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1 Introduction 

1.1 Patient-Reported Outcomes 

The diagnosis of disease as well as evaluations of medical interventions have traditionally 

relied on standardised objective parameters, such as blood tests or physical examinations. 

However, particularly in areas where the subjective experience of the patient plays a vital 

role in understanding the characteristics and course of disease, the integration of the 

patient perspective provides a more holistic picture of a patient’s health status. This is also 

true for areas where conditions are chronic, and treatments are often aimed at improving 

or stabilising, rather than curing, the disease. In this case, patients’ self-reported symptom 

experience, their self-reported functioning, or other aspects of the health-related quality of 

life (HRQoL) may even be the very treatment goal. Hence, patient-reported outcome (PRO) 

data can deliver crucial information for diagnostic purposes as well as regarding benefits 

and potential harms of medical interventions. Recognising the potential of the patient’s 

voice (Atherton & Sloan, 2006; Frank et al., 2014), PRO data are increasingly integrated in 

clinical practice (Ahmed et al., 2012) as well as clinical research (Basch & Leahy, 2019) and 

they play an increasingly important role in medical and health policy decision making (Porter 

et al., 2016). 

The implementation of routine PRO data collection in clinical practice still frequently relies 

on local champions with the driving forces being clinicians with support from institutional 

leadership who recognise the benefits of PROs (Basch, 2017). Such benefits include but are 

not limited to monitoring the disease course and outcomes assessment. Research has also 

shown that PRO data improve clinician satisfaction, patient-clinician relationships as well as 

patient-clinician communication (Basch, 2017; Rotenstein et al., 2017). Moreover, there is 

strong evidence for the predictive value of PRO data. For example, as part of the Health 

Survey for England it was found that elevated levels of psychological distress were 

associated with an increased mortality risk in originally healthy survey participants (Russ et 

al., 2012). In oncology, PRO data have been found to be predictive of cancer recurrence and 

cancer survival (De Brabander & Gerits, 1999; Degner & Sloan, 1995; Gotay et al., 2008; 

Groenvold et al., 2007; Quinten et al., 2014; Sloan et al., 2001). However, despite notable 

advancements in the integration of PRO data in clinical practice – also stimulated by 

initiatives such as the International Consortium for Health Outcomes Measurement 
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(ICHOM) (Porter et al., 2016) – the routine collection of PRO data in clinical practice is still 

lagging behind advancements in clinical research. 

As opposed to clinical practice, the inclusion of PRO data is much more established in clinical 

research, specifically in clinical trials. Starting with the reflection paper of the European 

Medicines Agency (EMA) in 2005 (European Medicines Agency, 2005) and the draft PRO 

Guidance for Industry in 2006 (FDA, 2006) as well as the final PRO Guidance for Industry 

published in 2009 (FDA, 2009) by the U.S.-American Food and Drug Administration (FDA), 

both institutions laid the foundations for recognising PROs as crucial endpoints in clinical 

trials. Over the last 15 years, the FDA in particular has been instrumental in pushing the 

incorporation of both the patient and caregiver voices in medical product development and 

it is currently preparing four new guidance documents as part of its Patient-Focused Drug 

Development (PFDD) Program. These documents aim to provide a systematic approach on 

how to gather clinical outcome assessment (COA)1 data and provide guidance on their use. 

Whilst Guidance 1 that covers sampling methods (FDA, 2020) and Guidance 2 on methods 

of how to gather COA data from individuals (FDA, 2022) have already been released 

recently, Guidance 3 on selection/development of fit-for-purpose COA measures and 

Guidance 4 on incorporating patient experience data in clinical trials are currently under 

development. 

With the growing focus on patient centeredness (Frank et al., 2014) and PRO data becoming 

an important source for medical and health policy decision making, the requirements 

concerning the quality of PRO data are increasing as well. And rightly so, as health outcomes 

researchers and related disciplines working in academia, the pharmaceutical industry and 

the not-for-profit sector indeed have a growing ethical responsibility to use only those 

measures that generate robust data and allow for valid inferences from PRO scores 

(Hawkins et al., 2021; Hawkins et al., 2018; Weinfurt, 2021, 2022). In addition to PRO 

measures meeting minimum quality criteria (Aaronson et al., 2002; FDA, 2009), it is also 

crucial that these data are interpretable and can be compared, for example, between 

patients with similar or different diseases, with general population normative data, across 

interventions, between cultures as well as across countries. Therefore, standardising PRO 

measure development and validation processes is vital to ensure the use of PRO data, i.e., 

 
1 COAs subsume the following four types of outcome data: patient-reported outcome, clinician-reported 
outcome (ClinRO), observer-reported outcome (ObsRO) and performance outcome (PerfO) data (FDA, 2020). 
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the development of an interpretation/use argument (Kane, 1992), is founded on robust 

validity evidence (Hawkins et al., 2021; Hawkins et al., 2018; Weinfurt, 2021, 2022). At a 

practical level, it is further essential to provide the users of PROs with guidance on how to 

interpret the data they obtain. 

1.2 Classical and Modern Test Theory Methods 

The theory underlying the development and validation of PRO measures borrows from the 

area of psychometrics that was originally used to develop and evaluate psychological tests 

(Nunnally & Bernstein, 1994). Psychometric theory is also often referred to as test theory 

that is short for “theory of psychological tests and measurements” (McDonald, 1999). As 

test theory is concerned with the measurement properties of a scale, it covers the 

quantitative aspects of the quality of a PRO measure. Test theory is relevant during the PRO 

measure development/selection process as well as during the measure validation process. 

In order to assess a PRO measure’s psychometric properties, there are two schools of 

thought that can be drawn upon: 1) classical test theory (CTT) (DeVellis, 2006) and 2) 

modern test theory, including item response theory (IRT) (Embretson & Reise, 2000) and 

Rasch measurement theory (RMT) (Andrich, 2011). 

The fundamental basis of both CTT and modern test theory approaches is the measurement 

of latent variables, i.e., unobservable constructs, such as physical (e.g., physical function, 

pain), mental (e.g., depression, anxiety) or social health (e.g., social support) (Cella et al., 

2010). Since latent variables cannot be measured directly, sets of observed variables (items) 

need to be developed as indicators of the concept of interest. To achieve content validity 

of a PRO measure, qualitative work involving patients is critical to ensure all aspects of the 

concept of interest are covered from the patient perspective. The International Society of 

Pharmacoeconomics and Outcomes Research (ISPOR) Good Research Practices Task Force 

has published detailed steps of how to develop a PRO measure and is a key reference 

detailing the qualitative steps to establish a measure’s content validity. The steps include 

definition of the context of use, development of the research protocol, conduct of patient 

interviews and focus groups, analysis of the qualitative data, and documentation of the 

concept development, applied methodology and the results (Patrick et al., 2011a, 2011b). 

Parallel to the qualitative work, quantitative data in these early stages of content validation 

need to be gathered as well. For example, these data provide crucial information around 
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how well the items cover the concept of interest (content coverage), how well the chosen 

response categories work, including information on the distance between the response 

categories, the distribution of item and total scores as well as floor or ceiling effects. While 

these initial quantitative evaluations are exploratory in nature, they lay the groundwork for 

subsequent confirmatory quantitative approaches as part of the PRO measure validation 

process (Cappelleri et al., 2014). And it is in the context of these quantitative steps as part 

of the PRO measure development/selection and validation process that PRO researchers 

need to decide whether to employ CTT or modern test theory approaches or a combination 

of the two methods. 

Classical Test Theory 

Classical test theory is the traditional approach to evaluate the psychometric properties of 

a PRO measure. It is based on the assumption that each observed score – as obtained from 

a patient responding to an item of a PRO measure – consists of the hypothetical true score 

of the unobservable (latent) variable plus random error. Random error means that in CTT it 

is assumed that the error is unique to a specific item and, therefore, the error is 

independent of the error on another item. Further, it is assumed that it is just as likely that 

the error will increase or decrease the observed score with the consequence that errors on 

the whole cancel each other out, so that the effect of all errors across all respondents on 

the item’s mean score is effectively zero. While the effect on an item’s mean score is 

negligible, error does increase an item’s variability (Cappelleri et al., 2014; DeVellis, 2006). 

Various types of assessments can be subsumed under CTT, i.e., construct validity, including 

dimensionality, convergence, discrimination and known groups validity; criterion validity, 

including concurrent and predictive validity; and reliability, including internal consistency 

reliability and test-retest reliability (Aaronson et al., 2002; Mokkink et al., 2010). Despite 

newer test theory approaches, classical test theory has remained popular up to this date. 

The main reasons are that most scales have been developed based on CTT principles; hence, 

the underlying measurement model fits most PRO measures reasonably well. Also, items 

need not be perfect as this potential shortcoming can be offset by other items of the scale. 

However, because of the fact that adding items to the scale can improve measurement 

properties, PRO measures in the CTT framework tend to be long. Second, scale scores are 

typically calculated by using the sum or an average of the individual items. Hence, each item 
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regardless of its difficulty is given equal weight. Finally, observed score differences around 

the centre of the score range may have a different meaning compared to the same score 

difference at the extreme ends of the score range (DeVellis, 2006). Modern test theory 

approaches are able to offset some of these shortcomings described for CTT methods. 

Modern Test Theory 

For the purpose of providing the theoretical background on the work presented herein, the 

main focus of this section is IRT. As opposed to CTT, modern test theory methods – or more 

specifically IRT – are based on probability theory. Hence, the principles underlying IRT are 

fundamentally different to those underlying CTT. The basic assumption of IRT is that a 

respondent’s trait level depends on her response to an item and on the item properties. As 

a result, IRT models are mathematical equations that describe the relationship between a 

respondent’s underlying trait level on the latent variable and the probability of her response 

to an item that measures the latent variable. IRT models are based on the following two 

assumptions: 1) unidimensionality, i.e., it is assumed that items contained in an item bank 

unambiguously measure the target (latent) construct; and 2) local independence, i.e., it is 

assumed that a person’s response to an item is independent of her response to another 

item (Embretson & Reise, 2000). 

The simplest IRT model is a one-parameter logistic model, with the parameter of the model 

representing item difficulty (severity). For a binary item, i.e., an item with two response 

categories, the item difficulty parameter indicates the level of the attribute, for example, 

level of stress or level of anxiety, at which a person has a 50:50 chance of endorsing the 

item. If the difficulty of the item is higher, it is more difficult for a respondent to endorse 

the item; hence, a higher level of the attribute is required (Cappelleri et al., 2014). Figure 1 

shows an example of physical function with the individual items forming a hypothetical 

physical function item bank. Following an item calibration process, the physical function 

items, or questions (Q), of this item bank can be allocated along the continuum of ‘physical 

function’, i.e., these items are ordered according to each item’s difficulty. As illustrated in 

Figure 1, the ‘easier’ items are located further to the left, while ‘harder’ items are located 

further to the right of the continuum, with the left anchor being ‘low physical function’ and 

the right anchor being ‘high physical function’. 
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Figure 1.  Example of an item bank for physical function 

 

Apart from the one-parameter logistic model, there are two-parameter logistic models that 

contain a difficulty and an item discrimination parameter. The discrimination – or slope – of 

an item thereby indicates how well the item discriminates between respondents who have 

different trait levels or within a respondent if his trait level changes over time. If the slope 

is steep, a change in trait level has a much bigger impact on the probabilities compared with 

an item that discriminates less well (Embretson & Reise, 2000), i.e., the steeper the slope, 

the better the discrimination between persons or within a person over time especially in 

cases where the score difference is fairly small. Two-parameter logistic models are common 

in PRO research and are particularly relevant when applying computerised adaptive testing 

(CAT) (Kocalevent et al., 2009) that is introduced further below. For completeness, there 

are also three-parameter logistic models that contain the parameters difficulty, 

discrimination and an additional guessing parameter (Embretson & Reise, 2000); however, 

these models are uncommon in PRO research. Within the different IRT models, there are a 

range of models that further vary regarding which item response format they can handle. A 

good overview of the different types of IRT models as they apply to PRO research can be 

found in Cappelleri et al. (2014). 
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A unique feature of IRT models is that – regardless of which items are administered to an 

individual – the produced scores of the latent traits (theta) can be compared between 

persons, disease groups, countries, etc. In other words, if two respondents fill out different 

item subsets of an item bank, their theta scores are still comparable. This assumption forms 

the basis of CAT (Cella et al., 2010). The idea behind CAT is that it avoids the administration 

of irrelevant items by tailoring the PRO measure to the individual respondent, which is 

achieved by making use of the information on individual item parameters (Cella et al., 2007; 

Gibbons et al., 2008; Rose et al., 2012). Through the individual tailoring of the items, CAT is 

a more efficient method of PRO assessment, it reduces floor and ceiling effects, and it also 

reduces respondent burden without compromising the scale’s reliability (Cella et al., 2010; 

Embretson & Reise, 2000). 

For a meaningful and sensible interpretation of individual theta scores obtained as part of 

the IRT framework, a respondent’s scores are typically transformed to a T-metric, with a 

score of 50 defined as the mean of a reference (norm) population and a standard deviation 

(SD) of 10. Using this approach, scores of individuals can then be interpreted in terms of 

number of SDs above or below the mean of that reference population. Obtaining data from 

a reference population is the last step in finalising a PRO measure that has been developed 

based on modern test theory methods, i.e., before an IRT-based PRO measure is fully 

functional and can be released to the public, the collection of norm data is crucial. Only if 

norm data are collected, theta scores can be interpreted meaningfully and sensibly. As 

opposed to CTT methods, where the comparison of a respondent’s score with a reference 

population is done by looking at the difference between scores, norm data are an integral 

part of score calculation in IRT, as the estimation of a respondent’s score is done in relation 

to the mean of the reference population. 

1.3 International Initiatives Aimed at Standardising PRO Assessment 

In light of the growing focus on patient centeredness in medical research (Frank et al., 2014) 

and PRO data being used as part of medical and health policy decision making (Porter et al., 

2016), it is not surprising that a range of efforts around the world have been initiated over 

the last several years with the aim to standardise PRO assessment, including PRO measure 

development and validation processes. The various efforts range from initiatives aimed at 

providing standards for PRO measure development and content validation (Patrick et al., 
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2011a, 2011b), minimum standards for the design and selection of PROs (Reeve et al., 

2013), standards for the translation and cultural adaptation of PRO measures (Wild et al., 

2005), tools for the standardised assessment of PROs (Valderas et al., 2008), guidelines on 

how to include PROs in clinical trial protocols (Calvert et al., 2018), reporting standards for 

PROs in protocols and publications (Basch & Leahy, 2019), definitions of key attributes of 

PRO measures (Aaronson et al., 2002; Mokkink et al., 2010), guides on how to report PRO 

data in randomised trials (Calvert et al., 2013) to standards for the statistical analysis of PRO 

data (Coens et al., 2020). Other efforts have been focusing on developing and rigorously 

evaluating specific PRO instruments and making these available across countries (Aaronson 

et al., 1992; Aaronson et al., 1993; Cella et al., 2010), whilst initiatives such as ICHOM were 

established with the sole purpose of defining core outcome sets for a range of indications 

(Porter et al., 2016). 

Two of the initiatives referred to above, as they pertain to the work presented herein, are 

introduced in more detail below. 

One of the most comprehensive efforts to date to standardise the assessment of PRO data 

is the Patient-Reported Outcomes Measurement Information System (PROMIS®) initiative. 

It was established in the U.S. in 2004. Since the project’s inception, PROMIS collaborators 

have received public funding from the U.S. National Institutes of Health (NIH) in excess of 

US$100 million. The purpose of PROMIS is the standardisation of PRO assessment through 

the development and validation of PRO measures for three major health domains, i.e., 

mental, physical and social constructs that are aimed to be used across diseases (Cella et 

al., 2010; Fries et al., 2005). A unique feature of PROMIS is the application of modern test 

theory methods. Whilst CTT-based instruments are static PRO measures with a fixed 

number and order of items, the focus of PROMIS is to develop IRT-based item banks that 

can be used as part of CAT (Fries et al., 2005). In addition to the item banking approach; 

however, PROMIS has also tested and released various fixed-length short forms (Cella et al., 

2019; Segawa et al., 2020). 

Another, yet disease-specific, large effort in the standardisation of PRO assessment is the 

research program of the European Organization for Research and Treatment of Cancer 

(EORTC) Quality of Life Group (QLG). In 1986, the EORTC initiated the development of a 

modular approach of assessing the quality of life (QoL) of cancer patients (Aaronson et al., 

1993). Starting with the development of a static QoL cancer core questionnaire – the EORTC 
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QLQ-C30 – the EORTC QLG has since released a large number of modules for several cancer 

sites that are to be administered alongside the EORTC QLQ-C30 (Sprangers et al., 1993). In 

2018, the EORTC QLG also released the EORTC CAT Core, i.e., a CAT version of the EORTC 

QLQ-C30 using the IRT framework (Petersen et al., 2018; Petersen et al., 2020). To support 

the interpretation of QoL data obtained from cancer patients, the EORTC QLG published an 

EORTC QLQ-C30 QoL Reference Values manual in 2008 containing QoL data from various 

cancer patients stratified by age, gender, cancer stage and cancer site (Scott et al., 2008). 

The data provided in this manual allows for a comparison of scores obtained from cancer 

patients with scores from a comparable cancer cohort and therefore greatly enhances the 

interpretation of EORTC QLQ-C30 data. Apart from reference values, PRO data may also be 

compared with general population norm data. EORTC QLQ-C30 general population norm 

data have been collected in various countries over the last decades (Derogar et al., 2012; 

Hinz et al., 2014; Juul et al., 2014; Mols et al., 2018). However, until rather recently, these 

norm data were of limited value for application in multi-national clinical cancer trials as no 

common sampling methodology had been applied across the different studies. 

1.4 Research Questions 

The overarching theme of the research presented herein relates to different approaches 

aimed at standardising the measurement and interpretation of PRO data. The research 

projects were undertaken in the context of the PROMIS and EORTC measurement systems 

and received funding from Charité – Universitätsmedizin Berlin (Rahel-Hirsch Stipendium), 

the German Research Foundation (Deutsche Forschungsgemeinschaft [DFG], Sachbeihilfe; 

Förderzeichen: NO 1138/1-1) and the European Organization for Research and Treatment 

of Cancer Quality of Life Group (grant number: 001 2015). 

The specific aims were to: 

1. translate, culturally adapt and undertake an initial psychometric evaluation of the 

PROMIS Physical Function item bank version 1.2 in German, 

2. provide an example of a comprehensive psychometric evaluation of the PROMIS 

Emotional Distress - Depression item bank version 1.0, 

3. generate the European norm for the EORTC CAT Core based on general population 

norm data obtained from 11 European countries, 
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4. generate European norm data as well as individual country norm data for a total of 

15 countries for the EORTC QLQ-C30, and 

5. generate updated German general population norm data for the EORTC QLQ-C30. 
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2 Original Articles 

2.1 Translation, Cultural Adaptation and Psychometric Evaluation of PRO Instruments 

PRO instruments are typically developed in one target language as opposed to developing 

various language versions simultaneously. To be able to use the PRO measure in a language 

other than the language it was created in – both for national but also for international 

comparative studies – the measure needs to be translated and culturally adapted. 

The study presented here was aimed at the translation and culturally adaptation of the 

PROMIS v1.2 Physical Function item bank into German and it also carried out an initial 

psychometric evaluation of the German language version of the item bank applying a 

combination of CTT and modern test theory methods. Guided by internationally accepted 

translation principles (Wild et al., 2005), the item bank was first translated and culturally 

adapted. The study found the German translation to be conceptually equivalent to the 

original English language version and to be culturally acceptable in the German speaking 

context. The initial psychometric evaluation showed good psychometric properties with the 

exception of some of the items of the subdomain ‘upper extremity’ that did not fully satisfy 

requirements for a strictly unidimensional construct (Liegl et al., 2018). 

The following abstract has been taken from the original peer-reviewed article:  

Liegl G, Rose M, Correia H, Fischer HF, Kanlidere S, Mierke A, Obbarius A, Nolte S. An initial 

psychometric evaluation of the German PROMIS v1.2 Physical Function item bank in 

patients with a wide range of health conditions. Clinical Rehabilitation. 2018;32(1):84–93. 

DOI: https://doi.org/10.1177/0269215517714297  

“OBJECTIVES: To translate the PROMIS Physical Function (PF) item bank version 1.2 

into German and to investigate psychometric properties of resulting full bank and 

seven derived short forms. DESIGN: Cross-sectional psychometric study. SETTING: 

Inpatient and outpatient clinics of the Department of Psychosomatic Medicine at 

Charité - Universitätsmedizin Berlin, Germany. SUBJECTS: A total of 10 adult patients 

with various chronic diseases participated in cognitive debriefing interviews. The final 

item bank was administered to n = 266 adult patients with a broad range of medical 

conditions. INTERVENTIONS: Patient-reported outcome assessment as part of routine 

care. MAIN MEASURES: PROMIS v1.2 PF bank; MOS SF-36 PF scale (PF-10). RESULTS: 

https://doi.org/10.1177/0269215517714297
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Cross-cultural adaptation of the item bank followed established guidelines. For the 

final German translation, the corrected item-total correlations ranged from 0.44 to 

0.84. Cronbach's alpha was high for each PROMIS PF short form (alpha = 0.88-0.96). 

The full PROMIS PF bank and most short forms correlated highly with the SF-36 PF-10 

(r = 0.85-0.90), with the exception of PROMIS Upper Extremity (r = 0.64). PROMIS 

Upper Extremity showed ceiling effects and lower agreement with the full bank than 

other short forms. Unidimensionality was supported for all PROMIS PF measures using 

traditional factor analysis and nonparametric item response theory. CONCLUSION: 

The German PROMIS PF bank was found to be conceptually equivalent to the English 

version and fulfilled the psychometric requirements for use of short forms in clinical 

practice. Future studies should pay particular attention to samples with upper 

extremity functional limitations to further investigate the dimensional structure of PF 

as conceptualized according to PROMIS.” 
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2.2 Efforts to Standardise Across Test Theoretical Approaches 

The second study was part of a larger effort that had been initiated by members of the 

Psychometrics Special Interest Group (SIG) of the International Society for Quality of Life 

Research (ISOQOL). The aim of the effort was to undertake a head-to-head comparison of 

three different test theoretical approaches, i.e., CTT (Nolte, Coon, et al., 2019), IRT (Stover 

et al., 2019) and RMT (Cleanthous et al., 2019) and explore whether they would lead to 

different conclusions about the psychometric performance of a PRO measure. To illustrate 

the comparison and explore whether the application of different test theoretical methods 

altered conclusions about a PRO measure’s psychometric quality, the PROMIS Depression 

item bank was used.  

