
 

 

 University of Groningen

Enhancing adherence in patients with COPD
van Boven, Job Frank Martien

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2015

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
van Boven, J. F. M. (2015). Enhancing adherence in patients with COPD: Targets, interventions & cost-
effectiveness. [Thesis fully internal (DIV), University of Groningen]. University of Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://research.rug.nl/en/publications/718ed477-a362-4995-ba64-e35cc1e88d4f


127

7

TARGETS, INTERVENTIONS AND COST-EFFECTIVENESS

CHAPTER 7
MAPPING THE CLINICAL COPD
 
QUESTIONNAIRE (CCQ) ONTO 
GENERIC PREFERENCE-BASED EQ-5D 
VALUES 

Previously published as:

Boland MR, van Boven JF, Kocks JW, van der Molen T, Goossens LM, Chavannes NH, Rut-

ten-van Mölken MP. 

Mapping the clinical chronic obstructive pulmonary disease questionnaire onto generic prefer-

ence-based EQ-5D values. Value in Health 2015; 18(2): 299-307



128

7

ENHANCING ADHERENCE IN PATIENTS WITH COPD

ABSTRACT

Objective

To develop a model to predict EuroQol five-dimensional questionnaire (EQ-5D) values from 

clinical chronic obstructive pulmonary disease (COPD) questionnaire (CCQ) scores.

Methods

We used data from three clinical trials (the Randomized Clinical Trial on Effectiveness of Inte-

grated COPD Management in Primary Care [RECODE], the Assessment Of Going Home Under 

Early Assisted Discharge [GO-AHEAD], and the Health Status Guided COPD Care [MARCH]). 

Data were randomly split into an estimation sample and a validation sample. The conceptual 

similarity between patient-reported CCQ and preference-based EQ-5D scores was assessed 

using correlation and principal-component analysis. Different types of models were estimated 

with increasing complexity. We selected the final models on the basis of mean absolute error 

and root mean square error when comparing predicted and observed values from the same 

population (internal validity) and from different trial populations (external validity). We also 

developed models for different country-specific EQ-5D value sets.

Results

The principal-component analysis showed that the CCQ domains functional state and mental 

state are associated with four dimensions of the EQ-5D. The EQ-5D dimension pain/discomfort 

formed a separate construct on which no CCQ item loaded. The mean observed EQ-5D values 

were not significantly different from the mean predicted EQ-5D values in internal validation 

samples but did significantly differ in external validation samples. The models underestimated 

EQ-5D values in milder health states and overestimated them in more severe health states. The 

predictive ability of the models was similar across different EQ-5D value sets.

Conclusions

The models can predict mean EQ-5D values that are similar to observed mean values in a sim-

ilar population. The overestimating/underestimating of the low/high EQ-5D values, however, 

limits its use in Markov models. Therefore, mapping should be used cautiously.
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INTRODUCTION

Studies assessing the effectiveness of new chronic obstructive pulmonary disease (COPD) treat-

ments commonly use disease-specific health-related quality of life (HR-QoL) instruments such 

as the St. George’s Respiratory Questionnaire (SGRQ)1 and the clinical COPD questionnaire 

(CCQ).2 However, preference-based HR-QoL measures such as the EQ-5D3 are often not in-

cluded in those studies. Nevertheless, data from such studies frequently form the basis of post-

hoc cost-utility analyses that aim to estimate the incremental costs per Quality Adjusted Life 

Year (QALY) gained. To enable the calculation of QALYs in the absence of directly collected 

EQ-5D data, the SGRQ or CCQ scores from these studies need to be converted to utilities. This 

can be done with a model or algorithm that maps disease-specific HR-QoL data to EQ-5D data. 

This solution has also been recommended by the National Institute for Health and Care Excel-

lence 4 and is seen as a better approach than judgements of experts.5 Prior to July 2013, ninety 

studies estimated 121 mapping models and reported algorithms to allow other researchers to 

use them to predict EQ-5D values.6

A model to map SGRQ scores onto EQ-5D values has been published.7 However, a model to 

predict EQ-5D values from CCQ data has not been developed. It is relevant to do so because 

the CCQ is increasingly used, not only because it is brief and takes little time to complete 8, but 

also because the 2013 revision of the Global Initiative for Chronic Obstructive Lung Disease 

(GOLD) guidelines recommend the CCQ as one of the options to define symptom level, i.e. one 

of the 3 components of the COPD classification.9 This study aims to develop a model to predict 

EQ-5D values from CCQ scores obtained in clinical trials.

METHODS

Instruments

CCQ. The CCQ is an instrument to measure HR-QoL in COPD patients on 3 domains (symp-

toms, functional state and mental state). The symptom and functional domain contain 4 items 

each and the mental domain contains 2 items. Patients have to respond to each item on a 

seven-point scale resulting in over 282 million possible health states. Response options on CCQ 

items 1-6 are: never / hardly ever / a few times / several times / many times / a great many 

times / almost all the time. Response options on CCQ items 7-10 are: not limited at all / very 

slightly limited / slightly limited / moderate limited / very limited / extremely limited / totally 

limited or unable to do. The total CCQ score and the scores of the domains are calculated by 

adding up the item scores and dividing this sum by the number of items, where 0 is the best 

and 6 is the worst score. 2 

EQ-5D. The EQ-5D is a generic HR-QoL questionnaire. It consists of 5 dimensions to describe 

the current health states of patients: mobility, self-care, usual activity, pain/discomfort, anxi-

ety/depression. Each dimension is measured with 1 item and respondents have to respond to 

each item on a three-point scale (no, some or extreme problems). This results in 243 potential 

health states. EQ-5D values are calculated by combining the responses on each dimension with 
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off-the-shelf preference-based weights (i.e. a value set). In the base case, we used the Dutch 

EQ-5D value set to calculate the EQ-5D values of the COPD patients. These EQ-5D values can 

range from -0.329 to 1, where 0 indicates a health state equivalent to dead and 1 indicates full 

health.3, 10 In the sensitivity analyses we used UK and US EQ-5D value sets.

