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1. Introduction

Severe mental illnesses (SMIs), including schizophrenia, bipolar disorder, and major
depressive disorder, are associated with suboptimal quality of care that seems to worsen
over time [1-3]. These illnesses are often unrecognized or misdiagnosed, leading first to
a prolonged duration of untreated illness [4-6], increased risk of relapse and hospitaliza-
tion [7-9], and subsequently, to poorer outcomes in treatment response, symptoms, and
Attribution (CC BY) license (https:// quali.ty of life. [10,11]. Care access is crucial fo-r SMIs patients [12], and quality of care plays
creativecommons.ore/k a major role in the chances to reach full-functional recovery [13,14]. It is therefore essential
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10/). to measure the quality of care to identify areas in which changes are needed. The patient’s
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perspective is now considered to be an important measure of the quality of care, and the use
of patient-reported experience measures (PREMs) is recommended by many organizations
worldwide [15]. Most PREMs are paper-based, are frequently too lengthy, and have fixed
content, leading to a high burden on both patients and care providers, making such PREMs
difficult to use in routine clinical practice [16]. Modern statistical methods based on item
response theory (IRT) are used to develop item banks and computerized adaptive testing
(CAT) to overcome some of these limitations [17-19]. In an item bank, since the items are
calibrated by an IRT model, the scores resulting from the administration of different subsets
of items can be compared with one another. These item banks can then be used to develop
static short forms or CATs [17]. CATs allow administering only the most informative items
for a given patient, thereby optimizing the precision of the assessment while reducing the
length of the questionnaire and completion time [20]. Item banks and CATs have been
developed in the field of mental health, but these have focused on health outcomes (e.g.,
quality of life [21]), and none are available for the experience of SMIs patients in the French
psychiatric context. To improve the use of patient-reported measures in the field of mental
health, the Patient-Reported Experience Measure for Improving qUality of care in Mental
health (PREMIUM) French group is currently developing item banks for PREMs and as-
sociated CATs [22]. In our work, we have identified respect and dignity as an important
dimension of the experience of adult patients with SMIs [23], as has the work carried out
by the PAtient Reported Indicators Survey (PaRIS) working group of the organization for
economic cooperation and development (OECD) [24].

The aim of this study was, therefore, to (1) calibrate an item bank to measure patients’
experience of respect and dignity for adult patients with SMIs and (2) develop a CAT to
improve the use of this PREM in routine practice.

2. Materials and Methods
2.1. Study Design and Setting

Data taken from a national, multicenter, cross-sectional study were used. Patients were
recruited between January 2016 and November 2020 from inpatient and outpatient depart-
ments (including full-time hospitalization, part-time hospitalization, and outpatient care) of
the Assistance Publique—Hobpitaux de Marseille, from the FondaMental Foundation’s net-
work of expert centers and through an online survey. All participants gave their informed
consent before participating in the study. This study was approved by the competent ethics
committee (CPP-Sud Méditerranée V, 12 November 2014, n°2014-A01152-45).

2.2. Inclusion Criteria

The inclusion criteria for this study were as follows: a clinical diagnosis of schizophre-
nia, bipolar disorder, or major depressive disorder according to the DSM-5 [25]; inpatient
or outpatient psychiatric care, regardless of current or previous care, duration, or severity
of illness; age over 18 years and under 65 years; and ability to read and speak French
without comprehension problems. The exclusion criteria of this study were as follows:
mental retardation or decompensated organic illness; vulnerable persons (i.e., pregnant
or nursing women, persons under legal protection measures, etc.); inability to complete a
self-administered questionnaire; and withdrawal of consent.

2.3. Data Collection

The following data were collected:

Socio-demographic data: sex; age; educational level; marital status; and occupational
status.

Clinical data: main diagnosis (schizophrenia, bipolar disorder or major depressive
disorder); duration of illness; psychological, social, and occupational functioning of an
individual as measured using the Global Assessment of Functioning scale [26] (GAF,
ranging from 0 to 100, with a higher score indicating better functioning); health-related
quality of life (QoL) as measured using the medical outcome study 12-item Short Form (SF-
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12) [27], which describes 8 QoL dimensions: physical functioning (PF), social functioning
(SF), role physical (RP), role emotional (RE), mental health (MH), vitality (VT), bodily pain
(BP), general health (GH), and 2 composite scores for physical (PCS) and mental (MCS)
quality of life (ranging from 0 to 100, with higher scores indicating better quality of life).
The respect and dignity item bank (PREMIUM-RD) includes 24 items as well as an
overall satisfaction item (“Overall, you feel you were treated with respect and dignity”)
and a corresponding visual analog scale (VAS) (ranging from 0 to 10). All items were scored

V77

on a 5-point Likert scale (“strongly disagree”, “disagree”, “neither agree nor disagree”,
“agree”, “strongly agree”) with a “not applicable” response option. The coding of negatively
worded items was reversed so that higher scores indicated a greater experience of respect
and dignity shown by mental health professionals. The assessment period referred to the

four weeks prior to administration.

2.4. Statistical Analysis

The general steps for the development of the item banks and associated CATs of
the PREMIUM project have been described in detail previously [22]. Based on rigorous
and well-established methodology [17,28,29], the procedure was divided into four steps:
(1) conceptual work and definition of domain mapping; (2) item selection; (3) item bank
calibration and CAT simulations; and (4) CAT validation. In this article, we report the main
results of the third step for one of the seven PREMIUM item banks [21], which measured
respect and dignity (PREMIUM-RD).

2.4.1. Descriptive Analysis

The 24 items of the PREMIUM-RD bank were first subjected to descriptive analysis,
and items that presented (1) high missing value rates (>70%); (2) extreme skewness (>95%
of response rate in one category or an absolute coefficient > 4); or (3) inter-item correla-
tion coefficients higher than 0.70 were excluded. Internal consistency was evaluated by
calculating Cronbach’s alpha coefficient, with « > 0.70 considered to be acceptable [30].

2.4.2. Evaluation of the Assumptions of the IRT Model

Use of an IRT model requires that the key assumptions underlying the IRT framework
be fulfilled, including (i) unidimensionality, (ii) local independence, and (iii) monotonic-
ity [19].

The unidimensionality assumption was evaluated based on a 1-factor confirmatory
factor analysis (CFA) with the weighted least square mean and variance (WLSMV) estimator
due to the ordinal nature of the data [28]. The following indices were used to assess the
goodness-of-fit of the model to the data, with an acceptable fit defined by the root mean
square error of approximation (RMSEA) < 0.08, the comparative fit index (CFI), and the
Tucker-Lewis index (TLI) > 0.95 [31,32]. If the CFA showed poor fit, an exploratory factor
analysis (EFA) was performed after randomly dividing the entire sample into 2 subsamples
(n = 229 for EFA and n = 229 for CFA). The number of factors to be kept was based on
the Kaiser-Guttman’s rule (eigenvalues > 1), differences in the magnitude of eigenvalues
between factors (a ratio greater than 4 is expected), the scree test (looking for an “elbow”
in the curve), parallel analysis and factor loadings (with minimum item loadings set at
0.40) [28]. Next, to investigate whether item responses are sufficiently unidimensional for
IRT application, we used a bifactor model [33]. The bifactor model assumes one general
factor (in this case, experience of respect and dignity), onto which all items load, and several
group factors, onto which unique subsets of items load [33]. The percentage of explained
common variance (ECV) and the omega hierarchical (wj, / wy;) coefficients accounted for by
the general factor and by group factors were calculated, with an expected wy, coefficient for
the general factor greater than or equal to 0.70 and the expected percentage of ECV for the
general factor greater than or equal to 60% to support unidimensionality [34,35].

Local independence was examined using residual correlations from the final CFA
model. All residual correlations greater than 0.20 (or 0.25) indicated possible local depen-
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dence, leading to the deletion of the item with the highest residual correlation with other
items in the bank [36,37].

Finally, monotonicity was evaluated by visual inspection of item characteristic curves
(ICCs), with each response category expected to have a maximum probability of being
selected on a specific range of the latent trait continuum. If two categories were not
sufficiently discriminative for a particular item, they were collapsed, and the resulting
model was re-estimated. The deviations of the Akaike information criterion (AIC) [38] and
the Bayes information criterion (BIC) [39] between the final model (recoded items) and
the initial model (no recoded items) were computed to ensure that the recoding process
resulted in a substantial improvement in the model.