As summarised by Björner (Bjorner, 2019), the different approaches showed reasonable 

agreement between the three approaches regarding the overall conclusions about the 

psychometric performance of the PROMIS Depression item bank. Largest differences were 

seen between the basic statistical model, with CTT showing largest differences compared 

with the results of IRT and RMT that in turn showed reasonable overlap. In contrast, item 

discrimination was more similar between CTT and IRT, whilst the RMT model suggested 

exclusion of some of the items from the item bank. Both the analysis of the item thresholds 

(difficulty parameter) and differential item functioning (DIF) showed comparable results 

between IRT and RMT; the CTT study did not explore either of the two.  

In conclusion, the CTT paper presented below provided an important contribution to this 

collaborative effort and suggested that – regardless of the test theoretical approach taken 

– the overall conclusion about the psychometric quality of the PROMIS Depression item 

bank was sufficiently similar between CTT, IRT and RMT. The CTT paper further provided a 

basic introduction to the various psychometric tests undertaken within the CTT framework. 

The following abstract has been taken from the original peer-reviewed article: 

Nolte S, Coon C, Hudgens S, Verdam MGE. Psychometric evaluation of the PROMIS® 

Depression Item Bank: an illustration of classical test theory methods. Journal of Patient-

Reported Outcomes. 2019;3(1):46. DOI: https://doi.org/10.1186/s41687-019-0127-0  

“BACKGROUND: Psychometric theory offers a range of tests that can be used as 

supportive evidence of both validity and reliability of instruments aimed at measuring 

patient-reported outcomes (PRO). The aim of this paper is to illustrate psychometric 

https://doi.org/10.1186/s41687-019-0127-0
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tests within the Classical Test Theory (CTT) framework, comprising indices that are 
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Abstract

Background: Psychometric theory offers a range of tests that can be used as supportive evidence of both validity
and reliability of instruments aimed at measuring patient-reported outcomes (PRO). The aim of this paper is to
illustrate psychometric tests within the Classical Test Theory (CTT) framework, comprising indices that are frequently
applied to assess item- and scale-level psychometric properties of PRO instruments.

Methods: Using data on the PROMIS Depression Item Bank, typical CTT indices for the assessment of psychometric
properties are illustrated, including content validity, item-level data exploration, reliability, and construct validity,
particularly confirmatory factor analysis, to test the unidimensionality assumption underlying the item bank.
Analyses are carried out on an original item set of 51 depression items, the final (official) PROMIS Depression Item
Bank consisting of 28 items, and an 8-item short form.

Results: The analyses reported provide an informative illustration on how item- and scale-level reliability and
validity statistics can be used to assess the psychometric quality of a PRO instrument. The results illustrate how the
reported statistics can be used for item selection from an item pool (here: 51 items). Both the (final) 28-item bank
and the 8-item short form show good psychometric properties supporting the high quality of individual items and
the unidimensionality assumption of the item bank.

Conclusions: It is our hope that our illustration of CTT methods, in conjunction with two companion papers
illustrating modern test theory methods, will help researchers to confidently apply a range of statistical tests to
evaluate item- and scale-level psychometric performance of PRO instruments.

Keywords: Classical test theory, Patient-reported outcomes, Validity, Reliability, Factor analysis, Structural equation
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Background
Test theory, also referred to as psychometric theory, is
concerned with the theory of measurement of psycho-
logical constructs [1]. Although initial developments of
test theory date back more than a century [2], psycho-
metric theory is more topical than ever, in particular in
the field of medicine. Over the past decade, the inclusion
of the patient perspective in clinical care and research
(e.g., through measurement of self-reported outcomes
such as symptom burden, emotional, physical, and social

functioning) has developed to be a necessary rather than
merely desired aspect in the evaluation of treatment ef-
fectiveness, with regulatory agencies worldwide recom-
mending the inclusion of patient-reported outcomes
(PROs) in clinical trials [3–5]. The growing importance
of patient-centeredness, not only in the delivery of
healthcare but also in healthcare research, is further no-
ticeable in the increased funding dedicated to both im-
provement and standardization of PRO measures. For
example, the Patient-Centered Outcomes Research Insti-
tute (PCORI) was founded in the United States in 2010
with the aim to fund only those comparative effective-
ness research studies that demonstrate engagement with
and to be of relevance to patients and caregivers [6].
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Further, the standardization of PRO assessment has be-
come a major research area; initiatives, such as the
Patient-Reported Outcomes Measurement Information
System (PROMIS®), have been founded to develop and
validate item banks on major health domains that are
successively being implemented across the globe [7, 8].
In view of increased use and relevance of PROs, it is

crucial that these self-reported outcomes are measured
with the utmost precision. For this, psychometric theory
is pivotal as it offers a range of tests that can be used as
supportive evidence of both validity and reliability of a
PRO instrument. In other words, because the psycho-
logical phenomenon of interest cannot be observed dir-
ectly (e.g., depression), it is necessary to assess the
extent to which the self-report measure (i.e., the set of
items on a questionnaire) can be interpreted as a valid
and reliable reflection of the construct that it is intended
to measure. As such, psychometric theory plays an im-
portant role in the development of PRO instruments
and the evaluation of their psychometric quality.
Both traditional and modern test theory methods can

be employed to evaluate an instrument’s psychometric
properties. At the core of both methods is that they are
concerned with the measurement of unobservable (la-
tent) constructs through a set of observed variables to
get as best an approximation of the latent variable as
possible. Traditional test theory, also referred to as Clas-
sical Test Theory (CTT), is the older of the two and still
the most frequently applied method in health-related
quality of life research; its use is also suggested by the
U.S.-American Food and Drug Administration [4]. Gen-
erally, CTT includes indices that describe a PRO instru-
ment’s validity (content/face, construct [structural,
convergent, discriminant, and known groups], criterion
[concurrent and predictive]) and its reliability (internal
consistency and test-retest reliability) [9, 10].
The aim of this paper is to provide an illustration of a

range of analyses within the CTT framework. We dis-
cuss both the (practical) advantages and disadvantages
of the analyses and their interpretation. This educational
paper is part of a series of papers initiated by the Psy-
chometrics Special Interest Group (SIG) of the Inter-
national Society for Quality of Life Research (ISOQOL)
aimed at introducing different psychometric techniques
to analyze item properties of a PRO instrument, i.e.,
CTT as presented in this paper, item response theory
(IRT) [Stover et al, copublished in this issue], and Rasch
measurement theory (RMT) [Cleanthous et al, copub-
lished in this issue] methods. To outline the methods
used to perform psychometric tests applying a CTT-
based approach, the PROMIS® Emotional Distress - De-
pression Item Bank version 1.0 was selected because of
its availability and extensive use since its development in
2011 [11]. Although other PRO instruments are available

to assess depression (e.g., Center for Epidemiological
Studies – Depression [CES-D] [12], Patient Health
Questionnaire [PHQ-9] [13], Beck Depression Inventory
II [BDI-II)] [14]), the PROMIS Depression Item Bank
has been shown to provide more information than con-
ventional measures for which these short-form measures
are comparable [11]. The objective of the present paper
is to use data on the PROMIS Depression Item Bank to
demonstrate how CTT methods may be employed to
evaluate the psychometric properties of a set of PRO
items.

Methods
PROMIS emotional distress - Depression Item Bank
version 1.0
The PROMIS Depression Item Bank was developed fol-
lowing a comprehensive literature search and qualitative
methods, which resulted in an initial pool of 518 items.
Using psychometric analyses, these were subsequently
reduced to a preliminary pool of 56 items for calibration
testing. After thorough quantitative analyses, the final
PROMIS Depression Item Bank contains 28 items [11].
The items included in the final bank specifically focus
on negative mood, decreases in positive emotions,
cognitive deficits, negative self-image, and negative
social cognition [7]. The items are scored on a 5-
point verbal response scale (i.e., ordered categorical
item responses) where respondents are asked to rate
the experienced frequency of symptoms (never, rarely,
sometimes, often, always).
For the purpose of this series of papers, a subset of the

PROMIS calibration samples was made available by the
PROMIS Health Organization. This dataset comprised
51 of the 56 preliminary PROMIS depression items, and
was seen as a valuable resource in the public domain by
aforementioned ISOQOL Psychometrics SIG to compare
item performance results from CTT, IRT, and RMT
methods. The full sample data is also publicly available
(see https://doi.org/10.7910/DVN/0NGAKG).
The PROMIS Calibration Studies sample included 21,

133 respondents, with n = 1532 recruited from primary
research sites associated with PROMIS network sites,
while the vast majority (n = 19,601) was recruited from
an Internet polling company; further details about the
sampling are available in the introductory paper to this
special issue [ref]. For the purpose of illustrating differ-
ent methods to assess the psychometric properties, we
only used data from respondents from the general popu-
lation that were administered the full item bank (n =
925), and excluded respondents that were flagged by
predetermined speed-of-response criteria (n = 100) and
who had missing item responses (n = 72). This resulted
in a total sample of N = 753 (see Table 1 for an overview
of demographic information). Pilkonis et al. [11] have
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previously described results of psychometric analyses on
the same data for the purpose of item selection. The
current paper does not have such a substantive aim –
we do not wish to add to the analyses reported of Pilko-
nis et al. [11] – but rather our aim is to use these data
for illustrative purposes to introduce CTT methods. As
the final item bank contains 28 items, which can further
be applied as one of the many PROMIS depression short
forms (in this case, 8-item Short Form 8b), subsequent
analyses were carried out on three item subsets, i.e. 51,
28, and 8 items, respectively.

Content/face validity
Content validity refers to the extent to which a question-
naire’s items reflect the content of the construct to be
measured. Establishing content validity is a theoretical
and subjective undertaking that is part of the instrument
development process; although it is an important psy-
chometric quality it does not require statistical evalu-
ation. It is done by providing a definition of the target
construct (e.g., using literature search, focus groups, in-
terviews) and subsequent development of new items
and/or selection of items from existing instruments. A

related concept is face validity, which refers to the extent
to which experts agree on what the instrument appears
to measure. The main distinction between the two is
that content validity refers to the instrument develop-
ment process, whereas the latter term is usually used
in the context of critical review of existing instru-
ments [15].

Data exploration at the item level
Although CTT techniques generally focus on tests at the
scale level, it is useful to include item-level exploration
in the evaluation of an instrument’s measurement prop-
erties. This can be done by, for example, inspecting fre-
quency distributions (ordinal item responses) or means
and variances (continuous item responses). Generally,
variability across response categories and items is desir-
able as it indicates that respective item’s content is rele-
vant to respondents and the response categories are
appropriate for determining the continuum of a psycho-
logical construct. The distribution of responses also
gives insight into potential floor or ceiling effects. While
item-level exploration can give important insight into
the quality of individual items, strict decision rules re-
garding whether response variability is adequate is diffi-
cult given that frequency distributions/means (variances)
are dependent on the construct being measured and the
sample used. For example, in a general population sam-
ple, response variability on items about severe depres-
sion symptoms is expected to be limited as compared to
mild depression symptoms, whereas one may expect the
reverse in a clinical sample. Additionally, a clinical sam-
ple participating in a clinical trial is likely to demonstrate
quite different item response distributions at baseline
(i.e., when they are symptomatic and in need of treat-
ment) versus post-treatment (i.e., when the treatment
has hopefully improved symptoms). Therefore, context-
ual factors should be considered when interpreting item-
level analyses; one may accept different distributions in
different samples under different conditions as reason-
able. Given the ordinal scaling of the PROMIS depres-
sion items, in this paper the frequency distribution for
each item was examined to evaluate data completeness,
potential floor and/or ceiling effects, and the variability
of responses across categories.
Item discrimination refers to the extent to which an

item measures the underlying construct of interest, and
thus is able to discriminate between respondents. Item
discrimination is determined by exploring the correl-
ation of an individual item with the whole item set
(item-total correlation) or with all other items of the set
(corrected item-total correlation). In this paper, we con-
sidered corrected item-total correlations of ritc < 0.4 as
the cut-off following the developers of the PROMIS

Table 1 Demographic Characteristics of the PROMIS Sample
(N = 753)

General population sample (N = 753)

Age; Mean (SD) 51 (19)

Age group; N (%)

18–35 204 (27)

36–50 164 (22)

51–65 182 (24)

66–88 198 (26)

Gender; N (%)

Female 391 (52)

Male 361 (48)

Ethnicity; N (%)

Caucasian 597 (79)

African-American 73 (10)

Other 83 (11)

Education; N (%)

Primary 20 (2)

Secondary 149 (20)

Post-secondary 346 (46)

Tertiary 238 (32)

Relationship status; N (%)

Single 120 (16)

Married or with relationship 485 (64)

Separated or divorced 87 (11)

Widowed 59 (8)
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Depression Item Bank [11], but other cut-offs have been
suggested (see [16]).
Aforementioned distinction regarding whether items

are scored on an ordinal (e.g., Likert) or continuous re-
sponse scale also influences the choice of further statis-
tical methods used to inspect an instrument’s quality. As
the former type can only take on a limited number of
values, a decision has to be made about whether these
can be treated as (approximations of ) continuous item
responses or as ordered categories. Inspection of skew-
ness/kurtosis statistics (transformed to a z-score) and
normality tests (e.g., Kolmogorov-Smirnov test, Shapiro-
Wilk test) can be used to evaluate the assumption of
normal distribution of item scores. However, with larger
samples (n > 200) these tests can turn out to be signifi-
cant even with only small deviations from normality. As
an alternative, visual inspection of the distribution or
substantive considerations may be more appropriate to
guide a decision regarding which statistical methods to
use [17].

Reliability
Reliability refers to the extent to which the scores on an
item set reflect the ‘true’ score on the construct of inter-
est. Scores that are highly reliable are accurate, reprodu-
cible, and consistent reflections of the underlying
construct that the item set measures. Different methods
exist to evaluate scale reliability where the reliability co-
efficient reflects the proportion of true variance in the
variance of the observed scores, with higher values indi-
cating a more reliable estimate of the true scores.
The most well-known and widely applied reliability co-

efficient is Cronbach’s alpha [18], also referred to as a
measure of internal consistency. Values > 0.70 are gener-
ally taken to indicate good reliability; however, the ap-
propriateness of this – or any – threshold may vary
depending on the purpose of the instrument [19]. Al-
though Cronbach’s alpha is most often used as a reliabil-
ity coefficient, it is not without critique [20–22]. In
particular, it is estimated under the assumption that all
items are equally good measures of the construct (i.e.,
they are essentially tau equivalent) and violation of this
assumption may lead to an underestimation of the reli-
ability. Moreover, its calculation is influenced by the
number of items of the test and the average interrelated-
ness between the items, which may result in high reli-
ability estimates for longer tests regardless of whether
the items measure a homogeneous (i.e., unidimensional)
construct or not. Therefore, interpretation of Cronbach’s
alpha should coincide with a careful consideration of
both the instrument’s content and number of items in
the scale. In order to take into account deviating distri-
butional properties, it may be more appropriate to apply
alternatives that have been developed, such as a special

correction to the reliability coefficient that has been sug-
gested for the ordinal case [23] and the Kuder-
Richardson Formula (K-R20) that is a simplified version
of Cronbach’s alpha for the dichotomous case [24]. The
internal consistency of the PROMIS Depression Item
Bank was assessed using the alpha coefficient with a
threshold criterion of > 0.70 [16].

Construct validity
Construct validity refers to the extent to which the be-
havior of the instrument’s scores are consistent with
what would be expected from the construct of interest.
This can be evaluated by looking at internal relation-
ships, relationships to scores of other instruments or dif-
ferences between relevant groups.
In the following we address construct validity in terms

of internal relationships between variables (i.e., dimen-
sionality/structural validity) using factor analysis [10].
Further analyses of construct validity are considered out-
side the scope of the current article. As an example, in
the context of the PROMIS Depression Item Bank one
could consider further investigation of construct validity
by looking at the correlations with different measures of
depression, or investigate differences in depression
scores between a clinical sample and general population
sample.

Dimensionality
Assessment of an instrument’s dimensionality is also re-
ferred to as structural validity. It is used to assess the de-
gree to which the scores of an item set are an adequate
reflection of the dimensionality of the construct. Within
the CTT framework, structural validity is usually
assessed using factor analysis. The factor analytic frame-
work is historically closely connected to the CTT frame-
work, although it can be considered as a more ‘modern’
set of statistical techniques as it allows for the investiga-
tion of item- and scale-characteristics of an instrument
using less restrictive assumptions. That is, the flexibility
of the factor analytic framework can be used to model
the individual item characteristics without imposing
equality restrictions (i.e., assuming tau equivalences or
parallelism of the items).
Factor analysis is a group-level analysis technique aimed

at attributing sets of observed variables to one or more la-
tent variables [25]. While exploratory factor analysis is
generally used when the relationship among the variables
is unknown and the researcher is seeking dimensionality
insight from the analysis, confirmatory factor analysis
(CFA) is more appropriate when relationships among the
variables are already hypothesized (e.g., via a conceptual
framework used to construct the instrument). In CFA, the
more variance of an item can be explained by the hypoth-
esized latent variable (factor), the better the item fits to
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the construct. This is usually expressed in terms of factor
loadings, with the squared loading indicating the variance
explained. Loadings > 0.50 are deemed the minimum;
loadings > 0.70 are desirable [19]. To confirm the hypoth-
esized one-factor structure of the PROMIS Depression
Item Bank, in this paper unidimensional CFA was used to
assess the degree to which it is appropriate to combine
the 51, 28, and 8 items, respectively, in one domain [26].
To evaluate how well the hypothesized model fits the

data the most widely used method is maximum likeli-
hood (ML) estimation. It is valid under the assumption
that observed scores follow a multivariate normal distri-
bution; however, alternative estimation methods are re-
quired when this assumption is not met (e.g., with
ordinal data [27, 28]). Options for ordinal data include
weighted least squares for large samples and simple
models, and robust (or diagonally) weighted least
squares (WLSMV/DWLS) for smaller samples and com-
plex models. These estimation methods use an asymp-
totic covariance weight matrix to adjust for the non-
normality of ordinal data [29]. In addition, estimation
methods for ordinal data usually require adjustments to
the input matrices of variances and covariances. That is,
in the ordinal and dichotomous case, polychoric and tet-
rachoric correlations, respectively, are estimated instead.
To evaluate overall goodness-of-fit, the χ2 test of exact

fit [30] can be used where a significant χ2 value indicates
a significant difference between data and model [26]. As
this value is dependent on sample size and number of
model parameters included [26, 31], alternative fit indi-
ces have been developed. A prominent approximate fit
index is the root mean square error of approximation
(RMSEA), with RMSEA≤.05 indicating close and
RMSEA≤.08 indicating reasonable approximate fit [32].
Finally, incremental fit indices are used to compare the
model to an alternative or baseline model [33], with the
comparative fit index (CFI) [34] most frequently recom-
mended [35]. CFI values range between 0 and 1 [19, 34];
CFI ≥ 0.95 is indicative of good model fit [36]. The
Tucker Lewis Index (TLI) – or non-normed fit index
(NNFI) – is conceptually similar to CFI. While not
normed between 0 and 1, values close to 1 are consid-
ered to indicate good fit [19]. For more detailed over-
views of different fit indices and their interpretation, the
reader may be referred elsewhere [36–38].
In this paper, CFA was conducted using polychoric

correlations and WLSMV with robust standard errors
and a mean- and variance-adjusted test statistic (using a
scale-shifted approach). Further, above fit indices based
on the adjusted chi-square test statistic were considered
to interpret goodness of model fit. In the event that the
unidimensional model did not provide acceptable model
fit, modification indices (i.e., the expected change in
model fit if specific model revisions were made) and

residual correlations (i.e., the excess relationship be-
tween items after accounting for the underlying factor)
were inspected to identify reasons for model misfit [39].
Analyses were conducted with the package Lavaan that
runs in the freely available R software [40]. Syntaxes of
the analyses are available on request.

Results
Content/face validity
As content validity of the PROMIS Depression Item
Bank was performed by the original developers, it is only
presented here for completeness [41]. It comprised a
comprehensive literature search [41] and focus groups
with patients to ensure that the instrument reflected the
perspectives of the population of interest [42]. Moreover,
selection of items was (partly) based on content balancing
to retain a representative group of symptoms and com-
plaints in the final bank. Face validity was assessed by ask-
ing experts to review the resulting bank, and to define and
describe the content that was being measured [43].

Data exploration at the item level
Normality tests showed that all items deviated signifi-
cantly from normality, with severe right skewness (Table
1). Visual inspection of histograms and frequency distri-
butions confirmed that response options ‘never’ and
‘rarely’ were chosen more frequently (e.g., regularly >
60% of respondents) than the other response options. It
needs to be taken into account that the sample used
consisted of a representative population sample, which
may explain the relatively low percentages of endorse-
ment of the more extreme response categories. The find-
ing that these items show low response variability is thus
limited for administration in a general population sam-
ple, as the behavior of items could be quite different in
other, e.g. clinical, samples. Dependent on the intended
use of the instrument, these results could serve as basis
for item selection by removing items that show the most
skewed item response distributions (as was also done by
Pilkonis et al. [11]). For example, one could remove item
1 (‘I reacted slowly to things that were said or done’) as
only 3.5% fall within the two highest response categories.
Alternatively, item 15 (‘I disliked the way my body
looked’) seems to show almost a uniform response dis-
tribution, with similar percentages of respondents in
each response category. This pattern of responses devi-
ates from the other response patterns and may indicate
that this item measures something else than depression
(as measured by the other items). In contrast, an item
such as item 32 ‘I wished I were dead and away from it
all’, where 84% of respondents chose response option
‘never’ and only 1% indicated ‘always’, could be retained
based on item content, as it could be deemed a relevant
item to cover suicidal thoughts. However, if the

Nolte et al. Journal of Patient-Reported Outcomes            (2019) 3:46 Page 5 of 10



instrument was to be used in a clinical population, then
we may want to be more conservative with item reduc-
tion, as these items with low endorsement in a general
population may be relevant in a clinical population and
important for measuring severe conditions.
Based on these distributional results, taken in combin-

ation with the nature of the response options (i.e., fre-
quencies), we decided that the PROMIS depression
items should be treated as ordinal, although observed
variables with five response categories are sometimes
treated as continuous.
The corrected item-total correlations were investigated

next (three rightmost columns of Table 1) using poly-
choric correlations to take into account the ordinal na-
ture of the data, as suggested by Gaderman, Guhn and
Zumbo [23]. There was one item with correlation
smaller than 0.40 (i.e., item 49 ‘I lost weight without try-
ing’), which could therefore be considered for removal.
As all other corrected item-total correlations were rather
high, one could consider using more stringent criteria
for item selection. For example, items 11, 15 and 53
could be removed based on the criterion that the cor-
rected item-total correlation should be larger than 0.70,
and an additional 8 items would be candidates for re-
moval if the criterion were increased to 0.75 (items 1, 3,
18, 20, 24, 34, 37, and 43). These candidate items for re-
moval are consistent with the item selection of Pilkonis
et al. [11]). Thus, item-level data exploration can provide
valuable information about the performance of items
within a scale; however, it should be used in combin-
ation with further substantive considerations to retain a
sensible item set.

