 77.7 (17.4) 77.8 (15.5) 74.7 (21.9)

Range of possible scores: STAI, 20 to 80; Zung, 25 to 100; NHP, 0 to 100; and VAS, 0 to 100.
MID, Minimal important difference.

unilateral transplantation had a better score for pain than the bilateral group in the first
year after surgery. This difference was not significant during subsequent years and both
groups showed a steady trend over time. Nor was there a significant difference in other
domains between these two groups. Unilateral transplant patients had worse VAS
scores with an increasing trend during the first 4 post-transplant years compared to the
bilateral recipients. The score of both groups became similar in the fifth year and
remained constant until the end of follow-up.

Discussion
The main goal of this study was to describe the long-term HRQoL of lung-transplant
recipients up to 15 years after surgery. Lung transplantation is performed in chronic,
end-stage lung-disease patients who are at high risk of death (>50%) within two years
without transplantation [22]. These chronic diseases considerably reduce the patients’
HRQoL. Previous studies have shown that the most noteworthy improvements in
HRQoL happen during the first year after transplantation [11, 12]. In our study, we also
found that most improvement occurred within the first year in the main domains of
HRQoL (psychological, social, and physical) except for the pain domain of NHP, which
stayed constant during the whole study period. This finding was predictable, in view of
the improvement in lung function during the post-transplant period. Constant use of
immunosuppressive drugs after transplantation, as well as the risk of many
immunosuppression-related health problems like various cancers and infectious
diseases but also side effects such as headache, nausea, tremor and
vomiting [3, 23, 24], might in the long-term lead to a decrease in the health condition of
the lung recipients.

One of the important findings of this study was that the improvements in the patients’
health condition fall largely within the reference values of the general population and
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remain almost steady during the next 15 years. This finding also has been observed
previously in a study by Kugler and colleagues [25]. In a cohort of 280 LTx patients, they
found an overall improvement in perceived HRQoL that brought HRQoL to a level
comparable to that of a cohort of healthy controls. Kugler and colleagues found a
decline in HRQoL 5 to 6 years after transplantation exclusively among a sub-group of
patients with BOS. Some previous studies evaluated the health status of lung-transplant
candidates more than 1 year after transplantation and reported a decline in health
status [12, 26-28]. However, at a duration of 4 to 10 years, the follow-up period in these
studies was relatively short in comparison with our study.

Another finding of our study is that female patients generally had relatively worse
HRQoL both before and after transplantation. However, both genders showed significant
improvement in HRQoL afterwards. The worse HRQoL among females was
predominantly in the physical domains of the NHP, concurring with findings for both
healthy people and populations with chronic lung diseases in previous
studies [21, 29-33]. According to those studies, this difference in HRQoL is not related
to the difference in the severity of the symptoms between males and females. The lower
HRQoL among females may be partly explained by the different prevalence of
mobility-related disease among males and females. Musculoskeletal disorders and
movement impairments are more prevalent in women [34, 35]. Moreover, some studies
indicate that women may have higher expectations of medical care and are less satisfied
than men after receiving the same treatment [36-38]. Similarly, women might have
higher expectations of lung transplantation than men and would expect to resume their
social and physical activities sooner. Holding higher expectations might be a source of
distress and cause more anxiety and depressive symptoms. Further research with
regard to the causal relation between expectations of transplant outcomes, gender, and
mental state might be helpful in delivering more personalized care in the future.

In this study patients with cystic fibrosis (CF) generally reported better perceived
HRQoL than other patients. Comparison to other patients showed that the CF patients
experienced fewer problems with mobility and sleep. This finding is in line with the
results of previous studies regarding the influence of baseline diagnosis on HRQoL after
transplantation [39-42]. Due to a lifetime of lung disease before LTx, the CF patients
could not experience the “full” health that other groups of patients could have enjoyed in
earlier stages of life. After LTx, they could enjoy a lifestyle free of respiratory symptoms,
which is indeed a reason for a higher HRQoL. Moreover, CF patients are younger than
other patients at the time of LTx and generally in better physical condition. In addition,
engaging in more diverse activities than older patients, such as returning to work or
study, can have a positive effect on their perceived HRQoL.

The overall health condition of patients who worked or studied was better than that of
the non-working group, both before and after transplantation. This difference was
pronounced in the psychological and social domains of HRQoL. The relationship
between having a job and a better perceived HRQoL was also found in previous studies
in the general population [43, 44] and other patient populations [45, 46]. Employment is
important to the patients as it provides them with an income, opportunities to structure
their daily lives, and satisfying social interactions, all of which can affect HRQoL. This
finding suggests that working after transplantation might help increase the HRQoL of
patients.
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By extending the duration of follow-up, the present study makes an important
contribution to the body of literature. Previous studies reported discrepancies in the
long-term trend of HRQoL among patients after transplantation, but those studies
followed patients for only a few years or used a retrospective study design. Due to the
multicenter approach, our prospective longitudinal study with long-term
post-transplantation follow-up, a relatively large sample size, and homogeneity of the
cases regarding single or combined organ transplantation, the results of our study add
valuable knowledge to the field and can be used as strong evidence for the long-term
effectiveness of lung transplantation with regard to HRQoL. We used two generic and
two domain-specific HRQoL instruments to evaluate most aspects of the health
condition in our population. When this study was started in 1992, NHP was one of the
most well-known instruments to evaluate the health condition of patients. Although this
instrument has been applied less frequently in recent years, we decided to continue
using it for the latest evaluations to ensure uniformity in the results of the study. By using
these four instruments we covered most of the psychological and social as well as some
or the physical domains of HRQoL, which increased the reliability of the results.

Despite the remarkable strength of this study, few limitations were non-avoidable. A
well -known challenge in long-term studies is reducing loss to follow-up. The response
rate among the living lung-transplant recipients after 10 years in our study was 25.8%,
which is relatively low. We performed some additional analyses to prevent possible bias
due to a large number of missing patients. Firstly we evaluated the demographic
characteristics of patients who were censored due to the end of the study, lost to
follow-up or died and compared these with a profile of the included patients. There were
no salient differences in demographics between missed patients and ongoing
participants at specific follow-up time points. We also compared the final assessment of
HRQoL scores of patients who were censored, lost to follow-up or died with the scores
of respondents who were still participating in the study at certain time
points (Appendix 3). Again, no particular differences were found between the two
groups. The total number of patients who were lost to follow-up after transplantation
without a known reason was only 81 (25%). Due to the death registry of the participating
hospitals we discerned that merely 7 of these patients died after they were lost to
follow-up (median survival after last assessment: 2 years (IQR 1-4 years)). Accordingly,
the majority of patients who were lost to follow-up were still alive during the time of the
study (range till end of the study 1 to 5 years, median: 3 years (IQR 1-4 years). Thus,
the incidence of major post-transplant complications with high mortality rate is very
limited among these patients. Therefore, we can at least conclude that there is no large
systematic bias due to missing patients.

Another limitation of this study is that it lacks a control group. Having one would
have enabled a more thorough evaluation of confounding variables like ageing and social
changes during the follow-up period. A potential limitation is the use of conventional self-
report instruments to score perceived HRQoL. These instruments may be susceptible to
what is so called adaptation in chronically ill patients [47]. Moreover, NHP has limited
ability to detect respiratory-related impacts on perceived HRQoL. Finally, in this study we
examined important baseline characteristics that can affect the HRQoL of patients long
term after LTx. Based on the research data we collected, we are not in the position to
study the relationship of these factors and particular post-transplant factors (e.g. BOS
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and chronic heart failure) by extending the analyses. Further studies are necessary to
assess the causal pathways of these factors in HRQoL alteration.

In conclusion, in line with previous studies, this study showed that lung-transplant
patients experience improvement in all domains of HRQoL within the first year after
transplantation. Despite differences in survival and post-transplant immunosuppression
treatment, their perceived improvement tends to remain relatively constant for the entire
life span. This positive effect over such a long period of follow-up is reported here for the
first time, convincingly demonstrating the long-term effectiveness of this treatment
modality in patients with end-stage lung diseases.
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Appendix 3. Difference in mean scores of patients that dropped-out and respondents on the 4 HRQoL
instruments: difference of mean (p value)

2nd year dropouts
N=54

5th year dropouts
N=19

10th year dropouts
N=9

15th year dropouts
N=10

STAI 1.8 (0.30) 5.1 (0.13) 3.2 (0.45) -0.9 (0.83)

Zung 3.5 (0.07) 3.1 (0.31) 5.9 (0.16) 2.8 (0.57)

NHP Energy 9.5 (0.07) 12.1 (0.20) 28.5 (0.06) 9.3 (0.57)
NHP Pain 2.5 (0.39) 3.9 (0.44) -2.5 (0.76) -6.1 (0.39)
NHP Emotional reactions 2.3 (0.38) 6.6 (0.16) 2.3 (0.70) 5.3 (0.69)
NHP Sleep -0.3 (0.94) 6.3 (0.37) 13.8 (0.22) 21.5 (0.12)
NHP Social isolation 1.3 (0.38) 1.9 (0.62) -2.4 (0.36) 1.0 (0.85)
NHP Physical mobility 7.6 (0.06) 9.3 (0.21) 12.0 (0.16) 15.6 (0.15)

VAS -5.7 (0.06) -4.7 (0.33) -6.7 (0.34) -3.7 (0.63)
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Abstract
The overall aim of this scoping review of the literature is twofold: (1) to provide an
overview of all instruments that have been used to assess health-related quality of life
(HRQoL) after solid-organ transplantation; and (2) to provide a list of health items they
include to support future studies on the development of a new generation HRQoL
instrument. All studies that had administered any form of HRQoL instrument to
post-transplant solid-organ recipients were identified in a comprehensive search of
PubMed (MEDLINE), Embase, and Web of Science, with a cut-off date of May 2018.
The search used various combinations of the following keywords: lung, heart, liver,
kidney, or pancreas transplantation; quality of life; well-being; patient-reported outcome;
instrument; questionnaire; and health survey. In total, 8013 distinct publications were
identified and 1218 of these were selected for review. Among the instruments applied,
53 measured generic, 51 organ-specific, 271 domain-specific, and 43 transplant-specific
HRQoL. A total of 78 distinct health items grouped into 16 sub-domains were identified
and depicted in a graphical representation. The majority of the publications did not
report a logical rationale for the choice of specific HRQoL instrument. The most
commonly used types of instruments were generic health instruments, followed by
domain-specific instruments. Despite the availability of transplant-specific instruments,
few studies applied these types of instruments. Based on the 78 items, further research
is planned to develop a patient-centered, transplant-specific HRQoL instrument that is
concise, easy to apply (mobile application), and specifically related to the health issues
of solid-organ recipients.
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Introduction
With respect to the considerable improvements in clinical outcomes in the field of
solid-organ transplantation (i.e., lung, heart, liver, kidney, and pancreas), there is
growing awareness of post-transplant perceived health status or health-related quality of
life (HRQoL) [1-4]. Today, the main objectives of organ transplantation include extension
of survival, decrease in the level of disability, and improvement of HRQoL [5].

HRQoL is a multi-dimensional concept that refers to the overall impact of health
aspects on an individual’s quality of life [6, 7]. More specifically, HRQoL embraces
physical symptoms, functional status, psychological states, and social relationships.
Together these constitute the domains of the World Health Organization’s (WHO)
definition of health [7-10].

Before transplantation, a patient’s HRQoL is significantly reduced due to clinical
dysfunction of the failing organ and psychosocial distress. Shortly after transplantation,
a significant increase in HRQoL is observed [11, 12]. However, life-long,
immunosuppressive regimens are necessary to prevent organ rejection, and chronic
exposure to these medications is associated with complications that adversely affect the
HRQoL of solid-organ transplant recipients [13-15]. Previous studies have emphasized
that a considerable proportion of patients are more concerned about HRQoL than about
survival [16, 17].

Numerous instruments are available to measure HRQoL of transplant patients. Here,
‘instrument’ refers to any form of self-report questionnaire and rating scale that is used to
measure any aspect of an individual’s HRQoL. Most reviews of post-transplant HRQoL
studies have focused on frequently used instruments in only one or two organ types, so
they may have omitted some less well-known instruments. Recent systematic reviews
of the literature on HRQoL in lung, liver, kidney, and pancreas transplant patients have
revealed that the most common instruments are the 36-Item Short Form Survey (SF-
36) and the EQ-5D [4, 18-22]. These two instruments have proven to be beneficial in
measuring the health status and outcomes associated with healthcare interventions [23].
However, these are generic instruments and thus do not contain health items that are
specifically relevant to post-transplant patients.

With increased attention being paid to the concept of HRQoL among transplant
patients, targeted measurement of HRQoL is becoming more important. An appropriate
transplant-specific (Tx-specific) instrument should cover the full spectrum of HRQoL and
assess both general and transplant-specific health issues of patients. Additionally,
although many existing HRQoL instruments measure the intensity or frequency of
complaints, they lack the ability to measure the impact of these complaints on the health
status experienced by patients [24-26]. To measure the latter, specially designed
instruments are necessary, derived from methodologies that include the preferences of
patients. Special judgmental tasks (e.g., ordering a set of health states or paired
comparisons between different health state descriptions) are a central element in such
instruments [7, 27]. Embedding patients’ preferences into health-outcome instruments is
becoming increasingly important, due to the increasing attention being paid to
patient-centered healthcare [28-31].

Some generic preference-based HRQoL instruments, for example, the HUI-3 and
EQ-5D, are available. However, their content is not focused on the specific health issues
of transplant patients, and the selection of the health items in these instruments is

51



4

Chapter 4

mainly based on expert opinion [24, 31]. Moreover, the determination of the importance
of the various health items, which consist of a value-judgment task, is based on a
representative community sample [32-35]. Recently, a novel preference-based method
has been introduced, which makes it possible for patients themselves to make the value
judgements [34, 36]. Therefore, we see a need for a preference-based,
patient-centered, transplant-specific HRQoL instrument.

The first step in developing a patient-centered HRQoL instrument for transplant
patients is to extract relevant health items from existing instruments [37, 38]. Therefore,
we conducted a scoping review of the literature to provide an overview of all instruments
that have been used to assess HRQoL after transplantation in major solid-organ
recipients. Our aim was to find all studies that evaluated any aspects of HRQoL in
post-transplant patients and subsequently to identify all instruments and health items
used. This study is not directed to the psychometric properties of the instruments or
concerned with recommending the best instruments available.

Methods
Study design and literature search strategy
A scoping literature review was conducted to extract all HRQoL instruments that had been
administered to major solid-organ transplant recipients. This was not a systematic review,
but rather aimed at acquiring adequate information about existing HRQoL instruments to
establish a basis for formulating relevant items. To identify relevant studies, the three
major electronic databases, namely PubMed (MEDLINE), Embase, and Web of Science,
were searched to May 2018. To ensure we included all self-reported instruments that
have thus far been applied, different combinations of broad keywords and MeSH terms
were formulated to cover three domains: (1) solid-organ transplantation, i.e. lung, heart,
liver, kidney, or pancreas transplantation; (2) quality of life, i.e., quality of life itself, well-
being, or patient-reported outcome; and (3) instruments, i.e., questionnaire or health
survey. The search strategy was discussed with four experts on epidemiological and
transplant studies (PK, EB, KV, and SB) to finalize the list of keywords (Figure 1).

Identification of relevant literature and eligibility criteria
We included all original publications in English if they met the following criteria: (1) human
studies in which the participants had been transplanted with at least one of the five major
solid organs and were ≥ 18 years old at the time of the study; (2) studies that evaluated
symptoms, physical functioning, psychological distress, or social relationships in terms of
health outcomes; and (3) studies that used any form of HRQoL instrument.

The finalized list of keywords was then used to select potentially eligible articles for
title and abstract review. Because our aim was to include all studies that assessed
HRQoL in the post-transplant population, we only excluded publications that clearly did
not meet the inclusion criteria, and retained all other references for full text review. If
there was any doubt, the full article was retrieved and the methods section was read to
check selection criteria. Studies were excluded if they were restricted to donors, organ
transplant candidates, pediatric transplant recipients, and family or relatives of the
patient. Case studies, editorials, letters to the editor, meta-analyses, systematic reviews,
and books were also all excluded from the review. Subsequently, the full text of each
eligible paper was reviewed to identify studies that met the inclusion criteria. In addition,
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Figure 1. Studies inclusion process.

if studies included both adult and pediatric participants, the instruments applied were
listed in our results (i.e., the number of instruments may be greater than the number of
publications, and some pediatric-specific instruments are shown in the results).

Health items extraction
We checked the names of the extracted instruments in the different studies to identify the
standard unique name for each instrument. In the next step, the names and the items
of the extracted instruments were reviewed. Thus, for each instrument, we identified
the intended type and dimensions of HRQoL that were assessed (e.g., general health,
disease burden, social aspects, etc.). Based on the concepts underpinning the items, we
then divided the instruments into four groups: generic (overall) HRQoL; domain-specific
HRQoL; disease/organ-specific HRQoL; and transplant-specific HRQoL.

The transplant-specific HRQoL instruments were reviewed by two authors (AS and
KV) and health items were extracted. In this stage, all items were listed regardless of
whether they belonged to the concept of HRQoL. If a health item occurred in multiple
instruments, the most frequent or shortest phrase was selected for the inventory. In
the meetings with all authors, health items were categorized into three broad domains
of health: physical, psychological, and social. Items that were clearly irrelevant to the
measurement of HRQoL (e.g., religion or income level) were eliminated.
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The main aim of this study is to provide an informative pool of items for the
development of a new HRQoL instrument. To display the items in a clear and organized
way, a technique called HealthFan© was used [24]. All health items included were
arranged in a diagram and were classified under three higher order major domains
(physical, mental, and social) to create a clear and concise overview. The sub-domains
were graphically presented under each major domain, thereby listing the health items in
a systematic way.