Setting and participants

To include a broad range of patients with different severity levels of COPD, we combined 

the data from three trials: the RECODE trial, a 2-year, cluster-randomized controlled trial with 

1086 patients recruited from general practice11; the GO-AHEAD trial, a 3-month, multi-centre, 

randomized trial, with 166 patients hospitalized for a COPD exacerbation12; and the MARCH 

trial, a 6 months, randomized controlled trial with 53 patients recruited from general practice.13 

Patients completed both the CCQ and the EQ-5D at 2 (MARCH), 3 (GO-AHEAD) and 6 (RE-

CODE) time points. 

Conceptual similarity

Mapping would only be able to appropriately predict EQ-5D values from the CCQ if there are 

no major conceptual differences between the CCQ and EQ-5D. 14 Therefore, we first investi-

gated the conceptual (dis)similarities between the EQ-5D dimensions and CCQ items using  

Spearman rank correlations and principal component analysis (PCA). PCA explores which ques-

tions included in the two instruments are related to each other and generate information on the 

same underlying construct. The CCQ questionnaire may include items related to domains that 

are not included in the EQ-5D and hence will not be reflected in changes in the patient’s EQ-5D 

value, and vice versa. In the explorative PCA all constructs with an eigenvalue >1 were select-

ed 15 while in the confirmatory PCA the number of constructs was set to five, to investigate 

whether these five constructs would mirror the five dimensions of the EQ-5D. Eigenvalues of a 

construct represent the relative share of variance accounted for by the construct. The individual 

items have meaningful loadings on a construct if their absolute value exceeds 0.40. After ex-

tracting the initial constructs, varimax rotation was used to improve the differentiation and the 

interpretability of the results. 16

Model development 

The dataset was randomly split (50%-50%) into a sample that was used to estimate the model 

and a sample that was used to validate the estimated model. Thereafter, different types of 

models were estimated with increasing complexity. We started with simple models that predict-

ed EQ-5D value from the total CCQ score and the CCQ domain scores. We also investigated 

models that included individual items of the CCQ, either as categorical variables or as dummy 

variables for the seven possible response options of each CCQ item. We further tested whether 

the model improved when including polynomial terms, patient characteristics (age, Charlson 

co-morbidity index17 and sex), and when the seven-point response scale of the CCQ was col-
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lapsed into a three-point scale by combining the response options 1 and 2, 3 and 4, and 5, 6, 

and 7. 

These models were estimated using ordinary least squares (OLS) with backward selection pro-

cedures. Variables with a P-value>0.10 were removed. To correct for multiple testing, Bon-

ferroni corrections were applied to the models with dummy variables for the seven possible 

response options of each CCQ item. 

Because OLS regression ignores censoring in the EQ-5D values, we investigated whether Tobit 

and generalized linear models (GLM) performed better than OLS models. 18 The distribution 

and link function of these models were selected after comparing the goodness-of-fit of models 

with different specifications of the distribution and link functions (i.e. normal, inverse gauss-

ian, gamma, poisson distributions in combination with log and identity link). Models that had 

the lowest Akaike’s information criterion (AIC) and Bayesian information criterion (BIC) were 

selected. 19

To analyse the effect of using repeated measurements of the same patients as independent 

observations, we estimated a model based on (I) the baseline data of the RECODE trial and (II) 

data from all measurements in the RECODE trial. Additionally, we estimated models based on 

(III) data from the GO-AHEAD trial only (because the patients in that trial are more severely ill) 

and (IV) data from the combined RECODE, GO-AHEAD and MARCH trials. 

Model validation 

We validated the models that were developed for each dataset (i.e. dataset I to IV as mentioned 

above). Firstly, the models were used to predict the EQ-5D values of the patients in the valida-

tion sample (internal validation). In addition, the models that were developed using data from 

one trial were used to predict EQ-5D values in the other trials (external validation). Predicted 

EQ-5D values were compared to the observed EQ-5D values. The mean absolute error (MAE) 

was reported for the overall range of observed EQ-5D values and for observed EQ-5D values 

in a specific range, i.e. EQ-5D<0.25, 0.25≤EQ-5D<0.50, 0.50≤EQ-5D<0.75, 0.75≤EQ-5D≤1. 

We also calculated the root mean square error (RMSE) which attaches greater weight to larger 

errors. A scatter plot of observed and predicted values in the validation sample was provided 

and we tested whether the mean predicted EQ-5D value significantly differed from the mean 

observed EQ-5D value. We selected the final models based on the MAE and RMSE when 

comparing the predicted and observed EQ-5D values from the same trial population (internal 

validity) and from different trial populations (external validity). This was done for models in 

which EQ-5D values were based on the Dutch value set and, in sensitivity analyses, for models 

in which EQ-5D values were based on the US value set and UK value set. 

Finally, we assessed the precision of the predicted mean EQ-5D value by applying a bootstrap 

procedure: (I) we randomly sampled patients, with replacement, to create a group of size 10, 

25, 50, 100, 250 and 500; (II) we computed the mean predicted EQ-5D value and the mean 

predicted error for each of the six group sizes; (III) we repeated step (1) and (2) 1000 times to 

generate a distribution of the group predicted error for each of the six group sizes.
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RESULTS

Descriptive statistics

The patient characteristics are presented in Table 1. Observations with missing data on the total 

EQ-5D and/or CCQ score were excluded, resulting in a study population containing 5751 ob-

servations. The patients were mainly elderly (68 years), included slightly more men (55%), and 

had moderate airflow obstruction. Mean (standard deviation (SD)) CCQ score was 1.66 (1.04) 

and mean EQ-5D value was 0.75 (0.25) whereas the mean EQ-5D value for a representative 

sample of the Dutch population has been estimated at 0.89.20 The distribution of EQ-5D val-

ues was left-skewed: 25% of the observations were at 1 (full health), 25% were between 0.8 

and 1, 25% were between 0.7 and 0.8 and 25% between -0.3 and 0.7. The CCQ scores also 

showed skewness towards the severe end of the scale: one percent of the CCQ scores were 

at 0 (full health), 50% of the observations were between 0 and 1.5, 25% between 1.5 and 

2.3, and 25% were between 2.3 and 6. Decreased HR-QoL was mainly due to the CCQ items 

2, 5, 6 and 7 (Table 1 gives a description of these items) and more than 50% of the patients 

reported some or extreme problems in the EQ-5D dimensions mobility and pain/discomfort. 

