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Abstract

Background: The Coronary Revascularisation Outcome Questionnaire (CROQ) measures health-related quality of life
and outcome of invasive revascularization procedures such as percutaneous coronary intervention (PCl) or coronary
artery bypass grafting (CABG). The CROQ has not been properly validated in Norwegian patient populations. The aim
of this study was to examine the psychometric properties of the Norwegian CROQ in patients admitted to elective
coronary angiographic assessment and receiving PCl. Moreover, to examine its discriminative ability to detect disease
severity and effects of invasive coronary treatment.

Methods: The patients (N =280, Mage =66.9, SDage =8.91) completed the CROQ, prior to an elective coronary angi-
ography and at one year follow-up. Analyses included internal consistency, floor and ceiling effects, and confirmatory
and exploratory factor analyses of the CROQ. Convergent validity was evaluated by comparing CROQ scores with the
RAND-12 measure. Sensitivity to treatment was examined by comparing pre-post effect size differences between the
PCl treatment and non-treatment group.

Results: Significant stenosis qualifying for a PCl was detected in 121 (35.1%) patients. The model fit of the original
CROQ factor model was inadequate in the PCl group. All but one of the CROQ items demonstrated ceiling effects. The
CROQ failed to discriminate between patients'disease severity prior to the coronary angiography, or improvement in
those receiving versus not receiving PCl.

Conclusion: The present study of the Norwegian version of the CROQ identified serious problems with the factor
structure, ceiling effects, and lack of sensitivity for disease severity and effects of invasive treatment. Currently, one
cannot recommend the use of CROQ in clinical practice.

Keywords: Coronary revascularisation outcome questionnaire, Health-related quality of life, Coronary heart disease,
Percutaneous coronary intervention, Psychometric properties, Patient reported outcome measures

Introduction
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disease [1]. Waiting for a CA assessment can be stressful
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for the patients, and may increase their vulnerability for
ill psychological health [2, 3]. Further, physicians tend
to underrate the symptom burden of the patients [4, 5].
Routine assessment with a patient reported outcome
measure (PROM) could improve physicians’ understand-
ing of how the disease affects the patients’ daily life, and
contribute to quality improvement and clinical research.
This is also reflected in the European Society of Cardiol-
ogy (ESC) Guidelines for the diagnosis and management
of chronic coronary syndromes, which recommends to
include quality of life assessment in the diagnostic pro-
cess [1].

Several disease specific PROMs have been devel-
oped for coronary heart disease (CHD) populations
[6-8]. To our knowledge, Coronary Revascularisation
Outcome Questionnaire (CROQ) is the only PROM spe-
cifically designed to measure health-related quality of life
(HRQoL) and presumed sensitive to the effect of inva-
sive revascularization treatment procedures such as PCI
or coronary artery bypass graft (CABG) surgery. CROQ
has pre- and post-vascularisation versions, and assesses
patients’ functioning across four domains; cardiac symp-
toms, physical functioning, psychosocial functioning and
cognitive functioning [7].

The original English version of the CROQ has dem-
onstrated some acceptable psychometric properties [7,
9]. However, the factor structure has not been evalu-
ated by confirmatory factor analyses. The CROQ has
been translated to several languages, and exploratory
factor analyses of some of these, including the Norwe-
gian post-vascularization version, have reported mixed
findings with regard to the factor structure [10-12]. The
Norwegian pre-vascularization version used prior to the
PCI also lacks validation. Despite no floor effects, ceiling
effects appear abundant in the Norwegian post-proce-
dure version, ranging between 22 to 45% in three of the
four subscales [11]. This is unfortunate as it lowers the
sensitivity for detecting changes following interventions
or between patients that are differently affected by their
coronary status [13, 14]. Nevertheless, pre-assessment to
post-intervention change score effect sizes range between
0.19 to 1.06 (on subscale levels) in patients receiving PCI
or CABG [9]. However, sensitivity to treatment effects
of the PCI/CABG has not been examined by comparing
data with patients not receiving any invasive procedure
following an elective coronary angiography.

The present study examined the psychometric qual-
ity, factor structure and construct validity of the CROQ,
which to our knowledge, has not been previously done
on a large sample of Norwegian patients before and
after an elective angiographic assessment procedure. We
expected that the CROQ would discriminate between
disease severity prior to the angiographic procedure, and
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detect larger changes in HRQoL in patients receiving PCI
treatment as compared to patients with coronary symp-
toms but without a significant stenosis level according to
the coronary angiography assessment.

