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Abstract

Background Worldwide, involving patients in healthcare has become a focus point. Shared decision-making (SDM)
is one element of patient involvement and, in many countries, including Denmark, requires culturally adapted and
validated questionnaires to measure diverse patient populations' perceptions of this concept. SDM-Q-9, a widely
used nine-item generic questionnaire, assesses patients’ perception of nine elements during decision-making in
consultations. The primary aim of this study is to assess the psychometric performance of the Danish version of the
SDM-Q-9 through item response theory (IRT). Additionally, to assess the questionnaire’s generic applicability among
patients with pelvic floor disorders or low back pain.

Methods After treatment decisions, Danish patients with pelvic floor disorders or low back pain rated the level of
SDM by completing the SDM-Q-9 questionnaire. litem response theory (the Graded Response Model by Samejima)
was applied to assess each item’s psychometric performance and the questionnaire’s generic applicability (@among
others discriminative ability, precision and item differential functioning).

Results The study invited 825 patients for participation and comprised 758 patients for analysis;73% were women,
with a mean age of 52 years and a mean SDM score of 3.87. Discrimination parameters (a-scores) for the model
ranged from 2.39 (item 1) to 4.48 (item 8). Analysis of the item-information function curves reflected that item 8
demonstrated the highest maximum, indicating higher precision, while items 1, 2 and 9 showed the lowest maxima.
Chi’-test statistics showed no significant differential item functioning at the 0.01-significance level for any item
between the two patient groups. A ceiling effect was observed as most patients selected the highest score, while a
low information load was identified in the SDM's upper load for each item and the overall instrument.

Conclusions The Danish SDM-Q-9 demonstrates strong overall performance, with the ability to differentiate
between the distinct levels of the underlying construct of SDM. However, the high ceiling effect is a critical limitation.
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While the SDM-Q-9 could serve as a generic questionnaire across samples with varying demographic composition,
further exploration of these findings is warranted, particularly across patient samples encompassing more diverse

decisions, e.g. patients with life-threatening diseases.

Keywords SDM-Q-9, Shared decision making, Psychometrics, ltem response theory, Patient involvement, Pelvic floor

disorder, Low back pain

Introduction/background
Shared Decision Making (SDM) has been increasingly
advocated as an ideal model for making decisions dur-
ing a medical encounter, offering different treatment
options [1]. SDM is a joint process of sharing informa-
tion between patients and clinicians to make evidence-
based healthcare decisions together [2, 3]. Furthermore,
SDM is a conceptual construction based on partnership
and incorporating essential elements of person-cen-
tered healthcare such as patient values and preferences,
options, patient participation, patient education, ben-
efits/risks (pros/cons), and deliberation and negotiation
[4]. Despite slow implementation worldwide, SDM has
been shown to benefit patients, clinicians and healthcare
systems [5]. SDM is indicated if there is more than one
reasonable and evidence-based option [2, 3]. The imple-
mentation of SDM into healthcare necessitates the devel-
opment of reliable and practical assessment methods.

Various measurement instruments, including the
Shared Decision Making Questionnaire (SDM-Q-9)
(Supplementary Material 2), are available to assess SDM
in clinical practice [6]. SDM-Q-9, a widely used generic
questionnaire with nine items, explores patients’ perspec-
tives on essential elements of the decision making pro-
cess and is designed for broad application across diverse
populations [7, 8]. SDM-Q-9 has been translated into
numerous languages and validated in various settings and
patient populations [7, 9-20]. Numerous of these vali-
dation studies using classical factor analysis support the
SDM-Q-9 as a questionnaire with a one-factorial con-
struct. Several studies suggest that the best indices of fit
would be achieved by excluding item 1 (‘My doctor made
clear that a decision needs to be made’) and, in some set-
tings, item 9 (‘My doctor and I reached an agreement
on how to proceed’) [7-12, 20]. Additional insight into
the performance of each of the nine items was gained
through some studies that applied item response theory
[13-15]. Overall, the studies reported that the SDM-Q-9
demonstrated good fit for a unidimensional latent struc-
ture, with items 6 (‘My doctor asked me which treatment
option I prefer’), 7 (‘My doctor and I thoroughly weighed
the different treatment options’) and 8 (‘My doctor and
I selected a treatment option together’) identified as the
most relevant items for SDM. In contrast, item 1 exhib-
ited the lowest loading and scalability indices.