Results
Based on the search strategy, we identified 4381 articles in PubMed, 5066 in Embase,
and 3232 in Web of Science, of which 1218 met the inclusion criteria (Figure 1). There
were 120 related titles (most published before 2000) for which we did not find the full
text, and, therefore, were unable to extract data from them. Furthermore, the names of
the HRQoL instruments applied were not mentioned in 81 articles. The majority of the
publications assessed kidney recipients (525 articles), followed by liver (340 articles),
heart (196 articles), lung (131 articles), and pancreas recipients (20 articles). We also
included 138 articles that consisted of two or more different groups of solid-organ
recipients. We identified 418 distinct instruments that were divided into four groups:
generic HRQoL; domain-specific HRQoL; disease/organ-specific HRQoL; and
transplant-specific HRQoL.

Instruments and outcome measures
Generic (overall) HRQoL instruments
Generic instruments assess global aspects of health status and are thus potentially
suitable for a wide range of patient groups. This literature review found that the majority
of solid-organ transplantation studies applied generic HRQoL instruments. The 36-Item
Short Form Survey (SF-36) is by far the most frequently used generic instrument in
post-transplant HRQoL studies, followed by the Karnofsky Performance Status Scale
(KPS), and the Sickness Impact Profile (SIP) (Table 1). The complete list of generic
HRQoL instruments is available in Appendix 1.

Domain-specific HRQoL instruments
Domain-specific instruments measure one particular aspect of health, such as life
satisfaction or social functioning. Contrary to generic or organ-specific instruments that
cover broad aspects of health, these instruments assess a particular dimension of
health in detail. Instruments that assess depressive and/or anxiety symptoms were the
most frequently applied domain-specific HRQoL instruments in transplantation studies.
Moreover, because insomnia is one of the most frequently reported side effects of
immunosuppressive medications [42], sleep quality assessment was frequent in our
findings. Social support and life satisfaction instruments were the third most frequently
applied domain-specific HRQoL instruments in transplantation studies (Table 1). The
complete list of domain-specific HRQoL instruments is available in Appendix 2.

Disease/organ-specific HRQoL instruments
These instruments are designed to measure the patient’s perceptions of a specific
health problem in a particular organ or disease (e.g., respiratory symptoms,
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Table 1. Characteristics of the top three prominent administered generic and domain-specific HRQoL
instruments

Name of the
instrument

Type of
instrument

Number
of items

Domains Year Frequency

36-Item
Short Form
Survey
(SF-36)
[39]

Generic 36

Vitality
Physical functioning
Bodily pain
General health perceptions
Physical role functioning
Emotional role functioning
Social role functioning
Mental health

1992 460

Karnofsky
Performance
Status Scale
(KPS)
[40]

Generic 11 Performance status 1948 78

Sickness
Impact
Profile (SIP)
[41]

Generic 136

Physical items (ambulation,
mobility, and body
care/movement)

Psychosocial items
(social interaction;
communication;
alertness behavior;
emotional behavior;
home management; eating;
sleep/rest; recreation and
pastimes; and work)

1981 75

Hospital
Anxiety and
Depression
Scale
(HADS)
[43]

Anxiety and
depression-
targeted

14

Mood
Interest in activities
Anxiety
Panic symptoms

1983 107

Pittsburgh
Sleep
Quality
Index
(PSQI)
[44]

Sleep-
targeted 19

Subjective sleep quality
Sleep latency
Sleep duration
Habitual sleep efficiency
Sleep disturbances
Use of sleep medication
Daytime dysfunction

1988 26

Social
Support
Questionnaire
(F-SozU)
[45]

Social
functioning-
targeted

54

Emotional support
Affiliation support
Instrumental support
Social integration
Satisfaction with the received support

1989 13

gastrointestinal symptoms, heart failure, etc.). The Kidney Disease Quality of Life Short
Form (KDQOL-SF) is the most commonly applied organ-specific HRQoL instrument in
solid-organ transplant patients. Table 2 introduces the characteristics of the most
frequently applied kidney-, liver-, lung-, pancreas-, and heart-targeted HRQoL
instruments. The complete list of disease/organ-specific HRQoL instruments is available
in Appendix 3.
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Table 2. Characteristics of the top five prominent administered organ- and transplant-specific HRQoL
instruments

Name of the
instrument

Type of instrument Number
of item

Domains Year Frequency

Kidney
Disease
Quality of Life
Short Form
(KDQOL-SF)
[46]

Kidney-targeted 79

8 SF-36 domains
Symptoms/problems
Effects of kidney disease
Burden of kidney disease
Work status
Cognitive function
Quality of social interaction
Sexual function
Sleep
Social support
Staff encouragement
Patient satisfaction

1994 38

Liver Disease
Quality of Life
instrument
(LDQOL)
[47]

Liver-targeted 111

8 SF-36 domains
Symptoms of liver disease
Effects of liver disease
Concentration
Memory
Sexual functioning
Sexual problems
Sleep
Loneliness
Hopelessness
Quality of social interaction
Health distress
Stigma of liver disease

2000 18

St. George’s
Respiratory
Questionnaire
(SGRQ)
[48]

Lung-targeted 50

Symptom (illness status such as
cough, sputum production, and
dyspnea)

Activity (activities that cause
breathlessness and activities
limited by breathlessness)

Impact (social functioning and
psychological disturbances
resulting from airways disease)

1991 17

Diabetes
Quality of Life
questionnaire
(DQOL)
[49]

Pancreas-targeted 62

Core items (satisfaction; impact;
diabetes worry; and
social/vocational worry)

Auxiliary questions about
adolescent patients (schooling
experience and family
relationships)

1988 14

Minnesota
Living with
Heart Failure
Questionnaire
(MLHFQ)
[50]

Heart-targeted 21
Physical functioning
Emotional functioning 1987 5
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Table 2. (Continued).

Name of the
instrument

Type of instrument Number
of item

Domains Year Frequency

End-Stage
Renal
Disease
Symptom
Checklist-
Transplantation
Module
(ESRD-
SCLTM)
[51]

Kidney Tx-targeted 43

Limited physical capacity
Limited cognitive capacity
Transplantation-associated
psychological distress

Cardiac and renal dysfunction
Side effects of corticosteroids
Increased growth of gum and hair

1999 20

Kidney
Transplant
Questionnaire
(KTQ)
[52]

Kidney Tx-targeted 25

Physical symptoms
Uncertainty/fear
Fatigue
Appearance
Emotions

1993 17

Modified
Transplant
Symptom
Occurrence
and Symptom
Distress Scale
(MTSOSD)
[53,54]

All organs
Tx-targeted 59

Symptom occurrence (cognitive
component) exclusively related to
the side effects of the
immunosuppressant

Symptom distress (emotional
component) exclusively related to
the side effects of the
immunosuppressant

1985 17

Transplant
Effects
Questionnaire
(TxEQ)
[55,56]

All organs
Tx-targeted 23

Worry about the transplant
Guilt regarding donor
Disclosure
Adherence
Responsibility

2002 16

Heart
Transplant
Symptom
Checklist
[57]

Heart Tx-targeted 92

Cardiopulmonary symptoms
Gastrointestinal symptoms
Genitourinary symptoms
Dermatological symptoms
Neuromuscular symptoms
Psychological symptoms

1992 14

Transplant-specific HRQoL instruments
Transplant-specific instruments were developed to evaluate certain aspects of the health
status of patients who receive a graft, such as physical symptoms or medication side
effects. Many of these tools are modified modules of disease-specific instruments that
contain items pertaining to the transplantation setting and can be used for recipients of
a particular kind of organ. A few instruments were designed for transplants of any type
and have been used in studies that include various transplanted organs. Table 2 briefly
describes the characteristics of the most frequently applied transplant-specific HRQoL
instruments. The complete list of transplant-specific HRQoL instruments is available in
Appendix 4.
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Health items
To obtain an overview of the health domains that are currently assessed by
transplant-specific instruments, an inventory was made of the health items in these
instruments. In total, 576 items were extracted (full list available on request from the
author). After elimination of the irrelevant items and merging repetitions and items that
assess similar concepts, 78 distinct health items remained for development by our
HealthFan tool. Items that assessed physical symptoms were commonly repeated in
different transplant-specific instruments (Figure 2).

Figure 2. Frequency of health items with most repetitions in available transplant-specific HRQoL instruments.

These 78 health items were classified into three broad domains (colored areas):
physical, mental, and social (Figure 3). To provide a visual overview, health items were
subdivided into 16 sub-domains (filled-in dots). The class of physical items was
subdivided into belly, body heat, chest, eating, energy, pain, physical, respiratory,
senses, and skin. The class of mental items was subdivided into cognition, feelings, and
worries. The class of social items was subdivided into activities, autonomy, and
relationships.

Discussion
Ever since the concept of HRQoL was introduced, it has been a challenge to define and
measure it [58]. There is no single instrument that can be construed as the gold standard
for measuring HRQoL in different populations, particularly when they are heterogeneous.
One of the aims of this paper was to identify all HRQoL instruments that have been
applied thus far among solid-organ transplant patients. On the basis of this review, we
compiled a complete list of all HRQoL instruments that have been developed or applied
to date in the field of solid-organ transplantation as well as a comprehensive list of health
items. We discovered that different studies sometimes refer to a particular instrument by
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Figure 3. Selected extracted health items organized into physical, mental, and social domains (HealthFan).

different names. We carefully selected the most generally known name corresponding to
each instrument. Additionally, we developed a helpful scheme to depict relevant health
items.

This review revealed that the majority of publications did not provide a logical rationale
for the choice of the HRQoL instrument. Additionally, 81 publications did not mention
the name or the reference for the HRQoL instruments that were applied. Moreover, the
validity of some of the HRQoL instruments seems questionable, as the studies did not
cite a source that described the development and validation procedure. The overview of
instruments that we presented in this study will be useful in the process of instrument
selection in future studies, and is conducive to credible findings.

The health assessment instruments most commonly reported in the literature were
generic measures, and among these the SF-36 was particularly frequent. These generic
instruments have a rich history of assessing psychometric properties and performing
validation studies in general populations and many patient groups. Their wide
application also enables researchers to compare results from transplant patients with
the general population. However, these instruments were not developed specifically for
transplant patients. Consequently, they do not capture the most salient health domains
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of organ recipients. Using generic instruments alongside transplant-specific instruments
would make the results more comparable. Together they could detect the unanticipated
positive or negative effects of transplantation that are not covered by specific
instruments. However, relying solely on generic instruments may be insufficient to
discover clinically relevant changes in post-transplant patients [59].

Domain-specific instruments, especially those measuring psychological symptoms,
were the second most commonly used instruments. The literature has emphasized the
importance of assessing psychological issues, due to their high prevalence and their
enormous impact on the health status of transplant patients [60-63]. Moreover, as found
in this review, the items of some very frequently used transplant-specific HRQoL
instruments (e.g., TxEQ, Heart Transplant Symptom Checklist, and Heart Transplant
Stressor Scale) are restricted to the psychological domain of HRQoL. Although
domain-specific instruments provide detailed data on their target domain, they do not
give a global sum score that can be interpreted for all domains of HRQoL. We expect
that the list of selected health items of domain-specific instruments in the HRQoL
studies of post-transplant patients will be very informative.

Disease- or organ-specific HRQoL instruments were the third most frequently
applied instruments in studies in transplant patients. These include items that focus on a
particular disease or organ. Therefore, in theory, they provide more accurate estimates
of HRQoL, with higher consistency and reliability for their target population (i.e.,
recipients of a specific type of organ). However, the content of these instruments also
has certain shortfalls. For example, all of the instruments that we described in the
results section were designed to measure HRQoL in patients who were suffering from
chronic disease of that organ (i.e., before transplantation) and were therefore not, or
less, applicable after transplantation. Additionally, it is difficult to interpret the results of
organ-specific instruments in heterogeneous patient groups who received different
organs. We suggest that the application of organ-specific instruments should be limited
to the transplant candidates, since the health issues are usually substantially different
after transplantation [3, 15, 64, 65].

Our review revealed that despite the availability of transplant-specific instruments,
only a few studies have applied these types of instruments to measure HRQoL. This low
level of application, which has also been observed in some previous reviews [3, 4,
18-20, 66-70], might be explained in several ways. First, transplant-specific instruments
are relatively new, meaning that many longitudinal studies started data collection before
transplant-specific instruments were available. Second, by applying generic or
domain-specific instruments, researchers can compare their results with characteristics
of various other populations, whereas transplant-specific instruments restrict the
comparability across studies. Third, most transplant-specific instruments
(e.g., ESRD-SCLTM, which includes 43 items, or the MTSOSD, which includes 59
items) comprise more items compared to most generic instruments (e.g., EQ-5D, which
includes 5 items, or the SF-36, which includes 36 items), which makes them lengthy and
thus less desirable for clinical studies, especially those that require repeated
measurements.

We consider that the current transplant-specific instruments have more potential
than generic HRQoL instruments for use in post-transplant research. However, given the
fact that the content of the available instruments is largely determined by experts rather
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than patients, it is currently unclear whether the health items included in these
instruments are relevant from the perspective of the patients. In addition, the current
instruments are not preference-based, meaning the health items are not weighted to
generate a single value that expresses the overall quality of the patient’s health
condition. This makes the results more complicated to interpret and also not suitable for
use in cost utility studies to support decision makers. Therefore, it might be necessary to
develop one, or even a set of, targeted HRQoL measurement instruments for
solid-organ recipients. The development strategy for such a future instrument must take
into account the input of patients at all steps, including: (1) item generation based on
review of the literature and patient input; (2) item selection; (3) value judgment on the
items. Regarding the increasing use of smartphones and touchscreens, new HRQoL
instruments might be devised as mobile applications, which would make them more
convenient for patients to use and researchers to apply.

This review had a very broad search strategy which ensured that we included all
articles that evaluated HRQoL after solid-organ transplantation. We carefully assessed
the selection of eligible studies and provided the complete list of HRQoL instruments in
our results. The HealthFan listed the health items in a systematic way. In our next study,
this graphical arrangement of the health items available will be used to present the items
to post-transplant patients in order to select or add items they consider most important.
We believe that in this way patients will have a prominent role in the process of developing
a generic transplant health-outcome instrument.

Our review has some limitations, which should be mentioned. The inclusion of only
English-language publications might limit the results to those instruments that have
appeared in an English version. However, we did include non-English instruments if they
were published in an English-language article. Another possible limitation is the
exclusion of studies that had only assessed pre-transplant or pediatric patients. For our
purposes, however, these two groups are not comparable with adult post-transplant
patients. Post-transplant issues (e.g., immunosuppressive side effects) do not pertain to
pre-transplant patients, while adult issues (e.g., partner relationships and employability)
cannot be compared with childhood issues.

In summary, we emphasize the need to develop a preference-based,
transplant-specific HRQoL instrument that is easy to apply and that targets the health
issues of solid-organ recipients. The current set of key health items that was collected in
this study is a valuable outcome that will be used in the next developmental phase. In
the following step, patients’ opinions will be included through focus group meetings, and
an online survey will be carried out to derive the content for a new patient-centered,
transplant-specific instrument.
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Appendix
Appendix 1: Alphabetic list of all applied generic HRQoL instruments
12-Item Short Form Survey (SF-12)
36-Item Short Form Survey (SF-36)
8-Item Short Form Survey (SF-8)
Achenbach System of Empirically Based Assessment (ASEBA) Adult Behavior Checklist
Achenbach System of Empirically Based Assessment (ASEBA) Adult Self-Report
Atkinson Life Satisfaction Scale (ALSS)
Austin Quality of Life Scale (AUSQUAL)
CDC HRQOL-14 Measure
Child Health and Illness Profile-Adolescent Edition (CHIP-AE)
Child Health Questionnaire-Child Form 87 (CHQ-CF87)
Child Health Questionnaire-Parent Form 50 (CHQ-PF50)
Computer-Based Health Evaluation System Software (CHES)
Delighted-Terrible (D-T) Scale (By Andrews FM. & Withey SB. 1976)
DISABKIDS Chronic Generic Module (DCGM-37)
Duke Health Profile (DUKE)
European Organization for Research and Treatment of Cancer QOL questionnaire-C30
(EORTC QLQ30)

EuroQOL-5D (EQ-5D)
Functional Independence Measure (FIM)
Functional Limitations Profile (FLP)
General Health Questionnaire (GHQ)
General Quality of Life Inventory (GQOLI-74)
Generic 15D instrument
Health Measurement Questionnaire (HMQ)
Health Status Questionnaire (HSQ 2.0)
Health Utility Index-Mark II and III (HUI-2/3)
Illness Effects Questionnaire (IEQ)
Illness Intrusiveness Rating Scale (IIRS)
International Classification of Functioning, Disabilities and Health Questionnaire (ICF)
Karnofsky Performance Scale (KPS)
KIDSCREEN-27
LEIPAD Quality of Life questionnaire
McMaster Health Index Questionnaire (MHIQ)
Medical Outcomes Study (MOS 20)
Munich Quality of Life Dimensions List (MLDL)
Nottingham Health Profile (NHP)
One-item General Quality of Life (GenQOL)
Patient-Centered Outcomes Questionnaire (PCOQ)
Patient-Reported Outcomes Measurement Information System Health Assessment
Questionnaire (PROMIS HAQ)

PatientsLikeMe Quality of Life Scale (PLMQOL)
Pediatric Quality of Life Inventory 4.0 (PedsQL 4.0)
Perceived State of Health Questionnaire (PSH)
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Profile of Quality of Life Related to Health (PICAVIRES)
Quality of Life Index (QLI)
Quality of Life Profile for the Chronically Ill (PLC)
Qulaity of Life Scale (QOLS)
Rotterdam Symptom Checklist (RSCL)
Schedule for the Evaluation of Individual Quality of Life (SEIQoL)
Short-Form Six-Dimension (SF-6D)
Sickness Impact Profile (SIP)
Spitzer Quality of Life Index (SQLI)
Visual Analog Scale (VAS)
World Health Organization Disability Assessment Schedule 2.0 (WHODAS 2.0)
World Health Organization Quality of Life Scale (WHOQOL-BREF)