Reliability
The reliability coefficient was calculated based on poly-
choric correlations, as appropriate for ordinal data [23].
The alpha reliability coefficient was high, with 0.989 for
the total item bank (51 items), 0.988 for the final item
bank (28 items), and 0.974 for the 8-item short form,
with the latter finding indicating that reliable measure-
ment of depression can be attained with a relatively
small number of items. To consider item reduction
based on the reliability coefficient, one could further in-
spect the alpha-if-item-deleted statistic (i.e., the expected
alpha of the instrument when the specific item is

deleted), which identifies items that may not be highly
related to the other items and the domain of interest
(depression). For example, the deletion of aforemen-
tioned item 49 from the 51-item bank would not sub-
stantially change alpha (0.990 versus 0.989), suggesting
that this item was somewhat different from the other 50
items.

Construct validity - dimensionality
The one-factor solution for the 51-item bank showed ac-
ceptable model fit (Table 2). All standardized factor
loadings were quite high (mostly > 0.7; Table 3), thus
supporting the unidimensionality assumption of the
underlying depression factor. Only for item 49 the factor
loading was low; hence, again a candidate item for dele-
tion. Using more stringent criteria, e.g. factor loadings of
≥0.7, there are three additional candidate items for dele-
tion. Inspection of modification indices showed that the
three most problematic instances of misfit in the model
were a result of high residual correlations between items
16 (‘I felt like crying’) and 34 (‘I had crying spells’), items
3 (‘I felt that I had no energy’) and 18 (‘I got tired more
easily than usual’), and items 32 (‘I wished I were dead
and away from it all’) and 39 (‘I felt I had no reason for
living’). These results indicate that, in this general popu-
lation, the respective relationship between these items
was not well explained by the underlying factor. In other
words, these items have something else in common be-
sides what is captured by the depression factor. Closer
inspection of respective content suggests that each item
pair seem to measure similar symptoms. Such finding
could be an indication of multidimensionality as items
that belong to the same subdomain could be considered
to reflect a multidimensional depression construct; alter-
natively, it could be an indication of item redundancy,
i.e., keeping both items of respective item pair in the
bank does not add substantial new information so that
one item may be removed. This hypothesis could be fur-
ther explored either by looking at patterns of residual
correlations or by fitting multidimensional factor
models.
Results of the CFA containing the 28 items of the final

PROMIS Depression Item Bank generally supported the
unidimensionality assumption as did the 8-item short

Table 2 Model-fit results of confirmatory factor analysis (CFA) of extended item bank (51 items), final item bank (28 items) and
short-form 8b (8 items) of the PROMIS Depression Item Bank using WLSMVa,b

Model χ2 value df p RMSEA [90% CI] CFI TLI

Unidimensional model with 51 items 5729.6 1224 <.001 0.070 [0.068; 0.072] 0.953 0.951

Unidimensional model with 28 items 1473.27 350 <.001 0.065 [0.062; 0.069] 0.983 0.982

Unidimensional model with 8 items 177.71 20 <.001 0.101 [0.088; 0.115] 0.995 0.992
aWLSMV: robust weighted least squares
bSample size for the models with 51, 28 and 8 items, respectively, was N = 753
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Table 3 Factor loadings for the unidimensional factor models of the PROMIS Depression Item Bank

51 items Factor loading Residual variance 28 items Factor loading Residual variance 8 items Factor loading Residual variance

EDDEP01 0.733 0.462 EDDEP04 0.928 0.139 EDDEP04 0.924 0.147

EDDEP03 0.763 0.418 EDDEP05 0.9019 0.188 EDDEP05 0.888 0.212

EDDEP04 0.922 0.151 EDDEP06 0.901 0.189 EDDEP06 0.910 0.172

EDDEP05 0.893 0.203 EDDEP07 0.825 0.319 EDDEP17 0.891 0.206

EDDEP06 0.894 0.200 EDDEP09 0.900 0.190 EDDEP22 0.905 0.180

EDDEP07 0.826 0.317 EDDEP14 0.852 0.274 EDDEP29 0.900 0.190

EDDEP08 0.793 0.371 EDDEP17 0.877 0.232 EDDEP36 0.925 0.145

EDDEP09 0.897 0.195 EDDEP19 0.904 0.182 EDDEP41 0.944 0.109

EDDEP11 0.530 0.719 EDDEP21 0.846 0.284

EDDEP12 0.796 0.366 EDDEP22 0.918 0.158

EDDEP14 0.843 0.289 EDDEP23 0.823 0.323

EDDEP15 0.609 0.629 EDDEP26 0.868 0.247

EDDEP16 0.820 0.328 EDDEP27 0.870 0.243

EDDEP17 0.872 0.239 EDDEP28 0.823 0.323

EDDEP18 0.770 0.407 EDDEP29 0.898 0.194

EDDEP19 0.901 0.188 EDDEP30 0.802 0.357

EDDEP20 0.773 0.403 EDDEP31 0.863 0.254

EDDEP21 0.835 0.304 EDDEP35 0.861 0.259

EDDEP22 0.904 0.183 EDDEP36 0.911 0.169

EDDEP23 0.816 0.335 EDDEP39 0.879 0.226

EDDEP24 0.710 0.496 EDDEP41 0.938 0.120

EDDEP26 0.853 0.272 EDDEP42 0.799 0.362

EDDEP27 0.861 0.258 EDDEP44 0.827 0.317

EDDEP28 0.813 0.339 EDDEP45 0.832 0.308

EDDEP29 0.901 0.189 EDDEP46 0.890 0.308

EDDEP30 0.826 0.318 EDDEP48 0.880 0.226

EDDEP31 0.848 0.281 EDDEP50 0.795 0.368

EDDEP32 0.891 0.206 EDDEP54 0.859 0.261

EDDEP33 0.817 0.332

EDDEP34 0.779 0.394

EDDEP35 0.863 0.255

EDDEP36 0.900 0.190

EDDEP37 0.726 0.472

EDDEP38 0.802 0.356

EDDEP39 0.904 0.183

EDDEP40 0.841 0.293

EDDEP41 0.927 0.140

EDDEP42 0.792 0.373

EDDEP43 0.776 0.398

EDDEP44 0.838 0.298

EDDEP45 0.835 0.303

EDDEP46 0.819 0.330

EDDEP47 0.800 0.360

EDDEP48 0.871 0.241
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form, with the latter showing somewhat less optimal
model fit (Table 2). Further, standardized factor loadings
for all items were very high, with associated low propor-
tions of unexplained item variances (Table 3).

Discussion
This paper aimed to demonstrate how CTT methods
may be employed to evaluate the psychometric proper-
ties of a set of PRO items. It is part of a series of papers
initiated by the ISOQOL Psychometrics SIG, which was
aimed at comparing CTT with two modern test theory
approaches, i.e. IRT and RMT methods, with each using
the same dataset of PROMIS depression items.
First, item-level analyses were carried out. As the data

made available were collected from a general population,
the prevalence of the various depression symptoms was
rather low, which resulted in high floor effects for many
of the items; hence, there was a high propensity for item
response distributions to be skewed towards the bottom
category. Such response distribution, however, would be
expected for a general population sample and was not
deemed undesirable in this specific context. The items
with the greatest floor effects (e.g., percentage in cat-
egory 1 > 80%) were from the suicidality subdomain. En-
dorsement of these items would indicate the most severe
levels of depression, so this pattern was consistent with
the expected endorsement rate. In fact, only 10 of the 51
items did not display severe floor effects. These 10 items
spanned four of the six subdomains (i.e., mood, cogni-
tion, behavior, somatic complaints), so it was likely that
these items were indicators of milder depression levels
as opposed to the items displaying floor effects that
would be more appropriate (and necessary) for measur-
ing moderate and severe depression levels. Keeping these
limitations in mind (i.e., using data from a non-clinical
sample), for the purpose of this paper, proposed strat-
egies for item reduction focused on item redundancy as
well as weak relationships of each item with the other
items. Balancing these decisions with respective item
content, we identified several candidate items for dele-
tion that were largely consistent with those identified by
Pilkonis et al. [11]. However, one should take into

account that the reliability and validity of the final instru-
ment is limited to a population sample, and thus cannot
be readily applied to other – e.g. clinical – samples.
Second, the alpha reliability coefficient showed high

internal consistency of all three instruments, i.e. the 51-,
28-, and 8-item version, respectively. However, these re-
sults need to be interpreted with care. As the reliability
coefficient increases as the number of items increases,
the interpretation of alpha of as many as 51 items – or
28 items – may not be useful as the value can be an
artifact of the large number of items included. Neverthe-
less, it is reassuring that the 8-item short form showed a
reliability of > 0.90, supporting the notion of good reli-
ability of these PROMIS depression items [15]. One
should keep in mind that good reliability can be
achieved at the expense of item content, e.g. combining
very similar but not necessarily complimentary items
into one scale will result in highly reliable but not neces-
sarily very valid scales. Thus, the development of an in-
formative measurement scale requires a careful
consideration of both reliability and validity.
Finally, the results of the confirmatory factor analyses

showed satisfactory fit for all three instruments. Hence,
there was sufficient support that the PROMIS depres-
sion items are indeed unidimensional. In other words,
there was insufficient support for the alternative hypoth-
esis, that is, that the items belonging to respective prede-
fined subdomains (negative mood, decreases in positive
emotions, cognitive deficits, negative self-image, and
negative social cognition [7]) might be sufficiently differ-
ent from items from other subdomains to justify a multi-
dimensional depression construct. Nevertheless, the
interested researcher could have considered alternative
models, including multidimensional models or higher-
order factor models, to investigate the tenability of such
theoretical structures. In addition, more restricted
models could have been considered to test specific sub-
stantive hypotheses. For example, one could test whether
the individual factor loadings can be constrained to
equality to test the tenability of the tau equivalence as-
sumption. We chose to illustrate the application of a
confirmatory unidimensional factor model with freely

Table 3 Factor loadings for the unidimensional factor models of the PROMIS Depression Item Bank (Continued)

51 items Factor loading Residual variance 28 items Factor loading Residual variance 8 items Factor loading Residual variance

EDDEP49 0.300 0.910

EDDEP50 0.788 0.380

EDDEP52 0.838 0.298

EDDEP53 0.614 0.623

EDDEP54 0.874 0.236

EDDEP55 0.860 0.260

EDDEP56 0.846 0.283
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estimated factor loadings to illustrate the potential of
this type of analysis. The flexibility of the factor analytic
framework can further be used to impose restrictions on
(individual) model parameters to test (further) substan-
tive hypotheses. One could, for example, investigate pos-
sible differences in the factor structure across groups of
participants or across time (i.e., using the measurement
invariance framework), and test possible differences in
the underlying construct. However, illustration of the full
potential of factor analytic techniques was outside the
scope of the present paper.
There are a number of limitations to this CTT demon-

stration. First, PROMIS items were developed within a
modern test theory framework, i.e. IRT; hence, these
items were developed in a way that they are suitable to
be administered as part of computerized-adaptive testing
(CAT). Thus, item redundancy would not be observed
in case of CAT, as only a subset of items would be ad-
ministered. Also, any floor effects would be mitigated in
practice, as the most severe items would be administered
only to the most severe subjects. Therefore, the applica-
tion of CTT methods in general to an instrument that
was developed for and intended to be used with modern
test theory methods is somewhat limited but applied
here for illustrative purposes to compare three different
test theory methods (CTT, IRT, RMT). Moreover, the il-
lustration of CTT methods was limited in the sense that
many more types of reliability and validity could have
been considered. For example, alternative reliability tests
include parallel-tests, split-half reliability, test-retest reli-
ability, inter-rater reliability, etc. [17]. Internal consistency
may also be investigated by inspecting inter-item correl-
ational patterns or by using Structural Equation Modeling
[44]. Additionally, construct validity may subsume conver-
gent, discriminative, and predictive validity. Convergent
and predictive validity are usually explored by investigat-
ing the associations between instrument scores and some
gold standard. However, these types of gold standards are
generally not available for PRO measures [45]. In the
present case, the dataset that was distributed to the re-
search teams lacked concurrent measures that could be
used for assessing this type of validity and we also lacked a
variable to identify subjects in the sample, for example,
those with a clinical depression diagnosis; hence, these
types of analyses were not possible and also beyond the
scope of such paper. Finally, because this demonstration
was conducted on an item bank rather than a static instru-
ment, measurement properties were only explored at the
item-level because the items are not intended to all be
used to produce a score. When items can be combined to
produce a domain score, CTT can be used to evaluate if
the resulting scores are reliable, valid. Nevertheless, within
the limits of a scientific paper aimed at giving an introduc-
tion to and illustration of a practical application of a test

theory method such as CTT, it is hoped that this paper
still succeeded in giving a sufficiently comprehensive over-
view of classical test theory methods.

Conclusions
The results of the psychometric analyses were considered
against the conceptual framework as identified by the de-
velopers of the item bank. Overall, the items of the PRO-
MIS Depression Item Bank performed well and seemed
appropriate for measuring the unidimensional construct
of depression. It is our hope that the illustration of CTT
methods in this paper will help researchers to evaluate
item- and scale-performance of PRO instruments. Among
the advantages of CTT methods are that they are rela-
tively easy to understand and apply, and that statistical
software to perform the analyses is widely available. In
conclusion, a combination of both classical and modern
test theory methods will not only help evaluate the quality
of a PRO instrument but may eventually also help advance
the assessment and interpretation of psychological con-
structs that these instruments intend to measure.
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2.3 Establishing the European Norm for the EORTC CAT Core 

The EORTC CAT Core is one of the latest instruments developed by the EORTC QLG using 

the IRT framework (Petersen et al., 2018). Analogous to the EORTC QLQ-C30 that consists 

of 15 scales, the EORTC CAT Core consists of the same number of item banks, except for the 

overall quality of life scale of the EORTC QLQ-C30. A first international validation study of 

the EORTC CAT Core has already been published (Petersen et al., 2020). Despite the initial 

validation work on the EORTC CAT Core, however, an IRT-based PRO measure is only fully 

functional if the obtained scores can be linked to a reference population. Without such 

reference population, the IRT-based theta scores are placed on an arbitrary metric where 

the mean has little clinical or intuitive meaning. Hence, the transformation to a meaningful 

metric through the collection of general population norm data is crucial for the usefulness, 

comprehensibility and interpretability of the scores obtained via the EORTC CAT Core. 

Consequently, in parallel to the validation work, the EORTC QLG funded a study aimed at 

generating general population norm data for the EORTC CAT Core. This large international 

effort involved 14 collaborators and resulted in the creation of the European Norm for the 

EORTC CAT Core derived from a total of 11 countries of the European Union (EU). Following 

from this effort, the IRT-based scores generated from the EORTC CAT Core are now centred 

around a more meaningful mean, with a mean of 50 reflecting the mean of the European 

general population (Liegl et al., 2019). 

The following abstract has been taken from the original peer-reviewed article:  

Liegl G, Petersen MA, Groenvold M, Aaronson NK, Costantini A, Fayers PM, Holzner B, 

Johnson CD, Kemmler G, Tomaszewski KA, Waldmann A, Young TE, Rose M, Nolte S. 

Establishing the European Norm for the health-related quality of life domains of the 

computer-adaptive test EORTC CAT Core. European Journal of Cancer. 2019;107:133–41. 

DOI: https://doi.org/10.1016/j.ejca.2018.11.023  

“OBJECTIVE: The computer-adaptive test (CAT) of the European Organisation for 

Research and Treatment of Cancer (EORTC), the EORTC CAT Core, assesses the same 

15 domains as the EORTC QLQ-C30 health-related quality of life questionnaire but with 

increased precision, efficiency, measurement range and flexibility. CAT parameters for 

estimating scores have been established based on clinical data from cancer patients. 

This study aimed at establishing the European Norm for each CAT domain based on 

https://doi.org/10.1016/j.ejca.2018.11.023
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general population data. METHODS: We collected representative general population 

data across 11 European Union (EU) countries, Russia, Turkey, Canada and the United 

States (n >/= 1000/country; stratified by sex and age). We selected item subsets from 

each CAT domain for data collection (totalling 86 items). Differential item functioning 

(DIF) analyses were conducted to investigate cross-cultural measurement invariance. 

For each domain, means and standard deviations from the EU countries (weighted by 

country population, sex and age) were used to establish a T-metric with a European 

general population mean = 50 (standard deviation = 10). RESULTS: A total of 15,386 

respondents completed the online survey (n = 11,343 from EU countries). EORTC CAT 

Core norm scores for all 15 countries were calculated. DIF had negligible impact on 

scoring. Domain-specific T-scores differed significantly across countries with small to 

medium effect sizes. CONCLUSION: This study establishes the official European Norm 

for the EORTC CAT Core. The European CAT Norm can be used globally and allows for 

meaningful interpretation of scores. Furthermore, CAT scores can be compared with 

sex- and age-adjusted norm scores at a national level within each of the 15 countries.” 

  



Original Research

Establishing the European Norm for the health-related
quality of life domains of the computer-adaptive test
EORTC CAT Core

G. Liegl a, M.A. Petersen b, M. Groenvold b,c, N.K. Aaronson d,
A. Costantini e, P.M. Fayers f, B. Holzner g, C.D. Johnson h,
G. Kemmler g, K.A. Tomaszewski i, A. Waldmann j,k, T.E. Young l,
M. Rose a,m, S. Nolte a,n,* on behalf of the EORTC Quality of Life Group

a Department of Psychosomatic Medicine, Center for Internal Medicine and Dermatology, Charité e Universitätsmedizin

Berlin, Corporate Member of Freie Universität Berlin, Humboldt-Universität zu Berlin, Berlin Institute of Health, Berlin,

Germany
b Department of Palliative Medicine, Bispebjerg Hospital, Copenhagen, Denmark
c Department of Public Health, University of Copenhagen, Copenhagen, Denmark
d Division of Psychosocial Research & Epidemiology, The Netherlands Cancer Institute, Amsterdam, the Netherlands
e Psycho-Oncology Unit, Sant’Andrea Hospital Sapienza, University of Rome, Rome, Italy
f Institute of Applied Health Sciences, University of Aberdeen, Aberdeen, United Kingdom
g Department of Psychiatry, Psychotherapy and Psychosomatics, Innsbruck Medical University, Innsbruck, Austria
h University of Southampton, Southampton, United Kingdom
i Health Outcomes Research Unit, Department of Gerontology, Geriatrics, and Social Work, Faculty of Education,

Ignatianum Academy, Krakow, Poland
j Institute of Social Medicine and Epidemiology, University of Luebeck, Luebeck, Germany
k Ministry for Health and Consumer Protection, Hamburg Cancer Registry, Hamburg, Germany
l East & North Hertfordshire NHS Trust, Mount Vernon Cancer Centre, Northwood, Middlesex, United Kingdom
m Quantitative Health Sciences, Outcomes Measurement Science, University of Massachusetts Medical School, Worcester,

MA, USA
n Population Health Strategic Research Centre, School of Health and Social Development, Deakin University, Burwood, VIC,

Australia

Received 7 November 2018; accepted 10 November 2018

Available online 18 December 2018

DOI of original article: https://doi.org/10.1016/j.ejca.2018.11.024.

* Corresponding author: Sandra Nolte, Department of Psychosomatic Medicine, Center for Internal Medicine and Dermatology, Charité e
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Abstract Objective: The computer-adaptive test (CAT) of the European Organisation for

Research and Treatment of Cancer (EORTC), the EORTC CAT Core, assesses the same 15

domains as the EORTC QLQ-C30 health-related quality of life questionnaire but with

increased precision, efficiency, measurement range and flexibility. CAT parameters for esti-

mating scores have been established based on clinical data from cancer patients. This study

aimed at establishing the European Norm for each CAT domain based on general population

data.

Methods: We collected representative general population data across 11 European Union

(EU) countries, Russia, Turkey, Canada and the United States (n � 1000/country; stratified

by sex and age). We selected item subsets from each CAT domain for data collection (totalling

86 items). Differential item functioning (DIF) analyses were conducted to investigate cross-

cultural measurement invariance. For each domain, means and standard deviations from

the EU countries (weighted by country population, sex and age) were used to establish a T-

metric with a European general population mean Z 50 (standard deviation Z 10).

Results: A total of 15,386 respondents completed the online survey (n Z 11,343 from EU

countries). EORTC CAT Core norm scores for all 15 countries were calculated. DIF had

negligible impact on scoring. Domain-specific T-scores differed significantly across countries

with small to medium effect sizes.

Conclusion: This study establishes the official European Norm for the EORTC CAT Core.

The European CAT Norm can be used globally and allows for meaningful interpretation of

scores. Furthermore, CAT scores can be compared with sex- and age-adjusted norm scores

at a national level within each of the 15 countries.

ª 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The assessment of health-related quality of life

(HRQoL) using patient-reported outcome (PRO) mea-
sures has become increasingly important to evaluate,

monitor and improve the quality of cancer care [1e3].

One of the most frequently used PRO measures for

cancer patients is the European Organisation for

Research and Treatment of Cancer (EORTC) Quality of

Life core questionnaire QLQ-C30 [4,5]. It consists of 30

items covering five multi-item function scales (physical,

role, social, cognitive and emotional function), three
multi-item symptom scales (fatigue, nausea/vomiting

and pain), six single-item scales assessing further aspects

of HRQoL (dyspnoea, insomnia, appetite loss, con-

stipation, diarrhoea and financial difficulties) and a scale

on overall health/HRQoL.

The QLQ-C30 has been evaluated in many different

cancer populations, and adequate psychometric prop-

erties were largely supported [6]. However, some
studies found floor and ceiling effects [7,8]. Also, it is a

well-known limitation of traditional HRQoL ques-

tionnaires, such as the QLQ-C30, that some questions

might be irrelevant to the patient, which potentially

increases respondent burden and results in less precise

score estimates [9]. A promising solution to overcome

such limitations is the use of computer-adaptive tests

(CATs). CAT is methodologically based on item
response theory (IRT). Using IRT, domain-specific

item banks (i.e. lists of items measuring the same

domain) can be calibrated on a common scale [9,10].

Fitting an IRT model provides item parameters that

reflect the statistical relationship between an in-

dividual’s response to a given item and his/her position

on a domain scale. A major advantage of using IRT for

scoring is that any item subset of an item bank can be
used to estimate a person’s domain score on the same

continuous metric [11]. This enables CATs, in which

HRQoL assessment is tailored to the individual, which

increases measurement precision and range while

reducing respondent burden, sample size requirements

and study costs [10,12,13].

In 2006, the EORTC Quality of Life Group started

developing the EORTC CAT Core, which is based on
domain-specific item banks measuring the same di-

mensions as the QLQ-C30 [14,15]. In the item bank

development process, different sources of information

were collated, including literature reviews, qualitative

input from various stakeholders and psychometric an-

alyses of large international samples of cancer patients

[14]. Item bank development for all domains was

completed in 2016 [12,16e22]. To calibrate items of each
bank, IRT models were estimated using data obtained

from these clinical samples [22]. After item calibration,

parameters are based on a z-score metric with a study

population mean of 0 and standard deviation (SD) of 1.