2.4.3. Calibration and Fitting of an IRT Model to the Data

The generalized partial credit model (GPCM) was used to calibrate the responses to
the items [40]. The GPCM is appropriate for items with ordered polytomous response
options (such as Likert scales). In the GPCM, each item has a discrimination parameter
(i.e., the ability to distinguish among individuals with different levels of a latent trait) and
a set of threshold parameters (i.e., the item’s difficulty). The GPCM is a generalization of
the partial credit model (PCM), in which the discrimination parameter is equal across all
items [41]. The likelihood ratio test [42], as well as the information criteria AIC [38] and
BIC [39], were calculated and compared to select the IRT model that best fit the data. The
item parameters (discrimination and thresholds) were then estimated under the selected
model.

Item parameters were estimated using the maximum marginal likelihood estimation
(MMLE) implemented via the expectation—-maximization (EM) algorithm [43]. Items with
a discrimination parameter below 0.50 were also considered problematic [44,45], as they
were not sufficiently informative and were thus removed from the item bank. Next, the
goodness-of-fit was evaluated by computing the infit mean square (Infit MnSq) statistic [46],
with an expected value in the range [0.7-1.3] [47].

2.4.4. Evaluation of Differential Item Functioning (DIF)

Differential item functioning (DIF) analyses were carried out to see if all items in the
PREMIUM-RD bank in the same way across different subgroups [48,49], identified by sex
(men vs. women), age (median split: patients 37 years or younger vs. patients older than
37 years), care setting (outpatient vs. inpatient), and psychiatric diagnosis (schizophrenia
vs. bipolar disorder vs. major depressive disorder). If an overall DIF was detected at a
level of p < 0.01, the magnitude was assessed according to Zumbo’s DIF classification by
computing the pseudo R? change (AR?):negligible if AR? < 0.13, moderate if 0.13 < AR? <
0.26, and large if AR? > 0.26 [50]. Items with a large DIF were excluded from the item bank.

Latent trait scores (0) for each respondent were estimated by Bayesian expected a
posteriori (EAP) estimation [51]. Then, a linear transformation was performed to have 0
scores ranging from 0 to 100 (the higher the score was, the better the experience of respect
and dignity). Item and test information were also calculated.

2.4.5. External Validation of the Item Bank

External validity was examined by hypothesizing that PREMIUM-RD scores should
be positively and moderately correlated with GAF scores and SF-12 dimension scores, but
also positively and strongly correlated with scores on the overall satisfaction item and
the corresponding VAS. Discriminant validity was examined by testing the association of
PREMIUM-RD scores with socio-demographic (i.e., age, sex, educational level, marital
status, and employment status) and clinical (i.e., care setting, duration of illness, and
main diagnosis) characteristics using t-tests, analysis of variance (ANOVA), and Pearson’s
correlation coefficients.
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2.4.6. Elaboration of Item Administration algorithm

CAT simulations were performed using both real response data (i.e., complete response
patterns to items in the final PREMIUM-RD item bank) and simulated data (i.e., after
imputation of plausible missing responses using IRT-based estimation).

The CAT algorithm began by selecting the starting item based on the maximum
Fisher information (MFI) criterion, which is relevant to polytomous items and adapted
to a unidimensional item bank [52]. Based on the response to this item, an initial latent
trait estimate (6) was computed using the EAP estimate [51]. The CAT algorithm then
selected as the next item the item with the highest information for the current 8 estimate.
The 0 estimate was iteratively re-estimated based on the responses to previous items using
the EAP estimate. Finally, the CAT algorithm ended when the stopping rule used was
reached, which corresponded to the prespecified level of measurement precision based on
the standard error of measurement (SEM) [53]. An acceptable range was defined as 0.33 to
0.55, corresponding to reliability coefficients between 0.90 and 0.70 [53]. Three scenarios
with different stopping rules corresponding to SEM values of 0.33, 0.44, and 0.55 were
simulated and compared using the following accuracy and precision indicators: correlation
coefficients (r) between CAT scores and scores based on the full set of items in the bank
with expected values greater than or equal to 0.90 and the root mean square error (RMSE)
with expected values less than or equal to 0.30 [54].

All of the statistical analyses were performed using the following software: IBM PASW
SPSS version 20.0 [55], MPlus version 7.0 [56], and R version 4.0.5 [57], using packages
“mirt” [58], “lordif” [59], “BifactorIndicesCalculator” [60], and “mirtCAT” [61].

3. Results
3.1. Description of the Cohort

The sample included 458 SMIs patients; the majority of the patients were men (61%),
single (76%), with an education level of bachelor’s degree or higher (68%), and unemployed
(75%). Most of them were outpatients (84%), and among the inpatients (16%), 30% were
under constraint. The mean age was 38.1 years (SD + 12.0). Approximately 65% of patients
had a main diagnosis of schizophrenia, while 20% and 15% had a diagnosis of bipolar
disorder or major depressive disorder, respectively. The mean duration of illness was 12.3
years (SD =+ 8.6). The socio-demographic and clinical characteristics of the sample are
presented in Table 1.

3.2. Descriptive Analysis

For the initial 24-item pool, the mean ranged from 2.36 + 1.26 to 3.50 & 0.82. The
floor and ceiling effects ranged from 0.4 to 7.2% and from 15.1 to 60.0%, respectively. Each
item had an acceptable skewness coefficient (ranging from —2.15 to —0.35), and missing
values ranged from 0.0% to 30.8%. Inter-item correlation coefficients ranged from 0.16 to
0.78 (all with p < 0.001, data not shown). Following this step, items 5, 15, and 17 were
discarded from the item bank because they exhibited inter-items correlations that were too
high (>0.72), reflecting redundancy between items. These characteristics are presented in
Table 2.
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Table 1. Sample description.
N(%) or Mean =+ Standard Deviation
Total Men Women

(n =458) (n = 280) (n=178)
Socio-demographic data
Age, years (M =+ SD) (n = 455) 38.11 £11.97  35.95 + 10.88 41.51 +12.82
Marital status (single) (n = 373) 285 (76.4) 181 (84.2) 104 (65.8)
Educational level
(<bachelor’s degree) (n = 374) 119 (31.8) 74 (34.6) 45 (28.1)
Employment status (unemployed) (n = 443) 331 (74.7) 192 (71.9) 139 (79.0)
Clinical data
Care setting (n = 458)
Outpatient 384 (83.8) 252 (90.0) 132 (74.2)
Inpatient 74 (16.2) 28 (10.0) 46 (25.8)
Under constraint 22 (29.7) 12 (42.8) 10 (21.7)
Main diagnosis (n = 456)
Schizophrenia 287 (64.8) 222 (81.0) 65 (38.5)
Bipolar disorder 88 (19.9) 29 (10.6) 59 (34.9)
Major depressive disorder 68 (15.3) 23 (8.4) 45 (26.6)
Duration of illness, years (M =+ SD) (n = 421) 12.34 + 8.59 12.07 + 7.94 12.74 + 9.50
(Cr;ll‘jb;‘é;)unmommg (GAFscore) M£SD) 570 1 1684 546241570  60.98 + 17.89
Quality of life (SF-12 scores) (M =+ SD)
PF (n = 270) 46.03 + 11.66 48.11 £ 0.26 43.65 +2.71
SE (n =271) 3458 +11.87  36.44 +11.79 32.45 4+ 11.63
RP (n=271) 40.69 + 11.04 41.77 +£10.48 39.44 + 11.57
RE (n = 270) 33.75 + 12.31 35.08 +11.57  32.26 +12.97
MH (n = 272) 46.46 + 8.37 46.71 + 8.41 46.16 + 8.34
VT (n =271) 59.85 + 12.06 58.09 £+ 12.02 61.85 + 11.84
BP (n =272) 36.65 + 14.47  36.78 + 14.95 36.50 + 13.97
GH (n=271) 36.21 +11.49 35.00 £+ 10.49 37.60 4+ 12.44
PCS (n = 266) 41.72 + 8.06 42.37 + 8.38 4097 + 7.64
MCS (n = 266) 4292 +9.72 43.00 +9.40 4282 + 10.12

Notes: for each variable, the number of valid data is indicated. Abbreviations: GAF global assessment of
functioning; SF-12 medical outcome study 12-item Short Form, PF physical functioning, SF social functioning, RP
role physical, RE role emotional, MH mental health, VT vitality, BP bodily pain, GH general health, PCS physical

composite quality of life score, MCS mental composite quality of life score.