Appendix 2: Alphabetic list of all applied domain-specific HRQoL instruments
Acceptance of Illness Scale (AIS)
ACQ Busyness Scale
Activities of Daily Living Index (ADL)
Adult Self-Image Scale (ASIS)
Affect Balance Scale (ABS)
Affective Neuroscience Personality Scales (ANPS)
Alcohol Problems Questionnaire (APQ)
Alcohol Use Disorder Identification Test (AUDIT)
Anamnestic Comparative Self-Assessment Scale (ACSA)
Antonovsky’s Sense of Coherence (SOC)
Arizona Sexual Experiences Scale (ASEX)
Athens Insomnia Scale (AIS)
Attachment Style Questionnaire (ASQ-40)
Baecke Habitual Physical Activity Questionnaire
Barriers and Motivators Questionnaire
Barthel Activities of Daily Living Index (ADL)
Basic Hope Inventory (BHI-12)
Basic Nordic Sleep Questionnaire (BNSQ)
Basic Personality Inventory (BPI)
Basic Psychological Need Satisfaction Scales
Beck Anxiety Inventory (BAI)
Beck Depression Inventory (BDI)
Beck Hopelessness Scale (BHS)
Beck Scale for Suicide Ideation (BSI)
Behavioral Regulation in Exercise Questionnaire-2 (BREQ-2)
Beliefs about Medicines Questionnaire (BMQ)
Bender Visual Motor Gestalt Test (Bender-Gestalt Test)
Berlin Questionnaire for Sleep Apnea
Berliner Stimmungs Fragebogen (BSF)
Bickel and Hanson’s Perceived Self-Care Agency Questionnaire (PSCAQ)
Blessed-Dementia Scale (BLS-D)
Body Cathexis-Self Cathexis Scale (BCSC)
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Body Image Questionnaire (BIQ)
Brief Cognitive Status Examination (BCSE)
Brief COPE
Brief Michigan Alcoholism Screening Test (bMAST)
Brief Pain Inventory (BPI)
Brief Symptom Inventory (BSI)
Burnout Measure (BM)
Campbell Well-Being Scale
Cantril’s Self-Anchoring Striving Scale (Ladder)
Caregiver Burden Scale (CBS)
Center for Adherence Support Evaluation (CASE) Adherence Index
Center for Epidemiologic Studies Depression Scale (CES-D)
Center for Marital and Sexual Health Sexual Functioning Questionnaire (CMASH SFQ)
Checklist Individual Strength (CIS)
Children’s Depression Inventory (CDI)
Chinese Coping Scale (CCS)
Chinese Mood Health Questionnaire
Clinical Global Impressions (CGI)
Cognitive Appraisal of Health Scale (CAHS)
Cognitive Failures Questionnaire (CFQ)
Cognitive Performance Test (Syndrom-Kurztest - SKT)
Composite International Diagnostic Interview (CIDI)
Connor-Davidson Resilience Scale (CD-RISC)
Control Attitudes Scale (CAS)
Cook–Medley Hostility Scale (Ho)
Coopersmith Self-Esteem Inventory
Coping Inventory for Stressful Situations (CISS)
Coping Responses Inventory (CRI)
Coping Strategy Indicator (CSI)
Coping With Serious Illness Battery (CSIB)
Davidson Trauma Scale (DTS)
DeMeester Reflux Questionnaire
Depression, Anxiety and Stress Scale (DASS-21)
Derogatis Sexual Functioning Inventory (DSFI)
Desirability of Control Scale (DC)
Dresden Body Image Inventory (DKB-35)
Duke Activity Status Index (DASI)
Duke University Religion Index (DUREL)
Duke-UNC Functional Social Support Questionnaire (FSSQ)
Dyadic Adjustment Scale (DAS)
Dysregulation Inventory (DI)
Edmonton Symptom Assessment System (ESAS)
Empowerment Scale
Epworth Sleepiness Scale (ESS)
Essen Trauma Inventory (ETI)
Eysenck Personality Questionnaire (EPQ)
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Family APGAR Questionnaire
Family Assessment Measure III (FAM III)
Family Crisis Oriented Personal Evaluation Scale (F-COPES)
Family Environment Scale (FES)
Family Impact Questionnaire
Fatigue Impact Scale (FIS)
Fatigue Severity Scale (FSS)
Fatigue Symptom Inventory (FSI)
Female Sexual Distress Scale (FSDS)
Female Sexual Function Index (FSFI)
Fleming Self-Esteem Scale
Freiburg Complaint List (Freiburger Beschwerdenliste FBL-R)
Freiburg Questionnaire of Coping With Illness (FQCI)
Fried Frailty Phenotype (FFP)
Functional Assessment of Chronic Illness Therapy (FACIT)
Functional Living Index-Cancer (FLIC)
General Coping Questionnaire (GCQ)
General Self-Efficacy Scale (GSE)
Generalized Anxiety Disorder 7-item Scale (GAD-7)
Geriatric Depression Scale (GDS)
Giessen Subjective Complaints List (GSCL)
Global Assessment of Relational Functioning Scale (GARF)
Global Severity Index (GSI)
Goal Orientation Index (GOI)
Godin Leisure Time Exercise Questionnaire (GLTEQ)
Hamburg Pain Adjective List (HPAL)
Hamilton Anxiety Rating Scale (HAM-A)
Hamilton Depression Rating Scale (HAM-D)
Health Behaviour Inventory (HBI)
Healthcare Provider Support Survey (By Lin SY. 2011 - HPS)
Health-Promoting Lifestyle Profile (HPLP)
Herth Hope Index (HHI)
Hopkins Symptom Checklist (HSCL)
Hospital Anxiety and Depression Scale (HADS)
Human Figure Drawing Test (HFD)
Illness Perceptions Questionnaire (IPQ)
Impact of Events Scale (IES)
Index of Illness-Related Concerns
Index of Well-Being (IWB)
Insomnia Severity Index (ISI)
Instrumental Activities of Daily Living Scale (IADL)
INTERMED
International Physical Activity Questionnaire (IPAQ)
Interpersonal Support Evaluation List (ISEL)
Intimate Relationship Scale (IRS)
Inventory of Socially Supportive Behavior (ISSB)
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Jalowiec Coping Scale (JCS)
Kellner’s Symptom Questionnaire (SQ)
Kessler Psychological Distress Scale (K10)
Krantz Health Opinion Survey (KHOS)
Leeds Self-assessment of Anxiety (SAA) Specifiec Scale
Leeds Self-assessment of Depression (SAD) Specifiec Scale
Life Attitudes Profile (LAP)
Life Orientation Test (LOT)
Life Satisfaction (Fragebogen zur Lebenszufriedenheit - FLZ)
Life Satisfaction Index (LSI)
Lipp Stress Symptom Inventory (LSSI)
Locke-Wallace Marital Adjustment Test (LWMAT)
Long Term Medication-Behavior Self-Efficacy Scale (LTMBS)
Lubben Social Network Scale (LSNS)
McGill Pain Questionnaire
Medical Coping Modes Questionnaire (MCMQ)
Medication Experience Scale for Immunosuppressants (MESI)
Mehrdimensionaler Stimmungsfragebogen (MSF)
Mental Adjustment to Cancer Scale (MAC)
Mental Health Inventory (MHI)
Milan Overall Dementia Assessment (MODA)
Mindful Attention Awareness Scale (MAAS)
Mini–Mental State Examination (MMSE)
Minnesota Leisure Time Physical Activity Questionnaire (MILTPAQ)
Minnesota Multiphasic Personality Inventory (MMPI)
Mishel Uncertainty in Illness Scale-Adult version (MUIS-A)
Montreal Cognitive Assessment (MoCA)
Morisky Medication Adherence Scale (MMAS)
Multidimensional Fatigue Inventory (MFI-20)
Multidimensional Health Locus of Control Scale (MHLC)
Multidimensional Scale of Perceived Social Support (MSPSS)
Multiple Affect Adjective Checklist (MAACL)
National Adult Reading Test (NART)
NEO Five-Factor Inventory (NEO-FFI)
Neuropsychological Impairment Scale (NIS)
Nottingham Extended Activities of Daily Living Scale (NEADL)
Numeric Pain Rating Scale (NPRS)
On Your Own Feet Self-Efficacy Scale (OYOF-SES)
Optimism-Pessimism Scale (PSM)
Orthostatic Grading Scale (OGS)
Overall Treatment Effect Scale (OTE)
Pain-O-Meter (POM)
Palliative Performance Scale (PPS)
Participation Scale
Patient Global Impression Scales (PGI)
Patient Health Questionnaire (PHQ)
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Patient Satisfaction Questionnaire Short-form (PSQ-18)
Perceived Health Competence Scale (PHCS)
Perceived Social Support Scale (PSSS)
Perceived Stress Scale (PSS)
Perception of Self-Care Agency (PSCA)
PERI Life Events Scale
Personal Resource Questionnaire (PRQ)
Physical Activity Scale for the Elderly (PASE)
Physical Symptom Distress Scale (By Chiou CP. 1998 - PSDS)
Pittsburgh Sleep Quality Index (PSQI)
Positive And Negative Affect Schedule (PANAS)
Positive Symptome Distress Index (PSDI)
Positive Symptome Total (PST)
Posttraumatic Growth Inventory (PTGI)
Posttraumatic Self-rating Scale (PTSD-SS)
Posttraumatic Stress Syndrome 10-Questions Inventory (PTSS-10)
Profile of Mood States (POMS)
Psychiatric Symptom Index (PSI)
Psychological General Well-Being Index (PGWB)
Psychosocial Adjustment to Illness Scale (PAIS)
Psychosocial Assessment of Candidates for Transplantation (PACT)
Purpose in Life Test (PIL)
Quality of Life Inventory (QOLI)
Quality of Well-Being Scale (QWB)
Questionnaire on Everyday Living (ALLTAG)
Quick Inventory of Depressive Symptomatology (QIDS)
Reflux Symptom Index (RSI)
Regulatory Emotional Self-Efficacy Scale (RESE)
Reintegration to Normal Living Index (RNLI)
Relationship and Sexuality Scale
Repeatable Battery for the Assessment of Neuropsychological Status (RBANS)
Resilience Scale (RS)
Revised UCLA Loneliness Scale
Rivermead Behavioural Memory Test (RBMT)
Rosenberg Self-Esteem Scale (RSES)
Rotterdam Transition Profile (RTP)
Ryff’s Psychological Well-Being Scales (PWB)
Ryle Marital Pattern Test (MPT)
Satisfaction Profile (SAT-P)
Satisfaction With Life Scale (SWLS)
Scale for Suicidal Ideation (SSI)
Scale of Personal Religiousness
Schwab-Gilleard Depressive Scale (SGDS)
Self-Efficacy for Managing Chronic Disease
Self-Rating Inventory for Posttraumatic Stress Disorder (SRIP)
Self-Regulation Questionnaire (SRQ)
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Self-Reported Medication-Taking Scale (SMTS)
Sense of Mastery Scale
Seven-Day Physical Activity Recall Questionnaire (PAR)
Severity of Alcohol Dependence Questionnaire (SADQ)
Sexual Concerns Questionnaire (SCQ)
Sexual History Form (SHF)
Sexualmedizinischer Fragebogen bei Chronischen Erkrankungen (SFCE)
Shame and Guilt Inventory (SAGI)
Shanan Sentence Completion Technique (SSCT)
Sheehan Disability Scale (SDS)
Short Physical Performance Battery (SPPB)
Short Physical Performance Battery (SPPB)
Short QUestionnaire to ASsess Health-enhancing physical activity (SQUASH)
Sleep Disturbance Questionnaire (By Irvibe J. 1993)
Sleep, Energy, and Appetite Scale (SEAS)
Snaith-Hamilton Pleasure Scale (SHAPS)
Social Embedding Questionnaire (SEB)
Social Provisions Scale
Social Reintegration Questionnaire
Social Resources and Social Supports Questionnaire (By Myers HF. 1996)
Social Support Appraisals Scale (SSA)
Social Support Index (SSI)
Social Support List Discrepancies (SSL-D)
Social Support Network Inventory
Social Support Questionnaire (F-SozU)
Social Support Questionnaire (SSQ)
Social Support Scale (MOS-SSS)
Social Well-being Scale (SWBS)
State-Trait Anxiety Inventory (STAI)
Subjective Fatigue Checklist (By Pearson P. & Byars G. 1956)
Subjective Global Assessment (SGA)
Survey of Recent Life Experiences (SRLE)
Survey of Sleep (SOS)
Symptom Checklist-90 (SCL-90)
Symptom Distress Scale (SDS)
Symptom Experience Report (SER)
Tampa Scale for Kinesiophobia (TSK)
Toronto Alexithymia Scale (TAS-20)
Trauma and Life Events Self-Report Inventory (TLESI)
Treatment Satisfaction Questionnaire for Medication (TSQM)
Trier Inventory for the Assessment of Chronic Stress (TICS)
Utrecht Coping List (UCL)
Utrecht Scale for Evaluation of Rehabilitation-Participation (USER-Participation)
Valued Life Activities Disability and Accommodations Scale (VLA)
Van Dream Anxiety Scale (VDAS)
Ways of Coping Scale (WOCS)
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Wechsler Memory Scale (WMS)
Work Ability Index (WAI)
Work Performance Index (WPI)
Work Productivity and Activity Impairment-General Health Questionnaire (WPAI:GH)
Xiao Social Support Interview (By Xiao RC. 1989)
Zerssen’s Mood-Scale (Bf-S)
Zung Self-Rating Anxiety Scale (SAS)
Zung Self-Rating Depression Scale (SDS)

Appendix 3: Alphabetic list of all applied disease/organ-specific HRQoL
instruments
Airway Questionnaire 20 (AQ 20)
Androgen Deficiency in the Aging Male Questionnaire (ADAM)
Cardiac Depression Scale (CDS)
Cardiac Symptoms Inventory (By Irvibe J. 1993)
Carolinas Comfort Scale (CCS)
Chronic Liver Disease Questionnaire (CLDQ)
Chronic Respiratory Questionnaire (CRQ)
Colorectal-Anal Distress Inventory 8 (CRADI-8)
Cushing Quality of Life Questionnaire (Cushing QoL)
Cystic Fibrosis Quality of Life Questionnaire (CFQoL)
Dermatology Life Quality Index (DLQI)
Diabetes Distress Sclae (DDS)
Diabetes Quality of Life Measure (DQOL)
End Stage Renal Disease Physical Symptom Scale (By Parfrey PS. 1989)
European Heart Failure Self-care Behaviour Scale (EHFScBS)
Expanded Disability Status Scale (EDSS)
Functional Assessment of Cancer Therapy-General (FACT-G)
Gastrointestinal Quality of Life Index (GIQLI )
Gastrointestinal Symptom Rating Scale (GSRS)
Heart Failure Symptom Checklist
HeartQoL
Hemodialysis Stressor Scale (HSS)
Hepatic Encephalopathy Score (PHES)
Hornheide Screening Instrument (HSI)
Hypoglycemia Fear Survey (HFS)
International Index of Erectile Function (IIEF)
International Prostate Symptom Score (IPSS)
Johns Hopkins Restless Legs Severity Scale (JHRLSS)
Kansas City Cardiomyopathy Questionnaire (KCCQ)
Kidney Disease Quality of Life Short form (KDQOL-SF)
Lequesne Index of Severity for Osteoarthritis of the Hip (LISOH)
Liver Disease Quality of Life Questionnaire (LDQOL)
Liver Disease Symptom Index (LDSI)
Liver Frailty Index (LFI)
Medical Research Council (MRG) Dyspnoea Scale
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Menopause-Specific Quality of Life (MENQOL)
Minnesota Living with Heart Failure Questionnaire (MLHFQ)
Modification of Diet in Renal Disease (MDRD)
Oral Health Impact Profile (OHIP)
Pelvic Organ Prolapse Distress Inventory 6 (POPDI-6)
Problem Areas In Diabetes Scale (PAID)
Pulmonary-specific Quality of Life Scale (PQLS)
Quality of life for Primary Biliary Cirrhosis (PBC-40)
Quality of Life Index Cardiac Version
Quality of Life Index-Dialysis Version
Quality of Life Questionnaire In Osteoporosis (QUALIOST)
Restless Legs Syndrome Quality of Life Questionnaire (RLSQoL)
Skindex-16
St George’s Respiratory Questionnaire (SGRQ)
Standardaized Outcomes in Nephrology-Children and Adolescents (SONG-Kids)
University of California San Diego Shortness of Breath Questionnaire (UCSD)

Appendix 4: Alphabetic list of all applied transplant-specific HRQoL instruments
Assessment of Problems with the Heart Transplant Regimen
Basel Assessment of Adherence to Immunosuppressive Medication Scale (BAASIS)
Battelle Heart Transplant Recipient Questionnaire
Chinese Symptome Experience Questionnaire (By Lin YH. - CSE)
Cincinnati Transplant Questionnaire (CTQ)
Effects of Transplant on Daily Life
End Stage Renal Disease Symptom Checklist-Transplantation Module (ESRD-SCLTM)
Heart Transplant Intervention Scale
Heart Transplant Rating Question Form
Heart Transplant Stressor Scale
Heart Transplant Symptom Checklist
Immunoglobulin Therapy After Liver Transplantation Questionnaire (ITaLi-Q)
Immunosuppressant Therapy Adherence Scale (ITAS)
Immunosuppressant Therapy Barrier Scale (ITBS)
Impact of Gastrointestinal Symptoms on Quality Of Life (SIGIT-QoL)
Kidney Transplant Health Promotion Behavior Survey (By Lin SY. 2011 - KTHPB)
Kidney Transplant Questionnaire (KTQ)
Kidney Transplant Recipient Stressor Scale (KTRSS)
Kidney Transplantation Adaptation Assessment Scale (KTAAS)
Kidney Transplantation Self-Care Behavior Scale (By Weng LC. 2008)
Kidney Transplantation Self-Care Self-Efficacy Scale (by Weng LC)
Kidney Transplantation Self-Management Scale (By Weng LC. 2008)
Memphis Survey
Modified Transplant Symptom Occurrence and Symptom Distress Scale (MTSOSD)
Multidimensional Adherence Questionnaire for Liver Transplanted Patients (MAQ)
National Institute of Diabetes and Digestive and Kidney Disease Transplantation Quality
of Life Questionnaire (NIDDK QOL)

Organ Transplant Symptom and Well-being Instrument (OTSWI)
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Pediatric Liver Transplant Quality of Life (PeLTQL)
Pediatric Quality of Life Inventory 3.0 (PedsQL 3.0) - Transplant Module
Perceived Threat of the Risk of Graft Rejection Questionnaire (PTGR)
Positive Effects of Transplant Scale (PETS)
post-Liver Transplant Quality of Life Questionnaire (pLTQ)
Quality of Life Index-Liver Transplant Version (QLI-LT)
Quality of Life Index-Transplantation Version
Questionnaire for Lung Transplant Patients (QLTP)
ReTransQol (RTQ)
Transplant Care Index (TCI)
Transplant Effects Questionnaire (TxEQ)
Transplant Recipient Questionnaire (Gozdowska J, 2016 - KBpP)
Transplant Symptom Frequency and Symptom Distress Scale
Transplant Symptom Inventory (By Lanuza DM. 2012 - TSI)
Transplantation Evaluation Rating Scale (TERS)
Transplant-Related Stressors Scale
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Abstract
Patient-reported outcome measures (PROMs) are widely applied to assess perceived
health status. To date, no transplant-specific PROM is available for generating a single,
standardized score regarding the health status of transplant recipients. The objective of
this study was to generate health items for a new patient-centered PROM for organ
recipients: the Transplant PROM (TXP). A five-phase mixed-method approach was
applied to identify and select the health items: scoping literature review, expert
meetings, focus-group meetings with organ recipients, a special judgmental task within
an online survey, and expert meetings for final selection of health items. Based on a
previously published scoping literature review, a first round of expert meetings and a
total of four focus-group meetings with kidney, lung, and liver transplant
recipients (N=18), a list of 83 relevant health items relating to post-transplant life was
selected. In an online survey, 183 transplant recipients selected the 10 most important
health items from this list. After evaluating the frequency of selected health items and
combining items that assess closely related or similar concepts in the second round of
expert meetings, nine health items were chosen to be included in TXP: fatigue, skin,
worry/anxiety, self-reliance, activities, weight, sexuality, stooling, and
memory/concentration. The nine TXP health items reflect the most prominent issues
transplant recipients experience. The TXP can be administered by means of a
mobile-phone app.
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Introduction
Over the last three decades, the transplantation of solid organs (i.e., heart, lung, liver,
kidney, and pancreas) has become the standard of care for end-stage organ failure [1].
Advances in surgical techniques and post-transplant medical therapies have improved
the lifespan of all organ recipients [2]. The lifelong immunosuppressive therapies applied
in post-transplant care are nevertheless associated with complications (e.g., diabetes,
arterial hypertension, osteoporosis, and psychological impairments), which can have
adverse effects on the actual (or perceived) health status – often denoted by the term
health-related quality of life (HRQoL) – of solid-organ transplant recipients [3, 4].
Improvements in clinical outcomes and post-transplant survival time have therefore
increased the urgency of gaining insight into the HRQoL of patients after transplant [5].

