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1
General introduction and thesis outline
Healthcare is shifting towards a more person-centred approach.1-3 More attention 
is paid to the patients’ perspective, aiming at a personalised and holistic treatment 
that fits the patient’s preferences and needs. Insight into patient-reported out-
comes (PROs), such as health-related quality of life (HRQOL) and symptom burden, 
is therefore becoming increasingly important in healthcare.4, 5 Patient-reported out-
come measures (PROMs) systematically assess such outcomes and can facilitate 
the process of adapting to what is important to the patient.4-7 But, how to integrate 
PROMs into a routine care setting and how to use PROMs to achieve this person-
alised and holistic treatment? This dissertation provides insight into and practical 
knowledge of the implementation and use of PROMs in routine nephrology care.

Chronic kidney disease
Chronic kidney disease (CKD) is a progressive condition characterized by a de-
creased kidney function based on a glomerular filtration rate (GFR) of less than 
60 mL/min per 1.73 m², or markers of kidney damage, such as albuminuria, pres-
ent for at least 3 months.8, 9 Globally, the prevalence of CKD is estimated around 
10%10, 11, and is expected to further increase due to the aging population and the 
increasing number of people with diabetes and hypertension.12 Worldwide, about 
0.5% of the people has advanced CKD (GFR < 30 mL/min per 1.73 m²) and 0.1% 
has kidney failure (GFR < 15 mL/min per 1.73 m²).8, 11 Patients with kidney fail-
ure have the choice to receive kidney replacement therapy (KRT) to prolong life, 
or comprehensive conservative care, which aims at maintaining HRQOL, optimal 
symptom management and slowing down disease progression.13, 14 There are two 
general types of KRT, namely kidney transplantation or dialysis treatment (e.g. 
peritoneal dialysis or haemodialysis).8, 14 Peritoneal dialysis treatments are every 
day or night and are performed from home by the patient (and any caregivers) or 
with help of a machine.15 Haemodialysis treatments are usually 3 times a week for 
approximately 3-5 hours per dialysis session, performed at the dialysis centre or at 
home.15 Patients need on average 5-7 hours to fully recover after each haemodi-
alysis session16, 17, underlining the invasiveness and high impact on people’s life.18 
The choice for which treatment fits the patient best is generally based on avail-
ability of treatment (e.g. kidney donor and dialysis options at home or in a centre 
nearby), clinical characteristics (e.g. the patient’s health status, medical risks and 
potential health benefits), and the patient’s characteristics and his values, prefer-
ences and needs (e.g. what someone finds important in life).8, 13, 18, 19
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Outcomes in patients with chronic kidney disease
CKD is a growing public health problem causing a high disease burden and 
healthcare costs.12, 18, 20, 21 Advanced CKD is associated with a high cardiovascular 
morbidity, increased mortality and hospitalizations, and has a major impact on 
people’s life.9, 18, 22 Patients with advanced CKD experience numerous physical and 
emotional symptoms, such as fatigue, itching, muscle cramps, sleep problems, 
sexual problems and depressive symptoms, which have a major impact on their 
HRQOL.23-26

Nephrology care traditionally focusses on clinical measures, such as mortality, lab-
oratory values and blood pressure. Although PROs, like HRQOL and symptom bur-
den have been regarded as highly important by patients and healthcare profes-
sionals27-31, these outcomes often remain unknown, undiscussed and undertreated 
in regular practice.25, 32 This is partly because patients do not share everything by 
themselves, for instance because some topics may be difficult to talk about, or 
because patients assume that their symptoms cannot be treated, or are not relat-
ed to their CKD or treatment for CKD.33-35 Additionally, it may be challenging for 
healthcare professionals to inquire about the wide range of symptoms and needs 
that patients experience, for example due to time or intervention limitations.32, 36

Last decade, healthcare is shifting towards a more person-centred approach, in-
cluding nephrology care.1-3, 37 In addition to the traditional clinical measures, there 
is a stronger focus on the patient’s perspective and outcomes that matter to pa-
tients.5, 37, 38 Systematic assessment of PROs can solve the under-recognition of 
outcomes like HRQOL and symptom burden, and support this personalized and 
holistic treatment approach.25, 39 PROs consider experienced health and should 
thus be assessed from the patient’s perspective. PROs can be systematically as-
sessed using PROMs.40-42

Patient-reported outcome measures
PROMs are questionnaires that assess aspects of patients’ perceived health, such 
as HRQOL and symptom burden. PROMs are reported by the patients themselves; 
support may be offered when filling in PROMs, as long as responses reflect the 
patient’s perspective.40-42

Many different PROMs exist, using various measurement methods and character-
istics. For example, PROMs are often classified as either generic or specific for a 
certain disease, condition or treatment.40, 41 Generic PROMs include widely rele-
vant health aspects and are particularly suitable for heterogeneous populations 
(e.g. multimorbid populations like CKD), and enable comparisons across popula-
tions and treatments.40, 41 A specific PROM is tailored to a certain disease, condi-
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tion or treatment, and is particularly suitable for comparisons within a population, 
as they are usually better able to detect smaller or specific changes.40, 41 Further-
more, PROMs can be fixed (i.e. nonadaptive) or adaptive. Traditional PROMs are 
fixed, meaning that it contains the same questions and order for any patient at 
any timepoint. Adaptive PROMs are relatively novel in healthcare and make use 
of computerized adaptive tests (CATs), in which the next question is selected 
based on the answer to previous questions, adapting to the patient’s ability.43 An 
example of an adaptive PROM is the Patient-Reported Outcomes Measurement 
Information System (PROMIS).43 Moreover, PROMs can vary for instance in the un-
derlying measurement method, number of questions, recall period, scoring scale 
and method, and reference standard.44 The features of the PROM influence the 
interpretation of the PROM-scores.42 In contrast to well-known clinical measures 
such as blood pressure, healthcare professionals, patients and researchers are of-
ten not yet familiar with the interpretation of PROM-scores. Understanding of the 
PROMs and the interpretation of its PROM-scores are needed for optimal use in 
clinical practice. 
Many different PROMs are available41, 44-47 and which PROM is suitable for clini-
cal practice does not only depend on the characteristics (e.g. generic or specific, 
measurement method and scoring) and psychometric quality (e.g. validity and re-
liability) of the available PROMs, but also on the population and clinical setting.42 
For example: the purpose of measuring the PRO (e.g. use during consultations), 
the setting (e.g. opportunity to integrate into workflow) and the homogeneity of 
the population (e.g. variation in experienced health or digital skills). Hence, it is 
important to deliberately select PROMs, so that they fit routine practice. For ne-
phrology care, the 12-item Short-Form Health Survey (SF-12) to assess generic 
HRQOL was recommended by an European expert consensus group.48 Moreover, 
they underlined the importance of measuring symptom burden in addition to 
HRQOL, but no consensus was reached on the preferred PROM to assess symp-
tom burden.48

The potential of using PROMs in healthcare
PROMs have the potential to contribute to a more person-centred approach.3, 4, 

49-51 PROMs can provide insight into and a more complete picture of how the pa-
tient is really doing by incorporating the patient’s perspective, complementary to 
traditional clinical measures. Hence, using PROMs may enhance shared decision 
making and facilitate personalized treatment.6, 7, 50, 51 Moreover, literature suggests 
that the use of PROMs may even result in better health outcomes, for example bet-
ter symptom management, less hospitalizations and better HRQOL.5, 52 However, 
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the majority of existing literature is theoretical and little research has been done in 
nephrology care.6, 50, 53 Therefore, research in real-world nephrology care is need-
ed to examine these potential benefits of using PROMs.
Theoretically, the use of PROMs can contribute to clinical practice at multiple 
levels: at individual patient-level and at aggregated population-level. For exam-
ple, individual PROM-results can support shared decision making by facilitating 
patient-professional communication and discussion about patients’ experiences 
and needs.6, 7, 50, 51 Aggregated PROM-results can inform patients (and healthcare 
professionals) about prognosis, treatment and factors influencing PROs.6 In ad-
dition, aggregated PROM-results can be used to evaluate healthcare quality.6, 54, 

55 Ideally, PROMs are integrated into routine care in such a way that it provides 
valuable information at both the individual patient-level and the aggregated pop-
ulation-level.55, 56 These different purposes must be taken into account and require 
a structured approach in the implementation of PROMs into routine care.

Implementation of PROMs into routine nephrology care
In nephrology, the importance of PROs is widely recognized and first steps are 
taken to identify outcomes that matter to patients by the Standardised Outcomes 
in Nephrology (SONG) initiative57 and by the International Consortium for Health 
Outcomes Measurement (ICHOM).58 However, PROMs have not been widely im-
plemented yet into routine nephrology care.48, 59 A few examples exist and show 
that implementation can be challenging, for instance reaching adequate response 
rates, incorporation into the workflow, and struggles due to lack of knowledge on 
how to interpret, discuss and intervene on PROM-results.60-63 Furthermore, litera-
ture suggests that the incorporation of PROMs requires engagement from all peo-
ple involved: patients, healthcare professionals, researchers and policy makers.61, 

62, 64 Patients receiving dialysis treatment have frequent healthcare encounters and 
dialysis care has a strong infrastructure, which provides a good basis for reaching 
all people involved and implementation into the existing workflow.65

In the Netherlands, we establish a nationwide project to develop and implement 
PROMs into nephrology care (PROMs-NNL), in close collaboration with all relevant 
stakeholders: patients (Dutch Kidney Patients Association; NVN), healthcare pro-
fessionals (Dutch Federation for Nephrology; NFN), researchers (Leiden University 
Medical Centre; LUMC) and the healthcare quality institute of nephrology care 
(Nefrovisie Foundation). PROMs will be part of the data collection in RENINE, the 
Dutch renal registry (www.renine.nl), to ensure nationwide support and minimal 
burden for healthcare centres.48, 66 PROMs will be firstly introduced within routine 
dialysis care, given the relatively easy to reach population and suitable clinical set-
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ting.65 The PROMs-NNL project comprises the following four steps to implement 
PROMs into routine nephrology care in the Netherlands (Figure 1): 

Step 1: determine information about which PROs is important and for what 
purpose. 
Step 2: select the best suitable PROMs to measure these PROs, taking into 
account the aim and setting.
Step 3: pilot test the use of PROMs in clinical practice; are these PROMs suit-
able and what are feasible methods to collect and provide feedback on PROM-
results?
Step 4: make adjustments based on the lessons learned and implement PROMs 
into routine care at national level. Implementation involves using, evaluating 
and adjusting iteratively to achieve optimal use of PROMs. 

Aim & selection PROs

Selection PROMs

Pilot: test & feedback

Implementation
& use

Figure 1. Steps for implementation of PROMs into routine care (PROMs-NNL study).

This dissertation comprises the scientifi c research performed in each step and 
aims to provide insight into and practical knowledge of the implementation and 
use of PROMs in routine nephrology care.
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Outline of this thesis
The existing literature shows that HRQOL and symptom burden are highly pri-
oritized by patients and healthcare professionals.24, 27-29 Information about these 
PROs can contribute to a personalized treatment both at individual patient-level 
during consultations and at aggregated level to better inform patients and to eval-
uate healthcare quality.6, 50, 54, 55 Therefore, these predetermined aims and PROs are 
used in the second step.
Chapter 2 describes the selection of the best suitable existing PROM to assess dis-
ease-specific symptom burden for routine assessment in nephrology care. We use 
a four-phase mixed methods approach, including a systematic literature search 
to identify existing PROMs and symptom clusters, assessment of PROMs based 
on predefined criteria regarding content validity, and selection based on feed-
back of two panels with patients and experts. In Chapter 3, we examine and com-
pare psychometric properties of two recommended and commonly used generic 
PROMs to assess HRQOL. This study investigates the content, construct validity 
and test-retest reliability of seven PROMIS CATs in comparison with the SF-12 in 
patients with advanced CKD. 
Chapter 4 describes the experiences and results of the first introduction of PROMs 
into Dutch routine nephrology care; the third step. We conduct a pilot study in 16 
dialysis centres across the Netherlands, covering a quarter of all Dutch patients 
receiving dialysis treatment. We use quantitative and qualitative research meth-
ods to explore the use and collection of PROMs (e.g. PROM-scores and response 
rates), and the provision of feedback on PROM-results (e.g. patients’ views on in-
dividual feedback) as part of routine dialysis care. Building on the findings, the 
PROMs infrastructure can be optimized for implementation and use of PROMs in 
routine dialysis care throughout the Netherlands (the fourth step).
At population level, PROM-results can be used to evaluate healthcare quality and 
to inform patients and professionals about the effects and course of disease or 
treatment. In Chapter 5, we explain how funnel plots can be used to compare 
healthcare providers on PROs to evaluate healthcare quality. This review provides 
insight into the use and interpretation of funnel plots by explaining the basic prin-
ciples, pitfalls and considerations when applied to PROs, using examples of the 
first year routinely collected PROMs-data from Dutch dialysis care (i.e. RENINE/
PROMs registry data). Chapter 6 shows an example of aggregated PROM-results 
that can be used to inform patients and healthcare professionals. In this chapter, 
we use the RENINE/PROMs registry data of 2978 patients to investigate the im-
pact of itching on HRQOL in patients receiving dialysis treatment. The effects of 
itching on HRQOL and interactions with sleep problems and psychological symp-
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toms are examined both cross-sectionally and longitudinally over a 2-year period.
For optimal use of PROMs in individual patients, knowledge on how to inter-
pret and discuss PROM-results is needed. In Chapter 7, we explain the different 
types and characteristics of PROMs and provide guidance on how to interpret 
individual PROM-scores and changes in PROM-scores over time. Concepts such 
as minimal detectable change, minimal important change and response shift are 
explained and illustrated with examples from nephrology care. In Chapter 8, we 
investigate how to optimally discuss PROM-results as part of routine care. Indi-
vidual semi-structured interviews are performed to gain in-depth understanding 
of patients’ and healthcare professionals’ experiences with and perspectives on 
discussing PROM-results in routine dialysis care. 
Finally, in Chapter 9 we summarize and discuss our results, and provide sugges-
tions for future research and clinical implications regarding the implementation 
and use of PROMs in routine care.
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Abstract
Background: Patient-reported outcome measures (PROMs) are becoming increas-
ingly important in healthcare. In nephrology, there is no agreement on which 
chronic kidney disease (CKD) symptom questionnaire to use. Therefore, the aim 
of this study is to select a valid symptom questionnaire for routine assessment in 
patients with advanced CKD.
Methods: A four-phase mixed methods approach, using qualitative and quantita-
tive research methods, was applied. First, a systematic literature search was con-
ducted to retrieve existing symptom questionnaires. Second, a symptom list was 
created including all symptoms in existing questionnaires and symptoms men-
tioned in interviews with patients with CKD, from which symptom clusters were 
identified. Next, questionnaires were selected based on predefined criteria re-
garding content validity. Last, two online feedback panels of patients with CKD 
(N=151) and experts (N=6) reviewed the most promising questionnaires. 
Results: The literature search identified 121 questionnaires, of which 28 were po-
tentially suitable for symptom assessment in patients with advanced CKD. 101 
unique symptoms and 10 symptom clusters were distinguished. Based on pre-
defined criteria, the Dialysis Symptom Index (DSI) and Palliative Care Outcome 
Scale-Renal Version (IPOS-Renal) were selected and reviewed by feedback pan-
els. Patients needed 5.4 and 7.5 minutes to complete the DSI and IPOS-Renal, 
respectively (p<0.001). Patients experienced the DSI as more specific, complete 
and straightforward compared to the IPOS-Renal.  
Conclusions: The DSI was found to be valid and reliable, the most relevant, com-
plete, and comprehensible symptom questionnaire available for routine assess-
ment in patients with advanced CKD. Routine PROMs collection could be of great 
value to healthcare, both at individual patient and national level. Feedback on 
scores and involvement of healthcare providers may promote adaptation and im-
plementation in healthcare. 
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Background
The last decade there has been a shift in focus towards a more patient-centred 
and value-based healthcare. As described by Michael E. Porter, value in healthcare 
depends on the outcomes achieved and should be defined around the patient.1 
With this change, patient-reported outcomes (PROs) are becoming increasingly 
important in healthcare.1-4 PRO measures (PROMs) can be used to quantify a wide 
variety of concepts of health that are relevant to the patient, such as quality of life, 
functional status and symptom burden.2, 5 
Until recently, PROMs were mainly used in research settings. However, PROMs 
are increasingly being applied for clinical management in individual patients and 
evaluation of quality of care.4, 6 PROMs may enhance understanding of patients’ 
symptoms and needs, and have the potential to improve patient outcomes and 
engagement in decision making.4, 7, 8 The use of PROMs is nowadays recommend-
ed to be implemented and routinely used in clinical practice.4, 9, 10

Broadly a PROM can be classified as a generic or disease specific instrument. Ge-
neric PROMs measure general aspects of patients’ health status, such as functional 
status or quality of life. Disease specific PROMs are tailored to a specific condition 
and address aspects of disease experience and symptoms, making these PROMs 
in general more sensitive and responsive to change in disease burden.2, 4, 5, 10 Of-
ten, both generic and disease specific PROMs are used to enable comparisons 
across and within populations.4, 5, 10 
Also in nephrology, routine collection of PROMs can be of added value.11 Patients 
with advanced chronic kidney disease (CKD) experience a poor health-related 
quality of life (HRQOL) and numerous physical and emotional disease related 
symptoms.12-14 Moreover, in patients with advanced CKD, HRQOL levels generally 
decrease and symptom burden generally increases as the disease progresses.15 
Despite their relevance, many symptoms in patients with advanced CKD remain 
unnoticed. This may be partly explained by patients being reluctant to share their 
experienced symptoms, particularly due to feelings of guilt about wasting clini-
cians’ or other patients’ time.16 Additionally, clinicians frequently are not able to 
identify the full spectrum of experienced symptoms and their severity, resulting 
in under-recognition and under-treatment of symptoms.14, 17-19 Routine symptom 
assessment, using a questionnaire that fits patients’ needs, could provide insight 
and guidance for symptom management.16, 20 Symptom management has been 
identified as top priority by patients with advanced CKD.21 
Although the relevance of patients’ perspective is recognized, PROMs have not yet 
been widely implemented in nephrology.2, 9, 11 Currently, methods and instruments 
needed for implementation of PROMs in patients with advanced CKD, including 
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patients with end-stage kidney disease (ESKD) with and without dialysis, are being 
explored in the Netherlands. Some generic health questionnaires are considered 
to be appropriate instruments for this purpose.9, 22 However, there is no agree-
ment on which questionnaire is most suitable to measure the broad spectrum of 
symptoms that patients with advanced CKD experience.9, 23 Therefore, the aim of 
this study is to systematically select the most suitable CKD-specific symptom ques-
tionnaire for routine assessment in patients with advanced CKD and ESKD using a 
four-phase mixed methods approach.

Methods 
Overview
This study is part of the development of a national registry of PROMs, which will 
be included in the Dutch Renal Registry (Renine) [www.renine.nl]. For now, the 
PROMs registry is primarily aimed at patients with advanced CKD, including pa-
tients with ESKD receiving dialysis or without renal replacement therapy (RRT). 
Patients will be followed over time across different stages and treatments (e.g. 
advanced CKD, ESKD, with and without RRT), and therefore, we have chosen not 
to restrict this study to subpopulations, but to focus on CKD in general, taking all 
existing CKD-specific symptom questionnaires into consideration.
In this study, the focus was on the content validity of the symptom questionnaire, 
defined as “the relevance, comprehensiveness, and comprehensibility of the 
PROM for the construct, target population, and context of use of interest”.24 Ac-
cording to the COnsensus-based Standards for the selection of health Measure-
ment INstruments (COSMIN) standards, content validity is the most important and 
first to be considered measurement property in selecting a PROM.24, 25 Further-
more, since numerous symptom questionnaires are already available 2, 26, it would 
be preferable to select an existing questionnaire instead of developing a new 
one. As an alternative for organizing focus groups and interviews with patients to 
identify domains of symptoms relevant to patients, we searched and used existing 
CKD symptom questionnaires, assuming that they all have attempted to include 
the most important domains and items. By combining all these questionnaires, 
we make use of a much wider variation in patients, methods, clinical settings and 
countries to gather content-wise relevant domains for CKD. 
A four-phase approach, combining qualitative and quantitative research methods, 
was applied: 1) conduct a systematic literature search to retrieve all existing symp-
tom questionnaires used in patients with CKD. 2) Create a complete list of unique 
symptoms from all symptom questionnaires and interviews with patients with ad-
vanced CKD. Cluster these symptoms into relevant symptom groups. 3) Select 
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symptom questionnaires based on criteria to ensure content validity, including 
the completeness, relevance and comprehensibility for the advanced CKD pop-
ulation and context of routine care.24 4) Evaluate the most promising symptom 
questionnaires using a panel of patients with advanced CKD and experts (i.e. ex-
perienced questionnaire assessors). Below the four phases are described in detail.

Systematic literature search – phase 1
A systematic literature search was performed to identify all existing symptom ques-
tionnaires developed and/or used in patients with CKD. A query was constructed 
using numerous synonyms or identifiers for the keywords ‘chronic kidney disease’, 
‘symptoms’ and ‘questionnaires’ (Supplementary item S1). The search was restrict-
ed to studies published in the English or Dutch language. Studies conducted in 
individuals <18 years of age were excluded. 
The search was executed in PubMed by two independent reviewers (EvdW and 
GvR). Titles were screened and found to be eligible when describing one or more 
symptoms or the use of a symptom questionnaire in patients with CKD. Next, the 
abstracts of articles included by at least one of the reviewers were screened to 
identify existing symptom questionnaires. Systematic reviews describing the use 
of questionnaires in patients with CKD were screened full text to make sure that all 
existing symptom questionnaires were included.
We aim to select a symptom questionnaire addressing the full range of symptoms 
experienced by the total CKD population. To distinguish such broad symptom 
questionnaires from in-depth questionnaires addressing only one or two specif-
ic symptoms (e.g. depression or fatigue questionnaires), we excluded symptom 
questionnaires addressing less than four physical or emotional symptoms.26 Ad-
ditionally, questionnaires focusing only on transplant-specific symptoms and ge-
neric health questionnaires (e.g. HRQOL or activities of daily living questionnaires) 
were excluded. 

Symptom list and clustering – phase 2
Symptoms from questionnaires. A list of symptoms was created from all symp-
toms included in the questionnaires. To collect only unique symptoms, overlap-
ping symptoms were combined (e.g. ‘Tingling in feet or hands’ as a combination 
of ‘Tingling in feet’ and ‘Tingling in hands’). 
Analysis of videotaped interviews. To assure completeness of the symptom list, 18 
videotaped interviews with patients with advanced CKD were analysed to check 
for missing symptoms. Patients received haemodialysis (n=13), peritoneal dialy-
sis (n=3) or no RRT (n=2), were 20-83 years old, and half of them was male. The 
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interviews were conducted by two experienced male interviewers (HB and FvdZ), 
who were not involved in the patients’ treatment. The videos were obtained from 
the Dutch Kidney Patients Association (NVN) 27 and were developed to inform and 
support patients with CKD in making future choices regarding therapy. During the 
semi-structured interviews, different aspects of living with CKD were discussed, 
including aspects about disease, treatment, physical functioning, psychosocial as-
pects, relationships and quality of life. As a result of patient’s answers, additional 
themes were sometimes introduced including symptoms that patients experience 
and considered relevant. The NVN and the interviewed patients gave permis-
sion to use this material for this research purposes. The videotaped interviews 
were watched and analysed by two independent researchers (GvR and EvdW). All 
symptoms mentioned by patients were written down verbatim and subsequently 
compared to the symptom list derived from the questionnaires (phase 1). Symp-
toms that were not yet on the list were added. 
Clustering of symptoms. The total list of unique symptoms was divided into clus-
ters to identify themes that describe the broad spectrum of symptoms experi-
enced by patients with CKD. Clustering was done by two independent healthcare 
professionals: a nephrologist (JR) and a nurse practitioner (NBB) specialized in 
pre-dialysis and dialysis care, both experienced in clinical practice and research. 
JR and NNB discussed the symptoms and identified clusters inductively by con-
stant comparison and grouping of similar type of symptoms. Clusters and corre-
sponding symptoms were discussed until consensus was reached. 

Preliminary selection of symptom questionnaire – phase 3
A set of criteria (Table 1) was applied to make a preliminary selection of symptom 
questionnaires that are relevant, complete and comprehensible for patients with 
advanced CKD or ESKD in routine care setting.

Feedback panels – phase 4
Dutch versions of the most promising questionnaires were evaluated by two 
online feedback panels facilitated by the NVN. One panel consisted of 151 pa-
tients receiving different treatments: pre-dialysis (CKD stage 4/5), haemodialysis, 
peritoneal dialysis and transplantation. The patients in this panel were randomly 
assigned to one of the selected questionnaires. Patients assessed only one ques-
tionnaire so that their judgement on the assigned questionnaire was based on 
their personal opinion, experiences and needs, and not influenced by the con-
tent or structure of another questionnaire. The second panel consisted of six 
experienced questionnaire assessors, namely NVN patient representatives who 
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advise on research (e.g. questionnaire development). Five of these experts were 
CKD patient and one person was a relative of a CKD patient. To enable a direct 
comparison of the questionnaires, this panel of experts compared all question-
naires from the previous phase.
To review the questionnaire, patients were asked to complete the questionnaire 
and to answer additional questions. Questions concerned the content and struc-
ture of the questionnaire, including: time needed for completion, burden of com-
pleting the questionnaire, desired frequency of questionnaire assessment, unclear 
questions, unnecessary questions, missing questions with room to report three 
additional symptoms, and other suggestions or comments. The time to complete 
the questionnaire was measured electronically (i.e. objective time). Patients also 
estimated the time to complete the questionnaire, hereafter referred to as subjec-
tive time. Differences between the questionnaires in objective and subjective time 
to complete were presented as geometric mean.

Criterion Description

A. Symptom clusters ≥ 90% cluster coverage
The variety of symptoms experienced in CKD requires a ques-
tionnaire addressing a wide range of symptoms. Preferably all, 
but at least 90% of the clusters should be covered by the ques-
tionnaire.

B. Questionnaire 
length

≤ 90 items
The questionnaire needs to have an appropriate length to be 
suitable for routine assessment. The questionnaires should 
have a maximum length of 15 minutes to complete 28, which 
we expect to be exceeded by a questionnaire addressing ≥90 
items.29

C. Applicable to 
advanced CKD 
population

Developed and validated in advanced CKD
The questionnaires should be applicable to the advanced CKD 
population. Preference is given to a questionnaire both devel-
oped and validated in patients with advanced CKD.

D. Suitable for use in 
routine care

Straightforward and clear
For a questionnaire addressing more than symptoms only, the 
symptoms need to be concentrated together (i.e. symptom 
questions are not mixed with other questions), so that a sepa-
rate and valid symptom questionnaire can be extracted. 
Since patient’s ability to concentrate and understand difficult 
items may be impaired, the questionnaire needs to be straight-
forward with appropriate and easy to interpret items and 
scales.29

Table 1. Criteria for symptom questionnaires suitable for routine assessment in patients 
with advanced chronic kidney disease (CKD). 
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Statistical analyses were performed using SPSS V.23.0. P<0.05 was considered 
statistically significant. To evaluate differences in patient, treatment and ques-
tionnaire characteristics, Student’s t-test and Chi-square tests of association were 
performed. To test the reliability of the symptom burden score, Cronbach’s alpha 
coefficients were calculated. A sensitivity analysis using one-way ANOVA and Chi-
square tests was conducted to determine if the results from the patient panel are 
the same for transplant patients compared to patients on dialysis or without RRT. 

Results
Systematic literature search – phase 1
Figure 1 shows a flow diagram of the literature search and questionnaire selection. 
The search strategy identified 571 articles, of which 223 articles were included 
based on title and abstract. From these articles, including two full text reviews, 
and through snowballing, 121 unique symptom questionnaires were identified. 
Of these questionnaires, 93 were excluded (mainly because less than four symp-
toms were addressed, see Figure 1), resulting in 28 symptom questionnaires for 
further investigation.

Symptom list and clustering – phase 2
A complete symptom list was created from the 28 symptom questionnaires. One 
hundred unique symptoms were identified from these questionnaires. Analysis of 
the videotaped interviews with patients with advanced CKD resulted in one addi-
tional symptom (Supplementary table S2). From this symptom list, two healthcare 
professionals distinguished the following ten clusters: general symptoms, night’s 
rest, gastroenterology, cardiopulmonary, central nervous system, musculoskeletal, 
skin, head/throat, psychosocial and sex. The total symptom list categorized into 
ten clusters is available in Supplementary table S2.

Preliminary selection of symptom questionnaire – phase 3
In the third phase, the previous two steps were combined: the 28 symptom ques-
tionnaires were judged on their coverage of at least nine out of ten symptom clus-
ters. Fifteen questionnaires were excluded based on this criterion (criterion A). 
An additional three questionnaires were excluded due to their extensive length 
(criterion B), leaving ten questionnaires for further examination. 
Table 2 shows the characteristics of the ten questionnaires on which the question-
naires were compared and evaluated. Six out of ten questionnaires were both de-
veloped and validated in an advanced CKD population, meeting criterion C. Two 
of these six are derivatives of a third questionnaire; the two questionnaires include 
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exactly the same symptoms but also distinguish how much a symptom bothers, 
the severity and the frequency of symptoms and hereby exceed the determined 
maximum length (criterion B). Another two questionnaires address a broader 
perspective than symptoms only. The questions regarding symptoms are spread 
across the questionnaire, which does not satisfy criterion D. Based on the criteria 
two questionnaires were selected for further consideration in the next phase. 

Results from literature search in 
Pubmed N=571

Promising titles N=332

Abstracts containing a symptom 
questionnaire N=223

Excluded based on title N=239

Excluded based on abstract not 
containing a symptom 
questionnaire N=109

Unique symptom questionnaires 
N=114

Potentially suitable symptom 
questionnaires N=28

Questionnaires excluded (N=93):
< 4 symptoms N=74
Generic health N=14

Transplantation specific N=4
No English/Dutch version N=1

Questionnaires included (N=7):
Full-text screen 2 reviews N=5

Snowballing N=2

Unique symptoms from 
questionnaires N=100

Symptom clusters N=10

Additional symptoms from patient 
interviews N=1

Symptom questionnaires suitable 
for routine assessment in patients 

with CKD N=2

Questionnaires excluded (N=26):
Clusters < 90% N=15

Length > 90 items N=5
Less applicable to CKD or 
use in routine care N=6
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Figure 1. Flow chart of the selection of a valid CKD-specific symptom questionnaire.
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Feedback panels – phase 4
Feedback panels. The Dialysis Symptom Index (DSI) 34 and Palliative Care Out-
come Scale – Renal Version (IPOS-Renal) 35 were judged by two online panels of 
patients and experts. Patients were randomly assigned to a questionnaire (Table 
3). In total 127 patients (84.1%) received RRT, of which 27 dialysis (17.9%) and 100 
transplantation (66.2%). The second panel of six experts evaluated and compared 
both questionnaires.

Table 3. Comparison of two CKD-specific symptom questionnaires based on feedback 
of the patient panel (N=151).

DSI 
(N=76)

IPOS-Renal 
(N=75) p-value

Age (years) 60.6 (12.5) 60.2 (10.4) 0.8

Treatment modality 0.5

Pre-dialysis 6 (7.9) 13 (17.3)

Haemodialysis 8 (10.5) 9 (12.0)

Peritoneal dialysis 6 (7.9) 4 (5.3)

Transplant 53 (69.7) 47 (62.7)

Other 3 (3.9) 2 (2.7)

Objective time to complete* (minutes) 5.4 (1.6) 7.5 (1.8) <0.001

Subjective time to complete* (minutes) 3.2 (1.8) 4.8 (1.6) <0.001

Number of symptoms reported^ 12.0 (6.5) 8.0 (4.1) <0.001

Additional 1-3 symptoms reported# 21 (27.6) 25 (33.3) 0.5

Burdensome of questionnaire (yes) 4 (5.3) 2 (2.7) 0.4

Appropriate frequency of submission  
(times per year)

2.7 (1.8) 2.9 (2.2) 0.6

Values are shown in N (%) or mean (SD).  
The DSI and IPOS-Renal questionnaires showed good reliability for symptom burden 
score with Cronbach’s alpha values of 0.90 and 0.86, respectively.  
*Objective time to complete was defined as the difference in minutes between the start 
and completion of the online questionnaire. Subjective time to complete is the time to 
complete estimated by the patient. Values shown as geometric mean (SD). 
^The number of symptoms reported is based on the symptoms defined in the question-
naire and rated by the patient as bothering a little bit to very much (or affecting slightly to 
overwhelmingly).  
#The number of patients reporting an additional 1 to 3 symptoms not mentioned in de 
questionnaire.   
Abbreviations: CKD, Chronic Kidney Disease; DSI, Dialysis Symptom Index; IPOS-Renal, 
Palliative Care Outcome Scale - Renal Version.
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Time to complete. The patient panel needed on average (standard deviation; SD) 
5.4 (1.6) minutes to complete the DSI and 7.5 (1.8) minutes to complete the IP-
OS-Renal (p<0.001). Also subjectively the DSI was less time consuming than the 
IPOS-Renal, with a difference in geometric mean of 1.6 minutes (p<0.001). The 
time to complete estimated by experts ranged from 2-15 and 3-20 minutes for the 
DSI and IPOS-Renal, respectively.
Burden and frequency. Four and two patients of the online patient panel experi-
enced, respectively, the DSI and IPOS-renal as burdensome. All experts indicated 
that both questionnaires were not burdensome. For both questionnaires, most 
patients prefer to complete the questionnaire two or four times per year. Most 
experts (4 out of 6) desired four times per year. In both panels, participants noted 
that the questionnaire should be filled in prior to each consultation with the ne-
phrologist.
Questions. Both panels indicated that, overall, the questions in both question-
naires were clear. All experts fully agreed that both questionnaires were easy to 
interpret and one expert added that the questionnaires were also comprehensi-
ble for patients with low literacy. For the IPOS-Renal some patients and one ex-
pert noted that the questions might be too generally formulated, which can cause 
confusion or difficulties to interpret a question. Also, some patients indicated that 
some questions might not be applicable to all patients or treatment modalities. 
For the DSI some patients mentioned that questions about sexual problems may 
be not applicable to all patients. Two experts indicated that, in comparison to the 
DSI, some symptoms may be missed when using the IPOS-Renal, but these experts 
did not mention which symptoms were lacking. For both questionnaires patients 
reported additional symptoms, which were all covered by the defined clusters. 
Patients reported more symptoms using the DSI than using the IPOS-Renal, with 
12.0 and 8.0 experienced symptoms, respectively (p<0.001) (Table 3).  
Comments. Patients made comments similar to the answers described above 
(see Questions). About the DSI several patients reported that they experienced 
the questionnaire as pleasant, clear and enlightening. For both questionnaires pa-
tients suggested to add questions on treatment and “how patients experience 
their lives”. Additionally, the patients pointed out that feedback on their results 
and involvement of the nephrologist are highly important.
Preference. The experts compared both questionnaires. Five out of six experts 
preferred the DSI. They qualified the DSI as more specific and complete, and be-
lieved that the questions were more clear and easier to fill in than the IPOS-Renal. 
Two experts, however, also mentioned that the lay-out of the IPOS-Renal was visu-
ally more attractive than the DSI.
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Sensitivity analysis. Results of the patient panel stratified for transplant and 
non-transplant patients are available in Supplementary table S3. Similar differenc-
es between the DSI and IPOS-Renal were found in transplant and non-transplant 
patients. Transplant patients completed both questionnaires faster (p = n.s.) and 
reported less symptoms (p = n.s.) compared to non-transplant patients. However, 
both transplant and non-transplant patients needed less time to complete the DSI 
(p < 0.05) and reported more symptoms using the DSI compared to the IPOS-Re-
nal (p < 0.05). Also comments regarding the content and structure of the question-
naires were similar in transplant and non-transplant patients. 

Discussion
The aim of this study was to select a valid CKD specific symptom questionnaire for 
routine assessment in patients with advanced CKD or ESKD. The first two phases, 
the literature search and symptom clustering, resulted in 28 potentially suitable 
symptom questionnaires and ten symptom clusters. During the third phase, two 
questionnaires were selected based on their relevance, completeness and com-
prehensibility to routine assessment in patients with CKD: the DSI and IPOS-Re-
nal. These two questionnaires were reviewed by panels of patients and experts 
in the fourth phase. The results of the panel reviews showed that the DSI was the 
most complete, specific and comprehensible symptom questionnaire. Therefore, 
the DSI was considered to be the most suitable symptom questionnaire currently 
available for routine assessment in patients with advanced CKD or ESKD.
Previous literature and current findings support the completeness and straightfor-
wardness of the DSI. First, the patient panel reported 12 symptoms using the DSI, 
which is 1.5 times the number of symptoms reported when using the IPOS-Renal. 
We believe that this increased score is due to differences in completeness of the 
questionnaires rather than differences in characteristics between patients. Similar 
numbers of symptoms are also presented in previous literature.41 Furthermore, a 
recent study showed that symptoms of insomnia, fatigue, cramping, anxiety, de-
pression and frustration were considered top-priority by dialysis patients. Such 
physical and emotional symptoms are also included in the DSI.42 Still, additional 
symptoms were mentioned by the patients assessing the DSI. Therefore, we pro-
pose to retain the possibility to report additional symptoms as this may favour 
the completeness and patient satisfaction.43 Besides this, the time to complete 
the questionnaire reflects the straightforwardness of the DSI. Although the DSI 
contains more items than the IPOS-Renal, patients needed less time to complete 
the questionnaire. This might suggest that the DSI is more clear and easier to com-
plete for patients. 
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We believe that routine symptom assessment can contribute to a more patient-cen-
tred healthcare system and improvement in quality of care. Routine assessment 
enables patients and healthcare professionals to track changes in symptom bur-
den over time, which may result in a more complete and better understanding of 
patients’ symptoms and needs. Routine assessment may also yield valuable in-
formation for the evaluation of effectiveness of treatment and the progression of 
symptoms.
Herein, the provision of feedback on PROM score to patients and healthcare pro-
viders, both on individual and on aggregated level, may be of great importance.44 
At the individual patient level, feedback may enhance communication between 
patients and healthcare professionals, which is considered highly important by 
patients with advanced CKD.21 Moreover, results of similar patients could provide 
insight in what to expect in the future and may promote patient engagement in 
decision making.3, 45 Additional to the provision of feedback, the involvement of 
clinicians was considered very important by several patients and is expected to 
contribute to a successful implementation and a more patient-centred health-
care.46

At centre or national level, performance and variation in outcomes between cen-
tres can be mapped out and may promote initiatives to improve quality of care. 
Besides, patient outcomes are of great value to the already available clinical per-
formance measures, which mainly consider structure and process of care.47, 48 So 
far, PROMs have been mainly used in scientific research and less often for nation-
wide assessment in clinical practice.4, 9 Consequently, little is known about how 
PROMs can be best deployed to achieve quality improvement.49, 50

Further research is needed to investigate how PROMs can be best used in clin-
ical practice to improve symptom management, shared decision making and to 
address patients’ needs. We propose to assess and discuss symptoms using the 
DSI twice per year, in order to gain insight into symptom development with a min-
imal burden to patients and to healthcare professionals. In addition to a suitable 
questionnaire, successful implementation of PROMs into routine care requires 
planning, facilities (e.g. electronic system to collect and report PROM scores) 
and involvement of all stakeholders (e.g. patients, healthcare professionals and 
researchers).51 Furthermore, barriers may be encountered when implementing 
PROMs into routine care, including low response rates, organizational struggles 
or low commitment from patients or healthcare professionals.11 To facilitate imple-
mentation and sustainability, it is vital to take these barriers into account, by, for ex-
ample, providing information and communication systems to adequately collect 
data and discuss PROM-scores. We suggest to test the PROMs in collaboration 
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with all stakeholders so that it fits the workflow and priorities in routine care.
A unique feature of this study is the four-phase mixed methods approach with both 
qualitative and quantitative research methods. Especially with the combination of these 
methods we believe to have selected a valid and reliable symptom questionnaire that 
is relevant, complete and appropriate for the population and context of interest. First, 
this method addressed all criteria for evaluation of content validity as established in 
the COSMIN standard.24 Second, with the use of all existing symptom questionnaires, 
we believe to have reached completeness and to have identified the domains that 
are most relevant to the patient, more so than would be possible when conducting a 
single study. This conclusion is also supported by patients’ input: the analysis of the 
interviews with patients with CKD resulted in only one additional symptom and no new 
symptoms or domains were mentioned by the patient panel. Third, patients, health-
care professionals and experts were involved in this study. Particularly patient involve-
ment was considered highly important, because patients’ perspective helps to select 
the questionnaire that is most complete, comprehensible and relevant to them. This 
might increase the probability of completing the questionnaire when implemented in 
daily practice.52 By using this mixed methods design, a symptom questionnaire that 
was preferred by experts and very positively assessed by patients was selected. 
On the downside, the patient panel might be not representative of the entire advanced 
CKD population. First, patients participating in an online panel may be more health 
conscious, familiar with online questionnaires and involved in healthcare compared to 
those who do not participate (i.e. healthy responder bias). Second, most participants in 
the patient panel received a kidney transplant. However, the results and comments on 
the questionnaires of the transplant patients did not differ from those of the patients 
on dialysis or without RRT. Besides this, within the context of interest, patients will be 
followed over time, through different stages and treatments. Many patients receive 
(pre-)dialysis care prior to their transplantation, and thus, we do not expect that the 
inclusion of patients who received a kidney transplant affected the evaluation of the 
questionnaires.  
With the method used, the focus was on the most important PROM property, namely 
the content validity of the symptom questionnaire. Additionally, the DSI showed good 
reliability: excellent internal consistency of the symptom burden score in this current 
study and good test-retest reliability in the development-study.34 However, more re-
search is needed to further explore the reliability and validity of this questionnaire.34 
Additionally, further research is needed to investigate if the DSI detects (clinically rel-
evant) changes in symptom burden (i.e. responsiveness). Moreover, the smallest de-
tectable change and the minimal important change need to be investigated for the 
interpretation of changes in symptom burden over time.53
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Conclusion
In conclusion, the DSI was found to be valid and reliable, the most relevant, com-
plete, and comprehensible symptom questionnaire currently available for routine 
assessment in patients with advanced CKD or ESKD. The use of PROMs could be 
of great added value to healthcare, both at the individual patient and national 
level. Feedback on results and involvement of healthcare providers may promote 
adaptation and implementation of PROMs into healthcare.
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Supplemental Material for Chapter 2
Supplementary item S1. Search string for systematic literature 
search for symptom questionnaires used in patients with chronic 
kidney disease.
(((“Chronic Kidney Disease”[ti] OR “Chronic Kidney Diseases”[ti] OR “Chronic Renal Dis-
ease”[ti] OR “Chronic Renal Diseases”[ti] OR “CKD”[ti] OR “End-Stage Renal Disease”[-
ti] OR “End-Stage Renal Diseases”[ti] OR “ESRD”[ti] OR “End-Stage Kidney Disease”[ti] 
OR “End-Stage Kidney Diseases”[ti] OR “Advanced Renal Disease”[ti] OR “Advanced 
Kidney Disease”[ti] OR “Renal Insufficiency, Chronic”[majr] OR “Chronic Renal Insuffi-
ciency”[ti] OR “Chronic Renal Failure”[ti] OR “Chronic Kidney Failure”[ti] OR ((“Kidney 
Diseases”[majr] OR “kidney disease”[ti] OR “renal disease”[ti] OR “kidney diseases”[ti] 
OR “renal diseases”[ti] OR “kidney failure”[ti] OR “renal failure”[ti] OR “renal insufficien-
cy”[ti] OR “kidney insufficiency”[ti]) AND (“Chronic Disease”[majr] OR “chronic”[ti] OR 
chronic*[ti])) OR ((“pre-dialysis”[ti] OR pre-dialy*[ti] OR “predialysis”[ti] OR predial*[ti] 
OR “chronic renal”[ti] OR “chronic kidney”[ti] OR “Renal Insufficiency, Chronic”[majr] 
OR “Kidney Failure, Chronic”[majr] OR “end stage renal”[ti] OR “end stage kidney”[ti]) 
AND (“3”[ti] OR “4”[ti] OR “5”[ti] OR “three”[ti] OR “four”[ti] OR “five”[ti] OR “iii”[ti] OR 
“iv”[ti] OR “v”[ti]) AND (“stage”[ti] OR “stages”[ti] OR “late”[ti])) OR “Renal Replacement 
Therapy”[majr] OR “Renal Replacement Therapy”[ti] OR “RRT”[ti] OR “hemodialysis”[ti] 
OR “haemodialysis”[ti] OR “peritoneal dialysis”[ti] OR “Kidney Transplantation”[ti] OR 
“Renal Transplantation”[ti] OR Kidney Transplant*[ti] OR Renal Transplant*[ti] OR “Dial-
ysis”[majr] OR “Dialysis”[ti] OR “hemodiafiltration”[ti] OR “haemodiafiltration”[ti]) 
AND (“Signs and Symptoms”[Mesh:noexp] OR “Signs and Symptoms”[majr] OR 
“Symptom”[ti] OR “symptoms”[ti] OR “Symptom burden”[tw] OR symptom*[ti]) 
AND (“Surveys and Questionnaires”[Mesh:noexp] OR “Patient Reported Outcome 
Measures”[Mesh] OR “Questionnaire”[tw] OR “Questionnaires”[tw] OR Question-
nair*[tw] OR “Patient-Reported Outcome Measure”[tw] OR “Patient-Reported Outcome 
Measures”[tw] OR “PROMs”[tw] OR “PROM”[tw] OR “Self Report”[tw] OR “assessment 
instrument”[tw] OR “assessment system”[tw] OR “assessment method”[tw] OR “assess-
ment instruments”[tw] OR “assessment systems”[tw] OR “assessment methods”[tw] OR 
“Assessment Scale”[tw] OR “Assessment Scales”[tw] OR “instrument”[ti] OR “scale”[ti] 
OR “checklist”[ti] OR “score”[ti] OR “instruments”[ti] OR “scales”[ti] OR “checklists”[ti] 
OR “scores”[ti] OR “inventory”[ti] OR “inventories”[ti] OR “Symptom Burden Index”[tw] 
OR “symptom burden instrument”[tw] OR “symptom burden measures”[tw] OR “symp-
tom burden score”[tw] OR “symptom burden scores”[tw]) 
AND (english[la] OR dutch[la]) 
NOT ((“Adolescent”[mesh] OR Adolescen*[ti] OR “Child”[mesh] OR “child”[ti] OR “chil-
dren”[ti] OR “girl”[ti] OR “girls”[ti] OR “boy”[ti] OR “boys”[ti]) NOT (“Adult”[mesh] OR 
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“adult”[ti] OR “adults”[ti]))) 
OR
((“Chronic Kidney Disease”[ti] OR “Chronic Kidney Diseases”[ti] OR “Chronic Renal Dis-
ease”[ti] OR “Chronic Renal Diseases”[ti] OR “CKD”[ti] OR “End-Stage Renal Disease”[-
ti] OR “End-Stage Renal Diseases”[ti] OR “ESRD”[ti] OR “End-Stage Kidney Disease”[ti] 
OR “End-Stage Kidney Diseases”[ti] OR “Advanced Renal Disease”[ti] OR “Advanced 
Kidney Disease”[ti] OR “Renal Insufficiency, Chronic”[majr] OR “Chronic Renal Insuffi-
ciency”[ti] OR “Chronic Renal Failure”[ti] OR”Chronic Kidney Failure”[ti] OR ((“Kidney 
Diseases”[majr] OR “kidney disease”[ti] OR “renal disease”[ti] OR “kidney diseases”[ti] 
OR “renal diseases”[ti] OR “kidney failure”[ti] OR “renal failure”[ti] OR “renal insufficien-
cy”[ti] OR “kidney insufficiency”[ti]) AND (“Chronic Disease”[majr] OR “chronic”[ti] OR 
chronic*[ti])) OR ((“pre-dialysis”[ti] OR pre-dialy*[ti] OR “predialysis”[ti] OR predial*[ti] 
OR “chronic renal”[ti] OR “chronic kidney”[ti] OR “Renal Insufficiency, Chronic”[majr] 
OR “Kidney Failure, Chronic”[majr] OR “end stage renal”[ti] OR “end stage kidney”[ti]) 
AND (“3”[ti] OR “4”[ti] OR “5”[ti] OR “three”[ti] OR “four”[ti] OR “five”[ti] OR “iii”[ti] OR 
“iv”[ti] OR “v”[ti]) AND (“stage”[ti] OR “stages”[ti] OR “late”[ti])) OR “Renal Replacement 
Therapy”[majr] OR “Renal Replacement Therapy”[ti] OR “RRT”[ti] OR “hemodialysis”[ti] 
OR “haemodialysis”[ti] OR “peritoneal dialysis”[ti] OR “Kidney Transplantation”[ti] OR 
“Renal Transplantation”[ti] OR Kidney Transplant*[ti] OR Renal Transplant*[ti] OR “Dial-
ysis”[majr] OR “Dialysis”[ti] OR “hemodiafiltration”[ti] OR “haemodiafiltration”[ti]) 
AND (“Signs and Symptoms”[Mesh:noexp] OR “Signs and Symptoms”[majr] OR 
“Symptom”[tw] OR “symptoms”[tw] OR “Symptom burden”[tw] OR symptom*[tw]) 
AND (“Surveys and Questionnaires”[majr:noexp] OR “Patient Reported Outcome Mea-
sures”[majr] OR “Questionnaire”[ti] OR “Questionnaires”[ti] OR Questionnair*[ti] OR 
“Patient-Reported Outcome Measure”[ti] OR “Patient-Reported Outcome Measures”[ti] 
OR “PROMs”[ti] OR “PROM”[ti] OR “Self Report”[ti] OR “assessment instrument”[ti] OR 
“assessment system”[ti] OR “assessment method”[ti] OR “assessment instruments”[ti] 
OR “assessment systems”[ti] OR “assessment methods”[ti] OR “Assessment Scale”[-
ti] OR “Assessment Scales”[ti] OR “instrument”[ti] OR “scale”[ti] OR “checklist”[ti] OR 
“score”[ti] OR “instruments”[ti] OR “scales”[ti] OR “checklists”[ti] OR “scores”[ti] OR “in-
ventory”[ti] OR “inventories”[ti] OR “Symptom Burden Index”[ti] OR “symptom burden 
instrument”[ti] OR “symptom burden measures”[ti] OR “symptom burden score”[ti] OR 
“symptom burden scores”[ti]) 
AND (english[la] OR dutch[la]) 
NOT ((“Adolescent”[mesh] OR Adolescen*[ti] OR “Child”[mesh] OR “child”[ti] OR “chil-
dren”[ti] OR “girl”[ti] OR “girls”[ti] OR “boy”[ti] OR “boys”[ti]) NOT (“Adult”[mesh] OR 
“adult”[ti] OR “adults”[ti]))))