Table 2. Descriptive statistics of the PREMIUM-RD item bank.

Item No.

Item Content

Mean + Standard

Deviation

Floor Effect (%)

Ceiling Effect (%)

Missing Values (%)

Skewness
Coefficient

RD1

RD2

RD3

RD4

RD5

RDé6

You appreciated the
welcome you
received

Medical secrecy and
the confidentiality
of your information
have been respected
You had easy access
to the information
in your medical
record

Your bodily privacy
has been respected
Your privacy has
been respected
Your cultural and
religious practices
(beliefs, lifestyle,
diet, etc.) have been
respected

3.40 £0.93

3.36 + 0.95

236 £1.26

3.50 £ 0.82

3.43 4+ 0.86

3.48 £0.74

2.8

2.6

7.0

15

1.7

0.4

59.2

574

15.1

60.0

43.4

0.9

2.4

—1.96

-1.77

—0.35

—-2.15

—1.89

—1.66
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Table 2. Cont.

Item No.

Mean + Standard Skewness

o s o . o
Item Content Deviation Floor Effect (%) Ceiling Effect (%) Missing Values (%) Coefficient

RD7

RD8

RD9

RD10

RD11

RD12

RD13

RD14

RD15

RD16

RD17

RD18
RD19

RD20

RD21

RD22

RD23

RD24

You were

embarrassed to

have to answer 2.65 + 1.38 9.0 35.6 74 —0.62
intrusive questions

*

You have been the
subject of hurtful
remarks (about
your physical
appearance, your
behavior, etc.) *
Some professionals
have spoken in
front of you as if
you were not there *
You felt that you
were not “taken 292 £1.32 7.2 472 3.3 —0.96
seriously” *

You felt that the

time spent with you 2.79 £1.25 6.3 35.8 17 —0.83
was sufficient

You have felt

negatively judged 3.07 +1.17 37 49.1 238 ~111
(“stigmatized”) *

You have been

treated as a “whole 3.24 £1.00 3.1 49.8 1.3 —1.53
person”

You felt like you

were spoken to as 297 £1.16 55 419 1.1 —1.06
an equal

You felt listened to 3.22 £1.02 3.3 51.5 0.0 —1.42
Your opinions have

been taken into 3.09 4+ 1.08 4.6 43.7 13 —1.28
account

Your needs have

been taken into 3.09 £+ 1.08 39 44.3 1.3 —-1.22
account

Your rights have 328 £ 0.93 22 49.3 1.1 -1.57
been respected

You felt confident 3.11 4+ 1.06 3.7 454 1.3 —1.24
You think you have

received all

important 279 £1.18 5.9 31.9 22 —0.85
information
regarding your care
You think you have
been involved in all
important decisions
regarding your care
You knew who to
talk to when 3.12 £ 1.02 3.1 43.0 22 —1.28
necessary

Your care has
helped you to
improve your
well-being

Your care has met
your expectations 2.91 +1.07 3.3 33.8 2.4 —0.90
and needs

326 £1.11 4.1 54.6 59 -1.59

314 £ 1.16 4.8 49.6 5.5 -1.37

284 +£1.19 6.6 33.6 3.5 -0.99

3.02 £1.05 35 38.9 1.7 -1.09

Notes: * items negatively worded and reverse scored for subsequent analyses.

3.3. Evaluation of the Assumptions of an IRT Model

The fit indices of the one-factor CFA model were not adequate (RMSEA = 0.106, 95%
CI[0.097-0.115], CFI = 0.942 and TLI = 0.935). In the EFA, the eigenvalue of the first factor
was 12.0, and the eigenvalue of the second factor was 1.9. The ratio between the first and
second eigenvalues was 6.3, and the total amount of variance explained by the first factor
was 57.3%. The scree plot and parallel analysis revealed two predominant factors, and
all items loaded suitably on the first factor (>0.40). Additionally, 17 of the 21 items in the
bank were recoded after examining the item characteristic curves (ICCs). The deviations
(final model-initial model) of the AIC and BIC were —4655.00 and —4795.32, respectively,
indicating an overall improvement in model fit. Next, we tested a bifactor structure with a
general factor and two group factors, which showed adequate fit indices (RMSEA = 0.054,
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95% CI[0.042-0.065], CFI = 0.988, TLI = 0.986) and a predominance of the general factor
with a reasonable loading of all items (>0.40). The wh coefficient for the general factor
was 0.88, and those for the first and second group factors were 0.13 and 0.20, respectively.
The percentage of ECV attributable to the general factor was 82.0%, while the remaining
18.0% was attributable to the group factors (10.7% and 7.3% attributable to the first and
second group factors, respectively). All items had higher factor loadings on the general
factor than on the group factors, indicating that the items predominantly reflected the
general factor. Taken together, these findings suggest that the PREMIUM-RD item bank
reflects an essentially unidimensional construct. Cronbach’s alpha was 0.94, and no residual
correlation was greater than 0.20. Consequently, all 21 items in the PREMIUM-RD item
bank met the requirements for IRT modeling and were kept for further analysis.

3.4. Calibration and Fitting of an IRT Model to the Data

The partial credit model (PCM) and the generalized partial credit model (GPCM)
were used to calibrate the 21 items of the PREMIUM-RD item bank. The fit indices of the
PCM were less adequate than those of the GPCM (14,546.64 and 14,249.58 for the AIC and
14,757.11 and 14,542.59 for the BIC, respectively), and the likelihood ratio test indicated
a better fit of the GPCM compared with the PCM, X? = 337.06, p < 0.001. As a result, we
decided to use the GPCM to calibrate the PREMIUM-RD item bank. All items showed
an adequate fit to the GPCM with respect to infit values ranging from 0.74 (item RD24)
to 1.03 (item RD11). The discrimination parameters ranged from 0.68 (item RD7) to 3.35
(item RD1), and the threshold parameters ranged from —2.21 (item RD6) to 0.66 (item RD3)
(Appendix A). Taken together, these results demonstrated that all items had moderate
to very high discriminative power and that the threshold parameters reflected a broad
spectrum of the latent trait, although there were relatively few items at the upper end of
the continuum.

The test information curve of the final PREMIUM-RD item bank is provided in Figure 1
and shows that the items have a high measurement precision over a broad spectrum of the
latent trait (78.7% of total information is included in the [—2, 1] range of the latent contin-
uum values) and that this precision is lower only for patients at the extremes, especially at
the upper extreme (i.e., above 1). Item 19 was the most informative of the bank (“You felt
confident”), whereas item 7 was the least informative (“You were embarrassed to have to
answer intrusive questions”).

30 1

20

Information

T T T
4 2 0 2 4

Trait latent (6)

Figure 1. Test information.
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3.5. Evaluation of Differential Item Functioning (DIF)

Of the 84 tests performed (21 items with 4 confounding factors), 6 exhibited overall
DIF. Following Zumbo’s DIF classification, no items were flagged for moderate or large
DIF magnitudes, and only a few items were flagged for negligible DIF magnitudes: 1 item
for diagnosis (item RD11) and 5 items for care setting (items RD1, RD2, RD12, RD20, and
RD22). Given the negligible impact of these DIFs on the estimation of experience of respect
and dignity, no items were deleted from the item bank (Appendix B).

3.6. External Validity of the Item Bank

The mean PREMIUM-RD score was 55.40 & 22.43. Age was weakly correlated with
PREMIUM-RD scores, and PREMIUM-RD scores were significantly higher for women
and for non-single individuals. No significant differences were found by educational
level, employment status, and care setting. Additionally, PREMIUM-RD scores were
weakly correlated with GAF scores, and no correlation was found with duration of illness.
PREMIUM-RD scores were significantly different according to the main diagnosis, with
the highest scores observed for individuals with major depressive disorder and the lowest
scores observed for patients with schizophrenia. PREMIUM-RD scores were strongly
correlated with scores on the item measuring overall satisfaction with respect and dignity
and the corresponding VAS. Finally, scores were weakly correlated with scores on SF-12
dimensions measuring physical functioning (PF), social functioning (SF), role physical (RP),
role emotional (RE), vitality (VT), general health (GH), and composite scores of physical
quality of life (PCS) and mental quality of life (MCS). Conversely, no correlation was
observed between the dimensions of mental health (MH) and bodily pain (BP). The results
regarding the external validation of the PREMIUM-RD item bank are presented in Table 3.