Methods

Sample

A total of 391 patients (48.9% of the invited) consented
to participate. In all, 48 were excluded; 13 due to an acute
hospitalization during the waiting period, ten for not
attending the angiographic procedure, six for completing
the questionnaire after the angiographic procedure, two
for incomplete contact information, and 17 for incom-
plete questionnaire data with missing more than 50%
of the items on a subscale. Further, 63 patients were not
included because they had stenosis>50%, but did not
receive PCIL. Hence, the final sample at pre-assessment
included 280 patients. Following the angiographic assess-
ment, 121 (35.1%) received PCI and 159 patients (46.8%)
had a stenosis degree <49% (regarded as non-significant
stenosis).

At post-angiography, 12 were excluded due to incom-
plete questionnaire data. The final sample consisted of
232 participants; with 104 patients who had received PCI
and 128 patients from the non- significant stenosis group.

Procedure

Patients scheduled for an elective coronary angiographic
assessment at the Heart and Lung Clinic at the University
Hospital of North Norway (UNN) in Tromse between
October 2017 and August 2018 were invited to partici-
pate. The invitation letter and the first set of question-
naires were enclosed the summon from the hospital.
Consenting patients were instructed to complete the
questionnaire prior to the angiographic procedure and
return it by mail in a prepaid envelope. Approximately
one year after the procedure, the patients received a fol-
low up questionnaire by mail with a pre- paid return
envelope. Patients not responding within 3-4 weeks
received a reminder. Participants returning question-
naires were compensated with 2 lottery tickets (~ 6 USD).

Angiographic procedure

Cardiologists with ten years of experience or more
performed the angiographic procedures. Degree of
stenosis was based on visual examination and intracoro-
nary physiological measurements (e.g. fractional flow
reserve) when considered appropriate. Patients with
stenosis <49% obstruction on all coronary arteries were
included in the non- significant stenosis group.
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Measurement instruments

Demographic data collected at pre-assessment included
age, gender, education (primary school, high school,
university <4 years, university >4 years) and cohabita-
tion (living with a spouse yes/no).

Coronary revascularisation outcome questionnaire
Coronary Revascularisation Outcome Questionnaire
(CROQ) is a self-administered and disease specific
outcome questionnaire developed to measure health
outcomes and quality of life in patients receiving PCI
or CABG [7]. The CROQ consist of 32 items covering
the four domains; symptoms (seven items), physical
functioning (eight items), psychosocial functioning (14
items) and cognitive functioning (three items). Items
use a 3—6 points Likert scaled response format, where
higher scores indicate better functioning. Items of
each subscale are summarised and converted into a
0-100 scale. Two of the eight items measuring physi-
cal functioning are identical to the physical component
in SF 12/RAND 12, which was included in this study.
To reduce the patient burden and avoid repeated items,
the physical scale was presented in the RAND12 and
responses copied to CROQ. Missing data were less than
4,2% for all of the items and replaced using the multiple
imputation algorithm based on the expected maximiza-
tion procedure in PRELIS 2 [15].

RAND-12

The RAND-12 is a 12 item generic health status measure
of mental and physical health. Items are scored on a Lik-
ert scale ranging from 2 to 6 with higher scores reflecting
better functioning [16]. It was adapted from the RAND/
SF-36 full version (36 items) by including 12 items from
the eight scales of the SF-36. The items scores are con-
verted to summary measures based on scoring algo-
rithms allowing the mental scale (MCS 12) and physical
scale (PCS 12) to be correlated [17]. The RAND-12 has
shown acceptable test retest reliability from r. 76 to. 89,
and acceptable Cronbach alpha ranging from 0.77 to 0.80
[16, 18].

Registry data

The following data from the hospital records was
retrieved from the Norwegian Registry for Invasive Car-
diology (NORIC); degree of stenosis classified from 1 to
6 according to percentage of stenosis on different arte-
rial segments (1=0-29%, 2=30-49%, 3=50-69%,
4=70-89%, 5=90-99%, 6=100%), previous PCI (yes/
no), previous CABG (yes/no), previous heart attack (yes/
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no) and type of performed procedure (angiography, PCI
or CABQG).

Statistical analysis
Descriptive statistics, correlation and group compari-
son analyses were carried out using IBM SPSS Statistics
version 26. Cronbach’s alpha was used to evaluate the
internal consistency of the subscale scores (values>0.7 is
generally considered acceptable). Convergent validity was
examined by correlation analysis. The floor and ceiling
effects were calculated as the percentage frequency of the
lowest or highest possible score on the items, and consid-
ered present if more than 15% [13].

Effect sizes were calculated as standardized mean dif-
ferences between patients receiving PCI and patients
with non-significant stenosis, Cohen'sd = l%,or as

change scores within each group as
Cohen'sd = %‘ To examine if the CROQ change

scores differed significantly between the PCI and the
non-PCI groups, we specified a mixed model regression
with a compound correlation matrix and estimated three
fixed coeflicients: time (change from pre to post), group
(PCI vs. non-significant stenosis), and time*group that
examines if the level of change was significantly different
between the groups. We repeated this analysis, adding
gender, age and cohabitation for adjustment purposes.