The Charlson co-morbidity index, a weighted sum score of the comorbid conditions of a pa-

tient, was lower (i.e. better) in patients in the GO-AHEAD trial than in patients in the MARCH 

trial.21 Despite this, the rank order from best to worst mean HR-QoL in the trials was: MARCH, 

RECODE, GO-AHEAD.
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Table 1. Patient characteristics at baseline and the average EQ-5D and CCQ scores of all the time points in the different 

databases  

Total data RECODE GO-AHEAD MARCH

Patients 1303 1084 166 53

Observations (number) 5751 5268 382 101

Age, years 68 (11) 68 (11) 68 (11) 64 (11)

Men, % 55.0 54.0 61.0 58.5

FEV1, % predicted 65.7 67.8 48.3 75.4

FEV1 ≥50% predicted 76.2 77.7 41.3 94.3

FEV1 <50% predicted 23.8 22.3 58.8 5.7

Charlson co-morbidity index 2.27 (1.29) 2.34 (1.26) 1.75 (1.09) 2.56 (1.83)

EQ-5D 0.75 (0.25) 0.75 (0.25) 0.67 (0.25) 0.88 (0.13)

      Mobility 

      (no/some/extreme problems),%

48.7/ 50.8/ 0.5 49.7/ 49.9/ 0.5 30.69/ 67.5/ 1.8 67.3/32.7/0

      Self-care 

      (no/some/extreme problems),%

79.0/ 19.1/ 1.9 80.9/ 17.5/ 1.6 48.2/ 45.0/ 6.8 96.0/4.0/0

      Usual activities 

      (no/some/extreme problems),%

58.3/ 37.5/ 4.2 60.7/ 35.8 /3.5 23.6/ 61.3/15.2 65.3/34.7/0

 Pain/discomfort 

      (no/some/extreme problems),%

47.5/ 41.4/ 11.1 46.3/ 41.9/ 11.8 57.9/ 37.7/ 4.5 71.3/27.7/ 

1.0

   Depression/anxiety 

  (no/some/extreme problems),%

77.0/ 20.6/ 2.4 78.1/ 19.6/ 2.3 60.7/ 34.6/4.7 82.2/17.8/0

CCQ1 1.66 (1.04) 1.61 (1.00) 2.51 (1.17) 1.10 (0.78)

 Symptoms 2.13 (1.18) 2.12 (1.18) 2.44 (1.16) 1.68 (1.06)

 Functional state 1.69 (1.37) 1.60 (1.30) 3.07 (1.58) 0.92 (0.94)

 Mental state 0.65 (1.04) 0.59 (0.99) 1.52 (1.39) 0.29 (0.60)

 CCQ-1 Short of breath at rest 1.18 (1.31) 1.16 (1.30) 1.68 (1.37) 0.64 (0.84)

  CCQ-2 Short of breath doing 

physical activities

2.76 (1.73) 2.72 (1.71) 3.54 (1.70) 2.15 (1.62)

    CCQ-3 Concerned about getting 

a cold or your breathing getting 

worse

0.59 (1.11) 0.53 (1.05) 1.52 (1.55) 0.18 (0.46)

  CCQ-4 Depressed (down) 

because of your breathing prob-

lems

0.71 (1.19) 0.66 (1.14) 1.51 (1.56) 0.41 (0.82)

      CCQ-5 Cough 2.47 (1.58) 2.47 (1.59) 2.54 (1.45) 2.14 (1.72)

      CCQ-6 Produce phlegm 2.11 (1.76) 2.12 (1.76) 2.00 (1.64) 1.78 (1.78)
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Total data RECODE GO-AHEAD MARCH

      CCQ-7 Strenuous physical 

  activities

2.82 (1.85) 2.75 (1.82) 4.04 (1.89) 1.92 (1.57)

 CCQ-8 Moderate psychical

 activities

1.87 (1.63) 1.78 (1.57) 3.22 (1.84) 1.02 (1.30)

      CCQ-9 Daily activities at home 1.16 (1.48) 1.05 (1.36) 2.92 (1.94) 0.37 (0.86)

      CCQ-10 Social activities 0.91 (1.32) 0.83 (1.24) 2.14 (1.72) 0.39 (0.91)

Values are means (S.D.) unless indicated otherwise, FEV1 = Forced expiratory volume in 1 second; a pulmonary function 

measurement to indicate the severity of airflow obstruction, CCQ= Clinical COPD Questionnaire, 1 Response options on 

CCQ items 1-6 are: never (0) / hardly ever (1) / a few times (2) / several times (3) / many times (4) / a great many times 

(5) / almost all the time (6). Response options on CCQ items 7-10 are: not limited at all (0) / very slightly limited (1) / 

slightly limited (2) / moderate limited (3) / very limited (4) / extremely limited (5) / totally limited or unable to do (6)

Correlation between CCQ and EQ-5D

The correlation matrix between the two instruments is shown in Appendix 1. The correlation 

between the total CCQ scores and the EQ-5D values was moderate (-0.514). The correlations 

were negative because a better score is indicated by a higher value on the EQ-5D and a lower 

value on the CCQ. Correlations between the EQ-5D dimensions and the CCQ total score was 

mostly lower. Weak correlation (<0.3) was found between the total CCQ score and the EQ-5D 

dimension pain/discomfort. The highest correlation (0.583) was found between the total CCQ 

score and the EQ-5D dimension usual activity. The lowest correlations (<0.2) were those be-

tween any of the EQ-5D dimensions and the CCQ items 5 and 6 related to cough and phlegm 

production.

