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Abstract: BACKGROUND
People living with serious mental health conditions experience increased morbidity due
to physical health issues driven by medication side-effects and lifestyle factors.
Coordinated mental and physical healthcare delivered in accordance with a care plan
could help to reduce morbidity and mortality in this population. Efforts to develop new
models of care are stymied by a lack of validated instruments to accurately assess the
extent to which mental health services users and their carers are involved in care
planning for physical health.
OBJECTIVE
To develop a brief and accurate patient-reported outcome measure (PROM) capable of
assessing mental health services user and carer involvement in physical health care
planning.
METHODS
We employed psychometric and statistical techniques to refine a bank of candidate
questionnaire items, derived from qualitative interviews,  into a valid and reliable
measure of service user and carer involvement in care planning for physical health. We
assessed the psychometric performance of the item bank using Mokken and Rasch
analyses. Our analyses included unidimensionality, scalability, fit to the partial credit
Rasch model, category threshold ordering, local dependency, differential item
functioning, and test-retest reliability. Once purified of poorly performing and erroneous
items, we simulated computerized adaptive tests with 15, 10 and 5 items using the
calibrated item bank.
RESULTS
Issues with category threshold ordering, local dependency and differential item
functioning were evident for a number of items in the nascent item bank and were
resolved by removing problematic items. The final 19 item PROM had excellent fit to
the Rasch model (x2 = 123.58, df = 133, P=.23, RMSEA = .04 (95% CI = 0-.07)) and
high reliability (marginal r = 0.93). The correlation between theta scores at baseline
and 2-week follow-up was high (r = .70, P < .01) and 94.9% of assessment pairs were
within the Bland Altman limits of agreement. Simulated computerized adaptive testing
demonstrated that assessments could be made using as few as 10 items (mean SE =
.43).
DISCUSSION
We have developed a flexible patient reported outcome measure to quantify service
user and carer involvement in physical health care planning. We demonstrate the
potential to substantially reduce assessment length by utilizing computerized adaptive
testing administration.
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To the Editor and Reviewers,

We thank the Editorial and Review team for providing an in-depth and useful review.
We have been able to respond positively to all of the suggestions made by the team
and have detailed the changes which we have made in this document. At the request
of the journal, we have added information about our assessment of capacity of consent
as well as two anonymized datasets containing the data we used in our research.

We believe that the changes have bolstered both the scientific rigor of the work and its
likely impact on the field of multidisciplinary care for users and carers involved with
serious mental health care services.

Kind regards,

Chris Gibbons
Harvard Medical School

Comments to the Author

1. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data
that supports the conclusions. Experiments must have been conducted rigorously, with
appropriate controls, replication, and sample sizes. The conclusions must be drawn
appropriately based on the data presented.

Reviewer #1: Partly

Reviewer #2: Yes

2. Has the statistical analysis been performed appropriately and rigorously?

Reviewer #1: No

Reviewer #2: Yes

3. Have the authors made all data underlying the findings in their manuscript fully
available?

The PLOS Data policy requires authors to make all data underlying the findings
described in their manuscript fully available without restriction, with rare exception
(please refer to the Data Availability Statement in the manuscript PDF file). The data
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should be provided as part of the manuscript or its supporting information, or deposited
to a public repository. For example, in addition to summary statistics, the data points
behind means, medians and variance measures should be available. If there are
restrictions on publicly sharing data—e.g. participant privacy or use of data from a third
party—those must be specified.

Reviewer #1: Yes

Reviewer #2: Yes

4. Is the manuscript presented in an intelligible fashion and written in standard
English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted
articles must be clear, correct, and unambiguous. Any typographical or grammatical
errors should be corrected at revision, so please note any specific errors here.

Reviewer #1: Yes

Reviewer #2: Yes

5. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You
may also include additional comments for the author, including concerns about dual
publication, research ethics, or publication ethics. (Please upload your review as an
attachment if it exceeds 20,000 characters)

Reviewer #1: Some aspects of the design of the study and the analytical procedures
deserve more details or need clarification. In particular:

a) In the selection of the final 19 items from an initial larger pool, the authors used two
measurement models (Mokken and Rasch), using the first (Mokken) as a tool for
selecting scalable and unidimensional items and the second (Rasch) to refined the
selection. I am slightly perplexed by this approach, that, anyway, has to be more
adequately motivated in the article. Moreover, the tenure of the assumptions of the
Rasch model need to be evaluate and report in the text. This is particularly important
with regard to the unidimensionality assumption. Several tools are available, such as
Cronbach's Alpha, Principal component analysis conducted on model residuals, the
use of the MIRT (Multidimensional Item Response Theory) family models. I urge the
Authors to supply information about this aspect.

We thank the Reviewer for their insightful review of our article. We have made a
number of additions to the manuscript based on the requests made in this paragraph:

We have added information on the method which we have utilized, especially
regarding the interface between Rasch and Mokken analyses and the estimation of
dimensionality. We have added a new reference which more clearly states the
potential for combining the two methodologies, as well as the existing references which
signpost studies that have used the same approach previously. The new text is added
below (from Methods, page 4):

“We fitted data from nascent scale to the partial credit “Rasch” model (PCM)13,14 in
order to assess psychometric performance. We evaluated factor structure, scalability
and monotonicity by fitting data to non-parametric Mokken model before more rigorous
psychometric assessments using the PCM.15  The combination of the two
methodologies has been shown to be useful in previous research conducted by
members of our group and others.16–19
Where scale data did not conform to the assumptions of either the Mokken or the
partial credit model, an iterative process of item reduction was undertaken to remove
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the violating items from the analysis.20
The iterative process involved assessments of scalability, model and item fit to the
PCM, category threshold disordering, local dependency, and differential item
functioning (DIF). Each concept and the method by which it is assessed is described in
greater detail below.
MOKKEN ANALYSIS
The Mokken model is a non-parametric extension of the simple deterministic Guttman
scaling model. 21 The model provides a framework to extend the unreastically error-
free Guttman models using probabilistic estimation, thus accounting for measurement
error.22 As a non-parametric item response theory (NIRT) model, the Mokken models
relax some assumptions of item response theory whilst affirming essential assumptions
such as unidimensionality and scalability.22 We fitted data to the double monotonicity
model, a NIRT model which estimates a single parameter for each item (i.e., the level
of the construct which that item assesses). By successfully fitting scale data to a
Mokken model it can be said to be both unidimensional and properly scaled. We
utilized parallel polychoric principal component analysis which compared the
experimental eigenvalues with a Monte Carlo simulated eigenvalues to verify the
unidimensional factor structure before proceeding to item response theory
analysis.23,24
“

b) After a process of item selection and response categories aggregation very
articulated and punctually reported, the Authors arrived at the estimation of a Partial
Credit model with 19 items, whose results - however - must be described more in
detail. In Table 2, it is not clear what are the parameters "b1" and "b2" (maybe this is a
particular notation of the software used?). More importantly, individual item's
information related to the SEM (Standard Error of Measurement) and the Fit (e.g.: chi-
square statistic; inlier-pattern-sensitive fit statistic or INFIT; outlier-sensitive fit statistic
or OUTFIT; etc.) need to be added.

In response to these comments we have recreated Table 2. The modified Table, which
is copied below here, now includes information on the item fit for each of the items and
includes a legend which described the Delta parameters (we have previously used the
IRT convention of naming the threshold parameters b1, b1 rather than the Rasch
convention of naming them delta1, delta2, etc.)

We have also added an item information curve for the entire item bank in a new figure
shown below.

Figure 4 – Overall Scale Information and Standard Error
Key – SE = Standard Error

c) It seems (not being explicitly stated in the text) that the number of items from which
the analysis began is 62 (or 91?). If so, it is a rather large number of questions, fulfilled
by 267 people (most of them seriously ill). Given that the task would be burdensome
even for healthy people, it is desirable that the Authors provide some additional
information regarding any difficulties encountered during the "data collection" phase
(for example: any assistance in completing the questionnaire, possible treatment of
responses missing, etc.).

We have reported the questionnaire completion rates and provided information on the
methodology we used to collect this information. We did not save any data for users or
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carers who did not finish the questionnaire. For the responses we did receive, 2966 out
of 18291 (16%) responses were missing, models were fitted without imputation
although IRT imputation was necessary to calculate model and item fit statistics. The
responses are shown below with new text shown in red (page 6).

In the Methods:
“For items flagged as having signficiant DIF following Bonferroni correction, we used
the McFadden pseudo R2 estimation with recommend cut-off of R2 > .035 being
indicative of meaningful DIF.33 By assessing DIF between service users and carers we
will explore the suitablility of the nascent PROM for both groups. Models were fitted
with missing data present. However, missing data were imputed using IRT-based
estimation.34 Given the well-documented issues with model fit statistics, we prioritized
meeting the assumptions of the Mokken and Rasch models over model fit, as has been
recommended elsewhere.35”

In the Results:
We collected data from 267 mental health services users from the United Kingdom. 67
participants completed the 67 candidate questionnaire items a second time after two
weeks. No data were available on the number of participants who began the survey but
did not complete it. Missing responses were given in 2966 or 18291 cells (16%).”

d) Does the final 10-items instrument cover the content domains reported at p. 3?
Moreover, in the light of the large number of items showing local dependency (27), how
can the Authors exclude that more than 1 latent dimensions were necessary to model
the initial pool of items?

The final 19-items cover the themes we uncovered which were relevant to service
users and their carers. The exact items which are completed by a user or carer under
CAT conditions are difficult to determine without content balancing, which we did not
employ in our simulations. We have added a comment in the Discussion section
related to this information, which now reads:

“It is noteworthy that when administering CATs each individual respondent is likely to
complete different combinations of items which form a subset of the complete item
bank. Though the scores between the unidimensional CAT and the fixed-length short-
form are highly correlated, there is no guarantee that every patient will complete items
from each of the content domains which were nominated by service users and carers.
In the current manuscript, we prioritize brevity and accuracy and simulate CAT
administration without content balancing or prioritizing certain items. We acknowledge
that other users may prioritize item exposure and thus may utilize CATs differently.”

We are not aware of a reason that local dependency ought to signal
multidimensionality and so cannot refer to this issue directly. We did employ the AISP
procedure in Mokken analysis and have now add an additional stage including a
parallel principal components analysis based on a polychoric matrix to demonstrate the
sufficiency of extracting a single factor. This change has led to amendments in both the
Method and Results sections of the manuscript.

In the Methods:
“We utilized parallel polychoric principal component analysis which compared the
experimental eigenvalues with a Monte Carlo simulated eigenvalues to verify the
unidimensional factor structure before proceeding to item response theory
analysis.22,23”

And in the Results:
“The 57 remaining items were free from violations of monotonicity and were
unidimensional. Parallel principal component and factor analysis confirmed the
unidimensional structure of the dataset as the eigenvalue for the second
factor/component (2.87, 2.16) was below simulated eigenvalues in the Monte Carlo
dataset (1.50, 1.19).”
e) In the final paragraph of the article, among the "limits", it is written that: <<... our
sample consisted of predominantly white, female service users>>. Perhaps it would be
appropriate to clarify that it is not a "sample" (at least in the statistical sense of the

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



term) and, above all, that - as described in the paragraph "Data Collection" - it is rather
a "self-selected" group of people.
We thank the Reviewer for this observation and have corrected the term ‘sample’.

f) Please, add a description of the content of Figures 2, Figure 3 and Table 2 in the
text. In general, the presentation of the analysis and results is very compress, more
details would be useful for better appreciate the work.