Confirmatory factor analysis

Confirmatory factor analyses were conducted in Mplus
8.4 [19]. Eight of the items belonging to the factor physi-
cal functioning used a 1-3 Likert scale response format,
and were treated as categorical of an ordinal nature;
hence, we used the weighted least squares mean and vari-
ance (WLSMYV) estimator with robust errors adjusting
for non-normal item distributions [20]. Our sample size
(N=121) is in the lower end, but given three categories,
17 indicators with moderately high standardized factor
loadings <. 7, we consider the bias ratio as acceptably low
[21].

We report relative fit in terms of the Tucker-Lewis
Index (TLI) and the Comparative Fit Index (CFI), the
model misspecification index root-mean-square error
of approximation (RMSEA) [22] and the weighted root-
mean-square residual (WRMR). The recommendations
for cut-off values with categorical data and small sam-
ple sizes[23] are RMSEA <0.07 as good fit (and <0.08 as
adequate fit), CFI>0.90 and TLI>0.94. A clear criterion
for the WRMR as an index of the residual correlations is
lacking.

In addition to examining the model fit of the original
CROQ model (M1), as published by Schroter and Lamp-
ing (2004) in the PCI sample, we compared it with the
following competing models: a single primary factor
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accounting for all item covariances (M2) and a second-
order factor to the M1 model (named M3).

Exploratory factor analysis

The EFA was conducted in Mplus8.4 using the estima-
tor WLSMYV, as eight items had three response catego-
ries [24]. Factor loadings were geomin rotated in order
to allow correlations between the factors [25]. Number of
factors to extract was determined on the basis of a scree
plot [26].

Results

Respondent characteristics

The mean age of the 121 patients in the PCI group were
68.2 years (78.5% males), and the majority had a spouse
(83.9%; see Table 1). In the non-significant stenosis
group, which represented the comparison group, the

Table 1 Characteristic of the respondents in the PCl group and
the non-significant stenosis group at pre-assessment

Patients receiving PCI Non-significant

(n=121) stenosis group
(n=159)

Mean age (SD) years 68.2 (8.0)* 66.0 (9.5)*
Male (%) 78.5%** 54.1%x%*
Cohabitation (%) 83.9% 73.3*0
Highest education (%) c d
Primary school 328 41.1
High school 41.2 29.7
University 26.1 29.1
Previous PCl (%) 372 27
Previous CABG (%) 17 4% Qoxx*
Previous heart attack (%)  19.0 164

*p<.05, ***p <.001. SD: standard deviation
22.5% missing
b 5.7% missing
€0.6% missing

41.7% missing
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mean age was 66.0 years (54.1% males) and the majority
had a spouse (73.3%).

At post-angiography, the PCI group consisted of 104
patients (M-age=67.3, SD-age 7.7 and 78.8% males),
whereas the non- significant stenosis group consisted
of 128 patients (M-age=67.3; SD-age=9.0 and 53.1%
males).

Reliability of the CROQ subscales: internal consistency

The internal consistency of the CROQ subscale scores at
pre-assessment and post- angiography for the patients
receiving PCI are presented in Table 2. The Cronbach's
alphas for the entire scale score (32 items) were 0.93 and
0.94, respectively, and ranged between 0.77 and 0.93
across all subscale scores at both measurement occasions.

Floor and ceiling effect of the CROQ

There were minor floor effects at pre-assessment or post-
angiography on CROQ subscale levels. The ceiling effects
were more pronounced at both pre- and post-assessment
literally across all items (31 of 32 items at pre-assess-
ment) as it ranged between 19% and 86.8% (see Table 2).
At post-angiography, all items had ceiling effects ranging
between 42.3 and 90.4%.

Discriminatory function at pre-assessment

None of the CROQ subscales discriminated significantly
between patients designated for PCI treatment and
patients with non-significant stenosis at pre-assessment.
The mean CROQ subscale scores in the PCI group were
even scarcely higher (better) as compared to the non-sig-
nificant stenosis group (see Table 3).