SDM has been the subject of increasing attention in
the Danish healthcare system [21, 22]. Several SDM

initiatives have been launched in Denmark, where SDM
implementation among diverse patient populations has
been the focal point. These initiatives have increased the
demand in Denmark for culturally adapted and validated
instruments to measure SDM [22]. Thus, in 2018, a Dan-
ish translation and validation of the SDM-Q-9 (Supple-
mentary Material 1) was published and tested on a group
of patients with pelvic floor disorders (PFDs) [23]. This
study indicated a one-factorial construct for the Danish
version, differentiating with item 1 (‘My doctor made
clear that a decision needs to be made’) compared to the
underlying construct [23]. Additional validation with
item response theory was suggested to understand these
nine items further and to conduct additional validation
studies with larger and more diverse samples of the Dan-
ish population [23]. Subsequently, the Danish version of
the SDM-Q-9 has been used in several studies to assess
the level of perceived SDM e.g. in patients with Low Back
pain (LBP) [24].

Thus, the primary aim of this study was to assess the
psychometric performance of the individual items of
the Danish version of the SDM-Q-9 using item response
theory (IRT) with patients diagnosed with either a pelvic
floor disorder or low back pain. The secondary aim was
to assess the Danish questionnaire’s generic applicability
by investigating the differential item functioning between
the two patient groups.

Methods

The study sample

The patient sample for this methodological study
included data from two groups - PFD and LBP. The PFD
group was data from the validation study from 2017 (PFD
sample 2017) [23] supplemented with additional, new
data from 2022 (PFD sample 2022). The data from the
LPB group was from a study in 2018 to promote patient-
centred care in patients with LBP (the LBP sample) [24].

Participants

Patients were recruited from outpatient clinics at five
Danish hospitals. The PFD-group was recruited from
November 2016 to March 2017 and December 2021 to
July 2022. The LBP-group was recruited from Novem-
ber 2017 to August 2018. The PFD-group was recruited
from gynecological departments and a pelvic floor
unit, whilst the LBP-group was recruited from a Spine
Center. All patients had been referred to specialized
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multidisciplinary consultations (one, two or three consul-
tants with one nurse specialist and often a physiothera-
pist) by general practitioners.

Inclusion criteria for the PFD-group were (i) refer-
ral to a gynecological department or pelvic floor unit
with a diagnosis of PFD, e.g. urogenital prolapse, urinary
incontinence, fecal incontinence or pelvic floor pain, (ii)
age > 18, (iii) sufficient knowledge of the Danish language.

Inclusion criteria for the LBP-group were: (i) referral to
the Spine Center with a primary diagnosis of LBP with
or without leg pain symptoms (sciatica), (ii) aged 18—-60
years and (iii) capable of reading and speaking Danish.
Exclusion criteria for the LBP-group were patients with
neck pain and pain in the upper back.

The PFD-group were presented with the following
treatment options: pelvic floor muscle training, bladder
training, lifestyle modifications, treatment with electrical
tibial nerve stimulation, pharmacological treatment or
surgery. The treatment options for the LBP-group were
rehabilitation, surgery or a training program.

The SDM-Q-9

The SDM-Q-9 assesses patients’ perception of nine ele-
ments of SDM during consultations (Supplemental mate-
rial 1). Patients rate the nine items on a 6-point Likert
scale.

