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Summary
Patient Reported Measures (PRMs) are instruments completed by patients to measure 
various constructs. PRMs can be subdivided into two main categories: Patient Report 
Outcome Measures (PROMs) measure health-related quality of life and symptoms of 
the individual patient, while Patient Reported Experience Measures (PREMs) evaluate 
the quality of health care from the perspective of the patient. In this dissertation, 
the focus lies on PROMs and PREMs which are used in eHealth which pertains the 
provision of health care services through digital media. Oncokompas is an eHealth self-
management application that supports Dutch cancer survivors in ! nding and obtaining 
optimal supportive care, adjusted to their personal health status and preferences. To 
provide personally adjusted advice, Oncokompas uses 29 widely used PRMs (besides 
several newly developed PRMs). " e ! rst aim of this dissertation is to investigate the 
measurement properties of various PRMs included in Oncokompas.

Measurement properties refer to the validity and reliability of a measurement instrument, 
which are crucial to determine whether the measurement instrument is capable of being 
used in practice. Validity is “the degree to which a measurement instrument measures 
the construct(s) purport to be measure”, and reliability is “the degree to which the 
measurement is free from measurement error”. Validity and reliability can be broken 
down into subcategories (also called measurement properties). " e COnsensus-
based Standards for the selection of health status Measurement INstruments 
(COSMIN) taxonomy and COSMIN guidelines provide a framework for discourse 
and interpretation of these di# erent subcategories, speci! cally for PRMs. In order to 
investigate the measurement properties of the 29 existing PROMs and one PREM used 
in Oncokompas, we performed a systematic review using the COSMIN guidelines. 
While discussing all of the results of this systematic review is beyond the scope of this 
dissertation, in this dissertation, we delve deeper into the measurement properties of 
two PROMs that aim to assess sexuality (the International Index of Erectile Function 
in chapter 2, and the Female Sexual Function Index in chapter 3), and one PREM that 
aims to measure satisfaction with in-patient cancer care (the EORTC IN-PATSAT32 
in chapter 4).

" e evaluation of eHealth applications presents very speci! c issues. Scienti! c evaluation 
using randomized controlled trials or in-depth evaluation through user experience 
interviews take a lot of time and resources. Meanwhile, the development of eHealth 
applications is usually rapid, leading to a state of “playing catch-up” for eHealth 
developers. " e eHealth Impact Questionnaire (eHIQ) is a PREM designed to measure 
a users attitude towards eHealth. " e second aim of this dissertation is to translate and 
validate the eHIQ for the Dutch population of eHealth users (chapter 5).
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"e use of validated and reliable PRMs in health care creates exciting possibilities. 
As mentioned, the use of PRMs has been promoted in routine health care in the 
Netherlands. PRMs are !lled in by a patient at various stages of treatment, nowadays 
often through use of an eHealth application (e.g.$a PRM presented through a website). 
"rough these digitized PRMs an enormous amount of data is gathered. "ese big data 
sets can be used to explore theoretical questions that thus far could not be investigated 
on such a large scale. "e third and last aim of this dissertation is to investigate symptom 
clusters among cancer survivors using the large dataset collected by Oncokompas to 
investigate symptom clusters among cancer survivors (chapter 6.

"e International Index of Erectile Function (IIEF) is a PROM to evaluate erectile 
dysfunction and other sexual problems in males. We performed a systematic review 
of the measurement properties of the IIEF-15 and the IIEF-5. A systematic search of 
scienti!c literature up to April 2018 was performed. Data were extracted, and analysed 
according to COSMIN guidelines for structural validity, internal consistency, reliability, 
measurement error, hypothesis testing for construct validity and responsiveness. Evidence 
of measurement properties was categorized into su%cient, insu%cient, inconsistent, 
or indeterminate, and quality of evidence as very high, high, moderate, or low. "e 
main outcome measure was the evidence of a measurement property, and the quality of 
evidence based on the COSMIN guidelines. Forty studies were included. "e evidence 
for criterion validity (of the Erectile Function subscale), and responsiveness of the 
IIEF-15 was su%cient (high quality), but inconsistent (moderate quality) for structural 
validity, internal consistency, construct validity, and test-retest reliability. Evidence for 
structural validity, test-retest reliability, construct validity, and criterion validity of the 
IIEF-5 was su%cient (moderate quality), but indeterminate for internal consistency, 
measurement error and responsiveness. Lack of evidence for and evidence not supporting 
some of the measurement properties of the IIEF-15 and IIEF-5, shows the importance 
of further research on the validity of these questionnaires in clinical research and clinical 
practice. A strength of the review was the use of pre-de!ned guidelines (COSMIN). 
A limitation of the review was the use of a precise rather than a sensitive search !lter 
regarding measurement properties to identify studies to be included. "e IIEF requires 
more research on structural validity (IIEF-15), internal consistency (IIEF-15 and 
IIEF-5), construct validity (IIEF-15), measurement error (IIEF-15 and IIEF-5), and 
responsiveness (IIEF-5). "e most pressing matter for future research is determining the 
unidimensionality of the IIEF-5, and the exact factor structure of the IIEF-15.