The exploratory PCA showed that 4 constructs had an eigenvalue >1 and explained 69% of 

the total variance (Appendix 2). CCQ items 1, 2, 7, 8, 9, 10, which all related to being active 

and the impact of being active on breathlessness, and the EQ-5D dimensions mobility, self-care 

and usual activities all loaded onto the same construct. CCQ items 3 and 4 related to being 

concerned and depressed loaded on the same construct as the EQ-5D dimension depression/

anxiety. CCQ items 5 and 6 related to cough and phlegm production formed a distinct con-

struct, unrelated to any of the EQ-5D items. Likewise, the EQ-5D dimensions pain/discomfort 

and mobility formed a construct on which none of the CCQ items loaded. Hence, the EQ-5D 

dimension mobility had a loading > 0.4 on two constructs. The two constructs containing both 

CCQ and EQ-5D items explained a total variance of 48%.

The confirmatory PCA in which the number of components was fixed at 5 is presented in 

Appendix 3. Construct 1 of the exploratory PCA was split into two constructs: one construct 

with CCQ items 1, 2, 7, 8, 9 and 10 and one construct with CCQ items 7, 8, 9, 10 and EQ-5D 

dimensions mobility, self-care and usual activities. 
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Models with the Dutch EQ-5D value set

The simplest equation for predicting EQ-5D values using the Dutch value set is the 10-parame-

ter model A in Table 2. This model, which was based on the GO-AHEAD dataset, had the lowest 

MAE and RMSE when comparing the predicted and observed EQ-5D values from the same 

population and from different trial populations, especially when the observed EQ-5D values 

were below 0.5 (Appendix 4). Therefore, this model was chosen as the best model. Model A 

was able to predict a mean EQ-5D value that was not significantly different from the observed 

mean EQ-5D value in the validation dataset (Table 3). In the external validation, the model was 

able to predict a mean EQ-5D value that did not significantly differ from the mean observed 

EQ-5D value in the MARCH dataset but the model was unable to predict an accurate mean 

EQ-5D value in the RECODE dataset (Table 4). Model A is a classical OLS regression model be-

cause that model outperformed the GLM models with different distributions and link functions. 

Furthermore, performing a Tobit model instead of an OLS model increased the MAE (0.152 vs. 

0.161) and the RMSE (0.198 vs. 0.214).
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Table 2.  Mapping algorithm (i.e. regression coefficients) of the recommended models 

Model A (Dutch value set) Model B (Dutch value set)

Variable B SE P Variable β SE P

Intercept .24995 .06295 .0001 Intercept .28244 .06506 <.0001

Response 0 or 1 

on CCQ-1 .13716 .06105 .0259

Response 0 or 

1 on CCQ-1

.16570 .06267 .0089

Response 2 or 3 

on CCQ-1 .13146 .05734 .0230

Response 2 or 

3 on CCQ-1

.14444 .05742 .0128

Response 0 or 1 

on CCQ-4 .14506 .05049 .0046

Response 0 or 

1 on CCQ-4

.13021 .05083 .0113

Response 2 or 3 

on CCQ-4 .09468 .05243 .0726

Response 2 or 

3 on CCQ-4

.08218 .05255 .1196

Response 0 or 1 

on CCQ-8 .14845 .05814 .0115

Response 0 or 

1 on CCQ-8

.12698 .05897 .0327

Response 2 or 3 

on CCQ-8 .06910 .03915 .0793

Response 2 or 

3 on CCQ-8

.05938 .03927 .1323

Response 0 or 1 

on CCQ-9 .18815 .04875 .0002

Response 0 or 

1 on CCQ-9

.18981 .04844 .0001

Response 2 or 3 

on CCQ-9 .14164 .03762 .0002

Response 2 or 

3on CCQ-9

.14809 .03755 .0001

Male .06658 .03028 .0292 Male .08202 .03127 .0095

Charlson 

co-morbidity 

index

-.02427 .01340 .0717

Model C (US value set) Model D (UK value set)

Variable β SE P Variable β SE P

Intercept .94682 .03204 <.0001 Intercept .95497 .04719 <.0001

CCQ symptoms2 -.00683 .00213 .0016

CCQ symp-

toms2 -.01041 .00314 .0011

CCQ functional -.06249 .00970 <.0001

CCQ func-

tional -.09133 .01428 <.0001

CCQ mental2 -.01529 .00684 .0265 CCQ mental2 -.02242 .01007 .0272

CCQ mental3 .00293 .00150 .0526 CCQ mental3 .00449 .00221 .0437

Male .05102 .02276 .0262 Male .07866 .03352 .0200

CCQ symptoms2 = CCQ symptoms * CCQ symptoms, CCQ mental2 =  CCQ mental * CCQ mental, CCQ mental3=  

CCQ mental * CCQ mental * CCQ mental



137

7

TARGETS, INTERVENTIONS AND COST-EFFECTIVENESS

Table 3. Internal validity of the recommended models based on the GO-AHEAD database  using different EQ-5D value 

sets.