The response categories represent the patients’ level of
agreement with the statement of the item from 0 (com-
pletely disagree) to 5 (completely agree) with a total
sum score from 0 to 45 [8]. A higher score indicates that
patients have a higher perception of involvement and
SDM [25]. The validated Danish SDM-Q-9 was culturally
adapted with cognitive interviews (n=11) and an expert
panel consensus before use in the multidisciplinary set-
ting of PFD [26]. Here, the phrase ‘the doctor’ was
replaced with ‘one of the team members. The culturally
adapted SDM-Q-9 team version showed high acceptance
in a pretest (7 =50) among the patient group (ibid.).

Procedures
Immediately after consultation, patients from the PFD-
group and the LBP-group were asked to participate.
After consent, the PFD-group were handed a paper
version of the SDM-Q-9 questionnaire to answer anony-
mously and return to the department’s mailbox. Patients
who did not return the questionnaire were considered
non-participants. The reporting of non-participants in
the PFD-sample from 2017 was not possible. The LBP-
group received a link to an online version of SDM-Q-9
immediately after their consultation. Data was obtained
through SurveyXact®. Patients who did not respond
received up to three written reminders and one phone
call.
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SDM was not implemented at the time of data collec-
tion for the PFD sample 2017 but all clinicians at the pel-
vic floor unit had received a blended learning course of
SDM for the PFD sample 2022. The LBP sample was col-
lected during the ongoing implementation of SDM at the
Spine Center.

Statistical analysis

Descriptive statistics were used to characterize the
study sample. For categorical data, descriptive statistics
were expressed as absolute and relative frequencies (%)
and numerical data were either reported as means with
standard deviation or medians with interquartile range,
depending on the distribution of the variable.

Psychometric properties

As construct validity had already been examined and
unidimensionality of the questionnaire was found inves-
tigation of construct validity was not part of this analysis
[23].

Samejima’s Graded Response Model (GRM) [27] was
applied; a parametric model that applies item response
theory (IRT). The model selection was based on the
Bayesian information criteria, Akaike’s information cri-
teria and the sample-adjusted Bayesian information
criteria.

The theoretical basis of the IRT-model is that a per-
son’s latent trait (in this case SDM), quantified by 6, will
increase or decrease the probability of giving a particu-
lar response to a given item. Conditionally on the latent
trait, response probabilities to items are independent of
each other, unlike in classical test theory (CTT). There
are a number of advantages of IRT compared to CTT,
including independency between item scores and scale
norms, acknowledgement of differential scaling of items
and heteroscedasticity [28]. The GRM that we applied is
a polytomous model, since there are 6 response options
per item. The GRM is a generalized form of the partial
credit model, in that the GRM allows unequal spacing
between response options. Its equation is denoted

_ 1
- 1 + efaii(e 7bik)

P;(0)

and can be interpreted as the probability of a person
with latent trait 6 to respond with option k or higher. In
the SDM-Q-9, k can be any of the integers {0,1,2,3,4,5}.
0 is traditionally fixed on a scale between =+ 3 with 0
reflecting the mean trait level. The parameter a; denotes
the discriminating ability (slope) of an item ¢, while
b;r, describes its requirement parameter (the required
amount of ¢ at which the probability to respond > k
equals 50%).
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Furthermore, the GRM calculates the amount of infor-
mation contained in an item as a function of 6 ( equation
not shown). That information is described by the item
information function.

To investigate the psychometric properties within
the complete study sample, we extracted the following
aspects from the Graded Response Model [29, 30]:

1) discriminative abilities (Are the individual items able
to differentiate the distinct degree of the underlying con-
struct of SDM?) using discrimination parameters a. The
interpretation of the parameters is based on the recom-
mendation by Baker and Kim [31].

2) categorical response behaviors (Are the responses
related to the degree of the underlying construct of
SDM?) using item trace plots and requirement param-
eters b.

3) precision at item and scale levels (Are the individual
items consistently informative for the underlying con-
struct of SDM across items?) using item information
functions.

4) local independence (Do the individual items mea-
sure the underlying construct of SDM in a unidimen-
sional space?) using item residual correlation. No cut-off
points were used because (1) it is an arbitrary approach
[32] and (2) unidimensionality for the Danish version was
confirmed in a previous validation study [23].