The multidimensional concept of HRQoL can be defined as an individual’s perceived
wellbeing within the physical, mental, and social domains of health [6]. Increasing
attention is being paid to the evaluation of HRQoL in both clinical research and
patient-care services [7]. The investigation of HRQoL is particularly important in the
transplant setting, given that a substantial proportion of candidates and recipients are
concerned about their HRQoL [8, 9].

HRQoL is commonly assessed in terms of patient-reported outcomes (PROs). The
National Quality Forum of the United States of America defined PROs as “any report of
the status of a patient’s (or person’s) health condition, health behavior, or experience
with healthcare that comes directly from the patient, without interpretation of the
patient’s response by a clinician or anyone else.” The term PRO encompasses a broad
spectrum of outcomes that include the symptoms of a disease or the side effects of a
treatment (e.g., immunosuppressant), functions (e.g., social and physical activities or
cognitive functioning), and even multidimensional constructs, including HRQoL. The
tools to assess PROs are referred to as PRO measures (PROMs) [10]. PROMs may be
taken as measurements for clinical research or program evaluation: they could be used
on a one-time basis to provide a functional and psychosocial profile of individual
patients; or they might be applied sequentially to monitor patients [6, 10-12]. The
application of PROMs could potentially enhance care management by helping
healthcare providers to understand the impact of specific treatments on the lives of
patients beyond whether specific clinical values are within a given range. This could
enhance patient-doctor communication and increase patient engagement in the course
of treatment, thus ultimately resulting in higher patient satisfaction and better
outcomes [13]. Recent reviews of the use of PROMs in studies on solid-organ
transplantation have indicated that most of the PROMs in current use (e.g., the 36-item
Short Form Survey [SF-36] and the EQ-5D) are generic, with only a few being
specifically related to transplant [14-17]. Another issue is that the contents (i.e., items,
questions, attributes) of these PROMs were derived mainly by experts, and many years
ago, without any patient involvement. However, there is now a shift towards a
patient-centered approach that emphasizes patient involvement and advocacy. Most of
these literature reviews emphasize the necessity of developing a distinctive,
patient-centered, transplant-specific PROM.

One of the most challenging tasks in the development of such a PROM is to
determine which set of health items should be incorporated to capture the full range of
health issues Health items refer to single components of an individual’s health state.
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A health item corresponds to one specific area of health functioning that usually ranges
from normal to severely limited. When several health items are combined into a PROM,
they describe a unique health state [18-20]. Face and content validity are crucial to the
development of a HRQoL PROM, yet these are seldom evaluated. We aimed to
generate health items for a short, patient-centered, preference-based,
transplant-specific PROM (TXP) focusing on HRQoL. A typical feature of
preference-based measurement is that all relevant characteristics of the object of study
have to be evaluated together. Therefore, there is a cognitive constraint on the number
of items that may be included in a description of a health status. In general, people can
discriminate 7 (±2) pieces of information at a time, and so most preference-based
studies usually present no more than 9 items [21]. That is probably the maximum
amount of information people can process simultaneously [22].

Our aim is to develop a short, easily comprehensible preference-based PROM that
can be integrated into routine care in a meaningful way while posing a minimal burden
on patients and care providers. In the current paper, we report on the procedure to
identify and select the health items for such a PROM. We explain our novel methodology
based on focus-group meetings and a special online survey conducted among transplant
recipients.

Methods
A mixed-methods design [23] consisting of five sequential phases was applied to ensure
the coverage of existing PROMs and patient preferences. This mixed-methods design is
characterized by an initial phase of qualitative data collection and analysis based on a
scoping literature review (phase 1), followed by expert meetings (phase 2), focus-group
meetings (phase 3), quantitative data collection and analysis using an online HealthFan
survey (phase 4), and a second round of expert meetings for the final selection of health
items to be included in the PROM (phase 5, Figure 1). The search strategy and the results
of the scoping literature review (Phase 1) to identify all already available PROMs that
have been applied to assess quality of life, health status, or HRQoL in adult solid-organ
transplant recipients have been described previously [14]. The 4 subsequent phases are
described in the current manuscript of which methods are sequentially described below.

Phase 2: First round of PROMs expert meetings
Meetings were held with four experts (EB, SB, PK, KV) for the purpose of performing a
conceptual evaluation of health items that had been collected in an earlier
study (Phase 1) [14]. In line with the World Health Organization’s (WHO) description of
health as a state of complete physical, mental, and social well-being, items that were
apparently not connected to one of the three major domains of health (e.g., financial
matters, quality of care, adherence to medications) were excluded. As the next step,
conceptually overlapping items were combined and phrased as single items. Finally, all
relevant health items were selected for inclusion in the inventory.

Analytical presentations ultimately depend on the quality, relevance, and integrity of
their content. In our substantive consideration of the content of the health items, we
followed a content-driven analytical design. Each of the health items that were included
was categorized into one of three main health domains (physical, social, and mental
functioning). The items were graphically depicted in a HealthFan© [14, 24]: a systematic
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Figure 1. Five phases of the mixed-methods design for the selection of TXP health items. The first phase has
been described in chapter 4. The other phases, phases 2 to 5, are described in the current chapter.

approach that assembles related health items within subdomains. A HealthFan makes it
possible to present large sets of health items to patients in a clear, informative diagram
and is intended to make the cognitive task easier [25].

Phase 3: Focus-group meetings
Focus-group meetings were held with transplant recipients. They were recruited at the
University Medical Center Groningen (UMCG) in the Netherlands between May and
June 2018. We received a waiver from the Medical Ethics Review Board of the UMCG,
indicating that the study was not subject to the Dutch legislation on Medical Research
Involving Human Subjects Act (METc 2017/648). Patients were invited to participate by
their physicians. Exclusion criteria included inability to speak the Dutch language,
impaired cognition, and unwillingness to grant informed consent. There is no guideline
for the number of participants in focus group studies [26, 27]. Based on experience with
previous studies, groups with the size of minimum 4 to maximum 12 people, are most
informative. We included a heterogeneous sample of adult solid-organ recipients to
represent the post-transplant population in terms of gender and age and time since
transplantation. Separate meetings were held for liver, kidney, and lung recipients. Each
focus-group meeting lasted approximately two hours (with a short coffee break) and was
held in a comfortable conversation room in the hospital [28]. The focus-group meetings
were moderated by an experienced focus-group leader (KV or VH) with a background in
health-outcomes studies. Another researcher (VH or CA) attended the meetings as an
observer, in order to create an overview of the statements expressed in the meeting on
a flip chart. This overview was used to stimulate discussion and generate as much
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feedback as possible.
Before the meetings started, signed consent forms were obtained from the

participants. Each meeting started with a brief round of introductions. The audio
recording was not started until after the introductions, to ensure that the names of the
participants were not recorded.

The moderator of the focus-group meeting followed an interview guide during the
session to ensure that all of the topics were discussed (Table 1). The meetings
continued until we reached saturation, which means that no new data/topics were
brought into the discussion [29]. Finally, the HealthFan containing the health items that
had been extracted during phase 2 were presented to the participants, who were asked
to add any items that they missed in the inventory. The participants were also asked to
select the 10 health items from the HealthFan they deemed most important regarding
their own health state. Based on the results of these focus group meetings, we
developed a revised version of the HealthFan for the online survey with a larger group of
solid-organ recipients.

Table 1. Focus group meetings guiding open ended items from the interview guide

Area

Before transplantation
Please describe your health during the period in which you had end-stage
organ disease, before you received the transplant.

Shortly after transplantation
How did your life change shortly after the transplant, as compared to the
period when you were on the waiting list?

Current situation
Which health issues are important to you at this moment, including with
regard to perspectives on matters relating to your health that have emerged
since the transplant?

Future
Are there any other health issues that have not yet been mentioned that you
expect to become important in the future?

General
Follow-up questions were formulated in each step (e.g., “What is your
opinion about this?” and “Would you like to add something that has not
been discussed?”).

Phase 4: Online HealthFan survey
Transplant recipients were invited to take part in an online survey. Data were collected
from December 2018 through February 2019. The link to the survey was sent by email
to 207 patients who had received transplants at the UMCG. It was also advertised on
the websites of five organizations representing solid-organ transplant recipients in the
Netherlands. The online survey opened with a brief introduction to the topic to
familiarize respondents with the aims of research. First, they were asked to indicate their
gender, age, time since transplant, and type of transplantation. Second, participants
were asked to complete the Dutch version of the EQ-5D-5L instrument as a generic
measure of HRQoL [30]. Third, they were asked to select the 10 health items from the
second version of the HealthFan (Figure 2) that were most important to them. They
were further asked to add any health items that they missed in the survey. The survey
continued with two feasibility statements regarding the clarity and difficulty of the
HealthFan task. At the end, respondents had the opportunity to comment on the survey.
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Figure 2. Health items extracted based on the literature search, organized into physical, mental, and social
domains (HealthFan©), as presented to transplant recipients in the focus-group meetings and online survey
(* Items added to the HealthFan after the focus-group meetings).

Phase 5: Second round of expert PROMs meetings and final selection of health
items
Meetings were held with three clinical transplant experts (SB, HB, WB) and two PROMs
experts (PK and KV) in order to select the relevant health items for the TXP. The
discussions in these expert meetings were based on the results of the survey. The
frequency distributions (see below) for the entire group and for the subgroups based on
specific transplanted organs were analyzed separately. If several items within a similar
concept (for example: energy, fatigue, and loss of strength) from one sub-domain were
chosen frequently by the respondents, the overlapping items were condensed when
considered appropriate and logical. To ensure a complete coverage of the range of
health, items from another sub-domain were included in the final list. The final items
were operationalized into questionnaire items with response categories, which were
formulated in lay language.
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Data Analysis
Frequency distributions were computed to determine the importance of the attributes.
Data from subgroups of the transplant recipients were used to create graphs based on
gender and transplanted organ. All data were analyzed using SPSS (IBM SPSS
Statistics for Windows, Version 23.0, Armonk, NY; IBM Corp). The graphs were created
with R (ggplot2 package), working within R Studio and CorelDraw v.19 (Corel
Corporation, Ottawa, Canada).

Results
Phase 2: First round of expert meetings
The scoping literature review performed for phase 1 of the five phases of which the
development of this new patient-centered PROM for organ recipients consists, was
published previously [14]. Of the 287 health items identified during the scoping literature
review, 40 were excluded during the expert meetings performed for phase 2, because
their scope was not consistent with the WHO definition of health. After overlapping items
(e.g., taste and smell) were combined and non-relevant items were eliminated in the
expert meetings, 78 distinct health items grouped in 16 subdomains were selected for
the first version of the HealthFan. The items in the physical domain were subdivided into
the following categories: belly, body heat, chest, eating, energy, pain, physical aspects,
respiration, and skin. The items in the social domain were subdivided into activities,
autonomy, and relationships. The items in the mental domain were subdivided into
cognition, feelings, and worries [14].

Phase 3: Focus-group meetings
Of the approximately 80 transplant recipients who were approached, 25 expressed
interest in participating in the focus-group meetings, and 18 were available on the
planned dates and times. The meetings were organized by organ type. The study
population consisted of kidney, liver, and lung recipients ranging in age from 24 to 73
years, with a history of organ transplantation ranging from six months to 22
years (Table 2). The health items that the transplant recipients mentioned most
frequently during the focus-group meetings were lack of energy, adverse side effects of
immunosuppressant drugs, and skin problems. One of the lung recipients mentioned
three items that had not been identified in the literature search: joy in life, cheerfulness,
and optimism. Two transplant recipients also identified lifestyle changes as an important
health item. In the group of kidney recipients, excessive bleeding from surgical wounds
was mentioned as an additional health item. No new health items were mentioned by
the liver recipients.

Phase 4: Online HealthFan survey
In all, 176 Dutch transplant recipients completed the online survey. Of these
respondents, 26 were excluded because they had not completed any part of the survey.
The respondents consisted of 97 men and 53 women (Table 2). Another 22 respondents
had not selected any health items. The health-items analysis was thus ultimately based
on data from 128 respondents. Although 38 respondents selected more than 10 items
(11–31 items) and 27 respondents selected fewer than 10 items, they were still included
in the analysis.
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Table 2. Characteristics of participants in the focus-group meetings and online survey, stratified by transplanted
organ

Characteristics Liver Lung Kidney Heart

Focus-group meeting (N=18)
N 7 4 7 N/A
Male, N (%) 3 (43) 2 (50) 5 (71) N/A
Age (years), median [range] 52 [28–71] 63 [24–70] 54 [26–73] N/A
Currently unemployed, N (%) 3 (43) 2 (50) 2 (29) N/A
Time since transplant (years), median [range] 4 [0.5–17] 3.5 [0.6–12] 9 [4–22] N/A

Online survey (N=150)
N 12 20 91 27
Male, N (%) 8 (67) 14 (70) 55 (60) 20 (74)
Age (years), median [range] 54 [18–84] 64 [25–71] 58 [18–80] 63 [26–79]
Currently unemployed, N (%) 5 (42) 6 (30) 21 (23) 11 (41)
Time since transplant (years), median [range] 11.5 [0.3–33] 6 [0.5–30] 8 [1–34] 11 [1–34]

The proportions of respondents indicating which item was important to their health
was calculated (Figure 3). The 10 health items that were most frequently identified as
most important were energy (41%), fatigue, fragile skin, joy in life, side effects, control
over your life, weight, graft rejection, leisure activities, and loss of strength (24%). About
half of the items (39 of 83) were considered important by less than 10% of the
respondents. The frequencies with which attributes were selected were also calculated
separately by gender and transplanted organ (Appendix), but no substantial differences
were identified between the various sub-groups.

Phase 5: Second round of expert meetings and final selection of health items
We first took into account the most frequently selected health items and included the
ones that were selected by more than 20% of the respondents. Some health items with
overlapping meanings were combined. Of the 20 frequently selected health items, nine
were formulated for inclusion in the final set of TXP health items. The three most
frequently selected health items – energy, fatigue, and loss of strength – were combined
into a single item: “fatigue.” Skin-related symptoms and problems (skin alterations,
fragile skin) together constituted the second most frequently selected health items and
were combined into a single item: “skin.” Anxiety or worry with regard to side effects and
graft rejection were also among the most frequently selected health items. During the
expert meetings, however, consensus arose that these issues are container terms and
abstract concepts that do not constitute generic health outcome items, but personal
characteristics in response to post-transplant medical treatment. We decided to include
“worry/anxiety” as a separate health item, accompanied by an explanation (in the form
of a pop-up in the app) clarifying that such worries could be about side effects, the
functioning of the transplanted organ, infections, future diseases, or other issues.

“Control over your life” was selected by over 30% of the transplant recipients from
the sub-domain of autonomy. Given the importance of this sub-domain and the fact that
many recipients also selected “physical independence,” the final health item covering this
health outcome issue was formulated as “self-reliance.” The item “leisure activities” was
frequently selected from the sub-domain of activities. Because a large share (43%) of
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Figure 3. Proportion of respondents to the online survey identifying the item in question as important to their
health. The three colors in the center represent the three main domains, with the bars demonstrating the
percentage of patients selecting each health item.

respondents to the online survey were neither students nor employed, we suspect that
these two items were neglected. Both are nevertheless important health items for people
who are younger or still active in the labor market. We therefore decided to include
“activities” as a health item, accompanied by an explanation that the item could refer to
leisure activities, work, or study.