EQ5D value set Dutch Model A Dutch Model B US Model C UK Model D

Ob-

served

Pre-

dicted

Ob-

served

Pre-

dicted

Ob-

served

Pre-

dicted

Observed Predicted

Mean EQ-5D .6625 .6843 .6625 .6901 .6993 .7134 .6002 .6161

MAE .1520 .1471 .1211 .1766

RMSE .1983 .1963 .1552 .2289

Mean if observed 

EQ-5D < 0.25

.1562 .5181 .1562 .5238 .2190 .5184 .0912 .4224

Mean if 0.25 ≤ 

observed EQ-5D 

< 0.5

.3513 .5618 .3513 .5567 .3849 .5964 .3101 .5135

Mean if 0.50 ≤ 

observed EQ-5D 

< 0.75

.6624 .6530 .6624 .6623 .6364 .6439 .6530 .5939

Mean if 0.75 ≤ ob-

served EQ-5D ≤ 1

.8566 .7753 .8566 .7821 .8425 .7914 .8841 .7875

MAE if observed 

EQ-5D < 0.25

.3618 .3676 .2994 .3311

MAE if 0.25 ≤ 

observed EQ-5D 

< 0.5

.2113 .2068 .2157 .2283

MAE if 0.50 ≤ 

observed EQ-5D 

< 0.75

.1254 .1215 .0968 .1387

MAE if 0.75 ≤ 

observed EQ-5D 

≤ 1

.1105 .1027 .0993 .1429

* Significant (P<0.05), ** Significant (P<0.01), MAE= Mean Absolute Error, RMSE=Root Mean Square Error
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Table 4. External validity of the recommended models based on the GO-AHEAD database using different EQ-5D value 

sets.

EQ5D value set Dutch Model A Dutch Model B US Model C UK  Model D

Dataset Ob-

served

Predict-

ed

Ob-

served

Pre-

dicted

Ob-

served

Pre-

dicted

Ob-

served

Predict-

ed

RECODE mean EQ-5D .7553 .8088 

**

.7570 .7907 

**

.7838 .8259 

**

.7085 .7788 

**

MAE .1509 .1484 .1224 .1787

RMSE .2235 .2161 .1720 .2592

MARCH mean EQ-5D .8830 .8639 .8807 .8389 

**

.8904 .8883 .8703 .8627

MAE .0933 .0979 .0749 .1010

RMSE .1107 .1179 .0908 .1276

* Significant (P<0.05), ** Significant (P<0.01),  MAE= Mean Absolute Error, RMSE=Root Mean Square Error
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Figure 1. Scatter plots of the observed and predicted EQ-5D in Model A based on the GO-AHEAD development data in 

(I) GO-AHEAD validation dataset (II) RECODE dataset (III) MARCH dataset
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Figure 2. Group mean prediction errors, by group size (10, 25, 50, 100, 250, 500) and group mean predicted EQ-5D 

value

Scatter plots of the predicted and observed values for model A are shown in Figure 1. The 

scatter plots reveal that the mapping did not produce accurate predictions of the EQ-5D value 

on an individual level, especially not for the more severe health states (observed EQ-5D values 

<0.5).

Figure 2 shows the results of the bootstrap procedure based on model A. From these graphs we 

can define the range of certainty of the group mean predicted error by group size: with group 

size of 10, errors range from +0.3 to -0.2, when group size is 500, errors range from +0.1 to 0. 

The group mean prediction error decreased when the group mean predicted EQ-5D increased.
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We extended model A with the Charlson co-morbidity index to build model B which improved 

the model and reduced the MAE and RMSE slightly (Table 3). We recommend this model when 

the Charlson co-morbidity index is available. The performance of the other estimated OLS 

models using the Dutch value set is shown in Appendix 4 and 5. We investigated the impact 

of treating repeated measurements from the RECODE dataset as independent observations by 

comparing a model that was based on the entire dataset with a model that was based on the 

baseline measurement only. We found that the model based on the entire dataset had better 

predicted performance (i.e. lower MAE and RMSE) than the model based on the dataset in-

cluding only the baseline measurements of RECODE. Merging the three different datasets only 

slightly decreased the MAE from 0.153 (RECODE) to 0.152 (full dataset). The RMSE was the 

lowest (0.198) when the model was based on the GO-AHEAD trial.

 

Sensitivity analyses with US and UK EQ-5D value sets

When using US and UK value sets, the models based on the GO-AHEAD dataset had the lowest 

RMSE and the lowest MAE for patients with an observed EQ-5D value below 0.5. Although 

the MAE of the models based on GO-AHEAD dataset were somewhat higher than for the 

other models in case of milder impaired health states, only the GO-AHEAD models predicted a 

mean EQ-5D value that was not significant different from the observed mean in the MARCH 

trial. Therefore, the recommended 6 parameter model for the US value set (model C) and the 

recommended 6 parameter model for the UK value set (model D) are based on the GO-AHEAD 

dataset. The predicted performances of these models are shown in Table 3 and 4 and the al-

gorithm can be found in Table 2. The predictive ability of the model based on the US value set 

(MAE 0.121; RMSE 0.155) was slightly better in comparison with the model based on the UK 

value set (MAE 0.177; RMSE 0.229) and the models based on the Dutch value set (MAE 0.147 

and 0.152; RMSE 0.196 and 0.198). The scatter plots of Model C and D look quite similar to 

the scatterplot of Model A. These plots reveal that we were not able to produce accurate pre-

dictions on the individual level. The mapping models underestimated the EQ-5D scores for the 

mild health states, while they overestimated those for the more severe health states. Appendix 

6 shows the results of the other estimated models for predicting EQ-5D values based on US 

and UK value set. 
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DISCUSSION

This study aimed to develop a model that predicts EQ-5D values from CCQ scores, which 

can be used in the absence of directly collected EQ-5D data. The recommended models were 

estimated from the GO-AHEAD dataset because it had the lowest MAE and RMSE, especially 

for EQ-5D values below 0.5. The main reason is that the GO-AHEAD dataset had the widest 

variation in EQ-5D values and the highest proportion of severe health states. On a group level, 

the models predicted mean EQ-5D values that were similar to the mean observed EQ-5D val-

ues in the same population (internal validity) and the errors as percentage of the EQ-5D range 

were lower than the typically found percentage of error of the EQ-5D range up to 15%. 22 

However, the predictive ability of the models varied with the severity of HR-QoL impairment. 