Construct validity: sensitivity to treatment effects
following PCI

Table 4 presents effect sizes for the CROQ subscale
change scores. Both groups (PCI and the non-significant
stenosis group) improved substantially on all CROQ sub-
scales from pre-assessment to post-angiography with

Table 2 Descriptive, test score reliability and sensitivity data of the CROQ subscale scores at pre- and post-angiography for patients

undergoing PCl

Pre-assessment
PCl group (n=121)

Post-angiography
PCl group (n=104)

CROQ scores Score Floor/ceiling Cronbach’s Score (0-100) Floor/ceiling Cronbach's
(range 0-100) (0-100) M (SD) effects % alpha M (SD) effects % alpha
Symptoms 0202 3.5/36.0 84 88.9(134) 0.6/67.9 85

Physical functioning 74.2 (23.9) 10.5/59.0 .89 85.6(18.7) 46/75.6 86
Psychosocial functioning 729(17.3) 1.8/35.7 93 1(13.7) 0.4/57.3 92
Cognitive functioning 83.9(17.3) 0.3/50.2 83 89.9(12.1) 0/62.2 77

M average score, SD standard deviation
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Table 3 Differences in pre-assessment CROQ scores between
patients undergoing PCl and patients in the non-significant
stenosis group

CROQ scores PCl group (n=121) Non-significant d
(range 0-100) Mean (SD) stenosis group

(n=159)

Mean (SD)
Symptoms 70.99 (20.23) 70.57 (17.13) 0.02
Physical functioning  74.23 (23.93) 72.21 (24.09) 0.08
Psychosocial func- 72.85(17.68) 69.61 (18.74) 0.18
tioning
Cognitive function-  83.86 (17.34) 80.08 (18.81) 0.21

ing

SD standard deviation, d=Cohen’s d

largest improvements in coronary symptoms and psy-
chosocial functioning. However, these improvements
were not significantly different between the two patient
groups, except for the physical functioning scale improv-
ing more in the PCI group compared with the non-sig-
nificant stenosis group (unadjusted p=0.024; adjusted
p=0.017). The associated effect size improvement in
the PCI group was half a standard deviation (Cohen’s
d=0.50) whereas the non-significant stenosis group

Page 5 of 9

improved approx. one-third of a standard deviation
(d=0.31), which is a minor difference. This difference
would turn non-significant if adjusting for multiple sig-
nificance testing.

Confirmatory factor analysis (CFA)

The original four-factor model of the CROQ as proposed
by the authors [7] was tested using a CFA on the pre ver-
sion of the CROQ. According to Table 5, the model dis-
crepancy index (RMSEA) was mediocre, whereas the
incremental fit indices (CFI and TLI) were particularly
poor. The standardized factor loadings ranged from 0.422
to 0.950 (all p's<0.001), thus including items with low
loadings and poorer discriminative ability. As expected,
the original four-factor CROQ model demonstrated bet-
ter fit than a simple one-factor model, thus confirming
multi-dimensionality. The fit of the second-order model
was slightly worse than the original four-factor model,
which was expected given its more parsimonious struc-
ture by excluding the estimation of all factor correlations
(Table 5). However, since model fit was not substantively
poorer, a general score rather than four factor scores may
be preferred for parsimonious reasons without sacrificing
substantive information.

Table 4 Baseline to post-test change score differences in CROQ scores between the PCl and the non-PCl patient groups

Patients receiving PCl

Non-significant stenosis group

n=104 n=128
CROQ Baseline Post ¥ 95051 Baseline Post T 950c1 diff; 95%Cl
Scores M (SD) M (SD) d g50ci M (SD) M (SD) d g50c/ diff* g50,¢/
(range 0-100)
Symptoms 71.5 88.9 A4 55 6 70.9 86.8 46 30_¢1 1.5 5759
(20.1) (13.4) 94 51047 (17.2) (12.5) 1.00 59191 0 53164
Physical functioning 752 856 53 3668 73.0 782 76 g6_ga 55% 071103
(23.4) (18.7) .50 5970 (24.4) (23.0) 31 1440 6.0% [109
Psychosocial functioning 734 85.1 56 43 67 70.2 81.8 72 6380 0.1 =35137
(17.5) (137) 77 55 00 (18.9) (16.5) 88 108 0033437
Cognitive functioning 84.9 89.9 60 41_75 80.1 86.3 53 3560 =07 4530
(16.2) (12.1) 38 15 s (19.0) (15.8) 36 15 54 -0.9* 4030

M=mean, SD=standard deviation, r= pre-post stability coefficient (Pearson’s r), d = Cohen's d standardized pre-post mean difference (effect size), y54,c;=95%

confidence interval

diff' = Significance test for change score differences between the two groups, diff?=same as diff', plus adjustment for gender, age and cohabitation. * p-value

between .01 and .05

Table 5 Model fit indices of the CROQ at pre-assessment in the PCl group (n=121)

2

X df RMSEA 90% CI CFI TLI WRMR
Original structure 764.3%** 458 074 .065-.083 787 769 993
One factor model 1088.0%** 464 105 097-114 .566 536 1387
Second order 808.5%** 460 079 .070-.088 758 739 1.063