Weight and sexuality were frequently selected from the physical sub-domain, and
they were included in the TXP. In the online survey, sexuality was selected more
frequently by male respondents (26%) than it was by female respondents (18%).
Because problems related to defecation (flatulence/gas, diarrhea, constipation) were
frequently selected by the transplant recipients responding to the online survey,
“stooling” was formulated for inclusion in the TXP. Memory and concentration were the
most frequently selected health items from the cognition sub-domain, and they were
combined into a single item: “memory/concentration.” All selected items were used to
create the TXP, which is accessible through our data-collection technology
HealthSnAppTM (Figure 4).
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Figure 4. The nine items of the TXP, each with four levels, as depicted in the HealthSnApp (mobile application).

There were seven sub-domains in the HealthFan for which all of the health items were
selected by less than 20% of the respondents: relationships, senses, eating, respiratory,
body heat, chest, and pain. With the exception of “relationships,” all of these sub-domains
belong to the physical domain of HRQoL, which is more of an issue during the pre-
transplant phase. During the discussions with clinical experts, we agreed that, while
these items might be relevant in the lives of individual patients, these sub-domains are
not substantially affected by the transplantation.

Discussion
In this article, we report on the development of a new HRQoL-related PROM consisting
of health items that are important to solid-organ transplant recipients. The opinions of
patients should be included in all stages of the process of developing any
patient-centered PROM for assessing the overall quality of an individual’s health
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condition [31, 32]. We therefore involved transplant recipients throughout the entire
process of determining and selecting the health items. Based on a mixed-methods
approach consisting of a literature review, focus-group meetings, and an online survey,
organ recipients identified and selected health items that have had the most impact on
their health. The top nine health items that were selected for inclusion in the Transplant
PROM (TXP) were as follows: fatigue, skin, worry/anxiety, self-reliance, activities,
weight, sexuality, stooling, and memory/concentration.

The absence of a patient-centered, preference-based PROM for assessing HRQoL
in transplant recipients has posed a significant obstacle to the accurate measurement of
the overall health condition experienced by transplant recipients after transplantation.
Generic HRQoL instruments (e.g., SF-36 and EQ-5D) are the most frequently applied in
studies involving transplant recipients [14]. These instruments aim to assess generic
aspects of health status which make them suitable for comparisons across different
health conditions and populations. The selection of health items for most current generic
PROMs has predominantly relied on consensus and expert opinion, with most having
been determined without any significant patient input [33, 34]. Most of these instruments
are profile PROMs that do not measure the impact of health conditions as they are
experienced by patients. Although a few of these PROMs are preference-based (e.g.,
the EQ-5D), patients were not involved in assigning weights to any of the distinct items
included in them. Moreover, these generic instruments do not address many concerns
that are specific to transplant recipients with regard to organ rejection and the adverse
effects of immunosuppressive medications (e.g., fragile skin, stooling, weight gain, and
sexual dysfunction) [35, 36]. Our approach therefore involved patients throughout the
entire process – from the beginning of formulating the health items to the ultimate
selection of relevant items.

In the literature review, we identified 43 transplant-specific PROMs relating to
HRQoL [14]. Many of these tools are modified modules of disease-specific PROMs
containing health items pertaining to the context of organ transplants, although they are
not necessarily driven by the perspective of transplant recipients. For example, the
following items were repeated most frequently in the existing transplant-specific PROMs:
hair/nails, mouth/gingiva, depression, irritation/anger, and headaches/migraines. In our
study, however, none of these items was selected by more than 10% of the transplant
recipients in either the focus-group meetings or the online survey. Another drawback to
the existing PROMs is that almost all of them consist of descriptive profile
questionnaires, which are unable to generate a single value for HRQoL. Two
transplant-specific PROMs that are frequently administered to solid-organ recipients –
the Modified Transplant Symptom Occurrence and Symptom Distress Scale (MTSOSD)
[37, 38] and the Transplant Effects Questionnaire (TxEQ) [39, 40] – contain 59 and 23
health items, respectively. With only nine health items originating directly from transplant
recipients, the TXP can facilitate the measurement of HRQoL in both clinical and
research settings.

Joy in life was selected by a substantial share (36%) of the respondents to the online
survey. This item had been added to the HealthFan survey based on input from a lung
recipient who participated in the focus-group meetings. Although this item refers to a
generic aspect of life, it is not clear whether it should be regarded as a component of
health (or HRQoL). As a health item, joy in life seems to be more of an over-arching
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concept that goes beyond the overall construct that the TXP is intended to capture (i.e.,
experienced health and its effect on daily life for transplant recipients). If this item is
included, it could potentially dominate the other items, thus reducing the amount of
information provided about the other health items [41]. It was therefore excluded from
the TXP.

Our procedure for selecting the items that transplant recipients deemed important
might have been subject to some limitations. One limitation might be the low
participation rate in the focus group meetings. When we planned the focus group
meetings, we recruited organ recipients ensuring there was quite a lot of variation on a
number of demographic characteristics, such as age, gender educational level and time
since transplantation. Patients were recruited in outpatient clinics and the doctors paid
special attention to invite patients in such a way to generate a representative sample.
Afterwards, we analyzed the data and found no difference between the people who
refused to participate and the people who participated in focus group meetings.
Additionally, the respondents that participated in the online HealthFan survey (phase 4)
were also asked to identify missing health items. Not one missing health item was
identified, which may indicate that the focus group meetings were adequate. By inviting
people from both the UMCG and from patient organizations to participate in the online
survey, we aimed to have a representative selection of the transplant population. To
invite the organ recipients, we addressed all patients that receive post-transplant care in
our hospital, by email. Some patients could not be reached because they changed their
email address. Moreover, some patients indicated that they did not feel comfortable to
click on a link that was provided by email. These are possible reasons for the somewhat
low participation rate. One of the limitations of our study is that we were unable to check
if respondents participated based on the invitation by email or based on the
announcements done by patient organizations. This was a deliberate choice to ensure
the privacy of the respondents. Of the 176 respondents who initially started the survey,
26 did not fill in any response and 22 only provided demographic information. This could
indicate that the task was not what they expected, or that they did not feel competent to
complete it.

It appeared that most respondents were male, and that the mean age was above
50 years. This might suggest a certain selection. However, this over-representation of
males is representative for the overall population of organ recipients. We compared the
employment status and the preferences in the health items selection task between male
and female participants and found no significant difference between these groups.

Results seem distinctive since the results of the online survey indicated a clear
difference in number of selections between the top ten frequently selected health items
and all other health items. In addition, we did several bootstrapping analyses on
subsamples of our data, which produced very similar results. Another potential limitation
could be due to the somewhat arbitrary grouping of items in the HealthFan. For
example, like previous studies, we positioned activities of daily living within the physical
domain of HRQoL, although the sub-domain of activities (which consists of three other
health items) is positioned within the social domain. We cannot know whether the
grouping of items affected the way respondents selected the items that they considered
most important to their health [22]. A limitation to this study might have to do with our
application of a relatively straightforward HealthFan method, which is based largely on
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frequencies to select important health items. One way to extend the selection procedure
could be to include ranking exercises as subsequent tasks, after the respondent has
selected the most important items [42]. The frequency approach that we applied
nevertheless seems adequate for our present purposes.

Health items that were collected from the, English, literature had to be translated to
Dutch, since the study was performed among Dutch participants. There may be a small
risk of unintended changing the validity of the constructs due to this translation. However,
the constructs were denoted by a single word or a short phrase, so we don’t expect this
to be an important issue. Nonetheless some caution should be taken when generalizing
these results.

Face validity and content validity can be investigated by establishing special
methods to retrieve the relevant items, by opinion, and by special judgment procedures
as presented in our manuscript. In the next step in our research, we plan to approach
transplant patients to assess their current health condition using the HealthSnApp
data-collection technology. This mobile application (app) is combined with a central
server (www.healthsnapp.info), which runs our newly developed measurement model
according to interactive software routines that are generic and flexible. The technology
is capable of generating a value based on 3–18 health items [22, 43, 44].
Users (i.e., transplant recipients) will first be asked to rate their current health condition
by ticking nine boxes representing the nine items derived in this study, until the
descriptions in all of the boxes provide the best possible description of their current
health. In the second task, slightly different health states will be shown to the
respondents, who will be asked to choose whether each of these health states is better
or worse than their own state of health. This comparative procedure is essential for any
preference-based measurement PROM [43, 44]. Because the response task in this app
is simply a preference (rank order) between a patient’s own health state and a closely
related hypothetical health state, the assessment is less likely affected by ‘subjective’
motives and easier to accomplish. This mode of measurement largely prevents biases
such as adaptation and coping. The current study was to establish the conceptual
framework of the TXP and to select relevant health items. The procedure of items
selection was based on patient input, not on expert opinion. Future studies are planned
to use the TXP in a sample of transplant recipients. In addition, extensive exploration of
the TXP’s measurement properties (test-retest reliability, convergent validity) will also be
done.

In conclusion, we adopted a patient-centered approach to include a total of nine
health items in the novel Transplant PROM (TXP). This new PROM provides transplant
recipients, clinicians, and researchers with a convenient tool for measuring and
monitoring the overall trend of HRQoL during the post-transplant period.

90



5

Health items of TXP

References
1. Kellar CA. Solid organ transplantation overview and

selection criteria. Am J Manag Care. 2015; 21:S4-
11.

2. Lodhi SA, Lamb KE, Meier-Kriesche HU. Solid Organ
allograft survival improvement in the united states:
The Long-Term Does Not Mirror the Dramatic Short-
Term Success. Am J Transplant. 2011; 11:1226-
1235.

3. Benzing C, Krezdorn N, Förster J, Hinz A,
Atanasov G, Wiltberger G, Morgül MH, Lange UG,
Schmelzle M, Hau HM, Bartels M. Impact of different
immunosuppressive regimens on the health-related
quality of life following orthotopic liver transplantation.
Clinical transplantation. 2015; 29:1081-1089.

4. Kugler C, Geyer S, Gottlieb J, Simon A, Haverich
A, Dracup K. Symptom experience after solid organ
transplantation. J Psychosom Res. 2009; 66:101-
110.

5. de Wit M, Hajos T. Health-Related Quality of Life.
In: Gellman MD, Turner JR, editors. Encyclopedia of
Behavioral Medicine. New York, USA: Springer;2013:
929-931.

6. Krabbe PFM. The Measurement of Health and Health
Status: Concepts, Methods and Applications from
a Multidisciplinary Perspective. San Diego, USA:
Academic Press; 2016.

7. Guyatt GH, Ferrans CE, Halyard MY, Revicki DA,
Symonds TL, Varricchio CG, DSN, RN, Kotzeva A,
Valderas JM, Alonso JL. Exploration of the value of
health-related quality-of-life information from clinical
research and into clinical practice. Mayo Clin Proc.
2007; 82:1229-1239.

8. Howell M, Wong G, Rose J, Tong A, Craig JC, Howard
K. Eliciting patient preferences, priorities and trade-
offs for outcomes following kidney transplantation: a
pilot best–worst scaling survey. BMJ Open. 2016;
6:e008163.

9. Lewis EF, Johnson PA, Johnson W, Collins C, Griffin
L, Stevenson LW. Preferences for quality of life or
survival expressed by patients with heart failure. J
Heart Lung Transplant. 2001; 20:1016-1024.

10. Cella D, Hahn EA, Jensen SE, Butt Z, Nowinski CJ,
Rothrock N, Lohr KN. Patient-Reported Outcomes in
Performance Measurement. Research Triangle Park,
NC: RTI Press; 2015.

11. Weldring T, Smith SM. Patient-Reported Outcomes
(PROs) and Patient-Reported Outcome Measures
(PROMs). Health Serv Insights. 2013; 6:61-68.

12. Calvert M, Kyte D, Price G, Valderas JM, Hjollund NH.
Maximising the impact of patient reported outcome
assessment for patients and society. BMJ. 2019;
364:k5267.

13. Ridgeway JL, Beebe TJ, Chute CG, Eton DT, Hart
LA, Frost MH, Jensen D, Montori VM, Smith JG,
Smith SA, Tan AD, Yost KJ, Ziegenfuss JY, Sloan
JA. A brief Patient-Reported Outcomes Quality of Life

(PROQOL) instrument to improve patient care. PLoS
Med. 2013; 10:e1001548.

14. Shahabeddin Parizi A, Krabbe PFM, Buskens E,
Bakker SJL, Vermeulen KM. A Scoping Review of
Key Health Items in Self-Report Instruments Used
Among Solid Organ Transplant Recipients. Patient.
2019; 12:171-181.

15. Seiler A, Klaghofer R, Ture M, Komossa K, Martin-
Soelch C, Jenewein J. A systematic review of health-
related quality of life and psychological outcomes
after lung transplantation. J Heart Lung Transplant.
2016; 35:195-202.

16. Wyld M, Morton RL, Hayen A, Howard K, Webster
AC. A systematic review and meta-analysis of utility-
based quality of life in chronic kidney disease
treatments. PLOS medicine. 2012; 9:e1001307.

17. Cleemput I, Dobbels F. Measuring patient-reported
outcomes in solid organ transplant recipients.
PharmacoEconomics. 2007; 25:269-286.

18. Preedy VR, Watson RR. Handbook of Disease
Burdens and Quality of Life Measures. New York,
USA: Springer; 2010.

19. Streiner DL, Norman GR, Cairney J. Health
measurement scales: a practical guide to their
development and use. 5th ed. Oxford, UK: Oxford
University Press; 2015.

20. DeVellis RF. Scale development: Theory and
applications. 4th ed. Newbury Park, CA: Sage
Publications Inc; 2016.

21. Miller GA. The magical number seven plus or minus
two: some limits on our capacity for processing
information. Psychol Rev. 1956; 63:81-97.

22. Krabbe PFM, van Asselt ADI, Selivanova A,
Jabrayilov R, Vermeulen KM. Patient-centered item
selection for a new preference-based generic health
status instrument: CS-Base. Value Health. 2019;
22:467-473.

23. Creswell JW, Klassen AC, Plano Clark VL, Clegg
Smith K. Best practices for mixed methods research
in the health sciences. National Institutes of Health,
Office of Behavioral and Social Sciences Research;
2011.

24. Reneman MF, Brandsema KPD, Schrier E, Dijkstra
PU, Krabbe PFM. Patients First: Toward a Patient-
Centered Instrument to Measure Impact of Chronic
Pain. Phys Ther. 2018; 98:616-625.

25. Tufte E. Beautiful evidence. Cheshire, Connecticut,
USA: Graphics Press; 2006.

26. Carlsen B, Glenton C. What about N? A
methodological study of sample-size reporting in
focus group studies. BMC Med Res Methodol. 2011;
11:11-26.

91



5

Chapter 5

27. Guest G, Namey E, McKenna K. How many focus
groups are enough? Building an evidence base for
nonprobability sample sizes. Field Methods. 2016;
18:59–82.

28. Krueger RA, Casey MA. Focus groups: A practical
guide for applied research. 5th ed. Thousand Oaks,
CA: Sage; 2015.

29. Saunders B, Sim J, Kingstone T et al. Saturation in
qualitative research: exploring its conceptualization
and operationalization. Qual Quant 2018;
52:1893–1907.

30. Versteegh MM, Vermeulen KM, Evers SMAA, de Wit
GA, Prenger R, Stolk EA. Dutch Tariff for the Five-
Level Version of EQ-5D. Value Health. 2016; 19:343-
352.

31. Snyder CF, Jensen RE, Segal JB, Wu AW. Patient-
reported outcomes (PROs): putting the patient
perspective in patient-centered outcomes research.
Med Care. 2013; 51: S73-S79.

32. Deshpande PR, Rajan S, Sudeepthi BL, Abdul Nazir
CP. Patient-reported outcomes: a new era in clinical
research. Perspect Clin Res. 2011; 2:137-144.

33. Arons AMM, Schölzel-Dorenbos CJM, Olde Rikkert
MGM, Krabbe PFM. Improving the measurement of
QALYs in dementia: some important considerations.
Value Health. 2012; 15:785-787.

34. Wiering B, de Boer D, Delnoij D. Patient involvement
in the development of patient-reported outcome
measures: a scoping review. Health Expect. 2017;
20:11-23.

35. Brazier J-H, Harper R, Jones N, O’Cathain A,
Thomas K, Usherwood T, Westlake L. Validating the
SF-36 health survey questionnaire: new outcome
measure for primary care. BMJ. 1992; 305:160–164.

36. EuroQol Group. EuroQol–a new facility for the
measurement of health-related quality of life. Health
Policy. 1990; 16:199-208.

37. Moons P, De Geest S, Versteven K, Abraham
I, Vlaminck H, Moens G, Waer M. Psychometric
properties of the “modified transplant symptom
occurrence and symptom distress scale”. J Nurs
Meas. 2001; 9:115–134.

38. Dobbels F, Moons P, Abraham I, Larsen CL, Dupont
L, De Geest S. Measuring symptom experience
of side-effects of immunosuppressive drugs: the
Modified Transplant Symptom Occurrence and
Distress Scale. Transpl Int. 2008; 21:764–773.

39. Ziegelmann JP, Griva K, Hankins M, Harrison
M, Davenport A, Thompson D, Newman SP.
The Transplant Effects Questionnaire (TxEQ): the
development of a questionnaire for assessing the
multidimensional outcome of organ transplantation -
Example of end stage renal disease (ESRD). Brit J
Health Psychol. 2002; 7:393–408.

40. Annema C, Roodbol PF, Stewart RE, Ranchor AV.
Validation of the Dutch version of the transplant
effects questionnaire in liver transplant recipients.
Res Nurs Health. 2013; 36:203–215.

41. Coast J, Al-Janabi H, Sutton EJ, Horrocks SA,
Vosper AJ, Swancutt DR, Flynn TN. Using qualitative
methods for attribute development for discrete choice
experiments: issues and recommendations. Health
Econ. 2012; 21:730-741.

42. Stenner PH, Cooper D, Skevington SM. Putting the
Q into quality of life: the identification of subjective
constructions of health-related quality of life using Q
methodology. Soc Sci Med.2003; 57:2161-2172.

43. Groothuis-Oudshoorn CGM, van der Heuvel E,
Krabbe PFM. An item response theory model
to measure health: the multi-attribute preference
response model. BMC Med Res Methodol. 2018;
18:62.