Infit and outfit statistics were used to assess model fit
to avoid Type-I errors, as the sample size was over 200
[33].

PFD - group
2017 sample
(n=218)
2022 sample
(n=166)
A

Total PFD patients
(n=384)

Mizgings - All scovas

{n=8)

For analysis PFD
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To investigate the generic applicability of SDM-Q-9,
potential differential item functioning (DIF) was assessed
to determine if the items measured equally between gen-
ders and the two sub-samples (the patient groups with
LBP and PFDs), controlling for the SDM level using ordi-
nal logistic regression. DIF was considered present if the
same items were consistently flagged as statistically sig-
nificant at the a =0.01 level by the likelihood-ratio Chi?-
test [34].

Sample size was estimated according to simulated sce-
narios showing that a sample size of 500-1000 is suffi-
cient for obtaining accurate parameter estimates for the
Graded Response Model [35].

All the statistical analyses were performed in R v4.2.1
using the libraries mirt and lordif [36].

Missing data

Non-participants and participants with a blank SDM-Q-9
questionnaire (all SDM scores missing) were excluded
from the final analysis. For participants with one up to
eight missing SDM scores, item mean imputation was
carried out as recommended by Dai [37]. Furthermore,
we conducted a sensitivity analysis of our model on the
complete case population.

Results
A total of 825 patients were invited and 758 patients were
analysed (Fig. 1).

In the PED-group, 376 filled in the questionnaire with
scores for all or some items; and 382 from the LBP-group.

LBP - group

Total LBP patients
(n=441)

Mizsings = All scoces

(n=59)

For analysis LBP

(n=376) l

(n=382)

For final analysis
(n=758)

Fig. 1 Flow chart
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Table 1 Patient characteristics

PFD group LBP group Total

Patient characteristics
Invited; n (%) 384 (46.5)  441(53.5) 825
Non-participants; (% total) 8(2.0) 57(12.9) 65 (7.9)
For analysis; n (%) 376 (49.6) 382 (504) 758
Gender
Women; n (% women) 371(966) 235(533) 605(73.3)
Age

Age, women; mean, years (SD)  60.0 (17.8) 453 (104) 51.5(15.7)

Age, men; mean, years 61.25(17.7) 463(10.8) 47.2(11.8)
SDM

SDM, women; mean score (SD) 4.12 (1.07)  343(1.10) 3.87(1.13)

SDM, men; mean score, (SD) 3.67(1.56) 346(1.19) 347(1.21)

Missings, SDM total score; n 19 59 78

The PFD-group consisted of 97% females, ranging in age
from 17 to 93 years, with a mean age of 60.0 years. The
LBP-group consisted of 53% females, ranging in age from
18 to 60 years, with a mean age of 45.3 years (Table 1).
The mean scores for SDM (range 0-5) were relatively
high; 3.47 (men) and 3.87 (women) (Table 1).

Discriminative ability and categorical response behavior

Results from the Graded Response Model for the Dan-
ish SDM-Q-9 show the probability for the response
categories of the single items in relation to the latent
trait, SDM level (#) on the continuum [-3; 3]. The
model reached generally high discrimination param-
eters (a-scores) ranging from 2.39 (item 1) to 4.48 (item
8) (Table 2). Items 1, 2, 5 and 9 have the lowest a-scores
(with a=2.39; a=3.33; a=3.92 and a=3.30 respectively).
The requirement parameters bl-b5 range from -2.14
to 0.46 for —3 < 6 < 3 (Table 2). Requirement param-
eters (b-scores) have no disordering present since all are
in increasing order, reflecting a successive increase in
higher category response probability with increasing 6 .

Table 2 Item parameters for the SDM-Q9

(2025) 25:194
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The item trace lines show that items 1 and 9 have the
most overlap in response probability (Fig. 2).