Table 3. Comparison of PREMIUM-RD scores with socio-demographic and clinical data and proxy
measures of quality of care.

Correlation Coefficient Mean =+ Standard
o p Value
(r) Deviation

Socio-demographic data
Age 0.18 - <0.001
Sex
Men - 53.59 £ 22.63 0.030
Women 58.22 +21.28
Marital status
Single 53.47 £ 22.90 <0.001
Non-single 63.20 £ 21.60
Educational level
<Bachelor’s degree - 55.33 +23.23 0.852
>Bachelor’s degree 55.80 + 22.44
Employment status
Employed - 59.10 &£ 22.42 0.053
Unemployed 54.38 £ 22.17
Clinical data
Care setting
Outpatient - 55.29 £ 22.88 0.825
Inpatient 55.93 + 20.06
Main diagnosis
Schizophrenia _ 51.99 £ 21.77 0.001
Bipolar disorder 58.89 + 22.35 <0
Major depressive disorder 63.35 £ 20.73
Duration of illness —0.02 - 0.612

Global functioning (GAF score) 0.25 - <0.001




J. Clin. Med. 2022, 11, 1644 10 of 17

Table 3. Cont.

Correlation Coefficient Mean + Standard
A p Value
(r) Deviation

Proxy measures

Item of overall satisfaction 0.69 - <0.001
VAS 0.72 - <0.001
Quality of life (SF-12 scores)

PF 0.14 - 0.027
SF 0.23 - <0.001
RP 0.22 - <0.001
RE 0.22 - <0.001
MH 0.12 - 0.055
VT 0.23 - <0.001
BP —0.08 - 0.194
GH 0.20 - <0.001
PCS 0.14 - 0.023
MCS 0.27 - <0.001

Abbreviations: GAF global assessment of functioning; VAS visual analog scale; SF-12 medical outcome study
12-items Short Form, PF physical functioning, SF social functioning, RP role physical; RE role emotional, MH
mental health, VT vitality, GH general health, PCS physical composite quality of life score, MCS mental composite
quality of life score.

3.7. Elaboration of Item Administration Algorithm

Among the 3 scenarios tested, the CAT simulation with a level of precision of SEM
< 0.33 was the most efficient, having the highest levels of accuracy (r = 0.97) and preci-
sion (RMSE = 0.23) while administering less than half of the items of the PREMIUM-RD
item bank (on average 9 items). The other 2 simulations were not satisfactory, with a
level of precision lower than expected (0.34 and 0.38, respectively), despite an adequate
level of accuracy (r = 0.94 and r = 0.92, respectively) and a smaller average number of
items administered (6 and 4 items, respectively). Table 4 provides the results of the CAT
simulations.

Table 4. Mean scores and precision indicators for each CAT simulation.

Precision Level Indicators
SEM < 0.33 Mean score (+standard deviation) 56.41 + 21.64
Correlation coefficient (r) 0.97
RMSE 0.23
Mean number of items 8.49
SEM < 0.44 Mean score (+standard deviation) 52.08 + 23.25
Correlation coefficient (r) 0.94
RMSE 0.34
Mean number of items 5.60
SEM < 0.55 Mean score (£standard deviation) 52.01 £23.13
Correlation coefficient (r) 0.92
RMSE 0.38
Mean number of items 411

Abbreviations: SEM standard error of measurement; RMSE root mean square error.

4. Discussion

This work is part of the French PREMIUM initiative [22], which aims to provide a
common measurement system for adult patients” experience of care for three targeted
conditions (including schizophrenia, bipolar disorder, or major depressive disorder) and is
applicable in several care settings (i.e., outpatient and inpatient) based on item banks and
CATs. In this article, we present the calibration of the PREMIUM-RD item bank and the
development of the associated CAT, which captures all important aspects of the patients’
experience of respect and dignity during a hospital stay or consultation. Other item banks
and associated CATs are under development by the PREMIUM project.
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The final 21-item PREMIUM-RD item bank demonstrated strong psychometric prop-
erties (Appendix C). In particular, the assumptions required for IRT modeling (unidimen-
sionality, local independence, and monotonicity) were fulfilled, and the GPCM showed an
adequate fit to the data. The few indications of DIF were of negligible magnitude according
to sex, age, care setting, and diagnosis. The item bank provides good information for a wide
range of the latent continuum, although it may lack precision for patients at the highest
extreme (i.e., for patients with high experience of respect and dignity). However, given
that the goal of the measure is to identify aspects of patient experience that are suboptimal
and therefore need to be improved, items that accurately distinguish patients with high
experience of respect and dignity would be of limited interest; such items could be added
at a later date if necessary. Additionally, this study provided preliminary evidence of the
external validity of the PREMIUM-RD item bank. In particular, PREMIUM-RD scores
were weakly correlated with GAF scores and SF-12 dimension scores, which is consistent
with previous research that has shown a positive but weak association between patients’
experience and their outcomes [62,63]. In other words, PREMs provide important infor-
mation for improving quality of care by identifying areas where change is needed, but
these measures must be complemented by patient-reported outcome measures (PROMs) to
provide a complete picture of quality of care from the patient’s perspective and support a
patient-centered approach to care.

In addition to standard clinical indicators, patient experience is considered to be a valu-
able indicator of the quality of health care [64,65], and the use of PREMs is recommended
by many organizations worldwide [66,67], but these data are not systematically collected in
clinical psychiatric practice. In particular, organizational barriers, including a lack of time
or resources to collect and analyze the data, have been reported in the literature [68]. The
use of new technologies, based on item banks and CATs, has the potential to improve the
use of these measures in routine clinical practice [19,20,28]. The PREMIUM-RD-CAT is the
first adaptive PREM specific to adult patients with SMIs (i.e., schizophrenia, bipolar disor-
der, and major depressive disorder), which, unlike standard fixed-length questionnaires,
administers only the most relevant items to the respondent, thereby reducing questionnaire
completion time, increasing precision and providing a real-time score, thus minimizing
patient and provider burden. The PREMIUM-RD-CAT, based on a level of precision of
SEM < 0.33, showed adequate precision and accuracy, with correlations greater than 0.90
with scores based on the full bank of items and an RMSE less than 0.30. The validity of
the PREMIUM-RD-CAT and its acceptability by stakeholders will be evaluated further in
future analyses.

4.1. Implications for Clinical Practice

The use of a digital platform has great potential to improve the quality of mental health
care. All adult patients with SMI will have the opportunity to complete a questionnaire after
a hospital stay or consultation. Collecting data directly from patients will limit potential
response bias and improve representativeness. This real-time feedback to mental health
professionals has the potential to strongly improve the quality of care and decrease financial
and human costs by optimizing patients’ care adherence, continuity of care, and improving
health outcomes [63,69]. A digital platform will also allow for early identification of
patients at risk of relapse and prevent potential care disruption, especially in the context
of the COVID-19 pandemic. Finally, the digital platform will provide aggregated data
for benchmarking within and across healthcare facilities and /or services. The financial
allocation of psychiatry is currently based on activity, on the one hand, and on socio-
demographic population data on the other hand [70]. In the future, funding could be
modulated by the results of patients” experience, within the framework of a quality-based
financial allocation (IFAQ program—'Incitation financiére a I’amélioration de la qualité’—
Financial Incentive to Quality Improvement [67].
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4.2. Limitations

First, our sample size can be discussed. However, the sample size was sulfficiently large
to calibrate the item pool [71,72], and the sample included a diverse patient population,
both inpatient and outpatient, from several facilities in different geographic regions of
the country. Future work with a larger sample will improve the generalizability of the
PREMIUM-RD item bank. Second, the selection of the IRT model could be discussed. In
this study, we used the GPCM, although other models could have been used. Like the
EORTC initiative [73], we used the GPCM rather than the GRM, both of which tend to
yield similar results and should be viewed rather as alternatives than as competitors [74,75].
Additionally, given that the PCM is nested within the GPCM (in the PCM, all items have
the same slope), their fit to the data can be compared. The GPCM generally provides a
better fit to the data than a more parsimonious model such as the PCM. Third, the construct
validity of the PREMIUM-RD item bank was assessed by examining relationships with
GAF scores and SF-12 dimension scores. A high rate of missing data may have impacted
the validity of our results. However, our results were consistent with our underlying
assumptions. Additional work should be conducted to further assess the external validity
of the PREMIUM-RD item bank. Finally, in this study, all items were administered to
participants as part of a complete item bank, which is different from the administration of
the CAT. Because the assessment of the precision and accuracy of the scores was based on
the data used to calibrate the IRT model, these indicators may have been overestimated.
Future work should assess the precision, accuracy, and validity of the PREMIUM-RD scores
based on adaptive item administration using an independent sample.