Such scores are ‘arbitrary’, hampering interpretation.

Thus, the next step of item calibration is to link the CAT

algorithm to general population norm data to simplify

score interpretation. In this final step, it has become
common practice to transform scores to a T-score metric

with a general population mean of 50 (SD Z 10).
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The EORTC CAT Core development did not include

this final step of transforming scores to T-scores.

Therefore, for a more meaningful and sensible score

interpretation, this study aimed at collecting represen-

tative data of the European general population to

transform the current scoring to a T-score metric. Any

score obtained via the EORTC CAT Core can then be

interpreted in relation to this European mean. In addi-
tion, CAT norm scores are established for sex-, age- and

country-specific subpopulations.

2. Methods

2.1. Sampling

To collect general population data to establish the

‘European CAT Norm’, we subcontracted GfK SE

(http://www.gfk.com/). Data were collected via online

surveys in March/April 2017 in 11 European Union

(EU) countries (Austria, Denmark, France, Germany,

Hungary, Italy, the Netherlands, Poland, Spain,
Sweden and the United Kingdom), Russia, Turkey,

Canada and the United States for comparative

purposes. We stratified data collection by sex and age

groups (18e39, 40e49, 50e59, 60e69, 70þ years),

with a target sample size of each sex � age � country

subgroup of n Z 100, leading to an anticipated

sample size of n Z 1000/country. Assuming a T-scale

with a mean Z 50 (SD Z 10), this sample size allows
for estimating the population T-score mean of each

country (n Z 1000) within �0.6 T-scores (95%

confidence interval), which was considered to be

sufficiently precise. Moreover, this sampling design is

sufficient to investigate differential item functioning

(DIF) using logistic regression analysis [23].

2.2. Selection of items

The full item pool of the EORTC CAT Core consists of

14 item banks for the function and symptom-related

HRQoL domains in the QLQ-C30 plus two global items
forming the 15th scale for overall HRQoL. The number

of items per bank ranges between 7 (appetite loss) and 34

items (fatigue, cognitive function). In total, 260 items are

available for CAT assessment. For establishing CAT

norm values, 86 items were selected, consisting of all

QLQ-C30 items plus four additional items per domain

(56 items). The selection of the 56 items was based on

high measurement precision and adequate range of
measurement as indicated by the items’ psychometric

properties and content validity considerations, that is,

all aspects of a given domain had to be covered.

2.3. Differential item functioning

DIF analyses are used to evaluate whether items mea-

sure the same underlying construct in different

subpopulations [24], a central requirement for estab-

lishing a common norm across subpopulations. We

investigated DIF regarding country, sex and age groups

using ordinal logistic regression [23,25]. A regression

was modelled for each item, with the item response as

the dependent variable and the IRT-based domain score

as the independent variable. If adding the grouping

variable of interest (country/sex/age) to this model as an
independent variable leads to a change in the Nagel-

kerke R2 coefficient �.035, this indicates potentially

relevant DIF [20,26]. If DIF was identified, we evaluated

its practical importance by calculating the standardised

mean difference (SMD) between scores derived from all

available items of a domain versus scores derived from a

reduced item set, that is, excluding items showing DIF.

If SMD was �.2 (small effect size [ES] [27]), the practical
impact of DIF was considered to be negligible and

affected items were kept.

2.4. Establishing the European CAT norm

For establishing the ‘European CAT Norm’, we used

general population data from the 11 EU countries. In a

first step, we scored the data based on the previously

established ‘arbitrary’ IRT-based z-score metric and

calculated means/SDs for each CAT domain. To correct

for over- or under-representation of subgroups, we

weighted scores by country population size, sex and age
distribution, with the youngest age group further

divided into 18e29 and 30e39 years. Individual

weighting factors were calculated for each country � sex

� age group based on general population distribution

statistics for 2015 [28] using the formula:

Weighting factor Z percentage of subgroup in population/

percentage of subgroup in sample.

After estimating weighted means and SDs, scores

were transformed to a T-score metric using linear

transformation to establish the ‘European CAT Norm’

with mean Z 50 and SD Z 10 using the formula:

T-scoreZ10 � ðz-score� z-score meanÞ=z-score SDþ 50:

Using these formulas, we calculated European norm

scores (means, SDs) for each CAT domain overall and

by sex and age. Furthermore, to establish norm scores

for each of the 15 countries, national T-score means/SDs

were calculated using country-specific sex- and age-

weighting factors.

2.5. Determining the extent of subgroup differences

For each CAT domain, we investigated T-score differ-

ences between countries, sex, age groups and dicho-

tomised educational levels (less than postcompulsory

education and at least some postcompulsory education).

We conducted covariance analyses for each independent
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variable, entering the remaining three variables as

covariates. When used as a covariate, age was entered as

continuous variable. Statistical significance was implied

by P value <.01. We interpreted partial eta2 values of

.01 (zR2 Z 1%), .06 (zR2 Z 6%) and .14

(zR2 Z 14%) as small, medium and large ES, respec-

tively [27].

For analysing DIF, R 3.1.2 was applied using the
package lordif version 0.3-3 [25,29]. For all other sta-

tistical analyses, we used IBM SPSS Statistics�, version

22 [30].

3. Results

3.1. Sample

The total sample size was NZ 15,386 for the full sample

and n Z 11,343 for the EU sample (Table 1). Further

details on sampling and sociodemographic data are

provided elsewhere [35].

3.2. Psychometric properties

DIF by country and age was detected in two items of the

physical function (PF) scale. As the ES of excluding

versus including the DIF-items when estimating PF

scores in the full sample were very small (SMD Z .01),

all items of the PF scale were retained for further ana-

lyses. For the Hungarian data, one item of the sleep

problems scale (SL4) had to be excluded from further
analyses due to a translation error.

3.3. European CAT norm scores

Table 2 presents domain-specific z-score distributions in
the EU countries, weighted by country population size,

sex and age. In all CAT domains, except for dyspnoea,

all mean scores indicate better HRQoL in the general

population compared with scores in the original cancer

populations (which by way of model estimation has

mean Z 0).

In Table 3, the final European CAT Norm T-scores

(means and SDs) for each domain are reported for the
EU sample overall (by definition with mean Z 50) and

by sex and age. Covariance analyses indicated higher

HRQoL in men than in women (P < .001) in all do-

mains but ES were small, ranging from eta2 Z .001 for

diarrhoea and nausea/vomiting to eta2 Z .020 and .022

for emotional function and PF, respectively. Age also

had a statistically significant effect on HRQoL (P < .001

for each domain); however, the relational patterns were
inconsistent across CAT scales, and ES were small for

most domains, ranging from eta2 Z .002 for pain to

eta2 Z .020 for fatigue. In three domains, a larger and

relatively linear age effect was found: emotional function

(eta2 Z .047) and nausea/vomiting (eta2 Z .034)

improved while PF scores (eta2 Z .066) worsened with

age.

Except for diarrhoea, scores were also significantly

associated with educational level (P < .01) with higher

educated individuals reporting better HRQoL scores

(data not shown). However, these ES were very small

(all eta2 � .015).
Table 4 presents CAT T-scores for all 15 countries.

Within EU countries, domain scores in Poland indicated

relatively low HRQoL, while scores were comparatively

high in Austria and the Netherlands. In the United

States and Canada, score distributions were relatively

Table 1
EORTC CAT Core general population norm data sample

characteristics.

Sociodemographic variable Full sample

(15 countries;

N Z 15,386)

Norm sample

(11 EU countries;

n Z 11,343)

n (%) n (%)

Age, years

18e29 1177 (7.6) 883 (7.8)

30e39 1902 (12.4) 1370 (12.1)

40e49 3049 (19.8) 2248 (19.8)

50e59 3059 (19.9) 2253 (19.9)

60e69 3138 (20.4) 2337 (20.6)

70þ 3061 (19.9) 2252 (19.9)

Sex

Female 7650 (49.7) 5623 (49.6)

Male 7736 (50.3) 5720 (50.4)

Education

Less than compulsory education 183 (1.2) 95 (.8)

Compulsory (left school at the

minimum school leaving age)

1509 (9.8) 897 (7.9)

Some postcompulsory (some

school after reaching school

leaving age without reaching

university entrance

qualifications [e.g. A levels])

2050 (13.3) 1954 (17.2)

Postcompulsory below

university (e.g. reaching A

levels)

4405 (28.6) 3408 (30.0)

University degree (bachelor’s or

equivalent level)

3716 (24.2) 2689 (23.7)

Postgraduate degree (master’s,

doctorate or equivalent level)

3337 (21.7) 2131 (18.8)

Prefer not to answer 186 (1.2) 169 (1.5)

Country

Austria 1002 (6.5) 1002 (8.8)

Denmark 1003 (6.5) 1003 (8.8)

France 1001 (6.5) 1001 (8.8)

Germany 1006 (6.5) 1006 (8.9)

Hungary 1053 (6.8) 1053 (9.3)

Italy 1036 (6.7) 1036 (9.1)

The Netherlands 1000 (6.5) 1000 (8.8)

Poland 1024 (6.7) 1024 (9.0)

Spain 1165 (7.6) 1165 (10.3)

Sweden 1027(6.7) 1027 (9.1)

The United Kingdom 1026 (6.7) 1026 (9.0)

Russia 1007 (6.5) e

Turkey 1023 (6.6) e

Canada 1004 (6.5) e
The United States 1009 (6.6) e
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similar to the EU countries. In contrast, mean scores of

the Russian and Turkish general populations indicated
worse HRQoL in most CAT domains compared to the

EU average. In the covariance analyses, T-scores

differed significantly across countries in all CAT do-

mains (P < .001). However, ES were small for each

domain (eta2 < .06).

4. Discussion

The EORTC CAT Core is the first disease-specific

computer-adaptive PRO assessment system developed

across different countries for measuring a wide range of

HRQoL aspects relevant to cancer patients. In an

extensive development and psychometric evaluation

process, the EORTC CAT has been proven to be a more

precise, efficient and flexible measurement instrument
compared to the traditional QLQ-C30 static question-

naire [22].

This study established the official ‘European CAT

Norm’ based on general population data from 11 EU

countries for a more meaningful and sensible interpre-

tation of EORTC CAT scores. The domain-specific

means and SDs presented herein are now implemented

in the EORTC CAT scoring algorithm using a stand-
ardised scale centred to the European general popula-

tion with a mean of 50 (SD Z 10). Additionally, we

present norm scores per country and for sex- and age-

specific subgroups. This allows for a meaningful and

detailed interpretation of cancer patients’ scores.

Similar to our findings presented in the EORTC

QLQ-C30 norm data paper [35], some group differences

were observed. For example, men tended to score
somewhat better than women, which is consistent with

other QLQ-C30 norm data studies [31]. Furthermore,

some observed age differences were counterintuitive,

with the youngest participants showing lowest/worst

scores in some function scales, which has also been

observed by others in the application of item banks [32].
Due to these group differences, we recommend the use

of sex- and age-matched norm data for the most sensible

and meaningful score interpretation of data from cancer

patients obtained via the EORTC CAT Core.

The observed differences between countries need to

be taken at face value. It is conceivable that these dif-

ferences reflect ‘true’ differences in HRQoL; however, it

is also possible that some of these differences either
reflect differences due to slightly different meanings

between language versions or they reflect cultural dif-

ferences, for example, in terms of culture-related health

perceptions, expectations or response styles. Given the

vast experience with questionnaire translation and cul-

tural adaptation of items at the EORTC headquarters

and findings in the literature showing language-related

DIF to be negligible [33], we assume the observed dif-
ferences to be ‘true’ country differences in HRQoL until

further evidence is found that supports or refutes our

hypothesis. Furthermore, our tests of country-DIF as

presented herein show minimal impact of DIF,

providing sufficient support for our assumption of true

intercountry differences.

Our study has some limitations. First, it is not clear

whether online panels are truly representative of the
general population despite panel research companies

claiming they are. As an increasingly large proportion of

people have access to the Internet, the potential problem

of representativeness is getting smaller but still remains,

especially in countries such as Turkey where GfK had to

carry out telephone interviews to achieve sampling

quotas (for details see [35]). Our data suggest represen-

tativeness regarding most sample characteristics except
for educational status; however, when testing for the

influence of educational level, we found that the prac-

tical consequences were negligible. These findings

Table 2
z-score distribution in the EU countries (n Z 11,343) of the EORTC CAT Core domain scales.

EORTC CAT Core domain Number of items Mean SD Median Minimum Maximum Skewness

Physical function 9 .2327 .81453 .1960 e2.69 1.51 e.312

Role function 6 .4491 .82772 .6990 e2.19 1.18 e.912

Emotional function 8 .0813 .98832 .0982 e2.76 1.38 e.394
Cognitive function 6 .2466 .97733 .3490 e2.98 1.24 e.777

Social function 6 .3203 .93293 1.0150 e2.62 1.02 e1.097

Fatigue 7 e.1346 .92938 e.1080 e1.45 2.42 .375

Nausea/vomiting 6 e1.8961 .78304 e2.2130 e2.21 2.14 2.748

Pain 6 e.8193 1.20929 e.9480 e2.03 2.43 .612

Dyspnoea 5 .1787 .94265 .2050 e.68 2.91 .674

Sleep problems 5 e.3120 1.08615 e.2320 e1.68 2.36 .461

Appetite loss 5 e.2141 .77220 e.6760 e.68 2.61 1.453

Constipation 5 e.4222 .74434 e.6020 e1.07 2.21 .928

Diarrhoea 5 e.4564 .67354 e.8460 e.85 2.20 1.535

Financial difficulties 5 e.3617 .78364 e.8310 e.83 2.38 1.497

Overall HRQoL 2 .1163 .93597 .0390 e2.58 1.91 e.089

EORTC CAT Z The computer-adaptive test of the European Organisation for Research and Treatment of Cancer; EU Z European Union;

HRQoL Z health-related quality of life. Bold values Z The z-score mean and SD values were used in the formula described in section 2.4 for

transforming the z-scores to T-scores.
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Table 3
European norm T-scores (based on 11 EU countries) for each EORTC CAT Core domain: mean scores (M ) and standard deviations (SDs) by sex and age groupsa.

Domain Full sample, M (SD) 18e29 years, M (SD) 30e39 years, M (SD) 40e49 years, M (SD) 50e59 years, M (SD) 60e69 years, M (SD) 70þ years, M (SD)

All Male Female All Male Female All Male Female All Male Female All Male Female All Male Female All Male Female

Physical function 50.00

(10.00)

51.52

(10.23)

48.56

(9.56)

52.83

(9.53)

53.75

(10.38)

51.86

(8.44)

52.54

(9.83)

53.82

(9.93)

51.23

(9.55)

51.47

(10.00)

52.95

(9.93)

49.99

(9.87)

49.34

(9.74)

50.89

(9.87)

47.83

(9.38)

47.40

(9.26)

48.60

(9.60)

46.30

(8.79)

45.36

(9.29)

47.24

(9.62)

44.02

(8.81)

Role function 50.00

(10.00)

50.44

(9.83)

49.59

(10.14)

51.20

(9.74)

50.12

(10.56)

52.32

(8.66)

50.91

(9.73)

51.16

(9.54)

50.66

(9.91)

50.78

(10.09)

51.26

(9.84)

50.29

(10.32)

49.78

(10.17)

50.59

(9.81)

48.99

(10.45)

49.48

(9.96)

50.13

(9.50)

48.89

(10.34)

47.47

(9.86)

49.16

(9.18)

46.27

(10.14)

Emotional function 50.00

(10.00)

51.19

(9.84)

48.88

(10.02)

48.50

(10.84)

49.86

(10.93)

47.09

(10.55)

48.21

(10.36)

48.98

(10.36)

47.42

(10.32)

49.19

(10.15)

50.40

(9.71)

47.96

(10.43)

49.71

(9.60)

51.05

(9.54)

48.40

(9.49)

52.16

(9.08)

53.40

(8.65)

51.02

(9.33)

52.92

(8.48)

54.81

(7.46)

51.57

(8.90)

Cognitive function 50.00

(10.00)

50.65

(10.04)

49.39

(9.93)

48.33

(11.11)

48.73

(11.57)

47.91

(10.61)

49.57

(10.93)

50.24

(10.83)

48.89

(10.99)

49.82

(10.35)

50.78

(10.08)

48.85

(10.53)

50.26

(9.78)

51.40

(9.66)

49.14

(9.78)

51.56

(8.45)

51.84

(8.41)

51.31

(8.49)

51.11

(8.15)

51.80

(7.74)

50.61

(8.40)

Social function 50.00

(10.00)

50.38

(9.84)

49.64

(10.14)

49.70

(10.44)

49.74

(10.58)

49.66

(10.30)

49.10

(10.60)

49.41

(10.53)

48.77

(10.67)

48.98

(10.55)

49.46

(10.20)

48.51

(10.87)

49.75

(10.06)

50.62

(9.67)

48.91

(10.36)

51.19

(9.21)

51.68

(8.84)

50.73

(9.53)

51.56

(8.44)

52.08

(7.95)

51.19

(8.75)

Fatigue 50.00

(10.00)

48.84

(9.81)

51.10

(10.06)

50.89

(9.61)

49.96

(9.71)

51.87

(9.41)

51.18

(10.15)

50.06

(9.67)

52.33

(10.50)

50.67

(10.35)

49.21

(9.89)

52.15

(10.60)

50.09

(10.06)

48.88

(9.98)

51.28

(10.01)

48.31

(9.84)

47.42

(9.63)

49.13

(9.97)

48.38

(9.64)

46.54

(9.46)

49.69

(9.56)

Nausea/vomiting 50.00

(10.00)

49.96

(10.27)

50.04

(9.74)

52.11

(12.70)

53.27

(14.14)

50.90

(10.86)

52.11

(11.88)

52.28

(12.40)

51.94

(11.33)

50.06

(9.97)

49.42

(9.16)

50.71

(10.69)

49.07

(8.31)

48.48

(7.59)

49.65

(8.93)

48.16

(7.09)

47.57

(6.00)

48.70

(7.93)

47.79

(6.36)

47.00

(4.33)

48.36

(7.43)

Pain 50.00

(10.00)

49.35

(9.74)

50.61

(10.20)

49.17

(9.83)

49.25

(10.01)

49.09

(9.63)

49.87

(10.15)

49.79

(9.96)

49.95

(10.35)

50.06

(10.21)

49.41

(9.84)

50.71

(10.52)

50.80

(10.15)

49.79

(9.85)

51.80

(10.35)

49.87

(9.92)

49.30

(9.42)

50.39

(10.33)

50.39

(9.69)

48.44

(9.06)

51.77

(9.88)

Dyspnoea 50.00

(10.00)

49.54

(10.01)

50.44

(9.97)

49.12

(9.67)

49.52

(10.39)

48.70

(8.84)

49.50

(9.98)

49.00

(10.09)

50.01

(9.85)

49.18

(9.87)

48.50

(9.55)

49.88

(10.14)

50.01

(9.90)

49.40

(9.69)

50.62

(10.08)

50.53

(9.98)

50.24

(9.90)

50.80

(10.05)

51.98

(10.38)

51.00

(10.18)

52.68

(10.47)

Sleep problems 50.00

(10.00)

48.97

(9.82)

50.97

(10.08)

48.52

(9.92)

47.40

(9.86)

49.68

(9.85)

50.31

(10.25)

49.77

(10.20)

50.86

(10.28)

50.56

(10.23)

49.76

(9.95)

51.36

(10.45)

51.27

(10.45)

49.70

(10.14)

52.81

(10.52)

49.89

(9.64)

48.88

(9.31)

50.83

(9.85)

49.75

(9.17)

48.64

(8.86)

50.54

(9.31)

Appetite loss 50.00

(10.00)

49.69

(9.84)

50.30

(10.14)

51.95

(11.24)

52.52

(11.78)

51.34

(10.61)

51.71

(11.05)

51.63

(10.91)

51.78

(11.20)

49.84

(9.85)

48.96

(8.92)

50.73

(10.64)

49.19

(9.23)

48.52

(8.85)

49.85

(9.55)

48.41

(8.72)

47.83

(7.98)

48.95

(9.33)

48.28

(8.47)

47.24

(7.53)

49.02

(9.01)

Constipation 50.00

(10.00)

49.62

(9.70)

50.36

(10.26)

51.40

(10.69)

51.34

(10.95)

51.46

(10.41)

51.44

(10.78)

50.69

(10.51)

52.22

(11.01)

49.72

(10.01)

49.03

(9.27)

50.42

(10.66)

49.41

(9.50)

48.56

(8.93)

50.24

(9.97)

48.59

(9.01)

48.38

(8.62)

48.79

(9.35)

48.97

(9.23)

48.98

(8.64)

48.95

(9.62)

Diarrhoea 50.00

(10.00)

50.53

(10.34)

49.50

(9.64)

51.21

(11.12)

52.64

(12.00)

49.71

(9.90)

52.01

(11.11)

52.70

(11.39)

51.31

(10.78)

50.15

(10.10)

50.72

(10.40)

49.56

(9.76)

49.58

(9.59)

49.60

(9.73)

49.55

(9.46)

48.22

(8.21)

48.41

(8.14)

48.05

(8.27)

48.36

(8.41)

47.74

(7.22)

48.80

(9.14)

Financial difficulties 50.00

(10.00)

49.90

(9.84)

50.10

(10.15)

50.25

(10.52)

51.32

(10.96)

49.13

(9.92)

51.07

(10.86)

50.96

(10.78)

51.20

(10.94)

50.83

(10.66)

50.22

(10.14)

51.45

(11.13)

50.24

(9.86)

49.45

(9.19)

51.01

(10.42)

48.92

(9.07)

48.56

(8.71)

49.24

(9.38)

48.45

(8.25)

47.92

(7.51)

48.82

(8.72)

Overall HRQoL 50.00

(10.00)

50.83

(10.01)

49.21

(9.93)

51.11

(10.05)

52.28

(10.58)

49.89

(9.32)

49.66

(9.87)

50.46

(9.82)

48.85

(9.86)

49.26

(9.96)

49.95

(9.57)

48.55

(10.30)

49.13

(10.33)

49.84

(10.35)

48.44

(10.26)

50.17

(9.96)

50.44

(9.59)

49.92

(10.29)

50.46

(9.64)

51.77

(9.55)

49.53

(9.60)

EORTC CAT Z The computer-adaptive test of the European Organisation for Research and Treatment of Cancer; EU Z European Union; HRQoL Z health-related quality of life.
a The European general population has a mean T-score of 50 (SD Z 10).
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Table 4
Country-specific EORTC CAT Core T-scorea distributions.