The mapping models underestimated the EQ-5D values for the mild health states, while they 

overestimated those for the more severe health states. This “misfit” is a general problem with 

mapping studies because of regression to the mean.22, 23 The over- and under estimation may 

cancel out when predicting the overall mean EQ-5D value. However, the underestimation for 

patients with good health states is less than the overestimation for patients with more severe 

health states.22 This combination of findings may indicate reduced room for improvement in 

severe health states. In the typical Markov models of COPD, COPD patients are divided into 

different disease severity states with different EQ-5D values. When using the mapping models 

to predict EQ-5D values for these states, these predictions are likely to be biased and the over-

estimation of the low values and underestimation of the high values would probably no longer 

cancel each other out.

An important cause of the problematic map of the CCQ scores onto EQ-5D values is the con-

ceptual difference between the two instruments. The correlation between the CCQ and the 

EQ-5D was moderate (-0.514) and PCA suggest that there are differences in the underlying 

constructs of the CCQ and EQ-5D. The EQ-5D dimension pain/discomfort formed a separate 

construct on which none of the CCQ items loaded. As this dimension is an important driver of 

a reduced EQ-5D value in this population, this is an important limitation. Furthermore, CCQ 

symptom items 5 and 6 related to cough and phlegm production formed a distinct construct, 

unrelated to any of the EQ-5D items.

If we compare our mapping model, with the mapping model of the SGRQ7, another frequently 

used disease-specific HR-QoL instrument in COPD, the overall predictive ability is comparable. 

The MAE and RMSE of the model that predicts EQ-5D values (US value set) from SGRQ scores 

were 0.124 and 0.172, respectively,7 and the MAE and RMSE of our model that predicts EQ-5D 

values (US value set) from CCQ scores were 0.121 and 0.155, respectively. Unfortunately, we 

cannot compare the misfit (i.e under- and overestimation of the EQ-5D values) of the model 

with the SGRQ because a scatter plot of the predicted and observed EQ-5D values is not pre-

sented in the SGRQ mapping study.  

This is the first mapping study which developed models for EQ-5D value sets of different coun-

tries. Because the model coefficients differ between countries, future mapping studies are rec-
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ommended to account for different value sets of the EQ-5D. Apart from the fact that we inves-

tigated a wide range of different models with increasing complexity for different EQ-5D value 

sets, the strength of our study lies in the large number of observations compared to previous 

mapping studies.6 Using repeated EQ-5D measurements of the same patients as unique obser-

vations, as previous mapping studies also did, increased the predictive ability of the model. The 

bootstrap procedure showed to which extend the accuracy of the mapping increases when they 

are estimated in a larger sample size. These results are consistent with the study from Groo-

tendorst and colleagues.24 However, the fact that the model estimated from the GO-AHEAD 

trial performed best, demonstrates that not only the size of the dataset matters but also the 

variation in EQ-5D values as we mentioned earlier. A wide range of disease severity is a premise 

for undertaking mapping.22 

A limitation of this study is that the numbers of patients with an EQ-5D value below<0.5 were 

relatively small and 25% of the observations were at full health. The final models were based on 

OLS regression as GLM and Tobit models did not improve the prediction. Some studies suggest 

that the prediction performance of mapping models may be improved by using more complex 

models such as the censored least absolute deviation model.22 However, their use in previous 

mapping studies was limited (80% of the mapping studies used OLS models6) and showed 

conflicting results on improvement of predictive ability.22, 25, 26 Recently, latent class analysis 

showed some promising improvements in the predictive ability of mapping models.27 For future 

studies it would be worthwhile to investigate if these new modelling approach will actually lead 

to better predictability in COPD patients.  

CONCLUSION

On a group level, the CCQ mapping models can predict mean EQ-5D values that are similar 

to the observed mean values, if the patient population is similar to the population in which the 

algorithm was developed. However, the overestimating of the low observed EQ-5D values and 

underestimation of the high observed values limits its use in cost-effectiveness Markov models 

where utility estimates by disease severity state are required. Therefore, the use of mapping 

algorithms should be used cautiously. 
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Appendix 1. Correlation matrix between the CCQ and the EQ-5D of the full dataset

Item Description EQ-5D Mobility Self-care Usual 

activities

Pain/

Discom-

fort

Depression/

Anxiety

CCQ -0.514 .473 .499 .583 .293 .326

Symptoms CCQ-1. CCQ-2. 

CCQ-5. CCQ-6

-0.339 .313 .316 .390 .221 .217

Functional state CCQ-7. CCQ-8. 

CCQ-9. CCQ-10

-0.530 .530 .547 .620 .292 .283

Mental state CCQ-3. CCQ-4 -0.418 .278 .335 .418 .181 .457

CCQ-1 Short of breath 

at rest

-.375 .314 .315 .409 .214 .228

CCQ-2 Short of breath 

doing physical 

activities

-.435 .409 .401 .491 .229 .205

CCQ-3 Concerned about 

getting a cold or 

your breathing 

getting worse

-.337 .225 .286 .363 .140 .361

CCQ-4 Depressed (down) 

because of your 

breathing problems

-.414 .265 .327 .397 .179 .468

CCQ-5 Cough -.178 .116 .130 .159 .125 .116

CCQ-6 Produce phlegm -.137 .105 .096 .122 .092 .095

CCQ-7 Strenuous physical 

activities

-.487 .461 .449 .523 .262 .222

CCQ-8 Moderate psychical 

activities

-.531 .525 .481 .591 .270 .260

CCQ-9 Daily activities at 

home

-.519 .465 .608 .580 .248 .264

CCQ-10 Social activities -.445 .379 .455 .506 .220 .283

CCQ= Clinical COPD Questionnaire
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Appendix 2. Overview of the items associated with the four constructs derived from the exploratory principal component 