5. Conclusions

The PREMIUM project aims to develop item banks of PREMs and CAT specific to
SMIs (including schizophrenia, bipolar disorder, and major depressive disorder). This
work reported satisfactory psychometric characteristics for respect and dignity measured
using the PREMIUM-RD item bank, and the associated CAT showed a satisfactory level of
precision, allowing for more accurate and flexible measurement of patient experience than
that achieved by standard questionnaires. The use of advances in psychometric modeling
and computer technologies will help improve the use of patient-reported measures in
routine practice, thereby promoting a culture of patient-centered care.
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Appendix A

Table A1l. Parameter estimates (discrimination and thresholds) and fit statistics for the 21 items in the
final PREMIUM-RD item bank.

Item No. Discrimination Threshold 1 Threshold 2 Threshold 3 Threshold 4 Infit
RD1 3.35 —1.60 —0.40 - - 0.92
RD2 1.78 —1.90 —0.42 - - 0.88
RD3 0.81 —1.44 —1.26 —0.34 0.66 0.86
RD4 2.42 —1.90 —0.52 - - 0.95
RD6 2.65 —2.21 —0.45 - - 0.98
RD7 0.68 —0.80 0.05 - - 0.89
RDS8 1.40 —1.52 —0.51 - - 0.96
RD9 1.58 —1.38 —0.27 - - 0.84

RD10 1.79 —-0.97 —0.19 - - 0.74
RD11 1.13 -1.17 0.37 1.03
RD12 191 —1.25 —0.19 - - 0.89
RD13 2.44 —1.61 —0.11 - - 0.83
RD14 1.90 —1.36 —1.28 —0.90 0.03 0.95
RD16 2.95 —1.45 0.07 - - 0.78
RD18 3.48 —1.56 —0.11 - - 0.83
RD19 2.36 —1.53 —1.38 —1.01 —0.04 0.78
RD20 2.03 —1.23 0.51 - - 0.81
RD21 2.10 -1.25 0.41 - - 0.73
RD22 2.26 —1.58 0.10 - - 0.84
RD23 1.79 -1.73 0.27 - - 0.82
RD24 1.53 —1.84 —1.33 —0.95 0.37 0.74

Appendix B

Table A2. DIF results.

Item No. Sex Age Care Setting Main Diagnosis
p Value AR? p Value AR? p Value AR? p Value AR?

RD1 0.142 - 0.902 - 0.001 0.018 0.076 -

RD2 0.833 - 0.308 - <0.001 0.026 0.356 -

RD3 0.669 - 0.047 - 0.479 - 0.749 -

RD4 0.668 - 0.152 - 0.219 - 0.412 -

RD6 0.578 - 0.560 - 0.075 - 0.661 -

RD7 0.057 - 0.548 - 0.153 - 0.325 -

RD8 0.443 - 0.468 - 0.062 - 0.758 -

RD9 0.076 - 0.096 - 0.085 0.777 -

RD10 0.126 - 0.131 - 0.451 - 0.955 -

RD11 0.885 - 0.692 - 0.481 - 0.005 0.016

RD12 0.405 - 0.152 - 0.014 0.010 0.182 -

RD13 0.224 - 0.299 - 0.076 - 0.709 -

RD14 0.800 - 0.727 - 0.048 - 0.639 -

RD16 0.534 - 0.700 - 0.098 - 0.870 -

RD18 0.109 - 0.280 - 0.016 - 0.137 -

RD19 0.145 - 0.073 - 0.876 - 0.204 -

RD20 0.242 - 0.230 - <0.001 0.020 0.893 -

RD21 0.777 - 0.027 - 0.059 - 0.690 -

RD22 0.578 - 0.838 - 0.003 0.014 0.248 -

RD23 0.947 - 0.226 - 0.543 - 0.087 -

RD24 0.030 - 0.168 - 0.732 - 0.720 -

Notes: Bold values indicate DIF p value <0.01. AR?: DIF magnitude:

AR? > 0.26), or large (AR? > 0.26).

negligible (AR? < 0.13), moderate (0.13 <
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Appendix C

Table A3. List of the 21 items of the PREMIUM-RD item bank (English and French versions).

Items No. Item Content in English Item Content in French
RD1 You appreciated the welcome you received Vous avez apprécié(e) la facon dont vous avez été
accueilli(e)
RD2 Medical secrecy and the confidentiality of your Le secret médical et la confidentialité des informations
information have been respected vous concernant ont été respectés
RD3 You had easy access to the information in your medical =~ Vous avez pu facilement avoir acces aux informations
record contenues dans votre dossier médical
RD4 Your bodily privacy has been respected Votre intimité corporelle a été respectée
RD6 Your cultural and religious practices (beliefs, lifestyle, Vos pratiques culturelles et religieuses (croyances,
diet, etc.) have been respected habitudes de vie, alimentation, etc.) ont été respectées
RD7 You were embarrassed to have to answer intrusive Vous avez été géné(e) d’avoir a répondre a des questions
questions indiscretes
RDS You have been the subject of hurtful remarks (about Vous avez fait I'objet de remarques blessantes (sur votre
your physical appearance, your behavior, etc.) apparence physique, votre comportement, etc.)
RD9 Some professionals have spoken in front of you as if you  Certains professionnels ont parlé devant vous comme si
were not there vous n’étiez pas la
RD10 You felt that you were not “taken seriously” an.ls avez I'impression de ne pas « étre pris(e) au
sérieux »
RD11 You felt that the time spent with you was sufficient Vous avez eu ! LMPression que le temps qui vous a été
consacré était suffisant
RD12 You have felt negatively judged (“stigmatized”) Vous aYez eu le.sentimer}t d'étre jugé négativement («
ressenti de la stigmatisation »)
RD13 You have been treated as a “whole person” \e/r(:tlilgri‘fz été traité(e) comme un « individu a part
RD14 You felt like you were spoken to as an equal Vous avez ressenti que I'on vous parlait d’« égal a égal »
RD16 Your opinions have been taken into account Vos opinions ont été prises en compte
RD18 Your rights have been respected Vos droits ont été respectés
RD19 You felt confident Vous vous étes senti(e) en confiance
RD20 You think you have received all important information ~ Vous pensez avoir requ toutes les informations
regarding your care importantes sur votre prise en charge
RD21 You think you have been involved in all important Vous pensez avoir été impliqué(e) dans les décisions
decisions regarding your care importantes de votre prise en charge
RD22 You knew who to talk to when necessary t\)/2;1051 Ia:vez su a qui vous adresser quand vous en avez eu
RD23 Your care has helped you to improve your well-being }:\)]1 .(:[;?élt);;se en charge vous a aidé(e) a ameliorer votre
RD24 Your care has met your expectations and needs ;/otre? prise en charge a répondu a vos attentes et vos
esoins

References

1. Kilbourne, A.M.; Beck, K.; Spaeth-Rublee, B.; Ramanuj, P.; O’Brien, R.W.; Tomoyasu, N.; Pincus, H.A. Measuring and improving
the quality of mental health care: A global perspective. World Psychiatry 2018, 17, 30-38. [CrossRef] [PubMed]

2. Institute of Medicine. Crossing the Quality Chasm: A New Health System for the 21st Century; National Academies Press: Washington,
DC, USA, 2001.

3. Institute of Medicine. Improving the Quality of Health Care for Mental and Substance-Use Conditions; National Academies Press:
Washington, DC, USA, 2006.