We have added additional descriptions for each Figure and Table and provided
detailed legends for Figures 2 and Table 2. On reflection, we decided to remove Figure
3 as it communicated so much information and yet was so difficult to interpret that it did
not positively add to the manuscript. The headline figure from that table, the R2 change
is still clearly stated in the text.

g) Minor issues
- p. 2, please, indicate what the acronym SUs stands for;
- p. 3, please, indicate what the acronym NRES stands for;
- p. 5, <<...when the probability of a certain response to a question differs across
different demographic groups...>>, please, remove “demographic”, also other kinds of
grouping variables could be used;
- the Authors mentioned only some of the categories labels used for the 5-point scale
items (p. 5). However, a full description of the categories labels is important, especially
in reason of the category thresholds analysis they conducted and the resulting decision
to aggregate some of the items’ categories.

h) The manuscript need to be read over, several typos are present, for example:
- p. 2, <<...co-morbidities and, , are significantly...>>, please, remove a comma;
- p.2, << The care plan is … with the wishes of both service users and their carers>>,
the final period is lacking: carers...
- p. 4, <>, replace “an” with “a”;
- p.4, < .05)>>, delete >.05;
- p.4, <<(see Fig 1..>> replace with (see Fig 1);
- p. 6, replace << RMSEA .097 >> with << RMSEA = .097 >>;
- p.6, Table 1, SU+Carer+SUandC=196+46+33=275; Female+Male =206+62=268,
whereas in the title of the table the sample size is 267; We have corrected the Table
account for missing data
- p. 6, << A total of 27 individual items that displayed local dependency with more than
one other item and were removed from the analysis>>, remove “and”;
- p.7, in the title of Table 2, scale parameters are mentioned, but they did not appear in
the table;
- p. 7, the item showing a Dif was item 65, as indicated in the text, or item 22 as
indicated in Figure 3?
- p. 8, Table 2, item 7, 9 and 16: the wording seems not complete, moreover, uniform
the use of periods;
- p. 8, at the beginning of Computer Adaptive Testing paragraph, text character need to
be uniformed.

We have addressed all of the minor issues which the Reviewer has helpfully
highlighted. We thank the Reviewer for their careful reading of our manuscript.

Reviewer #2: The paper by Gibbons deals with an interesting and very actual topic,
that is the user involvement in physical health care planning. Physical health of people
with severe mental disorders has been recognized as one of the most cogent problems
in the field of mental health, given the significant reduced life expectancy of patients
with severe mental disorders. Some issues need to be addressed in a revision of the
paper:

•The introduction section is not well organized, and paragraphs seem not linked each
other. Moreover, this section lacks a clear focus on the main issue of the paper, that is
the development of a new assessment questionnaire to promote the participation of
users in physical health care planning. I would suggest the author to rewrite this
section.
•In several sections of the paper (including the title) the importance of the involvement
of carers on health care planning is emphasized, but in the study only patients have
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been involved. This is a little bit confusing. I would suggest to remove the terms
“carers” through the text, unless they have been included in the study (and therefore
this should be clarified).

We thank the Reviewer for their observation. We have made substantial amendments
to the Introduction paragraph. We believe that the amended section is clearer and has
better flow.

We have clarified in the manuscript that carers were involved and that the final PROM
is suitable for both users and carers. For example (new text in italics):

Methods
“For items flagged as having signficiant DIF following Bonferroni correction, we used
the McFadden pseudo R2 estimation with recommend cut-off of R2 > .035 being
indicative of meaningful DIF.29 By assessing DIF between service users and carers we
will explore the suitablility of the nascent PROM for both groups.”

Discussion
“The new PROM contains 19 items which were successfully fitted to a single-
parameter Rasch item response theory model. The PROM is suitable for assessing
both service users and carers.  The 19 items also serve as an item bank for
computerized adaptive testing…”

•The authors mention that several decisions regarding patients’ health are usually
taken without an active involvement of patients, and that a shared decision making
should be the basis of any patient-clinician interaction. This issue should be expanded
since it represents one of the main aims of the paper. Authors could quote papers
coming from the EU funded CEDAR and ROAMER projects, as examples of good
collaboration with users and carers in mental health.

We thank the Reviewer for this excellent suggestion. We have added relevant
references to outputs from the both the CEDAR and ROAMER initiatives. For example
(next text in italics):

“Despite research consistently showing that this sort of involvement is aligned with the
desires of both service users and carers there is a paucity of care models which have
been shown to effectively increase involvement in this way.7 More broadly, increasing
the quality of mental health services was the top research priority expressed by an
international working group comprising both professionals as well as users and
carers.8”

•The method section is too poor. In order to improve this section, I would recommend
to report: 1) a detailed description of the development of the initial version of the
questionnaire (i.e., were focus groups organized in order to define the most important
issues to be included in the questionnaire? Was a literature search performed in order
to evaluate the state of the art? Were experts in the field interviewed?); 2) the
recruitment process (i.e., how and when patients will be recruited, inclusion and
exclusion criteria).

We have made substantial amendments to the method section which over the
following points raised by the Reviewer, including description of the study in which the
data were originally collected and greater details on the psychometric analyses.

•In the Results’ section, I would suggest providing some descriptive data regarding the
global sample. I would strongly recommend to provide information on the clinical
characteristics of patients, such as duration of illness, severity of symptoms, presence
of comorbidities (e.g., hypertension, diabetes, hypertriglyceridemia, etc.),
pharmacological treatments (not only including psychotropic drugs), smoking habits,
physical activity (or physical inactivity). If these data are not available, this represents a
major bias of the study which should be acknowledged.
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We utilized a recruitment approach which was designed to capture a broad
demographic of service users and carers in the United Kingdom. We are pleased that
this approach allowed us to gain better geographic representation (which we now
display in Table 1) than we were likely to get with in-clinic recruitment alone. The
disadvantage of our methodology, as the Reviewer points out, is that we cannot
accurately assess the presence of comorbidities, treatments, or substances. Our
experience in conducting this sort of research is that self-report of this information is
both off-putting to patients and unlikely to be of high quality.

 We acknowledge this limitation in a statement in the Discussion which reads (new text
italicized):

“The current study has some limitations. Firstly, our dataset consisted of predominantly
white, female service users. Though all systematic differences between demographic
groups were corrected for in the current analysis, further research would be warranted
to ensure that the items perform well in groups which were not well represented in our
data. It should be noted that whilst we demonstrated uniform scale performance across
demographic groups – including service users and carers, we did not collect
information relating to comorbidities, physical activity or substance and further research
would be necessary to explicitly confirm that the scale is unaffected by differences in
disease or lifestyle factors within groups of service users.”

•Moreover, the authors should avoid to repeat the type of statistical test adopted
several times in the text, since it has been already stated in the relevant paragraph.

We have reduced the instances in which we repeat the name of the statistical test
which we used.

•The Discussion section is very brief and not useful. A comparison with available
literature is needed. This section should be organized as follows: a) a brief summary of
main findings of the study; b) a comparison with previous available studies; 3)
strengths and limitations.

We have amended the Discussion section along as the Reviewer has suggested. We
have added sections to make the manuscript more useful, such as a section on how
CAT may be implemented. We have made more references to the previous literature
as well as explicitly discussing the strengths of our work. We make reference to the
other relevant initiatives which the Reviewer has suggested.

The entirely-novel sections are copied below and further amendments are presented in
the attached manuscript:
“The measure will facilitate benchmarking of service quality and service user
experience, aligned with contemporary philosophies and policies for collaborative
recovery-focused mental health care. The philosophy of the new PREM is that mental
and physical health are equally important (the so-called parity of esteem), and parity of
esteem is increasingly being embedded in policy and practice imperatives derived from
stakeholder consultation.46”

“Parties who wish to use CAT administration for the EQUIP-PH measure are directed
towards many packages available for the R Statistical Programming Environment
including mirt and catR.34,47 One tool for implementing CATs is the Concerto
platform, developed and maintained by the University of Cambridge.48 Further details
can be found on the Concerto website (concertoplatform.com) or by request to the
authors of this manuscript.”

“Our study also has some notable strengths. We have collected a geographically
diverse group of both service users and carers and created a flexible assessment
which can be used without modification of assessing and comparing both groups. The
EQUIP-PH PREM which we have developed is related to the EQUIP measure, a
questionnaire measure for service user and carer involvement in care planning, which
was recently developed by our group9. Both tools could be used together to gain a
holistic understanding of how involved service users and carers are in mental health
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care planning. Further research could usefully be conducted to understand the scores
from the two instruments in relation to one another and provide further insight into their
use as a tool to assess global care planning and service delivery. “

•A conclusive paragraph should be useful, in which the importance of this study for the
clinical practice should be highlighted.

“In conclusion, The EQUIP-PH PROM is a brief, accurate, and flexible service user-
and carer-reported assessment for involvement in physical health care planning for
users of serious mental health services. The measure provides a reliable means to
evaluate and benchmark the quality of physical health management in the context of
mental health care.”

•The text should be revised: there are many misprints throughout the text.

We have carefully revised the text and amended the misprints.

6. If you would like your identity to be revealed to the authors, please include your
name here (optional).

Your name and review will not be published with the manuscript.

Reviewer #1: (No Response)

Reviewer #2: (No Response)

[NOTE: If reviewer comments were submitted as an attachment file, they will be
attached to this email and accessible via the submission site. Please log into your
account, locate the manuscript record, and check for the action link "View
Attachments". If this link does not appear, there are no attachment files to be viewed.]

While revising your submission, please upload your figure files to the Preflight Analysis
and Conversion Engine (PACE) digital diagnostic tool,
http://pace.apexcovantage.com/. PACE helps ensure that figures meet PLOS
requirements. To use PACE, you must first register as a user. Registration is free.
Then, login and navigate to the UPLOAD tab, where you will find detailed instructions
on how to use the tool. If you encounter any issues or have any questions when using
PACE, please email us at figures@plos.org. Please note that Supporting Information
files do not need this step.

--

Additional Information:

Question Response

Financial Disclosure

Please describe all sources of funding
that have supported your work. This
information is required for submission and
will be published with your article, should

This research was funded by the National Institute for Health Research Collaboration
for Leadership in Applied Health Research and Care (NIHR CLAHRC) Greater
Manchester. The views expressed in this article are those of the author(s) and not
necessarily those of the NHS, the NIHR, or the Department of Health and Social Work.
The funders had no role in study design, data collection and analysis, decision to
publish, or preparation of the manuscript.
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it be accepted. A complete funding
statement should do the following:

Include grant numbers and the URLs
of any funder's website. Use the full
name, not acronyms, of funding
institutions, and use initials to identify
authors who received the funding.

1.

Describe the role of any sponsors or
funders in the study design, data
collection and analysis, decision to
publish, or preparation of the
manuscript. If the funders had no role
in any of the above, include this
sentence at the end of your statement:
"The funders had no role in study
design, data collection and analysis,
decision to publish, or preparation of
the manuscript."