X%: Satorra-Bentler scaled chi-square, df: Degrees of freedom; RMSEA: root-mean-square error of approximation; Cl: Confidence Interval; CFI: Comparative Fit Index;
TLI: Tucker-Lewis Index; WRMR: Weighted root-mean-square residual



Myrbakk et al. Health and Quality of Life Outcomes (2022) 20:21

Exploratory factor analysis

Given the mediocre CFA results of the a-priori hypoth-
esized model, we performed an exploratory factor
analysis in order to examine what the potential factor
structure might be. The EFA extracted six factors with
eigenvalues>1 (12.57, 4.31, 2.77, 143, 1.26 and 1.05,
respectively). As the drop in eigenvalues leveled mark-
edly off at the fourth factor (scree plot criterium), and
the last two factors accounted for few items (three or
less), we extracted four factors in line with the authors
of the CROQ (R*=0.659). The model fit indices for this
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sample-optimized factor model were more acceptable
(4374 =508.91, p <0.001; RMSEA = 0.055; CFI=0.906;
NNFI=0.876).

As is evident in Table 6, the EFA-based loadings
revealed several items with significant cross loadings
(correlating with several factors, thus being ambigu-
ous), misplaced items (loading on unintended factor), or
items with low loadings. The physical functioning and
the symptom scales had both two items with the highest
loading on unintended factors, whereas the three cogni-
tive items correlated most strongly with the psychosocial

Table 6 Exploratory factor-analysis based loadings with oblique geomin rotation at pre-assessment in the PCl group (n=121)

CROQ items Factor 1 Factor 2 Factor 3 Factor 4
Symptoms

Chest pain 762%

Chest discomfort 697*

Shortness of breath 305%

Angina radiates 623*

Palpitations 378*

Frequency of use of nitroglycerin 576%

Troubles with heart condition 716*

Physical functioning

Moderate activities 315% 495 A449*
Lifting and carrying A74% .508*
Climbing several flight of stairs 944*

Climbing one flight of stairs 944*

Bending and kneeling .598* 366
Walking about 1 km .789*

Walking about 100 M .783*

Bathing or dressing 351% 729*
Psychososial functioning

Overprotective environment 342%

Feeling like a burden 542

Restriction of social activities A94% 329%
Worried about going too far from home 638

Worried about your heart condition 650%

Worried about overdoing 586* —.333*
Worried about sudden attack 496* —.614*
Frightened by pain 553* 486*
Uncertain about future 828* —.320*
Depressed — 464* 973*

Frustrated/impatient —.308* .889*

Enjoyment of life 323* J44*

Difficult to keep a positive outlook 791*

Difficult to plan ahead 725%

Cognitive functioning

Difficulty reasoning and solving problems 845%

Forgetting things —.389% 570*

Difficulty concentrating 732%

Factor loadings <.30 are omitted. * p <.05
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functioning factor score. In conclusion, this EFA-based
factor structure deviated markedly from the original
four-factor structure.

Convergent validity
The correlations between the subscales of the CROQ and
the RAND 12 are presented in Table 7.

As expected, the physical CROQ and RAND-12 sub-
scale scores correlated strongly, as did the CROQ psy-
chosocial and the RAND-12 mental scale. The remaining
CROQ subscales correlated moderately to strongly with
the two RAND-12 subscales.

Discussion

The Norwegian version of the Coronary Revascularisa-
tion Outcome Questionnaire was examined in a clinical
context on patients awaiting elective coronary angiogra-
phy; hence, being unaware of their disease status and any
need for coronary intervention. The CROQ, as devised by
the authors [7], measures four subscales related to coro-
nary symptoms and functions. The results of the present
study provide mixed support for the psychometric prop-
erties and validity of the CROQ. On a positive note, the
CROQ subscales showed moderate to strong correla-
tions with a comparable health-related scale (RAND-12),
which indicates satisfactorily convergent validity of the
CROQ. Similar findings were also observed by Schroter
and Lamping in their evaluation of the original CROQ
[7], which also indicates that aspects of health-related
quality of life issues underpin both of these measures.