Domain AUT,

M (SD)

CAN,

M (SD)

DNK,

M (SD)

FRA,

M (SD)

DEU,

M (SD)

HUN,

M (SD)

ITA,

M (SD)

NLD,

M (SD)

POL,

M (SD)

RUS,

M (SD)

ESP,

M (SD)

SWE,

M (SD)

TUR,

M (SD)

GBR,

M (SD)

USA,

M (SD)

Partial h2

Physical function 52.31

(9.20)

50.19

(10.02)

50.46

(10.01)

51.24

(9.71)

48.33

(10.64)

51.30

(8.84)

50.37

(8.61)

52.74

(9.54)

48.34

(8.35)

44.69

(6.85)

51.35

(9.42)

52.33

(9.16)

46.76

(6.77)

49.02

(11.71)

49.18

(12.66)

.054

Role function 52.91

(8.39)

50.04

(9.91)

49.55

(9.99)

51.42

(9.35)

49.13

(10.76)

51.66

(8.25)

50.59

(9.55)

52.52

(9.30)

48.33

(9.12)

47.35

(8.51)

50.02

(9.14)

52.31

(8.45)

47.30

(8.41)

48.57

(11.33)

49.14

(11.49)

.029

Emotional function 52.35

(8.97)

50.76

(9.53)

51.95

(10.62)

51.62

(9.89)

50.63

(9.92)

49.67

(8.89)

48.49

(9.22)

53.47

(9.31)

47.27

(9.80)

47.21

(8.83)

50.77

(9.53)

51.14

(9.08)

45.76

(9.33)

48.60

(11.07)

50.50

(11.08)

.040

Cognitive function 52.13

(8.71)

49.62

(9.79)

49.66

(10.31)

51.14

(9.35)

50.27

(10.34)

49.75

(9.02)

50.33

(9.38)

52.83

(8.75)

47.90

(10.02)

46.51

(8.79)

50.29

(9.38)

50.77

(9.02)

45.58

(10.05)

48.19

(11.31)

48.67

(11.61)

.028

Social function 53.05

(7.81)

49.54

(10.67)

50.00

(10.46)

51.80

(9.03)

49.93

(10.07)

51.25

(8.42)

50.35

(9.20)

52.89

(8.27)

46.63

(10.53)

47.67

(9.77)

50.77

(9.65)

52.48

(8.46)

47.62

(10.17)

47.72

(11.44)

48.22

(11.57)

.033

Fatigue 48.39

(9.35)

50.03

(9.28)

50.46

(10.57)

48.77

(10.20)

51.17

(10.54)

49.99

(8.71)

49.22

(9.45)

47.48

(9.49)

52.44

(8.20)

53.79

(8.69)

48.30

(9.49)

48.91

(8.82)

53.65

(8.79)

51.18

(10.79)

50.86

(10.93)

.035

Nausea/vomiting 47.44

(5.77)

50.30

(9.95)

51.35

(10.88)

48.87

(8.76)

49.96

(10.34)

49.43

(8.72)

50.79

(10.34)

48.13

(6.89)

51.11

(10.98)

51.42

(10.11)

49.49

(9.34)

48.83

(7.66)

54.32

(12.08)

51.10

(11.39)

52.51

(12.36)

.018

Pain 48.36

(8.98)

50.38

(9.74)

50.25

(9.97)

48.64

(9.45)

50.84

(10.91)

50.21

(8.83)

49.06

(9.20)

47.48

(8.79)

51.95

(9.19)

52.10

(9.27)

50.31

(9.35)

48.71

(9.32)

52.03

(8.83)

50.73

(11.15)

51.27

(10.96)

.016

Dyspnoea 46.91

(8.69)

49.98

(9.93)

48.46

(9.54)

48.95

(9.70)

50.72

(10.89)

48.33

(8.56)

51.59

(9.65)

47.87

(8.80)

50.08

(9.32)

52.95

(9.32)

48.66

(9.19)

50.72

(7.73)

52.54

(9.41)

50.77

(10.89)

51.25

(11.29)

.026

Sleep problems 48.70

(9.67)

51.62

(10.01)

50.47

(9.94)

49.22

(9.99)

50.96

(10.99)

48.72

(8.78)

48.25

(8.81)

48.40

(8.87)

50.57

(9.47)

51.47

(9.45)

49.23

(9.19)

48.80

(8.64)

51.82

(8.71)

52.33

(10.68)

51.46

(10.66)

.017

Appetite loss 46.87

(7.20)

50.25

(10.20)

51.09

(10.87)

49.06

(9.28)

49.92

(10.26)

49.12

(8.69)

49.51

(9.26)

47.36

(7.50)

51.78

(10.76)

51.75

(10.04)

49.45

(9.52)

49.17

(9.00)

56.34

(11.09)

52.11

(11.40)

51.84

(11.35)

.035

Constipation 47.27

(8.26)

50.35

(10.14)

49.79

(10.16)

49.24

(9.35)

48.96

(10.05)

50.74

(9.04)

50.49

(9.80)

46.45

(7.56)

52.82

(10.63)

53.16

(9.75)

51.15

(9.96)

47.77

(9.04)

55.19

(11.07)

50.65

(10.74)

51.88

(11.75)

.045

Diarrhoea 48.43

(8.52)

51.32

(10.40)

50.51

(10.15)

48.63

(8.86)

49.87

(10.33)

50.14

(9.62)

50.25

(10.02)

48.04

(8.28)

51.99

(11.05)

52.09

(10.88)

49.59

(9.41)

48.83

(8.44)

53.57

(11.09)

51.22

(10.82)

52.06

(11.57)

.016

Financial difficulties 47.12

(7.66)

50.46

(10.96)

50.41

(10.44)

47.99

(8.63)

50.04

(10.23)

51.62

(10.47)

50.15

(9.64)

46.97

(7.10)

53.38

(10.81)

54.32

(11.22)

49.73

(9.35)

47.22

(7.58)

54.93

(11.05)

51.25

(11.41)

52.60

(12.23)

.055

Overall HRQoL 54.65

(9.78)

49.89

(9.54)

50.81

(11.01)

50.74

(9.27)

50.49

(10.04)

49.82

(9.40)

49.13

(9.32)

55.79

(9.81)

47.10

(9.11)

46.91

(8.79)

50.34

(9.89)

51.74

(10.47)

47.33

(10.22)

48.50

(10.80)

49.19

(10.49)

.059

Country codes: AUT Z Austria; CANZCanada; DEU Z Germany; DNK Z Denmark; FRA Z France; HUN Z Hungary; ITA Z Italy; NLD Z the Netherlands; POL Z Poland; RUS Z Russia;

ESP Z Spain; SWEZSweden; TUR Z Turkey; GBR Z United Kingdom, USA Z United Stated of America.

EORTC CAT Z The computer-adaptive test of the European Organisation for Research and Treatment of Cancer; HRQoL Z health-related quality of life.
a T-scores showed statistically significant differences (P < .001) between countries in each EORTC CAT Core domain.
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support the notion that our data are suitable to establish

the ‘European CAT Norm’ as well as valid norm scores

for the 15 countries included in our study. Second, using

online panels, we were able to collect a large database of

N Z 15,386 covering 15 countries and balanced by sex

and age groups from 18 to 70þ years. This large sample

size enabled detailed DIF analyses and precise T-score

transformations. Of note, using linear transformation to
transform z-scores to T-scores based on general popu-

lation data, in which a substantial proportion of par-

ticipants have ‘perfect’ scores (e.g. no pain), leads to

distributional properties of the T-scores that do not

follow a normal distribution. Linear transformation into

T-scores is the current standard and also used by, for

example, Patient-Reported Outcomes Measurement In-

formation System (PROMIS) [34]. However, these spe-
cific distributional properties of the T-scores need to be

kept in mind when interpreting the scores. Finally, for

practical reasons, we were only able to collect data on

item subsets from each EORTC CAT Core item bank. It

was not feasible to collect data on 262 items as this

would bring other problems such as respondent burden.

We have to assume that selected items are representative

for the full item banks. As the included items were
carefully selected based on each item’s psychometric

properties and content validity considerations, the data

presented herein are robust, state-of-the-art general

population norm data for the EORTC CAT Core.

5. Conclusions

In this article, we present representative general popu-

lation data for the cancer-specific computer-adaptive

PRO assessment system EORTC CAT Core across 11

EU countries, Russia, Turkey, Canada and the United

States. By defining the ‘European CAT Norm’, that is, a
common European Norm for the EORTC CAT Core,

scores from cancer patients obtained via this new in-

strument can be easily interpreted. In addition, EORTC

CAT Core norm scores are provided for age-, sex- and

country-specific subpopulations in 15 countries allowing

for meaningful score interpretation and comparisons

across countries and cultures.
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2.4 General Population Norm Data for the EORTC QLQ-C30 

The primary aim of the international EORTC CAT Core norm data project was to generate 

European general population norm data to establish the European Norm for the EORTC CAT 

Core (Liegl et al., 2019). Since the project collected data on all items of the EORTC QLQ-C30, 

general population norm data for the static cancer core questionnaire could be generated 

as well. Therefore, new/updated national EORTC QLQ-C30 general population norm data 

could be generated for 11 EU countries. In addition, national general population norm data 

could be established for Canada, Russia, Turkey and the U.S., as these countries had been 

included in the project for comparative purposes. 

As described in the Introduction, a major drawback of previous norm data studies had been 

that the data were only useful for national comparisons, whilst inter-country comparisons 

were hampered due to the lack of a common sampling methodology across studies. Despite 

efforts to define a European norm for the EORTC QLQ-C30 by averaging national norm data 

scores from six European countries (Hinz et al., 2014), the collection of new general 

population norm data was deemed a priority by the EORTC QLG. The obvious advantage of 

this new project over previous studies was that a common data collection methodology 

could be applied across all 15 countries. This common methodology not only allows for 

intra-country but also for inter-country comparisons and provides current EORTC QLQ-C30 

general population norm data for Austria, Canada, Denmark, France, Germany, Hungary, 

Italy, the Netherlands, Poland, Russia, Spain, Sweden, Turkey, United Kingdom and the U.S. 

(Nolte, Liegl, et al., 2019). 

The following abstract has been taken from the original peer-reviewed article: 

Nolte S, Liegl G, Petersen MA, Aaronson NK, Costantini A, Fayers PM, Groenvold M, Holzner 

B, Johnson CD, Kemmler G, Tomaszewski KA, Waldmann A, Young TE, Rose M. General 

population normative data for the EORTC QLQ-C30 health-related quality of life 

questionnaire based on 15,386 persons across 13 European countries, Canada and the 

Unites States. European Journal of Cancer. 2019;107:153–63.  

DOI: https://doi.org/10.1016/j.ejca.2018.11.024 

“OBJECTIVE: The European Organisation for Research and Treatment of Cancer 

(EORTC) QLQ-C30 health-related quality of life questionnaire is one of the most widely 

used cancer-specific health-related quality of life questionnaires worldwide. General 

https://doi.org/10.1016/j.ejca.2018.11.024
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population norm data can facilitate the interpretation of QLQ-C30 data obtained from 

cancer patients. This study aimed at systematically collecting norm data from the 

general population to develop European QLQ-C30 norm scores and to generate 

comparable norm data for individual countries in Europe and North America. 

METHODS: We collected QLQ-C30 data from the general population across 11 

European Union (EU) countries, Russia, Turkey, Canada and United States (n >/= 

1000/country). Representative samples were stratified by sex and age groups (18-39, 

40-49, 50-59, 60-69 and >/= 70 years). After applying weights based on the United 

Nations population distribution statistics, we calculated QLQ-C30 domain scores to 

generate a 'European QLQ-C30 Norm' based on the EU countries. Further, we 

calculated QLQ-C30 norm scores for all 15 individual countries. RESULTS: A total of 

15,386 respondents completed the online survey. For the EU sample, most QLQ-C30 

domains showed differences by sex/age, with men scoring somewhat better health 

than women, while age effects varied across domains. Substantially larger differences 

were seen in inter-country comparisons, with Austrian and Dutch respondents 

reporting consistently better health compared with British and Polish respondents. 

CONCLUSIONS: This study is the first to systematically collect EORTC QLQ-C30 general 

population norm data across Europe and North America applying a consistent data 

collection method across 15 countries. These new norm data facilitate valid intra-

country as well as inter-country comparisons and QLQ-C30 score interpretation.” 
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Abstract Objective: The European Organisation for Research and Treatment of Cancer

(EORTC) QLQ-C30 health-related quality of life questionnaire is one of the most widely used

cancer-specific health-related quality of life questionnaires worldwide. General population

norm data can facilitate the interpretation of QLQ-C30 data obtained from cancer patients.

This study aimed at systematically collecting norm data from the general population to

develop European QLQ-C30 norm scores and to generate comparable norm data for individ-

ual countries in Europe and North America.

Methods: We collected QLQ-C30 data from the general population across 11 European Union

(EU) countries, Russia, Turkey, Canada and United States (n � 1000/country). Representa-

tive samples were stratified by sex and age groups (18e39, 40e49, 50e59, 60e69 and � 70

years). After applying weights based on the United Nations population distribution statistics,

we calculated QLQ-C30 domain scores to generate a ‘European QLQ-C30 Norm’ based on the

EU countries. Further, we calculated QLQ-C30 norm scores for all 15 individual countries.

Results: A total of 15,386 respondents completed the online survey. For the EU sample, most

QLQ-C30 domains showed differences by sex/age, with men scoring somewhat better health

than women, while age effects varied across domains. Substantially larger differences were

seen in inter-country comparisons, with Austrian and Dutch respondents reporting consis-

tently better health compared with British and Polish respondents.

Conclusions: This study is the first to systematically collect EORTC QLQ-C30 general popu-

lation norm data across Europe and North America applying a consistent data collection

method across 15 countries. These new norm data facilitate valid intra-country as well as in-

ter-country comparisons and QLQ-C30 score interpretation.

ª 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The importance of including the patients’ voice in clin-

ical practice and research has been recognised widely for

several decades [1,2]. In more recent years, patient-

reported outcomes (PROs) have also been increasingly

acknowledged in drug development and regulatory

decision-making [3e5]. Given this growing relevance of

PROs, it is not surprising that efforts are undertaken to

standardise PRO data, with several initiatives worldwide
tackling the issue in different ways. One possible

approachdas taken by the International Consortium

for Health Outcomes Measurement (ICHOM)dis to

define standard sets of existing PRO instruments to

enable comparison of outcomes across health-care pro-

viders and geographies [6]. A more elaborate approach

is to measure PROs by applying modern test theory

methods where items measuring the same latent
construct are calibrated on the same metric. This serves

as the foundation of the application of computer-

adaptive tests (CATs) [7e9].

The European Organisation for Research and

Treatment of Cancer (EORTC) Quality of Life Group

(QLG) has a long track record of developing and vali-

dating PRO instruments for use in oncology. Their

quality of life (QoL) core questionnaire, the QLQ-C30,
was developed more than 25 years ago and is one of the

most widely used cancer-specific PRO instruments

[10,11]. Regarding standardisation, use of the QLQ-C30

as part of clinical routine is frequently recommended in

ICHOM standard sets for malignant neoplasms (e.g.

[12,13]). Further, the EORTC QLG developed a QLQ-

C30 CAT version, the EORTC CAT Core [8].
Through tailoring items to the individual respondent,

CATs can achieve the same measurement precision as

static instruments while using fewer items; CATs also

minimise floor/ceiling effects [14].

While these initiatives are crucial steps

toward improving quality and comparability of PRO

data, data analysis and interpretation is further enhanced

by using a sensible reference for comparative purposes.
Depending on the objective of such comparison, a useful

reference can be data obtained from cancer patients or

norm data collected from the general population. If these

data are not available, interpretation of PRO data may

be arbitrary. For the comparison of QLQ-C30 scores

with cancer-patient data, the EORTC QLG has pub-

lished reference values generated for various cancer

populations [15]. In addition, general population norm
data have been collected in different countries over the

last two decades, with European data available for

Denmark [16,17], Germany [18e20], the Netherlands

[21,22], Norway [23,24], Slovenia [25] and Sweden

[26,27], with the latest German publication providing a

European norm by collating data from different samples

[20]. However, a major drawback of this work is that

inter-country comparisons are hampered because of the
lack of a common sampling methodology across studies.
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Given the dearth of research regarding European

QLQ-C30 general population norm data for use in inter-

country comparisons, the EORTC QLG set out to sys-

tematically collect general population data in 13 Euro-

pean countries, Canada and the United States using a

common methodology to generate norm data for the

QLQ-C30 and the CAT Core [8]. This article presents

European QLQ-C30 general population norm data and
individual country norms for 15 countries.

2. Material and methods

2.1. Country selection

Country selection was based on several criteria,

including population size and balance of geographical

location, whilst considering budgetary constraints. The

final selection included 11 European Union (EU)

countries (Austria, Denmark, France, Germany,

Hungary, Italy, the Netherlands, Poland, Spain, Sweden
and United Kingdom). For comparative purposes, we

also collected data in Russia, Turkey, Canada and the

United States.

2.2. Item selection and sociodemographic data

The QLQ-C30 consists of 30 items covering five function

subscales (physical, role, emotional, cognitive and so-

cial), nine symptom subscales/items (fatigue, nausea/

vomiting, pain, dyspnoea, insomnia, appetite loss, con-

stipation, diarrhoea and financial difficulties) and a
global health/QoL subscale. Further details of the full-

scale survey are reported elsewhere [41]. A range of

sociodemographic data were collected, including sex,

age, education, employment, relationship status and

presence of health conditions.

2.3. Translation and cultural adaptation of included

variables

All QLQ-C30 items were available for the languages

spoken in the selected countries. In contrast, the socio-
demographic variables had to be developed and trans-

lated. During this process, assessment of educational

attainment proved to be challenging. After a compre-

hensive consensus process, including review of the In-

ternational Standard Classification of Education (2011),

the final categorisation was deemed adequate by the

study collaborators.

2.4. Sampling

To generate sufficiently large sample sizes for estimating

stable norms for a range of subgroups, we stratified

samples by sex and age group (18e39, 40e49, 50e59,

60e69 and � 70 years) with sample sizes of n Z 100/

stratum, i.e. n Z 1000/country. Sampling of an equal

distribution of sex and age groups provides norm data

for purposes of comparing cancer-patient data with sex-

and age-matched peers from the general population.

Further details regarding the rationale for the sample

size are reported elsewhere [41].

2.5. Data collection

To ensure a consistent data collection method and

representative samples throughout, we subcontracted

data collection to GfK SE (www.gfk.com), a panel
research company experienced in multinational/

multilanguage online surveys. These internet panels are

representative for the general population (with internet

access) in a given country in terms of sex, age, region,

hometown size, household size and socioeconomic

status. While GfK achieved most quotas via internet

panels, n Z 290 respondents (� 60 years) provided

data via computer-assisted telephone interviews to ach-
ieve quotas in Turkey.

Data were collected in March/April 2017. As GfK

panel members are registered voluntarily and generally

participate when contacted, GfK attains response rates

between 75 and 90%.

2.6. Establishing European norm data for the EORTC

QLQ-C30

For the final definition of the ‘European QLQ-C30

Norm’, we included the 11 EU countries. We weighted
data by respective country’s population size, sex and age

distribution based on official 2015 population distribu-

tion statistics published by the United Nations [28].

2.7. Statistical analyses

We calculated mean scores and 95% confidence intervals

(CIs) of the QLQ-C30 subscales ranging between 0 and

100 following the QLQ-C30 scoring manual [29]. We

calculated norm scores for the sex/age strata of the

combined EU sample weighted by country size and sex/
age distribution. Given the large samples, we further

divided the youngest age group into 18e29 and 30e39

years, respectively. Finally, we calculated national norm

data for all 15 countries, weighted by respective coun-

try’s sex/age distribution. For all analyses, we used IBM

SPSS Statistics�, version 25.

3. Results

Stratified quotas were achieved in all 15 countries, with
n � 100 individuals completing the survey in each

sex*age*country subgroup. Country sample sizes ranged

between n Z 1000 (the Netherlands) and n Z 1165

(Spain), leading to a final sample size of N Z 15,386 for

the full and n Z 11,343 for the EU sample (Table 1).

S. Nolte et al. / European Journal of Cancer 107 (2019) 153e163 155

http://www.gfk.com


Table 1
Sociodemographic data of full sample (13 European countries, Canada, USA) and “EORTC QLQ-C30 Norm” sample (11 EU countries).

Sociodemographic variable Full sample (15 countries)

N Z 15,386

EORTC QLQ-C30 Norm

(11 EU countries)

n Z 11,343

n % n %

Sex

Female 7650 49.7 5623 49.6

Male 7736 50.3 5720 50.4

Age categories (years)

18e29 1177 7.6 883 7.8

30e39 1902 12.4 1370 12.1

40e49 3049 19.8 2248 19.8

50e59 3059 19.9 2253 19.9

60e69 3138 20.4 2337 20.6

�70 3061 19.9 2252 19.9

Education

Less than compulsory education 183 1.2 95 0.9

Compulsory (left school at the minimum school leaving age) 1509 9.9 897 8.0

Some post compulsory (some school after reaching school leaving age

without reaching university entrance qualifications (e.g., A-levels))

2050 13.5 1954 17.5

Post compulsory below university (e.g. reaching A levels) 4405 29.0 3408 30.5

University degree (bachelor’s degree or equivalent level) 3716 24.4 2689 24.1

Postgraduate degree (master’s degree, doctorate or equivalent level) 3337 22.0 2131 19.1

Prefer not to answera 186 e 169 e

Employment status

Employed full-time 5532 36.2 4087 36.3

Employed part-time 1256 8.2 984 8.7

Homemaker 795 5.2 485 4.3

Student 389 2.5 328 2.9

Unemployed 811 5.3 614 5.5

Retired 5238 34.3 3827 34.0

Self-employed 833 5.5 620 5.5

Other 422 2.8 305 2.7

Prefer not to answer 110 e 93 e

Relationship status

Single/not in a steady relationship 2589 17.0 1951 17.4

Married or in a steady relationship 10,263 67.4 7640 68.1

Separated/divorced/widowed 2376 15.6 1633 14.5

Prefer not to answer 158 e 119 e
Health statusb,c

No health condition/disease 5361 36.6 4204 39.0

Chronic pain 3582 24.5 2468 22.9

Heart disease 1226 8.4 804 7.5

Cancer (excluding basal cell carcinoma) 416 2.8 308 2.9

Depression 1452 9.9 903 8.4

Chronic obstructive pulmonary disease (COPD) 532 3.6 373 3.5

Arthritis 2114 14.4 1427 13.2

Diabetes 1546 10.6 1095 10.2

Asthma 924 6.3 658 6.1

Anxiety disorder 1218 8.3 785 7.3

Obesity 1513 10.3 1072 9.9

Drug/alcohol use disorder 153 1.0 96 0.9

Other 2634 18.0 1863 17.3

Prefer not to answer 631 e 486 e
Country

Austriad 1002 6.5 1002 8.8

Canada 1004 6.5 e e

Denmarkd 1003 6.5 1003 8.8

Franced 1001 6.5 1001 8.8

Germanyd 1006 6.5 1006 8.9

Hungaryd 1053 6.8 1053 9.3
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Sociodemographic characteristics of the two samples

were comparable. As per sampling, there was an equal

distribution of females/males and age groups. Re-

spondents’ age ranged between 18 and 99 years, with

mean age 53.6 years. Around 90% of respondents indi-

cated to have at least some post-compulsory education.