2.

However, if the study was unfunded,

please provide a statement that clearly

indicates this, for example: "The author(s)
received no specific funding for this work."

* typeset

Competing Interests

You are responsible for recognizing and
disclosing on behalf of all authors any
competing interest that could be
perceived to bias their work,
acknowledging all financial support and
any other relevant financial or non-
financial competing interests.

Do any authors of this manuscript have
competing interests (as described in the
PLOS Policy on Declaration and
Evaluation of Competing Interests)?

If yes, please provide details about any
and all competing interests in the box

The authors have all declared that no competing interests exist.
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below. Your response should begin with
this statement: I have read the journal's
policy and the authors of this manuscript
have the following competing interests:

If no authors have any competing
interests to declare, please enter this
statement in the box: "The authors have
declared that no competing interests
exist."

* typeset

Ethics Statement

You must provide an ethics statement if
your study involved human participants,
specimens or tissue samples, or
vertebrate animals, embryos or tissues.
All information entered here should also
be included in the Methods section of your
manuscript. Please write "N/A" if your
study does not require an ethics
statement.

Human Subject Research (involved
human participants and/or tissue)

All research involving human participants
must have been approved by the authors'
Institutional Review Board (IRB) or an
equivalent committee, and all clinical
investigation must have been conducted
according to the principles expressed in
the Declaration of Helsinki. Informed
consent, written or oral, should also have
been obtained from the participants. If no
consent was given, the reason must be
explained (e.g. the data were analyzed
anonymously) and reported. The form of
consent (written/oral), or reason for lack of
consent, should be indicated in the
Methods section of your manuscript.

The study and all associated procedures were approved by the London - West London
and Gene Therapy Advisory Committee (GTAC) Research Ethics Committee
(16/LO/0386) in February 2016.
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Please enter the name of the IRB or
Ethics Committee that approved this study
in the space below. Include the approval
number and/or a statement indicating
approval of this research.

Animal Research (involved vertebrate
animals, embryos or tissues)

All animal work must have been
conducted according to relevant national
and international guidelines. If your study
involved non-human primates, you must
provide details regarding animal welfare
and steps taken to ameliorate suffering;
this is in accordance with the
recommendations of the Weatherall
report, "The use of non-human primates in
research." The relevant guidelines
followed and the committee that approved
the study should be identified in the ethics
statement.

If anesthesia, euthanasia or any kind of
animal sacrifice is part of the study,
please include briefly in your statement
which substances and/or methods were
applied.

Please enter the name of your Institutional
Animal Care and Use Committee (IACUC)
or other relevant ethics board, and
indicate whether they approved this
research or granted a formal waiver of
ethical approval. Also include an approval
number if one was obtained.

Field Permit

Please indicate the name of the institution
or the relevant body that granted
permission.

Data Availability No - some restrictions will apply
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PLOS journals require authors to make all
data underlying the findings described in
their manuscript fully available, without
restriction and from the time of
publication, with only rare exceptions to
address legal and ethical concerns (see
the PLOS Data Policy and FAQ for further
details). When submitting a manuscript,
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Reviewer #1: Some aspects of the design of the study and the analytical procedures deserve more details or need 
clarification. In particular: 
 
a) In the selection of the final 19 items from an initial larger pool, the authors used two measurement models (Mokken 
and Rasch), using the first (Mokken) as a tool for selecting scalable and unidimensional items and the second 
(Rasch) to refined the selection. I am slightly perplexed by this approach, that, anyway, has to be more adequately 
motivated in the article. Moreover, the tenure of the assumptions of the Rasch model need to be evaluate and report 
in the text. This is particularly important with regard to the unidimensionality assumption. Several tools are available, 
such as Cronbach's Alpha, Principal component analysis conducted on model residuals, the use of the MIRT 
(Multidimensional Item Response Theory) family models. I urge the Authors to supply information about this aspect. 
 
We thank the Reviewer for their insightful review of our article. We have made a number of additions to the 
manuscript based on the requests made in this paragraph:  
 
We have added information on the method which we have utilized, especially regarding the interface between Rasch 
and Mokken analyses and the estimation of dimensionality. We have added a new reference which more clearly 
states the potential for combining the two methodologies, as well as the existing references which signpost studies 
that have used the same approach previously. The new text is added below (from Methods, page 4):  
  
“We fitted data from nascent scale to the partial credit “Rasch” model (PCM)13,14 in order to assess psychometric 
performance. We evaluated factor structure, scalability and monotonicity by fitting data to non-parametric Mokken 
model before more rigorous psychometric assessments using the PCM.15  The combination of the two methodologies 
has been shown to be useful in previous research conducted by members of our group and others.16–19 
Where scale data did not conform to the assumptions of either the Mokken or the partial credit model, an iterative 
process of item reduction was undertaken to remove the violating items from the analysis.20 
The iterative process involved assessments of scalability, model and item fit to the PCM, category threshold 
disordering, local dependency, and differential item functioning (DIF). Each concept and the method by which it is 
assessed is described in greater detail below.  

MOKKEN ANALYSIS  
The Mokken model is a non-parametric extension of the simple deterministic Guttman scaling model. 21 The model 
provides a framework to extend the unreastically error-free Guttman models using probabilistic estimation, thus 
accounting for measurement error.22 As a non-parametric item response theory (NIRT) model, the Mokken models 
relax some assumptions of item response theory whilst affirming essential assumptions such as unidimensionality 
and scalability.22 We fitted data to the double monotonicity model, a NIRT model which estimates a single parameter 
for each item (i.e., the level of the construct which that item assesses). By successfully fitting scale data to a Mokken 

model it can be said to be both unidimensional and properly scaled. We utilized parallel polychoric principal 
component analysis which compared the experimental eigenvalues with a Monte Carlo simulated eigenvalues to 
verify the unidimensional factor structure before proceeding to item response theory analysis.23,24 
“ 
 
b) After a process of item selection and response categories aggregation very articulated and punctually reported, the 
Authors arrived at the estimation of a Partial Credit model with 19 items, whose results - however - must be described 
more in detail. In Table 2, it is not clear what are the parameters "b1" and "b2" (maybe this is a particular notation of 
the software used?). More importantly, individual item's information related to the SEM (Standard Error of 
Measurement) and the Fit (e.g.: chi-square statistic; inlier-pattern-sensitive fit statistic or INFIT; outlier-sensitive fit 
statistic or OUTFIT; etc.) need to be added. 
 
In response to these comments we have recreated Table 2. The modified Table, which is copied below here, now 
includes information on the item fit for each of the items and includes a legend which described the Delta parameters 
(we have previously used the IRT convention of naming the threshold parameters b1, b1 rather than the Rasch 
convention of naming them delta1, delta2, etc.) 
 
We have also added an item information curve for the entire item bank in a new figure shown below. 
 



  

 

 

 

 

 

 

 

 

 

 

Figure 4 – Overall Scale Information and Standard Error 

Key – SE = Standard Error  



 

 
c) It seems (not being explicitly stated in the text) that the number of items from which the analysis began is 62 (or 
91?). If so, it is a rather large number of questions, fulfilled by 267 people (most of them seriously ill). Given that the 
task would be burdensome even for healthy people, it is desirable that the Authors provide some additional 
information regarding any difficulties encountered during the "data collection" phase (for example: any assistance in 
completing the questionnaire, possible treatment of responses missing, etc.). 
 
We have reported the questionnaire completion rates and provided information on the methodology we used to 
collect this information. We did not save any data for users or carers who did not finish the questionnaire. For the 
responses we did receive, 2966 out of 18291 (16%) responses were missing, models were fitted without imputation 
although IRT imputation was necessary to calculate model and item fit statistics. The responses are shown below 
with new text shown in red (page 6).  
 
In the Methods:  

“For items flagged as having signficiant DIF following Bonferroni correction, we used the McFadden 
pseudo R2 estimation with recommend cut-off of R2 > .035 being indicative of meaningful DIF.33 By 
assessing DIF between service users and carers we will explore the suitablility of the nascent PROM for 
both groups. Models were fitted with missing data present. However, missing data were imputed using 
IRT-based estimation.34 Given the well-documented issues with model fit statistics, we prioritized meeting 
the assumptions of the Mokken and Rasch models over model fit, as has been recommended 
elsewhere.35” 

 
In the Results:  

We collected data from 267 mental health services users from the United Kingdom. 67 participants 
completed the 67 candidate questionnaire items a second time after two weeks. No data were available 
on the number of participants who began the survey but did not complete it. Missing responses were 
given in 2966 or 18291 cells (16%).” 
 
 
d) Does the final 10-items instrument cover the content domains reported at p. 3? Moreover, in the light of the large 
number of items showing local dependency (27), how can the Authors exclude that more than 1 latent dimensions 
were necessary to model the initial pool of items? 
 
The final 19-items cover the themes we uncovered which were relevant to service users and their carers. The exact 
items which are completed by a user or carer under CAT conditions are difficult to determine without content 
balancing, which we did not employ in our simulations. We have added a comment in the Discussion section related 
to this information, which now reads:  
 



“It is noteworthy that when administering CATs each individual respondent is likely to complete different 

combinations of items which form a subset of the complete item bank. Though the scores between the 

unidimensional CAT and the fixed-length short-form are highly correlated, there is no guarantee that every patient 

will complete items from each of the content domains which were nominated by service users and carers. In the 

current manuscript, we prioritize brevity and accuracy and simulate CAT administration without content balancing 

or prioritizing certain items. We acknowledge that other users may prioritize item exposure and thus may utilize 

CATs differently.” 
 
We are not aware of a reason that local dependency ought to signal multidimensionality and so cannot refer to this 
issue directly. We did employ the AISP procedure in Mokken analysis and have now add an additional stage 
including a parallel principal components analysis based on a polychoric matrix to demonstrate the sufficiency of 
extracting a single factor. This change has led to amendments in both the Method and Results sections of the 
manuscript.  
 
In the Methods:  

“We utilized parallel polychoric principal component analysis which compared the experimental eigenvalues 

with a Monte Carlo simulated eigenvalues to verify the unidimensional factor structure before proceeding to 

item response theory analysis.22,23” 

 
And in the Results:  

“The 57 remaining items were free from violations of monotonicity and were unidimensional. Parallel 
principal component and factor analysis confirmed the unidimensional structure of the dataset as the 
eigenvalue for the second factor/component (2.87, 2.16) was below simulated eigenvalues in the Monte Carlo 
dataset (1.50, 1.19).”  
e) In the final paragraph of the article, among the "limits", it is written that: <<... our sample consisted of 
predominantly white, female service users>>. Perhaps it would be appropriate to clarify that it is not a "sample" (at 
least in the statistical sense of the term) and, above all, that - as described in the paragraph "Data Collection" - it is 
rather a "self-selected" group of people. 

We thank the Reviewer for this observation and have corrected the term ‘sample’.  
 
f) Please, add a description of the content of Figures 2, Figure 3 and Table 2 in the text. In general, the presentation 
of the analysis and results is very compress, more details would be useful for better appreciate the work. 
 