4. Baca-Garcia, E.; Perez-Rodriguez, M.M.; Basurte-Villamor, I.; Lépez-Castromdn, J.; del Moral, A.L.F,; Jimenez-Arriero, M.A ;
de Rivera, ].L.G.; Saiz-Ruiz, ].; Leiva-Murillo, ].M.; de Prado-Cumplido, M; et al. Diagnostic stability and evolution of bipolar
disorder in clinical practice: A prospective cohort study. Acta Psychiatr. Scand. 2007, 115, 473-480. [CrossRef] [PubMed]

5. Fond, G.; Boyer, L.; Andrianarisoa, M.; Godin, O.; Brunel, L.; Bulzacka, E.; Coulon, N.; Llorca, P; Berna, F; Aouizerate, B.; et al.
Risk factors for increased duration of untreated psychosis. Results from the FACE-SZ dataset. Schizophr. Res. 2018, 195, 529-533.
[CrossRef] [PubMed]

6. Lieberman, J.A.; Fenton, W.S. Delayed Detection of Psychosis: Causes, Consequences, and Effect on Public Health. Am. ].
Psychiatry 2000, 157, 1727-1730. [CrossRef] [PubMed]

7. Csernansky, ].G.; Schuchart, E.K. Relapse and rehospitalisation rates in patients with schizophrenia: Effects of second generation

antipsychotics. CNS Drugs 2002, 16, 473-484. [CrossRef] [PubMed]


http://doi.org/10.1002/wps.20482
http://www.ncbi.nlm.nih.gov/pubmed/29352529
http://doi.org/10.1111/j.1600-0447.2006.00984.x
http://www.ncbi.nlm.nih.gov/pubmed/17498159
http://doi.org/10.1016/j.schres.2017.08.058
http://www.ncbi.nlm.nih.gov/pubmed/28888362
http://doi.org/10.1176/appi.ajp.157.11.1727
http://www.ncbi.nlm.nih.gov/pubmed/11058464
http://doi.org/10.2165/00023210-200216070-00004
http://www.ncbi.nlm.nih.gov/pubmed/12056922

J. Clin. Med. 2022, 11, 1644 15 of 17

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Hamilton, J.E.; Passos, I.C.; Cardoso, T.D.A.; Jansen, K.; Allen, M.; Begley, C.E.; Soares, J.C.; Kapczinski, F. Predictors of psychiatric
readmission among patients with bipolar disorder at an academic safety-net hospital. Aust. N. Z. J. Psychiatry 2016, 50, 584-593.
[CrossRef] [PubMed]

Biesheuvel-Leliefeld, K.E.; Kok, G.D.; Bockting, C.L.; Cuijpers, P.; Hollon, S.D.; Van Marwijk, HW.; Smit, F. Effectiveness of
psycho-logical interventions in preventing recurrence of depressive disorder: Meta-analysis and meta-regression. J. Affect. Disord.
2015, 174, 400-410. [CrossRef] [PubMed]

Hill, M.; Crumlish, N.; Clarke, M.; Whitty, P.; Owens, E.; Renwick, L.; Brownead, S.; Macklin, E.A_; Kinsella, A.; Larkin, C.; et al.
Prospective relationship of duration of untreated psy-chosis to psychopathology and functional outcome over 12 years. Schizopht.
Res. 2012, 141, 215-221. [CrossRef] [PubMed]

Saarni, S.I.; Viertio, S.; Peréld, J.; Koskinen, S.; Lonnqvist, J.; Suvisaari, J. Quality of life of people with schizophrenia, bipolar
disor-der and other psychotic disorders. Br. |. Psychiatry 2010, 197, 386-394. [CrossRef] [PubMed]

McIntyre, R.S. Understanding needs, interactions, treatment, and expectations among individuals affected by bipolar disorder or
schizophrenia: The UNITE global survey. J. Clin. Psychiatry 2009, 70 (Suppl. S3), 3-11. [CrossRef] [PubMed]

Haro, ].M.; Reed, C.; Gonzalez-Pinto, A.; Novick, D.; Bertsch, J.; Vieta, E. 2-year course of bipolar disorder type I patients
in outpa-tient care: Factors associated with remission and functional recovery. Eur. Neuropsychopharmacol. 2011, 21, 287-293.
[CrossRef] [PubMed]

Correll, C.U. Using patient-centered assessment in schizophrenia care: Defining recovery and discussing concerns and prefer-
ences. |. Clin. Psychiatry 2020, 81, 26418. [CrossRef] [PubMed]

Garratt, A.; Solheim, E.; Danielsen, K. National and Cross-National Surveys of Patient Experiences: A Structured Review; Knowledge
Centre for the Health Services: Oslo, Norway, 2008; Report No.07-2008.

Fernandes, S.; Fond, G.; Zendjidjian, X.Y.; Baumstarck, K.; Lancon, C.; Berna, E; Schurhoff, E; Aouizerate, B.; Henry, C.; Etain, B,;
et al. Measuring the Patient Experience of Mental Health Care: A Systematic and Critical Review of Patient-Reported Experience
Measures. Patient Prefer. Adherence 2020, 14, 2147. [CrossRef] [PubMed]

Cella, D.; Gershon, R.; Lai, J.-S.; Choi, S. The future of outcomes measurement: Item banking, tailored short-forms, and
computerized adaptive assessment. Qual. Life Res. 2007, 16 (Suppl. S1), 133-141. [CrossRef] [PubMed]

Bjorner, ].B.; Chang, C.-H.; Thissen, D.; Reeve, B.B. Developing tailored instruments: Item banking and computerized adaptive
assessment. Qual. Life Res. 2007, 16 (Suppl. S1), 95-108. [CrossRef] [PubMed]

Embretson, S.E.; Reise, S.P. Item Response Theory for Psychologists; Lawrence Erlbaum Associates: Mahwah, NJ, USA, 2000.
Weiss, D.J. Computerized Adaptive Testing for Effective and Efficient Measurement in Counseling and Education. Meas. Eval.
Couns. Dev. 2004, 37, 70-84. [CrossRef]

Michel, P.; Baumstarck, K.; Lancon, C.; Ghattas, B.; Loundou, A.; Auquier, P.; Boyer, L. Modernizing quality of life assessment:
Devel-opment of a multidimensional computerized adaptive questionnaire for patients with schizophrenia. Qual. Life Res. 2018,
27,1041-1054. [CrossRef] [PubMed]

Fernandes, S.; Fond, G.; Zendjidjian, X.; Michel, P.; Baumstarck, K.; Lancon, C.; Berna, F.; Schurhoff, F.; Aouizerate, B.; Henry,
C.; et al. The Patient-Reported Experience Measure for Improving qUality of care in Mental health (PREMIUM) project in
France: Study protocol for the development and imple-mentation strategy. Patient Prefer. Adherence 2019, 13, 165-177. [CrossRef]
[PubMed]

Fernandes, S.; Fond, G.; Zendjidjian, X.; Michel, P; Langon, C.; Berna, F.; Schurhoff, F.; Aouizerate, B.; Henry, C.; Etain, B.; et al. A
conceptual framework to develop a patient-reported experience measure of the quality of mental health care: A qualitative study
of the PREMIUM project in France. J. Mark. Access Health Policy 2021, 9, 1885789. [CrossRef]

de Bienassis, K.; Kristensen, S.; Hewlett, E.; Roe, D.; Mainz, J.; Klazinga, N. Patient-reported indicators in mental health care:
To-wards international standards among members of the OECD. Int. J. Qual. Health Care 2021, 33, mzab020. [CrossRef]
American Psychiatric Association. DSM-5: Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; American Psychiatric
Association: Washington, DC, USA, 2013.

Endicott, J.; Spitzer, R.; Fleiss, J.; Cohen, J. The global assessment scale. A procedure for measuring overall severity of psychiatric
disturbance. Arch. Gen. Psychiatry 1976, 33, 766-771. [CrossRef] [PubMed]

Ware, J.E.; Kosinski, M.; Keller, S.D. How to Score the SF-12 Physical and Mental Health Summary Scales, 2nd ed.; The Health Institute,
New England Medical Center: Boston, MA, USA, 1995.

Reeve, B.B.; Hays, R.D.; Bjorner, ].B.; Cook, K.E; Crane, PK.; Teresi, ].A.; Thissen, D.; Revicki, D.A.; Weiss, D.J.; Hambleton,
R.K,; et al. Psychometric evaluation and calibration of health-related quality of life item banks: Plans for the Patient-Reported
Outcomes Measurement Information System (PRO-MIS). Med. Care 2007, 45 (Suppl. S1), S22-S31. [CrossRef] [PubMed]

Cella, D.; Riley, W.; Stone, A.; Rothrock, N.; Reeve, B.; Yount, S.; Amtmann, D.; Bode, R.; Buysse, D.; Choi, S.; et al. The Patient-
Reported Outcomes Measurement Information System (PROMIS) developed and tested its first wave of adult self-reported health
outcome item banks: 2005-2008. J. Clin. Epidemiol. 2010, 63, 1179-1194. [CrossRef] [PubMed]

Cronbach, L.J. Coefficient alpha and the internal structure of tests. Psychometrika 1951, 16, 297-334. [CrossRef]

Hooper, D.; Coughlan, J.; Mullen, M.R. Structural equation modelling: Guidelines for determining model fit. Electron. J. Bus. Res.
Methods 2008, 6, 53-60.