On the negative side, the confirmatory factor analysis
of the a-priori factor structure by Schroter and Lamp-
ing [7] was inadequate, and not amenable for post-hoc
modeling aimed at identifying a revised and better fit-
ting model. We thus conducted an exploratory factor
analysis (EFA) to reveal the best fitting factor structure
in this sample. Although the EFA reproduced three of
the original four factors (the cognitive subscale failing
as a unique factor), it revealed some of the problems
with the CROQ: several items with low loadings, being
misplaced by loading on unintended factors, or corre-
lating highly with multiple factors (high cross-loadings)

Table 7 Spearman rho coefficients between the CROQ
subscales and the physical scale (PCS12) and mental scale
(MCS12) of the RAND 12 (n= 110, PCI group)

CROQ PCS12 MCS12
Physical functioning 80* A0
Psychosocial functioning 59% 63%
Symptoms 62% 39%
Cognitive functioning 34* 33*

*p<.001
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causing ambiguity in the interpretation. The cognitive
items worked particularly poor, and need substantial
revision or to be removed. In sum, this raises concerns
about the factor structure of the CROQ and the sub-
scales should be used with caution due to their ambigu-
ous multidimensional nature. These findings indicate a
need for a substantial revision of the scale items before
further use of the CROQ-N in clinical or research
contexts. Similar problems such as problematic cross-
loadings [10—12] have been noted by others, and small
factor loadings was also noted by the author of the
original psychometric evaluation of the CROQ [7].

The current study revealed substantial ceiling effects
on both subscale and item levels. The ceiling effects we
observed were relatively higher than those reported by
the original validation study by Schroter et. al. (2017) [9].
One explanation for these differences may be the patient
groups included in the studies. Their sample included
patients with a known heart disease (i.e., the PROMs
pilot project) put on a waiting list for coronary revascu-
larization, whereas our sample included patients admit-
ted to elective coronary angiography with an unknown
disease status.

The CROQ showed significant pre to post improve-
ments on all subscales in both groups, which was
expected for the PCI group but not for the non-PCI
group. This indicates that the CROQ may be sensitive
to other non-PCI changes, such as the role of additions
or changes in medications, increased knowledge about
the functioning of their heart following the angiography
procedure, or changes in personal care following the
diagnostic attention. It is noteworthy that three of the
four CROQ subscales were insensitive to the PCI inter-
vention, except for the physical function subscale that
detected a change score improvement that was signifi-
cantly larger among patients receiving PCI as compared
to patients with non-significant stenosis. The CROQ
is intended to detect treatment effects following a PCI/
CABG intervention; hence, one might expect that the
CROQ would be more sensitive to detecting changes in
the PCI group compared to the group of patients with
non-significant stenosis. We consider this as an indica-
tion of poor construct validity. The high ceiling effects,
as noted above, may partly explain this lack of sensitiv-
ity [13, 14]. In addition, the CROQ failed to discriminate
between levels of coronary disease severity prior to the
angiographic assessment. The CROQ therefore ostensi-
bly measures more generic aspects of coronary-related
symptoms and functions, rather than specific treatment-
related outcome effects related to invasive coronary
treatment, as the name of the scale suggests.

In conclusion, although the reliability of the CROQ
scores are adequate, the construct validity stands out
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as quite poor. We do not expect that replacing the cur-
rent analyses with modern test theory approaches (i.e.,
Item Response Theory) will remedy the psychometric
properties sufficiently [27] to overcome the rather poor
construct validity. We therefore recommend a substan-
tial revision of the CROQ measure that is based on cur-
rent knowledge of symptoms or function losses that are
prominent before and after coronary interventions as
PCI or CABG. This should be done before resuming use
in patient or research contexts.

Limitations

One limitation in our study is that we only included
information from hospital records at pre-assessment, and
have no information of any further treatment provided
by the hospital, the General Practitioner or others. Thus,
we cannot rule out the possibility that some patients may
have received a PCI/CABG or other medical treatments
between pre-assessment and post-angiography that may
have affected their self -reported health status. Also, we
did not include disease specific measures when testing
for convergent validity, nor measures expected to have a
negative correlation (discriminative validity).

Further, this study is within the lower limits of the sam-
ple size requirements to conduct a CFA with WLSMV
estimation. There is a risk that the estimated standard
errors of factor loadings in the CFA with WLSMV esti-
mation is underestimated with low sample sizes (<300),
and this leads to risk for Type 1 error according to model
fit indices [21]. However, we believe these potential prob-
lems have minimal impact upon the overall conclusions,
as the results from the EFA supported the concerns about
the construct validity.

Conclusions

The present study provides mixed support for apply-
ing the CROQ measure in coronary patient populations
receiving PCI. We noted problems with the factor struc-
ture, and lack of sensitivity for disease severity and lack
of responsiveness on most of the scales. The CROQ-N
needs a substantial revision and currently we cannot rec-
ommend the use of the questionnaire in clinical practice.