49  I  Chapter 2

2
General symptoms

Fatigue / feeling tired / lack of energy

Change in weight

Difficulty concentrating

Feeling sick

Pain (in general)

Changes in appearance

Night’s rest

Trouble falling asleep

Trouble staying asleep

Changes in amount of sleep

Drowsiness

Gastroenterology

Constipation

Nausea

Vomiting

Diarrhoea

Decreased appetite / lack of appetite

Feeling of fullness or bloating

Abdominal pain / stomach cramps

Heartburn

Stomach or bowel problems

Overeating / food cravings

Cardiopulmonary

Chest pain

Heart palpitations / arrhythmia

Easy bruising

Slow-healing sores

Shortness of breath / dyspnoea

Coughing

Wheezing

Swelling in legs / feet

Chest tightness

Nycturia

Central nervous system

Light-headedness or dizziness

Numbness in feet or hands

Tingling in feet or hands

Headache

Restless legs or difficulty keeping legs still

Shivering / hot or cold spells

Trembling

Trouble remembering things / memory 
loss

Sluggish / react slowly

Difficulty keeping attention

Inadequate / having to (double-)check 
what you do

Pain / burning / frequency of urination

Musculoskeletal

Muscle loss

Muscle cramps

Stiffening of joints

Bone or joint pain / pain in arms, legs or 
joints

Muscle soreness

Back pain

Muscle spasm

Supplementary table S2. Unique symptoms identified from questionnaires and inter-
views with patients with chronic kidney disease, divided into ten symptom clusters.
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Muscle weakness

Poor mobility

Pelvic pain

Humps in muscles*

Skin 

Dry skin

Itching / pruritus

Changes in skin

Loss of hair

Sweating

Head/throat

Dry mouth

Thirst

Change in taste

Pain when swallowing

Sore throat

Burning / sore eyes

Sore mouth

Hearing loss

Ringing in your ears

Impaired visual ability

Psychosocial

Feeling nervous

Feeling irritable

Feeling sad

Feeling anxious

Confusion

Worrying

Depressed mood

Restless

Tension / feeling tense or keyed up

Feeling blue

Feeling frustrated

Feeling angry

Feeling bored

Feeling lonely

Lack of vitality

Decreased motivation

Feel worn out

Difficulty making decisions

Feeling everything is an effort

Feeling of being trapped or caught

Feelings of guilt

Thoughts of ending your life

Difficulties with family life and social con-
tacts

Feeling critical of others

Difficulties to trust others

Intrusive thoughts

Personality changes

Emotional swings

Despairing about the future

A lump in your throat

Sex

Decreased interest in sex

Difficulty becoming sexually aroused

Inability to relax and enjoy sex

*Symptom retrieved from videotaped in-
terviews with patients with chronic kidney 
disease.
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Abstract
Background: The Patient-Reported Outcomes Measurement Information System 
(PROMIS®) has been recommended for computerized adaptive testing (CAT) of 
health-related quality of life (HRQOL). This study compared the content, validity 
and reliability of seven PROMIS CATs to the 12-item Short-Form Health Survey (SF-
12) in patients with advanced chronic kidney disease (CKD).
Methods: Adult CKD patients with an eGFR<30 ml/min.1.73m2 not receiving dial-
ysis treatment completed seven PROMIS CATs (assessing physical function, pain 
interference, fatigue, sleep disturbance, anxiety, depression, and ability to partic-
ipate in social roles and activities), the SF-12 and, additionally, the PROMIS Pain 
Intensity single item and Dialysis Symptom Index (DSI) at inclusion and 2-weeks. A 
content comparison was performed between PROMIS CATs and SF-12. Construct 
validity of PROMIS CATs was assessed using Pearson’s correlations. Test-retest reli-
ability of all patient-reported outcome measures (PROMs) was assessed by calcu-
lating the intra-class correlation coefficient (ICC) and minimal detectable change 
(MDC).
Results: In total, 207 patients participated in the study. A median of 45 items (10 
minutes) was completed for PROMIS CATs. All PROMIS CATs showed evidence 
for sufficient construct validity. PROMIS CATs, most SF-12 domains and summary 
scores, and DSI showed sufficient test-retest reliability (ICC≥0.70). PROMIS CATs 
had a lower MDC compared to the SF-12 (5.7-7.4 compared to 11.2-21.7 across 
domains, respectively).
Conclusion: PROMIS CATs showed sufficient construct validity and test-retest re-
liability in patients with advanced CKD. PROMIS CATs required more items but 
showed better reliability than the SF-12. Future research is needed to investigate 
the feasibility of PROMIS CATs for routine nephrology care.
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Introduction
Patients with advanced chronic kidney disease (CKD) experience numerous phys-
ical and emotional disease-related symptoms, which are associated with a de-
creased health-related quality of life (HRQOL).1-4 Although several symptoms and 
the impact on physical, mental, and social functioning have been considered of 
great importance by patients and healthcare professionals5, 6, these patient-rele-
vant outcomes may still be regularly underrecognized and therefore insufficient-
ly managed in routine nephrology care.4, 7 Patient-reported outcome measures 
(PROMs) can be used to improve insight into these important outcomes. PROMs 
have been incorporated into Dutch routine dialysis care3 and are now also be-
ing implemented into the care for Dutch patients with advanced CKD and kidney 
transplant recipients8.
Many different generic and disease-specific PROMs are being used within and 
across countries.9, 10 In Dutch nephrology care, the 12-item Short-Form Health 
Survey (SF-12) and the Dialysis Symptom Index (DSI) are used to assess generic 
HRQOL and disease-related symptom burden, respectively.3 A major advantage 
of using the same PROMs is that this enables comparison and monitoring of out-
comes across CKD stages and treatments. 
Recently, the Patient-Reported Outcomes Measurement Information System 
(PROMIS®) was selected as one of the recommended PROMs to measure gener-
ic HRQOL in patients with CKD by a consensus group of the International Con-
sortium of Health Outcomes Measurement (ICHOM).11 Additionally, PROMIS was 
recommended by the Linnean initiative, a nationwide network of stakeholders in 
The Netherlands, for all patient populations, to standardize outcome measure-
ment across medical conditions.12 PROMIS consists of a collection of item banks 
(i.e. large sets of questions), developed to measure commonly relevant domains 
across patient conditions, such as physical function, fatigue and anxiety. Because 
PROMIS item banks were developed using item response theory (IRT) models, 
they can also be administered as Computerized Adaptive Test (CAT). The use of 
CAT is relatively novel in healthcare and has several advantages compared to tra-
ditional fixed (i.e. non-adaptive) PROMs. In a CAT, the computer selects questions 
from an item bank based on the answers to previous questions. With this method, 
the PROM is adapted to the patient, resulting in questions that are likely more 
relevant to the patient. In addition, on average less questions will be required to 
obtain similar or even more precise measurements compared to fixed PROMs.13, 

14 Sufficient validity and reliability of fixed PROMIS measures was found in several 
disease populations15-17, including patients with CKD.18, 19 However, the psycho-
metric properties of PROMIS CATs have not yet been studied in patients with CKD. 
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Therefore, this study aimed to examine and compare the content, construct validity 
and test-retest reliability (including minimal detectable change) of seven PROMIS 
CATs (assessing physical function, pain interference, fatigue, sleep disturbance, 
anxiety, depression, and ability to participate in social roles and activities) with the 
SF-12 in patients with advanced CKD. Additionally, we assessed test-retest reliabil-
ity of the PROMIS Pain Intensity single item and the DSI, as these PROMs are often 
used together with the PROMIS CATs and SF-12.

Methods
Study design and population
This observational study included adult patients with advanced CKD with an es-
timated glomerular filtration rate (eGFR) <30 ml/min.1.73m2, not receiving dialy-
sis treatment. Exclusion criteria were start with kidney replacement therapy (KRT; 
dialysis or kidney transplantation) planned within 4 weeks, rapid deterioration of 
kidney function (i.e. decrease in eGFR of >20 ml/min.1.73 m2 during the last 6 
months), not able to complete PROMs due to cognitive impairment, poor knowl-
edge of the Dutch language, or no informed consent. Patients were recruited be-
tween November 2020 and August 2021 by their nephrologist at the outpatient 
clinics of Amsterdam University Medical Centre in Amsterdam and Niercentrum 
aan de Amstel in Amstelveen, the Netherlands. Eligible patients received written 
information by mail and were, if needed, approached by telephone after 2 weeks 
for further information. After providing written informed consent, patients were in-
vited by e-mail to complete the PROMs digitally at the KLIK (‘Kwaliteit van Leven In 
Kaart’; www.hetklikt.nu) research platform at inclusion (i.e. baseline), after 2 weeks 
and after 6 months. If necessary, two reminders were sent by e-mail or patients 
were contacted by telephone. Patients without access to an electronic device with 
internet connection could participate by telephone. In this study, the baseline and 
2-weeks measurements were used (Figure 1). 
The study was reviewed by the Medical Ethics Review Committee of VU University 
Medical Centre in the Netherlands, which confirmed that the Medical Research 
Involving Human Subjects Act (WMO) does not apply. 

Measures
Demographic and clinical characteristics, including age, sex, primary kidney dis-
ease according to European Renal Association codes20, body mass index (BMI), 
smoking status, comorbidities (hypertension, diabetes mellitus, cardiovascular 
disease, lung disease, liver disease and malignancy) as defined by ICHOM11, eGFR 
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N = 212 provided 
informed consent

N = 207 completed 
baseline measurement

N = 198 completed 
2-weeks measurement

N = 179 completed 
2-weeks measurement 

within 28 days 

N = 362 received 
written information

N = 150 excluded:
N = 48 not interested
N = 13 not digitally skilled
N = 60 no response
N = 29 poor health/too burdensome

N = 81 excluded:
N = 71 not interested
N = 10 not digitally skilled

N = 443 eligible patients 
approached by 

nephrologist

N = 5 excluded:
N = 2 not digitally skilled
N = 1 no response
N = 2 poor health/too burdensome

N = 9 excluded:
N = 2 not digitally skilled
N = 3 poor health/too burdensome
N = 2 died
N = 2 other reason

Figure 1: Flow diagram of patient inclusion for baseline and 2-weeks measurements. 
All patients that completed the baseline measurement constitute the study sample for va-
lidity analyses. All patients that completed the 2-weeks measurement within 28 days after 
baseline are included for reliability analyses.
The reason for exclusion was indicated by the patient. Patients who were not digitally 
skilled were offered participation by telephone, but were not willing to participate in that 
manner.  
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(ml/min/1.73m2), KRT in medical history, start of KRT and death during follow-up 
were collected from medical records. Educational level and ethno-cultural back-
ground were self-reported at baseline.
The PROMs included in this study are seven PROMIS CATs, the SF-12, one PROMIS 
single item and the DSI. The SF-12 and DSI have demonstrated validity within pa-
tients with CKD.10, 21-24 PROMs were presented in random order across patients, 
but with fixed order within patients during follow-up. The research platform to 
complete PROMs did not allow for any missing values within a PROM. 
Seven Dutch-Flemish PROMIS CATs25 were administered: v1.2 Physical Function, 
v1.1 Pain Interference, v1.0 Fatigue, v1.0 Sleep Disturbance, v1.0 Anxiety, v1.0 De-
pression, and v2.0 Ability to Participate in Social Roles and Activities. All items have 
5 response options (e.g. ranging from ‘never’ to ‘always’ or from ‘not at all’ to ‘very 
much’). PROMIS CATs are presented as T-scores where 50 (SD: 10) represents the 
average score of the US general population. A difference of >2 points was con-
sidered relevant.26 Higher scores indicate more of the construct (e.g. a higher De-
pression score means more depression, a higher Physical Function score means 
more [better] function). Within each PROMIS CAT, questions were selected one-
by-one from an underlying item bank. The starting item is the item with the highest 
information value for the average level of the domain in the general population. 
The next items are subsequently selected from the item bank based on the re-
spondent’s answers to previous items. For example: a respondent reports to have 
difficulties with doing two hours of physical labor (first item). Then the second item 
will be a more ‘easy’ activity, e.g. a question about ability to do chores such as vac-
uuming. The respondent is not asked about more ‘difficult’ activities (e.g. running 
five miles) that (s)he is assumably not able to do. By tailoring the next item to the 
person’s ability, questions are more often relevant to that person and on average 
less questions need to be completed. (See Supplement A for a visual illustration 
of CAT). After each item, the score and standard error (SE) are estimated based on 
all items completed so far. In this study, the CAT stopped when a SE of 2.2 on the 
T-score metric was reached (comparable to a reliability of approximately 0.95) or 
when a maximum of 12 items per CAT was administered. We used a lower SE com-
pared to the standard stopping rule (i.e. SE: 3.0)13, because a higher reliability may 
be preferable for routine care and by using this setting, the optimal performance 
of PROMIS CATs could be investigated. PROMIS CATs were administered using 
CAT software of the Dutch-Flemish Assessment Center, part of the Dutch-Flemish 
PROMIS National Center27.
The SF-12 v228, 29 is a 12-item generic PROM assessing 8 domains of HRQOL: phys-
ical functioning, role-physical, bodily pain, general health, vitality, social function-
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ing, role-emotional and mental health. Additionally, a physical component sum-
mary score (including physical functioning, role-physical, bodily pain and general 
health) and a mental component summary score (including vitality, social function-
ing, role-emotional and mental health) can be calculated. Domain and summary 
scores range from 0 to 100 and the US general population is used as reference 
with an average score of 50 (SD: 10). Higher scores indicate a better HRQOL. 
The PROMIS item v1.0 Numerical Rating Scale Pain Intensity 1a is a single item 
with a 0-10 scale, with higher scores indicating more pain.
The DSI21 is a 30-item disease-specific PROM to assess physical and emotional 
symptom burden. Patients report the presence of 30 symptoms (yes/no) during 
the past week and, if present, the burden of each symptom on a 5-point Likert 
scale ranging from 1 ‘not at all’ to 5 ‘very much’ bothersome. Two overall scores 
were calculated: 1) total number of symptoms (0-30 symptoms), and 2) total symp-
tom burden score, which is the sum of burden on individual symptoms ranging 
from 0 (no symptoms) to 150 (all 30 symptoms are very much bothersome).3, 30 The 
DSI items ‘feeling tired or lack of energy’, ‘feeling anxious’, ‘trouble falling asleep’ 
and ‘trouble staying asleep’ (hereafter combined as ‘sleep problems’) were used 
as comparison items in the construct validity analyses since these items intend to 
measure constructs comparable to the PROMIS CATs Fatigue, Anxiety and Sleep 
Disturbance.

Content comparison
To provide insight into the comparability of PROMIS CATs and SF-12, their content 
was compared by providing 1) an overview of the PROM characteristics (e.g. do-
mains, number of items, recall period, scoring and interpretation), and 2) a visual 
comparison of the domain score distributions using an interpretative color indi-
cation (from green [better] to red [worse] HRQOL), in line with the use in routine 
care.31, 32 

Construct validity
Construct validity of PROMIS CATs was assessed using Pearson’s correlations. 
Hypotheses were formulated a priori about the expected correlations between 
PROMIS CATs and SF-12 and DSI, based on literature15-18 and expert judgement 
(EvdW and CT). We expect strong correlations (r ≥ 0.7) between PROMIS CATs 
and comparable SF-12 domains and similar DSI items, moderate correlations (r = 
0.5-0.7) between PROMIS CATs and largely related SF-12 domains, and no strong 
correlations for other comparisons (r ≤ 0.6) (see Table 1). Construct validity was 
considered sufficient if ≥75% of the results was in accordance with the hypotheses.  
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Table 1. Hypotheses for construct validity

PROMIS CAT Strong correlation
Pearson’s r ≥ 0.7

Moderate 
correlation

Pearson’s r 0.5-
0.7

No strong correlation
Pearson’s r ≤ 0.6

Physical Function SF-12 physical 
functioning
SF-12 physical 
component sum-
mary*

SF-12 general 
health
SF-12 bodily pain

All other SF-12 domains 
DSI total number of 
symptoms and symptom 
burden score

Pain Interference SF-12 bodily pain SF-12 physical 
functioning
SF-12 physical 
component sum-
mary

All other SF-12 domains
DSI total number of 
symptoms and symptom 
burden score

Fatigue SF-12 vitality 
DSI feeling tired 
or lack of energy 
(1 item)

All other SF-12 domains
DSI total number of 
symptoms and symptom 
burden score

Sleep Disturbance DSI sleep prob-
lems (2 items)#

All other SF-12 domains
DSI total number of 
symptoms and symptom 
burden score

Anxiety SF-12 mental 
health
SF-12 mental 
component sum-
mary* 
DSI feeling anx-
ious (1 item) 

All other SF-12 domains
DSI total number of 
symptoms and symptom 
burden score

Depression SF-12 mental 
health
SF-12 mental 
component sum-
mary*

All other SF-12 domains
DSI total number of 
symptoms and symptom 
burden score

Ability to Participate 
in Social Roles and 
Activities

SF-12 social func-
tioning

SF-12 role phys-
ical
SF-12 role emo-
tional

All other SF-12 domains
DSI total number of 
symptoms and symptom 
burden score

* SF-12 physical component summary includes the domains physical functioning, role-phys-
ical, bodily pain and general health; SF-12 mental component summary includes the do-
mains vitality, social functioning, role-emotional and mental health.
# DSI Sleep problems were defined as trouble falling asleep and/or trouble staying asleep.
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Test-retest reliability
Test-retest reliability of PROMIS CATs, SF-12, PROMIS Pain Intensity single item, 
and DSI was assessed by calculating the intra-class correlation coefficient (ICC) in 
patients with valid baseline and 2-weeks measurements (Figure 1). The ICC was 
calculated using a two-way random-effects model for absolute agreement: ICC 
agreement = σ2

p  /(σ2
p  + σ2

m  + σ2
e  ), whereby σ2

p  is the variation between patients, σ2
m  

is the variation between measurements and σ2
e  is random error variance. An ICC 

≥0.70 was considered sufficient.33

The ICC was computed for each PROMIS CAT and SF-12 domain separately. Ad-
ditionally, the ICC was calculated for the PROMIS Pain Intensity single item and for 
the DSI total number of symptoms and symptom burden score. Although the DSI 
was not designed to be interpreted as an overall score (as it measures 30 different 
symptoms), the total number of symptoms and symptom burden score are often 
used within healthcare, and insight into the reliability of these scores is therefore 
of clinical relevance.
The minimal detectable change (MDC) was also calculated for each domain of 
the PROMIS CATs and SF-12, the PROMIS Pain Intensity single item, and the DSI 
total number of symptoms and symptom burden score. The MDC is a parameter 
of measurement error and is defined as the “smallest change in score that can be 
detected beyond measurement error”, with 95% confidence.33 Two different meth-
ods were applied to calculate the MDC, in line with the underlying measurement 
theories, namely classical test theory (CTT) or IRT, that assume a constant or vary-
ing standard error of measurement (SEM) across the PROM-scale, respectively.34, 35 
The MDC, based on CTT, of the SF-12 domains, PROMIS Pain Intensity single item, 
and the DSI total number of symptoms and symptom burden score was calculated 
using the formula: 1.96 * √2 * SEM, whereby SEM was calculated as: √(σ2

m  + σ2
e  ).

The MDC, based on IRT, of each PROMIS CAT varies per patient (because with IRT 
the SE of each score is different) and was calculated using the following formula:  
1.96 * √(SE2

1  + SE2
2  ), whereby SE1 is the patient’s IRT estimated standard error of the 

T-score at baseline and SE2 at the 2-weeks measurement. A mean MDC of each 
PROMIS CAT was subsequently calculated for the whole group.
Data analyses were performed using SPSS V.25.0 (IBM Corp., Armonk, NY, USA). 
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Table 2. Characteristics of study sample at baseline and 2-weeks measurements.

  Study sample at base-
line* (n=207)

Study sample at 2 weeks* 
(n=179)

Sex, male 124 (59.9) 107 (59.8)
Age, years 65.5 (13.8) 66.1 (13.1)

Ethno-cultural group$, Dutch 176 (85.0) 152 (84.9)

Educational level#

Low 85 (41.0) 74 (41.3)
Middle 49 (23.7) 43 (24.0)
High 73 (35.3) 62 (34.6)

Primary kidney disease
Glomerulonephritis/sclerosis 34 (16.6) 33 (18.6)
Pyelonephritis 7 (3.4) 7 (4.0)
Polycystic kidney disease 16 (7.8) 15 (8.5)
Other congenital/hereditary 
kidney diseases

15 (7.3) 13 (7.3)

Hypertension/renal vascular 
disease

46 (22.5) 42 (23.7)

Diabetes mellitus 14 (6.8) 12 (6.8)
Miscellaneous 63 (30.7) 49 (27.7)
Unknown 10 (4.9) 6 (3.4)

Kidney function, eGFR 21.4 (6.7) 21.6 (6.6)
KRT in medical history£, yes 35 (17.0) 30 (16.9)
BMI 26.8 (5.2) 26.9 (5.2)
Smoking

Yes 25 (13.2) 19 (11.7)
No, stopped 94 (49.7) 82 (50.6)
No, never smoked 70 (37.0) 61 (37.7)

Comorbidities
Hypertension, yes 164 (79.2) 140 (78.2)
Diabetes mellitus, yes 62 (30.0) 53 (29.6)
Cardiovascular disease, yes 53 (25.6) 43 (24.0)
Lung disease, yes 30 (14.5) 28 (15.6)
Liver disease, yes 11 (5.3) 8 (4.5)
Malignancy, yes 50 (24.2) 43 (24.0)
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Values are shown in n (%) or mean (SD).
* Study sample at baseline was used for validity analyses. Study sample at 2-weeks measurement 
was used for reliability analyses.
$ Self-reported ethno-cultural group: “What ethnic group do you consider yourself to belong to?”
# Educational level according to International Standard Classification of Education (ISCED) levels 
2011, classified as low: primary, lower secondary or lower vocational education; middle: upper 
secondary or upper vocational education; high: tertiary education (college/university).
£ KRT in medical history includes patients who have undergone (temporary) dialysis treatment or a 
kidney transplant in the past. At study inclusion, all patients had an eGFR<30 and did not require 
dialysis treatment, in accordance with inclusion criteria.
Missing values at baseline: primary kidney disease: n=2 (1.0%); KRT in medical history: n=1 
(0.5%); BMI: n=11 (5.3%); smoking: n=18 (8.7%). Missing values at 2 weeks: primary kidney dis-
ease: n=2 (1.1%); KRT in medical history: n=1 (0.6%); BMI: n=9 (5.0%); smoking: n=17 (9.5%).
Abbreviations: eGFR, estimated glomerular filtration rate; KRT, kidney replacement therapy; BMI, 
body mass index.

Results
Study participants
Almost half of the patients that were approached provided written informed consent. 
In total, 207 participants completed the baseline measurement and were included in 
current analyses. Of them, 179 (86.5%) participants completed the 2-weeks measure-
ment within 28 days and were eligible for reliability analyses (Figure 1). The average 
time between the baseline and 2-weeks measurement was 14.1 (SD: 3.7) days. Eleven 
patients participated by telephone. Sociodemographic and clinical characteristics of 
the participants at baseline and 2-weeks measurements are shown in Table 2. The 
baseline and 2-weeks study samples were comparable. About 60% was male, mean 
(SD) age was 65.5 (13.8) years and the majority (85%) had a Dutch ethno-cultural 
background. Mean (SD) eGFR was 21.4 (6.7) and 17% has had KRT in the past.

Content comparison
Table 3 shows the similarities and differences in characteristics of PROMIS CATs and 
SF-12. Although assessing the same patient-relevant outcome (i.e. generic HRQOL), 
PROMIS CATs and SF-12 include related but slightly different domains. The PROMs 
have similarities in scoring (e.g. score range and US reference), but use a different un-
derlying measurement method and score interpretation. In PROMIS CATs, the (num-
ber of) items varies from person to person, depending on the severity of symptoms or 
the function level on the domain being measured and the consistency of the answers. 
Our study sample of advanced CKD patients completed a median (IQR) of 45 (38-55) 
items for all seven PROMIS CATs, which took them a median (IQR) of 10.2 (8.3-12.6) 
minutes. The median (IQR) time to complete the SF-12 was 3.3 (2.4-4.6) minutes.
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Table 3. Content comparison of PROMIS CAT with SF-12^

PROMIS CAT SF-12
Type of PROM Generic Generic
PRO HRQOL HRQOL
Domains Physical Function

Pain Interference 
Fatigue
Sleep Disturbance 
Anxiety
Depression 
Ability to Participate in Social 
Roles and Activities

Physical functioning
Bodily pain
Vitality
Role-physical
Role-emotional
Mental health 
Social functioning
General health

Composite summary scores*:
Physical component summary
Mental component summary

Number of 
items

All PROMIS domains$

median (IQR): 45 (38-55) items

Physical Function
median (IQR): 4 (3-6) items

Pain Interference 
median (IQR): 4 (2-12) items

Fatigue
median (IQR): 5 (4-6) items

Sleep Disturbance 
median (IQR): 10 (8-12) items

Anxiety
median (IQR): 7 (6-10) items

Depression 
median (IQR): 8 (5-12) items

Ability to Participate in Social 
Roles and Activities

median (IQR): 5 (4-6) items

All SF-12 items
12 items

Physical functioning
2 items

Bodily pain
1 item

Vitality
1 item

Role-physical
2 items

Role-emotional
2 items

Mental health
2 items

Social functioning
1 item

General health
1 item

Composite summary scores*:
Physical component summary

6 items
Mental component summary

6 items
Recall period In general/1 week In general/4 weeks
Rating scale 5-point scale 3- and 5-point scales
Score (range) Norm-based scoring

T-score (roughly 0–100)
Norm-based scoring 
(roughly 0-100)

Norm or refer-
ence standard 

General US population: mean 50,
SD 10

General US population: mean 50,
SD 10
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Score inter-
pretation

Higher scores represent more 
of the HRQOL domain being 
measured. E.g. a higher score on 
fatigue means a worse fatigue, 
and a higher score on physical 
function means a better physical 
function.

Higher scores represent a more 
favourable HRQOL. E.g. a higher 
score on bodily pain means less 
bodily pain, and a higher score on 
physical functioning means a better 
physical functioning.

Measurement 
method

Item Response Theory Classical Test Theory

Completion 
options

Electronic only Electronic or paper-based

Time to com-
plete#

All PROMIS CATs
median (IQR): 10.2 (8.3-12.6) 
min.

Physical Function
median (IQR): 1.3 (0.8-1.7) min.

Pain Interference 
median (IQR): 1.2 (0.8-1.8) min.

Fatigue
median (IQR): 1.3 (1.0-2.0) min.

Sleep Disturbance 
median (IQR): 2.0 (1.5-2.6) min.

Anxiety
median (IQR): 1.4 (1.0-1.9) min.

Depression 
median (IQR): 1.3 (1.0-1.8) min.

Ability to Participate in Social 
Roles and Activities

median (IQR): 1.2 (1.0-1.6) min.

All SF-12 items
median (IQR): 3.3 (2.4-4.6) min.

^ The Dialysis Symptom Index (DSI) aims to measure a different patient-relevant outcome and 
is therefore not included in this table. For characteristics of the DSI, see Weisbord 200421 and 
Van der Willik 202136. 
* SF-12 physical component summary includes the domains physical functioning, role-physical, 
bodily pain and general health; SF-12 mental component summary includes the domains vital-
ity, social functioning, role-emotional and mental health.
$ Number of items used as observed in current study sample at baseline. Additional item de-
tails, including the top 3 most frequently used items of PROMIS CATs are provided in Supple-
ment B.
# Time to complete the PROMs as observed in current study sample at baseline. 
Abbreviations: PROM, patient-reported outcome measure; PROMIS, Patient-Reported Out-
comes Measurement Information System; CAT, Computerized Adaptive Test; SF-12, 12-item 
Short Form Health Survey; PRO, patient-reported outcome; IQR, interquartile range; SD, stand-
ard deviation.
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Table 4 and Figure 2 show the PROM-scores in our study sample of patients with 
advanced CKD. Less variation (i.e. lower SDs) was observed in PROMIS CATs com-
pared to SF-12 domains and summary scores. Overall, PROMIS CATs showed 
‘better’ (towards the green area) HRQOL scores compared to the SF-12; only 
two PROMIS CATs showed worse HRQOL scores than the general US population 
(Physical Function [mean ± SD: 43.4±8.3] and Fatigue [53.2±8.7]), compared to 
six SF-12 domains and one summary score (physical functioning [40.5±11.3], 
role-physical [40.1±10.3], bodily pain [46.9±11.3], general health [36.3±10.9], so-
cial functioning [43.4±12.1], role-emotional [44.2±11.3] and physical component 
summary [39.2±10.7]). 

Construct validity
All PROMIS CATs showed evidence for sufficient construct validity as ≥75% of the 
results were in accordance with the hypotheses (Table 5). For Pain Interference, 
Sleep Disturbance and Depression, all correlations were in accordance with the 
hypotheses. For Physical Function 14 out of 15 hypotheses were met. For Fatigue 
and Ability to Participate in Social Roles and Activities, 13 out of 15 correlations, 
and for Anxiety, 12 out of 15 correlations were in accordance with the hypotheses. 

Table 4. Baseline scores on PROMIS CATs, SF-12, PROMIS Pain Intensity, and DSI in 
patients with chronic kidney disease (n=207)

N (%)$ Mean (SD) or 
Median (IQR)

Range  
(min-max)

PROMIS CATs

Physical Function 205 (99.0) 43.4 (8.3) 24.1 - 67.6

Pain Interference 203 (98.1) 51.9 (9.1) 41.0 - 74.9
Fatigue 203 (98.1) 53.2 (8.7) 28.8 - 70.7
Sleep Disturbance 203 (98.1) 49.3 (7.9) 30.0 - 71.6
Anxiety 203 (98.1) 51.2 (7.7) 35.9 - 70.3
Depression 204 (98.6) 49.8 (7.5) 37.1 - 70.0
Ability to Participate in Social 
Roles and Activities

203 (98.1) 49.2 (8.6) 29.9 - 64.9

SF-12
Physical functioning 204 (98.6) 40.5 (11.3) 22.1 - 56.5
Role-physical 204 (98.6) 40.1 (10.3) 20.3 - 57.2
Bodily pain 204 (98.6) 46.9 (11.3) 16.7 - 57.4
General health 204 (98.6) 36.3 (10.9) 18.9 - 62.0
Vitality 204 (98.6) 48.5 (10.2) 27.6 - 67.9
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Social functioning 204 (98.6) 43.4 (12.1) 16.2 - 56.6
Role-emotional 204 (98.6) 44.2 (11.3) 11.3 - 56.1
Mental health 204 (98.6) 50.1 (9.3) 28.0 - 64.5
Physical component summary* 204 (98.6) 39.2 (10.7) 11.1 - 61.4
Mental component summary* 204 (98.6) 49.3 (9.7) 23.4 - 69.0

PROMIS single item
Pain Intensity (0-10) 204 (98.6) 1 (0-5) 0 - 10

DSI
Number of symptoms (0-30) 203 (98.1) 9.4 (5.6) 0 - 28
Symptom burden score (0-150) 203 (98.1) 22 (12-36) 0 - 96
Feeling tired or lack of energy 
(0-5)^

203 (98.1) 2.0 (1.6) 0 - 5

Sleep problems (0-10)^# 203 (98.1) 2 (0-3) 0 - 10
Feeling anxious (0-5)^ 203 (98.1) 0 (0-0) 0 - 5

$ In total, four people did not finish the measurement and only completed part of the 
PROMs. 
* SF-12 physical component summary includes the domains physical functioning, 
role-physical, bodily pain and general health; SF-12 mental component summary in-
cludes the domains vitality, social functioning, role-emotional and mental health.
^ Prevalence of feeling tired or lack of energy: 70.0%, sleep problems: 52.7%, feeling 
anxious: 18.7%.  
# Sleep problems were defined as trouble falling asleep and/or trouble staying asleep.
Abbreviations: PROMIS, Patient-Reported Outcomes Measurement Information System; 
CAT, Computerized Adaptive Test; SF-12, 12-item Short Form Health Survey; DSI, Dialy-
sis Symptom Index; SD, standard deviation; IQR, interquartile range.

Test-retest reliability
The reliability measures – ICC agreement, SEM and MDC – of the PROMIS CATs, 
SF-12, PROMIS Pain Intensity single item, and DSI are shown in Table 6. All PROMIS 
CATs showed sufficient test-retest reliability (ICCs between 0.77 and 0.92). The 
SF-12 domains physical functioning, role-physical, bodily pain, general health, 
mental health, and the physical and mental component summary scores also 
showed sufficient reliability (ICCs between 0.70 and 0.85). For SF-12 role-emo-
tional, social functioning and vitality the ICC was between 0.48 and 0.67. The 
PROMIS Pain Intensity single item showed an ICC of 0.68. The DSI total number 
of symptoms and symptom burden score showed sufficient reliability (ICC 0.85 
and 0.88, respectively).
The SEM and MDC of PROMIS CATs ranged from 2.1 to 2.7, and from 5.7 to 7.4, 
respectively, across domains. For the SF-12, the SEM and MDC ranged from 4.1 
to 7.8, and from 11.2 to 21.7, respectively, across domains. 
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Pain Interference

Fatigue

Sleep Disturbance

Anxiety

Depression

Ability to Participate in 
Social Roles and 

Physical Function

Physical functioning

Role-physical

Bodily pain

General health

Vitality

Social functioning

Role-emotional

Mental health

Physical component 
summary score

Mental component 
summary score

PROMIS CAT

SF-12

Figure 2. Score distributions of PROMIS CATs and SF-12 domains and summary 
scores.
The fi gure’s background color gives an indication of the interpretation of scores, 
ranging from good (green) to worse (red) HRQOL.31 Note that the fi rst fi ve PROMIS 
CATs use a reverse scale compared to the other PROMIS CATs and SF-12. 
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Discussion
This study examined the validity and reliability of seven PROMIS CATs in compari-
son to the SF-12 in patients with advanced CKD in The Netherlands. This is the first 
study investigating the psychometric performance of the Dutch-Flemish version of 
these PROMIS domains using CATs. All PROMIS CATs demonstrated evidence for 
sufficient construct validity and test-retest reliability. Overall, PROMIS CATs showed 
better reliability, with higher ICCs and lower MDCs, but required more items com-
pared to the SF-12.
The observed average HRQOL scores are in line with scores that would be expect-
ed from existing literature in CKD patients for both the PROMIS CATs18, 37, 38 and 
SF-122, 3, 39, 40. However, comparison of the domain scores revealed a slightly better 
HRQOL in advanced CKD patients based on PROMIS CATs compared to SF-12. This 
demonstrates that the scores are not directly comparable in contrast to what one 
might intuitively expect based on the corresponding characteristics of both PROMs 
(0-100 scale, mean 50 with SD 10, US reference population). This can be explained 
by the fact that PROMIS CAT and SF-12 scores are on a different metric because 
they originate from different (calibration) samples41, which is reflected in the small-
er SDs for PROMIS CATs compared to SF-12. By means of linking42, the scores of 
comparable PROMIS CAT and SF-12 domains could be converted into each other; 
this has been done for many other PROMs43 and would be a valuable next step, as 
it facilitates harmonization of data across studies or healthcare organizations (e.g. 
when both instruments are used across different healthcare specialties) and com-
parison to historical data if one changes from one PROM to the other.42 
All PROMIS CATs showed sufficient test-retest reliability with better ICCs and small 
MDCs compared to the SF-12. Small MDCs allow for small changes to be distin-
guished from measurement error with 95% confidence, and are therefore desirable 
especially when the minimal important change (MIC) is small.36 For PROMIS, the 
MIC has been estimated at 2-6 points26, which is slightly smaller but close to the 
MDC of 6-7 points. Information about the MIC for SF-12 domains is limited, which 
makes it difficult to say to what extent SF-12 can distinguish important changes 
from measurement error.36 Our reliability results were better than results found in 
other research using PROMIS short forms (e.g. PROMIS-29 and -57, including 4 and 
8 fixed items per domain, respectively).18 This was expected given the underlying 
method of CAT and the stopping rule including a low SE to achieve high reliability. 
A downside of the higher precision stopping rule is the relatively large number of 
45 questions asked (i.e. six to seven items per domain and three to four times the 
length of the SF-12). This number of items might raise some feasibility concerns 
for use in routine clinical practice. If fewer items are preferred, alternative stopping
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Table 6. Reliability measures of PROMIS CAT, SF-12, PROMIS Pain Intensity, and DSI in 
patients with chronic kidney disease (n=179)

ICC agreement 
(95%CI) SEM MDC

PROMIS CAT
Physical Function 0.92 (0.89-0.94) 2.06 5.72
Pain Interference 0.78 (0.71-0.83) 2.65 7.43
Fatigue 0.81 (0.75-0.86) 2.06 5.71
Sleep Disturbance 0.84 (0.79-0.88) 2.22 6.15

Anxiety 0.78 (0.71-0.83) 2.29 6.36
Depression 0.81 (0.76-0.86) 2.35 6.53
Ability to Participate in Social Roles 
and Activities

0.77 (0.71-0.83) 2.09 5.80

SF-12
Physical functioning 0.76 (0.69-0.82) 5.27 14.61
Role-physical 0.73 (0.65-0.79) 5.10 14.13
Bodily pain 0.70 (0.62-0.77) 6.02 16.67
General health 0.75 (0.68-0.81) 5.23 14.50
Vitality 0.67 (0.58-0.75) 5.72 15.85
Social functioning 0.64 (0.54-0.72) 7.20 19.96
Role-emotional 0.48 (0.36-0.58) 7.82 21.67
Mental health 0.78 (0.82-0.83) 4.32 11.98
Physical component summary score* 0.85 (0.81-0.89) 4.07 11.29
Mental component summary score* 0.72 (0.65-0.79) 5.09 14.11

PROMIS single item
Pain Intensity (0-10) 0.68 (0.59-0.76) 1.53 4.24

DSI
Number of symptoms (0-30) 0.85 (0.80-0.88) 2.12 5.87
Total symptom burden score (0-150) 0.88 (0.85-0.91) 5.75 15.94

* SF-12 physical component summary includes the domains physical functioning, 
role-physical, bodily pain and general health; SF-12 mental component summary includes 
the domains vitality, social functioning, role-emotional and mental health.
Abbreviations: PROMIS, Patient-Reported Outcomes Measurement Information System; 
CAT, Computerized Adaptive Test; SF-12, 12-item Short Form Health Survey; DSI, Dialy-
sis Symptom Index; ICC, intra-class correlation coefficient; CI, confidence interval; SEM, 
standard error of measurement; MDC, minimal detectable change
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rules could be considered but with detriment to precision. In this study, we ap-
plied a stopping rule with a smaller SE of 2.2 compared to the standard stopping 
rule (SE: 3.0)13 to investigate optimal performance of the PROMIS CATs. We expect 
that application of the standard stopping rule will result in 36-43 items in total 
(5-6 items per CAT), with a minimum of 28 items since the standard stopping rule 
requires 4 items per CAT, and less than 45 items due to the higher SE in compar-
ison to this study. Other alternative stopping rules to consider might be a lower 
maximum number of items (a maximum of 8 instead of 12 items per domain is 
currently being considered for the standard PROMIS CAT algorithms), stopping 
when the SE does not change much anymore (e.g. <0.1), or stopping when the 
score range is above or below a certain cut-off point on the scale (e.g. when the 
functionality or symptom burden is at such a level that it is probably not perceived 
as burdensome). The latter may be particularly beneficial for domains such as Pain 
Interference and Sleep Disturbance, to keep the number of items low for patients 
with no pain or sleep problems. Further research is needed to explore feasibility 
and the most optimal use of PROMIS CATs in routine nephrology care, in close 
collaboration with patients and healthcare professionals. 
A limitation of PROMIS CATs is that they can only be completed digitally. Partici-
pants thus have to have access to an electronic device and be digitally skilled. In 
the Netherlands, approximately 80% of the population aged 55+ is sufficiently dig-
itally skilled44, but in many countries – also within Europe – citizens are less digitally 
skilled.45, 46 Consequently, it may be challenging to reach the total advanced CKD 
population. In our study, we therefore enabled participation by telephone. For 
routine care, also other methods could be considered, for instance offering help 
or making tablets available on site.
An advantage of PROMIS CATs is that the PROM adapts to the patient, resulting in 
items that are more likely considered relevant by the patient. As a result, the PROM 
might be perceived as less burdensome. On the other hand, items may vary over 
time, meaning that progression of individual items cannot be easily monitored 
over time, which is in contrast to how the SF-12 (and DSI) is also being used in rou-
tine nephrology care.3 In addition, the varying items and ‘black box algorithm’ (i.e. 
not a simple sum of scores) may also lead to patients and professionals finding it 
more difficult to interpret the scores. Qualitative research is needed to investigate 
patients’ and professionals’ preferences for use in routine nephrology care. 
Furthermore, it may be important to mention that the SF-12 was selected by pa-
tients for use in routine nephrology care, partly because of the low number of 
items. Besides, the SF-12 was considered a good fit with the DSI to provide insight 
into both generic HRQOL and disease-specific symptom burden.3, 10 Differences 
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in characteristics of the PROMIS CATs and SF-12, and how they complement other 
PRO(M)s, should thus be taken into account when considering which PROM fits 
routine nephrology care best to measure HRQOL.
An important strength of this study is that the PROMIS CATs were compared to 
the PROM that is currently being used in routine nephrology care to assess ge-
neric HRQOL (i.e. the SF-12). The findings from this study are therefore of clinical 
relevance and can contribute to considerations regarding which PROMs best fit 
routine practice to measure HRQOL. A disadvantage is that the SF-12 may not 
be the best comparator (i.e. ‘golden standard’) for the PROMIS CATs, for instance 
because of the low number of items per domain and the fact that in practice, both 
in research and in healthcare, less focus is often being paid towards individual SF-
12 domains. To expand on current findings, future research could investigate the 
validity of PROMIS CATs in comparison to the SF-36.11, 29 

Conclusion
All seven PROMIS CATs (assessing physical function, pain interference, fatigue, 
sleep disturbance, anxiety, depression, and ability to participate in social roles and 
activities) demonstrated evidence for sufficient construct validity and test-retest 
reliability in patients with advanced CKD in The Netherlands. PROMIS CATs re-
quired more items but showed better reliability than the SF-12. Future research 
is needed to investigate the optimal use of PROMIS CATs for routine nephrology 
care. 
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Supplemental Material for Chapter 3
Supplement A – Visual illustration of Computerized Adaptive 
Testing (CAT)

Figure S1. Visual illustration of Computerized Adaptive Testing (CAT) using Patient-
Reported Outcomes Measurement Information System (PROMIS®) Physical Function

Example  Computer i zed Adapt ive  Tes t ing  (CAT)  
using Patient-Reported Outcomes Measurement Information System (PROMIS®) 

Physical Function

1. Does your health now limit you in doing two hours of physical labor? 
“Somewhat”

2. Are you able to do chores such as vacuuming or yard work?
“With a little difficulty”

3. Does your health now limit you in walking more than a mile (1.6 km)? 

“Somewhat”

0 - Low High - 100
General 

population 
average

To estimate an individual’s level of physical function, the CAT starts with the item that has the highest 
information value for the average level of the general population.