We have added additional descriptions for each Figure and Table and provided detailed legends for Figures 2 and 
Table 2. On reflection, we decided to remove Figure 3 as it communicated so much information and yet was so 
difficult to interpret that it did not positively add to the manuscript. The headline figure from that table, the R2 change 
is still clearly stated in the text.  
 
g) Minor issues 
- p. 2, please, indicate what the acronym SUs stands for; 
- p. 3, please, indicate what the acronym NRES stands for; 
- p. 5, <<...when the probability of a certain response to a question differs across different demographic groups...>>, 
please, remove “demographic”, also other kinds of grouping variables could be used; 
- the Authors mentioned only some of the categories labels used for the 5-point scale items (p. 5). However, a full 
description of the categories labels is important, especially in reason of the category thresholds analysis they 
conducted and the resulting decision to aggregate some of the items’ categories. 
 
h) The manuscript need to be read over, several typos are present, for example: 
- p. 2, <<...co-morbidities and, , are significantly...>>, please, remove a comma; 
- p.2, << The care plan is … with the wishes of both service users and their carers>>, the final period is lacking: 
carers... 
- p. 4, <>, replace “an” with “a”; 
- p.4, < .05)>>, delete >.05; 
- p.4, <<(see Fig 1..>> replace with (see Fig 1); 
- p. 6, replace << RMSEA .097 >> with << RMSEA = .097 >>; 
- p.6, Table 1, SU+Carer+SUandC=196+46+33=275; Female+Male =206+62=268, whereas in the title of the table 
the sample size is 267; We have corrected the Table account for missing data  



- p. 6, << A total of 27 individual items that displayed local dependency with more than one other item and were 
removed from the analysis>>, remove “and”; 
- p.7, in the title of Table 2, scale parameters are mentioned, but they did not appear in the table; 
- p. 7, the item showing a Dif was item 65, as indicated in the text, or item 22 as indicated in Figure 3? 
- p. 8, Table 2, item 7, 9 and 16: the wording seems not complete, moreover, uniform the use of periods; 
- p. 8, at the beginning of Computer Adaptive Testing paragraph, text character need to be uniformed. 
 

We have addressed all of the minor issues which the Reviewer has helpfully highlighted. We thank the 

Reviewer for their careful reading of our manuscript.  
 
Reviewer #2: The paper by Gibbons deals with an interesting and very actual topic, that is the user involvement in 
physical health care planning. Physical health of people with severe mental disorders has been recognized as one of 
the most cogent problems in the field of mental health, given the significant reduced life expectancy of patients with 
severe mental disorders. Some issues need to be addressed in a revision of the paper: 
 
•The introduction section is not well organized, and paragraphs seem not linked each other. Moreover, this section 
lacks a clear focus on the main issue of the paper, that is the development of a new assessment questionnaire to 
promote the participation of users in physical health care planning. I would suggest the author to rewrite this section. 
•In several sections of the paper (including the title) the importance of the involvement of carers on health care 
planning is emphasized, but in the study only patients have been involved. This is a little bit confusing. I would 
suggest to remove the terms “carers” through the text, unless they have been included in the study (and therefore this 
should be clarified). 
 

We thank the Reviewer for their observation. We have made substantial amendments to the 
Introduction paragraph. We believe that the amended section is clearer and has better flow.  
 
We have clarified in the manuscript that carers were involved and that the final PROM is suitable for 
both users and carers. For example (new text in italics):  
 
Methods  

“For items flagged as having signficiant DIF following Bonferroni correction, we used the McFadden pseudo 

R2 estimation with recommend cut-off of R2 > .035 being indicative of meaningful DIF.29 By assessing DIF 

between service users and carers we will explore the suitablility of the nascent PROM for both groups.”  

 
Discussion  
“The new PROM contains 19 items which were successfully fitted to a single-parameter Rasch item response 

theory model. The PROM is suitable for assessing both service users and carers.  The 19 items also serve as 

an item bank for computerized adaptive testing…” 

 
 
•The authors mention that several decisions regarding patients’ health are usually taken without an active 
involvement of patients, and that a shared decision making should be the basis of any patient-clinician interaction. 
This issue should be expanded since it represents one of the main aims of the paper. Authors could quote papers 
coming from the EU funded CEDAR and ROAMER projects, as examples of good collaboration with users and carers 
in mental health. 
 

We thank the Reviewer for this excellent suggestion. We have added relevant references to outputs 
from the both the CEDAR and ROAMER initiatives. For example (next text in italics):  
 
“Despite research consistently showing that this sort of involvement is aligned with the desires of both service users and carers 

there is a paucity of care models which have been shown to effectively increase involvement in this way.7 More broadly, 

increasing the quality of mental health services was the top research priority expressed by an international working group 

comprising both professionals as well as users and carers.8” 

 
•The method section is too poor. In order to improve this section, I would recommend to report: 1) a detailed 
description of the development of the initial version of the questionnaire (i.e., were focus groups organized in order to 
define the most important issues to be included in the questionnaire? Was a literature search performed in order to 
evaluate the state of the art? Were experts in the field interviewed?); 2) the recruitment process (i.e., how and when 
patients will be recruited, inclusion and exclusion criteria). 



 
We have made substantial amendments to the method section which over the following points raised by the 
Reviewer, including description of the study in which the data were originally collected and greater details on the 
psychometric analyses.  
 
 
 
 
•In the Results’ section, I would suggest providing some descriptive data regarding the global sample. I would 
strongly recommend to provide information on the clinical characteristics of patients, such as duration of illness, 
severity of symptoms, presence of comorbidities (e.g., hypertension, diabetes, hypertriglyceridemia, etc.), 
pharmacological treatments (not only including psychotropic drugs), smoking habits, physical activity (or physical 
inactivity). If these data are not available, this represents a major bias of the study which should be acknowledged. 
 
We utilized a recruitment approach which was designed to capture a broad demographic of service users and carers 
in the United Kingdom. We are pleased that this approach allowed us to gain better geographic representation (which 
we now display in Table 1) than we were likely to get with in-clinic recruitment alone. The disadvantage of our 
methodology, as the Reviewer points out, is that we cannot accurately assess the presence of comorbidities, 
treatments, or substances. Our experience in conducting this sort of research is that self-report of this information is 
both off-putting to patients and unlikely to be of high quality.  
 
 We acknowledge this limitation in a statement in the Discussion which reads (new text italicized):  
 
“The current study has some limitations. Firstly, our dataset consisted of predominantly white, female service users. 
Though all systematic differences between demographic groups were corrected for in the current analysis, further 
research would be warranted to ensure that the items perform well in groups which were not well represented in our 
data. It should be noted that whilst we demonstrated uniform scale performance across demographic groups – 
including service users and carers, we did not collect information relating to comorbidities, physical activity or 
substance and further research would be necessary to explicitly confirm that the scale is unaffected by differences in 
disease or lifestyle factors within groups of service users.” 
 
 
•Moreover, the authors should avoid to repeat the type of statistical test adopted several times in the text, since it has 
been already stated in the relevant paragraph. 
 
We have reduced the instances in which we repeat the name of the statistical test which we used.  
 
•The Discussion section is very brief and not useful. A comparison with available literature is needed. This section 
should be organized as follows: a) a brief summary of main findings of the study; b) a comparison with previous 
available studies; 3) strengths and limitations. 
 
We have amended the Discussion section along as the Reviewer has suggested. We have added sections to make 
the manuscript more useful, such as a section on how CAT may be implemented. We have made more references to 
the previous literature as well as explicitly discussing the strengths of our work. We make reference to the other 
relevant initiatives which the Reviewer has suggested.  
 
The entirely-novel sections are copied below and further amendments are presented in the attached manuscript:  

“The measure will facilitate benchmarking of service quality and service user experience, aligned 
with contemporary philosophies and policies for collaborative recovery-focused mental health 
care. The philosophy of the new PREM is that mental and physical health are equally important 
(the so-called parity of esteem), and parity of esteem is increasingly being embedded in policy 
and practice imperatives derived from stakeholder consultation.46” 
 

“Parties who wish to use CAT administration for the EQUIP-PH measure are directed towards 
many packages available for the R Statistical Programming Environment including mirt and 
catR.34,47 One tool for implementing CATs is the Concerto platform, developed and maintained 
by the University of Cambridge.48 Further details can be found on the Concerto website 
(concertoplatform.com) or by request to the authors of this manuscript.” 



 

“Our study also has some notable strengths. We have collected a geographically diverse group 
of both service users and carers and created a flexible assessment which can be used without 
modification of assessing and comparing both groups. The EQUIP-PH PREM which we have 
developed is related to the EQUIP measure, a questionnaire measure for service user and carer 
involvement in care planning, which was recently developed by our group9. Both tools could be 
used together to gain a holistic understanding of how involved service users and carers are in 
mental health care planning. Further research could usefully be conducted to understand the 
scores from the two instruments in relation to one another and provide further insight into their 
use as a tool to assess global care planning and service delivery. “ 
 
 
 
•A conclusive paragraph should be useful, in which the importance of this study for the clinical practice should be 
highlighted. 
 
 

“In conclusion, The EQUIP-PH PROM is a brief, accurate, and flexible service user- and carer-

reported assessment for involvement in physical health care planning for users of serious mental 

health services. The measure provides a reliable means to evaluate and benchmark the quality of 

physical health management in the context of mental health care.” 
 
 
 
•The text should be revised: there are many misprints throughout the text. 
 
We have carefully revised the text and amended the misprints.   
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ABSTRACT  

BACKGROUND 

People living with serious mental health conditions experience increased morbidity due to 
physical health issues driven by medication side-effects and lifestyle factors. Coordinated 
mental and physical healthcare delivered in accordance with a care plan could help to 
reduce morbidity and mortality in this population. Efforts to develop new models of care are 
hampered by a lack of validated instruments to accurately assess the extent to which 
mental health services users and carers are involved in care planning for physical health.  

OBJECTIVE  

To develop a brief and accurate patient-reported experience measure (PREM) capable of 
assessing involvement in physical health care planning for mental health service users and 
their carers.  

METHODS 

We employed psychometric and statistical techniques to refine a bank of candidate 
questionnaire items, derived from qualitative interviews, into a valid and reliable measure 
involvement in physical health care planning. We assessed the psychometric performance of 
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the item bank using modern psychometric analyses. We assessed unidimensionality, 
scalability, fit to the partial credit Rasch model, category threshold ordering, local 
dependency, differential item functioning, and test-retest reliability. Once purified of poorly 
performing and erroneous items, we simulated computerized adaptive testing (CAT) with 
15, 10 and 5 items using the calibrated item bank.  

 
RESULTS 

Issues with category threshold ordering, local dependency and differential item functioning 
were evident for a number of items in the nascent item bank and were resolved by 
removing problematic items. The final 19 item PREM had excellent fit to the Rasch model fit 
(x2 = 192.94, df = 1515, P=.02, RMSEA = .03 (95% CI = .01-.04). The 19-item bank had 
excellent reliability (marginal r = 0.87). The correlation between questionnaire scores at 
baseline and 2-week follow-up was high (r = .70, P < .01) and 94.9% of assessment pairs 
were within the Bland Altman limits of agreement. Simulated CAT demonstrated that 
assessments could be made using as few as 10 items (mean SE = .43).  