Precision

The item-information function curves reflect that item
8 had the highest maximum, indicating higher preci-
sion, but within a relatively narrow range (Fig. 3). Items
1, 2 and 9 show the lowest maxima for their informa-
tion functions. Many items show a sudden loss of infor-
mation at # = 1, which indicates a ceiling effect of the
responses, as most patients have chosen the highest
answer category (5=completely agree). The decreas-
ing information amount is visible throughout the test,
with increasing 6 the test loses information. The lower
information load in the SDM range’s upper end could be
detected for each item and the overall instrument. There-
fore, the SDM-Q-9 is more informative in patients/situa-
tions with a lower SDM level.

Local independence

With the exception of a single correlation coefficient,
all others are weaker than =+ 0.5 (Table 3). Specifically,
items 8 (“My doctor and I selected a treatment option
together”) and 4 (“My doctor precisely explained the
advantages and disadvantages of the treatment options”)
show a strong negative correlation of -0.52.

Item fit

Each item had a mean square statistic (i.e. outfit and infit
statistic) between 0.67 and 1.30 (Table 4). Items 1 (“My
doctor made clear that a decision needs to be made’; out-
fit=1.30) and 5 (“My doctor helped me understand all the
information’; outfit=0.67) exhibit relatively high and low
outfit statistics, respectively. However, this number is sta-
bilized in the infit-statistic, which is less sensitive to out-
liers than the outfit statistic.

Items Discrimination Requirement parameters

parameter

a b1 b2 b3 b4 b5
1. My doctor made clear that a decision needs to be made 239 -2.14 -1.79 -1.35 -0.68 0.27
2. My doctor wanted to know exactly how | want to be involved 333 -2.03 -1.72 -1.29 -0.56 0.30
3. My doctor told me that there are different options for treating my medical 4.05 -1.81 -1.42 -1.01 -0.51 0.20
conditions
4. My doctor precisely explained the advantages and disadvantages of the 413 -1.69 -143 -0.85 -0.31 038
treatment options
5. My doctor helped me understand all the information 392 -2.02 -1.69 -1.25 -0.74 0.05
6. My doctor asked me what treatment option | prefer 418 -1.72 -145 -0.93 -0.39 0.29
7. My doctor and | thoroughly weighed the different treatment options 4.22 -1.63 -1.39 -0.73 -0.22 046
8. My doctor and | selected a treatment option together 448 -1.63 -1.44 -091 -047 0.25
9. My doctor and | reached an agreement on how to proceed 330 -1.94 -1.65 -1.31 -0.82 -0.11
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Fig. 2 Item trace lines for SDM-Q-9. The graphs of P1 to P6 correspond to the six Likert scale options (fully disagree to fully agree)

Differential item functioning (DIF)

The Chi’-test statistics from the ordinal logistic regres-
sion indicated DIF at the 0.01-significance level for item
5 between the PFD-group and LBP-group (Fig. 4). The
Chi’-test statistics showed no DIF at the 0.01-signifi-
cance level for any other items between the PFD-group
and the LBP-group. For gender, no DIF were found, indi-
cating equal item functioning between men and women.

Sensitivity analysis
The results from the complete case analysis (7=709)
showed no major deviations from the main results,

except for local dependency, which was slightly higher
for most items and substantially higher for items 4 and 8
(Supplementary Material 3).

Discussion

This was the first study to investigate the psychometric
properties of the Danish SDM-Q-9 questionnaire using
item response theory. Generally, we found that the ques-
tionnaire adequately measured the underlying construct
of SDM in a representative sample of patients with PFD
and LBP. Nevertheless, individual items, particularly
items 1, 2, and 9, exhibit poor performance regarding the
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Fig. 3 Item information functions for SDM-Q-9
Table 3 Residuals and correlation coefficients for the SDM-Q-9
item1 item2 item3 item4 item5 item6 item7 item8 item9
item1 NA 0.26 -0.24 -0.23 -0.21 -0.24 -0.32 -0.28 0.18
item?2 NA -0.27 -0.30 -0.23 -0.25 -0.27 -0.27 -0.20
item3 NA -0.27 -0.27 -0.19 -0.22 -0.34 -0.28
item4 NA -0.26 -0.33 0.25 -0.52 -0.28
item5 NA -0.33 -0.30 -0.32 0.22
item6 NA 0.23 0.24 -0.25
item7 NA -0.31 -0.30
item8 NA -0.31

item9 NA
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Table 4 Item fit statistics from the GRM