44. Krabbe PFM. A generalized measurement model
to quantify health: the multi-attribute preference
response model. PLoS One. 2013; 8:e79494.

92



5

Health items of TXP

Appendix

Appendix 1. Proportion of respondents to the online survey identifying the item in question as important to
their health, by gender.
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Appendix 2. Proportion of respondents to the online survey identifying the item in question as important to
their health, by organ type.
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Abstract
Efforts to evaluate the health states of solid-organ transplant recipients are hampered by
the lack of patient-centered preference-based patient-reported outcome measures
(PROMs) targeting this group. The Transplant ePROM (TXP) based on a novel
measurement model and administered through a mobile application fills this gap. Here,
we explain how we derived coefficients for the four levels of each of the TXP’s nine
health items. We also present preliminary empirical results for solid-organ recipients’
health state assessments. The nine health items in the TXP were fatigue, skin, worry,
self-reliance, activities, weight, sexuality, stooling, and memory. Via an online survey
solid-organ recipients participating in the TransplantLines Biobank and Cohort study
(NCT03272841) were asked to describe and then compare their own health states with
six other health states. Coefficients for item levels were obtained using a conditional
logit model. A total of 232 solid-organ transplant recipients (mean age: 54 years)
participated. The majority (106) were kidney recipients, followed by lung, liver, and heart
recipients. Fatigue was the most frequent complaint (54%). The most negative
coefficients were found for activities and worry, followed by self-reliance and memory.
Recipients of different organs reported comparable issues. The TXP score
approximated an optimal health state for the majority of respondents.
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Introduction
Assessments and comparisons of the outcomes of different medical interventions and
treatment modalities, such as solid-organ transplantation, from patients’ perspectives are
essential [1]. In recent decades, with advances in surgical techniques and post-transplant
care, the outcomes of traditional treatments (e.g. the survival of patients and grafts)
have improved considerably. As for other therapeutic interventions, the maintenance or
enhancement of (perceived) health status or health-related quality of life (HRQoL) has
emerged as a key objective within the medical field of transplantation [2-5].

The term HRQoL is generally considered to reflect the physical, psychosocial, and
social impacts of diseases and treatments on a patient’s disability and daily
functioning [6, 7]. Previous studies have shown that for a large proportion of patients,
HRQoL may be more relevant than length of life, and many patients are more concerned
about their general health and infirmity than they are about their survival [8, 9]. This is
especially the case for solid-organ recipients for whom presently the goal of
post-transplant interventions is focused on maintaining graft function and keep the
patients symptom free [10]. Therefore, adequate measurement and follow-up of HRQoL
in transplant recipients is pertinent for clinicians and researchers.

Patient-reported outcome measures (PROMs), which encompass any direct
reporting by patients on how they function or feel without any interpretation or filtering by
physicians or others, can be used to assess HRQoL [6]. While some HRQoL PROMs for
transplant recipients currently exist [11], they are designed conventionally, entailing
sections yielding separate measures for different health domains rather than providing a
single score that expresses the overall quality of a patient’s state of health. Measuring
the overall impact of health states requires preference-based methods. PROMs
developed using such methods explicitly incorporate weights that reflect the importance
attached to a set of health items. Rather than measuring the levels of reported
complaints (i.e., their frequency and intensity), these preference-based PROMs
generate a single number that reflects the patient’s health state as a whole.
Consequently, such a single number can be more easily understood and used to
compare different populations or groups within a population over time.

The source of health items is another important aspect of HRQoL PROMs. There is
now a consensus that patients’ views should be accorded a central place in the
development of the entire PROM trajectory [12, 13]. Reneman et al. recently generated
the content of a PROM for chronic pain and surprisingly, the item that patients
considered most important was “fatigue,” which is not included in the PROMs that are
generally used for reporting on chronic pain [14]. This indicates that content validity of a
PROM may be reduced if not constructed on profound input from patients. In our review
relating to solid-organ transplantation, we found out that most of the recent HRoQL
instruments currently in use are not specifically designed for transplant recipients and/or
their content was obtained by experts without the patients’ involvement [11]. Our review,
as well as some previously published reviews [15-17], revealed the necessity of
developing a HRQoL PROM specifically for transplant recipients that is patient centered
throughout its development and assessment process and entails a preference-based
methodology. Accordingly, we sought to develop a PROM for measuring HRQoL in
solid-organ recipients.

We applied a novel measurement model that requires interactive routines within an
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electronic environment to derive the weights of the items in this new
Transplant PROM (TXP). In this paper, we report on the empirical results of
administering our newly introduced measurement model associated with the recently
developed TXP within a group of solid-organ recipients. Our aim was to elucidate how
we derived the weights for different items, and to report initial empirical results for the
HRQoL of solid-organ recipients obtained using novel measuring methods.

Methods
Framework of the study
The core of a preference-based measurement framework consists of a response task
comparing at least two objects with the objective of expressing which object is preferred
(is better). A typical feature of this framework is that all relevant characteristics of the
object of study must be assessed together. A health state is often described as a small
set of health items, whereby each health item entails a limited number of levels of
severity. The respondents score the set of health items as a whole, and not the
individual health items separately. In doing this, the ability to read and mentally process
all of the health items simultaneously is required. In comparing complete health item
sets, which differ according to levels of severity (i.e. the health state), a preference for
one health states is evoked. For our purpose, this meant evaluating the health items of
the TXP in combination.

It has been posited that the immediate memory span limits the amount of information
that individuals are able to receive, process, and recall. In general, individuals can
discriminate 7 (±2) information items at a time. Consequently, most preference-based
studies usually include no more than nine items [18, 19]. This figure likely represents the
maximum amount of information that can be simultaneously processed by an individual.
Therefore, the TXP comprised nine health items.

In a previous study, we conducted focus group discussions with solid-organ recipients
to select health items for the TXP [20]. Some of these participants also volunteered to
contribute to the current study. The prototype version of the 9-item TXP was evaluated by
eight of these participants. Subsequently the TXP was finalized based on their feedback.

Sample
Participants were recruited via emails sent to listed participants in the TransplantLines
Biobank and Cohort Study (NCT03272841) conducted at the University Medical Center
Groningen [21]. This study was approved by the institutional review board
(METc 2017/648) and in accordance with the Declarations of Helsinki and Istanbul. A
link to the survey was sent to the participants by email along with clear instructions in
the Dutch language.

Instrument
Electronic PROMs (ePROMs) have been proposed as an improved data collection
method compared with paper-based data collection. We applied a mixed method
step-by-step model, entailing an extensive search of the current HRQoL literature along
with surveys and focus group discussions with transplant recipients and experts that
enabled us to identify the most important health items to be incorporated in the
Transplant ePROM [20]. The following nine health items were included in the TXP:
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fatigue, skin, worry, self-reliance, activities, weight, sexuality, stooling, and memory.
Each item comprised four levels, most of which were ranked according to severity. For
example, the four levels for “worry” were “not worried,” “slightly worried,” “worried,” and
“highly worried.” We administered the TXP using a mobile application, HealthSnApp®,
which we developed and improved after testing it on a group of patients (Figure 1A).
When the interactive box for a specific health item is clicked on in this app, the box
rotates, displaying the response options. For instance, when the box labeled “worry” is
clicked on, it rotates, displaying the first response option for worry. If it is clicked on
again, the second response option is displayed and so forth. The transplant recipients
were asked to identify their current health status by rotating the boxes until the
best-fitting descriptions were obtained in all the boxes (Figure 1B). The TXP app thus
generated a description of a patient’s overall state of health expressed as nine digits
(e.g., 321131224).

Figure 1. (A) Health-related items in the Transplant ePROM (TXP). (B) The mobile app comprising two tasks.
Task 1 was a descriptive task in which all of the health-related items were listed in interactive boxes presented in
a table format on a single screen. When the interactive box for a specific item was clicked on, the box changed
to display response options. For instance, when the box labeled “fatigue” was clicked on, it changed, displaying
the following response options: “not tired,” “a little tired,” “quite tired,” and “very tired.” The information collected
from the first task was used to determine the reference states in the second task. (C) In this second task, the
respondents compared their own health states, identified in the first task, with other health states. The aim of
this task was to derive preferences that were subsequently used to estimate weights for the levels of each item.

Ranking task
We applied a multi-attribute preference response (MAPR) model to obtain weights for
the levels of the nine health items. This novel preference-based framework for
conducting measurements is based on the Rasch model, which draws on item-response
theory [22, 23]. The MAPR mechanism for obtaining preference-related information is
based on a simple judgment made by patients regarding their own health status, as
classified in the first task, which serves as a reference state in relation to other states in
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a second ranking task. Because the response task in the MAPR model simply entails a
preference ranking of the patients’ own health status with one or more slightly different
hypothetical health states, the assessment is relatively easy to accomplish.

During the online survey administered using the HealthSnApp, each respondent was
first asked to specify his or her current health state regarding each of the nine TXP
items. In the second task, the respondent’s health state, as defined in the first task
(the reference state), was compared with six slightly different hypothetical health states.
The respondents were informed that the health states presented in the second task were
those of another patient with the same health status, with the exception of two alternating
health items. If a respondent reported having perfect health (111111111) or the worst
possible condition (444444444) in the first task, then any other hypothetical health-related
state in the second task would by definition be worse or better, respectively, than the
reference state. Therefore, individuals who reported perfect health or the worst possible
condition in the first task did not complete the second task.

A total of 49 health-related states (262,144; nine items with four levels) can be
generated using the TXP classification system. The hypothetical health states portrayed
in the second task differed from the actual health states described by the respondents
for only two health items. One of these items depicted an improvement by one level
compared with the respondent’s health state. This item was marked with a green
contrast. In addition, one item showed a reduction by one level compared with the
respondent’s health state and was marked with a red contrast (Figure 1C). For example,
a patient with a self-constructed health state of 321131224 could compare his or her
health state with other health states, such as 311141224 and 321121234. The items to
become red and green contrast were randomly selected. Respondents were asked to
indicate whether the reference health state (their own health state identified in the first
task) was better or worse than each of the six hypothetical health states. Thus, they
made trade-offs between two different health aspects, which is the central element of
preference-based measurement, enabling the weights for the nine items and their levels
to be obtained. After the respondents had completed the preference-based task, they
provided information on their sex, age, and the type of transplanted organ(s). The
current app has been designed to store responses only if the recipients complete the
entire survey. Therefore, respondents who were not willing to share their personal
information could have left one or more questions blank.

Analyses
The frequencies of levels for each of the nine TXP health items were calculated. The
coefficients for the item levels were estimated using a conditional logit model (Stata,
asmprobit). The first level of each item (no problems or an optimal condition) was
considered the reference category. The coefficients for the remaining three levels were
estimated using 27 dummy variables (9 × 3). Vij denoted the value of health state j for
individual i. We assumed that Vij was a linear combination of the levels of the health
items and included an error term εij for an individual. The model specifications were as
follows:

Vij =
n∑

j=1

α + βxij + εij
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where β represents a vector of 27 regression coefficients and xij is a vector of 27 binary
dummy explanatory variables (xδλ). λ = 2, 3, and 4 indicates levels 2, 3 and 4 for each
of the nine items (δ = 1, 2, ... , 9) of a health state. For example, x43 represents the third
level (moderate problems) of the fourth health item (self-reliance). For a given health
state, xδλ = 1 if item δ is at level γ otherwise xδλ = 0. The constant α captures the mean
effect of unobserved factors in the error term for each item and the possible tendency of
respondents to favor their own health status over others (in the second task). To compute
and visualize the results, we used the following software packages: SPSS, Stata, R (the
ggplot2 package) in conjunction with R Studio and CorelDraw.

Results
Sample
A total of 232 respondents were recruited for this study. The mean age of the respondents
was 54 years (SD: 13.68), with women comprising 34% of the total sample. Most of the
respondents were kidney recipients (106), followed by lung, liver, and heart recipients.
Five respondents, considered as “combined” recipients, each received two organs (one
received heart and lung, one received lung and kidney, and three each received liver and
kidney) (Table 1).

Respondents’ reference states in the TXP
In the first task, the current self-identified health states of 43 respondents matched the
best possible TXP health state (111111111) and were therefore excluded from the
analysis in the second task for the reason mentioned earlier. None of the respondents
reported the worst possible health state (44444444). A total of 169 unique health states
were identified by 232 respondents in the first task.

The majority of the respondents in this study reported experiencing fatigue (46% of
the respondents selected the option for no fatigue in the first task). However, worry was
more commonly reported than fatigue by heart recipients. Lack of self-reliance was the
least reported complaint, with 84% experiencing no problem relating to this item. There
were no substantial differences among recipients of different organs regarding the health
issues reported (Table 2).

Table 1. Demographic data on the respondents in the study

Characterisitics All tasks completed (n=189) Only task 1 completed (n=43)

Sex, N (%)
Male 84 (44) 24 (56)
Female 64 (34) 19 (44)

Age
Min 20 23
Max 80 78
Median 57 57

Organ N (%)
Kidney 81 (43) 25 (58)
Lung 24 (13) 10 (23)
Liver 28 (15) 5 (12)
Heart 10 (5) 3 (7)
Combined 5 (3) 0 (0)

*Almost 30% of the respondents did not provide information about their demographic characteristics.
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Coefficients for the levels of the health items in the TXP
Because the optimal health state (111111111) was excluded from the second task, 168
reference states were used for the analysis of the coefficients. Accordingly, 1,134
hypothetical states, including 854 unique health states, were generated and accessible
in the second task. An analysis of respondents’ comparisons of 845 (74.5%) of these
states with their own health states revealed that they considered the latter to be better
than the hypothetical health states.

The coefficients were negative for all levels of TXP health items, which is a common
finding in this type of logit regression analysis. Moreover, they followed a logical order
(slight problems < moderate problems < severe problems). A negative coefficient
indicated that a particular level was worse than the optimal reference level, which in our
study was the first level of each item. Moreover, a lower level of preference for an item
corresponded to a more negative coefficient for this item. The items evidencing the
highest negative coefficients were activities and worry (Table 3). Standard errors for the
coefficients were larger for higher levels of the items, probably because fewer recipients
categorized themselves at the third and fourth levels of items in the first task.

Values obtained for health states in the TXP
The predicted values calculated for all possible TXP health states (n = 262,144) ranged
between -31.55 and -1.03 (Figure 2). The observed values among the respondents in
the TXP ranged from -27.30 to -1.03. Values for male respondents were almost equal to
those for female respondents (-6.40 and -6.55 respectively, p = 0.85). Over 90% of the
respondents specified a health state with a value above -15 in the first task. The worst
reported health state was 333444434 with a value of -27.30 (Figure 3).

Figure 2. Kernel density plot of predicted health states in the Transplant ePROM (TXP).
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Table 3. Coefficients for all levels of the nine items of the Transplant ePROM (TXP)

Item level Coefficient SE Significance

Fatigue (2) -1.117 1.10 0.311
Fatigue (3) -2.422 2.20 0.271
Fatigue (4) -3.121 3.30 0.344

Skin (2) -1.399 1.10 0.203
Skin (3) -2.458 2.20 0.264
Skin (4) -2.695 3.31 0.415

Worry (2) -1.140 1.09 0.297
Worry (3) -2.534 2.19 0.247
Worry (4) -4.070 3.31 0.219

Self-reliance (2) -1.622 1.11 0.144
Self-reliance (3) -2.292 2.22 0.303
Self-reliance (4) -3.960 3.45 0.252

Activities (2) -1.860 1.11 0.093
Activities (3) -2.523 2.20 0.251
Activities (4) -4.206 3.31 0.204

Weight (2) -1.106 1.10 0.315
Weight (3) -1.569 2.20 0.476
Weight (4) -2.898 3.31 0.382

Sexuality (2) -1.126 1.09 0.302
Sexuality (3) -1.970 2.19 0.369
Sexuality (4) -3.171 3.30 0.336

Stooling (2) -1.185 1.10 0.283
Stooling (3) -1.813 2.21 0.411
Stooling (4) -2.541 3.32 0.445

Memory (2) -1.420 1.09 0.195
Memory (3) -2.088 2.20 0.342
Memory (4) -3.865 3.32 0.245

Discussion
In a previous study, we described how we selected health items for inclusion in the TXP
to assess HRQoL in solid-organ transplant recipients [20]. In the current study, we have
built on this earlier work, showing how weights for the different levels of the nine health
items were derived using an adapted type of preference-based methodology. We found
out that there is no substantial different between the overall health states of solid-organ
recipients.

The most common problem reported by transplant recipients in this study was
fatigue. Previous studies have also shown that although HRQoL increases dramatically
after transplantation, fatigue is still a prominent issue for many organ recipients [24-27].
Among the nine TXP health items, activities and worry were found to have the largest
absolute values, followed by self-reliance and memory. This means that changes in
these four items would have the highest impact on the overall health state values of
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Figure 3. The distribution of estimated TXP values obtained for respondents in the HealthSnApp.

transplant recipients. The overall score for the majority of solid-organ recipients ranged
between –10 to –1.03, approximating an optimal health state. Several previous studies
[5, 28-31] have reported the same finding, which may indicate that the self-reported
quality of life of organ recipients are comparable to those of the general population.

The findings of our study indicate that the tasks in the HealthSnApp (entailing
respondents’ determination of their current health states and their comparison of these
states with hypothetical ones) are appropriate for organ recipients. The coefficients for
the different levels of each of the nine items followed a logical order in this study.
Moreover, we observed high coefficients, indicating that transplant recipients
consistently favored items featuring some levels versus others and that significant
differences occurred between levels. However, the degree of precision for these
coefficients was modest, as the confidence intervals, and therefore the standard errors
of the coefficients, were wide.

The sample size of the pairs that were compared in our study (n = 1,134) could
account for this lack of precision. The number of responses for robust estimations tend
to be relatively small. Another explanation could be that the recipients in our study
tended to consider their own health state to be better than the hypothetical health states
in the second task. The levels of the nine health items for these states were identical to
the respondents’ own health states, with the exception of those of two randomly
selected items, one of which was raised by one level while the other health item was
lowered by one level. Accordingly, on average, 50% of the respondents’ selections in
favor of their own current health states or of the hypothetical states should have been
based on logical grounds. However, we found that 74.5% of respondents chose their
own health state over any hypothetical one. This could be partially attributed to a
general resistance to change and adaptation. Many individuals may resist trading off
their current health states with other almost equivalent health states after undergoing a

108



6

First results of TXP

long period of chronic illnesses because of their personality traits, childhood
experiences, or social backgrounds [32, 33].