Based on the answer, the individual’s level of function is estimated somewhere at the lower side of the scale 
(the width of the bar indicates the precision), therefore the next question concerns a more ‘easy’ activity. 

0 - Low High - 100

Based on the answer, the individual’s level of function is likely a little higher (precision increases) and 
therefore the next question concerns a slightly more ‘difficult’ activity. 

0 - Low High - 100

The CAT now reached sufficient precision (SE: 1.8) and the estimated T-score is 43.

0 - Low High - 100
Estimated 

T-score 
and SE
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Supplement B – PROMIS CAT item characteristics
Table S1. Characteristics of items used in PROMIS CATs.

PROMIS 
CAT

Items 
used / 

total item 
bank

Top 3 items used Items per patient

Physical 
Function

28 / 121 1. Does your health now limit you in do-
ing two hours of physical labor? (n=205)
2. Are you able to do chores such as 
vacuuming or yard work? (n=122)
3. Does your health now limit you in 
walking more than a mile (1.6 km)? 
(n=119)

Median (IQR): 4 
(3-6)
Min-max: 3-12
12 items: n=8 
(3.9%)

Pain 
Interference

24 / 40 1. How much did pain interfere with 
your day to day activities? (n=203)
2. How much did pain interfere with 
your ability to participate in social activi-
ties? (n=109)
3. How often was pain distressing to 
you? (n=95)

Median (IQR): 4 
(2-12)
Min-max: 2-12
12 items: n=75 
(36.9%)

Fatigue 27 / 95 1. How often did you have to push your-
self to get things done because of your 
fatigue? (n=203)
2. I have trouble starting things because 
I am tired. (n=180)
3. How exhausted were you on aver-
age? (n=33)

Median (IQR): 5 
(4-6)
Min-max: 4-12
12 items: n=6 
(3.0%)

Sleep 
Disturbance 

22 / 27 1. My sleep quality was… (n=203)
2. I had trouble sleeping. (n=203)
3. I had a problem with my sleep. 
(n=201)

Median (IQR): 10 
(8-12)
Min-max: 6-12
12 items: n=71 
(35.0%)

Anxiety 21 / 29 1. I felt uneasy... (n=203)
2. I felt tense… (n=157)
3. I felt anxious and worried… (n=142)

Median (IQR): 7 
(6-10)
Min-max: 5-12
12 items: n=44 
(21.7%)

Depression 21 / 28 1. I felt depressed. (n=204) 
2. I felt unhappy. (n=144)
3. I felt discouraged about the future. 
(n=130)

Median (IQR): 8 
(5-12)
Min-max: 3-12
12 items: n=55 
(27.0%)

Ability to 
Participate in 
Social Roles 
and 
Activities

23 / 35 1. I have trouble doing all of my regular 
leisure activities with others … (n=203)
2. I have trouble doing all of the ac-
tivities with friends that I want to do... 
(n=132)
3. I have trouble doing all of the family 
activities that I want to do… (n=114)

Median (IQR): 5 
(4-6)
Min-max: 3-12
12 items: n=13 
(6.4%)
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Abstract
Background: The use of patient-reported outcome measures (PROMs) is becom-
ing increasingly important in healthcare. However, incorporation of PROMs into 
routine nephrological care is challenging. This study describes the first experience 
with PROMs in Dutch routine dialysis care.
Methods: A pilot study was conducted in dialysis patients in 16 centres. Patients 
were invited to complete PROMs at baseline, 3 and 6 months. PROMs consist-
ed of the 12-item Short-Form (SF-12) and Dialysis Symptom Index (DSI) to assess 
health-related quality of life (HRQOL) and symptom burden. Response rates, 
HRQOL and symptom burden scores were analysed. Qualitative research methods 
were used to gain insight into patients’ view on using PROMs in clinical practice.
Results: In total, 512 patients (36%) completed 908 PROMs (24%) across three 
time-points. Response rates varied from 6-70% among centres. Mean (SD) scores 
for physical and mental HRQOL were 35.6 (10.2) and 47.7 (10.6), respectively. 
Patients experienced on average 10.8 (6.1) symptoms with a symptom burden 
score of 30.7 (22.0). Only 1-3% of the variation in PROM-scores can be explained 
by differences between centres. Patients perceived discussing their HRQOL and 
symptom scores as insightful and valuable. Individual feedback on results was 
considered crucial.
Conclusions: First results show low average response rates with high variability 
among centres. Dialysis patients experienced a high symptom burden and poor 
HRQOL. Using PROMs at individual patient level is suitable and may improve pa-
tient-professional communication and shared decision-making. Further research 
is needed to investigate how collection and use of PROMs can be successfully 
integrated into routine care in order to improve healthcare quality and outcomes. 
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Introduction
Patients with advanced chronic kidney disease (CKD) experience numerous phys-
ical and emotional disease-related symptoms and a poor health-related quality of 
life (HRQOL).1-3 In daily healthcare, these patient-reported outcomes (PROs) are fre-
quently underrecognized and underestimated 2, 4, and consequently, may remain un-
attended.5 The under-identification may be partly explained by patients not sharing 
their symptoms and needs easily 6, 7, and by difficulties for clinicians to identify the full 
spectrum and severity of patients’ symptoms and needs.4, 7, 8

The use of patient-reported outcome measures (PROMs) may facilitate communi-
cation about symptoms and needs, and may provide insight into PROs both at indi-
vidual and at centre or national level.9-13 Although the importance of PROs is recog-
nized 14-16 and the use of PROMs in routine care is highly supported 9, 16, PROMs are 
often not yet part of standard nephrological care.9, 13, 17 In Europe, few renal registries 
have initiated routine collection of PROMs 18-20. The Scottish Renal Registry recently 
described their first experience with collecting PROMs and encountered challeng-
es including a low response rate, selective response, organizational struggles and 
low commitment from centres.18 Literature also corroborates that it is challenging to 
incorporate PROMs into routine care.9-11, 17, 20-22 A major challenge is to incorporate 
PROMs in such a way that it can be used for different purposes at different levels; to 
evaluate healthcare quality at aggregated level, and, perhaps even more important 
for patients, to support patient-professional communication and decision-making at 
individual patient level.9-11, 13 Using PROMs for different purposes requires engage-
ment at all levels, high response rates and feedback on outcomes tailored to the 
context and the purpose.9-13

Currently, PROMs are being implemented into Dutch nephrological care to provide 
insight into PROs of individual patients and at centre and national level. PROMs will 
be collected in Renine, the Dutch Renal Registry (www.nefrovisie.nl/renine) in which 
all patients on renal replacement therapy (RRT) are registered. This study describes 
the first experience with PROMs in Dutch routine dialysis care. We aim to evaluate the 
introduction of the national registry of PROMs by answering the following research 
questions:
1. What is the response rate and how does the response rate vary among centres? 
Which differences in characteristics are observed between responders and non-re-
sponders?
2. What is the HRQOL and symptom burden of patients receiving dialysis, which 
variation in scores is observed among centres, and to which extent can variation in 
scores be explained by differences in patient population? 
3. What are patients’ experiences and views on the use of PROMs in clinical practice?
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Materials and Methods
Study design and patients
The registry of PROMs was introduced in routine nephrological care through a 
pilot study among adult patients on dialysis in 16 Dutch centres from September 
2016 to April 2017. These centres treat 26% of all Dutch patients receiving di-
alysis. Patients undergoing any type of dialysis were included. Clinicians invited 
their patients to complete the online PROMs at 3 time-points: at baseline, 3 and 6 
months after study start. This frequency was considered suitable by patients 23 and 
is expected to be sufficient for centres to become familiar with PROMs. Aiming at 
optimal incorporation of PROMs in routine care, centres were free to develop the 
process of inviting and motivating patients that fits their workflow.24, 25 Clinicians 
could decide not to invite a patient, for example because of the patient’s holiday 
or medical condition. At 6 months, PROMs were available to complete in the fol-
lowing languages: Dutch, English, Turkish and Arabic. 

PROMs: HRQOL and symptom burden questionnaires
The PROMs consist of two questionnaires: the 12-item Short-Form (SF-12) health 
survey to assess HRQOL and the Dialysis Symptom Index (DSI) to assess symp-
tom burden. These questionnaires were carefully selected in close collaboration 
with patients, professionals, the Dutch Kidney Patients Association (NVN) and the 
quality institution Nefrovisie.23 Literature also recommends the SF-12 as appro-
priate questionnaire to assess HRQOL in routine care, but no recommendation is 
provided for the assessment of symptom burden.20 Therefore, a four-phase mixed 
methods study was conducted to select the best suitable symptom questionnaire, 
in collaboration with patients and experts, and by using existing symptom question-
naires and literature. In this study, the DSI was found the most relevant, complete and 
comprehensible symptom questionnaire for routine assessment in patients with ad-
vanced CKD. The details of this selection process have been described elsewhere.23

The SF-12 is a generic questionnaire consisting of 12 questions regarding physi-
cal and mental HRQOL, especially developed for large-scale monitoring.26 Within 
the dialysis population, the SF-12 is frequently used and has shown to be a pre-
ferred and valid questionnaire.20, 27 Norm-based scoring algorithms were used to 
calculate physical (PCS) and mental (MCS) component scores. Component scores 
range from 0 to 100, with higher scores indicating better HRQOL. PCS and MCS 
scales are standardized to the U.S. population with a mean of 50 and a standard 
deviation (SD) of 10.26, 28 
The DSI is a 30-item disease-specific symptom questionnaire to assess physical 
and emotional symptom burden.29 To ensure comprehensiveness for individual 
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patients, an open-ended question was added to report three additional symp-
toms.23 Patients indicate for each symptom if it was present (yes/no) during the 
past week and, if so, how much it bothered (5-point scale ranging from 1 ‘not at all’ 
to 5 ‘very much’). The number (0-30 symptoms) and burden (score ranging from 
0 [no symptoms] to 150 [all 30 symptoms are present and are very burdensome]) 
of symptoms were calculated, with higher scores indicating higher symptom bur-
den.30 Scores were calculated for patients that filled in ≥28 questions, whereby 
missing symptoms were assumed absent (burden score 0).30 

Potentially explanatory factors
From Renine we obtained patient, disease and treatment characteristics describ-
ing the study population: age, sex, primary kidney disease (according to European 
Renal Association – European Dialysis and Transplantation Association codes 31), 
social economic status (SES; using zip code 32), dialysis modality and time on RRT 
(using date of RRT initiation). 

Statistical analysis
Statistical analyses were performed using SPSS version 23.0. P-values<0.05 were 
considered statistically significant. Variables are shown as mean (SD) or percent-
ages. Non-normally distributed variables were log-transformed and presented as 
geometric mean (SD). Missing values for patient, disease and treatment charac-
teristics (Table 1) were assumed ‘missing at random’ and estimated using multi-
ple imputation.33, 34 Ten imputed datasets were created.34 The imputation model 
included all patient, disease and treatment characteristics (see potentially explan-
atory factors), centre, response, if patients received support completing PROMs, 
death during follow-up, cause of death and all outcomes (PCS, MCS, symptom 
number and burden score).34, 35

Patients who died or for which the centre indicated that they did not invite the 
patient were excluded from analyses for relevant time-points (Figure 1). Patients 
were considered a responder if they participated at least once. Student’s t-test and 
Chi-squared tests were used to compare characteristics of responders and non-re-
sponders. To compare response rates between time-points and centre-volume 
(number of dialysis patients), Chi-squared test and linear regression analysis were 
performed, respectively. For patients who participated at multiple time-points, 
their first measurement was used in HRQOL and symptoms analyses (Figure 1).
MCS, PCS, symptom number and burden scores were calculated for respond-
ers who completed the full questionnaire (Figure 1). To explore variation among 
centres, MCS, PCS and symptom burden scores were assessed per centre and 
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compared to the overall study population through indirect standardization. To 
that end, the following steps were taken: first, an expected score was calculated 
per patient for each outcome separately by using a multivariable linear regression 
model including patient, disease and treatment characteristics as predictors. Sec-
ond, mean expected and observed scores were calculated for each centre. Third, 
adjusted PROM-scores per centre were calculated as follows: (Observed centre 
mean  – Expected centre mean) + overall mean, hereby creating centre scores 
comparable to the overall study population. Crude and adjusted PROM-scores 
are shown in funnel plots.36 Funnel plots were created in R version 3.4.2.
To examine to what extent variation among centres can be explained by differ-
ences in patient population, intraclass correlation (ICC) – also referred to as ‘rank-
ability’ – was calculated using multilevel regression analysis (MLRA).37-39 ICC is the 
proportion of variance in MCS, PCS or symptom burden scores that occurs at cen-
tre level. This variance may be attributable to centre-factors or to the patient popu-
lation (of responders) of centres.37, 38 Patient, disease and treatment characteristics 
were included as fixed effects and centres as random effect in the MLRA model. 
Comparison of ICC before and after including characteristics in the model (i.e. 
comparing crude and adjusted ICC) shows to which extent centre variation can be 
explained by differences in characteristics of centre populations.38

Patients’ experiences and preferences
As PROMs are intended to become part of regular care, we wanted to know more 
about patients’ experiences with and preferences for discussing PROM-scores 
with their healthcare professional. At 3 months, all patients were asked if they 
would like to share and discuss their PROM-scores with their healthcare profes-
sional. Hereafter, in each centre, professionals received an individual digital re-
port from 5 randomly selected patients who gave consent. Professionals were 
invited to discuss the report with these patients at their next consultation visit. 
This report contained patient’s responses and PROM-scores with a comparison 
to all responders and – for MCS and PCS – the general Dutch population. At 6 
months, patients and professionals were asked how they experienced the conver-
sation about PROM-scores. Patients also reported which professional discussed 
the PROM-scores with them and how satisfied they were with the conversation 
(5-point scale: 1-5, poor-excellent).
Additionally, the use of PROMs was evaluated in a focus group with patients re-
ceiving dialysis. Patients were recruited by NVN via e-mail and social media. During 
the focus group, patients’ views and preferences concerning the use of PROMs in 
clinical practice were discussed. The focus group lasted 2.5 hours and was chaired 
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by a health educator (KP). Patients’ discussion was recorded in detail by handwritten 
field notes and, when possible, verbatim by the chair and two observers (HB and FD). 
All written information was analysed using Atlas.ti. Statements were analysed by a re-
searcher trained in qualitative research (EvdW) and discussed with an experienced 
qualitative researcher (YM).

Results
Response rate
Figure 1 shows the number of patients that were invited and responded across the 
time-points. In total, 1440 patients were invited at least once. The main reasons not to 
invite a patient were the medical condition of patients and that patients indicated that 
they did not want to be invited. In total, 512 patients (36%) responded at least once and 
altogether completed 908 PROMs (24%) across the three time-points.
The response rate was higher at baseline with 28% compared to 21% at 3 and 6 months 
(p<0.001). Figure 2 presents response rates per centre at all time-points. A large varia-
tion among centres was found with response rates ranging from 6% to 70%.
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Figure 2. Response rates per time-point in 16 pilot centres. 
Centres are ranked (low to high) according to the number of patients on dialysis included at 
baseline. Larger centres (i.e. higher number of patients included at baseline) had a slightly 
lower response rate compared to smaller centres: the response rate decreases with 2% for 
each additional 10 patients (p<0.001).
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Table 1. Characteristics of responders and non-responders (N=1440)

Responder* 
N=512

Non-responder* 
N=928 p-value

Sex, male a 342 (67.9) 484 (57.1) <0.001

Age, mean (years) b 66.6 (13.8) 64.7 (16.0) 0.022

SES c <0.001

Low 119 (24.1) 305 (36.5)

Middle 309 (62.6) 430 (51.5)

High 66 (13.4) 100 (12.0)

Primary kidney disease d 0.005

Glomerulonephritis/sclerosis 55 (12.5) 98 (12.8)

Pyelonephritis 23 (5.2) 40 (5.2)

Polycystic kidney disease 42 (9.5) 40 (5.2)

Hypertension 72 (16.4) 158 (20.6)

Renal vascular disease 67 (15.2) 96 (12.5)

Diabetes mellitus 84 (19.1) 194 (25.3)

Miscellaneous 97 (22.0) 142 (18.5)

Dialysis modality e 0.121

 HD centre 407 (82.6) 695 (82.3)

 HD home 18 (3.7) 50 (5.9)

 PD 68 (13.8) 99 (11.7)

Time on RRT, mean (years) f # 2.5 (3.8) 3.1 (3.4) 0.005

Values are shown in N (%) or mean (SD)
*Patients are considered responder if they participated at least once. Non-responders are 
invited at least once, but never participated.  
a Sex is available for 504 (98.4%) responders and 847 (91.3%) non-responders, b Age is 
available for 504 (98.4%) responders and 846 (91.2%) non-responders, c SES is available 
for 494 (96.5%) responders and 835 (90.0%) non-responders, d Primary kidney disease is 
available for 440 (85.9%) responders and 768 (82.8%) non-responders, e Dialysis modali-
ty is available for 493 (96.3%) responders and 844 (90.9%) non-responders, f Time on RRT 
is available for 497 (97.1%) responders and 847 (91.3%) non-responders. 
# Time on RRT is shown as geometric mean (SD). 
Abbreviations: SES, social economic status; HD, haemodialysis; PD, peritoneal dialysis; 
RRT, renal replacement therapy.
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Responders
Table 1 shows the characteristics of responders (N=512) compared to non-re-
sponders (N=928). Responders were more frequently male, older, had a higher 
SES and started RRT more recently. Responders’ primary kidney disease was more 
frequently polycystic kidney disease and less frequently hypertension or diabetes. 
Responders needed on average 12.2 (SD: 6.1) minutes to complete the PROMs. 
In total, 211 out of 512 patients (41%) received some support to complete the 
PROMs, ranging from 7% to 65% across centres. When support was provided, the 
support mainly consisted of: reading questions aloud (81%), filling in patients’ an-
swers (79%), translating of questions (6%), and completing the questionnaire on 
their behalf (e.g. their partner; 8%). Eleven patients (5%) indicated that other sup-
port was provided, such as assistance in using an electronic device or discussing 
questions with relatives to remember their experiences. Furthermore, some cen-
tres with high response rates indicated that they provided tablets, so that patients 
could complete the PROMs while receiving dialysis treatment. The non-Dutch 
questionnaires that were available at 6 months, were used twice: once in English 
and once in Arabic.

Table 2. Top 10 most frequent and most burdensome symptoms*

Symptom frequency N (%) Symptom burden^ Mean 
(SD)

1 Feeling tired or lack of 
energy

366 (76.4) Difficulty becoming sexually 
aroused

3.42 (1.4)

2 Dry skin 283 (58.7) Trouble falling asleep 3.26 (1.1)

3 Trouble staying asleep 260 (54.3) Decreased interest in sex 3.25 (1.5)

4 Muscle cramps 246 (51.0) Feeling tired of lack of energy 3.24 (1.0)

5 Itching 240 (50.0) Bone or joint pain 3.23 (1.1)

6 Bone or joint pain 225 (47.0) Trouble staying asleep 3.18 (1.1)

7 Dry mouth 223 (46.8) Dry skin 3.04 (1.2)

8 Trouble falling asleep 206 (43.2) Numbness or tingling in feet 2.99 (1.0)

9 Shortness of breath 207 (43.1) Restless legs or difficulty keep-
ing legs still

2.94 (1.0)

10 Decreased interest in sex 193 (41.8) Itching 2.88 (1.0)

* Symptom frequency and burden reported using the Dialysis Symptom Index (DSI): top 
10 out of 30 symptoms. Symptoms were available for 459 to 484 patients (90% to 95%).  
^ Average burden score (range: 1-5) reported when symptom was present. 
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Patient-reported outcomes
Patients experienced on average 10.8 (SD: 6.1) out of 30 symptoms, ranging be-
tween 8.0-14.8 symptoms across centres. The overall mean symptom burden score 
was 30.7 (SD: 22.0) on a scale ranging from 0 (no symptoms) to 150 (all 30 symp-
toms bother ‘very much’). Table 2 presents the 10 most frequently experienced 
symptoms and 10 most burdensome symptoms. The most common symptom was 
fatigue, which was experienced by 76% of the patients. ‘Difficulty becoming sex-
ually aroused’ was – if present – reported as the most bothersome symptom, with 
a mean score of 3.4 on the 5-point scale. Figure 3 presents the variation among 
centres in symptom burden score in comparison with the overall mean score.
The mean (SD) scores for physical and mental HRQOL were 35.6 (10.2) and 47.7 
(10.6), respectively. Figure 4 and 5 present the variation among centres in PCS and 
MCS in comparison to the overall mean scores.

Figure 3. Observed and adjusted mean symptom burden score in 16 pilot centres.
Circles represent the mean observed (white circles) and adjusted* (black circles) symptom 
burden score for each centre. Overlapping part of circles is depicted grey. The overall 
mean (dotted line) is used as reference in the comparison with each centre. The 95%-CI 
(curved lines) is provided around the overall mean. The mean score of one centre is out-
side the 95%-CI, indicating a statistically significant higher symptom burden score com-
pared to the overall mean. 
*Adjusted for sex, age, SES, primary kidney disease, dialysis modality and time on RRT. 
Abbreviations: 95%-CI, 95%-confidence interval; SES, social economic status; RRT, renal 
replacement therapy.
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Variance at centre level
The part of the observed variance in symptom burden, PCS and MCS scores ex-
plained by differences among centres was 2.6% (p=0.34), 1.0% (p=0.64) and 1.5% 
(p=0.45), respectively. The adjusted ICC was 3.1% (p=0.32), 0.6% (p=0.80) and 
2.0% (p=0.41), respectively. 

Patient experiences and preferences
At 3 months, 214 patients (79%) indicated that they wanted to share and discuss 
their results on HRQOL and symptom burden with their clinician. In total, 71 indi-
vidual reports were sent to professionals: 5 patients in each centre, unless fewer 
patients gave their consent at 3 months (e.g. one centre had no responders at 3 

Figure 4. Observed and adjusted mean physical HRQOL (PCS) in 16 pilot centres.
Circles represent the mean observed (white circles) and adjusted* (black circles) score for 
physical HRQOL per centre. Overlapping part of circles is depicted grey. The overall mean 
PCS (dotted line) is used as reference in the comparison with each centre. The 95%-CI 
(curved lines) is provided around the overall mean PCS. The adjusted mean score of one 
centre is outside the 95%-CI, indicating a statistically significant lower PCS compared to the 
overall mean PCS. 
*Adjusted for sex, age, SES, primary kidney disease, dialysis modality and time on RRT. 
Abbreviations: 95%-CI, 95%-confidence interval; HRQOL, health-related quality of life; PCS, 
physical component score; SES, social economic status; RRT, renal replacement therapy.
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months). At 6 months, 16 patients from 10 different centres indicated that they 
had discussed the PROM-scores and gave feedback on how they experienced the 
conversation. Patients discussed the results with a nephrologist (N=11), a nurse 
(N=8) and/or a social worker (N=2). Patients rated the way in which results were 
discussed with a mean score of 3.8 (SD: 0.8, score range: 1-5; poor-excellent). Pro-
fessionals also appreciated discussing patients’ PROM-scores and experienced it 
as insightful. Additionally, professionals indicated that their involvement is import-
ant for implementing PROMs into routine care. Moreover, response rates were 
highest in centres where professionals indicated that they had put a lot of effort 
into informing and inviting patients.

Figure 5. Observed and adjusted mean mental HRQOL (MCS) in 16 pilot centres.
Circles represent the mean observed (white circles) and adjusted* (black circles) score for 
mental HRQOL per centre. Overlapping part of circles is depicted grey. The overall mean 
MCS (dotted line) is used as reference in the comparison with each centre. The 95%-CI 
(curved lines) is provided around the overall mean MCS. The mean scores of two centres are 
outside the 95%-CI: one above and one below the funnel, indicating a statistically signifi-
cant higher and lower MCS compared to the overall mean MCS, respectively. 
*Adjusted for sex, age, SES, primary kidney disease, dialysis modality and time on RRT. 
Abbreviations: 95%-CI, 95%-confidence interval; HRQOL, health-related quality of life; MCS, 
mental component score; SES, social economic status; RRT, renal replacement therapy.
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Eight patients participated in the focus group: 7 patients were male, aged 33-78 
years old, 6 patients received haemodialysis and 2 patients peritoneal dialysis. Five 
themes were discussed: ‘online tool’, ‘communication about content and purpose’, 
‘benefits of using PROMs’, ‘feedback is crucial’, and ‘interpreting PROM-scores’. Ex-
amples of corresponding quotations by patients are presented in Table 3. Overall, 
patients were satisfied with the content, length and structure of the PROMs and 
the online completion was mentioned as an advantage. Communication about 
the content and the purpose of PROMs was not always clear for patients. Addi-
tional information is needed when receiving the invitation and when completing 
PROMs. Furthermore, patients indicated that the use of PROMs can contribute 
to their treatment by providing insight into patient’s experienced health for both 
the clinician and the patient. Additionally, it may enhance patient-clinician com-
munication, as it offers guidance during and in preparation of the conversation. 
Patients indicated that provision of individual feedback, written and oral, is crucial 

Table 3. Examples of corresponding quotations by 8 patients receiving dialysis for the 
identified themes 

Themes Illustrative quotations

Online tool “When filling it [the questionnaire] in online, you can also save and 
keep track of changes [in PROM-scores over time] yourself. This can 
be an advantage.”

Communication 
about content 
and purpose

“Titles like PROMs, DSI and SF-12 make no sense. Use clear terms 
that appeal to the patients, such as ‘symptom questionnaire’ or ‘quali-
ty of life questionnaire’.”

Benefits of using 
PROMs 

“The questionnaires can be used as a kind of checklist. To help you 
remember things. (…) The questionnaires help to come up with 
ideas.”
“Questionnaires help patients in initiating conversations. Some sub-
jects are difficult to discuss.”
“You can adjust your treatment goal and plan according to these 
changes [in PROM-scores] over time, and this can be discussed with 
your healthcare professional.”

Feedback is 
crucial

“Getting feedback on the results [PROM-scores] should be the basis 
of each PROMs measurement. After all, it is about your treatment.”
“Healthcare professionals have the important task to conduct the 
conversation well. Not every patient is out-spoken and active enough 
[to express needs and experiences].”

Interpreting 
PROM-scores

“It is nice to know what other kidney patients score, this gives some 
context…You want to know if a score of 46 is high, low or average.”
“I am not very interested in the average [PROM-] score in my hospi-
tal… Hospital scores should be available for patients (...) and local 
patients advocates to address quality improvement.”



4

First results Dutch registry of PROMs in dialysis care  I  96

and that clinicians play an important role in this. Patients mentioned that individual 
feedback should be presented in a relevant context. They stressed the need for 
a reference score (e.g. average score of similar patients) to interpret their own 
results, not to compare their results. 

Discussion
This study describes the first experience with PROMs in Dutch routine dialysis 
care. Overall, response rates were low with high variability among centres. Pa-
tients receiving dialysis experienced a high symptom burden and a decreased 
HRQOL. With regard to these PROM-scores, no centre effect could be observed. 
Patients believed that discussing HRQOL and symptom burden scores with their 
healthcare professional was highly insightful and valuable. Individual feedback on 
PROM-scores was considered crucial.
This is the first study presenting results on HRQOL and symptom burden in Dutch 
routine dialysis care setting. Patients receiving dialysis experienced a decreased 
physical HRQOL with an average score of 36 compared to 51 in the general Dutch 
population (aged 60-69).40 Mental HRQOL was comparable to the general Dutch 
population.40 The substantial symptom burden found is comparable to literature 
as well.3, 23, 30 In line with a recent study 41, this study shows that the most common 
symptoms are not necessarily the ones that bother patients the most. The impor-
tance of certain symptoms may be different for each patient. Therefore, it is im-
portant to monitor and discuss the presence and burden of symptoms in order to 
understand what is most important to each patient. Further research is needed on 
how individual PROM-scores can be best used to address their needs.
Patients and professionals were very positive about the use of PROMs, in which 
they considered provision of individual feedback to be crucial. These first results 
are promising and imply that PROMs are suitable for use at individual level. The 
number of patients (n=16, 23%) that indicated to have discussed their PROM-
scores seems low, but is proportionally similar compared to the response rate at 6 
months. Moreover, the real number of patients that discussed their PROM-scores 
is probably higher, for instance because they discussed their report after the third 
time-point. Since all patients and professionals who discussed the PROM-scores 
highly appreciated the conversation, we decided to send the individual reports of 
the remaining patients (who gave consent) to their professionals and to include 
individual PROM reports into the electronic registration system. 
Results from the focus group suggest that PROMs can provide insight into expe-
rienced health and needs, improve patient-professional communication and in-
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crease shared decision-making. Similar potential benefits of PROMs are described 
in literature 9-13, however, there is a paucity of evidence on whether and how the 
use of PROMs actually leads to improvements in patients’ outcomes. There are 
some studies suggesting that using PROMs will lead to better outcomes, for exam-
ple: a randomized controlled trial in routine cancer care showed that web-based 
symptom monitoring resulted in improved HRQOL after 6 months, less hospital 
admissions and better 1-year survival, even though no specific guidance was pro-
vided to professionals on how to respond to reported symptoms.42 Scholars also 
argue that patients receiving dialysis expect improvements when using PROMs, 
for instance: improved symptom experience as a consequence of improved pa-
tient-professional communication about symptoms.41 However, further research 
is needed to investigate whether and how the use of PROMs leads to long term 
improvements in healthcare quality and outcomes in patients receiving dialysis.
The low response rate in this study is similar to the response rate (31%) of the 
Scottish Renal Registry when first introducing PROMs, confirming that it is chal-
lenging to incorporate PROMs into routine care.18 Several factors may explain our 
results. First, professionals play an important role in informing and motivating pa-
tients. Highest response rates were observed in centres where professionals were 
highly engaged in the process. Therefore, interventions to increase professionals’ 
engagement may be beneficial. Previous studies show that training and guidance 
on why and how to use PROMs and how to act in response to individual PROM-
scores may facilitate the uptake of PROMs by professionals.24, 43, 44 In the Scottish 
registry, interventions to improve patient information letters and staff awareness 
indeed resulted in an increase of their response rate to 48%.18 Second, the process 
of inviting patients was regulated by each centre independently to promote incor-
poration into their workflow. A drawback of this approach may be that not every 
centre organized this in a structured way or had the desired facilities (e.g. avail-
ability of resources such as a process coordinator, printer and internet access) and 
consequently, some patients may not have been invited. Moreover, differences 
across centres existed with regard to the type and amount of support that patients 
received when filling in PROMs (e.g. availability of electronic devices in centres), 
by whom support is provided (e.g. medical staff or partner) and at which location 
(home or medical centre). It is possible that the centres’ support and the possibility 
to complete PROMs on site, contributed to higher response rates. On the other 
hand, the availability or lack of support in centres could also have influenced pa-
tients’ responses. However, we did not observe differences among centres with 
regard to PROs. Third, some patients are more likely to participate than others. 
In line with literature, we found that older patients with a higher SES 18 and male 
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45 patients were more likely to participate. Further research focussing on non-re-
sponders is needed to gain more insight into barriers and potential facilitators for 
participation in order to implement recruitment strategies tailored to these more 
difficult-to-reach patients.46, 47 
Higher response rates are needed for optimal use of PROMs at patient level (e.g. 
individualized prognosis) and aggregated level (e.g. evaluation of healthcare 
quality).9  Based on this study and literature, we provide the following recom-
mendations to increase the response rate. First, provide additional training and 
support to increase engagement of healthcare professionals and to reinforce the 
professionals’ feeling of being comfortable and able to handle PROM-scores.48, 

49 Second, recruitment strategies should be improved and, given that dialysis pa-
tients regularly encounter healthcare professionals, recruitment strategies should 
particularly focus on tailored communication (e.g. on personal relevance and con-
fidentiality) and support (e.g. completing PROMs online).25 Third, communication 
between stakeholders should be improved, for instance by supportive resources 
such as provision of material to inform patients, individualized reports on PROM-
scores, and updates on centres’ experiences (best practices), response rates and 
outcomes.25, 48 Fourth, logistics should be further developed to improve response 
rates and to support professionals and patients in using PROMs in clinical practice, 
for example: provide individual reports directly after PROMs completion, incor-
porate PROMs into the electronic health record, and send automated invitations 
(e.g. prior to patient’s upcoming consultation visit 24) and reminders to complete 
PROMs.50 Finally, we propose to assess and discuss PROM-scores twice per year, 
as we believe this provides insight into patient’s outcomes over time with mini-
mal burden to patients and professionals. Some centres suggested using PROMs 
during a more extended consultation, such as an annual check-up, to discuss PROs 
progression over time, patients’ needs and treatment goals. 
The low response rate and selective response are important results, but also lim-
itations in this study. For instance, our results suggest that there is no relevant 
centre-effect on patients’ HRQOL and symptom burden, however, possibly real 
centre-effects could not be detected due to low and selective responses. Further-
more, responders are likely to be more health conscious and involved in health-
care compared to non-responders (i.e. healthy responder bias). For example, the 
patients who shared their experience about discussing PROM-scores may be 
more involved and may have a more positive attitude towards using PROMs in 
clinical practice, which should be taken into account when interpreting the results.  
Additionally, the selective response may have led to effect underestimation of pa-
tients’ outcomes: symptom burden is likely to be higher and HRQOL lower in the 
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total dialysis population. However, information about non-responders was also 
presented and can therefore be taken into account when interpreting the results.
Although current data may be insufficient to evaluate healthcare quality, the elec-
tronic registration of PROMs as part of Renine is designed in such a way that future 
data may be used for this purpose.9 We believe that it is a major strength that 
PROMs can be used both at individual level in clinical practice and at aggregated 
level to evaluate healthcare quality. Possibly, this combination is crucial, as the use 
of PROMs for individual patient’s treatment may be the most important factor in 
reaching sufficient response rates to enable evaluation of healthcare quality. 
Another strength is the multicentre study design and methods used in this study. 
With 16 participating centres, a substantial sample of all Dutch dialysis patients 
was included. Additionally, by leaving centres free to incorporate PROMs into 
their workflow, a broad variation of in-centre processes was included, which may 
provide valuable information (e.g. insight into best practices for using PROMs in 
clinical settings) and may eventually promote adaptation and implementation 
of PROMs into clinical practice (e.g. due to limited workflow disruptions and re-
search processes that are in line with priorities of patients and professionals).13, 24, 25 
Moreover, all relevant stakeholders (e.g. patients, healthcare professionals and re-
searchers) were involved from the start, resulting in widely supported PROMs that 
fit clinical practice and research.13, 24, 25 Besides, during the developmental phase 
much attention has been paid to the electronic registration system and selection 
of valid questionnaires.23, 24 The pilot study confirms that the questionnaires were 
suitable and feasible, with only minor suggestions for improvement. Finally, by 
making use of both quantitative and qualitative methods, we obtained a broad 
picture of perceived benefits and barriers for implementing PROMs into nephro-
logical care and possibilities for improvement.
In conclusion, first results from the Dutch registry of PROMs in patients receiving 
dialysis showed low response rates with a high centre variability. Achieving high-
er response rates is challenging and requires extra encouragement of patients 
and professionals. Patients experienced a high symptom burden and a decreased 
physical HRQOL. Discussing symptom and HRQOL results was greatly appreciat-
ed and considered crucial for the use of PROMs in routine care. Further research 
is needed to investigate how collection and use of PROMs can be successfully 
integrated into routine care in order to improve healthcare quality and outcomes.
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Abstract
A funnel plot is a graphical method to evaluate healthcare quality by comparing 
hospital performances on certain outcomes. So far, in nephrology, this method 
has been applied to clinical outcomes like mortality and complications. Howev-
er, patient-reported outcomes (PROs; e.g. health-related quality of life [HRQOL]) 
are becoming increasingly important and should be incorporated into this quality 
assessment. Using funnel plots has several advantages, including: clearly visual-
ized precision, detection of volume-effects, discouragement of ranking hospitals 
and easy interpretation of results. However, without sufficient knowledge of un-
derlying methods, it is easy to stumble into pitfalls, such as: overinterpretation 
of standardized scores, incorrect direct comparisons of hospitals and assuming 
a hospital to be in-control (i.e. to perform as expected) based on underpowered 
comparisons. Furthermore, application of funnel plots to PROs is accompanied by 
additional challenges related to the multidimensional nature of PROs and difficul-
ties with measuring PROs. Before using funnel plots for PROs, high and consistent 
response rates, adequate case mix correction and high-quality PRO measures are 
required. In this article, we aim to provide insight into the use and interpretation of 
funnel plots by presenting an overview of the basic principles, pitfalls and consid-
erations when applied to PROs, using examples from Dutch routine dialysis care.
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Introduction
In the last decade, healthcare has shifted towards a more patient-centred and 
value-based approach, resulting in a stronger focus on healthcare outcomes.1, 2 
Reasons for measuring outcomes are to gain insight into hospital performance 
and encourage healthcare quality improvement.2-4 Quality can be improved, for 
instance, because hospitals can learn from each other (i.e. adopt best practice) 
and initiate improvement strategies.3, 4 Patients can also make better informed de-
cisions, for example in which hospital to start dialysis treatment.3-5 Additionally, 
strategies by insurance companies (e.g. value-based payment) and government 
(e.g. regulations on quality) can also reward and stimulate higher quality of care.3, 4

Insight into hospital performance can be obtained through outcome comparison 
using funnel plots.6 This graphical method is common in meta-analysis to gain 
insight into potential publication bias. For hospital comparison, funnel plots have 
been applied to clinical outcomes, for example: the standardized mortality ratio 
in which the observed and expected number of deaths are compared.7 Figure 1 
depicts such an example from Dutch dialysis care8: the standardized mortality rate 
in each dialysis centre (circles) is being compared to the national mortality rate in 

Figure 1. Funnel plot on 3-year mortality in incident dialysis patients.
Inclusion period 2013-2015. Circles represent the standardized* mortality rates of 58 Dutch 
dialysis centres. The overall mortality rate in all incident dialysis patients is used as reference 
standard. *Case mix factors include: age, sex, social economic status and primary kidney 
disease categories. (Figure obtained from Renine annual report 20188).
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dialysis patients (dashed line). Some variation in outcome can be observed across 
the centres and a few centres exceed the funnel-shaped control limits, which may 
indicate either excellent performance or underperformance. In such cases, fur-
ther investigation and initiatives may be necessary to improve healthcare quality. 
Although funnel plots are regularly regarded as being intuitive and easy to inter-
pret6, 9, some knowledge about the method is needed for correct interpretation. 
For example: the hospital rates depicted in Figure 1 may, intuitively, be interpret-
ed as observed mortality rates, while actually relative measures are presented 
for comparison with the national mortality rate in dialysis patients. This example 
underlines the necessity for understanding the underlying methods to prevent 
incorrect interpretation.
Furthermore, various outcomes can provide insight into healthcare quality and 
should be taken into account when evaluating hospital performances. Nowadays, 
patient-reported outcomes (PROs; e.g. health-related quality of life [HRQOL] and 
symptom burden) are considered important healthcare outcomes and PRO mea-
sures (PROMs) are increasingly being implemented into routine care, including 
nephrological care.10-13 Therefore, the logical next step is to include PROs – in ad-
dition to clinical outcomes – in the process of healthcare quality evaluation. How-
ever, incorporation of PROs and using funnel plots for PROs is accompanied with 
additional challenges. For example: low and selective response rates are common 
for PROs and may lead to generalisability problems and incorrect conclusions. 
Therefore, in this paper we will provide insight into the use and interpretation of 
funnel plots for PROs by presenting an overview of the basic principles, common 
pitfalls and considerations, using examples from Dutch routine dialysis care.

Basic principles of funnel plots
Funnel plots are considered a suitable graphical method to present information 
on hospital performance in comparison to a reference standard and by taking 
random variation into account.6, 9 A funnel plot consists of 4 components (Figure 
2): 1. an indicator, which is the measure of performance on a certain outcome; 
2. a benchmark, which is the reference standard to compare hospitals with; 3. a 
measure of precision that is related to the certainty of the comparison; and 4. 
control limits to identify statistical differences for a certain p-value. Hospitals ex-
ceeding these control limits may be considered as either underperforming or 
overperforming. The statistical details of these different components have been 
described elsewhere.6 Below, we will elaborate on the underlying methods of fun-
nel plot components, using examples from Dutch routine dialysis care. Data on 
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PROs (HRQOL and symptom burden), sociodemographic and clinical characteris-
tics of patients receiving dialysis treatment were obtained from Renine, the Dutch 
renal registry (www.nefrovisie.nl/renine). For more information about the Dutch 
PROMs registry, see Van der Willik et al. (2019, 2020).10, 14 

Indicator of performance
In a funnel plot, hospital comparisons are made for a certain outcome using an 
indicator or performance-indicator. To be considered a valuable indicator, an out-
come has to meet certain criteria, for example: it must be relevant, measurable, 
changeable and related to healthcare quality, and there must be variation across 
hospitals. The indicator is presented on the y-axis of the funnel plot and can be 
either the outcome as observed (i.e. crude analysis) or an indicator wherein differ-
ences in hospital populations are taken into account (i.e. adjusted analysis). The 
latter indicator includes the comparison between the observed outcome and the 
outcome that would be expected in that specific hospital (see heading ‘Adjust-
ment for differences in hospital populations’). 

Benchmark: reference standard
Benchmarking is the process of measuring and evaluating the hospital’s own per-
formance by comparing it to a reference standard (i.e. the benchmark) with the 
purpose of improving the hospital’s own performance and quality of care. Often 
the total population of interest (e.g. national average) or a certain norm is chosen 
as reference standard for comparison. In a funnel plot, the reference standard or 
target outcome is presented as a horizontal line at the corresponding value for the 
indicator on the y-axis. For example: the national 1-year mortality rate (Figure 1) 
or the average physical HRQOL score (Figure 2) of Dutch dialysis patients (i.e. the 
reference population) can serve as a reference standard. 
Selecting a suitable reference standard can be challenging since the reference 
standard must be a fair and feasible comparator for all hospitals. Some back-
ground knowledge on the outcome in the specific population of interest is needed 
to assess what can be expected or considered relevant. Additionally, high-quality 
data on the reference population must be available. The latter could be a concern 
when using PROs, since response rates rarely reach 100% in routine care (Figure 
3) and some people are more likely to participate than others, resulting in a ref-
erence standard that may not fully represent the population of interest.10-12 Box 
1 describes how this selective response may cause generalisability problems or 
even selection bias.
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Measure of precision
The x-axis of a funnel plot presents a measure of precision, which is a variable that 
determines the precision of the indicator. Usually, the sample size or the number 
of (expected) cases is used as measure of precision, since a larger sample size is 
accompanied with more precision. By choosing such an easily interpretable mea-
sure, both the random variation (through ‘control limits’; see heading below) and 
potential volume-effects (see ‘relationship with volume’) are clearly visualized. 

Control limits
Control limits corresponding to a certain p-value are plotted around the reference 
standard. As control limits include a measure of precision, the width of the lim-
its changes with the x-axis, resulting in funnel-shaped limits around the reference 
standard. Often the 95% control limits (corresponding to p = 0.05) are presented, 

Figure 2. Components of a funnel plot for hospital comparison. 
An example is shown of a funnel plot on physical HRQOL in 48 Dutch dialysis centres that 
participated in the Dutch registry of PROMs in 2019. The indicator shows the comparisons 
between the centres’ observed and expected* scores on physical HRQOL. The total study 
population of Dutch dialysis patients is used as a reference standard. The 95% control limits 
are provided around the reference standard. 
*Expected scores were based on the following case mix factors: sex, age, social economic 
status, primary kidney disease, dialysis modality and time on renal replacement therapy. 
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whereby a 5% chance of a type I error is accepted. In other words, hospitals that-
perform similar to the reference population have a 5% chance to exceed the limits: 
2.5% at the upper limit and 2.5% at the lower limit.