Abbreviations

CA: Coronary angiography; CABG: Coronary artery bypass grafting; CFA:
Confirmatory factor analysis; CFl: Comparative fit index; CHD: Coronary heart
disease; Cl: Confidence Interval; CROQ: Coronary Revascularisation Outcome
Questionnaire; DF: Degrees of freedom; EFA: Exploratory factor analysis; ES:
Effect sizes; ESC: European Society of Cardiology; HRQoL: Health-related
quality of life; IRT: Item response theory; M: Mean; MCS12: Mental scale;
NORIC: Norwegian Registry of Invasive Cardiology; PCl: Percutaneous coronary
intervention; PCS12: Physical scale; PROM: Patient reported outcome measure;
RMSEA: Root-mean-square error of approximation; SD: Standard deviation;
TLI: Tucker-Lewis Index; WLSMV: Weighted least squares mean and variance;

Page 8 of 9

WRMR: Weighted root-mean-square residual; x* Satorra —Bentler scaled
chi-square.

Acknowledgements

The authors thanks the Department of Cardiology at the University Hospital

of North Norway for contributing in recruiting patients admitted to the clinic,
and the participants for providing data to our study. We also want to thank the
Norwegian Cardiovascular Disease Registry for providing journal information
to this study.

Authors’ contributions

Study concept and design: INM, OF, TS, AH and SB. Data acquisition: INM.
Analysis: OF and INM. Drafting the manuscript: INM, SB and OF. Critical revi-
sion: INM, OF, TS, AH and SB. Approval of the final version: INM, OF, TS, AH and
SB. All authors read and approved the final manuscript.

Funding

Open Access funding provided by UiT The Arctic University of Norway The
study received funding from the Northern Norway Regional Health Authority.
The publication charges for this article have been founded by a grant from the
publication fund of UiT The Arctic University of Norway.

Availability of data and materials
Not applicable due to patient confidentiality.

Declarations

Ethical approval and consent to participate

The project was approved by The Regional Committee for Medical and Health
Research Ethics of Northern Norway (2016/2051/REK- Nord) and The Norwe-
gian Data Protection Authority (17/00218-2/CDG). The investigation conforms
with the principles outlined in the Declaration of Helsinki. Patients gave writ-
ten informed consent to participate. Participation was voluntary.

Consent for publication
Not applicable.

Competing interests
The authors declares that they have no competing interests.

Author details

'Department of Psychology, Faculty of Health Sciences, The Arctic Univer-
sity of Norway, Tromsa, Norway. 2Department of Clinical Medicine, Faculty

of Health Sciences, The Arctic University of Norway, Tromsg, Norway. >Division
of Mental Health and Substance Abuse, University Hospital of North Norway,
Tromsg, Norway. “Clinical Cardiovascular Research Group, UiT The Arctic
University of Norway, Tromsg, Norway. °Department of Cardiology, University
Hospital of North Norway, Tromsa, Norway. ®UiT Norges Arktiske Universitet,
Institutt for Psykologi, 9037 Tromsg, Norway.

Received: 15 January 2021 Accepted: 25 January 2022
Published online: 05 February 2022

References

1. KnuutiJ, Wijns W, Saraste A, Capodanno D, Barbato E, Funck-Brentano C,

et al. 2019 ESC Guidelines for the diagnosis and management of chronic

coronary syndromes: the Task Force for the diagnosis and management

of chronic coronary syndromes of the European Society of Cardiology

(ESC). Eur Heart J. 2019;41(3):407-77.

De Jong-Watt WJ, Arthur HM. Anxiety and health-related quality of

life in patients awaiting elective coronary angiography. Heart Lung.

2004,33(4):237-48.

Gallagher R, Trotter R, Donoghue J. Preprocedural concerns and anxiety

assessment in patients undergoing coronary angiography and percuta-

neous coronary interventions. Eur J Cardiovasc Nur. 2010;9(1):38-44.

4. Arnold SV, Grodzinsky A, Gosch KL, Kosiborod M, Jones PG, Breeding T,
et al. Predictors of physician under-recognition of angina in outpatients

N



Myrbakk et al. Health and Quality of Life Outcomes

19.
20.

21.

22.

23.

24.

25.
26.

27.

(2022) 20:21

with stable coronary artery disease. Circ Cardiovasc Qual Outcomes.
2016;9(5):554-9.

Beltrame JF, Weekes AJ, Morgan C, Tavella R, Spertus JA. The prevalence
of weekly angina among patients with chronic stable angina in primary
care practices: the coronary artery disease in general practice (CADENCE)
study. Arch Intern Med. 2009;169(16):1491-9.

Nieveen JL, Zimmerman LM, Barnason SA, Yates BC. Development and
content validity testing of the Cardiac Symptom Survey in patients after
coronary artery bypass grafting. Heart Lung. 2008;37(1):17-27.

Schroter S, Lamping DL. Coronary revascularisation outcome question-
naire (CROQ): development and validation of a new, patient based
measure of outcome in coronary bypass surgery and angioplasty. Heart.
2004;90(12):1460-6.