Across samples, 36% of respondents were working full-

time; 34% were retired. About two-thirds reported being
married/in a steady relationship. Finally, the most

frequently reported diseases were chronic pain, arthritis,

diabetes, obesity and depression, with 63% (full sample)

and 61% (EU sample), respectively, reporting to have at

least one health condition (Table 1).

As shown in Table 2, self-rated function in our EU

sample was relatively high. Across subscales, sample

mean scores ranged between 84.3 and 86.2 (on a 100-
point scale), with 95% CIs between �0.50 and � 0.65.

The only exception was emotional function, with a mean

score of 74.2 (95% CI, �0.66). Women and men rated

themselves similarly, except for emotional function

where men rated themselves 4.7 points higher than

women. Age effects varied. For physical and role func-

tion, women reported decreasing function with

increasing age; men did not show age differences. For
the remaining function subscales, age effects tended to

be in the opposite direction, with older respondents

reporting higher function than younger respondents.

For some symptom subscales, marked floor effects were

observed, with > 80% selecting the lowest/best score for

nausea/vomiting, appetite loss, diarrhoea and financial

difficulties. Scores ranged between 5.9 (nausea/vomiting)

and 29.5 (fatigue), with 95% CIs between �0.48
and � 0.79. Men tended to rate themselves lower/better

than women, with largest differences observed for

insomnia, fatigue and pain. Age effects varied. For pain

and dyspnoea, women reported more symptoms with

increasing age. In contrast, for fatigue, nausea/vomiting

and appetite loss, older respondents tended to score

lower/better than younger respondents; for diarrhoea

and financial difficulties, this age effect was only seen in

men. For global health/QoL, men reported higher scores

than women (68.0 for men, 95% CI, �0.81; 64.3 for

women, 95% CI, �0.74). Respondents aged 50e59 years

reported lowest global health/QoL scores (65.8 for men;

62.6 for women; 95% CI, �1.63 each).
Compared with differences between sex/age groups,

inter-country comparisons suggest larger group differ-

ences (Table 3, Fig. 1 and 2). Austrian and Dutch re-

spondents reported the best scores, i.e. highest for

function and lowest for symptoms. In contrast, Polish

and British respondents for the EU sample and Russian,

Turkish and United States respondents for the full

sample regularly reported worse scores, with differences
reaching or exceeding 10 points, a difference that is

often applied to indicate clinical relevance [30]. On the

global health/QoL subscale, differences between lowest

(Poland, Russia, Turkey and United Kingdom) and

highest scoring nations (Austria and Netherlands) again

exceeded 10 points.

4. Discussion

This study is the first to systematically collect European

and individual country general population norm data

for the EORTC QLQ-C30 using consistent data collec-

tion methods across 15 countries in Europe and North

America. The ‘European QLQ-C30 Norm’ enables valid

inter-country comparisons for cancer-patient data. Data

from cancer patients can be compared with sex-/age-
matched peers from the general population. In addition,

the country-specific norm data for 15 countries, espe-

cially for those where no QLQ-C30 norm data yet

existed, can be used for country-level comparisons.

Table 1 (continued )

Sociodemographic variable Full sample (15 countries)

N Z 15,386

EORTC QLQ-C30 Norm

(11 EU countries)

n Z 11,343

n % n %

Italyd 1036 6.7 1036 9.1

The Netherlandsd 1000 6.5 1000 8.8

Polandd 1024 6.7 1024 9.0

Russia 1007 6.5 e e

Spaind 1165 7.6 1165 10.3

Swedend 1027 6.7 1027 9.1

Turkey 1023 6.6 e e

United Kingdomd 1026 6.7 1026 9.0

USA 1009 6.6 e e

a For the calculation of percentage distributions, the category “prefer not to answer” is treated as missing data.
b The sample sizes were reduced by n Z 114 (0.7%) in the full sample and n Z 79 (0.7%) in the EU subsample, respectively, as respondents had

provided implausible data to the question on presence of disease.
c The sum of health conditions is larger than the total sample of N Z 15,386 (full sample) and n Z 11,343 (EU subsample), respectively, as

respondents were able to check multiple response options.
d Countries included in the calculation of the “EORTC QLQ-C30 Norm”.
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To generate these norm data, we subcontracted data

collection via online surveys to a panel research com-

pany (GfK). Such internet panels are an efficient and

cost-effective method to generate norm data, and there

is evidence from a comparable study carried out in the

context of the United States Patient-Reported Outcomes

Measurement Information System (PROMIS) initiative

that data are representative of the general population

provided that scores are weighted [31], which is consis-

tent with the methods we applied. As 15 individual

samples, however, are more heterogenous compared

with aforementioned single-country survey, we

Table 2
European EORTC QLQ-C30 general population norm dataa. Mean scores (M)/standard deviations (SD) by subscales stratified by sex and age

weighted by sex, age and country according to the United Nations (UN), Department of Economic and Social Affairs population distribution

statistics for the year 20152.

Domain Total Female Male

All

female

18-29

years

30-39

years

40-49

years

50-59

years

60-69

years

�70

years

All

male

18-29

years

30-39

years

40-49

years

50-59

years

60-69

years

�70

years

Function subscales

Physical function

M 85.1 84.3 88.9 86.7 85.8 83.4 82.1 78.5 86.0 85.6 87.3 87.9 86.8 84.9 82.7

SD 18.9 18.5 14.5 18.0 18.8 18.8 18.7 19.8 19.3 21.6 19.0 18.0 18.2 18.3 19.6

Role function

M 84.3 84.1 89.1 84.6 84.1 82.3 83.5 80.7 84.5 82.5 85.2 85.3 84.3 85.4 84.8

SD 24.6 24.6 20.2 24.6 25.1 25.5 25.3 26.4 24.5 26.3 23.4 24.5 25.1 23.5 22.7

Emotional function

M 74.2 71.9 66.2 67.8 69.1 71.0 77.8 79.9 76.6 73.7 71.1 74.3 75.9 82.2 85.7

SD 24.7 25.3 28.2 26.8 26.4 24.1 21.9 19.8 23.8 26.4 26.5 24.0 23.5 18.9 15.5

Cognitive function

M 84.8 84.3 82.8 82.9 82.7 83.2 87.9 86.6 85.2 81.3 84.5 85.7 86.4 87.9 87.7

SD 21.3 20.9 22.4 23.5 22.7 21.1 16.6 17.2 21.7 27.5 23.3 20.7 20.8 16.6 14.9

Social function

M 86.2 85.7 86.1 83.7 83.2 83.8 88.1 89.0 86.7 84.4 84.8 85.3 87.6 89.8 90.2

SD 24.1 24.6 24.7 26.4 26.8 25.7 22.7 20.4 23.6 26.6 25.2 24.1 22.1 20.8 19.3

Symptom subscales/ items

Fatigue

M 29.5 31.7 34.4 34.6 33.9 32.1 26.6 28.1 27.1 30.7 29.6 27.5 26.7 23.5 21.9

SD 25.5 25.9 25.3 27.3 27.1 26.2 24.5 24.2 24.8 25.2 25.0 24.5 25.1 23.9 23.3

Nausea/vomiting

M 5.9 5.7 7.2 8.5 6.3 4.9 3.7 3.3 6.1 11.9 9.4 5.2 3.4 2.3 1.2

SD 16.0 14.9 17.4 17.8 16.1 12.8 11.6 11.6 17.1 24.9 20.3 15.0 11.0 9.4 5.5

Pain

M 23.5 25.3 20.6 23.3 25.2 28.7 25.4 28.8 21.6 21.3 22.1 21.4 22.9 22.1 19.7

SD 27.1 27.9 24.9 27.7 28.1 29.2 28.6 28.2 26.0 26.6 25.9 26.0 26.3 26.0 25.0

Dyspnoea

M 15.9 16.3 12.6 16.1 16.2 17.0 16.6 19.3 15.5 16.2 15.1 14.0 14.6 16.9 16.4

SD 24.6 24.5 20.8 23.6 24.8 24.7 25.0 27.3 24.7 26.1 24.7 23.0 23.6 25.5 25.0

Insomnia

M 26.6 29.3 26.0 28.9 30.4 35.2 29.2 27.1 23.6 20.4 27.1 26.0 25.6 22.3 20.3

SD 30.3 30.7 29.8 30.9 31.2 32.5 30.7 28.7 29.6 29.5 30.8 29.8 30.4 28.1 27.5

Appetite loss

M 10.0 10.3 11.6 13.5 11.4 9.6 7.6 8.3 9.6 15.8 12.1 7.6 7.5 6.4 5.2

SD 21.6 21.6 23.2 24.8 23.1 19.7 18.7 18.7 21.6 28.4 22.6 18.1 19.2 17.2 15.8

Constipation

M 12.5 14.1 14.1 17.8 14.7 14.1 11.8 12.3 10.9 13.6 12.9 10.0 8.6 9.0 10.1

SD 23.3 24.4 25.3 27.0 25.3 24.4 21.4 22.3 21.9 25.9 24.1 20.8 19.1 18.9 19.4

Diarrhoea

M 9.5 9.0 9.0 12.5 8.8 9.4 6.5 7.7 10.0 14.3 13.5 10.3 8.7 5.9 4.4

SD 20.9 20.3 20.2 23.5 20.4 20.4 17.0 19.5 21.4 26.4 23.8 21.2 20.2 15.4 13.1

Financial difficulties

M 10.6 10.9 9.5 12.9 13.6 12.5 9.3 8.0 10.4 13.6 12.8 11.0 8.9 8.0 5.7

SD 23.6 24.2 24.1 25.4 27.3 24.8 22.4 20.1 22.9 25.9 24.9 23.9 21.4 20.2 16.7

Global health / Quality of Life

M 66.1 64.3 66.4 63.4 62.9 62.6 65.6 64.8 68.0 71.1 67.4 66.3 65.8 67.0 69.6

SD 21.7 21.8 20.5 21.7 22.9 22.5 22.3 20.9 21.4 21.7 20.9 21.1 22.7 20.8 20.3

a The European norm scores for the EORTC QLQ-C30 are based on 11 EU countries (as listed in Table 1).
b United Nations, Department of Economic and Social Affairs, Population Division (2017). World Population Prospects: The 2017 Revision,

DVD Edition.
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compared our sample characteristics with official pop-

ulation statistics where available. For example, in our

EU sample, 6.8% of respondents indicated that they

were unemployed (weighted data, not shown), which

matches the official 2017 EU unemployment rate of

6.7% for individuals older than 25 years [32]. Further,

64.4% of respondents reported being married/in a steady

relationship, which is slightly higher than the EU

Table 3
Country general population norm data for the EORTC QLQ-C30. Mean scores (M)/standard deviations (SD) by subscales weighted by indi-

vidual country weights and sex and age distributions according to the UN Department of Economic and Social Affairs population distribution

statistics for the year 2015a.

Domain AUTb CAN DNK FRA DEU HUN ITA NLD POL RUS ESP SWE TUR GBR USA

Function subscales

Physical function

M 89.7 85.4 84.2 89.1 82.8 89.1 85.2 90.7 81.3 76.3 86.8 88.9 75.8 81.8 80.8

SD 13.9 19.3 20.4 15.9 21.2 14.0 17.0 14.9 16.5 16.4 16.8 14.6 16.7 23.5 25.2

Role function

M 88.9 83.7 82.4 87.8 80.8 87.5 86.1 89.1 83.4 81.0 86.1 88.0 82.3 80.2 81.7

SD 20.3 25.6 25.9 22.4 27.2 20.5 22.2 21.5 22.1 21.0 21.5 21.4 22.4 29.1 28.2

Emotional function

M 78.1 75.5 79.2 76.7 73.9 72.1 73.5 82.3 68.3 68.1 77.1 76.7 65.8 71.0 73.3

SD 22.3 23.5 25.1 24.3 24.7 22.9 22.7 21.2 25.0 23.7 22.4 21.7 25.5 28.4 28.0

Cognitive function

M 89.1 84.7 83.7 86.7 83.9 87.4 87.0 90.3 81.2 79.5 85.7 87.1 75.5 80.5 80.9

SD 17.8 20.8 22.6 19.5 22.7 17.7 18.6 17.1 22.0 19.0 19.4 18.6 23.2 25.2 25.6

Social function

M 92.2 84.9 86.5 90.5 84.8 90.2 88.1 91.9 80.8 83.3 87.8 91.4 83.1 80.3 81.6

SD 17.1 26.3 24.2 20.8 25.5 19.4 20.6 19.0 25.4 23.7 22.5 19.1 23.6 29.4 29.4

Symptom subscales/ items

Fatigue

M 24.1 29.1 29.9 27.7 31.5 30.2 28.5 23.7 35.9 41.5 23.9 25.6 39.4 32.2 31.9

SD 22.7 24.1 26.7 26.2 27.2 22.6 23.9 23.0 22.7 23.9 22.7 22.2 24.0 27.6 27.8

Nausea/vomiting

M 2.0 6.7 7.9 4.1 6.0 3.8 6.5 3.5 7.4 7.4 4.9 4.0 11.3 8.1 10.9

SD 8.3 16.6 18.3 13.5 17.2 11.9 15.9 11.8 17.5 15.2 14.5 11.2 18.9 18.9 22.6

Pain

M 20.0 24.4 23.4 19.6 27.6 23.5 20.2 17.7 26.0 27.1 22.7 20.4 24.9 26.7 27.5

SD 24.3 27.2 26.5 24.7 30.9 23.8 23.9 22.9 23.7 23.9 24.0 25.0 22.9 31.2 30.2

Dyspnoea

M 10.9 16.3 13.7 14.4 18.7 9.1 15.7 9.5 13.4 23.1 12.4 28.1 18.2 19.5 19.9

SD 20.6 24.5 23.5 23.8 27.3 19.1 23.0 19.7 21.4 25.0 20.7 26.8 24.8 27.9 28.5

Insomnia

M 20.0 30.8 28.5 25.9 27.6 22.1 22.9 21.3 28.6 31.3 25.2 21.8 31.6 32.6 30.8

SD 27.8 30.6 31.2 30.6 33.1 27.4 27.1 26.1 28.3 29.7 28.0 27.6 28.5 32.8 33.2

Appetite loss

M 4.4 11.3 11.8 8.0 10.1 8.0 8.5 4.9 13.0 13.8 9.5 7.6 19.2 14.2 14.1

SD 16.1 22.8 24.2 19.7 23.3 18.4 19.0 15.1 23.2 22.7 19.9 17.6 24.6 25.2 25.3

Constipation

M 6.2 14.6 10.8 11.1 9.6 10.3 14.2 4.9 18.8 14.7 15.3 6.7 23.2 14.7 18.6

SD 17.3 25.0 23.0 21.2 22.3 20.7 23.4 13.6 26.2 24.4 24.1 17.0 28.6 26.2 28.6

Diarrhoea

M 7.5 11.1 10.7 7.3 10.4 9.6 9.3 6.9 12.0 12.2 7.8 7.9 13.5 11.2 13.7

SD 18.7 21.1 22.0 18.8 22.7 20.2 19.5 17.8 23.3 21.9 18.1 17.2 22.3 23.0 27.1

Financial difficulties

M 5.0 12.7 12.2 6.7 11.3 14.8 9.7 4.9 15.5 20.5 9.5 5.8 17.6 14.5 17.5

SD 17.6 27.0 26.2 19.3 25.0 26.2 21.6 17.1 24.9 29.0 20.7 18.2 25.8 28.7 30.8

Global health / QoL

M 75.6 65.9 67.0 68.2 67.0 66.3 64.9 77.4 60.0 59.7 66.8 69.2 60.7 62.3 63.9

SD 20.0 20.6 23.4 20.1 21.8 20.4 20.3 19.8 20.6 19.7 21.5 22.1 22.7 23.7 22.9

a United Nations, Department of Economic and Social Affairs, Population Division (2017). World Population Prospects: The 2017 Revision,

DVD Edition.
b Country codes: AUT Z Austria, CANZCanada, DNK Z Denmark, FRAZFrance, DEU Z Germany, HUNZHungary, ITAZItaly,

NLDZNetherlands, POLZPoland, RUS Z Russia, ESP Z Spain, SWEZSweden, TUR Z Turkey, GBR Z United Kingdom, USAZUnited

Stated of America.
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average of 59.3% [33]. Finally, self-reported prevalence

of several health conditions is largely in-line with prev-

alence rates published in the literature [34e36]. In

contrast, individuals with lower educational levels

appear underrepresented in our EU sample, with around

90% reporting at least some post-compulsory education.
This is generally lower than in most European countries;

however, percentage distribution varies widely by

country [37].

Some observed subgroup and country differences

warrant further discussion. For example, in emotional

function, several symptom subscales and overall QoL,

men reported somewhat better scores than women, a

finding also observed in other QLQ-C30 norm data

studies [20]. Further, in some instances, older re-
spondents reported remarkably high function. For

physical function, further subgroup analyses within our

oldest age group suggest that decline in self-reported

Fig. 1. EORTC QLQ-C30 country reference values for function subscales and global health status/quality of life (for country codes, please

refer to Table 3). EORTC QLQ-C30, European Organisation for Research and Treatment of Cancer quality of life core.

Fig. 2. EORTC QLQ-C30 country reference values for symptom subscales/items (for country codes, please refer to Table 3). EORTC

QLQ-C30, European Organisation for Research and Treatment of Cancer quality of life core.
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physical function occurs primarily from � 80 years (data

not shown). Unfortunately, we did not have sufficient

numbers in this age group, as our oldest stratified age

group was � 70 years. Also, older respondents’ self-

reported cognitive function appears high. This finding

may be explained by people adjusting health expecta-

tions with increasing age. Research also suggests that

older persons value different factors compared with
younger persons when assessing their health and that

younger persons’ health perceptions are more affected

by health limitations than those of older persons [38].

Additionally, given that in the oldest age group, over

90% were retired, everyday demands on cognitive

function may be lower than that of younger re-

spondents, especially those in the workforce. Hence, the

construct we are trying to measure may differ depending
on respondents’ age. The high cognitive function re-

ported by older respondents may also reflect some de-

gree of selection bias, given that respondents had to

have internet access and some computer skills. Finally,

several reasons might explain the observed country dif-

ferences. It is conceivable that items and/or response

scales have different meanings in different cultures;

however, given EORTC’s long-standing experience with
translations/linguistic validations, it is unlikely that this

explains observed differences [39]. It is more likely that

differences are indeed true differences between countries

and that factors such as the welfare state characteristic

[40] play a role in people’s self-reported health.

This study has several limitations that should be

noted. First, as indicated above, targeting older age

groups, i.e. � 80 years, could provide further insight into
changes in QoL as a consequence of aging. It was beyond

the scope of our study to collect these data as costs are

disproportionately high because of the need to often

conduct personal/telephone interviews instead of online

surveys in older age groups. Second, we observed marked

floor effects for several symptoms. Such effects are un-

avoidable when data are obtained from the general (i.e.

relatively healthy) population, especially if fixed-length
questionnaires, including some single-item subscales, are

used. One possible solution to reduce floor/ceiling effects

is the use of CAT such as the EORTC CAT Core [8].

Finally, while our norm data are assumed to be repre-

sentative of the general population, our sample was

relatively highly educated. In our EORTC CAT Core

norm data article [41], we explore the influence of

educational level on scores. While significant differences
were found, with more highly educated respondents

reporting better health, the practical relevance of these

differences was very small as indicated by small effect

sizes. Also, it was difficult to harmonise educational

levels across countries; hence, it is plausible that ‘post-

compulsory’ has different meanings in different coun-

tries. Despite all of these limitations, online surveys

represent an efficient, cost-effective method of obtaining
large, representative general population samples. While it

comes with disadvantages such as difficulty with reaching

older age groups, as seen with the Turkish sample, there

are many convincing advantages to this method over

personal and telephone interviews (e.g. higher response

rates and avoidance of interviewer bias). With the

steadily increasing use of the internet in recent years, this

method is gaining in popularity [31]. Using internet

panels, we were able to obtain a large sample of
N Z 15,386 persons generating norm data for 15 coun-

tries, thereby providing a valuable resource for studies

using the QLQ-C30. These general population norm

scores are robust, even for stratified analyses, as is evi-

denced by the generally very small 95% CIs.

5. Conclusions

This study generated European (and North American)

and individual country norm data for the EORTC

QLQ-C30 based on a common sampling strategy and

survey design. We recommend that the ‘European QLQ-

C30 Norm’ be used to compare self-reported health-

related quality of life of cancer patients with general

population data, especially in multinational projects.
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2.5 Country-specific EORTC QLQ-C30 General Population Norm Data 

As part of the European EORTC general population norm data project, there is a unique 

opportunity to publish detailed national EORTC QLQ-C30 general population norm data for 

all 15 countries individually, as was done for Germany as presented here. For Germany, 

national EORTC QLQ-C30 norm data had already been generated by earlier studies (Hinz et 

al., 2014; Schwarz & Hinz, 2001; Waldmann et al., 2013). Therefore, the updated norm data 

lend themselves to a comparison with the results of these earlier publications.  

It was found that the general population norm data studies published by Schwarz and Hinz 

(2001) and Hinz et al. (2014) reported better EORTC QLQ-C30 scores (i.e., higher functioning 

and lower symptom scores) for all 15 scales compared to the updated German general 

population norm data (Nolte et al., 2020), with largest differences seen in males. In contrast, 

the German norm data published by Waldmann et al. (2013) were largely in line with the 

updated norm data. To explore potential reasons for the observed discrepancies, especially 

between the updated norm data and those published by Schwarz and Hinz (2001) and Hinz 

et al. (2014), data from a large German health monitoring survey (Steppuhn et al., 2017; 

Thom et al., 2017) were examined for comparative purposes. The comparison suggested 

that the German health monitoring survey showed similar or slightly worse 12-month 

prevalence data for various chronic conditions compared with the present project thereby 

providing support for the representativeness of the newly collected data. It was concluded 

that especially Schwarz and Hinz (2001) and Hinz et al. (2014) may have recruited too many 

individuals that were in good health, i.e., both samples were likely healthier on average than 

the German general population. Based on the assumption that the newly collected EORTC 

QLQ-C30 norm data were obtained from a sample that was more representative of the 

German general population than those samples contained in previous studies, it was 

recommended that the new EORTC QLQ-C30 general population norm data be used and 

replace all previously published norm data for Germany (Nolte et al., 2020). 

The following abstract has been taken from the original peer-reviewed article:  

Nolte S*, Waldmann A*, Liegl G, Petersen MA, Groenvold M, Rose M. Updated EORTC QLQ-

C30 general population norm data for Germany. European Journal of Cancer. 