Adjustment for differences in hospital populations
Case mix
To enable fair hospital comparisons, differences in characteristics of the hospital 
population or ‘case mix’ must be taken into account to ensure that differences 
in hospitals’ performance are investigated rather than differences in population. 
Hence, adjusting for case mix is identical to adjusting for confounding. For exam-
ple: differences across dialysis centres with regard to patients’ age or sex should 

Figure 3. Funnel plot of response rates on PROMs in 28 Dutch dialysis centres.
Circles represent the response rates in Dutch dialysis centres that participated in the Dutch 
registry of PROMs in 2019. The total number of dialysis patients that was invited* to complete 
the PROMs is presented on the x-axis. The figure shows large variation in response rates across 
dialysis centres. The response rate seems lower in centres that invited more patients, which 
may indicate a volume-effect. 
*The total number of dialysis patients was based on the number of patients for which an invita-
tion to complete the PROMs was downloaded from the electronic registry environment. Twenty 
centres (42%) did not use the registry invitations and their data only included patients that par-
ticipated through the DOMESTICO study.15 For these centres the number of invited patients 
is unknown in the registry, and therefore these centres were excluded from this funnel plot.
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Box 1. Response rates – why are high and consistent rates needed?
In contrast to clinical outcomes, PROs can only be observed and reported by the 
patient himself, which inherently leads to concerns about response rates. Espe-
cially in routine chronic and advanced care, response rates that reach 100% are 
very rarely achieved.10-12 Obviously, lower response rates result in lower sample 
sizes and thus, less precision (as clearly visualized by the funnel shaped control 
limits that narrow with larger sample sizes). Low response rates may be reasons 
for concern, especially for low-volume hospitals who already deal with power 
issues.16 However, the main problem of low response rates is the selective re-
sponse: some people are more likely to participate than others10, 11, which may 
result in generalisability problems and selection bias. (See also Figure 3 and Sup-
plementary Table S1)

Generalisability
The reference standard is based on people that completed PROMs, which could 
make the selection of a suitable reference standard challenging. Selective re-
sponse in the reference population, results in a reference standard that may not 
fully reflect the population of interest. The same issue exists on a hospital level: 
the group responders may not be generalizable to the total hospital population, 
making it difficult to draw conclusions about performance in patients treated in 
that hospital. Insight into characteristics of (non-) responders can be helpful when 
interpreting the results. Additionally, recruitment strategies should be aimed at 
reaching all (types of) patients.

Selection bias
Several factors may determine whether pa-
tients complete PROMs or not. For example: 
participation may be influenced by the hospi-
tal’s facilities and engagement of the medical 
team, and by the patient’s characteristics or 
health state (e.g. fatigue). If this factor is also as-
sociated with the outcome, selection bias may occur. By including only responders 
in the analysis, an association is created between the hospital and the outcome 
that may not actually exist. To account for this, insight into these mechanisms and 
data on factors influencing response from both responders and non-responders 
are needed. Furthermore, it is important to use similar recruitment strategies and 
to strive for high but also comparable response rates across hospitals.

Fatigue

Response HRQOL

Hospital

Figure B1. Example selection bias
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Box 2. Identifying case mix factors for PROs – what makes it so difficult?
Hospital comparison research usually aims to explore whether there is an 
association between the treating hospital and the patients’ outcome. Herein, 
factors that affect both the outcome and the hospital in which the patient is 
treated should be taken into account, i.e. confounding factors. To this end, 
the term case mix is used: the compo-
sition of patient- and disease charac-
teristics (that affect the outcome) in 
the hospitals’ populations, for which 
you want to correct. For each out-
come, different case mix variables 
may be important to correct for. Therefore, case mix adjustment models are 
very likely to differ across outcomes (e.g. clinical outcomes and PROs will 
most likely have different underlying mechanisms).19 The difficulty lies in se-
lecting the right case mix factors to correct for. For example: symptom bur-
den is associated with the outcome HRQOL 20 and may vary across hospitals 
10. If we assume symptom burden to be a disease characteristic reflecting a 
certain health state or the severity of disease, we may want to adjust for this. 
However, scholars also argue that symptom burden can be influenced by 
healthcare and can therefore be considered a consequence of healthcare 
quality as well, for which we do not want to correct. Thus, the selection of 
case mix factors is dependent on the assumptions made, which is often 
based on literature. Given the multidimensional and complex nature of PROs 
such as HRQOL, it may be challenging to achieve sufficient case mix correc-
tion. More research on which factors and through which mechanisms PROs 
are influenced may contribute to the selection of an adequate set of covari-
ates to correct for.

Figure B2. Example confounding

Case mix

Hospital ? Outcome
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be taken into account (see also Supplementary Table S1). The difficulty is selecting 
a sufficient set of true case mix factors (e.g. no mediators) to correct for17, which 
may be even more difficult for PROs, given the multidimensional nature of out-
comes such as HRQOL (see Box 2 for further explanation).3, 18 Moreover, for both 
clinical outcomes and PROs, some residual confounding is inevitable. 

Indirect standardization
In funnel plots, case mix differences are taken into account by performing indirect 
standardization.21 This method is suitable for the evaluation of a hospital’s perfor-
mance as it demonstrates how the outcomes observed in the hospital relate to 
what can be expected based on the reference standard and given the hospital’s 
case mix. When using indirect standardization, the performance of the reference 
standard is applied to the hospital population (by strata of case mix character-
istics). For each patient, based on his characteristics, the outcome (e.g. HRQOL 
score) is calculated that he would have had, if he had been treated in a hospital 
that performs similarly to the reference standard. The calculation of these individu-
al predicted scores is usually performed using regression analysis. The mean of all 
individual predicted scores is equal to the expected (E) score of the hospital and 
this expected score is then compared to the observed (O) score of the hospital.21

The comparison between O and E (i.e. the indicator) is presented on the y-axis 
either as a ratio (O/E), a difference (O-E) or a standardized score (multiplicative: 
O/E*reference score or additive: O-E+reference score). Depending on whether 
the indicator is presented as ratio or as difference, the target outcome is 1 or 0 re-
spectively, because E equals O within the reference population (O/E=1 or O-E=0). 
The multiplicative and additive standardized scores differ only in ‘starting point’ 
on the scale from the ratio and difference, respectively, and thus, result in the 
same picture for hospital comparison. For example: Figure 4a (O-E) and Figure 4b 
(O-E+reference score) present the same data, both on an additive scale (see also 
Box 3). 
Irrespective of how the results are presented, the hospital’s score should be in-
terpreted in comparison to the reference standard. Individual hospitals are, even 
after standardization, not directly comparable, because each hospital’s own popu-
lation is used to calculate the expected scores. The indicator thus shows how well 
a hospital performs within its own population, in comparison to the performance 
of the reference standard. Box 3 elaborates on how results can and cannot be 
interpreted. 
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Figure 4a. Funnel plot of comparison between observed and expected scores on mental 
HRQOL in 48 Dutch dialysis centres. 
Circles represent the difference between the centres’ observed and expected* scores on men-
tal HRQOL of 48 centres that participated in the Dutch registry of PROMs in 2019. The total study 
population of Dutch dialysis patients is used as a reference standard (dashed line) to compare 
centres with. The 95% control limits (curved lines) are provided around the reference standard. 
Four centres exceed the 95% control limits, indicating statistically significant lower (two cen-
tres) or higher (two centres) scores on mental HRQOL compared to the reference standard. 
*Case mix factors included: sex, age, social economic status, primary kidney disease, dialysis 
modality and time on renal replacement therapy.
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Figure 4b. Funnel plot of observed and standardized scores on mental HRQOL in 48 
Dutch dialysis centres. 
Circles represent the mean observed (white circles) and standardized* (black circles) scores on 
mental HRQOL of 48 centres that participated in the Dutch registry of PROMs in 2019. Over-
lapping part of circles is depicted grey. The overall mean score on mental HRQOL of all Dutch 
dialysis patients (dashed line) is used as reference standard to compare centres with. The 95% 
control limits (curved lines) are provided around the reference standard. The standardized 
scores of four centres exceed the 95% control limits, indicating statistically significant lower (two 
centres) or higher (two centres) scores on mental HRQOL compared to the reference standard. 
*Standardized score = observed score – expected score + reference score. The following 
case mix factors were included to calculate the expected scores: sex, age, social economic 
status, primary kidney disease, dialysis modality and time on renal replacement therapy.
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Box 3. Indirect standardization – what do results say, and what not?
In indirect standardization, the observed outcome in each hospital is 
compared to the expected outcome, which is the outcome that would be 
observed if the hospital’s performance is equal to the reference standard. To 
illustrate this, we will use an example: Hospital A and B are compared to the 
total Dutch dialysis population (i.e. the reference standard). Hospital A has 
an older and more fragile dialysis population, and Hospital B has a younger 
and less fragile dialysis population. The total Dutch dialysis population 
contains a heterogeneous group of patients, from which the outcomes in the 
populations of Hospital A and B can be predicted. Example scores on mental 
HRQOL are shown below (Table B3).

Table B3. Example observed, expected and standardized scores on mental 
HRQOL.

Older and more 
fragile patients 

(Hospital A)

All dialysis pa-
tients (Reference 

standard)

Younger and less 
fragile patients 

(Hospital B)

Observed score (O) 45 48 50

Expected score (E) 40 48 58

O – E + 5 0 - 8

O – E + reference 
score (standardized 
score)

53 48 40

Table B3 clearly shows that Hospital A is performing better (+ 5 points) and 
Hospital B is performing worse (- 8 points) within their population compared 
to the reference standard (i.e. all dialysis patients). This example also illustrates 
why Hospital A and Hospital B cannot be compared: both have a different 
population, and thus a different expected score. We do not know how Hospital 
A will perform in younger and less fragile patients, and we also do not know 
how Hospital B will score in older and more fragile patients. Of course, in 
practice, there is some overlap in population characteristics, but as long as 
the composition differs, you cannot make direct comparisons. If you want to 
compare Hospital A to Hospital B, one or the other must be used as a reference 
standard or direct standardization methods should be applied.  
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The comparison between observed and expected scores can be presented 
as either a difference, a ratio or a standardized score. Preference may be 
given to presenting the difference or ratio, since these measures clearly 
describe the comparison. The standardized score seems attractive, since 
the original scale of the outcome can be used and therefore also observed 
scores can be presented using the same funnel plot (Figure 4b), but can easily 
be overinterpreted. The standardized score is also meant to be interpreted 
in comparison to the reference score and the standardized score itself has 
no clear interpretation. For example: Hospital A’s standardized score of 53 
is not the mental HRQOL-score that you would expect from the population 
of Hospital A, neither the predicted score if Hospital A had treated all Dutch 
dialysis patients or any other population. It is only a representation of the 5 
points difference with the reference standard. This comparison is illustrated 
below in Figure B3.

Figure B3. Illustration of observed, expected and standardized score in Hospital A-D 
based on fictive data on mental HRQOL. Hospital A and B are also presented in Table 
B3. Note that the distance between observed and expected score is equal to the dis-
tance between standardized score and reference standard.



Funnel plots of PROs to evaluate healthcare quality  I  120

5

Interpretation of funnel plots
General interpretation
In the first place, funnel plots provide a general overview of the variability between 
hospitals and present information for benchmarking purposes: it provides hos-
pitals with insight into their performance within their own population in compar-
ison to the reference standard. Hospitals’ scores that exceed the lower or upper 
control limit indicate a statistically significant lower or higher score, i.e. over- or 
underperformance, compared to the reference score. For example: after looking 
at Figure 4, it becomes clear that little variation exists between the hospitals (i.e. 
almost all hospitals are within the 95% control limits), but that two centres may 
be considered as excellent performers and two centres as under-performers. A 
difficulty here is the 5% chance of a type I error: for each 20 hospitals, 1 hospital 
is expected to be outside the 95% control limits (i.e. a false-positive) if in fact the 
level of quality at all hospitals is according to the benchmark. On the other hand, 
hospitals inside the control limits may wrongly be assumed to be in-control. Due 
to the often low patient numbers in funnel plots, the power can be low, meaning 
that there is a small chance of detecting existing differences in performance.16 
Assuming that hospitals are in-control based on under-powered comparisons is 
a common misconception (conform the well-known expression “absence of evi-
dence is not evidence of absence”). Therefore, risks of unfairly criticising hospitals 
or missing under-performers must be weighed and results should be interpreted 
with caution.2, 16 More conservative methods such as 99.8% control limits can also 
be used, hereby yielding fewer false-positives but also less power. Besides this, it 
may be advisable to monitor the hospital performances over a longer period of 
time or to pool data over similar groups of patients to explore whether differences 
in outcomes persist. 
An advantage of presenting hospital comparisons in funnel plots is that funnel 
plots do not involve ordering or ranking of hospitals.6 In a funnel plot, the hos-
pitals’ outcomes (i.e. positions in the funnel plot) remain independent from each 
other – in contrast to a ranking list or league table, a change in outcome in one 
hospital does not influence the position of another hospital in a funnel plot.6 Fur-
thermore, with a funnel plot, one is less inclined to make direct comparisons be-
tween hospitals. This is important, because outcomes of individual hospitals are 
unsuitable for between-hospital comparisons due to the underlying method of in-
direct standardisation using populations unique to each hospital (see also Box 3).6 
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Relationship with volume
Funnel plots clearly visualize the relation between sample size and precision: the 
control limits and the distribution of hospital outcomes become smaller with high-
er volume (i.e. number of patients).6, 9 The presentation of volume on the x-axis also 
provides the opportunity to observe an association between volume and outcome 
(see Figure 3), which is particularly interesting when the outcome is expected to 
be partly dependent on hospital-volume, for instance when volume is a proxy for 
experience with certain treatment that may lead to better outcomes.6, 22

High and consistent response rates are also necessary to investigate volume ef-
fects: if response rates vary highly across hospitals, the sample size (i.e. number 
of responders presented on the x-axis) is not a good representation of volume 
(see also Box 1 for other consequences). However, if a fixed number of patients is 
invited and included in the analysis (e.g. 100 consecutive patients per hospital), 
the number of responders is equal to the response rate and thus, can be used 
to explore the association between response rate and outcome. A relationship 
between response rates and outcomes could be informative, for example when 
response rates are considered a proxy for certain structures or processes of care 
organization that may influence the outcome (assuming adequate adjustment for 
case mix). For example, digitization in hospitals can ease recruitment and may also 
improve outcomes.23

PROs to evaluate quality of care
When using funnel plots for PROs, the following aspects related to the selection, 
measurement and analysis of PROs should be taken into account. 
First, the purpose of healthcare quality evaluation must be taken into account when 
selecting PROs. It is possible that a PRO is very important for use at the individual 
level (e.g. during consultations), but that it is not suitable for comparing health-
care quality. To evaluate healthcare quality, PROs should be selected for which an 
association with healthcare quality is plausible or established. To make relevant 
comparisons, there must also be room for improvement (i.e. variation across hos-
pitals) and actionable care plans must exist. Umeukeje et al. (2020) provide an 
example where pain is considered not to be included as performance-indicator in 
dialysis patients because pain management strategies are lacking and there is too 
little room for improvement (90% of dialysis centres had the highest score possi-
ble).3 Hence, although pain is a relevant PRO for routine care, in this example, pain 
seems unsuitable for healthcare quality evaluation. 
Second, PRO measurement can be more challenging compared to clinical out-
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comes. PROs can only be observed and registered by the patients themselves, 
making it more difficult to obtain complete data at fixed time-points. Hospital re-
cruitment strategies can also vary and influence patient participation, resulting in 
selective response and differences in response rates across hospitals (see Box 1). 
In nephrology, deciding on the right timing to collect PRO outcomes may also 
be challenging since there is often no clear starting point in chronic care (e.g. 
prevalent dialysis patients) and because outcomes are likely to vary over time (in 
contrast to dichotomous outcomes such mortality). Furthermore, the usability of 
PRO-data is partly determined by the selected PROM (i.e. the questionnaire used 
to measure the PRO): the psychometric properties of the PROM determines the 
suitability of the PRO for quality purposes. The PROM must be valid and reliable 
within the context of the field, and must be responsive to change in such way that 
differences in healthcare quality can be detected over time or between similar pa-
tients receiving different quality of care.18 Additionally, all hospitals should use the 
same PROM to measure the same PRO, as different instruments often cannot be 
easily compared due to differences between questionnaires (e.g. different scales, 
items or domains). 
Third, adequate case mix correction is required to enable fair comparisons and 
to draw conclusions about differences in performance. Identifying a sufficient set 
of case mix factors may be more challenging for PROs compared to clinical out-
comes, given the complexity of the constructs (e.g. the multidimensional character 
of PROs: HRQOL includes various domains; see Box 2).4, 18 Furthermore, for mean-
ingful comparisons, PRO-data of large numbers of patients is needed to have suf-
ficient power and the data should be representative of the total population of 
interest. Thus, recruitment strategies that yield high and consistent response rates 
are needed before valid conclusions can be drawn from funnel plots of PROs. Al-
though the validity of the data strongly depends on the randomness of the (non-)
response (i.e. representativeness of the study sample), thresholds of 60-80% have 
been proposed in the literature as adequate response rates.24-26 Despite the fact 
that there are still steps to be taken, there are already some examples in the litera-
ture showing that PROs can be of added value in healthcare quality evaluation.27-30

Although beyond the scope of this review, it is important to note that PROs are 
also being used in routine care at the individual patient level to provide insight 
into patients’ outcomes, enhance patient-professional communication and shared 
decision-making, identify patients in need for additional support, and consequent-
ly, improve patient outcomes and healthcare quality.2, 4 Patients and professionals 
particularly consider the individual use of PROs of great added value and an im-
portant reason to complete PROMs.10 Individual use may therefore be the primary 
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purpose of collecting PROs in routine care. That being said, we should keep in 
mind that individual and aggregated use often go together and may strengthen 
each other, for example: aggregated information is valuable when considering 
treatment choices and may contribute to shared decision-making (e.g. prognoses 
on outcomes after treatments).31 Furthermore, the use at individual level is expect-
ed to improve response rates, which in turn results in better quality of aggregat-
ed information. Finally, the ultimate aim of collecting PROs is to improve patient 
outcomes and quality of care, and in order to evaluate whether the use of PROs 
at individual level indeed results in quality improvements, data on an aggregated 
level is required32, for instance by using funnel plots.

Conclusion
PROs are becoming increasingly important in healthcare and should be included 
in healthcare quality evaluation. A funnel plot is a feasible graphical method for 
this purpose, as it is easily interpretable and precision is clearly visualized. How-
ever, some challenges need to be addressed before using funnel plots for PROs, 
namely: high and consistent response rates, adequate case mix correction and 
high-quality PRO measures.
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Supplemental Material for Chapter 5

Table S1. Characteristics of patients receiving dialysis in Dutch dialysis centres, strati-
fied by participation to PRO measurements.

Total dialysis population§ Responders^ Non-respond-
ers^

Characteristics n = 2711
Range 

across dialy-
sis centres#

n = 1388
(51.2%)

n = 1323
(48.8%)

Sex (male), n (%) 1601 (59.1) 40.0 - 85.7 838 (60.4) 763 (57.7)

Age (years), mean (SD) 66.8 (14.6) 54.8 - 73.2 67.3 (14.0) 66.2 (15.1)

SES, n (%)

Low 1380 (51.4) 20.0 - 91.2 656 (47.6) 724 (55.3)

Middle 756 (28.1) 0.0 - 59.4 422 (30.6) 334 (25.5)

High 551 (20.5) 0.0 - 57.1 299 (21.7) 252 (19.2)

Primary kidney disease, 
n (%)

Glomerulonephritis/
sclerosis 

295 (10.9) 0.0 - 42.9 154 (11.1) 141 (10.7)

Pyelonephritis 131 (4.8) 0.0 - 28.6 62 (4.5) 69 (5.2)

Polycystic kidney dis-
ease 

134 (4.9) 0.0 - 14.3 82 (5.9) 52 (3.9)

Hypertension 424 (15.6) 0.0 - 71.4 198 (14.3) 226 (17.1)

Renal vascular disease 290 (10.7) 0.0 - 71.4 174 (12.5) 116 (8.8)

Diabetes mellitus 575 (21.2) 0.0 - 57.1 261 (18.8) 314 (23.7)

Miscellaneous 490 (18.1) 0.0 - 56.0 270 (19.5) 220 (16.6)

Unknown 372 (13.7) 0.0 - 39.2 187 (13.5) 185 (14.0)

Dialysis modality, n (%)

HD 2354 (86.8) 60.0 - 100.0 1242 (89.5) 1112 (84.1)

PD 357 (13.2) 0.0 - 40.0 146 (10.5) 211 (15.9)

Time on RRT (years), 
geometric mean (SD)

2.2 (4.1) 0.2 - 4.0 2.0 (4.3) 2.4 (3.8)
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§ Total dialysis population includes all patients receiving dialysis in Dutch dialysis centres 
that participated in the Dutch registry of PROMs in 2019, i.e. all dialysis centres for which 
at least one patient completed the PROMs.
^ Patients are considered responders if they participated to a PRO measurement at least 
once. Non-responders were invited at least once, but never participated to a PRO meas-
urement.
# Range in percentage or mean of characteristic across n=38 dialysis centres. N=10 dial-
ysis centres included < 5 patients and were excluded from the calculation of the range.
Abbreviations: SES, social economic status; HD, haemodialysis; PD, peritoneal dialysis; 
RRT, renal replacement therapy
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Abstract 
Background: Itching (pruritus) is common in dialysis patients, but little is known 
about its impact on health-related quality of life (HRQOL), sleep problems and 
psychological symptoms. This study investigates the impact of itching in dialysis 
patients by looking into the persistence of itching, the effect of itching on the 
course of HRQOL, and the combined effect of itching with sleep problems and 
with psychological symptoms on HRQOL.
Methods: Data were obtained from the RENINE/PROMs registry and included 
2978 dialysis patients who completed patient-reported outcome measures be-
tween 2018-2020. Itching, sleep problems and psychological symptoms were 
assessed with the DSI, and HRQOL with the SF-12. Effects of itching on HRQOL 
and interactions with sleep problems and psychological symptoms were investigated 
cross-sectionally and longitudinally, using linear regression and linear mixed models.
Results: Half of the patients experienced itching and in 70% of them, itching was 
persistent. Itching was associated with a lower physical and mental HRQOL (-3.35 
[95%CI: -4.12;-2.59] and -3.79 [95%CI: -4.56;-3.03]). HRQOL remained stable 
during two years and trajectories did not differ between patients with or without 
itching. Sleep problems (70% vs 52%) and psychological symptoms (36% vs 19%) 
were more common in patients with itching. These symptoms had an additional 
negative effect on HRQOL, but did not interact with itching.
Conclusions: The persistence of itching, its impact on HRQOL over time, and the 
additional effect on HRQOL of sleep problems and psychological symptoms, 
emphasize the need for recognition and effective treatment of itching to reduce 
symptom burden and improve HRQOL.
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Introduction
Patients with end-stage kidney disease (ESKD) experience numerous physical and 
emotional disease-related symptoms, such as fatigue, muscle cramps, itching, 
sleep problems and depressive symptoms.1, 2 The heavy symptom burden has a 
disruptive impact on individuals’ lives and has been shown to be associated with 
the impaired health-related quality of life (HRQOL) in this population.3, 4 
A common and highly distressing symptom is chronic kidney disease-associated 
pruritus, better known as itching. Itching is experienced by both hemodialysis (HD) 
and peritoneal dialysis (PD) patients with a prevalence of approximately 50%.1, 2, 5, 6 
Itching was found to be one of the ten most burdensome symptoms experienced 
by dialysis patients2 and is considered a main research priority by patients with 
ESKD, their caregivers and healthcare professionals.7 The pathogenesis of itching 
in dialysis patients is not yet fully understood, but several factors seem to influence 
the occurrence or burden of itching, including abnormal calcium, phosphate and 
parathyroid hormone levels, opioid imbalance, peripheral neuropathy, dialysis ef-
ficiency and a dry skin.5, 6 Furthermore, itching has been associated with adverse 
clinical outcomes, such as hospitalization and mortality, and poor patient-reported 
outcomes, such as a decreased HRQOL, psychological symptoms (e.g. depres-
sive symptoms) and sleep problems.5, 6, 8, 9 Large cohort studies have found that 
HRQOL, depressive symptoms and sleep quality were worse with more severe 
itching in dialysis patients 8, 9; these associations suggest a causal effect of itching 
on HRQOL. However, information about the impact of itching on the course of 
HRQOL over time is lacking. Moreover, although itching is often accompanied 
with sleep problems and psychological symptoms, no literature is currently avail-
able about the extent to which the combinations of these symptoms affect pa-
tients’ physical and mental HRQOL. 
Insight into the impact of itching on HRQOL and into the combined effect of itch-
ing with sleep problems and with psychological symptoms in the association with 
HRQOL, could help to better understand patients’ outcomes and ultimately to re-
duce symptom burden and increase HRQOL. Therefore, the aim of this study is to 
investigate the impact of itching in patients receiving dialysis treatment by looking 
into the persistence of itching over time, the relationship between itching and 
HRQOL, and the combined effect of itching with sleep problems and psychologi-
cal symptoms on HRQOL. These associations will be examined both cross-section-
ally and longitudinally, using data from routine Dutch dialysis care.
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Methods
Study design and population
Data were obtained from RENINE (Registratie Nierfunctievervanging Nederland: 
www.nefrovisie.nl/renine), the nationwide Dutch renal registry of patients receiv-
ing kidney replacement therapy. The registry collects information on demograph-
ics and clinical characteristics which are registered every 3 months. In addition, 
patient-reported outcome measures (PROMs) were introduced into routine dial-
ysis care in September 2016 as part of a pilot study in 16 Dutch dialysis centres 
and have now been implemented nationally since November 2018.2 The PROMs 
were selected in collaboration with patients and experts10, and include the 12-item 
Short Form Health Survey (SF-12)11 to assess HRQOL and the Dialysis Symptom 
Index (DSI)12 to assess symptom burden. PROMs-invitations are distributed 1-2 
times per year in all patients receiving dialysis treatment (i.e. total prevalent di-
alysis population). To ensure inclusion of all hospitals and a consistent follow-up 
period, data from 2018-2020 were used for this study. All dialysis patients that 
completed the PROMs at least once in this period were included in the analysis.
All patients included in RENINE gave consent to collect and use their data for sci-
entific research purposes. Additionally, the current study protocol was reviewed 
and approved by the scientific committees of Nefrovisie and of the clinical ep-
idemiology department at Leiden University Medical Centre (LUMC). The study 
is reported according to the Strengthening the Reporting of Observational stud-
ies in Epidemiology (STROBE) guidelines13 with the extension of the REporting 
of studies Conducted using Observational Routinely collected health Data (RE-
CORD) statement14.

Itching, sleep problems and psychological symptoms
The DSI is a 30-item kidney disease specific questionnaire to assess physical 
and emotional symptom burden. Patients were asked to report the presence of 
30 symptoms (yes/no) during the past week and, if present, the burden of each 
symptom on a 5-point Likert scale ranging from 1 ‘not at all’ to 5 ‘very much’ both-
ersome.12 Two overall scores were calculated: 1) the total number of symptoms 
present (0-30 symptoms), and 2) the total symptom burden score (score range 
0-150), which is the sum of burden on individual symptoms whereby missing items 
were assumed absent (i.e. burden score: 0).2, 15

The symptoms of interest in this study – itching, sleep problems and psycholog-
ical symptoms – were assessed by means of the DSI. Itching was reported using 
a single item assessing whether itching was experienced in the past week and, if 
present, how bothersome this was. For the main analysis, patients were stratified 
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based on the presence of itching (yes/no) at baseline (i.e. the patient’s first PROM 
measurement). The burden score of itching ranges from 0 to 5, with higher scores 
indicating a higher burden. 
Sleep problems were assessed using two symptoms, namely ‘trouble falling 
asleep’ and ‘trouble staying asleep’. Sleep problems were defined as at least one 
of these two symptoms being present. The burden score of sleep problems rang-
es from 0 to 10, with higher scores indicating a higher burden. 
The psychological cluster includes the following five symptoms: ‘worrying’, ‘feel-
ing nervous’, ‘feeling irritable’, ‘feeling sad’ and ‘feeling anxious’. Psychological 
symptoms were considered present when at least three out of these five symp-
toms were experienced by the patient. The total burden score of psychological 
symptoms ranges from 0 to 25, with higher scores indicating a higher burden. 

Health-related quality of life
The SF-12 is a generic health questionnaire consisting of 12 questions assessing 
the following 8 domains of HRQOL: physical functioning, role physical, bodily 
pain, general health, vitality, social functioning, role emotional and mental health. 
These domains contribute (in different proportions) to the scoring of a physical 
component summary (hereafter referred to as ‘physical HRQOL’) and a mental 
component summary (hereafter referred to as ‘mental HRQOL’). HRQOL scores 
range from 0 to 100, with higher scores indicating a better physical and mental 
HRQOL.11 

Population characteristics
Demographics and clinical characteristics were: age, sex, primary kidney disease 
(PKD) according to European Renal Association codes16, socio-economic status 
(SES, classified as low, middle and high using standard deviation [SD] scores 
based on zip code), dialysis modality (haemodialysis [HD] or peritoneal dialysis 
[PD]), number of dialysis sessions and hours per week in HD, time since dialysis 
initiation, kidney transplantation in the past (yes/no), residual glomerular filtration 
rate (rGFR, ml/min/1.73m2), single pool Kt/V per dialysis session in HD patients, to-
tal Kt/V per week in PD patients, haemoglobin (mmol/L), ferritin (μg/L), transferrin 
saturation (%), albumin-adjusted calcium (mmol/L), phosphate (mmol/L), parathy-
roid hormone (pmol/L).

Statistical analysis
Baseline was defined as the patient’s first PROMs-measurement. Baseline char-
acteristics of the dialysis population, stratified for the experience of itching (yes/
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no) are presented as frequencies with percentages for categorical variables, as 
mean with SD for normally distributed continuous variables and as median with 
interquartile range (IQR) for skewed continuous variables. The prevalence and 
persistence of itching over time are shown graphically based on calendar time 
(prevalence of itching over time) and on patients’ follow-up time stratified for itch-
ing at baseline (persistence of itching over time).
The main analyses were performed both cross-sectionally and longitudinally, so 
that all patients and all PROMs-measurements could be included in the analyses, 
and to expand on existing (mainly cross-sectional) literature.5 The cross-sectional 
analysis was performed at baseline and includes all patients in the study popu-
lation (n=2978 patients). The longitudinal analysis includes all PROMs-measure-
ments (n=5042), with 1218 (40.9%) patients having multiple PROMs-measure-
ments. Of the individuals that had only one PROMs-measurement (n=1760), 1032 
(58.6%) patients started with PROMs in 2020 and 322 (18.3%) patients died, which 
prevented follow-up data being available. The main analyses were performed 
crude and adjusted for the following potential baseline confounders: age, sex, 
PKD, SES, dialysis modality, time since dialysis initiation and kidney transplantation 
in past. The symptoms, HRQOL and potential confounding variables included in 
the main analyses had no or less than two percent missing values.
Cross-sectionally, the association between the presence of itching and physical 
and mental HRQOL was investigated using linear regression analysis. Further-
more, in two separate linear regression models, a cross-product interaction term 
for itching (yes/no) and sleep problems (yes/no) and for itching and psychological 
symptoms (yes/no) was included to assess the interaction effects of these symp-
toms in the association with HRQOL. 
The associations described above were also investigated longitudinally using lin-
ear mixed models. By using this statistical method, all measurements from all in-
dividuals could be included, as the model takes account of a varying number of 
follow-up measurements across individuals and even single measurements can 
be included in the estimation of the trajectory over time at population level.17 The 
presence of itching at baseline was included in the model as fixed independent 
variable, time as random variable, and the continuous physical and mental HRQOL 
over time as dependent variable. The interaction between time and itching was 
included, indicating the annual change in HRQOL for individuals with itching com-
pared to individuals without itching. 
Sensitivity analyses were conducted to assess the robustness of our main results. 
Both the cross-sectional and the longitudinal analyses were repeated using the 
continuous burden score of itching, sleep problems and psychological symptoms. 
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The analyses were also performed with the symptoms classified based on low or 
high burden, e.g. no or mild itching (burden score: 0-2) versus moderate to severe 
itching (burden score: 3-5), and similar categories for sleep problems and psycho-
logical symptoms. Furthermore, the analyses were repeated comparing persistent 
itching (i.e. presence of itching reported both at baseline and at the first follow-up 
measurement) with no or non-persistent itching. Last, analyses were performed 
using 2019-2020 data, to only include measurements from the official start of the 
PROMs registry at November 2018.   
All statistical analyses were performed using SPSS version 25.0 (IBM, Armonk, NY, 
USA).

Results
Population characteristics
Table 1 presents the characteristics of all patients (n=2978) that completed the 
PROMs at least once in 2018-2020, stratified for the presence of itching at baseline. 
Itching was present in approximately half of the patients and was more common 
in individuals receiving PD (59.4%) compared to HD (48.7%). (See also Supple-
ment A for the population characteristics stratified by dialysis modality). Patients 
with itching were more often male, had a higher SES and more often diabetes 
as primary kidney disease, compared to patients without itching. No differences 
were observed in calcium, phosphate and parathyroid hormone levels. The total 
symptom burden was higher in patients who experienced itching, with on average 
14 symptoms with a median (IQR) total burden score of 35 (23-51), compared to 
8 symptoms with a median (IQR) total burden score of 19 (10-32) in patients who 
did not experience itching. Patients with itching had more often a dry skin com-
pared to patients without itching (73% versus 43%, resp.). Sleep problems were 
experienced by 70% of the patients with itching and by 52% of the patients with-
out itching. Psychological symptoms occurred in 36% of the patients with itching 
compared to 19% in patients without itching.
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Table 1. Characteristics of dialysis patients, stratified by presence of itching (yes/no) at baseline 

 
Total dialysis 
population 
(n=2978)

Patients with 
itching (n=1493, 

50.1%)

Patients without 
itching (n=1485, 

49.9%)

Age (years) 67.3 (14.1) 67.4 (14.0) 67.3 (14.2)

Sex (male) 1827 (61.4) 927 (62.1) 900 (60.7)

SES      

Low 1430 (48.4) 711 (48.0) 719 (48.8)

Middle 907 (30.7) 435 (29.4) 472 (32.1)

High 617 (20.9) 336 (22.7) 281 (19.1)

Primary kidney disease      

Glomerulonephritis/sclerosis 333 (11.2) 160 (10.7) 173 (11.7)

Pyelonephritis 140 (4.7) 68 (4.6) 72 (4.9)

Polycystic kidney disease 171 (5.7) 86 (5.8) 85 (5.7)

Hypertension/renal vascular 
disease

809 (27.2) 411 (27.5) 398 (26.8)

Diabetes mellitus type 1/2 601 (20.2) 320 (21.4) 281 (18.9)

Miscellaneous 535 (18.0) 257 (17.2) 278 (18.7)

Unknown 387 (13.0) 191 (12.8) 196 (13.2)

Dialysis modality      

HD 2583 (87.9) 1258 (85.6) 1325 (90.1)

PD 357 (12.1) 212 (14.4) 145 (9.9)

Dialysis sessions per week (HD)

< 3 266 (12.8) 125 (12.3) 141 (13.2)

3 1672 (80.3) 817 (80.6) 855 (80.1)

> 3 144 (6.9) 72 (7.1) 72 (6.7)

Dialysis hours per week (HD) 11.2 (4.3) 11.1 (3.8) 11.4 (4.8)

Time since dialysis initiation 
(months)

15 (3-43) 14 (3-41) 17 (3-46)

Kidney transplantation in past 
(yes)

327 (11.2) 162 (11.1) 165 (11.3)

rGFR (mL/min/1.73m2) 4.7 (2.0-7.6) 5.0 (2.0-8.0) 4.5 (2.1-7.1)

Single pool Kt/V in HD 1.47 (0.53) 1.46 (0.54) 1.48 (0.52)

Total Kt/V in PD 2.63 (1.06) 2.70 (1.10) 2.52 (0.99)

Haemoglobin (mmol/L) 6.8 (0.9) 6.8 (0.9) 6.8 (0.9)
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Ferritin (µg/L) 318 (168-534) 300 (153-517) 330 (187-547)

Transferrin saturation (%) 22.3 (10.5) 21.8 (10.4) 22.8 (10.6)

Calcium (mmol/L)# 2.31 (0.19) 2.31 (0.19) 2.31 (0.18)

Phosphate (mmol/L) 1.59 (0.48) 1.62 (0.49) 1.57 (0.47)

Parathyroid hormone (pmol/L) 30 (17-51) 30 (17-52) 30 (17-50)

       

Symptom burden      

Total number of symptoms (0-
30)

11.0 (6.4) 13.7 (6.2) 8.3 (5.3)

Total symptom burden score 
(0-150)

27 (14-42) 35 (23-51) 19 (10-32)

Dry skin (yes) 1726 (58.0) 1091 (73.1) 635 (42.8)

Sleep problems      

Sleep problems (yes)^ 1816 (61.0) 1044 (69.9) 772 (52.0)

Trouble falling asleep (yes) 1312 (44.1) 798 (53.4) 514 (34.6)

Trouble staying asleep (yes) 1549 (52.0) 907 (60.8) 642 (43.2)

Psychological symptoms      

Psychological symptoms (yes)$ 820 (27.5) 534 (35.8) 286 (19.3)

Worrying (yes) 1195 (40.1) 708 (47.4) 487 (32.8)

Feeling nervous (yes) 816 (27.4) 517 (34.6) 299 (20.1)

Feeling irritable (yes) 843 (28.3) 558 (37.4) 285 (19.2)

Feeling sad (yes) 1088 (36.5) 669 (44.8) 419 (28.2)

Feeling anxious (yes) 647 (21.7) 425 (28.5) 222 (14.9)

Values are shown in n (%), mean (SD) or median (IQR).  
Missing values for age: n=3 (0.10%), sex: n=2 (0.07%), SES: n=24 (0.81%), primary kidney 
disease: n=2 (0.07%), dialysis modality: n=38 (1.29%), dialysis sessions per week (HD): 
n=501 (19.4%), dialysis hours per week (HD): n=505 (19.6%), time since dialysis initiation: 
n=58 (1.99%), kidney transplantation in past: n=58 (1.99%), residual GFR: n=1977 (66.4%), 
single pool Kt/V in HD: n=647 (25.0%), Total Kt/V in PD: n=221 (61.9%), haemoglobin: 
n=286 (9.60%), ferritin: n=416 (14.0%), transferrin saturation: n=993 (33.3%) calcium: 
n=369 (12.4%), phosphate: n=280 (9.40%), parathyroid hormone: n=522 (17.5%).  
# Albumin-adjusted calcium. 
^ Sleep problems are considered present if at least one of the two symptoms are experi-
enced by the patient. 
$ Psychological symptoms are considered present if three out of the five symptoms are 
experienced by the patient. 
Abbreviations: SES, social economic status; HD, haemodialysis; PD, peritoneal dialysis; 
rGFR, residual glomerular filtration rate.
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Figure 1a. Prevalence of itching (yes/no) over study period (calendar time). 
Percentage of dialysis patients who experience itching (solid line) with 95% confi dence 
intervals (bars) at each quartile in 2018-2020. Note that Q1-Q3 2018 includes a small 
number of patients (n=12, n=20, n=25, resp.), as the PROMs registry offi cially started from 
November 2018. Some patients already participated in Q1-Q3 2018 for scientifi c research 
purposes.

Figure 1b. Burden of itching (scale: 1-5) over study period (calendar time) in patients who 
experienced itching.  
Average itching burden score (solid line) with 95% confi dence intervals (bars) in dialysis 
patients who experienced itching at each quartile in 2018-2020. Note that Q1-Q3 2018 in-
cludes a small number of patients (n=12, n=20, n=25, resp.), as the PROMs registry offi cially 
started from November 2018. Some patients already participated in Q1-Q3 2018 for scientif-
ic research purposes.
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Prevalence and persistence of itching over time
In total, 1218 patients have multiple PROMs-measurements (median: 2, IQR: 2-3 
measurements), with on average 6.7 months (SD: 5.0) between baseline and the 
second PROMs-measurement. Throughout the whole study period, the preva-
lence of itching is around 50% with a moderate burden (mean burden scores be-
tween 2.8 and 3.4 on 1-5 scale) (Figure 1a/b). No clear differences in prevalence or 
burden of itching could be detected between the yearly quartiles (i.e. no seasonal 
effects). Figure 2 shows that itching persisted over time in approximately 70% of 
the patients that experienced itching at baseline. Of the patients without itching 
at baseline, 30-40% developed itching during follow-up. Sleep problems and psy-
chological symptoms also persisted over time in the majority of the patients (see 
Supplement B).  

Figure 2. Persistence of itching during follow-up in patients with itching (black) and patients 
without itching (grey) at baseline.
Black solid line (black bars) shows the percentage (95% Confi dence Interval [CI]) of dialysis 
patients in which itching is persistent during follow-up since baseline. Grey solid line (grey bars) 
shows the percentage (95% CI) of dialysis patients in which itching was newly developed during 
follow-up since baseline. Note that the average time between follow-up measurements was 6.7 
months, meaning that the number of patients that contribute data fl uctuates across the time-
points in the graph.
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Table 2. Cross-sectional effects of the presence of itching (yes/no), combined with 
sleep problems and psychological symptoms, on physical and mental HRQOL

Physical HRQOL Mental HRQOL 

Coef. (95%CI) p-value Coef. (95%CI) p-value

Itching

Model 1, unadjusted  -3.36 (-4.13; -2.59) <0.001  -3.82 (-4.58; -3.06) <0.001

Model 2, adjusted^  -3.35 (-4.12; -2.59) <0.001  -3.79 (-4.56; -3.03) <0.001

Itching and sleep 
problems (Model 3$)

Itching  -3.38 (-4.62; -2.13) <0.001  -2.38 (-3.61; -1.15) <0.001

Sleep problems  -3.85 (-4.92; -2.78) <0.001  -3.37 (-4.42; -2.31) <0.001

Itching * sleep 
problems

 1.00 (-0.58; 2.58) 0.214#  -1.18 (-2.74; 0.38) 0.139#

Itching and psycholog-
ical symptoms (Model 
4$)

Itching  -2.81 (-3.70; -1.92) <0.001  -2.35 (-3.15; -1.56) <0.001

Psychological 
symptoms

 -3.51 (-4.87; -2.15) <0.001  -11.34 (-12.56; -10.13) <0.001

Itching * psychologi-
cal symptoms

 0.03 (-1.72; 1.79) 0.971#  1.01 (-0.56; 2.58) 0.208#

^ Adjusted for age, sex, primary kidney disease, socio-economic status, dialysis modality, 
time since dialysis initiation and kidney transplantation in past. 
$ Model 3 and 4 build on model 2 and include the interaction with sleep problems and 
psychological symptoms, respectively. 
# P-value for interaction. 
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Association between itching and HRQOL at baseline
Mean (SD) physical and mental HRQOL scores in the total dialysis population 
were 35.8 (10.4) and 48.1 (10.4), respectively. Table 2 shows the cross-sectional 
effects of itching, combined with sleep problems and psychological symptoms, 
on physical and mental HRQOL. Patients with itching experienced a lower physical 
(-3.35 [95% Confidence Interval (CI): -4.12 to -2.59; p<0.001]) and mental HRQOL 
(-3.79 [95% CI: -4.56 to -3.03; p<0.001]), compared to patients without itching. 
Sleep problems and psychological symptoms had an additional negative effect 
on HRQOL. No interaction was observed between itching and sleep problems 
or psychological symptoms in the association with HRQOL. Table 3a shows the 
average physical and mental HRQOL in patients with itching, sleep problems, or a 
combination of both. Table 3b shows the average physical and mental HRQOL in 
patients with itching, psychological symptoms, or a combination of both.

Table 3a. Physical and mental HRQOL in patients with itching, sleep problems, or a 
combination of both.

    Physical HRQOL^ Mental HRQOL^ 

Itching Sleep problems Mean SD Mean SD

no no 39.44 2.23 51.89 1.79

yes no 36.01 2.03 49.68 1.69

no yes 35.58 2.21 48.47 1.83

yes yes 33.25 2.22 44.89 1.81

^ Adjusted for age, sex, primary kidney disease, socio-economic status, dialysis modality, 
time since dialysis initiation and kidney transplantation in past.

Table 3b. Physical and mental HRQOL in patients with itching, psychological symp-
toms, or a combination of both.

    Physical HRQOL^ Mental HRQOL^ 

Itching Psychological symptoms Mean SD Mean SD

no no 38.12 2.15 52.34 1.46

yes no 35.33 2.03 50.02 1.40

no yes 34.51 2.17 40.80 1.54

yes yes 31.75 2.19 39.46 1.47

^ Adjusted for age, sex, primary kidney disease, socio-economic status, dialysis modality, 
time since dialysis initiation and kidney transplantation in past.
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Association between itching and HRQOL over time
Figures 3a and 3b show the trajectories of physical and mental HRQOL during 
follow-up, stratified by itching at baseline. Findings from the longitudinal analy-
ses using linear mixed models were similar to the cross-sectional analyses, show-
ing that patients with itching experienced a lower physical and mental HRQOL 
compared to patients without itching (-3.12 [95% CI: -3.86 to -2.38; p<0.001] and 
-3.62 [95% CI: -4.35 to -2.88; p<0.001], resp.). No changes in physical and mental 
HRQOL over time were observed in the total population throughout follow-up 
(annual change: 0.01 [95% CI: -0.68 to 0.70; p=0.97] and -0.04 [95% CI: -0.75 to 
0.67; p=0.91], resp.). No differences in physical and mental HRQOL trajectories 
were observed between patients with and without itching (extra annual change in 
patients with itching: 0.10 [95% CI: -0.83 to 1.03; p=0.83] and -0.07 [95% CI: -1.04 
to 0.90; p=0.88], resp.). Also longitudinally, in the association with physical and 
mental HRQOL, there was no significant interaction between itching and sleep 
problems (p=0.52 and p=0.22, resp.) or itching and psychological symptoms 
(p=0.66 and p=0.29, resp.).
A post hoc subgroup analysis showed an increase in physical and mental HRQOL 
when itching disappeared (+0.56; p=0.49 and +1.78; p=0.02, resp.) and a de-
crease when itching newly occurred (-0.44; p=0.61 and -0.68; p=0.38, resp.) be-
tween the patients’ first and second PROMs-measurement (see Supplement C). 