Prospect theory, which was developed by Kahneman and Tversky [34], offers a more
reasonable explanation for clear tendency that respondents prefer their own health state
over the hypothetical ones. According to this theory, most individuals react differently
to potential losses and gains, with many people being averse to risk [35]. In our study,
the six hypothetical health states for each respondent differed from their own states only
in the case of two health items. According to prospect theory, individuals tend to avoid
losses and neglect gains. Many respondents considered an improvement for one health
item to be nonequivalent to an equivalent decline of another health item. It appears that
many solid-organ recipients are reluctant to any decline on a health item, even if this
goes together with an improvement on another health item. They might fear any decline
of health aspects, as the impact is unknown, whereas they might be used to cope with
their declined health aspects.

Conventional methods used to obtain preference-based measures (e.g., standard
gamble and time trade-off) are mostly derived from health economics. These
econometric methods entail the use of hypothetical health states that are assessed by a
sample of mostly healthy members of the general population. It is reasonable to assume
that because they lack adequate information and an ability to imagine others’ health
situations, healthy individuals are not appropriate choices for assessing the impacts of
patients’ health conditions [36]. Moreover, these methods are susceptible to various
documented biases [37]. The MAPR model applied in our study was developed to
overcome most of these limitations. Additionally, this is the first HRQoL
preference-based ePROM that is fully based on patients’ perceptions and reports.

An innovative aspect of the TXP is that it is an ePROM that can be operated as an
app on personal computers or mobile phones. Therefore, the coefficients can be
updated after each new respondent uses the app. The information generated from new
respondents is used to obtain a more precise value function. This is the first
methodological approach to enable simultaneous measurement of respondents’ current
health states.

Our study had some limitations. Information on sex, age, or transplanted organ(s)
was not provided by approximately 30% of the respondents. However, these information
gaps did not affect the coefficients. Furthermore, the data that we used to calculate the
values for health states were derived solely from the Dutch population. Thus, we had a
representative sample of solid-organ recipients from the entire country in terms of sex,
age, and organ types. Nevertheless, cultural differences might exist, and these
differences may have affected the generalizability of our results. Another issue was the
large standard error of the calculated coefficients in this study. This issue can be
attributed partly to the sample size and partly to the tendency of the respondents to
prefer their own health states (in 74.5% of the pair comparisons in the second task).
This study marked the first attempt to generate values for the TXP; further applications
of TXP will generate more precise estimates. One limitation of this study was that we did
not include time since transplantation in the online survey. Therefore, also the possible
association with HRQoL was ignored. Further research is needed to assess the
possible association of the age of transplant with HRQoL.
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In conclusion, the majority of solid-organ recipients reported a high level of HRQoL.
In this paper, we have described how we developed a patient-centered approach for
including health items in the TXP and have explained how the values for health states
were generated using a preference-based methodology (MAPR). Our ePROM entails
a novel measurement model that requires interactive routines; therefore, an electronic
platform is a requirement. The strength of this methodology is that through the inclusion
of more patients over time (even from different studies), the accuracy of the values for
health states will continuously improve. Thus, we will be able to generate increasingly
precise coefficients. The next step will be to test the TXP within a larger population
of solid-organ recipients and, eventually, to collect TXP values in clinical settings. The
development of the TXP marks an important advancement in the process of designing a
substantiated approach for obtaining values denoting health states that are relevant from
a patient’s perspective during the post-transplant period or in clinical trials.
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Introduction
Organ transplantation is the treatment of choice for patients with end-stage solid-organ
disease [1]. The effectiveness of solid-organ transplantations can be assessed not only
through the use of clinical outcome measures, such as survival and organ function, but
also through patients’ perceptions of their health status, considered as a measure of
outcome effects and expressed as health-related quality of life (HRQoL). Regulatory
agencies, such as the US Food and Drug Administration and the National Institute for
Health and Care Excellence in the UK, actively encourage the recording of HRQoL
measurements to supplement conventional clinical assessments [2, 3]. HRQoL is a
particularly important measure for quantifying the outcomes of a treatment, comparing
two or more distinct health-care interventions, developing or implementing therapeutic
programs, and assessing a patient’s response trend relating to a treatment over time.
HRQoL measurements also yield information about the range of problems that affect
patients from their own perspectives and can facilitate shared decision-making
regarding treatment goals.

Patient centeredness
In the past, the incorporation of patients’ views in research on health-care practices was
uncommon; health-care providers usually determined which treatment outcomes were
appropriate for patients. Currently, patients’ participation is more central within the
process of providing health care. In other words, a patient-centered approach is
increasingly replacing the conventional physician-centered approach. Patient-centered
care focuses on the patient and the individual’s health-care requirements, with the goal
of empowering patients to become active participants in their care [4]. When a
patient-centered care strategy is applied, an individual’s specific health-care
requirements and desired health outcomes shape the majority of health-care decisions.
The conventional physician-centered approach is increasingly giving way to a
patient-centered approach as well as to increasing patient involvement and better
patient advocacy, which serve as guiding principles at many levels of health care.

PROMs and the TXP
Different domains of health (mental, social, and physical) can be operationalized
conceptually, for example as fatigue or as pain. Because patients/patient groups differ in
many respects, each individual or group evidently values these concepts differently.
Different instruments are therefore required to cover the wide range of concepts and the
varying importance attached to them. Instruments that provide information obtained
directly from patients that focus on how they function or feel regarding their health
conditions are known as HRQoL patient-reported outcome measures, or PROMs [5, 6].

PROMs are designed as either generic or domain/disease-specific instruments.
Generic PROMs can include several specific HRQoL domains, which could consist of
items such as physical function, pain, depression, or anxiety [7]. The advantage entailed
in these PROMs is that they enable comparisons to be made between and within
various populations and interventions. Domain-specific PROMs can be used to assess
the concepts that are specifically related to a given disease or intervention. These
PROMs enable the detection of even small differences and alterations in health or
functional status within a specific health domain or group of patients. To date, several
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PROMs have been developed and applied. However, no single PROM exists that can
serve as a “gold standard” for measuring HRQoL in all patients [7].

New developments in computer science and technology could contribute to
improving existing PROMs. Electronic tools developed to track patients’ conditions are
becoming increasingly powerful and prevalent. Electronic PROMs (ePROMs) have been
proposed as an improvement over paper-based data collection [8]. In their report, the
International Society for Pharmacoeconomics and Outcomes Research PRO mixed
modes good research practices task force made the following observation: “[The]
advantages of using electronic data collection include less subject burden, avoidance of
secondary data entry errors, easier implementation of skip patterns, date and time
stamping, reminders/alerts, edit checks, and more accurate and complete data” [9]. In
addition, more precise measurements can be obtained by applying novel interactive
methods in an electronic context.

In this thesis, our focus was on solid-organ transplant recipients. As part of our study,
we evaluated the HRQoL of a group of lung transplant recipients who participated in a
cohort study. Two generic PROMs (the Nottingham Health Profile and the visual analogue
scale) and two domain-specific PROMs (the Zung Self-Rating Depression Scale and the
State-Trait Anxiety Inventory) were used. We found that there was a drastic improvement
in the organ recipients’ HRQoL for all domains immediately after the transplantations.
This improved level of HRQoL remained constant throughout the follow-up period of our
study.

Our comparative analysis of the findings of similar studies revealed that in most of
the studies conducted on lung transplant recipients that included HRQoL measurements,
generic or domain-specific PROMs had been used that were not specifically designed for
recipients of solid organs. We next conducted a scoping literature review by broadening
our literature search to include other solid-organ recipient studies. This review yielded
similar results. These findings prompted us to formulate the main aim of this doctoral
thesis, which was to develop a new transplant-specific ePROM for solid-organ recipients
(Transplant ePROM: TXP).

We conducted a scoping review of the literature, aimed at identifying all of the
PROMs applied within the population of solid-organ recipients. The findings of our
review revealed the application of 43 transplant-specific PROMs. Although many
different transplant-specific PROMs have been developed, only a few studies have
entailed the application of these types of PROMs for measuring the HRQoL of
solid-organ transplant recipients. There are several possible reasons for the low usage
of existing transplant-specific PROMs. First, transplant-specific PROMs are relatively
new compared with commonly applied PROMs that are not transplant-specific. Second,
the application of transplant-specific PROMs restricts comparability across studies with
other populations. Third, the implementation of most of the available transplant-specific
PROMs entails a lengthy process, which limits their appeal in studies and clinical
settings, especially those that require repeated measurements. Fourth, the majority of
the existing transplant-specific PROMs are health profile instruments (traditional
questionnaires) that cannot be used to generate a single metric score for HRQoL.
Consequently, an optimal TXP is one that is easy and quick to administer, thus
addressing the above noted issues.
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Development of the TXP: selection of health-related items
One of the most challenging tasks entailed in the development of a PROM is to determine
which health-related items should be incorporated for capturing an individual’s state of
health [10]. Health-related items reflect a characteristic or feature of health. To ensure
that measurements in the field of solid-organ transplantation are sensitive and valid, it is
essential that the items in the TXP cover health aspects that are relevant to solid-organ
recipients. The selection of these items can be performed in a top-down or a bottom-up
manner. A top-down approach is one in which items are generated on the basis of an
extensive review of the literature, expert opinions, and existing PROMs. A bottom-up
approach entails the use of methods for selecting health-related items that are based on
qualitative information, that is, opinions gathered from the individuals concerned and the
population of interest [11]. The latter approach was of particular importance because our
aim was to involve patients during all of the phases of developing the TXP. We applied
a combination of top-down and bottom-up approaches to ensure coverage of existing
sources and patients’ preferences when selecting items for the TXP.

We applied a broad search strategy within our scoping literature review that led to
the identification of 8,013 distinct articles that had been published up to 2018. Next, we
extracted 576 health items from these PROMs. After irrelevant health items had been
eliminated and health items expressing similar concepts had been merged, 78 distinct
health items remained. We next held focus group discussions with organ recipients and
administered an online survey to elicit their inputs for the selection of health items in the
TXP. Ultimately, nine health items were chosen for inclusion in the TXP.

Development of the TXP: the framework
Various frameworks have been applied in the development of PROMs. When HRQoL
needs to be compared across various populations, or when economic evaluations of
different medical treatments are required, the use of preference-based PROMs is
appropriate. The measures used in these PROMs explicitly incorporate weights that
reflect the perceived importance of specific health items. These PROMs differ from
others in that they generate a single value that expresses the evaluation outcome [12].
This value is denoted by a metric number on a scale extending from the worst to the
most optimal health condition (full health). To calculate this value, a weight is obtained
for each level of the health items.

Conventional methods used to obtain the weights of health items are usually derived
from health economics (e.g., standard gambles and time trade-offs). These economic
methods entail the use of hypothetical health states that are assessed by a sample of
(overly healthy) members of the general population. Because healthy individuals
possess inadequate information regarding the specific health state being evaluated and
have not personally experienced it, it seems logical to assume that they are not the most
appropriate evaluators for assessing the impacts of health states on patients [13].
Moreover, these economic methods are prone to various documented biases [14]. The
multi-attribute preference response (MAPR) is a new model for measuring HRQoL that
has been developed to overcome most of these limitations [15, 16].

MAPR is a novel method for calculating the values of health conditions based on the
principles of the Rasch model (an item-response theory model) [17]. In this model,
patients first define their own health states. Next, they perform some trade-off tasks,
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comparing their own health states with a number of others. This is an interactive task
that is performed using an electronic device. Accordingly, we collected data from
transplant recipients using the HealthSnApp©TM [18]. This app, which includes
interactive software routines [19], enables the operation of the MAPR model. In an
online study conducted during the process of developing the TXP, solid-organ recipients
first ticked nine boxes representing the final nine health items of the TXP that best
reflected their current health status. Subsequently, they were presented with slightly
different health states and asked to determine whether these alternative health states
were better or worse than their own health states. This task is an essential component
of in this preference-based methodology, wherein individuals are asked to indicate their
preferences for various health states.

The TXP
The TXP contains the following nine health items: fatigue, skin, worry, self-reliance,
activities, weight, sexuality, stooling, and memory. Each health item has four levels
ranked according to their severity. For example, the levels for activities are “no problems
with activities,” “some problems with activities,” “moderate problems with activities,” and
“severe problems with activities.” Two items (skin and self-reliance) included different
levels that were not ranked according to their severity (Figure 1).

HealthSnApp was developed to enable the TXP to be administered using personal
computers, tablets, and mobile phones. When users (i.e., transplant recipients) click on
an interactive box for a specific health item, the box rotates, displaying the response
options. For instance, when the box labeled activities is clicked on, the box rotates,
displaying the response options for four levels of activities. After respondents have
selected a response option for each of the nine health items, a value for their health
states, comprising nine digits (e.g., 131241324), is obtained, which provides an overall
description of their HRQoL. The value of each health state is calculated as the sum of
the estimated weights for each level of health items.

The TXP differs in a number of ways from existing PROMs that have been used
with transplant recipients. Notably, the identification and selection of its content is largely
based on patients’ input. We involved transplant recipients at several points in the process
of identifying health items for the TXP to ensure that we did not miss any important
health items. Transplant recipients were also involved in the final selection of nine health
items for the TXP. These nine distinct health items in a TXP provide a description of a
transplant recipient’s health status, which can be used to calculate a single value for the
patient’s HRQoL. By contrast, almost all of the existing transplant-specific PROMs contain
a larger number of items, making their application time consuming and inconvenient for
the respondents.

The measurement procedure used in the TXP comprises two steps: patients describe
their own health conditions and then perform preference assessments. The precision
of the estimated values increases with a larger sample of responding patients. This
is because the application of this framework, combined with the interactive nature of
the digital TXP (which is an app), enables the coefficients corresponding to each level
of the different health items to be updated after the app has been used by each new
respondent. The information generated by the new respondents is then used to obtain
a more precise value. This instrument is the first PROM to measure the current health
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Figure 1. The nine items of the TXP, each with four levels, as depicted in the HealthSnApp (mobile application).

state of respondents while simultaneously generating the weights of health items. The
novel measurement framework of the TXP is being used to develop PROMs for infants
and to assess chronic pain, and general health states [20-22]. The mixed model that was
used in this doctoral research project to develop the TXP can be used by other research
groups in the future to develop patient-centered and preference-based PROMs for other
groups of patients.

Our experience
As discussed in the third chapter of this thesis, there was an improvement in the HRQoL
of lung recipients after transplantation, resulting in comparable HRQoL to that of
members of the general population. This improvement in HRQoL has also been
observed and reported in previous studies [23, 24]. When we administered the TXP to
solid-organ recipients, we obtained similar findings. In general, solid-organ recipients
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reported high levels of HRQoL and chose level 1 (i.e., no problems) for most of the TXP
items. The problem that was most commonly reported by transplant recipients was
fatigue. A feeling of almost constant tiredness and difficulty performing simple activities
are among the most common post-transplant problems reported in several
studies [25-28]. This could be attributed to the side-effects of the immunosuppressant
drugs given to patients or to muscle weakness caused by the lack of movement during
the pre-transplant period. However, in general, the level of fatigue reported was
relatively mild; only about 20% of TXP respondents chose level 3 or 4 to describe their
fatigue levels.

Another interesting finding of our study was that in the comparative evaluation entailed
in the second task, 74.5% of TXP respondents indicated that their own health states
were better than the other hypothetical health states presented in the task. Logically,
respondents would, on average, be expected to report that their own health states are
better than the other described states in half of the comparisons. As the sixth chapter
has shown, prospect theory may account for the actual finding [29]. This theory suggests
that people make decisions based on the potential gains or losses relative to their specific
situations rather than making decisions based on absolute terms. If the absolute values
of gaining and losing are equal, then individuals will perceive the magnitude of the loss
to exceed that of the gain.

The application of this theory to our study suggests that individuals generally feel
worse when they are confronted with a decrease in one health item and an equivalent
increase in another item. Thus, during the second task in the TXP, there would
(probably) have been a false tendency for respondents to prefer their current health
state in the comparative evaluation. We propose a new approach to overcome this
asymmetry in the comparison of paired health items. This alternative approach also
comprises two tasks. The first task remains the same as the one described in our study:
the respondents specify their current health state. However, in the second task, the
respondents indicate which of the health items presented to them hinders them the
most. For each level of a selected item, the level of this item will be substituted by the
level below it (an improvement). This task can be repeated a couple of times (Figure 2).

Conclusion
The TXP is the first patient-centered ePROM to be developed specifically for measuring
HRQoL in transplant recipients. This PROM enables HRQoL in different solid-organ
recipients to be assessed and generates a single overall value for their current health
status. It applies a novel measurement methodology and is simple and quick to
implement. The TXP adds important information to the data that is traditionally collected
during post-transplant care. Its items have been derived through the direct involvement
of transplant recipients, thus reflecting their perspectives. Further work will entail an
investigation of the practical issues that arise in the implementation of the TXP within
clinical practice and in the interpretation of the results.
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Figure 2. The prototype of TXP which will be used in the measurement routine of the HealthSnApp mobile
application.
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Chapter 2
The second chapter of this thesis is about assessment of health-related quality of life
(HRQoL), which is a topic rapidly gaining ground in the medical field. HRQoL, which is
also referred to as perceived health status, well-being, or simply quality of life, not only
includes mental, and social domains, but also physical domains. Patient-reported
outcome measures (PROMs) are among the best known tools used for measuring
HRQoL. Different approaches have been applied for developing PROMs. In this thesis,
we focus on a special type of preference-based or scaling PROM that generates a single
numeric score to capture an individual’s overall health condition or HRQoL. Such single
scores are considered “values,” as they explicitly incorporate weights reflecting the
importance attached to specific health items. Despite the growing interest in PROMs
and their increasing use, less attention has been paid to the processes through which
they are constructed. A PROM that effectively captures HRQoL is typically
patient-centered, as its content accurately describes patients’ self-perceived health
conditions. In addition, it must cover important health aspects within the target
population.