2020;137:161–70. (*joint first authorship) DOI: https://doi.org/10.1016/j.ejca.2020.06.002 

https://doi.org/10.1016/j.ejca.2020.06.002
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“OBJECTIVE: The European Organisation for Research and Treatment of Cancer 

(EORTC) core questionnaire, QLQ-C30, is a frequently used patient-reported 

outcome (PRO) instrument to assess health-related quality of life of patients with 

cancer. To enhance the understanding and interpretation of PRO data, it is important 

to obtain norm data from the general population. This article presents updated 

general population norm data for the EORTC QLQ-C30 for Germany. METHODS: Data 

were obtained as part of a larger study collecting EORTC QLQ-C30 norm data across 

15 countries via an online survey. After linear transformation of EORTC QLQ-C30 raw 

scores, data were weighted based on the United Nations' population distribution 

statistics. Data are presented by age and sex/age. RESULTS: A total of 1006 Germans 

responded to the survey. Across EORTC QLQ-C30 domains, different response patterns 

were observed, with men generally scoring better, that is, higher in most function 

scales and lower in most symptom scales/items than women. For age, mixed patterns 

were observed. While older respondents scored worse/lower in physical and role 

functioning, emotional functioning scores appeared to increase with increasing age. 

For the symptom scales/items, some symptoms were relatively stable across age 

groups, while others either increased or decreased with increasing age. 

CONCLUSIONS: This study presents updated EORTC QLQ-C30 general population norm 

data for Germany that can readily be used for comparative purposes with data 

obtained from patients with cancer.” 
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a Charité e Universitätsmedizin Berlin, Corporate Member of Freie Universität Berlin, Humboldt-Universität zu Berlin, Berlin

Institute of Health, Medical Department, Division of Psychosomatic Medicine, Berlin, Germany
b School of Health and Social Development, Faculty of Health, Deakin University, Burwood, VIC, Australia
c Institute of Social Medicine and Epidemiology, University of Luebeck, Luebeck, Germany
d Hamburg Cancer Registry, Hamburg, Germany
e Department of Palliative Medicine, Bispebjerg Hospital, Copenhagen, Denmark
f Department of Public Health, University of Copenhagen, Copenhagen, Denmark

Received 23 May 2020; accepted 1 June 2020

Available online 7 August 2020

KEYWORDS

Quality of life;

EORTC QLQ-C30;

Self-report;

Patient-reported

outcomes;

General population;

Norm data;

Normative data;

Survey;

Germany

Abstract Objective: The European Organisation for Research and Treatment of Cancer

(EORTC) core questionnaire, QLQ-C30, is a frequently used patient-reported

outcome (PRO) instrument to assess health-related quality of life of patients with cancer.

To enhance the understanding and interpretation of PRO data, it is important to obtain norm

data from the general population. This article presents updated general population norm data

for the EORTC QLQ-C30 for Germany.

Methods: Data were obtained as part of a larger study collecting EORTC QLQ-C30 norm

data across 15 countries via an online survey. After linear transformation of EORTC QLQ-

C30 raw scores, data were weighted based on the United Nations’ population distribution sta-

tistics. Data are presented by age and sex/age.

Results: A total of 1006 Germans responded to the survey. Across EORTC QLQ-C30 do-

mains, different response patterns were observed, with men generally scoring better, that is,

higher in most function scales and lower in most symptom scales/items than women. For

age, mixed patterns were observed. While older respondents scored worse/lower in physical

and role functioning, emotional functioning scores appeared to increase with increasing age.

For the symptom scales/items, some symptoms were relatively stable across age groups, while
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others either increased or decreased with increasing age.

Conclusions: This study presents updated EORTC QLQ-C30 general population norm data

for Germany that can readily be used for comparative purposes with data obtained from pa-

tients with cancer.

ª 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Many short- and long-term constraints and side-effects

resulting from cancer and its treatment are related to the

subjective experience of the individual. Therefore, the

assessment of patient-reported outcome (PRO) data is

becoming increasingly important not only in oncological
practice and research but also in the development and

regulatory evaluation of cancer drugs [1e3]. However,

the measurement and interpretation of patients’ self-

reported health-related quality of life (HRQoL) scores,

a subtype of PRO data, come with methodological

challenges, such as score interpretation. For example, to

interpret scores and to understand how specific scores

compare with other groups, a sensible comparator
should be selected (e.g. other patients with cancer, norm

data obtained from the general population and so on).

The European Organisation for Research and Treat-

ment of Cancer (EORTC) core questionnaire, QLQ-C30,

is a frequently used PRO instrument to assess HRQoL of

patients with cancer. It covers 15 domains/aspects of

HRQoL, including a global health/quality of life (QoL)

score [4]. For the understanding and interpretation of
EORTC QLQ-C30 data by use of a comparator, several

efforts have already been undertaken. For example, for

the comparison of EORTC QLQ-C30 data with data

from other patients with cancer, reference values from

various oncological populations exist [5]. Further, general

population norm data are available for several European

countries [6e14], including four studies on the German

general population [15e18].
Despite the great efforts to generate general population

norm data, the publication of various normative samples

since the late 1990s has led to several challenges. At the

national level, for example, different sampling strategies

were applied across the four German studies, leading to

differences between the studies [15e18]. In the context of

multinational studies, uniform general population norm

data are even more difficult to establish, unless HRQoL
scores are obtained as part of a concerted data collection

effort. A first attempt to provide summaryEuropean norm

data was undertaken in 2014 by collating data from pre-

viously published studies [17]. However, this summary

publication was not able to overcome the limitation of

differences in sampling methods between the different

studies. Consequently, to date, comparability of general

population norm data between countries has been limited.

Owing to the lack of high-quality European general
population norm data for the EORTC QLQ-C30, the

EORTC Quality of Life Group decided to fund a large-

scale cross-country project to collect norm data using a

commonmethodology across 13European countries. The

aim of the study was to generate up-to-date norm data for

the EORTC QLQ-C30 in a representative sample of the

adult population in Europe. In addition, norm data were

collected in Canada and USA for comparative purposes
[19]. In this article, we describe the general population

norm data sample collected from the German adult

population. While national-level data have already been

published as part of the core article [19], this article pro-

vides a more detailed overview of the German general

population normdata by stratifying the sample by sex and

age/sex. In addition, this article discusses similarities and

differences compared with the previously published
German general population samples that are adjusted

using the same weighting procedure as for our data.

2. Material and methods

2.1. Item selection and socio-demographic data

This study was part of a larger study aimed at gener-

ating European general population norm data for the

EORTC QLQ-C30 and its computerised adaptive test

(CAT) version, the EORTC CAT Core [20]. The main

study collected norm data in 15 countries in Europe and

North America [19,21].
The 30 items of the EORTC QLQ-C30 cover 15 do-

mains, of which five are function scales, nine are

symptom scales/items and one is a global health/QoL

scale. In addition, we collected data on sex, age,

educational attainment, relationship status, employment

status, presence of a range of doctor-diagnosed health

conditions/diseases and ethnicity.

2.2. Sampling and data collection

Samples were stratified by sex and age. We defined five

age groups (18e39, 40e49, 50e59, 60e69, �70 years),
leading to 10 strata (female/male*age groups), with an

anticipated sample size of n Z 100/stratum. Data were

collected via internet panels by GfK SE (www.gfk.com),

a panel research company with long-standing experience

with international surveys. GfK warrants panels to be

S. Nolte et al. / European Journal of Cancer 137 (2020) 161e170162
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representative for the general population in a given

country. Data collection took place in March/April

2017. Further details on sampling, choice of countries,

stratification and so on are reported elsewhere [19].

2.3. Statistical analyses

Socio-demographic data were analysed descriptively.

Calculated mean scores of the 15 EORTC QLQ-C30

subscales were transformed to a range between 0 and

100 [4]. As a rough guide to determine group differences,

we applied a cut-off of �10 points to indicate moderate

group differences [22].

As the chosen sampling strategy was based on an

equal number of subjects per sex/age stratum (Refer to

Sampling and data collection), reported means based on

the total sample were weighted by Germany’s sex/age
distribution to achieve that the ‘German norm’ was as

Table 1
Socio-demographic data of full German sample and sample stratified by sex (crude sample).

Sociodemographic variable Full sample (n Z 1006) Females (n Z 501) Males (n Z 505)

n %a n %a n %a

Age (years)

(mean, SD) 53.8 15.0 53.5 15.2 54.2 14.8

Age (years, in categories)

18e39 200 19.9 100 20.0 100 19.8

40e49 201 20.0 100 20.0 101 20.0

50e59 201 20.0 101 20.2 100 19.8

60e69 201 20.0 100 20.0 101 20.0

�70 203 20.2 100 20.0 103 20.4

Education

Less than compulsory education 1 0.1 1 0.2 0 0.0

Compulsory (left school at the minimum school leaving age) 112 11.2 56 11.2 56 11.2

Some postcompulsory (some school after reaching school leaving age without

reaching university entrance qualification)

396 39.7 222 44.5 174 34.9

Postcompulsory below university 163 16.3 85 17.0 78 15.6

University degree (bachelor’s degree or equivalent level) 125 12.5 52 10.4 73 14.6

Postgraduate degree (master’s degree, doctorate or equivalent level) 201 20.1 83 16.6 118 23.6

Prefer not to answer 8 2 6

Employment status

Employed full time 370 37.1 127 25.6 243 48.4

Employed part time 111 11.1 90 18.1 21 4.2

Homemaker 43 4.3 39 7.9 4 0.8

Student 24 2.4 17 3.4 7 1.4

Unemployed 31 3.1 17 3.4 14 2.8

Retired 333 33.4 171 34.5 162 32.3

Self-employed 60 6.0 23 4.6 37 7.4

Other 26 2.6 12 2.4 14 2.8

Prefer not to answer 8 5 3

Relationship status

Single/not in a steady relationship 170 17.1 76 15.3 94 18.8

Married or in a steady relationship 652 64.4 296 59.7 356 71.1

Separated/divorced/widowed 175 17.6 124 25.0 51 10.2

Prefer not to answer 9 5 4

Health statusb

No health condition/disease 345 36.9 158 33.6 187 40.3

Chronic pain 270 28.9 156 33.2 114 24.6

Heart disease 74 7.9 32 6.8 42 9.1

Cancer (excluding basal cell carcinoma) 31 3.3 21 4.5 10 2.2

Depression 77 8.2 40 8.5 37 8.0

Chronic obstructive pulmonary disease (COPD) 34 3.6 15 3.2 19 4.1

Arthritis 152 16.3 99 21.1 53 11.4

Diabetes 118 12.6 47 10.0 71 15.3

Asthma 65 7.0 44 9.4 21 4.5

Anxiety disorder 37 4.0 17 3.6 20 4.3

Obesity 83 8.9 47 10.0 36 7.8

Drug/alcohol use disorder 10 1.1 1 0.2 9 1.9

Other 175 18.7 100 21.3 75 16.2

Prefer not to answer 70 30 40

a Percentage excludes those who preferred not to answer respective question.
b Sum of health conditions/diseases is larger than the total sample of n Z 1006, as respondents were able to check multiple response options.
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representative as possible of the German general popu-

lation. Weights were derived from population distribu-

tion statistics for the year 2015 as published by the

United Nations, Department of Economic and Social

Affairs, Population Division population distribution

statistics [23]. To enable accurate comparison of the new

norm data with previously published German norm data

[15e17], the weighted sex/age structure of our popula-
tion was used to adjust the previously reported norm

scores following the Hjermstad et al. [10] procedure.

We used IBM SPSS Statistics�, version 25, for all

analyses.

3. Results

3.1. Sample description

As shown in Table 1 (crude sample), the sample con-

sisted of 501 women and 505 men. The mean age was 54

years. Approximately 11% had less than or compulsory

education, while about one third had a university or
postgraduate degree. About one third was working full

time, and one third was retired. About two thirds were

married/in a steady relationship. Sixty-three percent of

study participants reported having a doctor-diagnosed

health condition/disease, with the most frequently re-

ported diseases being chronic pain (29%), arthritis (16%)

and diabetes (13%). As expected for a representative

German sample with the given age structure [24], men
had a higher educational level, and more men were in

full-time employment compared with women, while

more women than men worked either part time or were

homemakers. Furthermore, more women reported to be

separated/divorced/widowed and had at least one health

condition compared with men (Refer toTable 1 for

crude sample, Supplement Table 1 for weighted sample).

3.2. Overall HRQoL in Germany (weighted, unweighted)

Weighted mean scores for the function scales ranged
between 73.9 (emotional functioning) and 84.8 (social

functioning), while it was 67.0 for the global health/QoL

scale. Symptom scores ranged from 6.0 for nausea/

vomiting to 31.5 for fatigue.

To assess the impact of weighting on mean scores,

weighted and unweighted scores were compared. As

shown in Table 2, respective mean scores did not divert

by more than 1.5 points showing minimal impact of the
weighting procedure on the norm mean scores.

3.3. HRQoL by age

As shown in Table 3, data stratification by age suggested

that physical and role functioning tended to deteriorate

with increasing age, while particularly for emotional

functioning, the reverse seemed to be the case. In the
case of the latter, however, the youngest age group re-

ported a relatively low level of emotional functioning

compared with the other four function scales, with more

than 10 points difference between respective subscale’s

mean score. For cognitive functioning, the youngest age

group scored at least 5 points lower than any of the

other age groups, with highest scores observed in the age

group of 60e69 years. For global health/QoL, younger
respondents showed highest scores (71.4 points), which

monotonously decreased to 63.9 points reported by the

oldest age group.

For symptoms, largest age differences were observed

for pain, dyspnoea and insomnia, with younger re-

spondents reporting substantially lower scores than

older age groups. In contrast, the youngest age group

reported higher nausea/vomiting symptom burden; they
also tended to show highest symptom burden in appetite

loss, constipation, diarrhoea and financial difficulties

compared with older respondents with largely monoto-

nous decreases of symptom burden from young to old.

3.4. HRQoL by sex and age

In addition to stratification by age, we further divided

the sample into women (Table 4a) and men (Table 4b).

Table 2
EORTC QLQ-C30 general population norm data for Germany. Mean

scores (M)/standard deviations (SD) by scales/symptoms, comparison

of weighteda and unweighted scores.

Domain Weighted Unweighted

M SD M SD

Function subscales

Physical functioning 82.8 21.2 82.0 21.5

Role functioning 80.8 27.2 80.3 27.4

Emotional functioning 73.9 24.7 75.1 24.2

Cognitive functioning 83.9 22.7 85.4 21.1

Social functioning 84.8 25.5 85.1 25.5

Symptom subscales/items

Fatigue 31.5 27.2 31.4 27.7

Nausea/vomiting 6.0 17.2 5.2 15.7

Pain 27.6 30.9 28.3 31.1

Dyspnoea 18.7 27.3 19.6 27.8

Insomnia 27.6 33.1 28.9 33.6

Appetite loss 10.1 23.3 9.3 22.2

Constipation 9.6 22.3 8.9 21.6

Diarrhoea 10.4 22.7 9.7 22.2

Financial difficulties 11.3 25.0 10.4 24.1

Global health/Quality of Life 67.0 21.8 65.9 22.2

EORTC QLQ-C30, European Organisation for Research and Treat-

ment of Cancer core questionnaire.
a Weighted by sex and age according to the United Nations,

Department of Economic and Social Affairs, population distribution

statistics for the year 2015 (United Nations, Department of Economic

and Social Affairs, Population Division (2017). World Population

Prospects: The 2017 Revision, DVD Edition).
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The observed decrease of both self-reported physical
and role functioning but increase in emotional func-

tioning with increasing age was observed in both women

and men. However, observed low scores for emotional

functioning for the youngest age group were particularly

pronounced in women who reported >15 points differ-

ence between this subscale and any of the remaining

function subscales. For cognitive functioning, the

observed peak in the age group of 60e69 years was only
apparent in women, while the observed lower scores in

cognitive functioning reported by the youngest age

group were only seen in men. For symptoms, observed

age differences regarding dyspnoea and insomnia were

only apparent in women. In contrast, the observed age

difference regarding higher levels of nausea/vomiting,

appetite loss, constipation, diarrhoea and financial dif-

ficulty of the youngest age group compared with most
other age groups was only found in men.

When comparing self-reported health between

women and men globally, men scored slightly higher/

better on the global health/QoL scale and the function

scales, except for cognitive and social functioning

compared with women. Men also scored lower/better on

most symptom scales/items, except for nausea/vomiting

and diarrhoea. However, when comparing respective
total mean scores, none of these differences reached the

a priori defined 10-point threshold, and only one sub-

scale showed a difference of >5 points (pain, lower for

men). When exploring each age stratum, however, some

larger group differences were observed. For example,

large differences were seen in the youngest age group in

cognitive functioning with women scoring almost 10

points higher/better than men. Furthermore, women

aged 50e59 years reported substantially lower/worse
physical and role functioning and higher/worse symp-

tom burden for insomnia, pain and dyspnoea than men

of the same age group. Group differences in the next

older age group (60e69 years) were substantially

smaller, with the only marked difference observed for

insomnia in favour of men.

Stratified results by sex and age are further shown in

Fig. 1a/b (women) and Fig. 2a/b (men) for easier visu-
alisation of the findings.

4. Discussion

In this article, we present updated general population

norm data for Germany, which were obtained as part of

a large, multinational study collecting norm data across

15 countries in Europe and North America, thereby

applying a consistent data collection method throughout

[19]. The application of a common methodology is

particularly crucial to ensure that data can be compared

across countries and cultures. For the purpose of this
study, data collection was subcontracted to the panel

research company GfK. Collecting data via internet

panels is an efficient, cost-effective method to generate

norm data, and there is evidence from a comparable

study carried out by the Patient-Reported Outcomes

Measurement Information System initiative that these

data are representative of the general population.

Nevertheless, this same group recommends weighting of
scores to obtain a truly representative sample [25], a

method which is consistent with our procedure. While

weighting did not have a substantial impact on obtained

mean scores in our study, the direction of score

Table 3
EORTC QLQ-C30 general population norm data for adults in Germany. Mean scores (M)/standard deviations (SD) by scales/symptoms

stratified by age group (weighted data).

Domain Total (i.e. men and women combined)

Total 18e39 years 40e49 years 50e59 years 60e69 years �70 years

M SD M SD M SD M SD M SD M SD

Function subscales

Physical functioning 82.8 21.2 87.0 19.7 87.7 16.9 82.9 21.3 78.9 21.9 73.6 23.4

Role functioning 80.8 27.2 84.7 25.1 84.6 25.3 80.2 26.5 77.7 28.4 73.0 30.3

Emotional functioning 73.9 24.7 69.4 26.5 73.8 25.1 71.9 25.6 79.1 21.7 80.3 19.7

Cognitive functioning 83.9 22.7 79.8 26.9 86.2 20.4 84.8 21.0 88.9 16.6 84.9 20.5

Social functioning 84.8 25.5 84.5 25.9 84.0 26.9 83.8 25.5 86.7 25.3 85.9 23.7

Symptom subscales/items

Fatigue 31.5 27.2 31.0 25.3 33.5 27.7 30.8 27.3 29.2 28.1 33.1 29.1

Nausea/vomiting 6.0 17.2 9.7 22.2 4.2 15.0 4.9 13.6 4.0 13.1 3.6 12.6

Pain 27.6 30.9 21.9 29.0 24.4 29.0 29.9 30.3 32.8 32.9 35.0 33.1

Dyspnoea 18.7 27.3 13.7 23.4 16.1 24.5 18.9 27.2 23.2 29.2 27.0 32.2

Insomnia 27.6 33.1 22.1 30.7 26.9 32.1 32.1 36.3 30.2 34.3 32.0 33.0

Appetite loss 10.1 23.3 12.8 26.7 8.8 22.5 8.6 20.4 8.2 21.1 9.4 21.3

Constipation 9.6 22.3 12.3 24.9 8.4 23.1 8.6 19.8 8.2 20.5 7.5 19.8

Diarrhoea 10.4 22.7 12.7 23.7 8.5 21.4 11.8 25.6 7.4 18.8 8.9 21.1

Financial difficulties 11.3 25.0 14.0 28.0 10.8 25.4 9.9 21.9 9.5 24.2 9.3 22.1

Global health/Quality of Life 67.0 21.8 71.4 19.8 66.6 20.9 64.4 22.4 64.3 24.9 63.9 21.7

EORTC QLQ-C30, European Organisation for Research and Treatment of Cancer core questionnaire.
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adjustments was consistent with the higher weights given
to older strata compared with younger strata, hence,

consistent with age group differences reported in the

Results section of this article.

Some of our findings are in line with response pat-

terns that would be expected, such as the observed

decline in physical and role functioning with increasing

age. In contrast, comparatively low scores in cognitive

functioning in young men were unexpected. However,
this finding is in line with other studies suggesting that

older adults frequently show a disconnection between

subjective and objective memory performance and sub-

sequently overestimate their cognitive functioning [26].

Coupled with possible downward comparison of the

older ages groups [27], that is, comparison of oneself to

people of the same age who are less cognitively able, as

Table 4a
EORTC QLQ-C30 general population norm data for women in Germany. Mean scores (M)/standard deviations (SD) by scales/symptoms

stratified by age group (weighted data).

Domain Women

Total 18e39 years 40e49 years 50e59 years 60e69 years �70 years

M SD M SD M SD M SD M SD M SD

Function subscales

Physical functioning 81.4 21.3 88.0 17.4 86.6 18.3 78.0 22.4 78.3 23.0 72.1 22.8

Role functioning 79.7 27.5 86.7 22.5 84.2 24.9 75.4 27.4 75.8 29.9 71.3 31.7

Emotional functioning 73.1 25.3 68.7 26.4 73.8 27.4 70.1 26.2 77.2 23.3 79.3 20.9

Cognitive functioning 85.2 21.2 84.9 22.5 85.5 22.7 82.5 20.1 90.5 14.3 84.3 22.1

Social functioning 85.7 25.6 87.7 23.8 84.7 27.9 81.0 27.5 84.7 28.7 88.0 22.1

Symptom subscales/items

Fatigue 33.8 27.9 32.5 25.1 36.7 30.3 34.4 28.5 30.2 28.8 35.3 29.0

Nausea/vomiting 5.5 16.2 6.4 17.3 4.2 16.5 5.9 14.8 5.7 16.5 4.7 15.4

Pain 30.7 32.1 21.9 27.7 28.2 31.2 37.6 33.6 33.7 34.3 38.7 33.3

Dyspnoea 19.3 28.5 9.2 19.2 17.0 26.2 23.8 29.6 22.7 29.6 30.7 34.7

Insomnia 29.7 33.5 19.7 27.8 27.7 33.9 39.9 37.1 35.0 35.7 34.3 33.0

Appetite loss 10.7 23.4 10.1 24.4 10.7 25.0 10.6 20.5 10.0 24.0 12.0 23.0

Constipation 9.9 22.9 10.8 23.9 10.3 25.4 9.2 20.6 9.7 22.4 8.7 21.5

Diarrhoea 9.5 22.5 9.8 21.9 5.7 19.0 11.6 25.2 7.0 19.8 12.0 24.8

Financial difficulties 11.6 25.6 11.7 27.6 12.0 27.5 13.2 23.6 11.0 26.5 10.0 22.0

Global health/Quality of Life 65.8 22.0 72.3 18.2 65.3 22.3 60.1 22.8 63.8 26.6 62.6 21.0

EORTC QLQ-C30, European Organisation for Research and Treatment of Cancer core questionnaire.