Sensitivity analyses 
All sensitivity analyses yielded results comparable to the main analyses, both 
cross-sectionally and longitudinally (see Supplement D). Analyses using the con-
tinuous burden scores for symptoms showed that physical and mental HRQOL 
were -1.26 (95% CI: -1.50 to -1.02; p<0.001) and -1.42 (95% CI: -1.65 to -1.18; 
p<0.001) points lower, respectively, for each point increase in burden of itching. 
Using the continuous burden scores, the interaction between itching and psycho-
logical symptoms in the association with physical and mental HRQOL became sta-
tistically significant, though with a similarly small effect. Moderate to severe itching 
(prevalence: 26.1%) compared to no or mild itching showed a larger decrease in 
physical and mental HRQOL (-4.20 [95% CI: -5.07 to -3.33; p<0.001] and -4.90 
[95% CI: -5.76 to -4.03; p<0.001], resp.). Comparing persistent itching to no or 
non-persistent itching showed comparable results. Restriction to 2019-2020 data 
yielded similar results. 
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Figure 3a. Trajectory of physical HRQOL during follow-up in patients with itching (black) 
and patients without itching (grey) at baseline.
Black solid line (black bars) shows the mean physical HRQOL (95% Confi dence Interval [CI]) 
over time in dialysis patients with itching at baseline. Grey solid line (grey bars) shows the 
mean physical HRQOL (95% CI) over time in dialysis patients without itching at baseline. 
Note that the average time between follow-up measurements was 6.7 months, meaning that 
the number of patients that contribute data fl uctuates across the timepoints in the graph.

Figure 3b. Trajectory of mental HRQOL during follow-up in patients with itching (black) 
and patients without itching (grey) at baseline.
Black solid line (black bars) shows the mean mental HRQOL (95% Confi dence Interval [CI]) 
over time in dialysis patients with itching at baseline. Grey solid line (grey bars) shows the 
mean mental HRQOL (95% CI) over time in dialysis patients without itching at baseline. 
Note that the average time between follow-up measurements was 6.7 months, meaning that 
the number of patients that contribute data fl uctuates across the timepoints in the graph.
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Discussion
This nationwide Dutch study investigated the impact of itching (pruritus) on 
HRQOL and interactions with sleep problems and psychological symptoms in pa-
tients receiving dialysis treatment. Half of the dialysis patients experienced itch-
ing and in 70% of them, itching was persistent over time. Individuals with itching 
experienced a lower physical and mental HRQOL. This is the first study showing 
that HRQOL remained stable during the two years of follow-up and HRQOL tra-
jectories did not differ between patients with or without itching. Furthermore, we 
found that sleep problems and psychological symptoms were more common in 
individuals who also experienced itching. These symptoms had an additional neg-
ative effect on physical and mental HRQOL, but did not interact with itching (i.e. 
the combination of both symptoms did not result in a significantly lower or higher 
HRQOL than the sum of individual effects). 
The high prevalence of itching and its persistence over time demonstrate that 
itching is a major problem in patients receiving dialysis treatment. Although the 
estimated prevalence varies between 20-90% across studies5, for instance due to 
differences in populations and in definitions of itching, it is clear that itching af-
fects many dialysis patients’ lives, especially given that itching appeared to be 
persistent in many patients. In line with our results, two other studies found that 
itching was persistent for >1 year in 50-69% of the dialysis patients.18, 19 The reason 
why itching was persistent in some patients and not in others, remained unclear. 
According to one of the studies, differences could not be explained by whether 
or not the patients received treatment for their itching, as itching was often un-
derestimated and left untreated.18 Therefore, more research is needed to identify 
patients with persistent itching in order to treat them in a timely manner.
The impact of itching on patients’ lives is clearly reflected in the decreased HRQOL 
scores. In line with existing literature, physical and mental HRQOL were around 
three to four points lower in patients who experienced itching compared to those 
without itching, and HRQOL scores decreased further with more severe itching.8, 

9, 20-22 Information regarding the relevance of this difference according to dialysis 
patients is lacking23, but comparable differences in HRQOL have been considered 
important in other populations.24-26 In addition to the existing literature, this study 
also investigated the impact of itching on the course of HRQOL and showed that 
the difference in HRQOL between individuals with and without itching persisted 
over time. A possible explanation for this result is that itching also persisted over 
time in the majority of the patients. However, in contrast to what might be expect-
ed based on previous research about the effect of itching on clinical outcomes 
over time (e.g. mortality and hospitalizations)5, 8, 27, 28, this study showed no faster 
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deterioration of HRQOL in patients with (persistent) itching during two years of 
follow-up. Future research should investigate these relationships using a longer 
follow-up period.
Findings from our study confirm that sleep problems and psychological symptoms 
often co-occur with itching.6, 8, 29-31 Results from previous studies suggest that sleep 
problems and psychological symptoms may partly explain the effect of itching on 
HRQOL.5, 20, 30 Our study does not contradict this suggestion, but it does show that 
sleep problems and psychological symptoms also independently affect HRQOL, 
in addition to the effect that itching has on HRQOL. Since these symptoms often 
co-occur in dialysis patients, many individuals have to deal with a substantially 
decreased HRQOL. 
Our findings emphasize the importance of an effective treatment for itching in di-
alysis patients. Although unadjusted for potential confounding, findings from two 
observational studies suggest that HRQOL improves when itching disappears.18, 

19 A post hoc analysis in our data also showed an improved physical HRQOL 
(p<0.05) and mental HRQOL (p=ns) when itching disappeared. Additionally, sev-
eral treatment trials showed that a reduced itching intensity may already result in 
improved HRQOL scores and sleep quality.5 Furthermore, literature suggests that 
a better management of itching and HRQOL might even result in improved clini-
cal outcomes, such as mortality and hospitalizations.5, 8, 27, 28 The need for and the 
potential benefits of a treatment for itching are thus evident. However, effective 
treatment of itching in dialysis patients appeared challenging: some treatment 
options are available (e.g. prevention of hyperphosphatemia, adequate dialysis 
dose, ultraviolet-B light therapy, gabapentin and several emollient creams), but 
seem to have limited efficacy or side effects.5, 6, 32

With this study, we aim to provide insight in and awareness of the high prevalence 
and impact of itching, as this may still be underestimated.33, 34 We believe that our 
research can contribute to existing knowledge in particular due to the longitudinal 
design using national data from routine dialysis care. As PROMs are part of and 
used for routine care, patients are more likely to participate (compared to research 
purposes only), which enhances the generalizability of our results. On the down-
side, due to this design the study mainly includes prevalent dialysis patients, which 
means that patients have been followed from different points in their trajectory 
(e.g. differences in time since start of dialysis). However, we do not believe this has 
affected the relationship between itching and HRQOL. Another limitation of this 
study is that no information was available on treatments that may have induced 
or reduced itching. It is therefore unclear how treatment may have affected the 
results (e.g. is the prevalence and persistence of itching this high despite treat-
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ment of itching?) or to what extent available treatment options may decrease the 
burden of itching in dialysis patients. Furthermore, additional knowledge about 
factors that may influence itching is needed, and may be informative for treatment 
choices, for example to tailor the dialysis schedule or nutritional advice. Taken 
together, current findings show that itching is a major problem in dialysis patients 
and call for further research to effectively identify and treat (persistent) itching to 
reduce symptom burden and improve HRQOL.
Of course, to reduce the burden of itching in dialysis patients, attention must be 
paid to itching on the individual patient level. Literature suggests however that 
itching remains underreported and therefore undertreated due to a lack of knowl-
edge and assessment during consultations.34 We believe that the use of PROMs in 
routine dialysis care improves the reporting, and prompts discussion of patients’ 
experiences and treatment options.2 Current findings can be used to better inform 
patients and may enhance shared decision making.
In conclusion, the high prevalence and persistence of itching, its impact on HRQOL 
over time, and the additional effect on HRQOL of the often co-occurring sleep 
problems and psychological symptoms, emphasize the need for recognition and 
effective treatment of itching to reduce symptom burden and improve HRQOL in 
dialysis patients. No individual prognoses can be derived from our study, but the 
findings may be used in shared decision making. We hope that this study provid-
ed insight into and awareness of the major impact that itching can have, to enable 
early recognition and treatment of itching. 
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Supplemental Material for Chapter 6

A. Population characteristics in patients receiving 
haemodialysis and peritoneal dialysis
Table S1 presents the characteristics of all haemodialysis and peritoneal dialysis 
patients that completed the PROMs at least once in 2018-2020, stratified for the 
presence of itching at baseline.
Table S1. Characteristics of haemodialysis and peritoneal dialysis patients, stratified by 
presence of itching (yes/no) at baseline 

Haemodialysis patients Peritoneal dialysis patients

  with itching 
(n=1258, 
48.7%)

without itch-
ing (n=1325, 

51.3%)

with itching 
(n=212, 59.4%)

without itch-
ing (n=145,     

40.6%)

Age (years) 67.8 (14.2) 67.5 (14.1) 65.6 (12.8) 65.3 (15.4)

Sex (male) 775 (61.6) 804 (60.7) 135 (63.7) 85 (58.6)

SES

Low 632 (50.5) 660 (50.2) 72 (34.6) 57 (39.3)

Middle 353 (28.2) 410 (31.2) 75 (36.1) 58 (40.0)

High 266 (21.3) 245 (18.6) 61 (29.3) 30 (20.7)

Primary kidney 
disease

Glomerulone-
phritis/sclerosis

128 (10.2) 154 (11.6) 28 (13.2) 18 (12.4)

Pyelonephritis 60 (4.8) 63 (4.8) 6 (2.8) 9 (6.2)

Polycystic kid-
ney disease

72 (5.7) 73 (5.5) 13 (6.1) 11 (7.6)

Hypertension/
renal vascular 
disease

336 (26.7) 351 (26.5) 70 (33.0) 46 (31.8)

Diabetes melli-
tus type 1/2

278 (22.1) 256 (19.4) 37 (17.4) 23 (15.9)

Miscellaneous 223 (17.7) 258 (19.5) 30 (14.2) 18 (12.4)

Unknown 161 (12.8) 170 (12.8) 28 (13.2) 20 (13.8)

Time since di-
alysis initiation 
(months)

17 (3-44) 19 (3-49) 4 (1-17) 3 (1-14)
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Kidney trans-
plantation in past 
(yes)

148 (11.8) 157 (11.9) 14 (6.7) 8 (5.6)

rGFR (mL/
min/1.73m2)

5.0 (2.0-8.0) 4.6 (2.1-7.1) 5.2 (2.0-7.1) 4.0 (3.0-5.5)

Kt/V@ 1.46 (0.54) 1.48 (0.52) 2.70 (1.10) 2.52 (0.99)

Haemoglobin 
(mmol/L) 

6.8 (0.9) 6.8 (0.9) 6.9 (0.9) 6.9 (0.9)

Ferritin (µg/L) 316 (167-532) 340 (194-550) 178 (86-383) 226 (113-483)

Transferrin satura-
tion (%)

21.8 (10.4) 22.6 (10.6) 22.0 (10.1) 25.3 (10.5)

Calcium 
(mmol/L)#

2.30 (0.19) 2.30 (0.18) 2.32 (0.18) 2.32 (0.20)

Phosphate 
(mmol/L)

1.63 (0.51) 1.57 (0.47) 1.55 (0.36) 1.53 (0.43)

Parathyroid hor-
mone (pmol/L)

31 (18-54) 30 (17-51) 25 (15-40) 27 (18-40)

 

Symptom burden

Total number of 
symptoms (0-30)

13.7 (6.2) 8.2 (5.4) 13.3 (6.1) 8.3 (4.5)

Total symptom 
burden score 
(0-150)

35 (23-52) 19 (9-32) 33 (23-46) 19 (11-31)

Dry skin (yes) 907 (72.2) 574 (44.2) 167 (78.8) 56 (40.3)

Sleep problems    

Sleep problems 
(yes)^

875 (69.6) 694 (52.4) 152 (71.7) 71 (49.0)

Trouble falling 
asleep (yes)

674 (53.6) 468 (35.3) 110 (51.9) 42 (29.0)

Trouble staying 
asleep (yes)

758 (60.3) 579 (43.7) 135 (63.7) 56 (38.6)

Psychological 
symptoms

Psychological 
symptoms (yes)$

464 (36.9) 262 (19.8) 61 (28.8) 22 (15.2)

Worrying (yes) 611 (48.6) 439 (33.1) 85 (40.1) 44 (30.3)

Feeling nervous 
(yes)

454 (36.1) 270 (20.4) 55 (25.9) 26 (17.9)
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Feeling irritable 
(yes)

473 (37.6) 254 (19.2) 75 (35.4) 28 (19.3)

Feeling sad 
(yes)

571 (45.4) 387 (29.2) 86 (40.6) 29 (20.2)

Feeling anxious 
(yes)

374 (29.7) 204 (15.4) 44 (20.8) 15 (10.3)

Values are shown in n (%), mean (SD) or median (IQR).  
@ Single pool Kt/V in haemodialysis and total Kt/V in peritoneal dialysis.
# Albumin-adjusted calcium. 
^ Sleep problems are considered present if at least one of the two symptoms are experi-
enced by the patient. 
$ Psychological symptoms are considered present if three out of the five symptoms are 
experienced by the patient. 
Abbreviations: SES, social economic status; rGFR, residual glomerular filtration rate.
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B. Persistence of sleep problems and psychological symptoms
PERSISTENCE OF SLEEP PROBLEMS

 The persistence of sleep problems is shown graphically based on patients’ fol-
low-up time, stratifi ed for sleep problems at baseline (Figure S1a) and for itching 
at baseline (Figure S1b). 

Figure S1a. Persistence of sleep problems during follow-up in patients with sleep prob-
lems (upper line) and patients without sleep problems (lower line) at baseline.
Upper solid line (upper bars) shows the percentage (95% Confi dence Interval [CI]) of di-
alysis patients in which sleep problems are persistent during follow-up since baseline. 
Lower solid line (lower bars) shows the percentage (95% CI) of dialysis patients in which 
sleep problems were newly developed during follow-up since baseline.
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(upper line) and patients without itching (lower line) at baseline.
Solid lines (bars) show the percentages (95% Confi dence Intervals [CI]) in which sleep 
problems are present during follow-up, stratifi ed for patients with itching (upper line) and 
without itching (lower line) at baseline. Note that itching is persistent in approximately 
70% of the dialysis patients.
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PERSISTENCE OF PSYCHOLOGICAL SYMPTOMS

The persistence of psychological symptoms is shown graphically based on pa-
tients’ follow-up time, stratifi ed for psychological symptoms at baseline (Figure 
S2a) and itching at baseline (Figure S2b). 

Figure S2a. Persistence of psychological symptoms during follow-up in patients with 
psychological symptoms (upper line) and patients without psychological symptoms 
(lower line) at baseline.
Upper solid line (upper bars) shows the percentage (95% Confi dence Interval [CI]) of 
dialysis patients in which psychological symptoms are persistent during follow-up since 
baseline. Lower solid line (lower bars) shows the percentage (95% CI) of dialysis patients 
in which psychological symptoms were newly developed during follow-up since baseline.
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itching (upper line) and patients without itching (lower line) at baseline.
Solid lines (bars) show the percentages (95% Confi dence Intervals [CI]) in which psycho-
logical symptoms are present during follow-up, stratifi ed for patients with itching (upper 
line) and without itching (lower line) at baseline. Note that itching is persistent in approxi-
mately 70% of the dialysis patients.
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C. Change in itching and HRQOL 
A post hoc analysis was performed on the change in HRQOL in dialysis patients 
where itching disappeared (n=185; 15.2%) and where itching newly occurred 
(n=181; 14.9%) between their first and second PROMs measurement (see Table 
S2). 

Table S2. Change in physical and mental HRQOL in dialysis patients where itching 
disappeared or newly occurred

Δ Physical 
HRQOL p-value* Δ Mental 

HRQOL p-value*

Itching disappeared + 0.56 0.489 + 1.78 0.023

Itching newly occurred - 0.44 0.613 - 0.68 0.380

* p-value based on paired samples t-test.
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D. Sensitivity analyses
BURDEN OF ITCHING AND HRQOL

The main analyses were also performed using the continuous burden scores for 
itching (range: 0-5), sleep problems (range: 0-10) and psychological symptoms 
(range: 0-25). A burden score of 0 refers to the symptom being absent and a high-
er score indicates the level of symptom burden that is experienced by the patient.
Table S3 shows the cross-sectional effects of the burden of itching, combined with 
the burden of sleep problems and psychological symptoms, on physical and men-
tal HRQOL.

Table S3. Cross-sectional effects of the burden of itching, combined with the burden of 
sleep problems and psychological symptoms, on physical and mental HRQOL

Physical HRQOL Mental HRQOL 

Coef. (95%CI) p-value Coef. (95%CI) p-value

Itching§

Model 1, unadjusted  -1.29 (-1.52; -1.05) <0.001  -1.45 (-1.69; -1.22) <0.001

Model 2, adjusted^  -1.26 (-1.50; -1.02) <0.001  -1.42 (-1.65; -1.18) <0.001

Itching and sleep prob-
lems§ (Model 3$)

Itching  -1.18 (-1.52; -0.83) <0.001  -1.05 (-1.39; -0.71) <0.001

Sleep problems  -0.72 (-0.90; -0.54) <0.001  -0.87 (-1.05; -0.70) <0.001

Itching * sleep problems  0.07 (-0.00; 0.14) 0.063#  0.02 (-0.05; 0.09) 0.557#

Itching and psychological 
symptoms§ (Model 4$)

Itching  -1.21 (-1.52; -0.90) <0.001  -0.77 (-1.02; -0.52) <0.001

Psychological symptoms  -0.44 (-0.55; -0.33) <0.001  -1.29 (-1.38; -1.20) <0.001

Itching * psychological 
symptoms

 0.05 (0.01; 0.09) 0.018#  0.06 (0.03; 0.09) <0.001#

§ Burden of itching on a 0-5 scale, burden of sleep problems on a 0-10 scale and burden 
of psychological symptoms on a 0-25 scale, with higher scores indicating a higher bur-
den.
^ Adjusted for age, sex, primary kidney disease, socio-economic status, dialysis modality, 
time since dialysis initiation and kidney transplantation in past. 
$ Model 3 and 4 build on model 2 and include the interaction with sleep problems and 
psychological symptoms, respectively. 
# P-value for interaction. 
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Findings from the longitudinal analyses using linear mixed models were similar to 
the cross-sectional analyses, showing a monotonic association between burden 
of itching and HRQOL. Physical and mental HRQOL was -1.19 (95% CI: -1.41 to 
-0.96; p<0.001) and -1.37 (95% CI: -1.59 to -1.14; p<0.001) points lower, respec-
tively, for each point increase in burden of itching. No significant changes in phys-
ical and mental HRQOL were observed in the total population during follow-up 
(annual change: -0.23 [95% CI: -0.88 to 0.41; p=0.48] and 0.02 [95% CI: -0.65 to 
0.69; p=0.95], resp.). No differences in physical and mental HRQOL trajectories 
were observed for higher burden of itching (extra annual change for each point 
increase in burden of itching: 0.13 [95% CI: -0.16 to 0.41; p=0.40] and -0.01 [95% 
CI: -0.31 to 0.29; p=0.92], resp.). There was no significant interaction between the 
burden of itching and sleep problems in the association with physical and mental 
HRQOL (p=0.13 and p=0.89, resp.). The interaction between burden of itching 
and psychological symptoms in the association with physical and mental HRQOL 
became statistically significant (p=0.04 and p<0.001, resp.), though with a similar-
ly small effect.

MODERATE TO SEVERE ITCHING AND HRQOL

The main analyses were also performed with the symptoms classified based on 
low or high burden: no or mild itching (burden score: 0-2) versus moderate to 
severe itching (burden score: 3-5), combined with no or mild sleep problems (bur-
den score: 0-4) versus moderate to severe sleep problems (burden score: 5-10) 
and with no or mild psychological symptoms (burden score: 0-10) versus moder-
ate to severe psychological symptoms (burden score: 10-25). 
In total, 773 (26.1%) patients had moderate to severe itching, 814 (27.3%) patients 
had moderate to severe sleep problems and 380 (12.8%) patients had moderate 
to severe psychological symptoms.
Table S4 shows the cross-sectional effects of moderate to severe itching, com-
bined with moderate to severe sleep problems and psychological symptoms, on 
physical and mental HRQOL.
Findings from the longitudinal analyses using linear mixed models were similar to 
the cross-sectional analyses, showing that patients with moderate to severe itch-
ing experienced a lower physical and mental HRQOL compared to patients with 
no or mild itching (-3.98 [95% CI: -4.82 to -3.14; p<0.001] and -4.66 [95% CI: -5.49 
to -3.83; p<0.001], resp.). No significant changes in physical and mental HRQOL 
were observed in the total population during follow-up (annual change: 0.22 [95% 
CI: -0.73 to 1.16; p=0.66] and -0.19 [95% CI: -1.17 to 0.78; p=0.70], resp.). No dif-
ferences in physical and mental HRQOL trajectories were observed between pa-
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tients with moderate to severe itching and no or mild itching (extra annual change 
in patients with moderate to severe itching: 0.37 [95% CI: -0.71 to 1.44; p=0.50] 
and -0.26 [95% CI: -1.37 to 0.85; p=0.65], resp.). Also longitudinally, in the asso-
ciation with physical and mental HRQOL, there was no significant interaction be-
tween moderate to severe itching and sleep problems (p=0.30 and p=0.35, resp.) 
or moderate to severe itching and psychological symptoms (p=0.63 and p=0.71, 
resp.).

Table S4. Cross-sectional effects of moderate to severe itching, combined with moderate 
to severe sleep problems and psychological symptoms, on physical and mental HRQOL

Physical HRQOL Mental HRQOL

Coef. (95%CI) p-value Coef. (95%CI) p-value

Itching

Model 1, unadjusted  -4.33 (-5.20; -3.46) <0.001  -4.98 (-5.85; -4.12) <0.001

Model 2, adjusted^  -4.20 (-5.07; -3.33) <0.001  -4.90 (-5.76; -4.03) <0.001

Itching and sleep 
problems (Model 3$)

Itching  -3.88 (-4.99; -2.77) <0.001  -4.31 (-5.40; -3.22) <0.001

Sleep problems  -3.55 (-4.63; -2.47) <0.001  -5.07 (-6.13; -4.02) <0.001

Itching * sleep 
problems

 1.11 (-0.74; 2.95) 0.239#  1.30 (-0.51; 3.11) 0.158#

Itching and 
psychological symptoms 
(Model 4$)

Itching  -3.90 (-4.87; -2.93) <0.001  -3.04 (-3.92; -2.17) <0.001

Psychological 
symptoms

 -3.57 (-5.13; -2.02) <0.001  -13.21 (-14.62; 
-11.80)

<0.001

Itching * psychological 
symptoms

 0.94 (-1.40; 3.28) 0.432#  0.28 (-1.84; 2.40) 0.794#

^ Adjusted for age, sex, primary kidney disease, socio-economic status, dialysis modality, 
time since dialysis initiation and kidney transplantation in past. 
$ Model 3 and 4 build on model 2 and include the interaction with sleep problems and 
psychological symptoms, respectively. 
# P-value for interaction. 
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PERSISTENT ITCHING AND HRQOL

The main analyses were repeated in individuals with multiple PROMs measure-
ments (n=1218) to compare persistent itching with no or non-persistent itching. 
Persistent itching was defined as the presence of itching at baseline and at the first 
follow-up measurement. In total, 430 (35.3%) patients had persistent itching. 
Table S5 shows the cross-sectional effects of persistent itching, combined with 
sleep problems and psychological symptoms, on physical and mental HRQOL.

Table S5. Cross-sectional effects of persistent itching, combined with sleep problems 
and psychological symptoms, on physical and mental HRQOL

Physical HRQOL Mental HRQOL 

Coef. (95%CI) p-value Coef. (95%CI) p-value

Itching

Model 1, unadjusted  -2.97 (-4.22; -1.72) <0.001  -3.57 (-4.81; -2.34) <0.001

Model 2, adjusted^  -3.27 (-4.55; -2.00) <0.001  -3.29 (-4.53; -2.04) <0.001

Itching and sleep 
problems (Model 3$)

Itching  -4.07 (-6.20; -1.94) <0.001  -2.72 (-4.80; -0.64) 0.010

Sleep problems  -3.26 (-4.77; -1.75) <0.001  -3.01 (-4.48; -1.54) <0.001

Itching * sleep 
problems

 1.78 (-0.87; 4.42) 0.187#  -0.25 (-2.83; 2.33) 0.851#

Itching and psychologi-
cal symptoms (Model 4$)

Itching  -2.45 (-3.98; -0.92) 0.002  -1.74 (-3.10; -0.38) 0.012

Psychological 
symptoms

 -3.56 (-5.41; -1.72) <0.001  -10.58 (-12.21; 
-8.94)

<0.001

Itching * psychological 
symptoms

 -0.52 (-3.27; 2.23) 0.709#  0.78 (-1.66; 3.21) 0.532#

^ Adjusted for age, sex, primary kidney disease, socio-economic status, dialysis modality, 
time since dialysis initiation and kidney transplantation in past. 
$ Model 3 and 4 build on model 2 and include the interaction with sleep problems and 
psychological symptoms, respectively. 
# P-value for interaction. 
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Findings from the longitudinal analyses using linear mixed models were similar 
to the cross-sectional analyses, showing that patients with persistent itching ex-
perienced a lower physical and mental HRQOL compared to patients with no or 
non-persistent itching (-2.99 [95% CI: -4.14 to -1.82; p<0.001] and -3.46 [95% CI: 
-4.59 to -2.32; p<0.001], resp.). No significant changes in physical and mental 
HRQOL were observed in the total population during follow-up (annual change: 
-0.73 [95% CI: -1.61 to 0.16; p=0.11] and -0.48 [95% CI: -1.42 to 0.46; p=0.31], 
resp.). No differences in physical and mental HRQOL trajectories were observed 
between patients with persistent itching and no or non-persistent itching (extra 
annual change in patients with persistent itching: -0.64 [95% CI: -1.66 to 0.38; 
p=0.22] and 0.12 [95% CI: -0.96 to 1.20; p=0.83], resp.). Also longitudinally, in the 
association with physical and mental HRQOL, there was no significant interaction 
between persistent itching and sleep problems (p=0.88 and p=0.86, resp.) or per-
sistent itching and psychological symptoms (p=0.49 and p=1.00, resp.).

ITCHING AND HRQOL USING 2019-2020 DATA

The main analyses were repeated using data from 2019 (n=1416) and 2020 
(n=1436), to only include measurements from the official start of the PROMs reg-
istry at November 2018. 
Table S6 shows the cross-sectional effects of the presence of itching, combined 
with sleep problems and psychological symptoms, on physical and mental HRQOL.
Findings from the longitudinal analyses using linear mixed models were similar to 
the cross-sectional analyses, showing that patients with itching experienced a low-
er physical and mental HRQOL compared to patients without itching (-3.12 [95% 
CI: -3.86 to -2.37; p<0.001] and -3.61 [95% CI: -4.35 to -2.87; p<0.001], resp.). 
No significant changes in physical and mental HRQOL were observed in the total 
population during follow-up (annual change: 0.29 [95% CI: -0.45 to 1.02; p=0.45] 
and 0.09 [95% CI: -0.66 to 0.83; p=0.82], resp.). No differences in physical and 
mental HRQOL trajectories were observed between patients with and without 
itching (extra annual change in patients with itching: 0.38 [95% CI: -0.61 to 1.37; 
p=0.45] and 0.05 [95% CI: -0.96 to 1.06; p=0.92], resp.). Also longitudinally, in the 
association with physical and mental HRQOL, there was no significant interaction 
between itching and sleep problems (p=0.49 and p=0.34, resp.) or itching and 
psychological symptoms (p=0.54 and p=0.18, resp.).
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Table S6. Cross-sectional effects of the presence of itching, combined with sleep prob-
lems and psychological symptoms, on physical and mental HRQOL (2019-2020)

Physical HRQOL Mental HRQOL 

Coef. (95%CI) p-value Coef. (95%CI) p-value

Itching

Model 1, unadjusted  -3.28 (-4.05; -2.50) <0.001  -3.85 (-4.61; -3.08) <0.001

Model 2, adjusted^  -3.32 (-4.10; -2.55) <0.001  -3.84 (-4.61; -3.08) <0.001

Itching and sleep 
problems (Model 3$)

Itching  -3.28 (-4.54; -2.03) <0.001  -2.58 (-3.81; -1.34) <0.001

Sleep problems  -3.75 (-4.82; -2.68) <0.001  -3.28 (-4.35; -2.22) <0.001

Itching * sleep 
problems

 0.90 (-0.68; 2.49) 0.264#  -0.97 (-2.54; 0.61) 0.228#

Itching and psychologi-
cal symptoms (Model 4$)

Itching  -2.73 (-3.63; -1.83) <0.001  -2.40 (-3.20; -1.60) <0.001

Psychological 
symptoms

 -3.27 (-4.65; -1.90) <0.001  -11.56 (-12.78; 
-10.33)

<0.001

Itching * psychological 
symptoms

 -0.16 (-1.94; 1.61) 0.859#  1.30 (-0.27; 2.88) 0.105#

^ Adjusted for age, sex, primary kidney disease, socio-economic status, dialysis modality, 
time since dialysis initiation and kidney transplantation in past. 
$ Model 3 and 4 build on model 2 and include the interaction with sleep problems and 
psychological symptoms, respectively. 
# P-value for interaction. 
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Abstract 
Patient-reported outcome measures (PROMs) are increasingly being used in ne-
phrology care. However, in contrast to well-known clinical measures such as blood 
pressure, healthcare professionals are less familiar with PROMs and the interpre-
tation of PROM scores is therefore perceived as challenging. In this paper, we 
provide insight into the interpretation of PROM scores by introducing the different 
types and characteristics of PROMs, and the most relevant concepts for the inter-
pretation of PROM scores. Concepts such as minimal detectable change, minimal 
important change and response shift are explained and illustrated with examples 
from nephrology care.
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Introduction
Over the last decades, a shift towards a more value-based and patient-centred 
healthcare has taken place, resulting in a stronger focus on patient-reported out-
comes (PROs) such as health-related quality of life (HRQOL) and symptom bur-
den.1, 2 PRO measures (PROMs) are nowadays introduced in nephrology care and 
may be used at individual level for personalized care and at aggregated level to 
evaluate healthcare quality. The use of PROMs at individual level as part of person-
alized care has been considered of great added value, as it may provide insight 
into patients’ perceived health and their needs, and enhance patient-professional 
communication and shared decision making.3, 4 Ultimately, PROMs can be used 
to improve symptom management, HRQOL and other outcomes of healthcare.5, 6 
To achieve such goals, knowledge about PROMs and the interpretation of PROM 
scores are needed. In contrast to well-known clinical outcomes such as blood pres-
sure, healthcare professionals and researchers are not yet familiar with PROMs and 
the interpretation of PROM scores is therefore perceived as challenging. For ex-
ample: What does a symptom burden score of 27 mean? Is a HRQOL-score of 36 
normal for a certain patient or in a certain situation? Is a change in HROQL-score 
of 4 points clinically relevant? And why does the change in PROM score not always 
reflect the clinical change in health status? 
In this paper, we provide insight into the interpretation of PROM scores by intro-
ducing the different types and characteristics of PROMs, and by presenting the 
most relevant concepts for the interpretation of PROM scores (i.e. minimal de-
tectable change, minimal important change, and response shift), illustrated with 
examples from nephrology care. 
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Patient-reported outcome measures
PROs are outcomes on aspects of patients’ perceived health, which includes a 
variety of concepts, for instance: HRQOL, functional status or symptom burden. 
PROs can be best measured by asking the patient himself and are reported by the 
patient himself (support may be offered when filling in PROMs, as long as respons-
es reflect the patient’s perspective). PROMs are questionnaires that assess these 
aspects of perceived health. PROMs do not include experiences with, or percep-
tions and evaluations of healthcare provision; for this purpose, other measures are 
used, namely patient-reported experience measures (PREMs). Table 1 provides an 
overview of the terms used in this article.

Table 1. Overview of terms used in this article

Patient reported outcome 
(PRO)

Outcomes on aspects of patients’ perceived health, re-
ported from the patient’s perspective. E.g. health-related 
quality of life (HRQOL), functional status or symptom 
burden.

Patient reported outcome 
measure (PROM)

Questionnaire to measure one or multiple PROs (i.e. uni- 
or multidimensional PROM). PROMs are often classified 
as either a generic PROM or a specific PROM (i.e. for a 
certain disease or condition).

PROM score Score for a PRO as measured by a PROM (i.e. the result 
from a PROM), which can be a score for one item or mul-
tiple items.

Interpretability “The degree to which one can assign qualitative mean-
ing—that is, clinical or commonly understood connota-
tions—to an instrument’s quantitative scores or change in 
scores.”7

Minimal detectable change 
(MDC)

A parameter of reliability that is defined as the “smallest 
change in score that can be detected beyond measure-
ment error.”8

Minimal important change 
(MIC)

“The smallest change in score in the construct to be 
measured which patients perceive as important.”8

Response shift “A change in the meaning of one’s self-evaluation, which 
can be a result of recalibration, reprioritization and/or 
reconceptualization of the PRO.”9 

Various types of PROMs exist and knowledge about certain characteristics of the 
PROMs is required to properly interpret PROM scores. Therefore, we will briefly 
introduce different types and characteristics of PROMs and elaborate on how they 
relate to the interpretation of PROM scores. 
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Generic and specific PROMs
PROMs can roughly be classified as either generic or specific for a certain disease, 
condition or treatment. Generic PROMs measure a wide variety of health aspects 
and usually include aspects of people’s health that are widely relevant (e.g. func-
tional status or HRQOL in its broadest sense). Generic PROMs can therefore be 
used in any population, hereby enabling comparisons across populations or treat-
ments, and are very suitable for heterogeneous and multimorbid populations (e.g. 
the elderly patient with chronic kidney disease (CKD) who often suffers from multi-
ple comorbid conditions such as diabetes mellitus and cardiovascular disease). A 
disadvantage of this broad applicability is that it often goes with less precise PRO 
estimates and that nuances or small differences in PROs between or within specific 
populations may remain undetected.
Specific PROMs are tailored to a certain disease, condition or treatment, and ad-
dress issues that are relevant to a specific group of patients, for example symptom 
burden related to CKD or related to immunosuppressive treatment after kidney 
transplantation.10, 11 By tailoring to particular conditions, specific PROMs are usu-
ally better able to detect smaller or more specific differences or changes in PROs 
(e.g. a change in intensity or type of itching). Hence, specific PROMs are particu-
larly suitable for comparisons within a population, but not for comparisons across 
populations. A disadvantage of a specific PROM is that relevant outcomes may be 
missed due to the focus on a certain disease or condition, for instance in hetero-
geneous populations with multiple comorbid conditions.
Whether a generic or a specific PROM is suitable depends on various aspects, in-
cluding which PRO you aim to measure (e.g. disease specific symptoms or general 
functional status), the setting and purpose of measuring the PRO (e.g. is compari-
son within or also across populations of interest?), the diversity and characteristics 
of the population of interest (e.g. heterogeneity of the population), and the avail-
ability and quality of instruments (i.e. are high-quality and validated generic and/
or specific PROMs available?). In practice, a combination of generic and specific 
PROMs is often used; either combined into one PROM such as the 36-item Kid-
ney Disease Quality of Life (KDQOL-36) measuring generic HRQOL and kidney 
disease specific burden12, 13, or as separate PROMs for instance a combination of 
the SF-12 to measure generic HRQOL14 and the Dialysis Symptom Index (DSI)10 to 
measure kidney disease specific symptoms. The latter combination is used since 
2018 in Dutch dialysis care3, for which the selection of the DSI has been described 
in detail elsewhere.15
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Scoring systems of PROMs
A standard PROM scoring system or scale does not exist, not even when PROMs 
are measuring the same PRO. In contrast to other measures (e.g. temperature 
and distance) that can be measured on the same scale (e.g. Celsius and meters), 
PROMs use varying scales and scoring methods. 
Table 2 presents an example of three PROMs that measure HRQOL (PROMIS Pro-
file-29), symptoms (DSI) or both (KDQOL-36) to illustrate the variety in measure-
ment characteristics across PROMs. The PROMs differ for many features, such as 
the domains being measured (also for the same PRO, i.e. HRQOL), the number 
of questions, response options, scales and scoring methods. As a result of the 
differences in features, PROMs often also differ in the interpretation of scores. 
For example: although the DSI and the KDQOL-36 both measure disease specif-
ic symptoms, PROM scores are not directly comparable due to different scoring 
systems (e.g. score range, method and direction; Table 2). A KDQOL-36 symptom 
burden score of 71 represents a reasonable health status similar to that of an aver-
age patient with CKD.13, 16 However, a DSI symptom burden score of 71 represents 
an extremely high symptom burden that is twice as high as in an average dialysis 
patient.3

Measurement properties of PROMs
Measurement properties such as validity and reliability provide essential informa-
tion about the quality of the PROM in certain populations and settings. The COn-
sensus-based Standards for the selection of health Measurement INstruments 
(COSMIN) taxonomy describes which aspects should be considered to judge the 
quality of the PROM.7 Good measurement properties are a prerequisite for PROMs 
to be useful and reasonably interpretable. However, measurement properties 
such as validity and reliability itself provide insufficient insight into the meaning of 
scores, i.e. the interpretation of PROM-scores.

Interpretation of PROM scores
The interpretability of a PROM has been defined as “the degree to which one 
can assign qualitative meaning—that is, clinical or commonly understood conno-
tations—to an instrument’s quantitative scores or change in scores”.7 The interpret-
ability can be considered a characteristic of the PROM, meaning that one PROM 
may be easier to interpret than another PROM. The interpretation of PROM scores 
can be challenging, for instance due to the complexity of the PRO (e.g. HRQOL, 
which includes various physical, mental and social domains) or the PROM (e.g. a 
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complex scoring method). Luckily, there are some intuitive methods that may facil-
itate the interpretation of PROM scores which will be discussed below.
First, a discussion on PROs between the patient and the professional may provide 
insight into the individual’s view on certain aspects of health, e.g. what is important 
to the patient and what is his frame of reference. The PROM items and also the 
overall PROM scores may facilitate this conversation, for instance by serving as a 
checklist or as a reason to start the conversation about (difficult) subjects.3

Second, group-level data may facilitate the interpretation of individual PROM-
scores by providing insight into what is ‘normal’ and what may be expected. De-
scriptive information such as the mean, standard deviation and range in the pop-
ulation of interest gives an indication of the variability of scores (i.e. should scores 
be expected across the whole scale or on a smaller range?) and of what is ‘normal’ 
(e.g. is the score of a patient low, average or high as compared to other patients?). 
Comparison to norm- or reference scores of a general population or a population 
with a certain condition or treatment can be highly informative. For example: com-
paring a 65-year old dialysis patient’s HRQOL-score of 40 to the average Dutch di-
alysis population (mean score: 36 (SD 11))3 and the general 60-69 year old Dutch 
population (mean score: 51 (SD 9))18 gives an idea of how the patient addresses 
his outcome in comparison to the reference population. Furthermore, descriptive 
information about floor- or ceiling effects, meaning that many individuals score 
at the lower (i.e. floor) or upper (i.e. ceiling) end of the scale, may be informative 
because differences below or above these limits cannot be observed. This may 
be valuable information to take into account when interpreting individual patient 
scores.
Third, it is insightful to compare PROM scores to scores of other measures. Since 
most PROMs are relatively new to clinical care, most users (both patients and 
healthcare professionals) are not yet sufficiently familiar with PROM scores. By 
comparing PROM scores to well-known (clinical) measures such as kidney func-
tion or laboratory measures and to patient- or disease characteristics, one may 
become more experienced with the scores and get a feeling for which scores are 
common for certain patients, conditions and situations (i.e. the scores get ‘clinical 
or commonly understood connotations’).
Finally, the interpretability of PROM scores may automatically improve over time 
when patients and professionals become more experienced in using and discuss-
ing PROM scores. In addition to these more intuitive aspects of interpreting PROM 
scores, there are also methodological concepts, i.e. benchmarks, that are relevant 
to the interpretability of changes in PROM scores, which will be discussed below.
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Table 2. Illustration of variation in characteristics across different patient-reported out-
come measures

PROMIS Profile-29 KDQOL-36 DSI

PRO HRQOL Disease burden and HRQOL Symptom burden

Target popu-
lation$

People with or with-
out (chronic) illness

Patients with kidney disease Haemodialysis 
patients

Type Generic Disease specific and generic# Disease specific

Domains Depression
Anxiety
Physical function
Pain interference
Fatigue
Sleep disturbance
Ability to participate 
in social roles and 
activities
Pain intensity

Disease specific:
Symptoms/problems
Effects of kidney disease
Burden of kidney disease
Generic#:
SF-12 Physical Health Com-
posite
SF-12 Mental Health Com-
posite

Symptom burden

Number of 
questions

29, or tailored to the 
patient§

36 30

Recall period In general/1 week In general/4 weeks 1 week 

Rating scale 5-point Likert scale, 
0-10 scale (for pain 
intensity only)

Various scales: Yes/no, 3-, 5- 
or 6-point scale

Yes/no (presence 
of symptoms), 
5-point Likert 
scale (severity)

Item score 1 to 5 points or vice 
versa, so that a high-
er score represents 
more of the domain 
being measured.

Item-scores are transformed 
to a 0-100 possible range. 
E.g. the 5-point scale has 
0/25/50/75/100 points.

0 points if symp-
tom is not pres-
ent; 1 to 5 points 
for severity^

Total score 
(range)

T-score (roughly 
0-100)

0-100 0-150^

Scoring 
method

IRT-based scoring Disease specific: average 
score 
Generic#: norm-based scor-
ing algorithm

Sum score^
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Meaning of 
score direc-
tion

Higher scores rep-
resent more of the 
domain being mea-
sured. E.g. a higher 
score on fatigue 
means a worse fa-
tigue, and a higher 
score on physical 
function means a 
better physical func-
tion.

Higher scores represent 
a more favourable health 
state. E.g. a higher score on 
symptoms means a lower 
symptom burden, and a 
higher score on physical 
health means a better physi-
cal health.

Higher scores 
represent a high-
er symptom bur-
den. 

Norm- or 
reference 
standard

General US popula-
tion: mean 50, SD 10

Disease specific: n/a. Gener-
ic#: General US population: 
mean 50, SD 10

N/a

$ The target population is the population for which the PROM was originally developed 
and is not necessarily the only population for which the questionnaire is used and consid-
ered suitable. 
§ PROMIS questionnaires can be applied as Computerized Adaptive Test (CAT) per do-
main, whereby the computer selects items based on the patient’s responses to previous 
questions. The number of questions usually depends on a predetermined threshold for 
the precision of the measurements and may therefore vary across patients and measure-
ments. 
# The generic part of the KDQOL-36 is the 12-item short form (SF-12) health survey.
^ In the original development paper of the DSI10, a 0-4 scale was used for severity and 
no guidance for an overall score was provided. Therefore, the symptom burden score is 
often calculated according to the method presented in this table, which was previously 
described by Abdel-Kader et al. (2009).17 
Abbreviations: DSI, Dialysis Symptom Index; KDQOL-36, 36-item Kidney Disease Quality 
of Life; PROMIS, Patient-Reported Outcomes Measurement Information System; IRT, Item 
Response Theory; n/a, not available.