The most commonly applied PROMs in solid-organ transplant studies are generic
PROMs, namely the 36-Item Short Form Survey (SF-36) and the EuroQol-5 Dimensions
(EQ-5D). Moreover, all existing transplant-specific PROMs were constructed many years
ago, without substantial patient involvement during their development phases.
Importantly, there have been initiatives such as the Patient-Reported Outcomes
Measurement Information System (PROMIS), which aim at developing and validating a
new generation of PROMs. These contemporary PROMs are focused on measuring key
symptoms and health concepts that apply to a range of chronic conditions, thereby
enabling them for efficient and interpretable use as endpoints in clinical trials. However,
the PROMs included within PROMIS utilize health items derived from previously existing
PROMs. The selection of items for inclusion in these PROMs is therefore largely based
on expert opinions. Thus, patients have not actively been involved in the process of
developing the health items; rather their inputs have mostly been limited to evaluation of
the clarity, content, and appropriateness of these items. The challenge, then, lies in
developing innovative PROMs that are both preference-based and patient-centered,
thereby placing patients at the heart of the health-care system. In this new class of
PROMs, patients would be involved in the selection of the health items to be assessed,
and they would assign values to their own health conditions based on these selected
items.

Chapter 3
Most studies on the effects of lung transplantation on HRQoL have entailed small
groups of patients and relatively short follow-up periods. Therefore, the aim of the study,
described in Chapter 3, was to assess the effects of lung transplantation on HRQoL over
time in a group of lung-transplant recipients. We followed a group of 828 persons from
before they underwent transplantation until up to 15 years after their transplantation. We
measured their HRQoL using four PROMs (the Nottingham Health Profile, the visual
analogue scale, the Zung Self-Rating Depression Scale, and the State-Trait Anxiety
Inventory). Prior to their transplantations, patients with end-stage lung diseases
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reported limited HRQoL for almost all domains. However, after their lung
transplantations, the patients showed improvements in all of the HRQoL domains, with
the exception of pain, which was already in the range experienced by members of the
general population and remained steady throughout the follow-up period. The
improvements in the domains of energy and physical mobility were remarkable. One of
the important findings of this study was that the values obtained for improvements in the
health conditions of lung-transplant recipients were largely within the range of the
reference values for the general population and remained more or less steady during the
next 15 years. This study’s significant contribution to the literature lies in the extensive
duration of the follow-up period. In conclusion, it shows that lung-transplant recipients
experience improvements in all of the domains of HRQoL within the first year after
transplantation, and that their HRQoL tends to remain relatively constant for a long time
thereafter.

Chapter 4
Generic PROMs, such as SF-36 and EQ-5D, were generally applied in previous studies
to assess the effects of solid-organ transplantation on HRQoL. These PROMs have
proven to be beneficial in measuring patients’ health statuses and outcomes associated
with various health-care interventions. However, because they are generic, these
PROMs do not contain health items that are specifically relevant to solid-organ
transplant recipients. Therefore, we conducted a comprehensive scoping review of the
literature to identify all of the previously applied transplant-specific PROMs. We
identified a total of 43 existing transplant-specific PROMs (e.g., the End-Stage Renal
Disease Symptom Checklist-Transplantation Module for kidney transplant recipients and
the Modified Transplant Symptom Occurrence and Symptom Distress Scale for
solid-organ recipients). However, in light of our evaluation of the content of these
identified PROMs, we concluded that most of them are too lengthy to be feasible for
implementation and that their content is largely determined by experts rather than by
patients. Moreover, they are not preference-based, that is, the health items are not
weighted, and therefore do not allow for generation of a single value that expresses the
overall quality of the patient’s health condition. Therefore, we determined the need for a
PROM that targeted the HRQoL of solid-organ recipients. As a first step in developing
the new PROM, we extracted and categorized all of the health items contained in
existing transplant-specific PROMs. The results of this review combined with expert
meetings led to the identification, extraction, and categorization of 78 health items within
three domains (physical, mental, and social) and 16 sub-domains. This study provided a
valuable set of key health items that were constitutive of an item bank that enabled the
development of the Transplant ePROM (TXP), as described in the following chapters.

Chapter 5
This chapter provides a description of the step-wise process that was developed to
generate health items for a new transplant-specific patient-centered ePROM: TXP. A
five-step, sequential, mixed-methods design was applied: a scoping literature review,
expert meetings, focus group discussions with solid-organ recipients, a special
judgmental task administered through an online survey, and expert meetings were held
to make the final selection of health items. As described in Chapter 4, 78 health items
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were identified on the basis of a literature review and a first round of expert meetings.
Following the focus group discussions that were held with liver, kidney, and
lung-transplant recipients, five health items were directly sourced from the solid-organ
recipients and added to the bank of health items. In an online survey, 176 solid-organ
recipients were asked to select the 10 most important health items from this bank. In the
second expert meeting, we evaluated the frequency of occurrence of the selected health
items and combined some of the items that assessed closely related or similar
concepts. Ultimately, nine health items were chosen for inclusion in the final ePROM:
fatigue, skin, worry/anxiety, self-reliance, activities, weight, sexuality, stooling, and
memory/concentration. These health items reflect the most prominent issues
experienced by transplant recipients and were derived using a patient-centered
approach.

Chapter 6
In this chapter, we describe the application of the TXP in its final format and explain how
health state values were generated using a preference-based methodology. We
developed a mobile application named HealthSnApp for administering the TXP. We then
tested its usability on a group of interested participants during the focus group
discussions conducted in the previous study so as to further refine it in light of their
feedback. In total, 232 recipients of solid organs (kidneys, lungs, livers, and hearts)
performed the TXP tasks using the HealthSnApp.

Each respondent was first asked to specify his/her current health state with
reference to each of the nine TXP items presented in the first task. In the second task,
the respondent’s health state, as defined in the first task (the reference state), was
compared with six slightly different hypothetical health states. Respondents were asked
to indicate whether the comparator health state (identified in the first task) was better or
worse than each of the six hypothetical health states. Then, respondents made a
tradeoff between two of the nine different health aspects. This is an integral part of a
preference-based measurement methodology, enabling the weights for the nine items
and their levels to be obtained. A conditional logit model was used to obtain coefficients
for the item levels. Our transplant ePROM (TXP) generates a single numeric score,
using only nine health items, for assessing the overall HRQoL of different solid-organ
recipients.
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Nederlandse samenvatting

Nederlandse samenvatting
Hoofdstuk 2
In dit hoofdstuk wordt aandacht besteed aan het meten van gezondheidsgerelateerde
kwaliteit van leven (health-related quality of life in het Engels: HRQoL). Dit is een terrein
dat snel aan belang wint in het medische veld. HRQoL, hetgeen in het Nederlands vaak
wordt vertaald als ervaren gezondheidstoestand, welzijn of kwaliteit van leven, omvat
zowel mentale, sociale, als ook fysieke domeinen van gezondheid. Uitkomstmaten die
door de patiënt gerapporteerd worden (in het Engels: patient-reported outcome
measures (PROM’s)) zijn de meest bekende maten die worden gebruikt om HRQoL in
kaart te brengen. De beschikbare PROM’s zijn ontwikkeld vanuit verschillende
achtergronden. In dit proefschrift richten we ons op een speciaal type PROM. Dit is een
type PROM waarbij de voorkeuren van patiënten een belangrijke rol spelen en waarbij
één numerieke score wordt gegenereerd om op die manier de algehele
gezondheidstoestand of HRQoL van een individu vast te leggen. Dergelijke scores zijn
gebaseerd op een aantal afzonderlijke en specifieke gezondheidsaspecten (items) die
door de meetmethode gewogen worden.

Hoewel de belangstelling voor PROM’s groeit en het gebruik ervan toeneemt, is er
tot nu toe minder aandacht geweest voor de manier waarop ze zijn ontwikkeld. Om een
PROM te ontwikkelen die HRQoL valide meet is een patiëntgerichte benadering
(patient-centered) het meest geëigend, zodat op die manier de meest belangrijke
gezondheidsaspecten worden opgenomen in de PROM.

De meeste PROM’s die in onderzoek naar het resultaat van orgaantransplantaties
worden gebruikt zijn generieke PROM’s, zoals de 36-item Short Form Survey (SF-36)
en de EuroQol-5 Dimensions (EQ-5D). Opvallend is ook dat de bestaande
transplantatie-specifieke PROM’s allen vele jaren geleden ontwikkeld zijn, zonder
substantiële betrokkenheid van de patiënt. Daardoor zijn de opvattingen van de
ontvangers van een orgaan onvoldoende meegenomen, waardoor de validiteit van deze
PROM’s mogelijk beperkt is. Recente initiatieven zoals het Patient-Reported Outcomes
Measurement Information System (PROMIS) zijn gericht op het ontwikkelen en
valideren van een nieuwe generatie PROM’s. Deze hedendaagse PROM’s meten de
belangrijkste symptomen en gezondheidsconcepten die van belang zijn voor een reeks
chronische aandoeningen, waardoor ze efficiënt en interpreteerbaar toepasbaar zijn in
klinisch onderzoek. De PROM’s die in PROMIS zijn opgenomen, bevatten echter
gezondheidsitems die zijn afgeleid van reeds bestaande PROM’s. De selectie van items
in deze PROM’s is derhalve grotendeels gebaseerd op meningen van experts. Patiënten
zijn dus niet actief betrokken geweest bij het proces van het selecteren van deze items;
in plaats daarvan is de rol van de patiënt meestal beperkt geweest tot het beoordelen
van de helderheid, inhoud en geschiktheid van deze items. Het is dus een uitdaging om
innovatieve PROM’s te ontwikkelen die patiëntgericht zijn. Als dit echter lukt kan de
patiënt veel meer centraal komen te staan in het gezondheidszorgsysteem. Bij de
ontwikkeling van dit nieuwe type PROM’s zou het zo moeten zijn dat patiënten betrokken
bij de selectie van de te beoordelen gezondheidsitems en dat zij waarden toekennen
aan hun eigen gezondheidstoestand aan de hand van de geselecteerde items.
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Hoofdstuk 3
De meeste onderzoeken naar de effecten van longtransplantatie op HRQoL zijn
uitgevoerd in kleine groepen patiënten en hadden een relatief korte follow-up duur. Het
doel van de studie die wordt beschreven in hoofdstuk 3 was om de effecten van
longtransplantatie op HRQoL te onderzoeken. We volgden een groep van 828 personen
vanaf voordat ze een transplantatie ondergingen tot maximaal 15 jaar na hun
transplantatie. HRQoL werd gemeten met behulp van vier PROM’s (Nottingham Health
Profile, een visuele analoge schaal, Zung Self-Rating Depression Scale, State-Trait
Anxiety Inventory). Voorafgaand aan de transplantatie rapporteerden de patiënten met
eindstadium longziekte een beperkte HRQoL op bijna alle domeinen van gezondheid.
Na de longtransplantatie ervaarden patiënten verbetering op alle HRQoL-domeinen,
met uitzondering van pijn. HRQoL was op dat moment op een vergelijkbaar niveau als
dat van de algemene bevolking. Gedurende de lange vervolgperiode bleef hun HRQoL
stabiel. De verbeteringen op het gebied van energie en fysieke mobiliteit waren
opmerkelijk. Een van de belangrijke bevindingen van dit onderzoek was dat de
verkregen scores voor verbetering van de gezondheidstoestand van
longtransplantatiepatiënten grotendeels binnen het bereik van de referentiewaarden
voor de algemene bevolking lagen en de komende 15 jaar min of meer stabiel bleven.
Deze studie heeft een belangrijke bijdrage geleverd aan de reeds bestaande literatuur
vanwege de lange vervolgperiode. Geconcludeerd kan worden dat ontvangers van een
longtransplantatie binnen het eerste jaar na transplantatie verbeteringen ervaren op alle
domeinen van HRQoL en dat hun HRQoL relatief constant blijft op de lange termijn.

Hoofdstuk 4
In eerdere studies naar het effect van orgaantransplantatie op HRQoL werden met
name generieke PROM’s, zoals de SF-36 en de EQ-5D gebuikt. Deze PROM’s zijn
nuttig gebleken bij het meten van de gezondheidstoestand en voor het evalueren van de
effecten van verschillenden medische interventies. Echter, omdat ze generiek zijn,
bevatten deze PROM’s geen gezondheidsitems die specifiek relevant zijn voor
ontvangers van een getransplanteerd orgaan. Daarom hebben we een uitgebreid
literatuuronderzoek (scoping review) gedaan, om alle eerder toegepaste
transplantatie-specifieke PROM’s in kaart te brengen. We vonden in totaal 43
bestaande transplantatie-specifieke PROM’s (bijv. de ‘End-Stage Renal Disease
Symptom Checklist-Transplantation Module for kidney transplant recipients’ en
de ‘Modified Transplant Symptom Occurrence and Symptom Distress Scale for
solid-organ recipients’). Na beschouwing van de inhoud van de items van de
aangetroffen PROM’s, concludeerden we dat de meeste PROM’s de patiënten
waarschijnlijk veel tijd kosten om in te vullen en dat de inhoud grotendeels bepaald was
door experts en niet door patiënten. Bovendien zijn geen van allen meetinstrumenten
waarbij de items gewogen worden om uiteindelijk tot een enkele waarde te komen. Een
waarde die de algehele kwaliteit van de gezondheidstoestand van de patiënt uitgedrukt.
Op basis hiervan stelden we vast dat er behoefte was aan een PROM die specifiek
gericht is op de HRQoL van ontvangers van solide organen. Als eerste stap bij de
ontwikkeling van deze nieuwe PROM hebben we alle gezondheidsitems uit bestaande
transplantatie-specifieke PROM’s geëxtraheerd en gecategoriseerd. De resultaten van
de huidige review gecombineerd met expertmeetings hebben geleid tot de identificatie,
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extractie en categorisering van 78 gezondheidsitems ingedeeld in drie domeinen (fysiek,
mentaal en sociaal) en 16 sub-domeinen. Deze 78 items vormden de basis voor de
ontwikkeling van de elektronische Transplant ePROM (TXP), die beschreven zal worden
in de volgende hoofdstukken.

Hoofdstuk 5
In dit hoofdstuk worden de verschillende stappen beschreven die werden gevolgd om de
gezondheidsitems te genereren voor een nieuwe transplantatie-specifieke,
patiëntgerichte ePROM: TXP. Achtereenvolgens werden vijf verschillende methoden
toegepast: een literatuuronderzoek (vorige hoofdstuk), bijeenkomsten met experts,
focusgroep discussies met de ontvangers van een getransplanteerd orgaan, een
speciale beoordelingstaak uitgevoerd via een online enquête en tenslotte nogmaals
bijeenkomsten met experts om de definitieve selectie van gezondheidsitems te maken.
Zoals beschreven in hoofdstuk 4, werden 78 gezondheidsitems geïdentificeerd op basis
van een literatuuronderzoek en een eerste ronde van expertmeetings. Na de focusgroep
discussies met lever-, nier- en longtransplantatiepatiënten, werden vijf
gezondheidsitems die rechtstreeks afkomstig waren uit de bijeenkomsten met de
ontvangers van een getransplanteerd orgaan, toegevoegd aan de verzameling
gezondheidsitems. In een online enquête werd aan 176 ontvangers van een
getransplanteerd orgaan gevraagd om de 10 belangrijkste gezondheidsitems uit deze
verzameling te kiezen. In een tweede bijeenkomst met experts is vervolgens gekeken
hoe vaak de geselecteerde gezondheidsitems gekozen waren. Tevens werden items
gecombineerd die nauw verwante of vergelijkbare concepten beschreven. Op basis
hiervan zijn uiteindelijk negen gezondheidsitems gekozen voor opname in de
uiteindelijke ePROM: vermoeidheid, huid, zorgen/angst, zelfredzaamheid, activiteiten,
gewicht, seksualiteit, ontlasting en geheugen/concentratie. Deze gezondheidsitems
weerspiegelen de belangrijkste gezondheidsaspecten van de doelgroep en zijn
geselecteerd met input van deze doelgroep.

Hoofdstuk 6
In dit hoofdstuk wordt de toepassing van de TXP beschreven. Ook wordt ingegaan op
de manier waarop de gezondheidstoestanden werden gewaardeerd, namelijk aan de
hand van een methode die uitgaat van patiëntvoorkeuren. Eerst werd een mobiele
applicatie, genaamd HealthSnApp, ontwikkeld voor het afnemen van de TXP.
Vervolgens werd de bruikbaarheid ervan getest in een groep geïnteresseerde
deelnemers die ook al deelnamen aan de focusgroep discussies (beschreven in het
vorige hoofdstuk). Op basis van hun feedback werd de app verder verfijnd. In totaal
hebben 232 ontvangers van een getransplanteerd orgaan (nier, long, lever of hart) de
TXP-taken uitgevoerd met de HealthSnApp.

Elke respondent werd eerst gevraagd om zijn/haar huidige gezondheidstoestand te
specificeren aan de hand van de negen TXP-items die in de eerste taak werden
gepresenteerd.

We gebruikten de gezondheidstoestand van elke respondent (zoals gedefinieerd in
de eerste taak) als uitgangspunt voor het genereren van zes hypothetische
gezondheidstoestanden. Deze hypothetische toestanden verschilden elk op slechts
twee aspecten van de oorspronkelijke toestand van de respondent: één
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gezondheidsitem was één niveau beter en een ander gezondheidsitem één niveau
slechter. Aan de respondenten werd gevraagd in een tweede taak om aan te geven of
hun eigen gezondheidstoestand (bepaald in de eerste taak) beter of slechter was dan
een hypothetische gezondheidstoestand. De respondenten maakten dus een afweging
tussen twee verschillende gezondheidsaspecten. Dit is een cruciaal onderdeel van een
op voorkeur gebaseerde meetmethode en maakt het mogelijk de gewichten voor de
negen items en hun niveaus te verkrijgen. Er werd een specifiek regressiemodel
gebruikt om coëfficiënten voor de itemniveaus te schatten. De huidige transplantatie
ePROM (TXP) genereert een enkele numerieke score die de algehele HRQoL van
ontvangers van een getransplanteerd orgaan in kaart brengt.
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