Kline, R.B. Principles and Practice of Structural Equation Modeling, 2nd ed.; Guilford Press: New York, NY, USA, 2015; ISBN
9781462523344,


http://doi.org/10.1177/0004867415605171
http://www.ncbi.nlm.nih.gov/pubmed/26377747
http://doi.org/10.1016/j.jad.2014.12.016
http://www.ncbi.nlm.nih.gov/pubmed/25553400
http://doi.org/10.1016/j.schres.2012.08.013
http://www.ncbi.nlm.nih.gov/pubmed/23006501
http://doi.org/10.1192/bjp.bp.109.076489
http://www.ncbi.nlm.nih.gov/pubmed/21037216
http://doi.org/10.4088/JCP.7075su1c.02
http://www.ncbi.nlm.nih.gov/pubmed/19570496
http://doi.org/10.1016/j.euroneuro.2010.08.001
http://www.ncbi.nlm.nih.gov/pubmed/20956071
http://doi.org/10.4088/JCP.MS19053BR2C
http://www.ncbi.nlm.nih.gov/pubmed/32297720
http://doi.org/10.2147/PPA.S255264
http://www.ncbi.nlm.nih.gov/pubmed/33192054
http://doi.org/10.1007/s11136-007-9204-6
http://www.ncbi.nlm.nih.gov/pubmed/17401637
http://doi.org/10.1007/s11136-007-9168-6
http://www.ncbi.nlm.nih.gov/pubmed/17530450
http://doi.org/10.1080/07481756.2004.11909751
http://doi.org/10.1007/s11136-017-1553-1
http://www.ncbi.nlm.nih.gov/pubmed/28343349
http://doi.org/10.2147/PPA.S172100
http://www.ncbi.nlm.nih.gov/pubmed/30718945
http://doi.org/10.1080/20016689.2021.1885789
http://doi.org/10.1093/intqhc/mzab020
http://doi.org/10.1001/archpsyc.1976.01770060086012
http://www.ncbi.nlm.nih.gov/pubmed/938196
http://doi.org/10.1097/01.mlr.0000250483.85507.04
http://www.ncbi.nlm.nih.gov/pubmed/17443115
http://doi.org/10.1016/j.jclinepi.2010.04.011
http://www.ncbi.nlm.nih.gov/pubmed/20685078
http://doi.org/10.1007/BF02310555

J. Clin. Med. 2022, 11, 1644 16 of 17

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.
48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Reise, S.P.; Morizot, J.; Hays, R.D. The role of the bifactor model in resolving dimensionality issues in health outcomes measures.
Qual. Life Res. 2007, 16, 19-31. [CrossRef] [PubMed]

Reise, S.P; Scheines, R.; Widaman, K.E; Haviland, M.G. Multidimensionality and structural coefficient bias in structural equation
modeling: A bifactor perspective. Educ. Psychol. Meas. 2013, 73, 5-26. [CrossRef]

Rodriguez, A.; Reise, S.P,; Haviland, M.G. Applying bfactor statistical indices in the evaluation of psychological measures. J.
Personal. Assess. 2016, 98, 223-237. [CrossRef]

Bjorner, ].B.; Kosinski, M.; Ware, J.E., Jr. Calibration of an item pool for assessing the burden of headaches: An application of item
response theory to the Headache Impact Test (HIT™). Qual. Life Res. 2003, 12, 913-933. [CrossRef]

Fliege, H.; Becker, J.; Walter, O.B.; Bjorner, ].B.; Klapp, B.F.; Rose, M. Development of a Computer-adaptive Test for Depression
(D-CAT). Qual. Life Res. 2005, 14, 2277-2291. [CrossRef]

Akaike, H. A new look at the statistical model identification. IEEE Trans. Autom. Control 1974, 19, 716-723. [CrossRef]

Schwarz, G. Estimating the Dimension of a Model. Ann. Stat. 1978, 6, 461-464. [CrossRef]

Muraki, E. A Generalized Partial Credit Model: Application of an EM Algorithm. Appl. Psychol. Meas. 1992, 16, 159-176.
[CrossRef]

Masters, G.N. A rasch model for partial credit scoring. Psychometrika 1982, 47, 149-174. [CrossRef]

Ware, ].E.; Bjorner, ].B.; Kosinski, M. Practical implications of item response theory and computerized adaptive testing: A brief
summary of ongoing studies of widely used headache impact scales. Med. Care 2000, 38 (Suppl. S9), I173-1I82. [CrossRef]
[PubMed]

Bock, R.D.; Aitkin, M. Marginal maximum likelihood estimation of item parameters: Application of an EM algorithm. Psychome-
trika 1981, 46, 443-459. [CrossRef]

Baker, EB. The Basics of Item Response Theory, 2nd ed.; ERIC Clearinghouse on Assessment and Evaluation: Washington, DC, USA,
2001.

Chang, H.-H,; Ying, Z. A Global Information Approach to Computerized Adaptive Testing. Appl. Psychol. Meas. 1996, 20, 213-229.
[CrossRef]

Bond, T.G.; Fox, C.M. Applying the Rasch Model: Fundamental Measurement in the Human Sciences, 2nd ed.; Lawrence Erlbaum
Associates: Mahwah, NJ, USA, 2007.

Wright, B.D.; Linacre, ]. M. Reasonable mean-square fit values. Rasch Meas. Trans. 1994, 8, 370.

Zieky, M. Differential item functioning. In Practical Questions in the Use of DIF Statistics in Test Development; Holland, P.W., Wainer,
H., Eds.; Lawrence Erlbaum Associates: Hillsdale, NJ, USA, 1993; pp. 337-347.

Rogers, H.J. Differential Item Functioning. In Encyclopedia of Statistics in Behavioral Science; Everitt, B.S., Howell, D.C., Eds.; John
Wiley & Sons, Ltd.: Chichester, UK, 2005; pp. 485-490.

Zumbo, B. A Handbook on the Theory and Methods of Differential ITEM functioning (DIF): Logistic Regression Modeling as a Unitary
Framework for Binary and Likert-Type (Ordinal) Item Scores; Directorate of Human Resources Research and Evaluation, Department
of National Defense: Ottawan, ON, Canada, 1999.

Bock, R.D.; Mislevy, R.J. Adaptive EAP Estimation of Ability in a Microcomputer Environment. Appl. Psychol. Meas. 1982, 6,
431-444. [CrossRef]

Choi, S.W.; Swartz, R.J. Comparison of CAT Item Selection Criteria for Polytomous Items. Appl. Psychol. Meas. 2009, 33, 419-440.
[CrossRef]

Harvill, L.M. Standard error of measurement: An NCME instructional module onan NCME instructional module on. Educ. Meas.
Issues Pract. 1991, 10, 33—41. [CrossRef]

Choi, S.W.; Reise, S.P; Pilkonis, P.A.; Hays, R.D.; Cella, D. Efficiency of static and computer adaptive short forms compared to
full-length measures of depressive symptoms. Qual. Life Res. 2009, 19, 125-136. [CrossRef] [PubMed]

IBM Corp. IBM SPSS Statistics for Windows; Version 20.0.; Released 2011; IBM Corp.: Armonk, NY, USA, 2011.

Muthén, L.K.; Muthén, B.O. Mplus User’s Guide, 7th ed.; Muthén & Muthén: Los Angeles, CA, USA, 2012.

R Core Team. R: A Language and Environment for Statistical Computing. R Foundation for Statistical Computing; R Foundation for
Statistical Computing: Vienna, Austria, 2020.