Table 4b
EORTC QLQ-C30 general population norm data for men in Germany. Mean scores (M)/standard deviations (SD) by scales/symptoms stratified

by age group (weighted data).

Domain Men

Total 18e39 years 40e49 years 50e59 years 60e69 years �70 years

M SD M SD M SD M SD M SD M SD

Function subscales

Physical functioning 84.3 21.0 86.0 21.6 88.7 15.4 87.8 19.1 79.5 20.8 75.7 24.2

Role functioning 82.0 26.8 82.7 27.3 85.0 25.9 85.0 24.8 79.7 26.8 75.2 28.3

Emotional functioning 74.7 24.0 70.1 26.6 73.7 22.7 73.7 25.0 81.2 19.8 81.7 18.0

Cognitive functioning 82.6 24.1 75.0 29.8 87.0 17.9 87.0 21.8 87.3 18.8 85.8 18.3

Social functioning 83.9 25.5 81.4 27.5 83.3 26.1 86.5 23.2 88.8 21.3 83.0 25.7

Symptom subscales/items

Fatigue 29.1 26.2 29.6 25.5 30.5 24.6 27.1 25.8 28.1 27.4 30.0 29.1

Nausea/vomiting 6.6 18.1 12.8 25.8 4.3 13.5 3.8 12.3 2.3 7.9 2.1 7.3

Pain 24.3 29.3 21.9 30.2 20.8 26.4 22.2 24.5 31.8 31.6 29.9 32.3

Dyspnoea 18.1 26.0 18.0 26.2 15.2 22.9 14.0 23.8 23.8 28.9 22.0 27.9

Insomnia 25.4 32.6 24.3 33.2 26.1 30.4 24.3 33.8 25.1 32.2 28.8 33.1

Appetite loss 9.6 23.2 15.4 28.6 6.9 19.6 6.7 20.1 6.3 17.5 5.8 18.4

Constipation 9.2 21.7 13.8 25.8 6.6 20.6 8.0 19.0 6.6 18.3 5.8 17.1

Diarrhoea 11.4 22.8 15.4 25.0 11.2 23.2 12.0 26.2 7.9 17.8 4.5 13.3

Financial difficulties 10.9 24.4 16.2 28.2 9.6 23.3 6.7 19.5 7.9 21.7 8.4 22.3

Global health/Quality of Life 68.2 21.5 70.5 21.3 68.0 19.5 68.7 21.3 64.8 23.2 65.7 22.6

EORTC QLQ-C30, European Organisation for Research and Treatment of Cancer core questionnaire.
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well as with lower demands due to retirement, this might

explain the relatively high self-reported cognitive func-

tioning in older respondents. As our data were obtained

via an online survey, it is also possible that older par-

ticipants were biased towards those who were suffi-

ciently (cognitively) capable and healthy to respond to

an electronic survey.

For the EORTC QLQ-C30 symptom scales, some
response patterns were again in the expected direction

(e.g. pain and dyspnoea), while other symptom scales

did not show any obvious trend. One exception was the

observation of some consistently higher symptom

burden in younger men (i.e. nausea/vomiting, appetite

loss, constipation and diarrhoea) which may be related

to differences in leisure activities (e.g. the high incidence

of binge drinking, especially in younger men, might
explain some of the findings [28]). In the context of

symptom scales, however, it needs to be stressed that

our sample is based on respondents from the general

population and many symptoms are included in the

EORTC QLQ-C30 because of particular relevance to

patients with cancer during or after treatment. There-

fore, some floor effects in the symptom scales in

particular e regardless of age e can be expected when

seeking responses to these items from the general

population.

As earlier publications already established general

population norm data for Germany, we compared our
data to these publications [15e17]. Of note, we applied

the same weights to the results from the earlier publi-

cations as applied to the data in this article to ensure

comparability. First, it is striking that the general pop-

ulation data published by Schwarz and Hinz [15] and

Hinz et al. [17] reported better scores (i.e. higher func-

tioning/lower symptom scores) for all 15 EORTC QLQ-

C30 scales than found in our data. For women, one
function and four symptom scales/items showed de-

viations of >10 points. Even greater differences were

seen for men, with four function and three symptom

scales/items showing a deviation of >10 points. In

Fig. 1. a) German EORTC QLQ-C30 general population normative data for global health status/quality of life and function subscales for

women by age group. b) German EORTC QLQ-C30 general population normative data for symptom subscales and items for women by

age group. EORTC QLQ-C30, European Organisation for Research and Treatment of Cancer core questionnaire.
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contrast, normative data reported by Waldmann et al.

[16] are largely in line with our data, with the only dif-

ference >5 points seen in emotional functioning in

women (mean score 6.1 points higher/better in our data)

and dyspnoea in men (5.0 points higher/worse dyspnoea
score in our data) [16]. It appears that especially male

respondents in the studies by Schwarz and Hinz [15] and

Hinz et al. [17] reported high functioning scores with

>90 points in all but the emotional function scale and

comparatively low symptom burden compared with our

and the Waldmann et al. [16] data. Hence, the former

samples may have consisted of respondents who may

have been too healthy to be representative of the
German general population. To substantiate this notion,

we compared our sample with national data collected as

part of the German Health Update (GEDA) study, a

large-scale health monitoring study in Germany with

more than 20,000 participants [29,30]. Owing to space

constraints, we cannot show all details of this compar-

ison, but in summary, we found that the GEDA 12-

month prevalence data of, for example, asthma (6.2%

GEDA; 7.0% in our data set) and depression (8.1%;

8.2%) in the adult population are remarkably similar,

while chronic obstructive pulmonary disease prevalence

is even lower in our data set (5.8%; 3.6%) [29,30]. Sixty-
three percent of our sample reported at least one health

condition/disease (lifetime prevalence), with presence of

a health condition being clearly associated with worse

functioning/higher symptom burden (data not shown).

We, therefore, believe that our sampling should have

captured a more representative sample of the German

general population compared with previously published

samples.
This study has strengths and limitations. To our

knowledge, the cross-country norm data project funded

by the EORTC Quality of Life Group is the largest

study worldwide to generate general population norm

data for the EORTC QLQ-C30. These were generated

across 15 countries in Europe and North America,

thereby applying a common methodology. To achieve

Fig. 2. a) German EORTC QLQ-C30 general population normative data for global health status/quality of life and function subscales for

men by age group. b) German EORTC QLQ-C30 general population normative data for symptom subscales and items for men by age

group. EORTC QLQ-C30, European Organisation for Research and Treatment of Cancer core questionnaire.

S. Nolte et al. / European Journal of Cancer 137 (2020) 161e170168



quotas across countries, we subcontracted data collec-

tion to one of the largest panel research companies

worldwide that ensure representativeness of their online

panels. However, while we believe the sampling strategy

via GfK’s online panels is one of the study’s strengths,

there are limitations. Although internet access and usage

has substantially increased over the last two decades,

with 88% of German households having internet access,
older citizens use the internet substantially less

frequently than younger generations. While generally

well over 95% of the German population between 10

and 64 years uses the internet, this percentage drops to

75% for men and 60% for women, respectively, in the

age group �65 years [31]. Therefore, it cannot be ruled

out that especially the oldest age group in our sample

may not be representative of the general population of
that age group. However, self-selection bias is not

unique to our study but is a general concern in

population-based surveys. For example, there is evi-

dence suggesting that participants in health surveys

report better health-directed activities and health status

overall than those who do not participate [32,33]; how-

ever, another study found that self-selection hardly

influenced scores [34]. In summary, while online surveys
are not free of bias, alternative data collection methods

come at the expense of other biases. For example, a

serious concern in the collection of population data

using alternative sampling techniques is non-response

bias [33], which was not as much of an issue in our

online panel [19]. Furthermore, one strategy to over-

come a potential limitation of coverage error by means

of quota sampling was to weight our data by Germany’s
sex/age distribution using the population distribution

statistics published by the United Nations [23]. There-

fore, while bias cannot be ruled out in any population

health survey, the EORTC QLQ-C30 general popula-

tion norm data for Germany presented herein are the

best available data to date.

5. Conclusions

This study presents updated EORTC QLQ-C30 general

population norm data for Germany assessed via an

online panel. The current data show some discrepancies
with earlier publications on norm data from the general

German population. Following our earlier discussion,

we are confident that our data collection as carried out

by GfK yielded high-quality data. Furthermore, the

data presented herein were gathered as part of a multi-

national study which comes with the advantage of

enabling valid inter-country comparisons. In conclu-

sion, this study presents updated EORTC QLQ-C30
general population norm data for Germany that we

recommend using for comparative purposes with data

obtained from patients with cancer, in particular also

for use in multinational studies.
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3 Discussion 

Research aimed at improving the quality of PRO assessment as well as the actual application 

of PROs in both clinical practice and clinical research have grown exponentially over the last 

few decades. Many PRO-specific guidelines and standards now exist that – if followed 

closely – should greatly enhance the quality of the PRO data collected. In essence, if high 

quality measures with robust validity evidence are applied, users and other stakeholders of 

PRO data can be reasonably confident that the inferences that are drawn from these data 

are valid (Hawkins et al., 2021; Hawkins et al., 2018; Weinfurt, 2021, 2022). 

Two international PRO measurement systems were introduced here that are exemplars of 

rigorous PRO measure development and validation processes. First, over the last decade 

the U.S.-based PROMIS initiative has developed and evaluated a range of PRO measures for 

the assessment of mental, physical and social constructs that are aimed to be applied across 

diseases. PROMIS is the first initiative of its kind that introduced a measurement system for 

PROs that is based on modern test theory methods that allow for the application of CAT 

(Cella et al., 2010; Fries et al., 2005). Second, the PRO measurement system of the EORTC 

is a European initiative that was originally based on static PRO instruments for the 

assessment of cancer patients’ QoL (Aaronson et al., 1993). More recently, the EORTC has 

also released a CAT version of the EORTC QLQ-C30 (Petersen et al., 2018; Petersen et al., 

2020). Similar to PROMIS, the EORTC has established standardised procedures that are 

applied during the development of their cancer-specific modules (Wheelwright et al., 2021) 

as well as during the numerous translation and cultural adaptation projects (Kuliś et al., 

2017). In summary, both initiatives have contributed greatly to the standardisation of PRO 

assessment and they have raised the profile of PRO data as an important source of 

information for medical and health policy decision making (Porter et al., 2016). 

The included articles made critical contributions to both of these prominent efforts of the 

international PRO community. The first study contributed to the PROMIS initiative by 

translating and culturally adapting the PROMIS Physical Function item bank into German 

and by subsequently evaluating its psychometric properties. Since the initial paper, a more 

thorough investigation of this item bank has been undertaken, including DIF analyses to 

explore the psychometric performance of the item bank in different disease groups (Liegl 

et al., 2020). Owing to this DFG-funded work, the project has made the PROMIS Physical 
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Function item bank available to the German-speaking community after confirming 

instrument equivalence across language versions and it also contributed more generally to 

the research question about dimensionality of the item bank (Liegl et al., 2018; Liegl et al., 

2020). The second PROMIS project is an exemplar of a standardised evaluation of the 

psychometric properties of a PRO measure using CTT methods. Being part of a larger 

collaborative effort that was aimed at comparing three test-theoretical approaches for the 

evaluation of the PROMIS Depression item bank (Cleanthous et al., 2019; Nolte, Coon, et 

al., 2019; Stover et al., 2019), the project also needs to be seen in this broader context as it 

made a crucial methodological contribution to the wider PRO community by exploring the 

differences and commonalities between CTT, IRT and RMT (Bjorner, 2019). In contrast to 

above PROMIS projects, the EORTC-funded work on norm data contributed to the 

interpretation of both the EORTC CAT Core and the EORTC QLQ-C30. By establishing general 

population norm data for both instruments, the interpretability of scores obtained from 

these two measures has been enhanced greatly and – given that a consistent sampling 

method was applied across countries – the updated norm data are also suitable for inter-

country comparisons (Liegl et al., 2019; Nolte, Liegl, et al., 2019; Nolte et al., 2020). Since 

the three EORTC articles were published, additional national general population norm data 

have been released (Arraras et al., 2021; Lehmann et al., 2020; Pilz et al., 2022), with further 

national norm data publications being underway. In addition, other research groups have 

also started making use of the norm data (Karsten et al., 2022; Ludwig et al., 2020; Schwartz 

et al., 2021). 

Above projects made crucial contributions to the international PRO community, and both 

the PROMIS and EORTC measurement systems are popular and used widely across the 

world; however, they compete with a plethora of PRO measures that have been developed 

and released over the last few decades. To get a sense of the number of PRO instruments 

available, the Mapi Research Trust offers a great resource for users of PROs. The Trust’s 

database PROQOLID is a library of COA measures – many of which are PRO measures – that 

currently contains information on over 5,100 COA measures worldwide. As can be seen on 

the Trust’s website (https://eprovide.mapi-trust.org/), the sheer volume of measures that 

can be chosen from make the field of PRO/COA assessment rather confusing, especially in 

those contexts where various PRO instruments are available to assess the same latent 

construct. For example, Wahl et al. (2011) identified in excess of 100 PRO measures for the 

https://eprovide.mapi-trust.org/


Advancements in Standardising Patient-Reported Outcomes Measurement 

73 

assessment of depression alone, making PRO measure selection a real challenge, especially 

for less experienced PRO users. 

In view of the plethora of PRO measures available that challenge comparison of PRO scores 

obtained from different instruments, modern test theory methods offer the opportunity to 

link these scores (Schalet et al., 2015). Such linking can be achieved by calibrating items that 

measure the same latent construct on the same scale, taking the standardisation of PRO 

measurement to the next level. This item calibration process enables the comparison of 

scores derived from any subset of items from within the same but also across different 

measures. To date, this approach has been applied by various research groups that have 

linked different PRO measures via a common metric, for example, for the assessment of 

anxiety, depression, pain or physical function (Choi et al., 2014; Cook et al., 2015; Kaat et 

al., 2017; Kaat et al., 2018; Liegl et al., 2016; Oude Voshaar et al., 2019; Schalet et al., 2014; 

Schalet et al., 2015; Wahl et al., 2014). In addition, the website www.common-metrics.org 

provided by Fischer and Rose (2016) offers a convenient way of linking scores from different 

PRO measures (Fischer & Rose, 2016). Albeit unrealistic, the idea of creating a common 

metric for various constructs could yet be taken further again by moving from instrument-

based to construct-based PRO assessment (Kaat et al., 2018; Liegl et al., 2020). As described 

above, it is not only possible to calibrate items from different PRO measures on the same 

metric and make PRO scores comparable but it is also possible that this new item pool could 

become a new PRO measure in its own right. This measure could be continuously improved 

by only retaining those items with good item parameters and subsequently adding new 

items, for example, in order to extend the measurement range which was done for the 

PROMIS Physical Function item bank (Kaat et al., 2019). This would then constitute a real 

move to construct-based PRO assessment. 

Despite the appeal of construct-based PRO assessment that is independent of specific PRO 

instruments, it is unrealistic that this will ever be implemented as there are too many PRO 

measures that are already used widely. Also, PRO measure developers are unlikely to be 

willing to give up their own PRO measure. Therefore, standardisation of PRO assessment 

reaches its limits despite methods being available that could turn instrument-independent 

PRO assessment into reality. Consequently, it remains vital that users of PROs are not only 

aware of but also follow the many PRO-specific guidance documents, standards as well as 

recommendations aimed at improving the data quality obtained via PROs. As presented in 

http://www.common-metrics.org/
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the Introduction, central publications in this area relate to measure development and 

content validation (Patrick et al., 2011a, 2011b), design and selection of PRO measures 

(Reeve et al., 2013), translation/cultural adaptation of PRO measures (Wild et al., 2005) and 

definitions of key attributes of PRO measures (Aaronson et al., 2002; Mokkink et al., 2010), 

whilst others set out to standardise the statistical analysis of PRO data (Coens et al., 2020). 

Above advancements have greatly contributed to the standardisation of PRO measurement 

over the last few years and decades. If PRO users closely follow the many published PRO-

specific guidelines, it should greatly enhance PRO data quality. However, a last vital step is 

data interpretation, i.e., assuming robust validity evidence has been gathered, inferences 

that are drawn from these data are only valid if PRO users know how to interpret the data. 

Even though data interpretation is not directly the focus of PRO standardisation efforts, 

various approaches to interpret PRO data have been published that implicitly contribute to 

PRO standardisation. As implemented by the EORTC, one possible approach to interpret 

quantitative data is the comparison of patients’ scores with reference values obtained from 

patients with comparable conditions (Scott et al., 2008) or with norm data collected from a 

representative sample of a country’s general population (Nolte, Liegl, et al., 2019). As it is 

rather laborious and costly to obtain reference values and/or general population norm data, 

these are typically only available for PRO measures that were developed as part of larger 

initiatives, such as the EORTC and the PROMIS suites of PRO instruments (Jensen et al., 

2017; Liegl et al., 2019; Nolte, Liegl, et al., 2019; Rose et al., 2014; Scott et al., 2008). 

Alternatively, statistical significance testing may be applied to explore differences at the 

group level. However, in light of the limitations of statistical significance testing that is highly 

dependent on the sample size and has little intrinsic meaning regarding clinical significance 

of the findings, Jaeschke et al. (1989) introduced the concept of minimal clinically important 

differences (MCID) as an alternative approach to interpret change over time. 

The seminal papers by Jaeschke et al. (1989) and Lydick and Epstein (1993) who introduced 

anchor- and distribution-based methods to interpret QoL data laid the groundwork for a 

large amount of research undertaken in the area of MCID. The idea behind MCID is to 

improve the interpretability of PRO scores by defining thresholds a priori that define a level 

of change at the individual or at the group level at which it is deemed clinically meaningful 

(Jaeschke et al., 1989). When deriving these thresholds, it is crucial to differentiate between 

individual within-person change over time, group-level change over time and between-
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group differences, and there are various approaches to derive these thresholds (Coon & 

Cappelleri, 2016; Coon & Cook, 2018). Especially since the 2009 FDA PRO Guidance for 

Industry where the use of a responder threshold was promoted, i.e., a threshold for 

interpretation of within-person change (FDA, 2009), publications on thresholds to define 

clinical meaningfulness have grown exponentially. To get an overview of these cut-off 

points and help PRO users navigate through the field of minimal important differences 

(MID)2, researchers at McMaster University initiated PROMID, i.e., a MID database for PRO 

measures (https://promid.mcmaster.ca/) (Johnston et al., 2015). In their accompanying 

publication, they describe that the PROMID inventory contains 5,324 unique MID estimates 

for 526 distinct PRO measures (Carrasco-Labra et al., 2021). While PRO users need to be 

cautious regarding the quality of the MID estimates, for which the McMaster group has 

developed a credibility instrument to judge the quality of MIDs derived from anchor-based 

methods (Devji et al., 2020), PROMID is a new and important effort towards standardising 

PRO data interpretation that supports PRO users in understanding the data they obtain from 

their patients. 

The many PRO-specific guidance publications introduced above taken together with the 

various approaches to improving the interpretation of PRO data greatly contribute to raising 

the level of PRO data quality and subsequently the accumulation of high quality validity 

evidence that is necessary to draw valid inferences from these data (Hawkins et al., 2021; 

Hawkins et al., 2018; Weinfurt, 2021, 2022). Despite all of these advancements, however, it 

remains that there is a large volume of PRO measures available, many of which have not 

been developed applying state-of-the-art methods, have not undergone thorough 

psychometric evaluation, and neither reference/general population norm data nor MID 

thresholds are available to aid data interpretation. In the process of increased expectations 

at PRO data quality not only from regulatory bodies, such as the FDA, but also from the 

broader PRO research community, it is expected that there will be a consolidation phase 

regarding PRO measures. Therefore, those measures are most likely to survive that fulfil the 

various PRO quality criteria and that offer a range of options for data interpretation, 

including reference values, general population norm data and thresholds that signify 

 
2 Since the introduction of the term MCID by Jaeschke et al. (1989), a large volume of articles on this topic 
have been published, including different abbreviations and definitions, different methods and different 
application (Coon & Cappelleri, 2016). The use of MID here is chosen for the sole purpose of describing a 
threshold for clinical significance. 

https://promid.mcmaster.ca/
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clinically meaningful change or difference. Both the PROMIS and the EORTC suites of PRO 

instruments are likely PRO measurement systems that will contribute to the anticipated 

consolidation phase of PRO measures with the ultimate goal of achieving standardised PRO 

measurement. 
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4 Summary and Outlook 

Initiatives contributing to the standardisation of PRO assessment are well underway and 

various publications provide clear recommendations regarding key aspects of standardised 

PRO assessment, including recommendations in the context of development/selection and 

content validation of PRO measures, translation and cultural adaptation, key attributes of 

PRO measures and statistical analysis of PRO data (Aaronson et al., 2002; Mokkink et al., 

2010; Patrick et al., 2011a, 2011b; Reeve et al., 2013; Wild et al., 2005). In addition, various 

efforts have been undertaken with the aim to facilitate PRO data interpretation, including 

publications on reference values (Scott et al., 2008), general population norm data (Nolte, 

Liegl, et al., 2019) as well as MID thresholds for a large range of PRO measures (Carrasco-

Labra et al., 2021). Finally, several guidelines have been published that provide standards 

on how to include PROs in clinical trial protocols, publications and reports (Basch & Leahy, 

2019; Calvert et al., 2013; Calvert et al., 2018; Coens et al., 2020). Hence, provided above 

recommendations are followed, PRO users should be able to produce high quality PRO 

measures that generate robust validity evidence that in turn should lead to high quality 

data. High quality PRO data are vital for the various stakeholders of PROs to confidently use 

these data as a base for medical and health policy decision making (Hawkins et al., 2021; 

Hawkins et al., 2018; Weinfurt, 2021, 2022). Despite these advancements, it remains that 

there is currently a large volume of PRO measures available with varying quality. Therefore, 

it is expected that there will soon be a consolidation phase, with those PRO measures likely 

to survive that fulfil PRO quality criteria as introduced above and that offer various options 

for data interpretation. The work presented here made critical contributions to 

standardised PRO measurement in the context of translation and cultural adaption of a PRO 

measure, the psychometric evaluation of PRO measures as well as PRO data interpretation. 

All projects were carried out in the context of two of the main PRO initiatives worldwide. It 

is expected that both the PROMIS and EORTC suites of PRO measures will continue to grow, 

consolidate the PRO field and continue to be a benchmark for standardised PRO 

assessment, validation and interpretation. 
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