Items Outfit z.outfit Infit z.infit
item1 1.30 2.14 1.09 1.15
item?2 0.97 -0.17 1.06 0.75
item3 091 -0.25 0.96 -049
item4 0.84 -0.82 0.99 -0.09
item5 0.67 -1.07 0.99 -0.05
item6 0.79 -0.91 1.00 -0.04
item7 0.81 -1 0.99 -0.08
item8 0.96 -0.03 1.09 1.15
item9 0.73 -0.74 0.99 -0.04

underlying construct of SDM. Specifically, item 1 per-
forms inadequately, and consideration should be given
to removing this item from the instrument. Furthermore,
the Danish version of the SDM-Q-9 can be used as a
generic tool for measuring SDM in different populations.
Our study shows that the validation of the instrument
is largely unaffected by the characteristics of the two
patient groups and their responses. Thus, it seems that
patients’ different diagnoses do not significantly influence
the functionality of the questionnaire and its items.

The investigation of the individual items showed overall
good discrimination abilities indicated by the items’ good
performance at differentiating the distinct degree of the
underlying construct of SDM. In particular, item 8 had
a high discrimination ability (4.50), but items 4, 6 and 7
also discriminated well with parameters higher than 4.0.
Ballesteros et al. found similar good discrimination abili-
ties for items 6, 7, and 8 by looking at the performance of
specific items using Rasch analysis [13]. However, items 4

All items

3 &1
f_
o _|
— PFD
o - LBP

theta

All items
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and 8 showed a strong negative correlation of -0.52, pos-
sibly indicating a minor construct in addition to the SDM
construct. The item correlation structure was within an
acceptable range, although items 4 and 8 were correlated
by a coefficient of 0.6, suggesting a departure from uni-
dimensionality and in contrast to findings from Hulbeek
et al. [23], De las Cuevas et al. [9] and Kriston et al. [8].
However, we kept the items for further testing, especially
given their relatively high information load. Fit statistics
were in accordance with the model parameters.
Unidimensionality was found in the previous vali-
dation of the Danish version when classical test
theory was applied. However, we found a negative cor-
relation between items 4 and 8, which would contradict
the assumption of unidimensionalty. This was even more
pronounced in the complete case analysis. We reflect that
this could be explained by the differing patient roles rep-
resented by the two items. In item 4, the patient occupies
a more passive position, where the clinician plays the
active role (My doctor (The team) precisely explained...).
In contrast, item 8 reflects a more active role for the
patient, positioning them as a partner in decision-mak-
ing (My doctor (The team) and I selected ... together).
As item 8 had a higher discrimination and high preci-
sion, it was assessed to be the most informative of the
underlying SDM construct compared to all other items.
We like to interpret this as the one item representing the
core of patients’ perception of SDM. Item 8 expresses
the active partnership (“My doctor and I selected a treat-
ment option together”), which influences patients’ scores
fundamentally, reflecting item performances. Other

DIF items

TCC

theta

ltem 5

Fig. 4 Test Characteristic Curves (TCC) for patient group DIF in the Danish version of the SDM-Q9. The TCCs show the relation between the true score

(sum of all items, left and DIF item 5, right) and the trait level
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elements in the concept of SDM are outweighed by
active partnership since the active partnership is seen to
empower patients more than information about options
[38] as represented by e.g. item 3. Patients often see
themselves as vulnerable in the decision making process,
and we believe item 8 encompasses ‘team-talking, which
can restore patients’ autonomy [39]. The contrasting roles
between items 4 and 8 may help explain the negative
correlation, as they are linked to the same context (tes-
tlet dependency). This could also suggest a hidden lack
of unidimensionality which was not found earlier. How-
ever, there is no existing research to directly support this
assumption. Qualitative research might further explore
the construct and individual items of the SDM-Q-9 to
better understand relationships between items. Finally,
since our assumption of unidimensionality was based
on a previous Danish study [23], a new validation study
using a bi-factor analysis may be necessary to assess the
underlying structure of the questionnaire specifically
within the population of this study.