"e Female Sexual Function Index (FSFI) is a PROM measuring Female Sexual 
Dysfunction (FSD). "e FSFI-19 was developed with six theoretical subscales in 2000. 
In 2010, a shortened version became available (FSFI-6). We performed a systematic 
review to investigate the measurement properties of the FSFI-19 and FSFI-6. A 
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systematic search was performed of Embase, Medline, and Web of Science for studies 
that investigated measurement properties of the FSFI-19 or FSFI-6 up to April 2018. 
Data were extracted, and analyzed according to COSMIN guidelines. Evidence was 
categorized into su%  cient, insu%  cient, inconsistent, or indeterminate, and quality of 
evidence as very high, high, moderate, or low. " e main outcome measure was the 
evidence of a measurement property, and the quality of evidence based on the COSMIN 
guidelines. Eighty-three studies were included. Concerning the FSFI-19, the evidence for 
internal consistency was su%  cient and of moderate quality. " e evidence for reliability 
was su%  cient but of low quality. " e evidence for criterion validity was su%  cient and 
of high quality. " e evidence for structural validity was inconsistent of low quality. " e 
evidence for construct validity was inconsistent of moderate quality. Concerning the 
FSFI-6, the evidence for criterion validity was rated as su%  cient of moderate quality. " e 
evidence for internal consistency was rated as indeterminate. " e evidence for reliability 
was inconsistent of low quality. " e evidence for construct validity was inconsistent 
of very low quality. No information was available on structural validity of the FSFI-6, 
and measurement error, responsiveness, and cross-cultural validity of both FSFI-6 and 
FSFI-19. Con& icting and lack of evidence for some of the measurement properties of 
the FSFI-19 and FSFI-6, indicates the importance of further research on the validity of 
these PROMs. We advise researchers whom use the FSFI-19 to perform con! rmatory 
factor analyses and report the factor structure found in their sample. Regardless of these 
concerns, the FSFI-19 and FSFI-6 have strong criterion validity. Pragmatically, they are 
good screening tools for the current de! nition of FSD. A strength of the review was the 
use of pre-de! ned guidelines. A limitation was the use of a precise rather than a sensitive 
search ! lter. " e FSFI requires more research on structural validity (FSFI-19 and 
FSFI-6), reliability (FSFI-6), construct validity (FSFI-19), measurement error (FSFI-
19 and FSFI-6), and responsiveness (FSFI-19 and FSFI-6). Further corroboration of 
measurement invariance (both across cultures and across subpopulations) in the factor 
structure of the FSFI-19 is necessary, as well as tests for the unidimensionality of the 
FSFI-6.

" e EORTC IN-PATSAT32 is a patient reported outcome measure (PROM) to assess 
cancer patients’ satisfaction with in-patient health care. We investigated whether the 
initial good measurement properties of the IN-PATSAT32 were con! rmed in new 
studies. Within the scope of a larger systematic review study (Prospero ID 42017057237), 
a systematic search was performed of Embase, Medline, PsycINFO, and Web of Science 
for studies that investigated measurement properties of the IN-PATSAT32 up to July 
2017. Study quality was assessed, data were extracted, and synthesized according to 
the COSMIN guidelines. Nine studies were included in this review. " e evidence 
on reliability and construct validity were rated as su%  cient and of the quality of the 
evidence as moderate. " e evidence on structural validity was rated as insu%  cient and 
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of low quality. "e evidence on internal consistency was indeterminate. Measurement 
error, responsiveness, criterion validity, and cross-cultural validity were not reported 
in the included studies. Measurement error could be calculated for two studies, and 
was judged indeterminate. In summary, the IN-PATSAT32 performs as expected 
with respect to reliability and construct validity. No !rm conclusions can be made yet 
whether the IN-PATSAT32 also performs as well with respect to structural validity and 
internal consistency. Further research on these measurement properties of the PROM 
is therefore needed as well as on measurement error, responsiveness, criterion validity, 
and cross-cultural validity. For future validation studies, it is recommended to take the 
COSMIN methodology into account.