Spertus JA, Winder JA, Dewhurst TA, Deyo RA, Prodzinski J, McDonnell M,
et al. Development and evaluation of the Seattle Angina questionnaire:
a new functional status measure for coronary artery disease. J Am Coll
Cardiol. 1995;25(2):333-41.

Schroter S, Miles R, Green S, Jackson M. Psychometric validation of the
Coronary Revascularisation Outcome Questionnaire (CROQv2) in the
context of the NHS Coronary Revascularisation PROMs Pilot. BMJ Open.
2017;7(2):.e015915.

Kim M, Seo J, Hwang J-Y, Park KS. Reliability and validity of the Korean
version of the coronary revascularization outcome questionnaire. Health
Qual Life Outcomes. 2017;15(1):37.

. Lillevik SA, Schroter S, Hanssen TA. Translation and validation of the Nor-

wegian version of the Coronary Revascularisation Outcome Question-
naire. Eur J Cardiovasc Nur. 2018;17(1):36-44.

Seki S, Kato N, Ito N, Kinugawa K, Ono M, Motomura N, et al. Translation
and validation study of the Japanese versions of the Coronary Revas-
cularisation Outcome Questionnaire (CROQ-J). Eur J Cardiovasc Nurs.
2011;10(1):22-30.

Terwee CB, Bot SDM, de Boer MR, van der Windt DAWM, Knol DL, Dekker
J, et al. Quality criteria were proposed for measurement properties of
health status questionnaires. J Clin Epidemiol. 2007;60(1):34-42.
Mchorney CA, Tarlov AR. Individual-patient monitoring in clinical-
practice - are available health-status surveys adequate. Qual Life Res.
1995,;4(4):293-307.

Joreskog KG, Sérbom D. LISREL 8: User's reference guide. Mooresville:
Scientific Software Inc,, Inc; 1996.

Ware J, Kosinski M, Keller SD. A 12-Item Short-Form Health Survey:
construction of scales and preliminary tests of reliability and validity. Med
Care. 1996;34(3):220-33.

Farivar SS, Cunningham WE, Hays RD. Correlated physical and mental
health summary scores for the SF-36 and SF-12 Health Survey V.I. Health
Qual Life Outcomes. 2007;5:54.

Luo X, Lynn George M, Kakouras |, Edwards CL, Pietrobon R, Richardson
W, et al. Reliability, validity, and responsiveness of the short form 12-item
survey (SF-12) in patients with back pain. Spine. 2003;28(15):1739-45.
Muthén L, Muthén B. Mplus user’s guide. Version. 2017;8:2018.
Beauducel A, Herzberg PY. On the performance of maximum likelihood
versus means and variance adjusted weighted least squares estimation in
CFA. Struct Equ Modeling. 2006;13(2):186-203.

Moshagen M, Musch J. Sample size requirements of the robust weighted
least squares estimator. Methodol Eur J Res Methods Behav Soc Sci.
2014;10(2):60-70.

Jackson DL, Gillaspy JA Jr, Purc-Stephenson R. Reporting practices in
confirmatory factor analysis: an overview and some recommendations.
Psychol Methods. 2009;14(1):6.

Yu C-Y. Evaluating cutoff criteria of model fit indices for latent variable
models with binary and continuous outcomes. Los Angeles: University of
California; 2002.

Barendse MT, Oort FJ, Timmerman ME. Using exploratory factor analysis
to determine the dimensionality of discrete responses. Struct Equ Mod-
eling. 2015;22(1):87-101.

Sass DA, Schmitt TA. A comparative investigation of rotation criteria
within exploratory factor analysis. Multivar Behav Res. 2010;45(1):73-103.
Cattell RB. The scree test for the number of factors. Multivar Behav Res.
1966;1(2):245-76.

Fan X. Item response theory and classical test theory: an empiri-

cal comparison of their item/person statistics. Educ Psychol Measur.
1998;58(3):357-81.

Page 9 of 9

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Psychometric evaluation of the Coronary Revascularisation Outcome Questionnaire (CROQ) in Norwegian patients admitted to elective coronary angiography and possible percutaneous coronary intervention
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Sample
	Procedure
	Angiographic procedure
	Measurement instruments
	Coronary revascularisation outcome questionnaire
	RAND-12
	Registry data
	Statistical analysis
	Confirmatory factor analysis
	Exploratory factor analysis

	Results
	Respondent characteristics
	Reliability of the CROQ subscales: internal consistency
	Floor and ceiling effect of the CROQ
	Discriminatory function at pre-assessment
	Construct validity: sensitivity to treatment effects following PCI
	Confirmatory factor analysis (CFA)
	Exploratory factor analysis
	Convergent validity

	Discussion
	Limitations
	Conclusions
	Acknowledgements
	References