Item 1 had the weakest performance with the signifi-
cantly lowest a-parameter of all items (2.4), with low pre-
cision and the lowest ability to differentiate the distinct
degree of the underlying construct of SDM. Ballesteros
et al. also reported in a sample of patients with multiple
sclerosis that this item did not perform well [13]. The
Rasch analysis performed by Wu et al. among breast can-
cer patients showed that item 1 was misfitting in general,
leading them to exclude this item from further testing in
their analysis [14]. Similarly to Wu et al., we conducted
an additional analysis using a more parsimonious ver-
sion of the questionnaire (28 p. 82), excluding the poorly
fitting items 1 and 9. The additional analysis resulted in
a more precise description of the underlying trait and
improved item response modelling parameters.

In addition, our findings, particularly concerning
item 1, underpin previous psychometric investigations
of the Danish version of SDM-Q-9 [23]. Factor analy-
sis showed that item 1 had the lowest correlation to the
total scale, the lowest correlation coefficient between any
two scale items, the highest uniqueness and the lowest
factor loading, explaining the lowest percentage of the
total variance. Repeated findings of item 1’s poor per-
formance despite using different methodological testing
[9, 13, 14, 20, 23, 40] lead to speculations upon a more
pragmatic use of SDM-Q-9 excluding item 1 in clinical
practice. However, for research purposes item 1 should
be included to improve comparisons with other inter-
national and national research studies. We therefore
suggest a validation of the instrument using data from a
sample that exclusively responds to items 2-9 as part of a
development of the questionnaire to assess whether this
approach would improve its efficiency.
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The discrimination ability of items is apparent in the
b-parameters at the lower end of the theta-space from
-3 to 3. Participants tend to respond with relatively high
scores on the Danish version of the questionnaire, result-
ing in a less nuanced and informative interpretation at
the upper end, presenting a ceiling effect. The predomi-
nantly negative requirement parameters indicate that a
high-perceived level of SDM is relatively easy to achieve.
Thus, we found that the SDM-Q-9 has critical limita-
tions in capturing variations in the higher range of SDM,
and its optimal utility and discriminative capacities are
best observed when assessing lower levels of SDM. As
reported in a review by Doherr et al. on the performance
of the SDM-Q-9 [41], coupled with the insight from the
previous validation study of the Danish SDM-Q-9 [23],
a recurrent ceiling effect poses a critical challenge in dif-
ferentiating and measuring SDM in settings character-
ized by a pre-existing high level of SDM. This issue is
evident in our study, as most patients opted for the high-
est response category (completely agree), which leads to a
relatively high mean SDM score in both subsamples. Fur-
thermore numerous items exhibit a sudden loss of infor-
mation around 6 ~ 1.

Kriston et al’s initial examination with DIF of the
SDM-Q-9 as a generic questionnaire revealed inher-
ent differences in item function across different sub-
groups with different diseases [8]. However, we detected
no substantial differences in the analysis of psychomet-
ric assessments across subsamples, and we found that
the SDM-Q-9 has a similar item functioning in the two
patient groups despite demographic differences between
the samples, e.g. age and gender. Nejati et al. in their
research tested the DIF in subsamples of males and
females and they found no differences, too [15]. Thus, we
assume that the Danish version can be used as a generic
questionnaire across different patient groups as well as
across genders.