DISCUSSION  

We developed a flexible patient reported outcome measure to quantify service user and 
carer involvement in physical health care planning. We demonstrate the potential to 
substantially reduce assessment length whilst maintaining reliability by utilizing CAT. 

INTRODUCTION  

 
People diagnosed with severe mental illnesses, such as disorder schizophrenia and bipolar 
disorders, exhibit higher rates of physical co-morbidities and, as a result, are significantly 
more likely to die prematurely than the general population.1–3  
 
Factors contributing to this deterioration in physical health for mental health service users 
are known to include side-effects from anti-psychotic medications, higher rates of smoking 
and substance abuse, poor nutrition, and physical inactivity.4 Though the relationship 
between serious mental health issues, physical cormorbidity, and reduced life expectancy is 
well understood, far less is known about how to organize care delivery to improve physical 
health and reduce the risk of associated morbidity in this population. Recent evidence  
suggests that, despite increased awareness of these issues, mortality risk associated with all 
mental health conditions is rising internationally.2 
 
One approach to improve the management of known risk factors is individualized care 
planning; 5,6 an approach which involves service users and carers working collaboratively 
with professionals to co-develop a written care plan. This plan aims to accurately document 
the core issues that a service user would like to address as part of their mental health 
recovery.  
 
A growing body of research shows that, although collaborative care planning is s aligned 
with the desires of both service users and carers there is a paucity of care models which 
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have been shown to effectively increase involvement in care planning for physical health in 
this way.7 More broadly, increasing the quality of mental health services was the top 
research priority expressed by an international working group comprising both professionals 
as well as users and carers.8  
 
Progress in the development of interventions to improve care planning involvement 
between service users, carers, and providers is stymied by the lack of a meaningful outcome 
assessment. Quantification of abstract subjective phenomena, such as involvement with 
care planning, is best accomplished by directly assessing the perspective of the service user 
or carer; usually using a tool commonly referred to as a patient-reported outcome measure 
(PREM).   
 
Patient reported outcome measures are a efficient and accurate way to quantify the views 
of service users and their carers. A relevant example is the EQUIP PREM, which was 
developed by our group to assess service user and carer involvement in mental health care 
planning.9 Previous research has highlighted the importance of brief assessments for mental 
health service users and their carers, with a strong user preference for minimising response 
burden by developing shorter questionnaires.9,10 New assessment modalities including 
computerized adaptive testing (CAT), are able to tailor person-centred assessments to the 
individual, a process which tends to result in shorter, more relevant assessments. 11  
 
The objective of the current paper is to create a novel PREM to assess mental health service 
user and carer involvement in physical health care planning. We seek to develop a PREM 
that is accurate, reliable, and suitable for individualized CAT assessment.  

METHODS  
 
ITEM DEVELOPMENT METHODS  
 
A set of 67 candidate items were developed following qualitative interviews with mental 
health service users (SUs), their carers, and mental health professionals from the UK. 
Further details of the qualitative interview process can be found in a separate manuscript.12 
Items were developed to reflect six pre-identified themes; three of which covered general 
mental health care planning requirements and three of which were unique to physical 
health care planning. The general themes included: tailoring a collaborative working 
relationship between the service users and their carers and the service providers, 
maintaining a trusting relationship with a professional, having access to a tangible 
document which could be edited and updated. The physical health themes were: valuing 
physical health equally with mental health, experiencing coordinated care between health 
professionals in different disciplines, and having a personalised physical heath discussion.  
 
DATA COLLECTION 
Potential participants who expressed an interest in taking part in the study were given a 
participant information sheet written to current UK National Research Ethics Service (NRES) 
guidelines. We worked with service users and carers to co-develop the information sheet. 
The information sheet included details on the study including the potential risks and 
benefits of taking part, the ways in which participants could take part in the study (e.g. 
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online via SelectSurvey or through the completion and return of paper versions of the 
questionnaire), and provided potential participants with the contact details of researchers 
should they wish to discuss their involvement prior to taking part. All participants responded 
affirmatively to the question “I have read and understood the participant information 
sheet” and consent was implied by the completion and return of questionnaires. The study 
and all associated procedures were approved by the London – West London and Gene 
Therapy Advisory Committee (GTAC) Research Ethics Committee (16/LO/0386) in February 
2016.  
 
DATA ANALYSIS  
 
We fitted data from nascent scale to the partial credit “Rasch” model (PCM)13,14 in order to 
assess psychometric performance. We evaluated factor structure, scalability and 
monotonicity by fitting data to non-parametric Mokken model before more rigorous 
psychometric assessments using the PCM.15  The combination of the two methodologies has 
been shown to be useful in previous research conducted by members of our group and 
others.16–19 Where scale data did not conform to the assumptions of either the Mokken or 
the partial credit model, an iterative process of item reduction was undertaken to remove 
the violating items from the analysis.20 The iterative process involved assessments of 
scalability, model and item fit to the PCM, category threshold disordering, local 
dependency, and differential item functioning (DIF). Each concept and the method by which 
it is assessed is described in greater detail below.  

MOKKEN ANALYSIS  

The Mokken model is a non-parametric extension of the simple deterministic Guttman 
scaling model. 21 The model provides a framework to extend the unreastically error-free 
Guttman models using probabilistic estimation, thus accounting for measurement error.22 
As a non-parametric item response theory (NIRT) model, the Mokken models relax some 
assumptions of item response theory whilst affirming essential assumptions such as 
unidimensionality and scalability.22 We fitted data to the double monotonicity model, a NIRT 
model which estimates a single parameter for each item (i.e., the level of the construct 
which that item assesses). By successfully fitting scale data to a Mokken model it can be said 
to be both unidimensional and properly scaled. We utilized parallel polychoric principal 
component analysis which compared the experimental eigenvalues with a Monte Carlo 
simulated eigenvalues to verify the unidimensional factor structure before proceeding to 
item response theory analysis.23,24 

THE PARTIAL CREDIT MODEL 

The PCM is a measurement model which describes the probabalistic relationship between 
the assessment and the respondent as an interaction between the amount of the latent 
construct that the respondent has (i.e. involvement with physical health care planning) and 
the level of the latent construct which the item measures. Both the amount of the construct 
that the respondent has and the level of the latent construct that the item measures can be 
described in terms of theta (θ). For example, a item which measures a very high level of 
physical health care planning (which would be an question that we would not expect many 
people to affirm; for example the questionnaire item may ask about service user or carer’s 
access to a document containing a detailed strategy for physical health care) would be less 
likely to be affirmed than an item measuring a low level of the latent construct (which would 
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be a question that we would expect many people to affirm; for example the questionnaire 
item may ask about whether a health care professional had asked whether a service user 
was receiving any care for physical health issues).  
 
Goodness-of-fit statistics can be used to assess the data’s fit to the PCM model at both the 
item and scale level. In this study we used both the Chi-square and root-mean square error 
of approximation to evaluate the fit to the model. We accepted both a non-significant Chi-
square interaction (P > .05) and RMSEA ( < .05) indicating good fit. 25  

CATEGORY THRESHOLD ORDERING  

In the case of a Likert or ‘multiple choice’ item response the probability of responding to 
each category is modelled separately.  As the level of the underlying construct (i.e., 
involvement in physical health care planning) rises the probability of responding to each 
Likert category rises to a peak before falling.  Different probabilities are given for each 
response category at every level of θ. It is essential that each category becomes the most 
likely response option at a certain level of θ. If this is not the case the item is said to exhibit 
category threshold disordering.   
  
Category threshold disordering refers to the situation in which one or more of the Likert 
response categories are not the most likely response at any point of along the underlying θ 
continuum. In the case of disordered category thresholds, we ‘collapsed’ adjacent 
categories so that they received the same score. Care was taken not to collapse categories if 
it were semantically illogical to do so, (i.e., “Agree” would not be collapsed into “Neither 
Agree nor Disagree”). An illustrated side-by-side example is provided in a previous paper 
from our group. 26 
 
Item response theory models (of which the Rasch model is a special case) are predicated on 
the assumption that differences in responses to items are driven solely by changes in the 
underlying trait.27 One way in which items can violate this assumption is local dependency, a 
situation whereby the response to one item is dependent on the response to another.28 In 
practice, this can occur where items are too similar. Local dependency is assessed using 
Yen’s Q3 statistic, in which the correlation of item residuals are compared, and item pairs 
with residual correlations beyond a threshold are said to be locally dependent. We set the 
threshold to be equal to .2 + the average observed residual.29,30  
 
Local dependency can be resolved in a number of ways, including subtesting (where locally 
dependent items are joined into a ‘super’ item) and item deletion.31 As we began with a 
large bank of candidate items, we elected to remove items which were locally dependant. 
Our strategy was to remove an item if it were locally dependent with more than one other 
item and then, in the case that a locally independent item pair only demonstrated 
dependency with one another, item information curves for each item were examined 
alongside the item wording and the item which provided less information was removed 
from further analysis.  
 
Another issue which can interfere with the assumption that differences in item scores ought 
to be driven solely by differences in the underlying trait is differential item functioning 
(DIF).32 Differential item functioning occurs when the probability of a certain response to a 
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question varies across different demographic groups. For example, if men were more likely 
to respond affirmatively to a certain item than women despite having an equal level of 
overall involvment with physical health care planning, that question would be said to be 
affected by DIF. We used the iterative hybrid ordinal logistic regression/item response 
theory approach to conduct DIF analyses. For items flagged as having signficiant DIF 
following Bonferroni correction, we used the McFadden pseudo R2 estimation with 
recommend cut-off of R2 > .035 being indicative of meaningful DIF.33 By assessing DIF 
between service users and carers we will explore the suitablility of the nascent PREM for 
both groups. Models were fitted with missing data present. However, missing data were 
imputed using IRT-based estimation.34 Given the well-documented issues with model fit 
statistics, we prioritized meeting the assumptions of the Mokken and Rasch models over 
model fit, as has been recommended elsewhere.35 
 
Items that violated any of the above assumptions were removed, and the remaining items 
were reanalyzed. We evaluated the reliability of the final scale and the overall fit to the 
Rasch model. Once a final set of purified questions were calibrated by fitting them to the 
PCM, we simulated computerized adaptive tests (CATs)36. The CAT algorithms conducted 
stepwise assessments by iteratively selecting the item which will maximise the test 
information based on the participant based on participant’s θ estimate which is based off 
their previous responses. The first item for the assessment is the item which maximises 
information at the mean population level of θ. 
 
We simulated CATs to assess the viability of brief assessment using the nascent scale using 
the final items as a ‘bank’ of candidate items. In computerized adaptive testing an algorithm 
is used to select the next most appropriate item for the patients based on their previous 
responses. This approach has been shown to substantially reduce the length of tick-box 
assessments whilst maintaining, and even increasing, reliability.18,26  

We similated CATs using the Firestar script for R. Firestar uses a Bayesian expected a 
posteriori θ estimator and selected items based on the maximum posterior weighted 
information (MPWI) criterion. The MPWI selects items based on the item information 
weighted by the posterior distribution of trait/phenomena values.37This criterion has been 
shown to provide excellent measurement information for CAT using polytomous items. 