Minimal detectable change (MDC)
Suppose that a patient with advanced CKD fills in the Short Form-36 (SF-36) twice 
with a 6 months interval between the two measurements. The HRQOL results show 
a decrease of 5 points at the physical component score (hereafter called ‘physical 
HRQOL’) and a decrease of 2 points at the mental component score (hereafter 
called ‘mental HRQOL’). Can we then speak of a real deterioration in HRQOL? In 
other words, do we observe an actual change or is it possibly just random vari-
ation? To answer this question we need to know whether the observed change 
is larger than the minimal detectable change (MDC), also known as the smallest 
detectable change or the minimal real change. The MDC is a parameter of reliabil-
ity and is defined as the “smallest change in score that can be detected beyond 
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measurement error”.8 Thus, the MDC reflects the threshold at which a change in 
score can be considered statistically significant. 
The MDC should be estimated in persons who have not changed over time (e.g. 
clinically stable patients) using a test-retest design, because this demonstrates 
the random variation (i.e. measurement error) in score within persons (see Box 
1 for the method to calculate the MDC). In patients with conservatively managed 
stage 5 CKD, Erez et al. (2016) found an MDC of 4.2 and 7.0 for the SF-36 physical 
and mental HRQOL, respectively.19 Using these thresholds in our example, the 
observed change of 5 points for physical HRQOL is larger than the MDC and can 
therefore be considered a statistically significant change. The observed change of 
2 points in mental HRQOL is smaller than the MDC and can therefore not be distin-
guished with 95% confidence from no change – i.e. the change in mental HRQOL 
may be due to random variation and thus cannot be considered a true change.
Taken together, the MDC helps with the interpretation of PROM scores over time 
by distinguishing real changes from what is probably random variation. Although 
some literature is available19, 20, more research on MDC is needed to facilitate inter-
pretation of changes in PROM scores for different PROMs and in different patients 
and settings within nephrology care.21

Minimal important change (MIC)
If the observed change in our example of 5 points on physical HRQOL is likely a 
true change, can we than assume that this change is relevant to patients? And, if a 
decrease of 2 points does not demonstrate a real change in mental HRQOL, can 
we then also assume that this change is not meaningful for patients? To answer 
this question we need to know whether the observed change is larger than the 
minimal important change (MIC) or minimal clinically important change, in the 
literature also referred to as the minimal (clinically) important difference. MIC has 
been defined as “the smallest change in score in the construct to be measured 
which patients perceive as important”.8 
There are several methods for estimating the MIC, some of which are briefly dis-
cussed in Box 2. The MIC is not a fixed characteristic of a PROM and can vary across 
populations and settings. For example: characteristics of the population (e.g. mild 
or severe conditions), the direction of change (i.e. improvement or deterioration) 
and the study design and analysis used to estimate MIC (e.g. different anchors 
or definitions of importance) can influence the MIC.8 Some literature is available 
that can provide a cautious indication of the MIC of some PROMs (e.g. SF-36) that 
might be used in nephrology care.19, 22 However, in order to interpret changes in 
PROM scores clearly, more information is needed about the MIC in patients with 
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Box 2. Measuring minimal important change (MIC)
The MIC can be assessed using an anchor-based approach, for which sever-
al methods exist.  In the literature also distribution-based approaches have 
been described23; however, these methods do not involve the importance of 
change and are therefore considered less suitable. In this box, we briefly touch 
upon the most common (anchor-based) methods to define MIC.
With an anchor-based approach the MIC is determined by comparing the 
changes in the PROM score to another measure that defines a clinical rele-
vant change (i.e. the anchor). For PROMs usually the patient’s general rating of 
change serves as an anchor, in which the minimal relevant change is explicitly 
defined by the patient.8, 23 
A relatively easy method to determine the MIC is the mean change method. 
With this method the MIC is defined as the mean change in PROM score in pa-
tients who consider themselves to be minimally importantly changed, accord-
ing to the anchor (e.g. in patients who rate their health as ‘slightly improved’).8, 23

Another method to determine the MIC is by use of receiver operating char-
acteristic (ROC) analysis. The method is similar to the method known from di-
agnostic test research, whereby the PROM score is considered the diagnostic 
test and the anchor serves as a gold standard. The optimal ROC cutoff point 
gives the smallest chance of misclassifying importantly improved and not-im-
proved patients and is therefore considered the MIC.8, 24 
Furthermore, predictive modeling can be used. The outcome in this analysis 
is being either improved or not improved, which is defined based on the an-
chor. The change in PROM score is used as the predictor variable. The MIC is 
then determined using logistic regression analysis and is defined at the point 
where the change in PROM score is associated with a likelihood ratio of 1. An 
example of this method has been described in detail by Terluin et al. (2015).24

Box 1. Measuring minimal detectable change (MDC)
The MDC is a statistical parameter based on the measurement error (Standard 
Error of Measurement; SEM). The MDC can be determined in individuals who 
have not changed using a test-retest design, and can be calculated using the 
following formula: 1.96 * SDchange, which equals 1.96 * √2 * SEM.8
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CKD in different stages and settings, and receiving different treatments.21 
In patients with conservatively managed stage 5 CKD, Erez et al. (2016) report a 
MIC of 6.3 for the SF-36 score on physical HRQOL and 8.7 for the SF-36 score on 
mental HRQOL.19 Comparing these thresholds to the observed changes in scores 
in our example of 5 and 2 for physical and mental HRQOL, respectively, shows that 
both observed scores are smaller than the MIC and are thus, on average, not con-
sidered important by patients. This example can be seen as a desirable situation: 
although statistically there is a decline in physical HRQOL, patients most likely do 
not perceive it as a relevant deterioration in their HRQOL.
However, the MIC gives an indication of what is on average considered important 
by an individual and should therefore be considered as a probability-threshold 
to interpret individual changes: if an individual change is larger than the MIC, the 
probability that this change is perceived important by the patient is greater than 
the probability that this change is perceived as not important.25 The fact that the 
interpretation of the MIC involves probabilities, also indicates that this threshold 
may not apply to all individuals and that patients differ in which change they per-
ceive as important. Therefore, it may be of added value to discuss the changes to 
gain insight into what is perceived important by the individual. On the other hand, 
the MIC may also facilitate the conversation, for example: it may be informative to 
the patient to explain which change in HRQOL may be expected (e.g. after kidney 
transplantation) and whether this change is, on average, considered important by 
patients.   
Taken together, the results from our example can be considered positive with re-
gard to both the MIC and the MDC: the MIC is larger than the MDC (6.3 > 4.2 and 
8.7 > 7.0 for physical and mental HRQOL, respectively19) and thus, both the physi-
cal and mental HRQOL scales of the SF-36 seem to be able to detect changes that 
are, on average, important to patients. If the MIC would be smaller than MDC, the 
PROM may not be able to distinguish with high certainty relevant changes from 
random variation. Consequently, important changes might be missed and it may 
thus be advisable to use a different PROM or to improve the initial PROM in such 
way that it has a smaller MDC (i.e. by reducing the measurement error), for pur-
poses where a high certainty is important (e.g. evaluation of treatment strategies).

Response shift
Another concept that is important for the interpretation of PROM scores is re-
sponse shift, which refers to a change in the meaning of one’s evaluation of the 
PRO (e.g. HRQOL) over time. This means that patients’ answers to PROM ques-
tions change over time, not only because their health or HRQOL has changed, but 
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also because they might have changed their perception on what health or HRQOL 
means to them. For example: when Jason (male, 62y) started dialysis treatment, 
he experienced a deterioration in his health condition. Jason had to deal with 
vascular access problems and anemia, and it took several months to reach a he-
moglobin level within the target range. Starting dialysis also had a major impact 
on his daily life: the sudden change in his schedule affected his ability to work 
and to participate in social activities. One might expect that such changes would 
impact Jason’s HRQOL. However, contrary to what one might expect, after a cou-
ple of months Jason reported a HRQOL that was only slightly lower compared to 
his HRQOL at the start of dialysis. In this example a ‘response shift’ has occurred, 
that has been defined as “a change in the meaning of one’s self-evaluation, which 
can be a result of recalibration, reprioritization and/or reconceptualization of the 
PRO”.9 Below these response shift inducing concepts are described and illustrated 
by means of Jason’s example.
Recalibration refers to a change in an individual’s frame of reference. In the exam-
ple of Jason, his daily schedule and social life have changed considerably: since 
Jason started with dialysis treatment, he became more engaged in social compar-
ison by talking to and sharing experiences with other patients treated with dialysis. 
Insights into the experiences of other patients, changed Jason’s internal definition 
(i.e. his reference standard) of a poor HRQOL and consequently, Jason rates the 
HRQOL he had when he started dialysis higher now than he did before. Thus, new 
information and experiences can lead to a change in where a person positions 
himself on the scale, i.e. recalibration.
Reprioritization refers to a change in personal values. In Jason’s case, acceptance 
of not being able to work and positive experiences with peer support could have 
encouraged Jason to shift his focus towards other aspects in life and set new life 
goals. Prior to dialysis, Jason mainly focused on professional accomplishments but 
after starting dialysis treatment, family relationships and being able to help others 
became more important to Jason. This illustrates how experiences can change 
people’s self-evaluation and the value of certain aspects in life, and thus in the 
extent to which aspects contribute to a PRO, i.e. reprioritization. 
Reconceptualization is a redefinition of the concept of interest. In the example of 
Jason, this could mean that his personal meaning of HRQOL has changed. By ac-
cepting the new daily routine and by appreciating a different way of participation 
in society, Jason may have realized that other factors determine his HRQOL. For 
Jason, being able to offer support to less fortunate peers contributes to a good 
HRQOL and having a certain employment status does no longer determine his 
HRQOL and consequently, his definition of HRQOL has changed. Hence, new ex-
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periences can induce a change in which aspects contribute to a PRO and thus in 
one’s definition of the PRO, i.e. reconceptualization. 
Changes in internal standards, personal values or conceptualization of PROs may 
result in a response shift and thus in an experienced HRQOL that differs from 
what would be expected based on one’s change in clinical health status, that is, 
for instance, based on clinical parameters (i.e. a decline in health status does not 
automatically imply a decrease in HRQOL). Changes may be induced by certain 
health- or life-changing events (e.g. getting a diagnosis, the start of a treatment or 
the loss of a loved one) and can also occur more gradually over time, for instance 
in chronic diseases.9, 26-28 It is proposed that changes in health or in life may interact 
with the patient’s characteristics (e.g. personality) and with mechanisms such as 
coping and social comparison, and consequently influence response shift.9 
In the past decade, response shift has been investigated particularly in HRQOL 
research, but can occur in any PRO and when using any PROM as they all concern 
subjective self-evaluations. Nevertheless, PROs or PROMs that leave more room 
for personal interpretation are more sensitive to response shift compared to PROs 
or PROMs that are more unambiguously defined. For example: the question ‘How 
is your sleep quality in general?’ requires more consideration and evaluation from 
the patient than the question ‘In the past week, did you sleep through the night 
without interruptions?’, and the first question is therefore more prone to different 
interpretations over time.8

Response shift can complicate the interpretation of PROM scores over time. There-
fore, it is important to know that this phenomenon exists, as it may explain unex-
pected findings (e.g. a stable HRQOL while clinical outcomes clearly show a dete-
rioration in health). Response shift itself may also be a treatment goal, for instance 
in a treatment aimed at improved coping and self-management. Herein, response 
shift provides insight into the ability to adapt to a certain change in health. Further-
more, at the individual patient level, further investigation of and discussion about 
changes in internal standards, values and conceptualizations may help to interpret 
the patient’s scores and guide decision-making.28 
At a group level, it may also be informative to gain insight into response shift for 
instance by comparing treatment effects to inform decision making.26 For exam-
ple: let’s compare HRQOL scores of patients treated with hemodialysis (HD) and 
peritoneal dialysis (PD) at several time-points during the first year of treatment 
(Figure 1). Theoretically, one may expect that HD impacts health status (e.g. based 
on clinical parameters) and HRQOL more severely compared to PD (e.g. due to 
the hospital visit 3 to 4 times a week). However, it is possible that PD patients will 
try to maintain their old way of life, while HD patients will try to adapt to their treat-
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ment and to their new life. This may result in larger changes in internal standards, 
values and conceptualizations in HD patients compared to PD patients. As a result, 
HD patients may perceive a better HRQOL after some time (e.g. T2 in Figure 1), 
despite having a lower health status compared to PD patients. Such information 
is important for patients and professionals when drawing conclusions about treat-
ment effects. 

Figure 1. Theoretical example of trajectories of health status and HRQOL in patients re-
ceiving HD and PD. A response shift occurs in the HD patient between T1 and T2. Abbrevia-
tions: HRQOL, health-related quality of life; HD, haemodialysis, PD, peritoneal dialysis.

Furthermore, information about PRO-trajectories over time is also important when 
evaluating a patient’s treatment, for example: the time-point at which the PRO was 
assessed could be informative to the interpretation of the PROM score.26 Based on 
the trajectory comparison between HD and PD in Figure 1, different conclusions 
can be drawn, depending on the moment PROs are measured (start of dialysis, 
T1 or T2/T3). This example shows that a response shift may also occur later in the 
trajectory (e.g. between T1 and T2 in HD), and not directly after the life-changing 
event (e.g. start of dialysis). 
Insight into the size and direction of the response shift can be informative, not 
only to explain unexpectedly small (or large) changes in PROM scores, but also 
to gain insight into the psychological change that may have occurred and the pa-
tient’s ability to adapt. Several methods exist to determine response shift29, some 
of which are briefl y discussed in Box 3.
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Box 3. Measuring response shift
Several methods exist to assess whether, how and to what extent response 
shift occurred. Barclay-Goddard et al. (2009) provided an overview of the 
methodologies to address response shift.29 In this box, we briefly highlight 
some of the main approaches. 
The most commonly used method is the then-test. In this method, the patient 
is asked to complete a PROM about his health status at two time-points, for 
instance at baseline (pre-test) and after 6 months (post-test). Additionally, the 
patient is asked at the post-test time-point to also complete the PROM for his 
health status at baseline (then-test). Since both the post-test and the then-test 
are completed at the same time-point, it may be assumed that the patient ap-
plied the same standards, values and concepts. Therefore, response shift can 
be assessed by comparing the pre-test and the then-test, and the difference 
between the post-test and then-test gives the response shift adjusted change 
(Figure 2).8, 29
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change

Response 
shift

Response shift 
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100

Figure 2. Then-test

The then-test has also been applied in combination with qualitative methods 
(e.g. using an interview) to explore response shift.30 An advantage of combin-
ing these methods is that both numerical value of the response shift (using the 
then-test) and in-depth insight into the patient’s thoughts and considerations 
regarding his standards, values and concepts are assessed. Qualitative meth-
ods can also be applied independently to investigate mechanisms of recon-
ceptualization, reprioritization and recalibration that induce response shifts, as 
was done by Elliott et al. (2014) in dialysis patients.28

Another method to gain insight into changes in the patient’s standards, values 
and concepts is by the use of a questionnaire that enables patients to define 
their own meaning of the construct (e.g. HRQOL), such as the Schedule for the 
Evaluation of Individual Quality of Life (SEIQOL).30, 31 Changes over time in the 
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Conclusion
PROMs are instruments to assess aspects of the patient’s perceived health, such 
as HRQOL or symptom burden. Different types of PROMs exist and knowledge 
about the characteristics of the PROM is necessary to interpret PROM scores and 
change scores. Information about the average and distribution of PROM scores in 
a reference population or in comparison to more familiar outcomes (e.g. laborato-
ry measures) are indispensable to interpret and get used to PROM scores. Further-
more, the MDC and MIC are important to inform us about statistically and clinically 
relevant changes, respectively. Besides, one must be aware that response shift 
may occur, which may explain unexpectedly small (or large) changes in PROM 
scores. Finally, communication is important to interpret individual PROM scores; 
the best manner to interpret individual PROM scores and changes in PROM scores 
is through a discussion between the patient and the healthcare professional, in 
which the measures discussed in this paper (i.e. MDC, MIC and response shift) 
may have a facilitating role. Ideally, such measures are integrated into a dynamic 
report with individual PROM scores over time, enabling both patients and profes-
sionals to easily oversee which outcomes require attention and possibly interven-
tion, and to evaluate treatment strategies at individual level. This will potentially 
increase the usability of PROMs in nephrology care for both patients and health-
care professionals.

patient’s reference standard, or in which and to what extent domains contrib-
ute to the patient’s HRQOL may indicate a response shift. 
Furthermore, response shift can be investigated using a statistical approach, 
such as confirmatory factor analysis. With this method, the three response shift 
inducing concepts can be identified by comparing the factor structure of the 
PROM pre- and post-measurement, namely: recalibration (apparent from a 
mean change in the variables), reprioritization (by means of a change in impor-
tance – i.e. factor loadings – of domains) and reconceptualization (by means of 
a change in the number of identified domains).8, 29 
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Abstract
Objectives: Patient-reported outcome measures (PROMs) provide insight into 
patients’ experienced health and needs, and can improve patient-professional 
communication. However, little is known about how to discuss PROM-results. This 
study aimed to provide in-depth knowledge of patients’ and healthcare profes-
sionals’ experiences with and perspectives on discussing PROM-results as part of 
routine dialysis care.
Design: A qualitative study was performed using an interpretive description ap-
proach. Individual semi-structured interviews were conducted with 22 patients 
and healthcare professionals. Interviews focused on general and specific situa-
tions (e.g. addressing sensitive topics or when no medical treatment is available). 
Interviews were transcribed verbatim and analysed inductively using thematic 
analysis.
Setting: Participants were purposively sampled from 8 dialysis centres across The 
Netherlands.
Participants: Interviews were conducted with 10 patients receiving dialysis treat-
ment and 12 healthcare professionals (nephrologists and nurses).
Results: Patients and healthcare professionals provided practical guidance for op-
timal discussion about PROM-results. First, patients and healthcare professionals 
emphasized that PROM-results should always be discussed and indicated how to 
create a suitable setting, adequately prepare, deal with time constraints and use 
PROMs as a tool for personalised holistic consultations. Second, patients should 
actively participate and healthcare professionals should take a guiding role. A 
trusting patient-professional relationship was considered a prerequisite and pa-
tient-professional interaction was described as a collaboration in which both con-
tribute their knowledge, experiences and ideas. Third, follow-up after discussing 
PROM-results was considered important, including evaluations and actions (e.g. 
symptom management) structurally embedded into the multidisciplinary treat-
ment process. These general themes also applied to the specific situations, for 
example: results should also be discussed when no medical treatment is avail-
able. Though, healthcare professionals were expected to take more initiative and 
a leading role when discussing sensitive topics.
Conclusions: This study provides insight into how to organize and conduct con-
versations about PROM-results and lays the foundation for training healthcare pro-
fessionals to optimally discuss PROM-results in routine nephrology care. Further 
research is needed to provide guidance on follow-up actions in response to spe-
cific PROM-results. 
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Introduction
People with advanced chronic kidney disease (CKD) experience numerous physi-
cal and emotional disease-related symptoms, which have a major impact on their 
lives and health-related quality of life (HRQOL).1-3 Although HRQOL and symp-
tom burden have been regarded as highly important by patients and healthcare 
professionals4-6, these outcomes often remain undiscussed and un(der)treated in 
regular practice.3, 6, 7 This may in part be explained by the fact that patients do 
not share everything by themselves, for instance because they do not talk easily 
about sensitive topics or assume their symptoms are not CKD-related or cannot 
be treated.8-10 Additionally, healthcare professionals may consider it challenging 
to inquire about patients’ wide range of symptoms and needs, for example due to 
time limitations, and remain largely unaware of symptom burden.7, 11

Patient-reported outcome measures (PROMs) are questionnaires that assess as-
pects of patients’ perceived health, such as HRQOL and symptom burden, and are 
reported by the patients themselves.12 PROMs can play an important role in solv-
ing the under-recognition of patient-relevant outcomes by providing insight into 
and facilitating communication about patients’ HRQOL, symptoms and needs.2, 

7, 13-16 Integration of PROMs into routine care has the potential to contribute to a 
more person-centred approach, incorporating patients’ experiences and needs 
complementary to traditional clinical measures. This provides patients and health-
care professionals with a more complete perspective on how the patient is really 
doing and could enhance shared decision-making about treatment choices.2, 13-18 
In the Netherlands, PROMs are implemented into routine dialysis care since 2018.2 
Patients are invited 1-2 times a year by their care team to complete PROMs on 
symptom burden and HRQOL.2, 19 After completing PROMs, patients and health-
care professionals receive a patient’s individual PROM-report and are encouraged 
to discuss PROM-results during the upcoming consultation.2 Previous research 
suggests that using PROMs facilitates patient-professional communication by 
providing overview and insights, and by prompting discussions about topics that 
are important to patients.2, 20 However, it also reveals several challenges in orga-
nization and conversations about PROM-results, including: lack of incorporation 
of PROM-results into electronic health records, limited time during consultations, 
and lack of knowledge on how to interpret and discuss PROM-results.21-25 PROMs 
are relatively new in routine dialysis care, and although research emphasizes the 
need to discuss PROM-results, little is known about the most optimal way to have 
this conversation.2, 14, 26 Therefore, this study aims to provide in-depth knowledge 
of patients’ and healthcare professionals’ experiences with and perspectives on 
discussing PROM-results as part of routine dialysis care.
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Methods
Design and participants
A qualitative study was performed using an interpretive description approach. 
An interpretive description methodology captures the experiences and perspec-
tives from practice, and intends to gain a deep understanding of the topic at 
hand and to generate knowledge that can enhance clinical practice.27-29 Individual 
semi-structured interviews were conducted between April and September 2021, 
with patients receiving dialysis treatment and healthcare professionals involved 
in dialysis care – all experienced with completing and discussing PROM-results. 
Purposive sampling was applied to capture perspectives from a heterogeneous 
patient-sample based on age, gender and dialysis modality (haemodialysis [HD] 
or peritoneal dialysis [PD]) and healthcare professional-sample based on age, 
gender and occupation (nephrologists and nurses). Participants were recruited 
from 8 dialysis centres across The Netherlands (Provinces Gelderland, Noord Bra-
bant, Noord Holland, Overijssel, Zuid Holland, Utrecht) participating in the Dutch 
PROMs-registry. Healthcare professionals were recruited through the researcher 
(EvdW) and patients through their care team, until data saturation was reached 
(i.e. when little or no new concepts arose from subsequent interviews).30 All partic-
ipants received written study-information and provided written informed consent. 
The study was approved by the Medical Research Ethics Committee (METC-LDD, 
N20.097). Recommended guidelines and checklists (e.g. the COnsolidated crite-
ria for REporting Qualitative research [COREQ]) were used to conduct and report 
this study.31, 32

Interview and data collection
An interview guide (Supplementary Table S1) was developed based on previous 
research2, 6, 14, 23, 26, discussion among the research team, and in collaboration with 
four patients from regional and national kidney patients associations (Diavaria and 
NVN). Individual interviews were performed through videocalls (Zoom)33 or by 
telephone for patients without access or skills to use electronic devices. Interviews 
were carried out by two female researchers: EvdW (health scientist, PhD-candi-
date) and JM (medical scientist, PhD-candidate), who were trained by an expe-
rienced qualitative researcher, YM (medical psychologist, PhD). No relationship 
existed between participants and interviewers. Interviews were digitally recorded 
and field notes on non-verbal communication were made.
Prior to interviews, participants completed a brief questionnaire to collect socio-
demographic information. Additionally, patients completed the PROMs used in 
Dutch dialysis care2: 12-item Short Form Health Survey (SF-12)34 to assess generic 
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HRQOL and Dialysis Symptom Index (DSI)19, 35 to assess CKD-specific symptom 
burden. Patients received their personal PROM-report and healthcare profession-
als received a mock PROM-report.
During interviews, participants were asked about: experiences with and perspec-
tives on optimal ways to discuss PROM-results (part A), and perspectives on deal-
ing with specific situations that might complicate discussions about PROM-results 
(part B). All questions were open-ended and responses were further explored us-
ing additional questions and probes. Participants received a summary of the main 
findings at the end of the study.

Analysis
Interviews were transcribed verbatim. Transcripts were analysed inductively using 
thematic analysis.36, 37 Open line-by-line coding of transcripts was done by two 
researchers (EvdW, JM). Coding strategies and interpretations were discussed 
with a third researcher (YM) to ensure consistency. Subsequent analyses were 
performed in two parts. Part A: experiences and perspectives on optimal ways 
to discuss PROM-results were analysed. Axial coding was applied by constant 
comparison, grouping similar concepts into themes and organizing them 
hierarchically. Preliminary themes were discussed within the multidisciplinary 
research team to ensure triangulation. Part B: data about specific situations were 
compared with identified themes from part A; in other words, did the same or 
different themes apply to these specific situations? Analyses were performed 
using Atlas.ti (GmbH, Berlin, version 9). Finally, illustrative quotes were selected 
and translated from Dutch to English by one researcher (JM) and translated back 
(i.e. from English to Dutch) by a second researcher (EvdW) to ensure accuracy.

Patient and public involvement
Four patients from regional and national kidney patients associations (Diavaria 
and NVN) were involved in the development of the interview guide. One patient 
representative (HB) is part of the research team and was involved in designing the 
study, interpreting the results and revising the manuscript.
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Table 1. Participant a and interview characteristics 

Patients (n=10) Healthcare professionals 
(n=12)

Gender, male 5 (50.0) 4 (33.3)

Age, years 62.1 ± 14.5 52.0 ± 7.0

Marital status

Married/partnered 7 (70.0) 10 (83.3)

Widowed/single 3 (30.0) 2 (16.7)

Ethno-cultural group b, Dutch 10 (100.0) 12 (100.0)

Educational level c

Low 2 (20.0)

Middle 5 (50.0)

High 3 (30.0) 12 (100.0)

Employment

Full-time 1 (10.0) 8 (66.7)

Part-time 1 (10.0) 4 (33.3)

No, retired 5 (50.0)

No, disabled due to health 3 (30.0)

Years since diagnosis 17.5 (10.8-24.8)

Years since dialysis initiation 4.5 (2.9-16.5)

Dialysis modality

HD, centre 6 (60.0)

HD, home 1 (10.0)

PD 3 (30.0)

Dialysis sessions per week

2 sessions (HD) 1 (10.0)

3 sessions (HD) 4 (40.0)

4 sessions (HD) 2 (20.0)

7 sessions (PD) 3 (30.0)

PROM scores

Physical HRQOL (0-100) 37.6 ± 9.0

Mental HRQOL (0-100) 51.3 ± 10.3

Number of symptoms (0-30) 8.7 ± 4.1

Symptom burden score (0-150) 22.0 (15.8-27.3)
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Healthcare profession

Nephrologist 8 (66.7)

Nurse practitioner 2 (16.7)

Nurse 2 (16.7)

Years involved in dialysis care 20.2 ± 7.7

Experience with PROMs-results, 
times discussed d

2.0 (1.0-3.0) 20.0 (12.0-35.0)

Interview duration, minutes 63.2 ± 16.5 58.4 ± 13.5

Interview setting

Face-to-face (videocall) 6 (60.0) 12 (100.0)

Telephone 4 (40.0)

Descriptive statistics were conducted using SPSS (IBM, Armonk, NY, USA, version 25.0): 
participant characteristics were presented as number (proportion), mean ± standard 
deviation or median (interquartile range) where appropriate. 
a Additional information regarding non-participation: two more female nurses provided 
informed consent, but cancelled the interview and withdrawn from the study due to too 
busy schedules (data not shown).
b Self-reported ethno-cultural group: “What ethnic group do you consider yourself be-
longing to?”
c Educational level according to International Standard Classification of Education 
(ISCED) levels 2011, classified as low: primary, lower secondary or lower vocational edu-
cation; middle: upper secondary or upper vocational education; high: tertiary education 
(college/university).
d During the interview, participants were asked to estimate the number of times they had 
discussed PROM-results as part of routine dialysis care.
Abbreviations: HD, haemodialysis; PD, peritoneal dialysis; PROM, patient-reported out-
come measure; HRQOL, health-related quality of life.

Results 
Participant and interview characteristics
All characteristics are shown in Table 1. In total, 22 interviews were conducted with 
10 patients and 12 healthcare professionals. Interviews lasted on average 61±15 
minutes. Patients’ mean age was 62±15 years, half of them was male, seven pa-
tients received HD and three PD. Eight nephrologists and four nurses participated, 
with a mean age of 52±7 years and four of them were male. 
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Part A: Experiences and perspectives on optimal ways to  
discuss PROM-results
Three overarching themes were identified and will be discussed below, with cor-
responding subthemes and illustrative quotations. Additional quotations are pro-
vided in Table 2. 

Table 2. Illustrative quotations of patients and healthcare professionals for identified 
themes and subthemes (part A)

1. Organization and basic principles of discussing PROM-results

1.1 Suitable setting for discussing PROM-results

That she says “well, we will plan a consultation and we will actually discuss those sub-
jects”. That makes that you come to the consultation with a different attitude. (Patient, 
age: 70-80y)

Maybe it should be told more clearly in advance that the PROMs will be discussed 
during the annual consultations, and that the PROMs determine what will be dis-
cussed during the consultations. (Nephrologist, age: 50-60y)

What I find difficult with PROMs is that patients also participate in research and al-
ready get so much questionnaires. […] And because they get the same questions 
from different angles, they get the idea that nothing is happening with it. (Nurse, age: 
50-60y)

I think the annual consultation is actually ideal, because then you are alone with the 
patient instead of in the shared dialysis room. It is easier then to discuss such sensi-
tive topics. (Nephrologist, age: 50-60y)

Yes, I believe that the nephrologist is the right person. Why? Because they know the 
person. And two, they know the numbers of the patient. The lab values, because they 
have them, so they can give their medical opinion on it. (Patient, age: 40-50y)

A dialysis patient is never actually sick by themselves, their surrounding suffer from it 
too. And this is also an opening to talk about that. (Nephrologist, age: 40-50y)

Well once a year, I think, is more than enough. Unless someone indeed has a lot of 
issues, maybe then it is interesting to do it more often. (Patient, age: 40-50y)

1.2 Preparations by patients and healthcare professionals

I prepare myself for this consultation, but I also expect that from you [the healthcare 
professional]. (Patient, age: 70-80y)

Well, maybe, they [patients] underestimate their input, also in the preparation. […] So, 
like “this may help you to prepare for the conversation and it would be useful if you 
select the point of attention that you would like to discuss, that you find important”. 
Then you put the balance and interests a bit towards the patient. But my experience 
is that my patients don’t come into the consultation room that way… (Nephrologist, 
age: 40-50y)
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For people who may find it difficult or not dare to say it at the moment: write it down 
beforehand. Write down what bothers you and what you want to talk about. (Ne-
phrologist, age: 40-50y)

Leading up to the conversation I have a piece of paper at hand and write down all 
the questions that come to my mind. She [nephrologist] laughs when I take out the 
piece of paper and says “let’s go”. (Patient, age: 70-80y)

The conversations are better, because you already know the patient’s experience. You 
are prepared, you can better come to a solution and the patient feels better heard. 
(Nephrologist, age: 30-40y)

1.3 Dealing with time constraints

We are always puzzling with our time, so we have to prioritize. (Nurse, age: 50-60y)

The advantage is immediately also a disadvantage, because you now get a complete 
picture, but then you have to make a selection again of the things we can do some-
thing about and what we are going to work on. (Nephrologist, age: 50-60y)

Look, now it is also a time issue, a certain time has been set aside for it and then you 
cannot go through the entire questionnaire in detail. (Patient, age: 70-80y)

It is also much more efficient for me as a doctor. […] For patients that did not com-
plete the PROMs, I do not ask 30 questions about symptoms, there is no time for that. 
(Nephrologist, age: 30-40y)

1.4 PROMs as tool for personalised holistic consultations

Well, I find it extremely insightful and useful. New things come up, even when you 
see someone weekly and ask them how they are doing. If you look at the Dialysis 
Symptom Index especially, sometimes complaints and things come up that bother 
people a lot, and which they otherwise would have never told about, and which I 
apparently have not asked them about specifically before. I think that is very valuable. 
(Nephrologist, age: 50-60y)

Well, it makes you think about your own situation. That is the positive thing of it. (Pa-
tient, age: 70-80y)

These [PROMs] also highlight questions that you, and maybe even a doctor, would 
not normally ask. (Patient, age: 40-50y)

I think it is a great addition to the conversation, because you now hear directly from 
the patient what he/she experiences. So it gives you the opportunity to primarily fo-
cus on what the patient reports as most burdensome. (Nephrologist, age: 50-60y)

Well, to me it is very important that it comes from the patient. Do not necessarily only 
look at the numbers. The colours can help you to identify where the biggest prob-
lems occur, but you should try to ask the patient what he thought of filling it in and 
what he thinks are the most important outcomes. (Nurse, age: 50-60y)

I use it as a topic of conversation, and do not show ‘you score very low on this’. It feels 
different then, as if they get some sort of grade, like ‘you did a bad job’. (Nephrolo-
gist, age: 50-60y)

I am not here for the kidney. I am here for the patient. (Nephrologist, age: 30-40y)
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That you want to see the progression of PROMs over time. So those PROMs should 
be in the electronic health record, in a kind of dashboard, so that you can quickly see 
what is going on. (Nephrologist, age: 50-60y)

1.5 Always discuss PROM-results

You should not have them fill in the questionnaires and leave it at that. If that happens 
the questionnaires may not be filled in year after year. If you have been mentioning 
something for years and nothing is being done with it… Yes… (Nurse, age: 50-60y)

My role is to make clear everything can be discussed, that the patient feels invited to 
share complaints, that I am open to talking about that too. […] And then the patient 
decides how long and how extensively we talk about it. (Nephrologist, age: 40-50y)

There is nothing as annoying as coming in with questions and still leaving with ques-
tions. (Patient, age: 60-70y)

Maybe sometimes as a doctor you get that feeling of “there is nothing I can do about 
it, why would I discuss it then?”, but for a patient it can be enough to know that they 
are not the only one, that it is part of the disease, or that it is because of their diabe-
tes and vascular disease and dialysis. The doctor cannot do anything about it, but at 
least I understand why. (Nephrologist, age: 40-50y)

When it is continuously being made discussable it diminishes the burden I think. […] 
They can explain what is happening, why something is not possible and why some-
thing is not necessary, and what may be the consequences. Well, that can be very 
reassuring for the patient, I think. (Patient, age: 70-80y)

The nurse can often reassure you, or well, to the extent that the subject remains dis-
cussable. I think having a listening ear is just important. (Patient, age: 60-70y)

2. Roles of and interaction between patients and healthcare professionals

2.1 Patient’s role: active participant

You want the patient to take a more directive stance, but we are not there yet. That 
will gradually become the case. I mean, the moment that they are more familiar with 
it and can compare with previous times, then I think it will go the way you want it to. 
(Nephrologist, age: 60-70y)

Well I think the nephrologist should [take the initiative]. I am the one who has ticked 
the boxes, but that is to indicate how I am doing. I do not see that I should then take 
the lead in the conversation and say “let’s talk about the PROMs” or “I have filled this 
in for this and this reason”. (Patient, age: 70-80y)

That he/she [the patient] initiates what to discuss, and also thought about ideas… 
on how problems can be solved, or what is supportive. Together, together searching 
for the best solution. That is, I think, also with compliance, when the patient feels he 
is cooperating and that you decided together how to continue, that it works better. 
(Nurse, age: 50-60y)

Well, things about dialysis and kidneys; she [healthcare professional] knows more 
about that. But everything beyond that, the complaints I have, then it often comes 
more from my side than before. (Patient, age: 30-40y)

But I was always the one that had the last word and I enjoy that because I am the boss 
of my own body and not the doctor, just to be clear. (Patient, age: 40-50y)
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2.2 Healthcare professional’s role: guide

Uhm yes, I think that as a healthcare professional I am in the lead, because the patient 
comes into the conversation with an open mind and does not feel a clear purpose 
in that conversation. So I think it is quite an open approach, in which I am more in 
the lead than the patient is. It is not that I am not open to the patient being more in 
control, but yeah, they do not see the purpose of it in advance. (Nephrologist, age: 
40-50y)

And I notice that it is quite difficult to assign that role to the patients, because before 
you know it, if the patient does not pick it up, you are back in your old role. (Nephrol-
ogist, age: 60-70y)

The opening is then with the nephrologist, who says “I see that you have filled this 
in”. That is how I would do it. Asking “How did you get that answer?”, “What is on your 
mind” and “ What is going on?”. (Patient, age: 70-80y)

Because nowadays the doctor more often has an advisory role, instead of a decisive 
role. And yes… It has actually always been that way. We have always though that they 
know much better, so we will just do what they say. But in the meantime people are 
becoming more stubborn and it might also be useful to improve communication in 
that regard. (Patient, age: 30-40y)

I think it is good to articulate that you see what is happening, because you cannot 
decide for someone if they do not want to talk about it or if they just find it hard to 
talk about it. (Nephrologist, age: 40-50y)

I think sometimes we talk too much, but that above all we should also listen very care-
fully. We should also listen to non-verbal signals and uhm, really connect, try to feel, 
to understand what that patient wants from you. (Nephrologist, age: 40-50y)

2.3 Trusting patient-professional relationship

I think in that sense we do have a trusting relationship with the patient, where they 
have to feel the freedom to discuss everything. (Nephrologist, age: 40-50y)

How the doctor and patient interact with each other. I know nephrologists in the hos-
pital and I even know what they have for dinner so to speak. That is how the commu-
nication is. But for the patient that is of course simply amazing. Because if something 
is up, you can bring it up much more easily. I think that that works much better for the 
patient, also in the treatment plan. (Patient, age: 60-70y)

Firstly, there must already be a trusting relationship between the healthcare profes-
sional and the patient. That is extremely important. I always think about how I would 
experience something. And if the doctor was a complete stranger to me, I would also 
think “well, never mind.”. So I think trust is extremely important. (Nurse, age: 50-60y)

And I also expect that from the nephrologist, when you know each other already for 
10-12 years. This guiding through the trajectory… until, yeah, when you don’t need to 
go to the hospital anymore… (Patient, age: 70-80y)

There needs to be a relationship over a longer period, otherwise you cannot discuss 
these topics. […] Because she [nephrologist] can tell me ‘you can always talk with so-
cial work’, but then I feel like ‘ok, but I have not known them for 10 years’. Of course, it 
could be [helpful]… but, the doctor knows me and my situation. (Patient, age: 70-80y)
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Something was bothering me once, and immediately there was a social worker right 
in front me. I really do not want all that. (Patient, age: 60-70y)

This is much more human. How do you experience this, what does it mean for you 
and your environment? [...] So now when a PD nurse calls me by my name, I notice 
that. I like that. But I remain the patient and she remains the healthcare professional. 
The roles do not change, but the relationship becomes a bit more human. I experi-
ence that to be very pleasant. (Patient, age: 70-80y)

2.4 Patient-professional collaboration

It is actually always a two-way. Like, I myself or the doctor of course asks a question, 
and search for a solution… The doctor gives options and then I respond what I think 
is best, what fits me best, because I am still the boss of my own body and my lifestyle. 
(Patient, age: 40-50y)

Well I think just 50/50… Sometimes I have something to add and sometimes she has 
something to add. And yes, just have a conversation from person to person. (Patient, 
age: 50-60y)

Well, I think it is important that as a patient you do no put yourself in the underdog 
position. I think it is best if you feel a little bit equal to each other. In that manner you 
might actually remove some barriers for the patient. (Patient, age: 60-70y)

A new integration into your consultations, you have to find a mode in that. (Nurse, 
age: 50-60y)

I think the biggest barrier is that there are… yeah, I call them ‘old-fashioned-doctors’ 
or ‘my-will-is-law-doctors’… That’s were the biggest hurdle is, I think. (Patient, age: 
30-40y)

Not everyone takes the floor. That also has to do with generations. Young people will 
do that, that is no problem. But older people, yeah, they find it difficult. (Nephrologist, 
age: 60-70y)

Sometimes there are cultural differences. Something that we may consider normal 
to talk about, can be something you do not talk about for them. I think that at some 
point there has to be respect for that too. (Nurse, age: 50-60y)

We have a multicultural group of patients. So there is a language barrier and yeah, 
then discussing something like sexuality with an interpreter in the middle… So cer-
tain topics may remain underrecognized, just because of the circumstances. (Nurse, 
age: 50-60y)

3. Follow-up on PROM-results discussions

3.1 Follow-up actions and evaluations embedded into treatment process

I think that action points should be formulated, so that is what I do. There should also 
be some sort of feedback towards the patient, so I write that down as well and I often 
bring that up during the dialysis visits. So I build in these kinds of moments of evalua-
tion. (Nephrologist, age: 30-40y)
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Uhm yes, those are often more supportive types of treatment. I believe that it is not 
about the major decisions surrounding dialysis and transplantation, but more fo-
cused on things like do we have to lower the phosphate levels, is the patient anae-
mic, should we do something about the fluid retention because the patient experi-
ences shortness of breath? So it is more about the finetuning than the bigger picture. 
(Nephrologist, age: 50-60y)

My doctor often looks at what is important and what to discuss. And where… for 
them it is more like where the most benefit can be gained. (Patient, age: 30-40y)

Yeah, quality of life, I find more difficult to act upon. I actually look into what is the 
problem and is this something we can solve. […] And that has to do, I think, with that 
we as doctors like to do something. (Nephrologist, age: 50-60y)

And it doesn’t have to be an answer that solves all my issues. That is not what I mean. 
More like, is there an answer? (Patient, age: 40-50y)

Ideally you would have a treatment or guideline available for every complaint, so you 
can treat the patient and evaluate whether the symptoms are decreasing. (Nephrolo-
gist, age: 40-50y)

3.2 Multidisciplinary process

Kidney patients often have a multitude of problems. I think that for a doctor, or for 
a nephrologist in this case, it is very important to acknowledge that there are other 
problems and to refer the patient if necessary. (Patient, age: 60-70y)

I am now kind of the playmaker that says “this should go there, and that should go 
there”. (Nephrologist, age: 50-60y)

Look, when you are on dialysis the nephrologist is your central doctor. So he/she is 
the starting point from which you can go in different directions. (Patient, age: 30-40y)

I talk with colleagues, I email other healthcare professionals: can you answer this, is it 
ok if I do this or give that, so I ask for help. Discuss. (Nurse, age: 50-60y)

We have of course multidisciplinary consultations, with social work, dieticians, and 
sometimes we invite spiritual caretakers or a psychologist, or we invite the general 
practitioner to join online. And of course with the nurses and other colleagues, and 
then with that group we look into what we can improve and where we can adapt the 
treatment plan. (Nephrologist, age: 50-60y)

THEME 1: ORGANIZATION AND BASIC PRINCIPLES OF DISCUSSING 

PROM-RESULTS

Patients and healthcare professionals described experiences and advised on how 
to organize conversations about PROM-results, such as organizing a suitable set-
ting, adequate preparation and dealing with time constraints. Additionally, they 
described that PROMs should be considered a tool for personalised holistic con-
sultations and PROM-results should always be discussed.
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1.1. Suitable setting for discussing PROM-results
Patients and healthcare professionals gave a univocal description of how conver-
sations about PROM-results should be organized. First, PROM-results should be 
available on time: they recommended to invite patients to complete PROMs 2-6 
weeks in advance and announce that PROM-results will be discussed, in what way 
and for what purpose, to ensure patients do not think “nothing is being done with 
it”. Second, patients and healthcare professionals stated that PROM-results should 
be discussed face-to-face in a consultation room that ensures a safe and private 
setting. PROM-results were mostly discussed during annual consultations, which 
was considered very suitable. They advised that patients discuss PROM-results 
with the nephrologist or nurse who knows the patient best. Many recommended 
to invite the patient’s partner or a close relative, as this may provide valuable in-
sights for all attendees. Third, all patients and healthcare professionals considered 
a conversation about PROM-results once per year sufficient. Some patients and 
healthcare professionals suggested to schedule additional conversations when 
many symptoms or important changes in treatment or health occur.

1.2. Preparations by patients and healthcare professionals
All patients and healthcare professionals advised that both prepare for conversa-
tions about PROM-results. They suggested that patients think beforehand about 
their own results, whether they have questions, and what they would like to discuss 
and receive support on. They advised healthcare professionals to examine which 
topics emerge from the PROM-results and which treatment-options are available; 
this helps to inform patients and quickly get to what is important to them: 

“You should not open the list when you are already there with your patient. 
Take some time to prepare it, to discuss it, and then it really is an addition 
to the annual consultation.” (Nurse/50-60y)

Additionally, healthcare professionals indicated that they always prepared dis-
cussions on PROM-results. Patients and healthcare professionals indicated that in 
practice patients often did not prepare, for example because it was not clear to 
patients that, when and how PROM-results would be discussed.

1.3. Dealing with time constraints
Most healthcare professionals and some patients experienced time constraints. 
Often, more topics emerged from PROMs than can be discussed during one con-
sultation. Healthcare professionals indicated that they solve this by prioritizing and 
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focusing on the most important 3-4 topics, identified by patients or themselves. 
Some healthcare professionals indicated that PROMs also save time, because you 
get to the point more quickly: more information is gained, but with PROMs there 
is no need to spend time asking questions about symptoms that patients do not 
have:

“People who use PROMs are especially happy that they can work in a more 
focused way and that they do not lose time.” (Nephrologist/50-60y)

1.4. PROMs as tool for personalised holistic consultations
Many healthcare professionals and some patients argued that PROMs are a tool to 
improve communication during consultations:

“Discussing PROM-results is not an aim in itself, it is a tool to conduct the 
conversation well and to do justice to what is important to the patient.” 
(Nephrologist/40-50y)

Many patients and healthcare professionals stated that using PROMs during 
consultations helped to focus on what is important to patients. They shared that 
PROM-results can serve as a ‘conversation-starter’ to discuss topics that were oth-
erwise not brought up – PROM-topics but also overarching topics such as treat-
ment continuation or death. Additionally, some patients and healthcare profes-
sionals described that PROM-results can stimulate self-reflection and awareness 
in patients, which may result in better understanding and confirmation of their 
experienced health, although it can also be confronting:

“At times I find it difficult to hear that my condition is less good than that 
of a seventy-eighty year old. On the other hand, it is also something that I 
clearly run into: it really bothers me more than others, so it also validates 
that I didn’t just make it up.” (Patient/30-40y)

Furthermore, many healthcare professionals and some patients indicated that the 
overview of PROM-results and comparison of scores with other dialysis patients, 
provides a sense of ‘how someone is doing’ and insight into ‘what is normal’. Some 
of them emphasized that this comparison should only be used as a tool to bet-
ter understand PROM-results, and not as a grade or treatment-target. Although 
most patients and healthcare professionals indicated that using PROMs provided 
a more complete picture, many healthcare professionals also mentioned technical 
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barriers: PROM-results are not yet integrated into electronic health records, which 
makes it more challenging to get a complete overview in combination with bio-
medical results and to evaluate changes over time. Implementation into electronic 
health records was considered an important next step to support personalised ho-
listic consultations. 