Measurement Error represents the minimum amount of change measured by a 
measurement tool, of which we can be sure is not an artefact of systematic error. In a 
large-scale systematic review, we found that only 4.14% of validation articles reported 
on measurement error, and measurement error could be calculated for another 3.82% 
of articles. To illustrate the implications measurement error has on clinical research, a 
simulation study was conducted. Simulations were run on a hypothetical randomized 
controlled trial for the treatment of depression as measured by the Beck Depression 
Inventory-II. Baseline values and a decrease over time of depressive symptoms for 
untreated depression (control condition) were extracted from literature. "e Minimal 
Clinically Important Di#erence (MCID) was used as a measure of e#ect size for the further 
decrease over time of the treatment condition. "ree parameters were systematically 
varied across simulations: sample size (250 / 500 / 750), e#ect size (0*MCID / 1*MCID 
/ 2*MCID / 3*MCID), and measurement error (0% / 10% / 20% / 30% / 40%). Each 
parameter combination was simulated 5000 times. "e relative bias is the bias of the 
coe%cient of interest. "e relative bias became more biased from near zero (with no 
measurement error) to -0.5 (with 30% and 40% measurement error). Furthermore, 
higher e#ect sizes showed more relative bias. ETA Squared is a measure of e#ect size. "e 
ETA Squared ranges from 0 to 0.525 when there is 0% measurement error, dependent 
on the e#ect size parameter. Every ETA squared drifted further towards zero with more 
added measurement error. "e results of the simulation showed an increase in bias with 
the addition of more measurement error. Furthermore, this e#ect seemed to be stronger 
for higher e#ect sizes. "e result of this bias is a decrease of e#ect size, which is especially 
dramatic upwards of 20% measurement error. It appears that measurement error a#ects 
power to detect a true e#ect.

"e eHealth Impact Questionnaire (eHIQ) provides a standardized method to measure 
attitudes of electronic health (eHealth) users towards eHealth. It has previously been 
validated in a population of eHealth users in the United Kingdom, and consists of 2 
parts and 5 subscales. Part 1 measures attitudes toward eHealth in general and consists 
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of the subscales Attitudes towards online health information (5 items), and Attitudes 
towards sharing health experiences online (6 items). Part 2 measures the attitude towards a 
particular eHealth application and consists of the subscales Con! dence and identi! cation
(9 items), Information and presentation (8 items), and Understand and motivation (9 
items). " e eHIQ was translated and validated in accordance with the COSMIN criteria. 
" e validation comprised 3 study samples with a total of 1287 participants. Structural 
validity was assessed using con! rmatory factor analyses and exploratory factor analyses 
(EFAs; all 3 samples). Internal consistency was assessed using hierarchical omega (all 
3 samples). Test-retest reliability was assessed after 2 weeks, using two-way intraclass 
correlation coe%  cients (sample 1). Measurement error was assessed by calculating the 
smallest detectable change (sample 1). Convergent and divergent validity were assessed 
using correlations with the remaining measures (all 3 samples). A graded response model 
was ! t and item information curves were plotted to describe the information provided 
by items across item trait levels (all 3 samples). " e original factor structure showed a bad 
! t in all 3 study samples. EFAs showed a good ! t for a modi! ed factor structure in the 
! rst study sample. " is factor structure was subsequently tested in sample 2 and 3, and 
showed acceptable to good ! ts. Internal consistency, test-retest reliability, convergent 
validity, and divergent validity were acceptable to good for both the original as the 
modi! ed factor structure, except for test-retest reliability of one of the original subscales, 
and the 2 derivative subscales in the modi! ed factor structure. " e graded response 
model showed that some items underperformed in both the original and modi! ed 
factor structure. " e Dutch version of the eHIQ (eHIQ-NL) shows a di# erent factor 
structure compared with the original English version. Part 1 of the eHIQ-NL consists 
of 3 subscales: Attitudes towards online health information (5 items), Comfort with sharing 
health experiences online (3 items), and Usefulness of sharing health experiences online (3 
items). Part 2 of the eHIQ-NL consists of three subscales: Motivation and con! dence to 
act (10 items), Information and presentation (13 items), and Identi! cation (3 items).