Chalmers, R.P. Mirt: A multidimensional item response theory package for the R environment. J. Stat. Softw. 2012, 48, 1-29.
[CrossRef]

Choi, S.W.; Gibbons, L.E.; Crane, PK. Lordif: An R package for detecting differential item functioning using iterative hybrid
ordi-nal logistic regression/item response theory and monte carlo simulations. J. Stat. Softw. 2011, 39, 1-30. [CrossRef] [PubMed]
Dueber, D. BifactorIndicesCalculator: A Package for Computing Statistical Indices Relevant to Bifactor Measurement Models.
Available online: https:/ /cran.r-project.org/web/packages/BifactorIndicesCalculator/BifactorIndicesCalculator.pdf (accessed
on 12 June 2021).

Chalmers, R.P. Generating Adaptive and Non-Adaptive Test Interfaces for Multidimensional Item Response Theory Applications.
J. Stat. Softw. 2016, 71, 1-38. [CrossRef]

Black, N.; Varaganum, M.; Hutchings, A. Relationship between patient reported experience (PREMs) and patient reported
out-comes (PROMs) in elective surgery. BM] Qual. Saf. 2014, 23, 534-542. [CrossRef] [PubMed]

Doyle, C.; Lennox, L.; Bell, D. A systematic review of evidence on the links between patient experience and clinical safety and
effectiveness. BMJ Open 2013, 3, e001570. [CrossRef] [PubMed]


http://doi.org/10.1007/s11136-007-9183-7
http://www.ncbi.nlm.nih.gov/pubmed/17479357
http://doi.org/10.1177/0013164412449831
http://doi.org/10.1080/00223891.2015.1089249
http://doi.org/10.1023/A:1026163113446
http://doi.org/10.1007/s11136-005-6651-9
http://doi.org/10.1109/TAC.1974.1100705
http://doi.org/10.1214/aos/1176344136
http://doi.org/10.1177/014662169201600206
http://doi.org/10.1007/BF02296272
http://doi.org/10.1097/00005650-200009002-00011
http://www.ncbi.nlm.nih.gov/pubmed/10982092
http://doi.org/10.1007/BF02293801
http://doi.org/10.1177/014662169602000303
http://doi.org/10.1177/014662168200600405
http://doi.org/10.1177/0146621608327801
http://doi.org/10.1111/j.1745-3992.1991.tb00195.x
http://doi.org/10.1007/s11136-009-9560-5
http://www.ncbi.nlm.nih.gov/pubmed/19941077
http://doi.org/10.18637/jss.v048.i06
http://doi.org/10.18637/jss.v039.i08
http://www.ncbi.nlm.nih.gov/pubmed/21572908
https://cran.r-project.org/web/packages/BifactorIndicesCalculator/BifactorIndicesCalculator.pdf
http://doi.org/10.18637/jss.v071.i05
http://doi.org/10.1136/bmjqs-2013-002707
http://www.ncbi.nlm.nih.gov/pubmed/24508681
http://doi.org/10.1136/bmjopen-2012-001570
http://www.ncbi.nlm.nih.gov/pubmed/23293244

J. Clin. Med. 2022, 11, 1644 17 of 17

64.

65.
66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Kingsley, C.; Patel, S. Patient-reported outcome measures and patient-reported experience measures. BJA Educ. 2017, 17, 137-144.
[CrossRef]

Coulter, A. Measuring what matters to patients. BMJ 2017, 356, j816. [CrossRef] [PubMed]

de Bienassis, K.; Kristensen, S.; Hewlett, E.; Roe, D.; Mainz, J.; Klazinga, N. Measuring patient voice matters: Setting the scene for
patient-reported indicators. Int. . Qual. Health Care 2021, 33, mzab002. [CrossRef] [PubMed]

Haute Autorité de Santé. Qualité Des Soins Pergue Par le Patient—Indicateurs PROMs et PREMs. Panorama D’expériences
Etrangeres et Principaux Enseignements. Available online: https://www.has-sante.fr/upload/docs/application /pdf/2021-07/
rapport_panorama_proms_prems_2021.pdf (accessed on 12 August 2021).

Gleeson, H.; Calderon, A.; Swami, V.; Deighton, J.; Wolpert, M.; Edbrooke-Childs, J. Systematic review of approaches to using
pa-tient experience data for quality improvement in healthcare settings. BM] Open 2016, 6, e011907. [CrossRef] [PubMed]
Anhang Price, R.; Elliott, M.N.; Zaslavsky, A.M.; Hays, R.D.; Lehrman, W.G.; Rybowski, L.; Edgman-Levitan, S.; Cleary, P.
Examining the role of patient expe-rience surveys in measuring health care quality. Med. Care Res. Rev. 2014, 71, 522-554.
[CrossRef] [PubMed]

Boyer, L.; Fond, G.; Devictor, B.; Samuelian, J.C.; Lancon, C.; Rouillon, F,; Gaillard, R.; Zendjidjian, X.; Llorca, P.-M. Reflection on
the psychiatric financial allocation in France. L'encephale 2016, 42, 379-381. [CrossRef] [PubMed]

Cappelleri, J.C.; Jason Lundy, J.; Hays, R.D. Overview of classical test theory and item response theory for the quantitative
as-sessment of items in developing patient-reported outcomes measures. Clin. Ther. 2014, 36, 648-662. [CrossRef] [PubMed]
Nguyen, TH.; Han, H.-R.; Kim, M.T,; Chan, K.S. An introduction to item response theory for patient-reported outcome
measurement. Patient 2014, 7, 23-35. [CrossRef] [PubMed]

Petersen, M.A.; Groenvold, M.; Aaronson, N.K.; Chie, W.-C.; Conroy, T.; Costantini, A.; Fayers, P.; Helbostad, J.; Holzner, B.;
Kaasa, S.; et al. Development of computerised adap-tive testing (CAT) for the EORTC QLQ-C30 dimensions—General approach
and initial results for physical functioning. Eur. |. Cancer 2010, 46, 1352-1358. [CrossRef]

Maydeu-Olivares, A.; Drasgow, F.; Mead, A.D. Distinguishing among parametric item response models for polychotomous
or-dered data. Appl. Psychol. Meas. 1994, 18, 245-256. [CrossRef]

Edelen, M.O.; Reeve, B.B. Applying item response theory (IRT) modeling to questionnaire development, evaluation, and
refinement. Qual. Life Res. 2007, 16, 5-18. [CrossRef]


http://doi.org/10.1093/bjaed/mkw060
http://doi.org/10.1136/bmj.j816
http://www.ncbi.nlm.nih.gov/pubmed/28219884
http://doi.org/10.1093/intqhc/mzab002
http://www.ncbi.nlm.nih.gov/pubmed/33575802
https://www.has-sante.fr/upload/docs/application/pdf/2021-07/rapport_panorama_proms_prems_2021.pdf
https://www.has-sante.fr/upload/docs/application/pdf/2021-07/rapport_panorama_proms_prems_2021.pdf
http://doi.org/10.1136/bmjopen-2016-011907
http://www.ncbi.nlm.nih.gov/pubmed/27531733
http://doi.org/10.1177/1077558714541480
http://www.ncbi.nlm.nih.gov/pubmed/25027409
http://doi.org/10.1016/j.encep.2016.03.014
http://www.ncbi.nlm.nih.gov/pubmed/27480390
http://doi.org/10.1016/j.clinthera.2014.04.006
http://www.ncbi.nlm.nih.gov/pubmed/24811753
http://doi.org/10.1007/s40271-013-0041-0
http://www.ncbi.nlm.nih.gov/pubmed/24403095
http://doi.org/10.1016/j.ejca.2010.02.011
http://doi.org/10.1177/014662169401800305
http://doi.org/10.1007/s11136-007-9198-0

	Introduction 
	Materials and Methods 
	Study Design and Setting 
	Inclusion Criteria 
	Data Collection 
	Statistical Analysis 
	Descriptive Analysis 
	Evaluation of the Assumptions of the IRT Model 
	Calibration and Fitting of an IRT Model to the Data 
	Evaluation of Differential Item Functioning (DIF) 
	External Validation of the Item Bank 
	Elaboration of Item Administration algorithm 


	Results 
	Description of the Cohort 
	Descriptive Analysis 
	Evaluation of the Assumptions of an IRT Model 
	Calibration and Fitting of an IRT Model to the Data 
	Evaluation of Differential Item Functioning (DIF) 
	External Validity of the Item Bank 
	Elaboration of Item Administration Algorithm 

	Discussion 
	Implications for Clinical Practice 
	Limitations 

	Conclusions 
	Appendix A
	Appendix B
	Appendix C
	References