A key limitation to this study is that we did not col-
lect information on patients’ educational levels. Gener-
ally, highly educated patients opt for greater involvement
in decision making than less educated patients [42—44].
Moreover, highly educated patients tend to have a greater
capacity to obtain, read, and understand basic health
information and services necessary for making appro-
priate health decisions [45, 46]. Thus, to properly under-
stand if educational level could have biased our results,
these data need to be collected and analyzed in future
research, as it is well-known that education correlates
with SDM engagement. The overall percentage of women
in our sample was notably high (73.3%). The high propor-
tion of women may have influenced the SDM level in our
sample, as a previous study reported that women were
more likely to engage actively in SDM than men [42]. On
the other hand, a study from the Arabian Gulf Region
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found no differences in the perception of SDM between
male and female patients [47]. However, an Arab context
is not directly comparable with a Danish context. The
authors suggest that Arab female patients may experience
discomfort expressing their preferences and expectations
towards SDM due to cultural, social, and religious sensi-
tivities within the physician-patient relationship [47]. A
more representative patient sample for the Danish popu-
lation could be drawn from a Spanish study by Jimenez-
Fonseca et al.in which the SDM-Q-9 was applied to male
and female oncology patients [48]. In the study, female
patients exhibited a significantly different prevalence of
dissatisfaction with SDM in the decision-making process
compared to their male counterparts [48].

Besides gender, our subsamples differ in age due to data
being collected in different study protocols [23, 24]. The
age difference poses a challenge for transferability of the
mean SDM in general. However, we argue that subsam-
ples, which differ across various demographic variables,
could improve assessment of the questionnaire’s func-
tional generalizability. This could be achieved by analys-
ing subgroup results and identifying potential differences
in how items function across subgroups. We believe that
we enhanced the robustness of the study through the
diverse subgroups composed of varying gender ratios and
ages and facing different decisions and options. Further,
we collected data over an extended period and in settings
with different phases of SDM implementation.

To strengthen this study, all answers from the two dif-
ferent study protocols (subsample LBP-group and sub-
sample PFD-group) were collected within sufficient
timespan to avoid recall bias.

Data from the LBP-group was collected electronically
and data from the PFD-group was collected in paper ver-
sion. This difference in administration modes of the ques-
tionnaires have to be considered regarding possibility of
introducing response bias to results.

However, we found high response rates in both groups
and very few missing values. Further, our DIF analy-
sis showed no significant DIF between the two groups.
To support the assumption of no response bias, the two
meta analytic studies by Gwaltney et al. and Muehlhau-
sen et al. conclude that subjectively reported outcome
measures collected on paper are quantitatively compa-
rable with measures collected electronically [49, 50].

This study presents some important strengths. One
siginificant strength is the large sample size (n=758),
which is essential for accurately estimating item param-
eters. However, the most significant strength lies in our
methodological approach since it has been argued that
IRT offers several advantages over classical test theory
[29, 51]. IRT enables the examination of individual items
of the instrument, a precise estimation of the relation-
ship between the latent trait and item responses, and a
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targeted evaluation of potential problems across various
domains. These attributes make it particularly well-suited
for assessing the functionality of a questionnaire. Due
to IRT’s independence from the underlying trait, sam-
ple heterogeneity (e.g. different scoring due to disease
groups, recruitment periods and clinics), will not affect
the reliability and generalizability of results.

Conclusion

The Danish SDM-Q-9 demonstrates overall strong per-
formance, with the ability to differentiate between the
distinct levels of the underlying construct of SDM. It
demonstrates utility and discriminative capability in the
presence of lower SDM levels but exhibits critical limita-
tions at higher levels of SDM.

Item 1 exhibits weaknesses and the lowest ability for
discrimination and precision. Consequently, item 1 might
be excluded in the clinical use of SDM-Q-9. However, for
research purposes item 1 should be included to allow for
comparison with other research studies.

While the SDM-Q-9 could serve as a generic question-
naire across samples with varying demographics, further
exploration of these findings is warranted, particularly
across diverse patient samples encompassing decisions
beyond those among PFD- and LBP patients, e.g., deci-
sions among patients with life-threatening diseases.
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