SOFTWARE 

Analyses were conducted using the R Statistical Computing Environment with the ‘mokken’, 
‘mirt’, ‘lordif’, ‘psych’, ‘ggplot2’, ‘methcomp’ and ‘BlandAltLeh’ packages installed. 34,38–42. 
Computer adaptive testing simulation was conducted using the FIRESTAR script, which was 
modified to add additional statistics.43 This modified FIRESTAR code is available on request 
from the authors.  

RESULTS 

We collected data from 267 mental health services users from the United Kingdom. 67 
participants completed the 67 candidate questionnaire items a second time after two 
weeks. No data were available on the number of participants who began the survey but did 
not complete it. 16% of PREM data was missing. 
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Table 1 Demographic information for 267 participants recruited into the study 
 
 
 

Age 44(14) 

Gender 69.3% Female 

 21% Male 

 9.7% unreported 

Ethnicity  

 83.7% White 

 16.3% Non-white  

Service user/carer status 

SU 66% 

Carer 15% 

Both SU and carer 12% 

Not reported 
7% 

 

Geographic location 

Northern England 32% 

The Midlands 23.7% 

Southern England  39.4% 

Ireland 1% 

Scotland 1.5% 

Wales 2.5% 
 
 
 
 
 
 
 
Key: SU = Service users   

 
MOKKEN ANALYSIS  

Mokken analysis revealed violations of monotonicity for a number of items (5, 6, 8, 10, 25, 
26, 40). In addition, Loevinger’s scalability coefficient was too low (Item H >.30) for items 7, 
9, 39. The 57 remaining items were free from violations of monotonicity and were 
unidimensional. Parallel principal component and factor analysis confirmed the 
unidimensional structure of the dataset as the eigenvalue for the second factor/component 
(2.87, 2.16) was below simulated eigenvalues in the Monte Carlo dataset (1.50, 1.19).   

RASCH ANALYSIS 

The remaining items were fitted to the partial credit model. The initial fit to the model was 
poor (RMSEA > .10); thus prompting evaluation of item performance in the context of Rasch 
model assumptions. There appeared to be substantial threshold disordering throughout the 
scale. A single solution was chosen to rescore all items (0-1-1-2-2). The amended threshold 
probability curves for all the items can be see in Appendix 1.  
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Model fit improved slightly after rescoring but was still unacceptable (RMSEA = .097 (95% CI 
= .091-.10)). We evaluated the correlations between item residuals, which were above the 
threshold in a number of instances. In total, 96 item pairs were locally dependant (see 
Appendix 2). A total of 27 individual items that displayed local dependency with more than 
one other item were removed from the analysis. Four sets of items remained which were 
locally dependant with one another. The item information curves for both pairs of locally-
dependent items were compared side-by-side (see Fig 2) and in each case the item with the 
lowest item information removed from the scale.  

Figure 1. Comparison of item information curves for locally dependent items  

  

Figure 2. Shows item information curves for a pair of locally-dependent items. The amount 
of information which each gives about the participant is given on the y-axis and the level of 
underlying construct that the person has (i.e., involvement with physical health care 
planning) is on the x-axis.  

No DIF was detected for age or gender but item 65 “My care planning team communicates 
effectively” was found to have significant DIF (R2 change = .06) between service users and 
carers.  

Following adjustment for category threshold ordering, local dependency, and differential 
item functioning; item 36 “I feel comfortable attending discussions about my care plan” 
misfit the model and was removed (x2 = 34.81, df = 15, P=.003). The removal of item 36 led 
to a final item bank of 19 items which were free from breaches of assumptions of the Rasch 
model, displayed excellent model fit (x2 = 192.94, df = 1515, P=.02, RMSEA = .03 (95% CI = 
.01-.04). The 19-item bank had excellent reliability (marginal r = 0.87).  

Table 2 Details of final items and item threshold parameters 
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TEST-RETEST RELIABILITY  
The correlation between theta scores at baseline and 2-week follow-up was high (r = .70, P < 
.01). Bland Altman analysis revealed that 94.9% of assessment pairs were within the 95% 
limits of agreement (see Figure 2).  
 
 
Figure 2 – Bland Altman plot for test-retest reliability   

 
 
COMPUTERIZED ADAPTIVE TESTING  
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Adaptive testing simulations were conducted with a simulated Gaussian N (-0.08,1.90) 
distribution, which matched the distribution of the data used to develop the item banks. 
Results of CAT simulation are shown in the Table 3. Assessments as short as 10 items 
demonstrated high correlation with the total score of the full scale.  The overall information 
and standard error which was available in the entire item banks is displayed in Figure 3.  
 
Table 3. Summary of simulated computer adaptive tests.  

  Standard Error (SE)    

Number of 
items Mean SD Range 

Correlation with full 
scale 

19 .36 .04 .32-.56 1 
15 .41 .04 .38-.60 .98 
10 .43 .04 .40-.65 .95 
5 .66 .04 .62-.78 .87 

 
Figure 3 – Overall Scale Information and Standard Error 

Key – SE = Standard Error  

 

DISCUSSION 

We present the co-development and validation of a new service user and carer-reported 
assessment for physical health care planning in serious mental health services, the EQUIP 
Physical Health PREM (EQUIP-PH-PREM).  
 
The new PREM contains 19 items which were successfully fitted to a single-parameter Rasch 
item response theory model. The PREM is suitable for assessing both service users and 
carers.  The 19 items also serve as an item bank for computerized adaptive testing (CAT) 
which can tailor assessments to the individuals who complete the PREM. We show that 
using CAT administration could substantially reduce burden of response by reducing the 
number of items in the assessment from 19 to 10, whilst still maintaining acceptable 
accuracy and high correlation between scores.    
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In the EQUIP-PH-PREM we provide a tool to support investigations into the experience of 
service users and carers who are receiving care for a severe mental illness from mental 
health providers. Adequate service user and carer involvement in care planning decisions 
are predicated on successful interaction both within and between stakeholder groups. In 
order to ensure the new PREM incorporated these important aspects the items were 
developed in collaboration with service users, carers and mental health professionals. 
 
The final PREM items include those that cover having the opportunity and time to be able to 
discuss physical health concerns, reflecting previously identified organisational barriers to 
providing integrated care.12 Similarly, they highlight the importance of co-created care 
plans, which are known to be highly valued by both service users and carers 44,45 Further 
items serve to facilitate long-term self-management skills that are required to manage 
physical health concerns.  
 
This new PREM has operationalized the evidence-based best practice framework developed 
previously which will allow health care providers and service users to challenge current 
practice by quantifying service user and carer involvement from the user perspective.12 
 
The measure will facilitate benchmarking of service quality and service user experience, 
aligned with contemporary philosophies and policies for collaborative recovery-focused 
mental health care. The philosophy of the new PREM is that mental and physical health are 
equally important (the so-called parity of esteem), and parity of esteem is increasingly being 
embedded in policy and practice imperatives derived from stakeholder consultation.46  
 
The EQUIP-PH PREM assesses issues which have been consistently highlighted in 
consultations with service users and carers and, as such, is well suited for use as an tool to 
assess the outcome of interventions. Other relevant interventions include those designed to 
improve inter- and intra- professional communication including professional training and 
improved health systems to enhance the integration and continuity of care for those under 
the care of health services. 
 
The current study has some limitations. Firstly, our dataset consisted of predominantly 
white, female service users. Though all systematic differences between demographic groups 
were corrected for in the current analysis, further research would be warranted to ensure 
that the items perform well in groups which were not well represented in our data. It should 
be noted that whilst we demonstrated uniform scale performance across demographic 
groups – including service users and carers, we did not collect information relating to 
comorbidities, physical activity or substance and further research would be necessary to 
explicitly confirm that the scale is unaffected by differences in disease or lifestyle factors 
within groups of service users.  
 
Our study is also limited by the necessity to evaluate the CATs using simulated, rather than 
actual, data. This technique is likely to the slightly over-estimate the accuracy of the CAT as 
it does not take into account aberrant responders who do not conform to the expectations 
of the model.  Our previous research developing item banks for depression and quality of 
life suggests that this effect is marginal and that CAT assessment is efficient and precise 
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both when simulations are made using participant data and when the CAT is deployed in the 
real world.18   
 
It is noteworthy that when administering CATs each individual respondent is likely to 
complete different combinations of items which form a subset of the complete item bank. 
Though the scores between the unidimensional CAT and the fixed-length short-form are 
highly correlated, there is no guarantee that every patient will complete items from each of 
the content domains which were nominated by service users and carers. In the current 
manuscript, we prioritize brevity and accuracy and simulate CAT administration without 
content balancing or prioritizing certain items. We acknowledge that other users may 
prioritize item exposure and thus may utilize CATs differently.  
 
Parties who wish to use CAT administration for the EQUIP-PH measure are directed towards 
many packages available for the R Statistical Programming Environment including mirt and 
catR.34,47 One tool for implementing CATs is the Concerto platform, developed and 
maintained by the University of Cambridge.48 Further details can be found on the Concerto 
website (concertoplatform.com) or by request to the authors of this manuscript.   
 
Our study also has some notable strengths. We have collected a geographically diverse 
group of both service users and carers and created a flexible assessment which can be used 
without modification of assessing and comparing both groups. The EQUIP-PH PREM which 
we have developed is related to the EQUIP measure, a questionnaire measure for service 
user and carer involvement in care planning, which was recently developed by our group9. 
Both tools could be used together to gain a holistic understanding of how involved service 
users and carers are in mental health care planning. Further research could usefully be 
conducted to understand the scores from the two instruments in relation to one another 
and provide further insight into their use as a tool to assess global care planning and service 
delivery.  
 
In conclusion, The EQUIP-PH PREM is a brief, accurate, and flexible service user- and carer-
reported assessment of involvement in physical health care planning for users of mental 
health services with serious mental illnesses. The measure provides a reliable means to 
evaluate and benchmark the quality of physical health management in the context of 
mental health care. 
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ABSTRACT  

BACKGROUND 

People living with serious mental health conditions experience increased morbidity due to 
physical health issues driven by medication side-effects and lifestyle factors. Coordinated 
mental and physical healthcare delivered in accordance with a care plan could help to 
reduce morbidity and mortality in this population. Efforts to develop new models of care are 
held backhampered by a lack of validated instruments to accurately assess the extent to 
which mental health services users and their carers are involved in care planning for physical 
health.  

OBJECTIVE  

To develop a brief and accurate patient-reported outcomeexperience measure 
(PROMPREM) capable of assessing involvement in physical health care planning for users of 
mental health services service users and their carers.  

METHODS 

We employed psychometric and statistical techniques to refine a bank of candidate 
questionnaire items, derived from qualitative interviews, into a valid and reliable measure 
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involvement in physical health care planning for service users and carers.. We assessed the 
psychometric performance of the item bank using modern psychometric analyses. We 
assessed unidimensionality, scalability, fit to the partial credit Rasch model, category 
threshold ordering, local dependency, differential item functioning, and test-retest 
reliability. Once purified of poorly performing and erroneous items, we simulated 
computerized adaptive testing (CAT) with 15, 10 and 5 items using the calibrated item bank.  