1.5. Always discuss PROM-results
Almost all patients and healthcare professionals indicated that discussing PROM-re-
sults is essential, and some even argued that PROMs should only be collected on 
condition that results are discussed:

“If you have indicated that you experience certain problems, then it must be 
discussed, otherwise such a questionnaire is useless.” (Patient/60-70y)

Many patients and healthcare professionals indicated that discussing PROM-results 
is important “to make clear that everything can be discussed, now or at any given 
moment”, and that there is an opportunity to start a conversation about it. Further-
more, patients and healthcare professionals indicated that discussing PROM-results 
in itself, can already help: patients do not always expect or want something to be 
done about symptoms, but they do sometimes want to talk about it with their health-
care professional – to inform them or to feel seen, heard and understood by them: 

“A listening ear from the doctor is most important. Whatever complaint you 
have, it can be small for the doctor, but big for you. That you are taken seri-
ously.” (Patient/60-70y)

Additionally, patients and healthcare professionals indicated that explanation and 
clarity (e.g. about causes, prognosis and treatment-options for symptoms) is import-
ant for patients, because better understanding can help to accept and cope with the 
disease.  

THEME 2: ROLES OF AND INTERACTION BETWEEN PATIENTS AND HEALTH-

CARE PROFESSIONALS

Patients and healthcare professionals described the patient’s role as active partici-
pant and the healthcare professional’s role as guide. They indicated that a trusting 
patient-professional relationship is a requirement and affects what conversations 
about PROM-results yields. They described the interaction as a collaboration and 
considered this the optimal approach.
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2.1. Patient’s role: active participant
Patients and healthcare professionals described the patient’s role as active partic-
ipant in the discussion. Healthcare professionals would like patients to take more 
control when it comes to PROM-results, but acknowledged that this is not easy 
for all patients. Contrary, most patients indicated that they usually wait for the 
healthcare professionals’ initiative: even when they feel empowered enough to 
articulate their experiences and needs, they believe it is not their role to bring up 
PROM-results or to structure conversations:

“During a consultation, I think I will feel empowered enough to take the ini-
tiative. But still, the doctor needs to give you enough space to do something 
with it.” (Patient/60-70y)

Both patients and healthcare professionals indicated that, ultimately, patients de-
cide whether or not something is discussed and follow-up actions are taken. 

2.2. Healthcare professional's role: guide
Patients and healthcare professionals described a guiding role for healthcare pro-
fessionals in taking initiative and providing structure in PROM-results conversations. 
Healthcare professionals are expected to ask patients to expand on their experi-
ences and needs to gain a deeper understanding, and to facilitate prioritizing out-
comes and actions. Some healthcare professionals indicated that they would prefer 
to be less steering in conversations and find it challenging to facilitate rather than 
direct conversations, especially when patients have a ‘wait-and-see’ attitude. Pa-
tients indicated they are used to the healthcare professionals’ leading role and this 
also worked well in discussing PROM-results: 

“The healthcare professional should facilitate and guide the conversation. So 
take someone by the hand and ask questions.” (Patient/40-50y)

Many patients and healthcare professionals considered a personal approach as es-
sential, for example: healthcare professionals should verify whether they have drawn 
correct conclusions from PROM-results and patients’ explanations, and whether 
they understand patients’ needs. 

2.3. Trusting patient-professional relationship
Patients and healthcare professionals described that the regular contact in dialysis 
care is a strong facilitator to feel connected and build a trusting relationship, which 
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was considered a prerequisite to conduct adequate PROM-result conversations: 

“Depending on trust, you tell someone more or less.” (Patient/70-80y)

Some patients mentioned that the close relationship can also give rise to expec-
tations regarding healthcare professionals’ engagement, which goes beyond 
nephrology care. Some patients and healthcare professionals mentioned that 
feeling connected can be a reason why patients sometimes prefer to talk about 
PROM-results with their nephrologist or nurse rather than other healthcare profes-
sionals (e.g. social worker or psychologist), while also acknowledging differences 
in expertise.

2.4. Patient-professional collaboration
Patients and healthcare professionals indicated that discussing PROM-results pro-
vides most benefits when approached as a collaboration, in which patients and 
healthcare professionals contribute their own knowledge, experiences and ideas, 
and together consider what suits the patient best:

“We have an agreement that I will already think about the solution myself. 
Then I come to her and explain: ‘This is the complaint and I think this is 
the solution for this reason’. Then she says what she thinks the solution is. 
Then we discuss it and ultimately arrive at the best solution together.” (Pa-
tient/30-40y)

Many patients and healthcare professionals believed that this person-centred col-
laboration is now more adopted compared to the past. Some healthcare profes-
sionals explained that discussing PROM-results takes some practice to become 
familiar with and integrate into consultations: 

“In the beginning, it was a bit uncomfortable, because you get a lot of infor-
mation and you don’t know how to process and discuss it with the patient.” 
(Nephrologist/30-40y)

Patients and healthcare professionals indicated that clear, open and honest com-
munication from both sides is very important, and considered it important to ac-
knowledge and verify non-verbal communication. Many healthcare professionals 
and some patients mentioned that interpersonal differences, for example in cul-
tural or religious beliefs, can make discussing PROM-results more challenging. It 
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then takes more effort to understand each other and to articulate needs and sug-
gestions:

“When the patient’s view is very different and it goes against my gut feel-
ing. That are the most difficult conversations.” (Nephrologist/40-50y)

Some patients and healthcare professionals shared that consequently, certain top-
ics may remain undiscussed, for example sexual dysfunction in the presence of a 
family member.

THEME 3: FOLLOW-UP ON PROM-RESULTS DISCUSSIONS

Patients and healthcare professionals stated that discussing PROM-results, includ-
ing follow-up actions and evaluation, should be part of routine care and integrat-
ed into the multidisciplinary treatment process.

3.1. Follow-up actions and evaluations embedded into treatment process
Patients and healthcare professionals indicated that it does not stop after discuss-
ing PROM-results: follow-up actions and continuous evaluation over time are part 
of this process:

“That she [nephrologist] asks at the next consultation ‘Has it improved sir?’...
So that you do not get a feeling like ‘the conversation is done, the results 
end up in a drawer and the person [patient’s perspective] does not matter’.” 
(Patient/70-80y) 

Several healthcare professionals stated there is a need for guidance on how to act 
on PROM-results: they now tend to focus on symptoms for which they know treat-
ment exist and less on medically ‘non-treatable’ symptoms or HRQOL, because 
they like to have “something to offer”. Many patients indicated that they desire ex-
planations and clarity about symptoms and their treatments, even when there are 
only few or no treatments available. Most patients and healthcare professionals 
described the influence of PROMs as ‘fine-tuning’ of treatment, since information 
and conversation about PROM-results help to personalise treatment: 

“With PROMs, you can support patients where they experience problems. 
We used to look at laboratory values and blood pressure, but sometimes 
patients do not benefit from that. But if we work on the limited energy, we 
also build on a better quality of life.” (Nurse/50-60y)
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3.2. Multidisciplinary process
Patients and healthcare professionals described follow-up actions on PROM-re-
sults as a multidisciplinary process, guided by patients’ attending nephrologist 
and/or nurse practitioner – also called “the playmaker” in this context. This health-
care professional consults with colleagues within (e.g. during multidisciplinary 
meetings) and outside the care team, and refers patients for appropriate care:

“There may be things that require other healthcare professionals and then 
you refer [...] to the general practitioner, other medical specialists and para-
medics.” (Nephrologist/50-60y) 

Patients and healthcare professionals considered referral an appropriate response 
to certain PROM-results: patients should be able to discuss all topics with their at-
tending nephrologist or nurse practitioner, but this healthcare professional is not 
expected to act upon all PROM-results.

Part B: Specific situations
Patients’ and healthcare professionals’ perspectives on specific situations are de-
scribed below, while highlighting themes (by means of the letter ‘T’) from part 
A that were most strongly reflected (see Table 3 for illustrative quotations). For 
all situations, similar themes emerged as in part A. However, for sensitive topics, 
the roles of and interaction between patients and healthcare professionals slightly 
differed: compared to other topics, healthcare professionals were expected and 
advised to take more initiative and a leading role in conversations.

SITUATION 1: NO CHANGES OR NEW TOPICS

Patients and healthcare professionals emphasized that when PROM-results have 
not changed or revealed new topics, it should still be discussed (T1.5), to veri-
fy interpretation of PROM-results (e.g. because the patient’s situation or opinion 
may have changed [T1.4]) and whether the patient wants to further discuss it (T2). 
Many mentioned that, due to the frequent contact between patients and health-
care professionals (T2.3), topics may have been discussed already. They stated 
that, in most cases, it is then sufficient to only briefly discuss PROM-results, simply 
to confirm the situation is stable, that the healthcare professional is aware of the 
PROM-results and that everything can be discussed (T1.5, T2).

SITUATION 2: SENSITIVE TOPICS

Patients and healthcare professionals indicated that PROMs can serve as a tool, 
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‘a conversation starter’, to discuss sensitive topics such as sexual problems, de-
pression and death, that probably remained undiscussed otherwise (T1.4-1.5). In 
contrast to less sensitive topics (compared to general topics from part A), both 
patients and healthcare professionals experienced and advised healthcare pro-
fessionals to up the leading role and take the initiative (T2.2) to talk about sensi-
tive topics, “because patients have already taken the first step by reporting their 
complaints”. Many stated that the conversation should be initiated by healthcare 
professionals as if it is any other topic, suggesting that “it is normal to talk about 
these topics” (T1.5), but with additional care, for example: use open questions, so 
that patients can decide what and how much they want to share (T2.1). Healthcare 
professionals should acknowledge and verify non-verbal communication, and ask 
whether patients want to talk about it at all (T2), at that moment or later (to en-
sure a safe environment [T1.1] and feeling prepared [T1.2]), with this or another 
healthcare professional (feeling connected and trust are highly important [T2.3]), 
and with or without others present (e.g. partner or interpreter) (T1.1, T2.4). Fur-
thermore, all patients and healthcare professionals indicated that topics such as 
sexual problems, depression and death can be difficult to discuss for the patient. 
Although all patients recognized that such topics can be challenging for health-
care professionals as well, only few healthcare professionals confirmed this – most 
indicated that “no topic should be difficult for them”.

SITUATION 3: NO MEDICAL TREATMENT 

Patients and healthcare professionals indicated that also outcomes for which there 
is no medical treatment available should be discussed, since patients experienced 
and reported these complaints. They described that healthcare professionals can 
also support patients on these topics by listening to them (T1.5) and referring 
them to other healthcare professionals for non-medical support (e.g. regarding 
coping or lifestyle). Yet many healthcare professionals also described their dis-
comfort when discussing symptoms for which they feel there is no solution. Most 
patients, however, indicated that they do not expect a solution for all symptoms, 
but do want explanation and clarity on potential causes, prognoses and options 
that may provide relief (e.g. things they can do themselves and/or with support 
from other healthcare professionals [medical or paramedical]) (T3). 

SITUATION 4: FACTORS NOT RELATED TO KIDNEY DISEASE OR DIALYSIS 

TREATMENT

All patients and healthcare professionals emphasized that everything can be dis-
cussed, whether or not it is directly related to CKD or dialysis treatment (e.g. co-



207  I  Chapter 8

8

morbidities or life events) (T1.5). The nephrologist or nurse is considered the initial 
person to discuss PROM-results, as they are the patient’s first point of contact, 
who have a complete overview and understanding of the patient’s situation, and 
can refer to the proper healthcare professionals for additional support (T1.4, T2-
3). Although most healthcare professionals acknowledge that everything can be 
discussed with them (T1.5), they also strongly felt the need to define their respon-
sibilities and manage patients’ expectations towards them (T2-3). Many patients 
and healthcare professionals described that identifying potential causes and re-
sponsible (para)medical fields also helps patients to understand the symptoms 
and treatment options (T3).

Table 3. Illustrative quotations of patients and healthcare professionals for specific situa-
tions in discussing PROM-results (part B)

1. No changes or new topics

I actually have few or no complaints, so yes, then I think that it does not need to be dis-
cussed. Well, it can always be mentioned that “I have looked at it and I see that you have 
no complaints or that you are doing fine with that.” (Patient, age: 60-70y)

Not much I think. If you have already discussed it extensively and nothing changes and 
the needs of the patient have not changed either.. Yes, then I take it for notice. (Nephrol-
ogist, age: 50-60y)

And you can of course, certainly for quality of life, raise the topic in general; what keeps 
the patient busy. And sometimes it happens that you notice something and think hey, 
we should talk about that a bit further. (Nurse, age: 50-60y) 

So then I would suggest that the doctor decides together with the patient, do you feel 
the need or do we skip it this time? (Patient, age: 40-50y)

The answers may be the same, but the circumstances can vary. Yes, then you will have 
to have the same conversation, and maybe it does not take as long. Yes, that is basically 
what happens medically as well. (Patient, age: 70-80y)

2. Sensitive topics

I do think that these are things that you should always discuss, yes. Because the more 
we discuss these kinds of things, the more the taboo disappears, the easier it becomes 
to discuss these kinds of things. (Patient, age: 30-40y)

Yes, and maybe also to indicate that it’s OK to talk about this. That you indicate as a 
healthcare professional that you find it normal and that more people have problems 
with this. So that it also feels safe to talk about this. […] Because yes, if it bothers them, it 
should be possible to discuss it. (Nurse, age: 50-60y)

Yes, you know, [sexual dysfunction] it’s at the top of the list as the most distressing symp-
tom in male dialysis patients, yes… I mean, the idea of that PROM is that you get insight 
into what bothers patients. Yeah, if this comes up then I think you can’t ignore that. No 
matter how uncomfortable the subject may be for many. (Nephrologist, age: 40-50y)
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There are quite a few points that you say well, that is a bit more sensitive, perhaps also 
to the nephrologist. But I do think you should be able to discuss that. […] The patient 
experiences that and brings it up. So he [healthcare professional] has to meet him and 
indicate “I would rather have that you discuss this with a colleague… I’m having some 
trouble with it.” So… Well, I’d only respect that. (Patient, age: 70-80y)

Well, discreetly. The patient must of course feel safe, there must already be a trusting re-
lationship, that is extremely important. I always think for myself, how would I experience 
that? If the doctor were a complete stranger, I would also think well never mind. And 
also mention that it may be a difficult topic, but that you will figure it out together. And 
the healthcare professional may also sometimes say that he finds it difficult, and show a 
certain vulnerability. That can of course also comfort the patient. (Nurse, age: 50-60y)

It was about death, and a social worker was with me and stammered and I said hey, I 
don’t know what you want to say, but just tell me… Then you notice that not everyone is 
used to discussing certain topics. (Patient, age: 40-50y)

Well I think that the healthcare professional should first determine whether it is import-
ant to discuss; Do you think it is important to talk about it? Do you want to talk about it? 
And what do you want to say about it? (Patient, age: 70-80y)

I just openly ask if they want to discuss it and if they say no I respect that. So there is also 
a kind of shared decision-making in which topics you want to discuss together or not. 
We also discuss the possibility of discussing it with someone else and then it is up to the 
patient… a patient also has the right not to discuss things with me. (Nephrologist, age: 
50-60y)

Discuss, discuss. Don’t make your taboo the patient’s taboo. You know, taboos arise 
when you make a fuss about it. So, just be open, honest… and also clearly give space. 
And there is no need to talk about it, that is not an end in itself. The PROMs aren’t there 
because you need to talk about everything, but you do need to see if the patient wants 
to talk about it, and if he doesn’t, then don’t force it. Because you are there for the pa-
tient, and the patient is not there for you. (Nephrologist, age: 40-50y)

3. No medical treatment
Yes, listening, I think.. to the inconvenience. And more… more often ask how these 
things are going. Because I think talking about it will help that patient. (Patient, age: 70-
80y)
Sexuality is also a topic that we doctors usually do not bring up. […] The problem is that 
I can’t do much either. I can of course refer… if they wish. […] The point is, I can bring 
up a topic, but then I cannot offer a solution. Yes, I find that difficult. (Nephrologist, age: 
60-70y)
I think you just have to be honest with this; at the moment we don’t have a medical 
solution for you, but we might be able to look into things beyond that. Perhaps there are 
things that you can solve with fitness or food, for example. (Patient, age: 30-40y)
But in any case discuss why nothing could be done about it. I mean, are there no pills, 
is there no ointment or is there any other way, things like that. That it is explained why 
nothing can be done about it. I would consider that very important. (Patient, age: 70-80y)
If the patient indicates that they are bothered by this, then they should be able to dis-
cuss it. That can also be a relief, that people are listening. I think it should be discussed 
and then you can also confirm, even if we can’t do anything with it. I think that also does 
something for the patient. (Nurse, age: 50-60y)
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And, what I also mention is that we cannot change some complaints in that it is present, 
but we can change the way you look at it and how it hinders you in your daily life. To-
gether we can look at how we can best approach this. And sometimes social work can 
provide support, or medical psychology, or dietetics. So I try to help them in that way. 
(Nephrologist, age: 40-50y)

The patient often does not expect me to solve the problem. That is also the reason why 
he often does not discuss it at all, because he really feels that I am not going to change 
that. But, often just that short explanation that you explain I have seen that you suffer 
from it, that may be difficult for you, and this is the reason why it occurs. That often is 
enough. (Nephrologist, age: 40-50y)

You can’t be good at everything. No… I mean, it’s nice if there’s a solution, but I can 
imagine that she can’t solve everything. (Patient, age: 60-70y)

4. Factors not related to kidney disease or dialysis treatment.

But certainly if it is in that area, that they are struggling, are sad, worrying, yes then I 
realize… I’m still the nephrologist, so it’s important that I let them know that I’ve heard it 
and that I’m taking it seriously and want to do something about it, but I’m not going to 
solve it. So yes, I will talk to the patient; do you want to do something with this, and what 
do you want me to do with it? And that could indeed be a social worker, general practi-
tioner or… someone in the family you talk to. (Nephrologist, age: 40-50y)

Yes say a good talk with the nephrologist about the social aspects, yes... But she might 
say yes, but that’s not my area of expertise... […] And there can of course be things of 
which she says I know too little about this, I would…, that is what I mean by guidance, 
here I would say well, you could contact the social worker. (Patient, age: 70-80y)

And, that would of course be very short-sighted if I were to say I have my own subject 
and I stick to that. I can’t imagine a nephrologist looking at his profession that way. (Ne-
phrologist, age: 50-60y)

It is of course influenced by many more things than just your illness... the environment 
also determines how you feel, how you react to other people and how people react to 
you. So your environment also matters. (Patient, age: 70-80y)

And it is also important that the doctor finds out whether there may be other causes for 
the complaints, in addition to kidney disease in this case. And then look again where 
the appropriate support can be found for those complaints. (Patient, age: 60-70y)

Often you cannot make that distinction. I mean, many complaints are multifactorial, and 
by mentioning that, they also understand that some things won’t go away completely. 
(Nephrologist, age: 40-50y)

Look, sometimes you don’t know why you feel something… Is it because of the cancer 
that I feel insecure, or is it because of my kidneys? I do not always know that. And I 
would also not know where to go with these questions. (Patient, age: 70-80y)
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Discussion
This qualitative study investigated patients’ and healthcare professionals’ experiences 
with and perspectives on optimal ways to discuss PROM-results in routine dialysis 
care. Three overarching themes were identified describing the organization and basic 
principles of discussing PROM-results, the roles of and interaction between patients 
and healthcare professionals, and follow-up after PROM-results discussions.
The majority of existing literature is theoretical and focuses on potential benefits and 
mechanisms explaining why PROMs contribute to patient-professional communica-
tion.14, 16 Our study adds to this literature by providing in-depth knowledge on how 
to discuss PROM-results based on experiences and insights from routine nephrology 
care, resulting in practical guidance that is directly applicable to real-world practice. 
Our results showed similarities to the findings in the literature reviews of Greenhal-
gh et al. and Schick-Makaroff et al., for example: PROMs help to start conversations 
through patients’ self-reflection, the confirmation that everything can be discussed 
or “permission to raise issues”, by providing a tool for discussion and articulation of 
experiences (e.g. sensitive topics such as sexual problems and depressive symptoms) 
and needs, and by increasing healthcare professionals’ insight into and awareness of 
patient-relevant outcomes.14, 16 Moreover, in line with and building on their findings14, 

16, we found that a good patient-professional relationship is crucial for discussing per-
sonal concerns, needs and PROM-results, and that the frequent contact in dialysis care 
was considered a strong facilitator in building this trusting relationship. In The Nether-
lands, it is common practice that patients have one primarily responsible nephrologist 
and nurse, and therefore most patients already have established patient-professional 
relationships when discussing their PROM-results. Our results suggest that this is a 
good foundation for getting the most out of discussing PROM-results in routine dial-
ysis care and potentially also in other chronic care settings. 
Notable in our research is the difference between what is pursued and experienced, 
when it comes to patient-professional interaction. Healthcare professionals in partic-
ular expressed they would like patients to have more control, while at the same time 
acknowledging they struggle with not being too dominant and directing in conver-
sations. Although healthcare professionals expressed preference for a guiding role, 
no suggestions were made on what or how they could change their own approach 
in practice. The preferred patient-professional interaction aligns with the deliberative 
model as described by Emanuel & Emanuel (1992).38 Although our findings and liter-
ature suggest that patients’ autonomy and values are increasingly given place in prac-
tice, further guidance may be needed to create a partnership as in the deliberative 
model.39 Currently, healthcare professionals may not be aware of or actively choose a 
communication style, and literature also shows that it may be challenging for health-
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care professionals to change their usual approach despite new insights and aware-
ness.14 We believe that recognition is the first step and change may require further 
guidance, training and practice.40 Though, our research already provides some sug-
gestions to enhance patients’ initiative, for example: healthcare professionals could 
inform patients beforehand about the aim and relevance of PROMs, and about when 
and how they can share their experiences, concerns and questions about PROM-re-
sults; this may encourage patients’ preparation, awareness that everything can be dis-
cussed and empower them to raise topics during consultations.
Another remarkable finding is that healthcare professionals tend to prioritize topics 
for PROM-discussions based on perceived ‘treatability of symptoms’, while at the 
same time emphasizing that PROM-results and all topics should always be discussed, 
irrespective of the situation (e.g. whether or not there is a medical treatment available 
or it is CKD-related), and that discussing PROM-results in itself can already help. This 
underlines the importance of asking, articulating and verifying what is important to 
patients and what their needs are, and the central role (i.e. the “playmaker” role) as-
signed to the attending nephrologists and/or nurses in dialysis care (i.e. discussing all 
topics and, if needed, referring to other [para]medical healthcare professionals when 
necessary); this role in nephrology may be broader than in other medical fields, for 
example: a study in oncological care found that discussions and further exploration 
based on PROM-results were limited to cancer-related issues.41

Most of the barriers identified in this study are in line with and add to literature on 
PROM-implementation into routine care.21-25 However, our study shows a different nu-
ance regarding time constraints, namely: using PROMs itself is not time consuming 
(some stated that it even saves time), but the fact that it reveals new topics that would 
otherwise remain unnoticed and undiscussed. This nuance does not discard that time 
management can be challenging, but it primarily confirms a major advantage of us-
ing and discussing PROMs namely that we gain a more complete, person-centred 
overview of how patients are really doing. Moreover, we expect time challenges to 
diminish over time: it will most likely take less time once patients and healthcare pro-
fessionals have become familiar with discussing PROM-results12, and topics will be 
discussed gradually over the CKD-trajectory, resulting in less topics to discuss com-
pared to the first PROM-discussion.42

Our findings confirm that using PROMs can facilitate person-centred care14-17, 43, and 
form the foundation for training healthcare professionals in discussing PROM-results. 
See also Box 1 for a brief overview of the practical guidelines and considerations. 
These practical guidelines can be used to develop novel or adapt existing train-
ing-tools (e.g. the PROmunication tool developed in cancer care by Skovlund et al.15) 
for the nephrology care setting. Training healthcare professionals in how to use and 
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discuss PROM-results can improve shared decision-making, since both the informa-
tion obtained with PROMs and a good patient-professional communication, enhance 
this process.44 
Further research is needed to investigate whether and how discussing PROM-results 
can improve actual patients’ outcomes (e.g. HRQOL).45 Moreover, healthcare profes-
sionals expressed the desire for guidance on actions that can be taken in response 
to PROM-results. Literature also suggests that healthcare professionals are not always 
aware of all available treatment-options to improve symptom burden11, 24, hereby un-
derlining the need for further research on and development of a guide to improve 
symptom-management and HRQOL.46

Our study elucidates in-depth knowledge of patients’ and healthcare profession-
als’ experiences with and perspectives on optimal ways to discuss PROM-results in 
routine dialysis care. Participants had experience with completing and discussing 
PROM-results, resulting in knowledge that is directly applicable to real-world prac-
tice. We achieved saturation and demonstrated robustness of our results by exploring 
specific situations in addition to the general dialysis context. Limitations include that, 
despite efforts to achieve heterogeneous samples, our results are shaped by people 
who are willing to participate in interviews, which may limit the transferability of the 
findings to the total population. For example: participants may have a more positive 
attitude towards research, healthcare and PROMs. Patients and healthcare profes-
sionals who are struggling with or who experienced little benefit from using PROMs, 
may not have felt addressed, motivated or comfortable enough to participate in the 
interviews. Though, our participants also shared critical notes, explained that discuss-
ing PROM-results took practice, and provided examples of patients and healthcare 
professionals who believe or behave otherwise. Moreover, all participants were Dutch 
and hence, topics such as cultural differences and language barriers were primarily 
uncovered via second-hand information (e.g. healthcare professionals’ perspectives). 
Finally, we should be aware that our own experiences and preconceptions may have 
coloured our results (i.e. research reflexivity)32, even though multiple researchers with 
different backgrounds have performed interviews and interpreted data. 
In conclusion, this study provides in-depth knowledge into patients’ and healthcare 
professionals’ experiences with and perspectives on the organization of, the roles of 
and interactions between patients and healthcare professionals in, and follow-up on 
PROM-results discussions. Our findings form the foundation for training of healthcare 
professionals regarding optimal ways to discuss PROM-results in routine dialysis care. 
Further research is needed to provide guidance on follow-up actions in response to 
PROM-results to ultimately improve patients’ outcomes. 
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Box 1. Brief overview of practical guidelines and considerations for optimal 
discussion about PROM-results between patients and healthcare profession-
als.

1. Organization and basic principles of discussing PROM-results
1.1 Suitable setting for discussing PROM-results

• Invite patients to complete PROMs 2-6 weeks in advance.
• Inform patients that, how and why the PROM-results will be discussed.
• Discuss PROM-results face-to-face, in a safe and private setting, e.g. during 

annual consultations (once per year is sufficient).
1.2 Preparations by patients and healthcare professionals

• Both prepare the discussion about PROM-results: think beforehand about 
what to discuss, if and what support is needed, and which options exist.

1.3 Dealing with time constraints
• PROMs provide additional information on how the patient is really doing. 

As a patient and healthcare professional: together prioritize and discuss 
the 3-4 most important topics.

1.4 PROMs as tool for personalised holistic consultations
• Use PROMs as a tool that provides guidance on what is important to the 

patient.
• Use PROM-results as a ‘conversation-starter’ to discuss topics that other-

wise remain undiscussed (e.g. sensitive topics such as sexuality).
• Use PROMs to gain insight and overview through patients’ self-reflection, 

comparative information and a more complete picture.
1.5 Always discuss PROM-results

• Discussing PROM-results is an essential part of using PROMs in routine 
care.

• Discuss PROM-results to make clear that any topic can be discussed and 
to create an opportunity to start a conversation about these topics.

• Discuss PROM-results as discussing itself also helps patients to inform or to 
feel seen, heard and understood by their healthcare professional.  

2. Roles of and interaction between patients and healthcare professionals
2.1 Patient’s role: active participant

• As a patient: take the initiative and articulate your experiences and needs.
• As a healthcare professional: realize that patients often wait for their 
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healthcare professional’s initiative and, if so, explicitly provide them the 
space to share experiences and needs.

2.2 Healthcare professional’s role: guide
• As a healthcare professional: take up a guiding role and provide struc-

ture in the conversation; ask patients to expand on their experiences and 
needs, help to prioritize topics and actions, and verify your interpretation 
and conclusions.

2.3 Trusting patient-professional relationship
• The nephrologist and/or nurse who knows the patient well should con-

duct the conversation; feeling connected and a trusting relationship is 
a prerequisite to discuss PROM-results and to share personal concerns, 
experiences and needs.

2.4 Patient-professional collaboration
• Both contribute your own knowledge, experiences and ideas, and togeth-

er consider what suits the patient best.
• Interpersonal differences can be a barrier; take the time and effort to 

understand each other and articulate needs and suggestions.  

3. Follow-up on PROM-results discussions
3.1 Follow-up actions and evaluations embedded into treatment process

• Follow-up actions and evaluations are part of the process of discussing 
PROM-results.

• As a healthcare professional: provide patients with explanation and clarity 
about their symptoms and treatment options; patients do not expect a 
solution for all symptoms. 

• Take PROM follow-up actions for fine-tuning of treatment; information 
and conversation about PROM-results help to personalise treatment.

3.2 Multidisciplinary process
• Incorporate PROM follow-up actions into the multidisciplinary process, 

guided by the nephrologist or nurse practitioner.
• Discuss all topics, regardless of the situation (e.g. when no medical treat-

ment is available or experiences are not directly related to CKD) and refer 
to other (para-)medical healthcare professionals when needed and de-
sired by patients; referral is an appropriate response to PROM-results.
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Supplemental Material for Chapter 8

Table S1. Main topics with example questions* for individual semi-structured interviews 
with patients and healthcare professionals

Part A
Experiences with discussing PROM-results

• How often have you discussed the PROM-results, and in what setting?
• How did you experience the discussion about the PROM-results?
• What went well when discussing the PROM-results, and what could be improved?
• What was the role of the healthcare professional/patient, and of yourself, during the 

conversation?
• What were your expectations for discussing the PROM-results, and what did it bring you?

Perspectives on optimal ways to discuss PROM-results
• What should be the purpose of discussing the PROM-results?
• How can it be ensured that what is important to the patient emerges during the con-

versation?
• How would you describe the ideal conversation about the PROM-results?
• What are barriers for having this ideal conversation, and what could be done to over-

come these barriers?
• How can a conversation about PROM-results contribute to the treatment or wellbeing 

of the patient?
• What should be done after discussing the PROM-results?

Part B
Perspectives on dealing with specific situations in discussing PROM-results

• How should the PROM-results be discussed if: 
· no changes or new topics emerge?
· it is about a sensitive topic that someone doesn’t talk about easily?
· there is no medical treatment for the symptoms that emerge?
· factors not related to kidney disease or dialysis treatment (e.g. comorbidities or life 

events) may have caused the decreased quality of life or symptoms that emerge?

* Example interview questions are shown. During the interviews responses were further 
explored using additional questions and probes.
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Summary and general discussion
This dissertation aimed to provide insight into and practical knowledge of the im-
plementation and use of patient-reported outcome measures (PROMs) in routine 
nephrology care. We performed research within the different steps for implemen-
tation of PROMs into routine care, including the selection of PROMs, pilot testing 
PROMs, and nationwide implementation and use of PROMs, using a broad vari-
ety of quantitative and qualitative research methods. We investigated the use of 
PROMs both at individual patient level and at population level, with the potential to 
facilitate personalised treatment and evaluation of healthcare quality. In this chap-
ter, we summarize our main findings, discuss the implications of our main findings, 
and provide suggestions for future research, and for further implementation of 
PROMs into routine care.

Summary of main findings
Implementation of PROMs into routine nephrology care
SELECTION OF PROMS

Based on existing literature and in collaboration with patient representatives 
and healthcare professionals, we identified generic health-related quality of life 
(HRQOL) and disease-specific symptom burden as important outcomes to mea-
sure at individual and population level in routine nephrology care (Chapter 1). The 
next step was to select PROMs to assess these patient-reported outcomes (PROs). 
In Chapter 2, we described the selection of the best suitable existing PROM to as-
sess disease-specific symptom burden for routine assessment in nephrology care. 
We conducted this study in four phases. In the first two phases, we searched and 
build on the existing literature, from which we identified 28 potentially suitable 
symptom questionnaires and 10 symptom clusters. During the third phase, the 
questionnaires were evaluated based on predefined criteria regarding the rele-
vance (e.g., applicable to CKD population), completeness (e.g., 90% cluster cov-
erage) and comprehensibility (e.g., appropriate length, and straightforward and 
clear questions). Two questionnaires met the criteria: the Dialysis Symptom Index 
(DSI) and Palliative Care Outcome Scale-Renal Version (IPOS-Renal). In the fourth 
phase, these questionnaires were reviewed by 2 panels of in total 151 patients 
who were randomly assigned to a questionnaire, and 1 panel of 6 experts (i.e., ex-
perienced questionnaire assessors) who compared both questionnaires. Patients 
reported more symptoms using the DSI compared to the IPOS-Renal (12 and 8 
symptoms, respectively), and needed less time to complete the DSI (5.4 and 7.5 
minutes to complete the DSI and IPOS-Renal, respectively). Both the patients and 
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experts panels assessed the DSI as the most complete, specific and comprehen-
sible symptom questionnaire. Therefore, the DSI was selected as PROM to assess 
disease-specific symptom burden in routine nephrology care.
The 12-item Short-Form Health Survey (SF-12) is a validated and commonly used 
PROM to assess generic HRQOL, and was recommended by an European expert 
consensus group for use in routine nephrology care.1 In addition, the SF-12 was 
– similarly to the DSI – selected by our patients and experts panels as suitable 
PROM to assess generic HRQOL in routine nephrology care. Later in time, the 
Patient-Reported Outcomes Measurement Information System (PROMIS) was se-
lected as one of the recommended PROMs to measure generic HRQOL in pa-
tients with CKD by a consensus group of the International Consortium of Health 
Outcomes Measurement (ICHOM).2 PROMIS instruments can also be adminis-
tered as computerized adaptive tests (CATs), that are expected to deliver similar 
or even more precise measurements with fewer questions compared with fixed 
(i.e., non-adaptive) PROMs.3 To explore this relatively novel method in healthcare, 
we examined and compared the psychometric properties of seven PROMIS CATs 
compared with the SF-12 in patients with advanced chronic kidney disease (CKD) 
in Chapter 3. We performed a content comparison between the seven PROMIS 
CATs (assessing physical function, pain interference, fatigue, sleep disturbance, 
anxiety, depression, and the ability to participate in social roles and activities) and 
the SF-12, and examined the construct validity and test-retest reliability. We found 
evidence for sufficient construct validity of all seven PROMIS CATs. Furthermore, 
the PROMIS CATs, the SF-12 summary scores and most SF-12 domains, and the 
DSI showed sufficient test-retest reliability. Overall, PROMIS CATs showed better 
reliability, resulting in a lower minimal detectable change (MDC), compared with 
the SF-12. However, seven PROMIS CATs required 45 items (10 minutes), which 
is 3 to 4 times the length of the SF-12 (12 items; 3 minutes). These results show 
evidence for sufficient construct validity and a better test-retest reliability of sev-
en PROMIS CATs, but requiring more items, compared with the SF-12. Moreover, 
these results do not address the suitability and feasibility of PROMIS CATs in rou-
tine nephrology care and therefore, the SF-12 is retained for now. 

PILOT TESTING AND NATIONWIDE IMPLEMENTATION OF PROMS

Chapter 4 described the experiences and results of the first introduction of 
PROMs into Dutch routine nephrology care, in the form of a pilot study in 16 dial-
ysis centres across the Netherlands. We used quantitative and qualitative research 
methods to explore these first experiences. In total, 512 patients receiving dial-
ysis treatment completed 908 PROMs across three time points. The quantitative 
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part showed that there is room for improvement in patients’ PROM-scores: pa-
tients receiving dialysis treatment experienced a substantially decreased physi-
cal HRQOL and a high symptom burden, with on average 11 different symptoms 
of moderate burden. The variation between the symptom frequency and burden 
suggests that the most common symptoms are not necessarily the most burden-
some for patients. Furthermore, this first introduction of PROMs in routine dialysis 
care showed a low average response rate of 36%, which varied from 6% to 70% 
among centres. The high variability across centres underlines that achieving high 
response rates is feasible, but challenging and may require extra encouragement 
of patients and healthcare professionals. In the qualitative part, we explored pa-
tients’ and healthcare professionals’ experiences and preferences regarding the 
use of PROMs in clinical practice. Patients appreciated the content, length and 
structure of the PROMs (DSI and SF-12) and the online completion of PROMs. In-
dividual feedback should be presented in a relevant context (e.g., with reference 
scores of similar patients) and can contribute to and in preparation for a consulta-
tion. Furthermore, some patients already discussed individual PROM-results with 
their healthcare professional. Patients and healthcare professionals indicated that 
discussing HRQOL and symptom burden scores was highly insightful and valu-
able, and individual feedback on PROM-scores was considered crucial. These first 
experiences with discussing PROM-results were promising. 
Building on the findings from the pilot study, the PROMs infrastructure was fur-
ther optimized for nationwide implementation and use of PROMs in routine di-
alysis care. For example, improvements were made to broaden the applicability 
(e.g., PROMs came available in four languages), to support implementation (e.g., 
a webpage about PROMs with information and hand-outs with tips and tricks to 
guide implementation), and to facilitate the use of PROMs (e.g., reports with indi-
vidual PROM-results were provided to patients and their healthcare professionals 
directly after completing the PROMs). The PROMs became available to all dialysis 
centres in the Netherlands through Nefrovisie (as part of the renal registry Renine), 
and centres were invited to implement using PROMs into routine dialysis care.

Use of PROMs in routine nephrology care
USE OF PROMS AT POPULATION LEVEL

At aggregated population level, PROM-results can be used to evaluate healthcare 
quality and to inform patients and healthcare professionals about the effects and 
course of disease or treatment. Funnel plots can be used to evaluate healthcare 
quality by comparing hospital performances on certain outcomes. In Chapter 5, 
we explained the use and interpretation of funnel plots by presenting an overview 
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of the basic principles, pitfalls and considerations when applied to PROs, using 
examples from Dutch routine dialysis care. A funnel plot is a graphical method 
to evaluate healthcare quality and has several advantages, including clearly visu-
alized precision, detection of volume-effects, discouragement of ranking hospi-
tals and easy interpretation of results. However, without sufficient knowledge of 
underlying methods, it is easy to stumble into pitfalls, such as overinterpretation 
of standardized scores, incorrect direct comparisons of hospitals and assuming a 
hospital to be in-control (i.e., to perform as expected) based on underpowered 
comparisons. Furthermore, application of funnel plots to PROs is accompanied 
by additional challenges related to the multidimensional nature of PROs and dif-
ficulties with measuring PROs. To enable relevant and fair comparisons of PROs, 
high and consistent response rates, adequate case mix correction and high-quali-
ty PRO measures are required. These challenges need to be addressed before us-
ing PRO data for healthcare quality evaluations, for instance by using funnel plots.
In Chapter 6, we showed an example of aggregated PROM-results that can be 
used to inform patients and healthcare professionals about the course and effects 
of disease and outcomes. In this chapter, we investigated the impact of itching on 
HRQOL and interactions with sleep problems and psychological symptoms in pa-
tients receiving dialysis treatment. We performed cross-sectional and longitudinal 
analyses in 2978 patients who completed the PROMs between 2018 and 2020. 
Our results showed that half of the patients experienced itching and in 70% of 
them, itching was persistent over time. Patients with itching experienced a 3 to 4 
points lower physical and mental HRQOL compared with patients without itching, 
which remained stable during 2 years of follow-up. Furthermore, we found that 
sleep problems (70% versus 52%) and psychological symptoms (36% versus 19%) 
were more common in patients with itching. These symptoms had an additional 
negative effect on physical and mental HRQOL but did not interact with itching 
(i.e., the combination of both symptoms did not result in a significantly lower or 
higher HRQOL than the sum of individual effects). The high prevalence and per-
sistence of itching, its impact on HRQOL over time and the additional effect on 
HRQOL of the often co-occurring sleep problems and psychological symptoms 
emphasize the need for recognition and effective treatment of itching to reduce 
symptom burden and improve HRQOL in patients receiving dialysis treatment.

USE OF PROMS IN INDIVIDUAL PATIENTS 

For optimal use of PROMs in individual patients, knowledge on how to interpret 
and discuss PROM-results is needed. In Chapter 7, we explained the different 
types and characteristics of PROMs and provide guidance on how to interpret 
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individual PROM-scores and changes in PROM-scores over time. In this chapter, 
we introduced types and characteristics such as generic and specific PROMs, and 
scoring systems of PROMs. We explained that intuitive measures such as informa-
tion about the average and distribution of PROM-scores in a reference population 
or in comparison to more familiar outcomes (e.g., laboratory measures) are indis-
pensable to interpret and get used to PROM-scores. Furthermore, methodologi-
cal concepts such as the MDC and minimal important change (MIC) are important 
to inform us about statistically and clinically relevant changes, respectively. Be-
sides, one must be aware that response shift may occur, which refers to a change 
in the meaning of the patient’s evaluation of the PRO over time (e.g., a change in 
one’s perception on HRQOL). A response shift may explain unexpectedly small 
(or large) changes in PROM-scores. Finally, having a conversation with the patient 
is important to interpret individual PROM-scores. The best manner to interpret 
individual PROM-scores and changes in PROM-scores is through a discussion be-
tween the patient and the healthcare professional, in which measures like MDC, 
MIC and response shift may have a facilitating role. For example: the MIC provides 
an indication of which changes in PROs are likely considered relevant at group 
level and the discussion of individual results reveals what changes are important 
to this specific patient, to what extent, and in which manner. 
In Chapter 8, we investigated how to optimally discuss PROM-results by conduct-
ing semi-structured interviews with 22 patients receiving dialysis treatment and 
healthcare professionals about their experiences with and perspectives on dis-
cussing PROM-results in routine dialysis care. Interviews focused on general situa-
tions and specific situations (e.g., addressing sensitive topics or when no medical 
treatment is available). Patients and healthcare professionals (nephrologists and 
nurses) highly appreciated the use of PROMs, as it provides insight and overview 
of how the patient is doing and feeling, and contributes to patient-profession-
al communication. Furthermore, patients and healthcare professionals provided 
practical guidance for optimal discussion about PROM-results. First, patients and 
healthcare professionals emphasised that PROM-results should always be dis-
cussed and indicated how to create a suitable setting, adequately prepare, deal 
with time constraints and use PROMs as a tool for personalised holistic consulta-
tions. Second, patients should actively participate and healthcare professionals 
should take a guiding role. A trusting patient-professional relationship was con-
sidered a prerequisite and patient-professional interaction was described as a 
collaboration in which both contribute their knowledge, experiences and ideas. 
Third, follow-up after discussing PROM-results was considered important, includ-
ing evaluations and actions (e.g., symptom management) structurally embedded 
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into the multidisciplinary treatment process. These general themes also applied 
to the specific situations, for example: results should also be discussed when no 
medical treatment is available. Interesting to note is that healthcare professionals 
were expected to take more initiative and a leading role when discussing sensitive 
topics. This study provided in-depth knowledge and practical guidance on how to 
organise and conduct conversations about PROM-results in routine nephrology 
care. 

General discussion
The findings of this dissertation provide insights into and practical knowledge of 
the implementation and use of PROMs in routine nephrology care. Specific con-
siderations and implications regarding each study have been discussed in the 
corresponding chapters (Chapter 2-8). In this part, we discuss the implications for 
clinical practice, and future directions for research and further implementation of 
PROMs, based on our overall findings and experiences with PROMs in routine 
nephrology care. 

Implications for clinical practice
IMPLEMENTATION IS AN ITERATIVE PROCESS THAT TAKES COLLABORATION, 

TIME, AND EFFORT

The added value of PROMs is to a great extent determined by how well the PROMs 
are integrated into healthcare.4, 5 Therefore, a structured and carefully prepared 
approach to implement PROMs into routine care is necessary.6-8 Based on our 
experiences with implementing PROMs into routine nephrology care, we would 
like to highlight several important aspects to facilitate optimal implementation of 
PROMs into a routine care setting.
Firstly, collaborate with all stakeholders in all phases: from designing the project 
to implementing PROMs into routine care. Literature shows that patients are of-
ten not or only partly involved, even when new PROMs are being developed.9, 10 
We believe that here is great room for improvement. For example: in our project, 
a patient representative was one of the initiators and part of our research team, 
and was involved in all phases of the project. Furthermore, patients played an 
indispensable role in the implementation of PROMs into routine dialysis care, for 
instance by making sure that the PROMs, setting, timing, interpretation and feed-
back fits the patients’ needs (Chapter 2, 4 and 8). Based on our experience, col-
laboration with patients and patient representatives supports both research and 
practice, and we hope that our inclusive approach will encourage more initiatives 
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to collaborate with patients and patient representatives. Furthermore, healthcare 
professionals play an important role in all phases to ensure that the use of PROMs 
fits the workflow (e.g., which timing, setting and healthcare professionals’ roles 
are suitable) and that PROMs also provide added value for the healthcare profes-
sionals themself (e.g., when and how PROMs can provide insights and serve as a 
tool to conduct the conversation). Indeed, our results showed that engagement 
of healthcare professionals is an important facilitator both to implement PROMs 
(e.g., a coordinator on-site resulted in higher response rates) and to get the most 
benefits out of using PROMs (e.g., optimal discussion about individual PROM-re-
sults) (Chapter 4 and 8). A passionate professional may be a role model and im-
portant motivator for colleagues to optimally use PROMs.11, 12 Besides, the health-
care quality institute of nephrology care (Nefrovisie Foundation) was an important 
facilitator and shows that implementation of PROMs at a national level is feasible, 
for example through use of the existing network and ICT infrastructure of the na-
tional registry.8, 11, 13

Secondly, carefully design and prepare the implementation of PROMs.6 Designing 
includes defining the steps to be taken and which studies should be performed to 
inform the next steps, exploring the setting and purposes, and selecting the PROs 
and PROMs. Our research showed that the psychometric quality of the PROM but 
also factors related to the feasibility and suitability given the setting and purposes 
are important, for instance: the questionnaire length (i.e., number of items and 
time to complete), completeness and comprehensibility (Chapter 2). These fac-
tors should be examined for each PROM, setting, purpose and population that is 
considered. For example, PROMIS CATs showed good psychometric properties in 
patients with advanced CKD, but the feasibility and suitability in routine nephrolo-
gy care remains to be explored before the next steps towards implementation of 
PROMIS CATs can be taken (Chapter 3).14 
Preparation involves developing an electronic system to invite patients, collect 
PROMs and obtain individual feedback, and providing instructions and guidance 
to centres and healthcare professionals on why and how to use PROMs.6, 15, 16 A 
great advantage of organising this nationally is that it is structured and similar 
across all centres, and not dependent on resources of individual centres. However, 
the manner in which PROMs are collected and used must fit within the workflow of 
the centres, and therefore, pilot testing is essential (Chapter 4).
Thirdly, treat the implementation as an iterative process of learning and improv-
ing, and invest time and effort. As with any other new approach in healthcare, it 
takes practice to adjust and become familiar with it. For PROMs, both the instru-
ment itself and its use by patients and healthcare professionals are relatively new 
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in routine healthcare, and thus both the interpretation of PROM-scores and how to 
use it for personalised treatment takes practice (Chapter 7 and 8). Moreover, the 
iterative process involves adjusting expectations and assumptions. Barriers that 
are often reported in the literature7, 15, 17 – such as ‘PROMs take too much time’ 
or ‘PROMs create too high expectations in patients’ – were nuanced in our stud-
ies by patients and healthcare professionals that had some experience with using 
PROMs, for example: healthcare professionals indicated that time was actually 
spent more efficiently by focussing on what is important to patients, and patients 
pointed out that they do not expect their healthcare professional to solve all com-
plaints, only that it is discussed and that they are informed about potential causes, 
prognoses and treatment options (Chapter 8). Nevertheless, these nuances do 
not discard that it remains challenging to successfully implement PROMs into rou-
tine care. In this dissertation, the first steps taken are described, but the iterative 
process of optimal implementation of PROMs into routine nephrology care is still 
ongoing. Continuous evaluation of experiences with using PROMs in routine care, 
further research, training and guidance is needed to keep learning and improving. 