analysis of the full dataset

Item Description Factor loading Eigenvalue

Construct 1

CCQ-1 Short of breath at rest 0.60 4.970      

CCQ-2 Short of breath doing physical activities 0.77

CCQ-7 Strenuous physical activities 0.80

CCQ-8 Moderate psychical activities 0.86

CCQ-9 Daily activities at home 0.83

CCQ-10 Social activities 0.70

EQ-5D-1 Mobility 0.55

EQ-5D-2 Self-care 0.64

EQ-5D-3 Usual activities 0.66

Construct 2

CCQ-3 Concerned about getting a cold or your breathing 

getting worse

0.75 2.174      

CCQ-4 Depressed (down) because of your breathing 

problems

0.77

EQ-5D-5 Depression/Anxiety 0.77

Construct 3

CCQ-5 Cough 0.90 1.832       

CCQ-6 Produce phlegm 0.91

Construct 4

EQ-5D-1* Mobility 0.54 1.326

EQ-5D-4 Pain/Discomfort 0.83

* Item is more strongly associated with Construct 1, CCQ= Clinical COPD Questionnaire
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Appendix 3. Overview of the items associated with the five constructs derived from the confirmatory principal compo-

nent analysis of the full dataset

Item Description Factor loading Eigenvalue

Construct 1

CCQ-1 Short of breath at rest 0.72 3.175

CCQ-2 Short of breath doing physical activities 0.81

CCQ-7 Strenuous physical activities 0.71

CCQ-8 Moderate psychical activities 0.69

CCQ-9 Daily activities at home 0.52

CCQ-10 Social activities 0.50

Construct 2

CCQ-7* Strenuous physical activities 0.41 2.758

CCQ-8* Moderate psychical activities 0.52

CCQ-9* Daily activities at home 0.68

CCQ-10 Social activities 0.51

EQ-5D-1 Mobility 0.54

EQ-5D-2 Self-care 0.84

EQ-5D-3 Usual activities 0.66

Construct 3

CCQ-3 Concerned about getting a cold or your breathing getting worse 0.75 2.147      

CCQ-4 Depressed (down) because of your breathing problems 0.77

EQ-5D-5 Depression/Anxiety 0.77

Construct 4

CCQ-5 Cough 0.90 1.769 

CCQ-6 Produce phlegm 0.91

Construct 5

EQ-5D-1 Mobility 0.54 1.212

EQ-5D-4 Pain/Discomfort 0.83

* Item is more strongly associated with Construct 1, CCQ= Clinical COPD Questionnaire
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Appendix 4. Performance of the best OLS models based on the different databases (Dutch value set)

Estimation & validation dataset RECODE Baseline RECODE all 

measurements

GO-AHEAD Full dataset

Internal validity Ob-

served

Pre-

dicted

Ob-

served

Pre-

dicted

Ob-

served

Pre-

dicted

Ob-

served

Pre-

dicted

Mean EQ-5D .7472 .7333 .7581 .7552 .6625 .6843 .7537 .7525

MAE .1706 .1531 .1520 .1517

RMSE .2274 .2111 .1983 .2093

Mean if observed EQ-5D < 0.25 .1368 .5835 .1315 .5802 .1562 .5181 .1334 .5832

Mean if 0.25 ≤ observed EQ-5D < 0.5 .3311 .7434 .3396 .6861 .3513 .5618 .3414 .6668

Mean if 0.50 ≤ observed EQ-5D < 

0.75

.6809 .6183 .6674 .6618 .6624 .6530 .6669 .6598

Mean if 0.75 ≤ observed EQ-5D ≤ 1 .8833 .7803 .8937 .8051 .8566 .7753 .8927 .8059

MAE if observed EQ-5D < 0.25 .4467 .4491 .3618 .4516

MAE if 0.25 ≤ observed EQ-5D < 0.5 .4123 .3682 .2113 .3374

MAE if 0.50 ≤ observed EQ-5D < 0.75 .1329 .1109 .1254 .1122

MAE if 0.75 ≤ observed EQ-5D ≤ 1 .1210 .1081 .1105 .1074

External validity

Model estimated from RECODE Baseline RECODE all 

measurements

GO-AHEAD Full dataset

RECODE .7553 .8088 

**

.7581 .7621 

MAE .1509 .1520

RMSE .2235 .2113

GO-AHEAD .6734 .5119 

**

.6725 .5592 

**

.6600 .5996 

**

MAE .2188 .1902 .1611

RMSE .2585 .2426 .1994

MARCH .8830 .7728 

**

.8830 .8232 

**

.8830 .8639 .8656 .8198 

**

MAE .1306 .1013 .0933 .1044

RMSE .1518 .1189 .1107 .1204

* Significant (P<0.05), ** Significant (P<0.01), MAE= Mean Absolute Error, RMSE=Root Mean Square Error
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Appendix 5. Performance of the best OLS models based on the different databases, including demographics (e.g. age, 

gender, lung function, Charlson co-morbidity index in de the models

Estimation & validation dataset RECODE GO-AHEAD Full dataset

Internal validity Ob-

served

Pre-

dicted

Ob-

served

Pre-

dicted

Ob-

served

Predict-

ed

Mean EQ-5D .7614 .7592 .6625 .6901 .7561 .7560 

MAE .1476 .1471 .1465

RMSE .2044 .1963 .2027

Mean if observed EQ-5D < 0.25 .1304 .5583 .1562 .5238 .1325 .5632

Mean if 0.25 ≤ observed EQ-5D < 0.5 .3384 .6955 .3513 .5567 .3403 .6757

Mean if 0.50 ≤ observed EQ-5D < 0.75 .6674 .6647 .6624 .6623 .6666 .6659

Mean if 0.75 ≤ observed EQ-5D ≤ 1 .8933 .8103 .8566 .7821 .8922 .8098

MAE if observed EQ-5D < 0.25 .4294 .3676 .4317

MAE if 0.25 ≤ observed EQ-5D < 0.5 .3736 .2068 .3427

MAE if 0.50 ≤ observed EQ-5D < 0.75 .1088 .1215 .1071

MAE if 0.75 ≤ observed EQ-5D ≤ 1 .1049 .1027 .1048

External validity

Model estimated from RECODE GO-AHEAD Full dataset

RECODE .7570 .7907 

**

.7614 .7639 

MAE .1484 .1469

RMSE .2161 .2047

GO-AHEAD .6703 .6068 

**

.6573 .6387 

MAE .1690 .1493

RMSE .2204 .1916

MARCH .8732 .8079 

**

.8807 .8389 

**

.8570 .7986 

**

MAE .1062 .0979 .1137

RMSE .1222 .1179 .1280

* Significant (P<0.05), ** Significant (P<0.01), MAE= Mean Absolute Error, RMSE=Root Mean Square Error
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Appendix 6. Performance of the best OLS models based on the RECODE, GO-AHEAD and Full database using different 