 
RESULTS 

Issues with category threshold ordering, local dependency and differential item functioning 
were evident for a number of items in the nascent item bank and were resolved by 
removing problematic items. The final 19 item PROMPREM had excellent fit to the Rasch 
model fit (x2 = 192.94, df = 1515, P=.02, RMSEA = .03 (95% CI = .01-.04). The 19-item bank 
had excellent reliability (marginal r = 0.87). The correlation between questionnaire scores at 
baseline and 2-week follow-up was high (r = .70, P < .01) and 94.9% of assessment pairs 
were within the Bland Altman limits of agreement. Simulated CAT demonstrated that 
assessments could be made using as few as 10 items (mean SE = .43).  

DISCUSSION  

We developed a flexible patient reported outcome measure to quantify service user and 
carer involvement in physical health care planning. We demonstrate the potential to 
substantially reduce assessment length whilst maintaining reliability by utilizing CAT. 

INTRODUCTION  

 
People diagnosed with severe mental illnesses, such as disorder schizophrenia and bi-
polarbipolar disorders, exhibit higher rates of physical co-morbidities and, as a result, are 
significantly more likely to die prematurely than the general population.1–3  
 
Factors contributing to this deterioration in physical health for mental health service users 
are known to include side-effects from anti-psychotic medications, higher rates of smoking 
and substance abuse, poor nutrition, and physical inactivity.4 Though the relationship 
between serious mental health issues, physical cormorbidity, and reduced life expectancy is 
well understood, far less is known about how to organize care delivery for this population to 
improve physical health and reduce the risk of associated morbidity. in this population. 
Recent statisticsevidence  suggests that, despite increasingincreased awareness of these 
issues, mortality risk associated with all mental health conditions is rising internationally.2 
 
One approach to improve the management of known risk factors is individualized care 
planning; 5,6 an approach which involves service users and carers working collaboratively 
with professionals to co-develop a written care plan which. This plan aims to accurately 
documentsdocument the core issues that a service user would like to address as part of 
their mental health recovery. The care plan is designed to be person-centred, actionable, 
and to make care providers accountable for providing care in line with the wishes of both 
service users and their carers.  
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A growing body of research showsthat this sort of involvement isshows that, although 
collaborative care planning is s aligned with the desires of both service users and carers 
there is a paucity of care models which have been shown to effectively increase 
involvement in care planning for physical health in this way.7 More broadly, increasing the 
quality of mental health services was the top research priority expressed by an international 
working group comprising both professionals as well as users and carers.8  
 
Progress in the development of interventions to improve care planning involvement 
between service users, carers, and providers is stymied by the lack of a meaningful outcome 
assessment. Quantification of abstract subjective phenomena, such as involvement with 
care planning, is best accomplished by directly assessing the perspective of the service user 
or carer; usually using a tool commonly referred to as a patient-reported outcome measure 
(PROMPREM).   
 
Patient reported outcome measures are a efficient and accurate way to quantify the views 
of service users and their carers. A relevant example is the EQUIP PROMPREM, which was 
developed by our group to assess service user and carer involvement in mental health care 
planning.9 Previous research has highlighted the importance of brief assessments for mental 
health service users and their carers, with a strong user preference for minimising response 
burden by developing shorter questionnaires.9,10 New assessment modalities including 
computerized adaptive testing (CAT), are able to tailor person-centred assessments to the 
individual, a process which tends to result in shorter, more relevant assessments. 11  
 
The objective of the current paper is to create a novel PROMPREM to assess mental health 
service user and carer involvement in physical health care planning. We seek to develop a 
PROMPREM that is accurate, reliable, and suitable for individualized CAT assessment.  

METHODS  
 
ITEM DEVELOPMENT METHODS  
 
A set of 67 candidate items were developed following qualitative interviews with mental 
health service users (SUs), their carers, and mental health professionals from the UK. 
Further details of the qualitative interview process can be found in a separate manuscript.12 
Items were developed to reflect six pre-identified themes; three of which covered general 
mental health care planning requirements and three of which were unique to physical 
health care planning. The general themes included: tailoring a collaborative working 
relationship between the service users and their carers and the service providers, 
maintaining a trusting relationship with a professional, having access to a tangible 
document which could be edited and updated. The physical health themes were: valuing 
physical health equally with mental health, experiencing coordinated care between health 
professionals in different disciplines, and having a personalised physical heath discussion.  
 
DATA COLLECTION 
Potential participants who expressed an interest in taking part in the study were given a 
participant information sheet written to current UK National Research Ethics Service (NRES) 
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guidelines. We worked with service users and carers to co-develop the information sheet. 
The information sheet included details on the study including the potential risks and 
benefits of taking part, the ways in which participants could take part in the study (e.g. 
online via SelectSurvey or through the completion and return of paper versions of the 
questionnaire), and provided potential participants with the contact details of researchers 
should they wish to discuss their involvement prior to taking part. All participants responded 
affirmatively to the question “I have read and understood the participant information 
sheet” and consent was implied by the completion and return of questionnaires. Consent 
was implied by the completion and return of questionnaires. The study and all associated 
procedures were approved by the London – West London and Gene Therapy Advisory 
Committee (GTAC) Research Ethics Committee (16/LO/0386) in February 2016.  
 
DATA ANALYSIS  
 
We fitted data from nascent scale to the partial credit “Rasch” model (PCM)13,14 in order to 
assess psychometric performance. We evaluated factor structure, scalability and 
monotonicity by fitting data to non-parametric Mokken model before more rigorous 
psychometric assessments using the PCM.15  The combination of the two methodologies has 
been shown to be useful in previous research conducted by members of our group and 
others.16–19 
 Where scale data did not conform to the assumptions of either the Mokken or the partial 
credit model, an iterative process of item reduction was undertaken to remove the violating 
items from the analysis.20 
 The iterative process involved assessments of scalability, model and item fit to the PCM, 
category threshold disordering, local dependency, and differential item functioning (DIF). 
Each concept and the method by which it is assessed is described in greater detail below.  

MOKKEN ANALYSIS  

The Mokken model is a non-parametric extension of the simple deterministic Guttman 
scaling model. 21 The model provides a framework to extend the unreastically error-free 
Guttman models using probabilistic estimation, thus accounting for measurement error.22 
As a non-parametric item response theory (NIRT) model, the Mokken models relax some 
assumptions of item response theory whilst affirming essential assumptions such as 
unidimensionality and scalability.22 We fitted data to the double monotonicity model, a NIRT 
model which estimates a single parameter for each item (i.e., the level of the construct 
which that item assesses). By successfully fitting scale data to a Mokken model it can be said 
to be both unidimensional and properly scaled. We utilized parallel polychoric principal 
component analysis which compared the experimental eigenvalues with a Monte Carlo 
simulated eigenvalues to verify the unidimensional factor structure before proceeding to 
item response theory analysis.23,24 

THE PARTIAL CREDIT MODEL 

The PCM is a measurement model which describes the probabalistic relationship between 
the assessment and the respondent as an interaction between the amount of the latent 
construct that the respondent has (i.e. involvement with physical health care planning) and 
the level of the latent construct which the item measures. Both the amount of the construct 
that the respondent has and the level of the latent construct that the item measures can be 
described in terms of theta (θ). For example, a item which measures a very high level of 
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physical health care planning (which would be an question that we would not expect many 
people to affirm; for example the questionnaire item may ask about service user or carer’s 
access to ana document containing a detailed strategy for physical health care) would be 
less likely to be affirmed than an item measuring a low level of the latent construct (which 
would be a question that we would expect many people to affirm; for example the 
questionnaire item may ask about whether a health care professional had asked whether a 
service user was receiving any care for physical health issues).  
 
Goodness-of-fit statistics can be used to assess the data’s fit to the PCM model at both the 
item and scale level. In this study we used both the Chi-square and root-mean square error 
of approximation (RMSEA > .05) to evaluate the fit to the model. We accepted both a non-
significant Chi-square interaction (P > .05) and RMSEA ( < .05) indicating good fit. 25  

CATEGORY THRESHOLD ORDERING  

In the case of a Likert or ‘multiple choice’ item response the probability of responding to 
each category is modelled separately.  As the level of the underlying construct (i.e., 
involvement in physical health care planning) rises the probability of responding to each 
Likert category rises to a peak before falling.  Different probabilities are given for each 
response category at every level of θ. It is essential that each category becomes the most 
likely response option at a certain level of θ. If this is not the case the item is said to exhibit 
category threshold disordering.   
  
Category threshold disordering refers to the situation in which one or more of the Likert 
response categories are not the most likely response at any point of along the underlying θ 
continuum. In the case of disordered category thresholds, we ‘collapsed’ adjacent 
categories so that they received the same score. Care was taken not to collapse categories if 
it were semantically illogical to do so, (i.e., “Agree” would not be collapsed into “Neither 
Agree nor Disagree”). An illustrated side-by-side example is provided in a previous paper 
from our group. 26 
 
Item response theory models (of which the Rasch model is a special case) are predicated on 
the assumption that differences in responses to items are driven solely by changes in the 
underlying trait.27 One way in which items can violate this assumption is local dependency, a 
situation whereby the response to one item is dependent on the response to another.28 In 
practice, this can occur where items are too similar. Local dependency is assessed using 
Yen’s Q3 statistic, in which the correlation of item residuals are compared, and item pairs 
with residual correlations beyond a threshold are said to be locally dependent. We set the 
threshold to be equal to .2 + the average observed residual.29,30  
 
Local dependency can be resolved in a number of ways, including subtesting (where locally 
dependent items are joined into a ‘super’ item) and item deletion.31 As we began with a 
large bank of candidate items, we elected to remove items which were locally dependant. 
Our strategy was to remove an item if it were locally dependent with more than one other 
item and then, in the case that a locally independent item pair only demonstrated 
dependency with one another, item information curves for each item were examined 
alongside the item wording and the item which provided less information was removed 
from further analysis.  
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Another issue which can interfere with the assumption that differences in item scores ought 
to be driven solely by differences in the underlying trait is differential item functioning 
(DIF).32 Differential item functioning occurs when the probability of a certain response to a 
question varies across different demographic groups. For example, if men were more likely 
to respond affirmatively to a certain item than women despite having an equal level of 
overall involvment with physical health care planning, that question would be said to be 
affected by DIF. We used the iterative hybrid ordinal logistic regression/item response 
theory approach to conduct DIF analyses. For items flagged as having signficiant DIF 
following Bonferroni correction, we used the McFadden pseudo R2 estimation with 
recommend cut-off of R2 > .035 being indicative of meaningful DIF.33 By assessing DIF 
between service users and carers we will explore the suitablility of the nascent PROMPREM 
for both groups. Models were fitted with missing data present. However, missing data were 
imputed using IRT-based estimation.34 Given the well-documented issues with model fit 
statistics, we prioritized meeting the assumptions of the Mokken and Rasch models over 
model fit, as has been recommended elsewhere.35 
 
Items that violated any of the above assumptions were removed, and the remaining items 
were reanalyzed. We evaluated the reliability of the final scale and the overall fit to the 
Rasch model. Once a final set of purified questions were calibrated by fitting them to the 
PCM, we simulated computerized adaptive tests (CATs)36. The CAT algorithms conducted 
stepwise assessments by iteratively selecting the item which will maximise the test 
information based on the participant based on participant’s θ estimate which is based off 
their previous responses. The first item for the assessment is the item which maximises 
information at the mean population level of θ. 
 