IMPROVE RESPONSE RATES TO ENHANCE THE USE OF PROMS AT 

POPULATION LEVEL 

The low average response rate of 36% with high variability across centres at first 
introduction of PROMs in routine dialysis care (Chapter 4) is an important finding 
of our pilot study, but also one of the main limitations when using PROMs at pop-
ulation level (Chapter 5 and 6). Although PROMs are now used in all Dutch dialysis 
centres and response rates are still increasing (45% in 2021)18, the response rate 
remains an important point of attention. High and consistent response rates are 
needed to ensure that information at population level (i.e., in each centre and at 
national level) is of sufficient quality. Consistency in PROMs response is needed for 
multiple aspects, for example (unmeasured) characteristics of responders should 
not differ from non-responders; responders should be representative of the en-
tire population of interest. In addition, the reason and timing of collecting PROs 
should be consistent. Patients should have an equal chance of being invited and 
being able to complete PROMs. Even though at individual level it may be reason-
able to complete PROMs at indication (e.g., when someone has many symptoms), 
this should not be the main recruitment strategy, as this likely results in a biased 
or incomplete picture at population level (and also risk of under-recognition at 
individual level).19, 20 Moreover, deciding on the right timing to collect PROs in 
nephrology care may be challenging since there is often no clear starting point 
in chronic care (e.g., prevalent dialysis patients). However, different timing in the 
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trajectory of the disease or treatment may demonstrate different PROM-results21, 

22, for example: it may matter whether someone has just started dialysis treatment 
or is already receiving dialysis treatment for a year (Chapter 7). The timing should 
thus be taken into account and preferably, comparable timepoints of PROMs com-
pletion over the entire disease and treatment trajectory are used for all patients.
Thus, recruitment strategies that yield high and consistent response rates are 
needed to enhance the use of PROMs at population level. Although the validity 
of the data strongly depends on the randomness of the (non-)response (i.e., rep-
resentativeness of the responders), thresholds of 60-80% have been proposed in 
the literature as adequate response rates.20, 23, 24 Patients and healthcare profes-
sionals considered discussing individual PROM-results essential in using PROMs 
in routine care (Chapter 4 and 8), and we believe this may be the most import-
ant facilitator in reaching high response rates. Furthermore, additional training of 
healthcare professionals (e.g., preparing healthcare professionals on how to invite 
and inform patients, and how to use PROMs) and support of patients (e.g., avail-
ability of tablets onsite or help with completing PROMs online) may improve re-
sponse rates.6, 25, 26 In addition, further development of the ICT infrastructure could 
improve response rates, for instance incorporation of PROMs into the electronic 
health record including automated invitations (e.g. 2-6 weeks prior to patients’ 
upcoming annual consultation) and reminders to complete PROMs.6, 27

START WITH USING PROMS WHERE THEY DIRECTLY PROVIDE ADDED VALUE: 

AT INDIVIDUAL LEVEL

Our results show that already at first introduction of PROMs into routine dialysis 
care, the use of PROMs could facilitate the conversation about symptom burden 
and HRQOL between patients and healthcare professionals (Chapter 4 and 8). 
These findings confirm that using PROMs can improve patient-professional com-
munication and support shared decision making by providing a tool to start and 
conduct a conversation and by providing a more complete picture and awareness 
of patient-relevant outcomes. These benefits of using PROMs contribute to a more 
person-centred healthcare and are directly achievable at individual patient level. 
Discussing individual PROM-results is already possible as soon as the patient has 
completed the PROMs, and is not dependent on population-level factors like high 
response rates or full integration into the electronic health record. However, these 
factors can further improve the use of PROMs at individual level; high quality in-
formation of similar patients – also known as ‘patients-like-me’ information – can fa-
cilitate the interpretation of individual PROM-results and shared decision making, 
and integration into the electronic health record provides insight into individual 
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results over time and comparison with clinical measures.28, 29 Hence, our results 
imply that PROMs should directly be used at individual patient level and at the 
same time be further implemented at population level, so that the added value of 
completing and using PROMs is directly experienced by patients and healthcare 
professionals and will further improve over time.
Despite the fact that there are still steps to be taken, there are already some exam-
ples in the literature showing that PROs can be of added value in healthcare qual-
ity evaluation.30-32 Future research should demonstrate whether this also applies 
to nephrology care. Our findings show that patients and healthcare professionals 
particularly consider the individual use of PROs of great added value, and individ-
ual use may therefore be the primary purpose of collecting PROs in routine ne-
phrology care. However, we should keep in mind that individual and aggregated 
use often go together and may strengthen each other, for example, aggregated 
PROM-results can inform patients and healthcare professionals about prognosis, 
treatment and factors influencing PROs.33, 34 Use at individual level is expected 
to improve response rates, which in turn results in better quality of aggregated 
information. Finally, the ultimate aim of collecting PROs is to improve patient-rel-
evant outcomes and healthcare quality, and in order to evaluate whether the use 
of PROMs at individual level indeed results in these improvements, data on an 
aggregated level is required.

IMPROVE PATIENT-RELEVANT OUTCOMES

Our findings confirm the high symptom burden and decreased HRQOL that pa-
tients receiving dialysis treatment experience.35-38 The high average number of 11 
symptoms, the broad range of physical and psychosocial symptoms experienced 
by patients, and the fact that the most common symptoms are not necessarily the 
most burdensome (Chapter 4), may partly explain why symptoms were missed 
in routine nephrology care when not systematically assessed and discussed.37, 39 
Furthermore, by further investigating a common symptom in dialysis patients (i.e., 
itching) we found that this symptom is persistent in many patients, often co-oc-
curs with other burdensome symptoms (i.e., sleep problems and psychological 
symptoms) and has a high impact on HRQOL (Chapter 6). These findings highlight 
the need for recognition, discussion and effective treatment to reduce symptom 
burden and improve HRQOL. Literature suggests that the use of PROMs may con-
tribute to better symptom management, and that this in turn might result in im-
proved patient-relevant outcomes such as a better HRQOL, less hospitalizations 
and lower mortality.40-45 By implementing the PROMs into routine dialysis care, the 
first steps have been taken to provide insight into and facilitate discussion about 
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patients’ symptoms and needs. However, to actually improve patient-relevant out-
comes, follow-up actions in response to PROM-results are needed. The need for 
guidance to adequately respond to and act upon patients’ symptoms and needs 
was also emphasized by healthcare professionals who already use and discuss 
individual PROM-results (Chapter 8).
In addition, using PROMs during consultations can help to focus on what is im-
portant to patients (Chapter 8). This may be of added value in decision making 
about starting, stopping or fine-tuning a treatment, for example: to what extent 
should anaemia be treated when the patient does not experience fatigue or other 
burdensome anaemia-related symptoms?46 Until when is dialysis treatment bene-
ficial, given the impact on someone’s daily life?47 Or to what extent is it beneficial 
to increase the prescription of phosphate binders when the patient experiences a 
high pill burden?48 The patient’s perspective is important in answering such ques-
tions and should be taken into account, just like clinical and biomedical values rou-
tinely are. The use of PROMs can already contribute to this more person-centred 
approach, and a personalised and holistic treatment. This may require a different 
approach from healthcare professionals and takes time and learning in practice to 
become familiar with. 

Future directions for research 
This dissertation provides grounds for further research into improving PROs and 
how to optimally use PROMs. Based on our findings, we would like to highlight 
some suggestions for further research.

FEASIBILITY AND SUITABILITY OF PROMIS CATS IN ROUTINE NEPHROLOGY 

CARE

Recently, PROMIS instruments have been recommended as generic PROMs for all 
medical specialist care in the Netherlands.49 Our research showed sufficient valid-
ity and good test-retest reliability of PROMIS CATs (Chapter 3). However, in con-
trast to the SF-12 (and DSI), we did not investigate the suitability of PROMIS CATs 
within the setting and purpose of using PROMs in routine nephrology care. There-
fore, further research is needed to explore the feasibility and suitability in routine 
nephrology care. In addition to characteristics such as questionnaire length (i.e., 
number of items and time to complete), comprehensibility and completeness, 
some additional factors specific for PROMIS CATs should be further examined: 
first, as the PROM is adapted to the patient’s ability, questions will vary across pa-
tients and over time. Our research showed that particularly the specific items and 
not the overall scores are being used in clinical practice when discussing individ-
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ual PROM-results (Chapter 8). Therefore, research is needed to explore whether 
and how PROMIS CATs can be used and provide (similar) added value during 
consultations in routine nephrology care. Second, PROMIS CATs can only be com-
pleted digitally. Currently, some dialysis centres are (also) using paper-based ver-
sions to reach the entire population and enable completion by the patient himself 
(without help). Further research could provide insight into whether it is feasible 
and desirable to shift towards only digital completion of PROMs (e.g., regarding 
accessibility to all patients and response rates, and digital resources and availabil-
ity of help). Research findings regarding the feasibility and suitability of PROMIS 
CATs in routine nephrology care may help in determining the next steps in the 
iterative process of implementation and continuing to improve the use of PROMs.

RESEARCH TO ENABLE HEALTHCARE QUALITY EVALUATIONS BASED ON 

PROS

Using PROMs to evaluate healthcare quality requires not only further implemen-
tation at population level (e.g. higher and more consistent response rates), but 
also further research on the association between healthcare quality and PROs, 
and relevant case mix factors (Chapter 5). A PRO that is important to patients is 
not necessarily a suitable PRO for healthcare quality evaluation.50, 51 To evaluate 
healthcare quality, an association between the PRO and healthcare quality must 
be plausible or established. To make relevant comparisons, there should also be 
room for improvement (i.e., variation across hospitals) and actionable care plans 
must exist.50, 52 For most PROs, these associations have not yet been investigated. 
In addition, adequate case mix correction is required to enable fair comparisons 
and to draw conclusions about differences in healthcare quality. PROs and clini-
cal outcomes may have different underlying mechanisms and also different case 
mix factors playing a role.53 Identifying a sufficient set of case mix factors may be 
more challenging for PROs given the complexity and multidimensional character 
of PROs such as HRQOL.54, 55 More research on which factors and through which 
mechanisms PROs are influenced may contribute to the selection of an adequate 
set of case mix factors.

FURTHER RESEARCH ON HOW TO IMPROVE PROS

The ultimate aim of using PROMs is to improve patient-relevant outcomes and 
healthcare quality. Building on our findings, future research should focus on in-
vestigating to what extent and how PROMs can be successfully incorporated and 
used in routine care to actually achieve these improvements. As part of this, our re-
sults emphasize the importance to explore how common and highly burdensome 
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symptoms (e.g., itching) can be improved, and suggest that better symptom man-
agement may also improve HRQOL. Our findings regarding the impact of itch-
ing, and the often co-occurring sleep problems and psychological symptoms, on 
HRQOL also highlighted the need for effective (para)medical treatment options 
(Chapter 6). Healthcare professionals also expressed the research priority that 
actionable care plans must be identified or developed to respond to individual 
PROM-results (Chapter 8). In Dutch nephrology care, the first steps towards such 
actionable care plans have been taken with the recently started research project 
‘Integrating Patient-Reported Outcome (PRO) measures into Dutch dialysis care: 
Toward a PRO Treatment Guide to achieve optimal multidisciplinary and person-
alized dialysis care’ (PRO-GUIDE), in which a communication and treatment guide 
(and a supplementary generic toolbox for using PROMs in clinical practice) will be 
developed, in order to reduce the symptom burden and improve HRQOL.56 

Future directions for further implementation of PROMs
TRAINING AND SUPPORT TO IMPROVE IMPLEMENTATION AND USE OF 

PROMS

Our research shows that there is a need for guidance and training for the imple-
mentation and use of PROMs in routine care. This applies to all steps: from get-
ting the centres ready and inviting patients, to discussing individual PROM-results 
and taking and monitoring follow-up actions. Our results already provide a part of 
the necessary guidance and form the foundation for development of training and 
tools, including for instance practical implementation guidelines, training tools to 
support the interpretation of PROM-scores and to improve patient-professional 
communication about individual PROM-results.15, 26, 56, 57 Training and tools can be 
of added value to both healthcare professionals and patients, especially when it 
comes to patient-professional communication. Guidance and training can help to 
optimize the use of PROMs and integrate it as a standard approach into health-
care.26, 57 This will increase the added value and will help to reach the potential 
effects of using PROMs, contributing to person-centred care. In addition, to stimu-
late and facilitate improvements in using PROMs, a platform to easily share expe-
riences and facilitating factors among centres may be of added value, to readily 
learn from each other. 
Moreover, this dissertation comprises the implementation and use of PROMs in 
routine care until the discussion about individual PROM-results between patients 
and healthcare professionals. Although discussing individual PROM-results was 
regarded as an essential part in using PROMs and the main aim of completing 
PROMs, it does not stop after this step; using PROMs is an ongoing process and 
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also includes follow-up actions and monitoring. Guidelines are needed to ade-
quately take this next step after discussing the results, and are yet to be developed 
as part of the PRO-GUIDE project.56 

IMPROVE ACCESSIBILITY OF PROMS AND PROM-RESULTS

PROMs and PROM-results should be easily accessible for all patients and their 
healthcare professionals. Despite our efforts to optimize the implementation pro-
cess (e.g., individual PROM-results were directly provided and PROMs were avail-
able in four languages), some challenges regarding technical issues and inclusivity 
remain. For example, an important and often mentioned barrier is that PROMs and 
PROM-results are not yet integrated into the electronic health record.58 Patients 
and healthcare professionals need to work with a separate electronic system and 
PROM-results are therefore not easily combined with clinical measures and mon-
itored over time. We expect a higher added value of PROMs in personalised and 
holistic treatment when fully incorporated into the standard workflow, and there-
fore, PROMs should be integrated into the electronic health record. Preferably as 
part of a clinical dashboard and in such a way that all steps are included: PROMs 
invitations and reminders are send (automatically) and results are collected and 
visualised within the electronic health record. Visualisation (for example through 
dynamic dashboards) should enable monitoring of individual PROM-scores over 
time in comparison to relevant clinical measures and PROM-results from similar 
patients (i.e., ‘patients-like-me’ information). Moreover, additional information 
(e.g., MIC and MDC) and explanations (e.g., colour-indications and meaning of 
scores) can support the interpretation of PROM-results, and may help both pa-
tients and healthcare professionals to identify outcomes that may require atten-
tion and discussion during consultations.
Furthermore, the PROMs and the methods of using PROMs in routine care setting 
must be further developed to improve the accessibility for all patients, including 
those with low (health) literacy, poor digital skills and language barriers. PROMs 
can help to start conversations about experiences and needs that may otherwise 
remain undiscussed, and this is perhaps of most added value for people who 
have difficulties with expressing themselves and with self-management.59 How-
ever, these people might be those who also experience difficulties to complete 
PROMs.60 This should be taken into account when taking the next steps in the im-
plementation of PROMs into routine care. For example: simplify the language and 
layout with help of experts in this field61, on short term where possible (e.g., PROM 
instructions and feedback) and after validation where necessary (e.g., PROM it-
self). In addition, when integrating PROMs into the electronic health record, one 
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should think of alternatives or extra help for people with poor digital skills. Explore 
for instance the possibilities to complete PROMs onsite (e.g., provide tablets and of-
fer help to open the PROM), use of image answer options (e.g., smileys), and build-in 
read-aloud functions or video-instructions. Ideally, completing PROMs is facilitated 
in such a way that all patients can answer the questions by themselves, to ensure the 
results reflect their own perspective without any interpretation of others.37, 39, 62

BROADENING THE IMPLEMENTATION OF PROMS TO TOTAL NEPHROLOGY 

CARE AND BEYOND

During this research project, the PROMs were implemented into routine dialysis 
care. In addition, it laid the foundation for implementation of PROMs into the en-
tire population in nephrology care. First steps have been taken to introduce PROMs 
for kidney transplant recipients (e.g., the ‘PROs: Input of Valuable Endpoints’ [POSI-
TIVE] study63) and patients with CKD prior to kidney failure (e.g., the ‘Patient-Relevant 
Outcomes in CKD’ [PRO-CKD] project and the Dutch Outcome-based Healthcare 
program64), and will be included into the infrastructure of the Dutch renal registry 
Renine in the near future. This enables monitoring and individual follow-up of PROs 
– in addition to the already available clinical measures – over the entire disease and 
treatment trajectory (i.e., from advanced CKD to kidney failure and including differ-
ent types of kidney replacement therapy and comprehensive conservative care). This 
will provide a more complete picture of disease patterns and can inform treatment 
decisions.
Literature shows that PROMs are also of added value in other fields, such as oncol-
ogy, neurology and orthopaedics.16, 41, 45, 65 Currently, different PROMs and separate 
workflows are often applied across the medical specialties. We hope that in the fu-
ture, generic PROMs are no longer integrated into each medical specialty separately, 
but really organised around the patient, corresponding to the person-centred ap-
proach. This is especially of great added value in multimorbid populations, like pa-
tients with CKD in which comorbidities like diabetes and cardiovascular disease are 
common. Using the same PROM across medical specialties can lower the question-
naire burden and facilitate multidisciplinary use of the information, since the same 
PROM-results can be used by multiple specialists (i.e., reuse of information; there 
is no need to complete a PROM for each medical specialty separately). Particularly 
generic PROMs (e.g., SF-12 or PROMIS) are suitable for this broad application. First 
steps have already been taken to agree on suitable generic PROMs (e.g., PROMIS in-
struments) and crosswalks are being developed to enable transition between PROMs 
without losing historical PROM-data.49, 66 Furthermore, the integration of PROMs into 
the electronic health record – although one of the biggest challenges – would bring 
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the person-centred collection of PROMs one step closer. Nevertheless, we expect 
that a certain generic approach will provide a good standard, but will not always be 
sufficient. Our results show that especially the Dialysis Symptom Index (DSI) – a dis-
ease specific PROM – provided valuable and additive insights, and was considered 
highly important by patients and healthcare professionals for the discussion and ac-
tionability of individual PROM-results (i.e., improvement of symptom management). 
PROMs specific for a certain disease or treatment may thus remain of great impor-
tance and an valuable addition to a generic PROM in routine care.

Conclusions
This dissertation provides insight into and practical knowledge of the implementa-
tion and use of PROMs in Dutch routine nephrology care. The introduction of PROMs 
into routine dialysis care corroborates the importance of a structured approach in-
volving all relevant stakeholders (especially patients) and careful preparation (e.g., 
selection of PROMs and facilitate infrastructure to collect and use PROMs). Although 
further improvements in the implementation are required to enable valuable use of 
PROMs at aggregated level – for instance high and consistent response rates must 
be achieved – our results also show that PROMs are directly suitable and of add-
ed value for use at individual patient level. The high symptom burden (e.g., itching, 
sleep problems and psychological symptoms) and its impact on HRQOL in patients 
receiving dialysis treatment, highlights the need for recognition, discussion and 
effective treatment of PROs. Discussing individual PROM-results between patients 
and healthcare professionals is an essential part of using PROMs and facilitates pa-
tient-professional communication and shared decision making. Our results form the 
foundation for training and guidance for healthcare professionals and patients, and 
for further development (e.g., regarding ICT facilities and inclusivity) to optimize the 
use of PROMs in routine care. The ultimate aim of using PROMs is to improve pa-
tient-relevant outcomes, and to achieve this follow-up actions (i.e., monitoring over 
time and improve symptom management) in response to PROM-results are required. 
Finally, based on our highly positive and valuable experiences with PROMs in rou-
tine dialysis care, we continue optimizing the implementation of PROMs and expand 
on it by also including care for patients with advanced CKD and kidney transplant 
recipients. The presented approach can serve as an example and we hope that our 
results and lessons learned provide guidance to other researchers, policy makers, 
healthcare professionals and patients, within and beyond (inter)national nephrology 
care, regarding the implementation and use of PROMs in routine care.
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Nederlandse samenvatting
Dutch summary

In de gezondheidszorg is er steeds meer aandacht voor het patiëntenperspectief, 
gericht op een persoonlijke en holistische behandeling die aansluit bij de voor-
keuren en behoeften van de patiënt. Het gebruik van patiënt-gerapporteerde uit-
komstmaten (PROM’s) in de praktijk kan bijdragen aan deze meer patiëntgerichte 
benadering. Maar hoe integreer je PROM’s in de gebruikelijke zorg en hoe ge-
bruik je PROM’s om tot deze persoonlijke en holistische behandeling te komen? 
Dit proefschrift biedt inzicht en praktische kennis over de implementatie en het 
gebruik van PROM’s binnen de nefrologische zorg.

Achtergrond
Mensen met chronische nierschade hebben een verminderde nierfunctie. Vaak 
gaat de nierfunctie in de loop van de tijd verder achteruit, waardoor nierfalen 
kan ontstaan. Mensen staan dan voor de keuze tussen het starten van nierfunctie-
vervangende behandelingen of conservatieve behandeling. Er zijn twee soorten 
nierfunctievervangende behandelingen, namelijk niertransplantatie of dialyse. 
Dialyse is een intensieve behandeling die mensen met nierfalen drie keer per 
week tot dagelijks in het ziekenhuis of thuis ondergaan. Chronische nierschade en 
in het bijzonder dialyse hebben een grote impact op het dagelijks leven. Patiënten 
ervaren vaak fysieke en emotionele gezondheidsklachten, zoals vermoeidheid, 
jeuk, spierkrampen, slaapproblemen, seksuele problemen en depressieve klach-
ten, met een grote impact op de ervaren kwaliteit van leven.
De nefrologische zorg (nierziekten zorg) richt zich van oudsher op medische 
uitkomsten zoals sterfte, nierfunctie, bloeddruk en hart- en vaatziekten. Hoewel 
patiënt-gerapporteerde uitkomsten (PRO’s), zoals gezondheidsklachten en kwali-
teit van leven, belangrijk worden gevonden door patiënten en zorgverleners, 
worden deze uitkomsten vaak onvoldoende herkend of genoemd in de spreek- 
kamer, en blijven daarmee onbesproken en onbehandeld in de gebruikelijke zorg. 
Het systematisch meten van PRO’s kan ervoor zorgen dat deze uitkomsten vaker 
en sneller herkend worden in de praktijk. PRO’s kunnen systematisch worden 
gemeten door middel van vragenlijsten, ook wel PROM’s genoemd (naar de 
Engelse term ‘patient-reported outcome measures’). PROM’s zijn specifiek ontwik-
keld om de ervaren gezondheid vanuit het perspectief van de patiënt te meten.
PROM’s kunnen een completer beeld geven van hoe het met de patiënt gaat of 
wat een patiënt kan verwachten van de behandeling of het verloop van de ziekte, 
in aanvulling op de medische uitkomsten. Je kan hierbij gebruik maken van de re-
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sultaten op het niveau van de individuele patiënt en op het niveau van de gehele 
of een groter deel van de patiëntengroep. Op individueel niveau kan het gebruik 
van PROM’s bijvoorbeeld bijdragen aan het ‘samen beslissen’ door de patiënt en 
de zorgverlener in de spreekkamer. Een beter inzicht in de uitkomsten die de pa-
tiënt ervaart kan ondersteuning bieden bij het gesprek over wat belangrijk is voor 
de patiënt en welke (behandel)keuzes bij hem of haar passen. Op groepsniveau 
kunnen PROM’s informatie opleveren over welke uitkomsten patiënten kunnen 
verwachten en over welke factoren en behandelingen de PRO’s kunnen beïnvloe-
den. Daarnaast zouden PROM’s-resultaten op groepsniveau ook gebruikt kunnen 
worden voor de evaluatie van de kwaliteit van zorg door resultaten van zorginstel-
lingen te vergelijken.
Ondanks dat er steeds meer aandacht en draagvlak is voor een meer patiëntge-
richte benadering, werden PROM’s nog niet breed toegepast in de nefrologische 
zorg. In Nederland zijn we daarom een project gestart voor de ontwikkeling en 
landelijke implementatie van PROM’s in de nefrologische zorg (het PROMs-NNL 
project). Het PROMs-NNL project is een initiatief van Nierpatiënten Vereniging 
Nederland en wordt uitgevoerd in nauwe samenwerking met onder andere 
patiënten, zorgverleners (Nederlandse Federatie voor Nefrologie), onderzoekers 
(Klinische Epidemiologie, Leids Universitair Medisch Centrum) en het kwaliteitsin-
stituut Nefrovisie. De implementatie richt zich in eerste instantie op de dialyse 
zorg en omvat de selectie van PROM’s, het pilot testen van PROM’s in de praktijk 
en de landelijke implementatie en het gebruik van PROM’s in de nefrologische 
zorg.
Het doel van dit proefschrift is om inzicht en praktisch toepasbare kennis te verkrij-
gen voor de implementatie en het gebruik van PROM’s in de nefrologische zorg.

Implementatie van PROM’s in de nefrologische zorg
SELECTIE VAN PROM’S

Op basis van de literatuur en in samenwerking met patiëntvertegenwoordigers 
en zorgverleners zijn gezondheids-gerelateerde kwaliteit van leven en ziek-
te-specifieke gezondheidsklachten geïdentificeerd als belangrijke PRO’s om te 
meten binnen de gebruikelijke nefrologische zorg (Hoofdstuk 1). De volgende 
stap is de selectie van geschikte PROM’s om deze PRO’s te meten. In Hoofdstuk 
2 beschreven we de selectie van een geschikte PROM om gezondheidsklachten 
te meten binnen de nefrologische zorg. We hebben deze selectie in vier fasen 
uitgevoerd. In de eerste twee fasen hebben we gezocht naar en voortgebouwd 
op de bestaande literatuur, waaruit we 28 potentieel geschikte vragenlijsten en 
10 categorieën van gezondheidsklachten identificeerden. Tijdens de derde fase 
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werden de vragenlijsten beoordeeld op basis van vooraf gestelde criteria met 
betrekking tot de relevantie (bijv. van toepassing voor mensen met chronische 
nierschade of nierfalen), volledigheid (bijv. omvat 90% van de categorieën) en 
begrijpelijkheid (bijv. passende lengte en eenvoudige en duidelijke vragen). 
Twee vragenlijsten voldeden aan de criteria: de ‘Dialysis Symptom Index’ (DSI) 
en de ‘Palliative Care Outcome Scale-Renal Version’ (IPOS-Renal). In de vierde 
fase werden deze vragenlijsten beoordeeld door twee panels van in totaal 151 
patiënten die willekeurig een vragenlijst kregen toegewezen, en één panel van 
zes patiënt-experts (d.w.z. ervaren vragenlijstbeoordelaars) die beide vragenlijs-
ten vergeleken. Patiënten rapporteerden meer gezondheidsklachten met de DSI 
dan met de IPOS-Renal (12 versus 8 gezondheidsklachten) en hadden minder tijd 
nodig om de DSI in te vullen (5,4 versus 7,5 minuten). Zowel de patiënten als de 
experts beoordeelden de DSI als de meest complete, specifieke en begrijpelijke 
vragenlijst. De DSI werd daarom geselecteerd als PROM voor het meten van ge-
zondheidsklachten binnen de nefrologische zorg.
De ‘12-item Short Form Health Survey’ (SF-12) is een gevalideerde en veelge-
bruikte PROM om gezondheids-gerelateerde kwaliteit van leven te meten. De 
SF-12 wordt geadviseerd voor gebruik in de nefrologische zorg en werd gese-
lecteerd door onze panels met patiënten en experts. Recentelijk werden ook de 
‘Patient-Reported Outcomes Measurement Information System’ (PROMIS) instru-
menten aanbevolen, welke ook als computer adaptieve test (CAT) kunnen wor-
den afgenomen. Een CAT selecteert vragen op basis van eerdere antwoorden van 
de patiënt, waardoor naar verwachting net zo precies (of preciezer) gemeten kan 
worden met minder vragen vergeleken met ‘standaard’ (niet-adaptieve) PROM’s. 
Om deze relatief nieuwe methode te onderzoeken, hebben we in Hoofdstuk 3 
de psychometrische eigenschappen (meeteigenschappen) van zeven PROMIS 
CAT’s vergeleken met de SF-12 in patiënten met chronische nierschade. De zeven 
PROMIS CAT’s bevatten vragen over fysiek functioneren, belemmeringen door 
pijn, vermoeidheid, slaapstoornissen, angst, depressie en het vermogen om deel 
te nemen aan sociale rollen en activiteiten. We vergeleken de inhoud van de zeven 
PROMIS CAT’s met de SF-12 en onderzochten de constructvaliditeit en test-her-
test betrouwbaarheid. De zeven PROMIS CAT’s toonden voldoende constructva-
liditeit. Verder was ook de test-hertest betrouwbaarheid van de PROMIS CAT’s, 
de overkoepelende scores van de SF-12, de meeste domeinscores van de SF-12 
en de DSI voldoende. Over het algemeen was de betrouwbaarheid van PROMIS 
CAT’s beter dan van de SF-12, wat gepaard gaat met een lagere minimale detec-
teerbare verandering (MDC). Voor zeven PROMIS CAT’s waren echter 45 items 
(10 minuten) nodig, wat 3 tot 4 keer de lengte is van de SF-12 (12 items; 3 minu-
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ten). Kortom, deze resultaten tonen bewijs voor voldoende constructvaliditeit en 
een betere test-hertest betrouwbaarheid van zeven PROMIS CAT’s, maar vereisen 
meer items in vergelijking met de SF-12. Deze resultaten geven nog geen inzicht 
in de geschiktheid en haalbaarheid van PROMIS CAT’s in de gebruikelijke nefro-
logische zorg en daarom blijft de SF-12 voorlopig behouden in de Nederlandse 
nefrologie.

PILOT TESTEN EN LANDELIJKE IMPLEMENTATIE VAN PROM’S

Hoofdstuk 4 beschrijft de eerste ervaringen en resultaten van de introductie van 
PROM’s in de Nederlandse nefrologische zorg in de vorm van een pilotstudie 
waaraan 16 dialysecentra deelnamen. Door middel van kwantitatieve en kwalita-
tieve methoden hebben we deze eerste ervaringen onderzocht. In totaal vulden 
512 patiënten 908 PROM’s in, verspreid over drie meetmomenten. Er was een 
gemiddeld laag responspercentage van 36%, welke varieerde van 6% tot 70% 
tussen centra. De grote variatie tussen de centra laat zien dat het behalen van 
een hoog responspercentage haalbaar maar uitdagend is en mogelijk om meer 
ondersteuning en training van patiënten en zorgverleners vraagt. Verder lieten 
de kwantitatieve resultaten zien dat patiënten die dialyseren een substantieel la-
gere fysieke kwaliteit van leven hebben. Hierbij ervaren zij een hoge belasting 
van gezondheidsklachten met gemiddeld 11 verschillende gezondheidsklachten 
waar patiënten ‘nogal wat last’ van ervaren. De variatie in frequentie en belas-
ting van gezondheidsklachten suggereert dat de meest voorkomende niet per 
se de meest belastende gezondheidsklachten zijn. In het kwalitatieve deel on-
derzochten we de ervaringen en voorkeuren van patiënten en zorgverleners met 
betrekking tot het gebruik van PROM’s. Patiënten waardeerden de inhoud, lengte 
en structuur van de gebruikte PROM’s (DSI en SF-12) en het online invullen van 
de PROM’s. Verder kwam naar voren dat individuele terugkoppeling van resul-
taten in een relevante context moet worden gepresenteerd, bijvoorbeeld door 
vergelijking met gemiddelde scores van andere dialysepatiënten in Nederland. 
Ook werd aangegeven dat het gebruik van PROM’s kan bijdragen aan (een goede 
voorbereiding van) het gesprek in de spreekkamer. Tijdens deze pilotstudie be-
spraken enkele patiënten hun PROM-resultaten al met hun zorgverlener. Patiënten 
en zorgverleners gaven aan dat het bespreken van de resultaten over kwaliteit 
van leven en gezondheidsklachten zeer inzichtelijk en waardevol was, en dat het 
bespreken van de individuele resultaten essentieel is. De eerste indrukken van het 
bespreken van de PROM-resultaten waren veelbelovend.
Voortbouwend op de bevindingen uit de pilotstudie is de infrastructuur voor de 
PROM’s verder geoptimaliseerd voor landelijke implementatie en het gebruik van 
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PROM’s in de reguliere dialysezorg. Vervolgens werden de PROM’s eind 2018 via 
Nefrovisie beschikbaar voor alle dialysecentra in Nederland en opgenomen in de 
landelijke kwaliteitsregistratie Renine. Alle dialysecentra werden uitgenodigd om 
PROM’s te implementeren in de dagelijkse dialysezorg.

Gebruik van PROM’s in de nefrologische zorg
GEBRUIK VAN PROM’S OP GROEPSNIVEAU

Op groepsniveau kunnen PROM-resultaten worden gebruikt om de kwaliteit van 
zorg te evalueren en om patiënten en zorgverleners te informeren over de effec-
ten van behandeling en het verloop van de ziekte. Een funnelplot is een grafische 
methode die gebruikt kan worden om de kwaliteit van zorg in ziekenhuizen te 
vergelijken. In Hoofdstuk 5 gaan we in op het gebruik en de interpretatie van 
funnelplots door een overzicht te geven van de basisprincipes, valkuilen en over-
wegingen bij toepassing op PRO’s, aan de hand van voorbeelden uit de Neder-
landse dialysezorg. Een funnelplot heeft verschillende voordelen, waaronder 
duidelijke visualisatie van de precisie, waarneembaarheid van volume-effecten, 
ontmoediging van het rangschikken van ziekenhuizen en een eenvoudige inter-
pretatie van resultaten. Echter, zonder voldoende kennis van de onderliggende 
methode stap je gemakkelijk in valkuilen, zoals over-interpretatie van gestandaar-
diseerde scores, onjuiste directe vergelijkingen tussen ziekenhuizen en aanne-
men dat een ziekenhuis naar behoren (d.w.z. zoals verwacht) presteert op basis 
van vergelijkingen met onvoldoende bewijskracht. Daarnaast gaat de toepassing 
van funnelplots voor PRO’s gepaard met extra uitdagingen gerelateerd aan het 
multidimensionale karakter van sommige PRO’s en uitdagingen bij het meten van 
PRO’s. Om relevante en eerlijke vergelijkingen van PRO’s te kunnen maken, zijn 
hoge en consistente responspercentages, adequate casemixcorrectie en kwalita-
tief goede PROM’s nodig. Deze uitdagingen moeten worden geadresseerd voor-
dat data over PRO’s ingezet worden voor evaluatie van kwaliteit van zorg, bijvoor-
beeld door gebruik te maken van funnelplots.
Hoofdstuk 6 laat een voorbeeld zien van hoe PROM-resultaten op groepsniveau 
kunnen worden gebruikt om patiënten en zorgverleners te informeren over het 
beloop en over de effecten van ziekte en uitkomsten. In dit hoofdstuk onderzoch-
ten we de impact van jeuk op gezondheids-gerelateerde kwaliteit van leven en 
de interacties met slaapproblemen en psychologische gezondheidsklachten bij 
patiënten die dialyseren. Dit is gedaan met cross-sectionele en longitudinale ana-
lyses bij 2978 patiënten die de PROM’s tussen 2018 en 2020 hebben ingevuld. 
Onze resultaten toonde aan dat de helft van de patiënten jeuk ervaarde en dat 
bij 70% van hen de jeuk over de tijd aanhield. Patiënten met jeuk ervaarden een 
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3 tot 4 punten lagere fysieke en mentale kwaliteit van leven in vergelijking met 
patiënten zonder jeuk. Dit verschil bleef gedurende de 2 jaar follow-up stabiel. 
Verder kwamen slaapproblemen (70% versus 52%) en psychologische klachten 
(36% versus 19%) vaker voor bij patiënten met jeuk. Deze klachten hadden een 
bijkomend negatief effect op de fysieke en mentale kwaliteit van leven, maar er 
was geen interactie met jeuk. Dat betekent dat de combinatie van beide klachten 
niet in een significant lagere of hogere kwaliteit van leven resulteerde dan de som 
van de individuele effecten van de klachten. De hoge prevalentie en de aanhou-
dendheid van de jeuk, de impact van jeuk op kwaliteit van leven over de tijd en 
het bijkomende effect op kwaliteit van leven van de vaak gelijktijdig voorkomende 
slaapproblemen en psychologische klachten, benadrukken de noodzaak van her-
kenning en effectieve behandeling van jeuk. Dit is van belang om de belasting 
door gezondheidsklachten te verminderen en de kwaliteit van leven te verbeteren 
bij patiënten die dialyseren.

GEBRUIK VAN PROM’S OP INDIVIDUEEL NIVEAU

Voor optimaal gebruik van PROM’s bij individuele patiënten is kennis nodig over 
hoe PROM-resultaten geïnterpreteerd en besproken kunnen worden. In Hoofd-
stuk 7 gaan we in op de verschillende typen en kenmerken van PROM’s en bieden 
we handvatten voor de interpretatie van individuele PROM-scores en verande-
ringen in PROM-scores over de tijd. In dit hoofdstuk introduceren we typen en ken-
merken zoals generieke en specifieke PROM’s en scoringsmethoden van PROM’s. 
We leggen uit dat intuïtieve maten zoals informatie over het gemiddelde en de 
verdeling van PROM-scores in een referentiepopulatie of de vergelijking met 
meer bekende uitkomsten (bijv. bloedwaarden en bloeddruk) onmisbaar zijn om 
PROM-scores te interpreteren en bekend te raken met PROM-scores. Verder zijn 
methodologische maten zoals de MDC en de minimale belangrijke verandering 
(MIC) belangrijk om ons te informeren over respectievelijk statistisch en klinisch 
relevante veranderingen. Daarnaast is het belangrijk om ervan bewust te zijn dat 
een responsverschuiving kan optreden. Dit verwijst naar een verandering in de 
betekenis van de PRO voor de patiënt (bijv. een verandering in iemands perceptie 
van kwaliteit van leven). Een responsverschuiving kan onverwacht kleine (of grote) 
veranderingen in PROM-scores verklaren. Ten slotte is een gesprek met de patiënt 
van belang om individuele PROM-scores te interpreteren. De beste manier om 
individuele PROM-scores en veranderingen in PROM-scores te interpreteren, is 
door middel van een gesprek tussen de patiënt en de zorgverlener, waarbij maten 
zoals MDC, MIC en responsverschuiving een faciliterende rol kunnen spelen. 
Bijvoorbeeld: de MIC geeft een indicatie van welke veranderingen in PRO’s er 
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meestal toe doen voor patiënten en uit het gesprek over individuele resultaten 
komt naar voren welke veranderingen, in welke mate en op welke manier belang-
rijk zijn voor een individuele patiënt.
In Hoofdstuk 8 hebben we onderzocht hoe individuele PROM-resultaten het bes-
te besproken kunnen worden in de spreekkamer. We onderzochten dit door mid-
del van semigestructureerde interviews met 22 dialysepatiënten en zorgverleners 
over hun ervaringen met en ideeën over het bespreken van PROM-resultaten in 
de dagelijkse dialysezorg. Interviews waren gericht op algemene situaties en spe-
cifieke situaties (bijv. het bespreken van gevoelige onderwerpen of wanneer er 
geen medische behandeling beschikbaar is). Patiënten en zorgverleners (nefrolo-
gen en verpleegkundigen) waardeerden het gebruik van PROM’s zeer, omdat het 
inzicht en overzicht geeft van hoe het met de patiënt gaat en omdat het bijdraagt 
aan de communicatie tussen de patiënt en de zorgverlener. Patiënten en zorg-
verleners boden praktische handvatten voor een optimaal gesprek over indivi-
duele PROM-resultaten. Ten eerste benadrukten patiënten en zorgverleners dat 
PROM-resultaten altijd besproken moeten worden en gaven ze aan hoe een ge-
schikte setting te creëren, adequaat voor te bereiden, om te gaan met tijdsdruk en 
PROM’s te gebruiken als een hulpmiddel voor persoonlijke holistische zorg. Ten 
tweede moeten patiënten actief deelnemen en moeten zorgverleners een bege-
leidende rol aannemen in het gesprek. Een vertrouwensband tussen de patiënt en 
de zorgverlener werd als een vereiste beschouwd en de interactie tussen patiënt 
en zorgverlener werd beschreven als een samenwerking waarin beiden hun ken-
nis, ervaringen en ideeën inbrengen. Ten derde werden vervolgstappen na het 
bespreken van de PROM-resultaten belangrijk gevonden, inclusief het handelen 
naar de resultaten (bijv. doorverwijzing of behandeling van gezondheidsklach-
ten) en monitoring van de PROM-resultaten en behandeleffecten over de tijd, die 
structureel zijn ingebed in het multidisciplinaire behandelproces. Deze algemene 
thema’s waren ook van toepassing op de specifieke situaties, bijvoorbeeld: resul-
taten moeten ook besproken worden als er geen medische behandeling beschik-
baar is. Opvallend was dat van zorgverleners verwacht wordt dat zij meer initiatief 
en een leidende rol nemen bij het bespreken van gevoelige onderwerpen. Dit 
onderzoek biedt diepgaande kennis en praktische handvatten voor het organise-
ren en voeren van gesprekken over individuele PROM-resultaten in de reguliere 
nefrologische zorg.
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Conclusie
Dit proefschrift biedt inzicht en praktisch toepasbare kennis over de implementa-
tie en het gebruik van PROM’s in de Nederlandse nefrologische zorg. Optimale 
implementatie van PROM’s vraagt om een doorlopend en herhalend proces van 
ontwikkelen, proberen, leren en verbeteren. De introductie van PROM’s binnen 
de dialysezorg onderschreef het belang van een gestructureerde aanpak met be-
trokkenheid van alle relevante belanghebbenden (in het bijzonder patiënten) en 
met een zorgvuldige voorbereiding (bijv. de selectie van PROM’s en het faciliteren 
van de infrastructuur voor het verzamelen en gebruiken van PROM’s). Hoewel ver-
dere verbeteringen in de implementatie nodig zijn voor waardevolle informatie 
op groepsniveau (o.a. hoge en consistente respons is noodzakelijk) laten onze 
resultaten ook zien dat PROM’s direct geschikt en van toegevoegde waarde zijn 
voor gebruik op individueel niveau. De hoge ervaren last door gezondheidsklach-
ten (bijv. jeuk, slaapproblemen en psychologische klachten) en de impact daarvan 
op de kwaliteit van leven bij patiënten die een dialysebehandeling ondergaan, 
benadrukt de noodzaak van herkenning, bespreking en effectieve behandeling 
van PRO’s. Het bespreken van individuele PROM-resultaten tussen patiënten en 
zorgverleners is een essentieel onderdeel van het gebruik van PROM’s en onder-
steunt de communicatie tussen patiënt en zorgverlener en draagt bij aan samen 
beslissen. Onze resultaten vormen de basis voor training en begeleiding van 
zorgverleners en patiënten en voor verdere ontwikkeling (o.a. op het gebied van 
ICT-voorzieningen en toegankelijkheid voor laaggeletterden en anderstaligen) 
om het gebruik van PROM’s te optimaliseren. Het uiteindelijke doel van het ge-
bruik van PROM’s is het verbeteren van patiëntrelevante uitkomsten. Om dit te 
bereiken zijn vervolgacties naar aanleiding van de PROM-resultaten nodig, zoals 
monitoring over de tijd en verbeteren van behandeling van gezondheidsklachten. 
Ten slotte blijven we de implementatie van PROM’s verder optimaliseren op basis 
van onze zeer positieve en waardevolle ervaringen met PROM’s in de dialysezorg. 
Daarnaast zullen we de implementatie van PROM’s uitbreiden door ook de zorg 
voor patiënten met vergevorderde chronische nierschade en patiënten met een 
transplantatienier hierin mee te nemen. De aanpak beschreven in dit proefschrift 
kan als voorbeeld dienen, en we hopen dat onze resultaten en geleerde lessen 
handvatten bieden aan andere onderzoekers, beleidsmakers, zorgverleners en 
patiënten, zowel binnen als buiten de (inter)nationale nefrologische zorg, met be-
trekking tot de implementatie en het gebruik van PROM’s binnen de gebruikelijke 
zorg. 
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