Knowledge regarding symptom clusters may inform targeted interventions. We 
investigated symptoms clusters among cancer survivors, using machine learning 
techniques on a large data set. Data were used of cancer survivors who used the fully 
automated online application ‘Oncokompas’. Oncokompas supports survivors in their 
self-management by 1) monitoring their symptoms through PROMs; and 2) providing 
tailored feedback on their scores with a personalized overview of supportive care options, 
aiming to reduce symptoms burden and improve health-related quality of life. In the 
present study, data on 26 generic symptoms (physical and psychosocial) were used. 
Results of the PROM of each symptom are presented to the user as a no well-being risk, 
moderate well-being risk, or high well-being risk score. Data of 1032 cancer survivors 
were analysed using Hierarchical Density-Based Spatial Clustering of Applications with 
Noise (HDBSCAN) on high risk scores and moderate-to-high risk scores separately. 
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When analysing the high risk scores, seven clusters were extracted: one main cluster 
which contained most frequently occurring physical and psychosocial symptoms, and six 
subclusters with di#erent combinations of these symptoms. When analysing moderate-
to-high risk scores, three clusters were extracted: two main clusters were identi!ed, which 
separated physical symptoms (and their consequences) and psychosocial symptoms, and 
one subcluster with only body weight issues. "ere appears to be an inherent di#erence 
on the co-occurrence of symptoms dependent on symptom severity. Among survivors 
with high risk scores, the data showed a clustering of more connections between physical 
and psychosocial symptoms in separate subclusters. Among survivors with moderate-
to-high risk scores, we observed less connections in the clustering between physical and 
psychosocial symptoms.

Across chapters 2, 3 and, 4 we investigated the measurement properties of three PRMs. 
We found that the majority of measurement properties across the three PRMs were 
rated as either indeterminate (37.5%), or inconsistent (25%); with a little over one third 
rated as su%cient (37.5%). We also found that the quality of evidence was mostly very 
low, low or moderate (81.8%), with a minority rated as high (18.2%). Furthermore, 
in a broader systematic review on the 29 PRMs used in Oncokompas, we found that 
for many of these PRMs information was missing with respect multiple measurement 
properties. "is is concerning, as PRMs are often used in practice and research to inform 
on patient health and to evaluate health care. In particular, more research is necessary on 
reliability, measurement error, responsiveness, and cross-cultural validity. "e validation 
study performed of the eHIQ-NL (chapter 5) serves as an example of how a validation 
study can be performed which would rate well on the COSMIN guidelines.

Chapter 6 illustrates the possibility of using PRM data to investigate relevant theoretical 
research questions. With the increase of eHealth usage, and PRMs being adopted by 
Dutch hospitals and Dutch health care insurers to implement and focus on value-
based health care, large datasets of PRM responses are gathered. "ese datasets can be 
used to investigate research questions, that would otherwise require lots of resources to 
investigate. "e investigation of symptom clusters is one such research question, and 
routinely collected data could be used to further this line of research. Routinely collected 
data could also be used for validation analyses, most notably in the investigation of 
structural validity for which evidence is often lacking. Open datasets published on 
platforms such as Dataverse, LinkedScience, and the Open Science Framework could be 
used in similar fashion. Investigation into test-retest reliability, measurement error, and 
responsiveness requires a more speci!c methodological design. To reduce the resources 
needed for such studies, crowdsourcing may be used. Results of such research also needs 
to be conveyed more appropriately towards clinicians and researchers that actually use 
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the measurement instrument. Mirroring open data platforms - as well as being in line 
with the the movement towards open science by the European Union - a platform could 
be devised where researchers who have performed validation analyses could upload their 
results, preferably including the dataset itself. By using machine readable formats, an 
automatic qualitative aggregation of measurement properties could be created.