We simulated CATs to assess the viability of brief assessment using the nascent scale using 
the final items as a ‘bank’ of candidate items. In computerized adaptive testing an algorithm 
is used to select the next most appropriate item for the patients based on their previous 
responses. This approach has been shown to substantially reduce the length of tick-box 
assessments whilst maintaining, and even increasing, reliability.18,26  

We similated CATs using the Firestar script for R. Firestar uses a Bayesian expected a 
posteriori θ estimator and selected items based on the maximum posterior weighted 
information (MPWI) criterion. The MPWI selects items based on the item information 
weighted by the posterior distribution of trait/phenomena values.37This criterion has been 
shown to provide excellent measurement information for CAT using polytomous items. 

SOFTWARE 

Analyses were conducted using the R Statistical Computing Environment with the ‘mokken’, 
‘mirt’, ‘lordif’, ‘psych’, ‘ggplot2’, ‘methcomp’ and ‘BlandAltLeh’ packages installed. 34,38–42. 
Computer adaptive testing simulation was conducted using the FIRESTAR script, which was 
modified to add additional statistics.43 This modified FIRESTAR code is available on request 
from the authors.  

RESULTS 
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We collected data from 267 mental health services users from the United Kingdom. 67 
participants completed the 67 candidate questionnaire items a second time after two 
weeks. No data were available on the number of participants who began the survey but did 
not complete it. Missing responses were given in 2966 or 18291 cells (16%).16% of PREM 
data was missing. 
 
Table 1 Demographic information for 267 participants recruited into the study 
 
 
 

Age 44(14)  

Gender 20669.3% Female 
62 

Male 
 21% Male 

 9.7% unreported 

Ethnicity  

 83.7% White 83.70%  

 
16.3% Non-white  

Service user/carer status 

SU 19666%  

Carer 4615%  

SUandCBoth SU and carer 3312%  

Not reported 
7% 

 

Geographic location 

Northern England 32% 

The Midlands 23.7% 

Southern England  39.4% 

Ireland 1% 

Scotland 1.5% 

Wales 2.5% 
 
 
 
 
 
 
 
Key: SU = Service users, C = Carer   

 
MOKKEN ANALYSIS  

Mokken analysis revealed violations of monotonicity for a number of items (5, 6, 8, 10, 25, 
26, 40). In addition, Loevinger’s scalability coefficient was too low (Item H >.30) for items 7, 
9, 39. The 57 remaining items were free from violations of monotonicity and were 
unidimensional. Parallel principal component and factor analysis confirmed the 
unidimensional structure of the dataset as the eigenvalue for the second factor/component 
(2.87, 2.16) was below simulated eigenvalues in the Monte Carlo dataset (1.50, 1.19).   
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RASCH ANALYSIS 

The remaining items were fitted to the partial credit model. The initial fit to the model was 
poor (RMSEA > .10); thus prompting evaluation of item performance in the context of Rasch 
model assumptions. There appeared to be substantial threshold disordering throughout the 
scale. A single solution was chosen to rescore all items (0-1-1-2-2). The amended threshold 
probability curves for all the items can be see in Appendix 1.  

Model fit improved slightly after rescoring but was still unacceptable (RMSEA = .097 (95% CI 
= .091-.10)). We evaluated the correlations between item residuals, which were above the 
threshold in a number of instances. In total, 96 item pairs were locally dependant (see 
Appendix 2). A total of 27 individual items that displayed local dependency with more than 
one other item and were removed from the analysis. Four sets of items remained which 
were locally dependant with one another. The item information curves for both pairs of 
locally-dependent items were compared side-by-side (see Fig 2) and in each case the item 
with the lowest item information removed from the scale.  

Figure 1. Comparison of item information curves for locally dependent items  

  

Figure 2. Shows item information curves for a pair of locally-dependent items. The amount 
of information which each gives about the participant is given on the y-axis and the level of 
underlying construct that the person has (i.e., involvement with physical health care 
planning) is on the x-axis.  

No DIF was detected for age or gender but item 65 “My care planning team communicates 
effectively” was found to have significant DIF (R2 change = .06) between service users and 
carers.  

Following adjustment for category threshold ordering, local dependency, and differential 
item functioning; item 36 “I feel comfortable attending discussions about my care plan” 
misfit the model and was removed (x2 = 34.81, df = 15, P=.003). The removal of item 36 led 
to a final item bank of 19 items which were free from breaches of assumptions of the Rasch 
model, displayed excellent model fit (x2 = 192.94, df = 1515, P=.02, RMSEA = .03 (95% CI = 
.01-.04). The 19-item bank had excellent reliability (marginal r = 0.87).  

Table 2 Details of final items and item threshold parameters 
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TEST-RETEST RELIABILITY  
The correlation between theta scores at baseline and 2-week follow-up was high (r = .70, P < 
.01). Bland Altman analysis revealed that 94.9% of assessment pairs were within the 95% 
limits of agreement (see Figure 2).  
 
 
 
 
 
 
Figure 2 – Bland Altman plot for test-retest reliability   
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COMPUTERIZED ADAPTIVE TESTING  
Adaptive testing simulations were conducted with a simulated Gaussian N (-0.08,1.90) 
distribution, which matched the sample distribution of the data used to develop the item 
banks. Results of CAT simulation are shown in the Table 3. Assessments as short as 10 items 
demonstrated high correlation with the total score of the full scale.  The overall information 
and standard error which was available in the entire item banks is displayed in Figure 3.  
 
Table 3. Summary of simulated computer adaptive tests.  

  Standard Error (SE)    

Number of 
items Mean SD Range 

Correlation with full 
scale 

19 .36 .04 .32-.56 1 
15 .41 .04 .38-.60 .98 
10 .43 .04 .40-.65 .95 
5 .66 .04 .62-.78 .87 

 
Figure 3 – Overall Scale Information and Standard Error 

Key – SE = Standard Error  
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DISCUSSION 

We present the co-development and validation of a new service user and carer-reported 
assessment for physical health care planning in serious mental health services, the EQUIP 
Physical Health PROMPREM (EQUIP-PH-PROMPREM).  
 
The new PROMPREM contains 19 items which were successfully fitted to a single-parameter 
Rasch item response theory model. The PROMPREM is suitable for assessing both service 
users and carers.  The 19 items also serve as an item bank for computerized adaptive testing 
(CAT) which can tailor assessments to the individuals who complete the PROMPREM. We 
show that using CAT administration could substantially reduce burden of response by 
reducing the number of items in the assessment from 19 to 10, whilst still maintaining 
acceptable accuracy and high correlation between scores.    
 
In the EQUIP-PH-PROMPREM we provide a tool to support investigations into the 
experience of service users and carers who are receiving care for a serioussevere mental 
illness from mental health providers. Adequate service user and carer involvement in care 
planning decisions are predicated on successful interaction both within and between 
stakeholder groups. In order to ensure the new PROMPREM incorporated these important 
aspects the items were developed in collaboration with service users, carers and mental 
health professionals. 
 
The final PROMPREM items include those that cover having the opportunity and time to be 
able to discuss physical health concerns, reflecting previously identified organisational 
barriers to providing integrated care.12 Similarly, they highlight the importance of co-created 
care plans, which are known to be highly valued by both service users and carers 44,45 
Further items serve to facilitate long-term self-management skills that are required to 
manage physical health concerns.  
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This new PROMPREM has operationalized the evidence-based best practice framework 
developed previously which will allow health care providers and service users to challenge 
current practice by quantifying service user and carer involvement from the user 
perspective.12 
 
The measure will facilitate benchmarking of service quality and service user experience, 
aligned with contemporary philosophies and policies for collaborative recovery-focused 
mental health care. The philosophy of the new PROMPREM is that mental and physical 
health are equally important (the so-called parity of esteem), and parity of esteem is 
increasingly being embedded in policy and practice imperatives derived from stakeholder 
consultation.46  
 
The EQUIP-PH PROMPREM assesses issues which have been consistently highlighted in 
consultations with service users and carers and, as such, is well suited for use as an 
assessment tool for interventions to provide all health care personnel with an 
understanding of both physical and mental health during professional training to ensure 
that one type of health need is not prioritised over the other.tool to assess the outcome of 
interventions. Other relevant interventions include those designed to improve inter- and 
intra- professional communication including professional training and improved health 
systems to enhance the integration and continuity of care for those under the care of health 
services. 
 
The current study has a fewsome limitations. Firstly, our dataset consisted of predominantly 
white, female service users. Though all systematic differences between demographic groups 
were corrected for in the current analysis, further research would be warranted to ensure 
that the items perform well in groups which were not well represented in our sampledata. It 
should be noted that whilst we demonstrated uniform scale performance across 
demographic groups – including SUsservice users and carers, we did not collect information 
relating to comorbidities, physical activity or substance and further research would be 
necessary to explicitly confirm that the scale is unaffected by differences in disease or 
lifestyle factors within groups of SUs.service users.  
 
Our study is also limited by the necessity to evaluate the CATs using simulated, rather than 
actual, data. This technique is likely to the slightly over-estimate the accuracy of the CAT as 
it does not take into account aberrant responders who do not conform to the expectations 
of the model.  Our previous research developing item banks for depression and quality of 
life suggests that this effect is marginal and that CAT assessment is efficient and precise 
both when simulations are made using participant data and when the CAT is deployed in the 
real world.18   
 
It is noteworthy that when administering CATs each individual respondent is likely to 
complete different combinations of items which form a subset of the complete item bank. 
Though the scores between the unidimensional CAT and the fixed-length short-form are 
highly correlated, there is no guarantee that every patient will complete items from each of 
the content domains which were nominated by service users and carers. In the current 
manuscript, we prioritize brevity and accuracy and simulate CAT administration without 
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content balancing or prioritizing certain items. We acknowledge that other users may 
prioritize item exposure and thus may utilize CATs differently.  
 
Parties who wish to use CAT administration for the EQUIP-PH measure are directed towards 
many excellent packages available for the R Statistical Programming Environment including 
mirt and catR.34,47 We believe the most straightforward tool for developing and deploying 
assessments which include CATOne tool for implementing CATs is the Concerto platform, 
developed and maintained by the University of Cambridge.4848 Further details can be found 
on the Concerto website (concertoplatform.com) or by request to the authors of this 
manuscript.   
 
Our study also has some notable strengths. We have collected a geographically diverse 
samplegroup of both SUsservice users and carers and created a flexible assessment which 
can be used without modification of assessing and comparing both groups. The EQUIP-PH 
PROMPREM which we have developed is related to the EQUIP PROMmeasure, a 
questionnaire measure for service user and carer involvement in care planning, which was 
recently developed by our group.9. Both tools could be used together to gain a holistic 
understanding of how involved service users and carers are in globalmental health care 
planning. Further research could usefully be conducted to understand the scores from the 
two instruments in relation to one another and provide further insight into their use as a 
tool to assess global care planning and service delivery.  
 
In conclusion, The EQUIP-PH PROMPREM is a brief, accurate, and flexible service user- and 
carer-reported assessment forof involvement in physical health care planning for users of 
mental health services with serious mental health servicesillnesses. The measure provides a 
reliable means to evaluate and benchmark the quality of physical health management in the 
context of mental health care. 
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