EQ-5D value set

* Significant (P<0.05), ** Significant (P<0.01), MAE= Mean Absolute Error, RMSE=Root Mean Square Error

EQ5D US UK

Internal validity RECODE GO-AHEAD Full dataset RECODE GO-AHEAD Full dataset 

Observed Predicted Observed Predicted Observed Predicted Observed Predicted Observed Predicted Observed Predicted

Mean EQ-5D .7851 .7836 .6993 .7134 .7811 .7812 .7101 .7084 .6002 .6161 .7054 .7057 

MAE .1203 .1211 .1196 .1758 .1766 .1745

RMSE .1612 .1552 .1605 .2396 .2289 .2381

Mean if observed EQ-

5D < 0.25

.1634 .5594 .2190 .5184 .1685 .5687 .0703 .5469 .0912 .4224 .0724 .5428

Mean if 0.25 ≤ ob-

served EQ-5D < 0.5

.4022 .6962 .3849 .5964 .4008 .6910 .3029 .6305 .3101 .5135 .3041 .6124

Mean if 0.50 ≤ ob-

served EQ-5D < 0.75

.6624 .6786 .6364 .6439 .6595 .6779 .6655 .6482 .6530 .5939 .6644 .6451

Mean if 0.75 ≤ ob-

served EQ-5D ≤ 1

.8811 .8208 .8425 .7914 .8798 .8202 .9064 .7865 .8841 .7875 .9059 .7885

MAE if observed EQ-

5D < 0.25

.3960 .2994 .4003 .4831 .3311 .4753

MAE if 0.25 ≤ ob-

served EQ-5D < 0.5

.2991 .2157 .2928 .3532 .2283 .3179

MAE if 0.50 ≤ ob-

served EQ-5D < 0.75

.0941 .0968 .0928 .1075 .1387 .1100

MAE if 0.75 ≤ ob-

served EQ-5D ≤ 1

.0904 .0993 .0904 .1371 .1429 .1353

External validity

Model estimated from RECODE GO-AHEAD Full dataset RECODE GO-AHEAD Full dataset

RECODE .7838 .8259 ** .7851 .7890 .7085 .7788 ** .7101 .7166 

MAE .1224 .1198 .1787 .1747

RMSE .1720 .1615 .2592 .2402

GO-AHEAD .7104 .6242 ** .6992 .6548 ** .6138 .4820 ** .6001 .5295 **

MAE .1486 .1260 .2209 .1865

RMSE .1907 .1592 .2796 .2311

MARCH .8904 .8407 ** .8904 .8883 .8742 .8374 ** .8627 .7902 ** .8703 .8627 .8413 .7850 **

MAE .0887 .0749 .0884 .1212 .1010 .1222

RMSE .1033 .0908 .1036 .1425 .1276 .1436
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EQ5D US UK

Internal validity RECODE GO-AHEAD Full dataset RECODE GO-AHEAD Full dataset 

Observed Predicted Observed Predicted Observed Predicted Observed Predicted Observed Predicted Observed Predicted

Mean EQ-5D .7851 .7836 .6993 .7134 .7811 .7812 .7101 .7084 .6002 .6161 .7054 .7057 

MAE .1203 .1211 .1196 .1758 .1766 .1745

RMSE .1612 .1552 .1605 .2396 .2289 .2381

Mean if observed EQ-

5D < 0.25

.1634 .5594 .2190 .5184 .1685 .5687 .0703 .5469 .0912 .4224 .0724 .5428

Mean if 0.25 ≤ ob-

served EQ-5D < 0.5

.4022 .6962 .3849 .5964 .4008 .6910 .3029 .6305 .3101 .5135 .3041 .6124

Mean if 0.50 ≤ ob-

served EQ-5D < 0.75

.6624 .6786 .6364 .6439 .6595 .6779 .6655 .6482 .6530 .5939 .6644 .6451

Mean if 0.75 ≤ ob-

served EQ-5D ≤ 1

.8811 .8208 .8425 .7914 .8798 .8202 .9064 .7865 .8841 .7875 .9059 .7885

MAE if observed EQ-

5D < 0.25

.3960 .2994 .4003 .4831 .3311 .4753

MAE if 0.25 ≤ ob-

served EQ-5D < 0.5

.2991 .2157 .2928 .3532 .2283 .3179

MAE if 0.50 ≤ ob-

served EQ-5D < 0.75

.0941 .0968 .0928 .1075 .1387 .1100

MAE if 0.75 ≤ ob-

served EQ-5D ≤ 1

.0904 .0993 .0904 .1371 .1429 .1353

External validity

Model estimated from RECODE GO-AHEAD Full dataset RECODE GO-AHEAD Full dataset

RECODE .7838 .8259 ** .7851 .7890 .7085 .7788 ** .7101 .7166 

MAE .1224 .1198 .1787 .1747

RMSE .1720 .1615 .2592 .2402

GO-AHEAD .7104 .6242 ** .6992 .6548 ** .6138 .4820 ** .6001 .5295 **

MAE .1486 .1260 .2209 .1865

RMSE .1907 .1592 .2796 .2311

MARCH .8904 .8407 ** .8904 .8883 .8742 .8374 ** .8627 .7902 ** .8703 .8627 .8413 .7850 **

MAE .0887 .0749 .0884 .1212 .1010 .1222

RMSE .1033 .0908 .1036 .1425 .1276 .1436
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