
Journal of Clinical Epidemiology 163 (2023) 21e28
ORIGINAL ARTICLE

Psychometric sensitivity analyses can identify bias related to
measurement properties in trials that use patient-reported outcome

measures: a secondary analysis of a clinical trial using the disabilities of
the arm, shoulder, and hand questionnaire

Conrad J. Harrisona,*, Anower Hossainb, Julie Bruceb,c, Jeremy N. Rodriguesb
aNuffield Department of Orthopaedics, Rheumatology and Musculoskeletal Sciences, Surgical Intervention Trials Unit, University of Oxford, Oxford, UK

bWarwick Clinical Trials Unit, Warwick Medical School, University of Warwick, Coventry, UK
cUniversity Hospital Coventry and Warwickshire NHS Trust, Clifford Bridge Road, Coventry CV2 2DX, UK

Accepted 21 September 2023; Published online 27 September 2023
Abstract
Objectives: Demonstrate psychometric sensitivity analyses for testing the stability of study findings to assumptions made about patient-
reported outcome measures.

Study Design and Setting: We performed secondary analyses of Disability of Arm, Shoulder, and Hand (DASH) data collected within
the Prevention of Shoulder Problems clinical trial, which compared upper limb function scores in women who had undergone breast cancer
surgery, randomized to either an exercise program or usual care. We repeated the principal trial analyses after grouping DASH items into
subscales suggested by factorial analyses in this dataset and applied item response theory to account for unequal item weighting. We
checked for measurement invariance by participant age and response shift bias using established techniques.

Results: Our analyses suggested that the DASH measured two constructs: motor function and sensory symptoms. The majority of the
six-month difference in DASH score was driven by motor function. With item response theory scoring, we found differences in both con-
structs at 12 months (P 5 0.019 and P 5 0.007), but in neither construct at 6 months, contrary to the original trial results. We found no
differential item function by age or between baseline and 12-month measurements.

Conclusions: Psychometric sensitivity analyses aid in the interpretation of the Prevention of Shoulder Problems trial’s results. � 2023
The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.
0/).
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1. Introduction

1.1. Measurement error in patient-reported outcome
measures

Increasingly, patient-reported outcome measures
(PROMs) are being used in randomized controlled trials
(RCTs) that have potential to directly influence healthcare
policy [1e3]. The scores of a PROM are intended to reflect
underlying health constructs that are important to patients
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but cannot be observed directly, such as pain, depression,
and fatigue. Unlike a ruler, which directly measures length,
PROMs indirectly measure these health constructs. For
example, pain causes a person to respond to a PROM in
a certain way, but the construct of interest (pain level in
the mind of the patient) is not necessarily defined by the
items (questions) in the PROM. Scores from a PROM
might correlate closely with the underlying, unobservable,
construct of interest, but they might also be affected by
other human characteristics and so should be interpreted
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What is new?

Key findings
� Psychometric sensitivity analyses demonstrated

how measurement assumptions impacted the re-
sults of the Prevention of Shoulder Problems trial.

What this adds to what was known?
� Psychometric sensitivity analyses test the stability

of patient-reported outcome measure scores to
key measurement assumptions.

� This may aid in the interpretation of findings from
randomized controlled trials.

What is the implication and what should change
now?
� Further work is warranted to assess the potential

impact of psychometric sensitivity analyses, and
define their role in clinical trials.

judiciously. The developers of PROMs endeavor to create
instruments that reflect meaningful health constructs as
accurately, reliably, and precisely as possible, but because
these measurements are indirect, they will always incur
some level of error. By error, we mean that there is discor-
dance between the true level of the health construct and the
level implied by the PROM score, for example, if a pa-
tient’s pain score implies a higher or lower level of pain
than the patient is actually experiencing. In some cases, this
may be negligible, but due to the great variability in the
construct validity of available PROMs, there may be cases
where this error has the potential to influence the results
and interpretation of findings from clinical trials.

For practical reasons, researchers make assumptions
about PROM measurements. This paper firstly focuses on
three key assumptions trialists may make about PROM
scores: unidimensionality, correct (and often equal) weight-
ing of items, and measurement invariance. We describe
each of these before presenting a case study using PROM
data from a recently published National Institute for Health
Researchefunded clinical trial.

1.2. Scale unidimensionality

A unidimensional PROM is one which either measures a
single health construct or health constructs that are so
closely related that they can be assumed to have an equal
impact on the responses to items within the questionnaire
[4]. It is undesirable to reflect experientially unrelated
health constructs in a single score. For example, if we were
to combine pain and stiffness into a single disability score,
we may find that in some cases, a patient’s pain improves,
although their stiffness worsensdtwo important changes
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that might not be captured by a single PROM score if these
changes were to offset each other. This example is further
complicated if we give equal weight to pain and stiffness,
when these constructs might not be equally important to
the patient.
1.3. Item weighting

In a series of items measuring upper limb function, some
items may more closely reflect upper limb function than
others and some may reflect a greater level of upper limb
function than others. For example, the ability to turn a
key may reflect upper limb function more closely than
one’s ability to manage their transport needs, and doing
heavy household chores might reflect a higher level of func-
tion than playing cards. Where these differences between
items exist, their impact on the overall function score
should differ. The degree to which the score of an individ-
ual item should affect the total score of the scale is multi-
factorial and complex [4], but for simplicity, we will refer
to this general concept as item weighting.
1.4. Measurement invariance

Third, measurement invariance describes a stable rela-
tionship between the level of the latent construct and the re-
sponses to items in a PROM [4]. There are two types of bias
which might be caused by a lack of measurement invari-
ance and could go on to affect the findings of clinical trials
and observational studies. The first is response shift bias
and the second is differential item functioning by sub-
groups such as genders, ages, or ethnicities, where relevant.

Response shift bias occurs when the meaning of a
PROM response changes over time. This can take three
forms: recalibration, reprioritization, and reconceptualiza-
tion [5]. Recalibration describes a change in the patient’s
internal frame of reference, for example, what is considered
the ‘worst pain imaginable’ might change following an
extremely painful experience. Reprioritization is a change
in what the patient finds important, for example, a patient’s
ability to work may have a lesser impact on their perceived
quality of life after retirement. Reconceptualization is a
redefinition of the health construct in the mind of the pa-
tient, for example, what a patient considers to be indepen-
dent functioning might change to include the use of
compression garments, following lymph node surgery for
breast cancer [6].

Differential item functioning by subgroup occurs when
population subgroups respond to an item differently, for
any given latent construct level. In an assessment of upper
limb function, we may ask whether a patient’s upper limb
interferes with their work. For any given level of upper limb
function, patients’ answers might vary depending on the na-
ture of their work. In this case, the item will have different
measurement properties depending on the patient’s job
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description and is said to exhibit differential item func-
tioning [7].
1.5. Psychometric sensitivity analyses

Individually, the potential for each of these theoretical
assumptions to impact the results of clinical trials has been
demonstrated, with both simulated and real data [8e11]. In
other fields, such as health economics, assumptions which
may go on to impact a trial’s results are tested in secondary,
post-hoc, sensitivity analyses. Psychometric sensitivity an-
alyses are intended to explore the impact of measurement
assumptions in trials that use PROMs [12]. They ask what
measurement properties did the PROM show in the trial da-
taset and how much would the trial results change if the
PROM was not functioning as expected? These are partic-
ularly important questions to ask when the PROM has not
been developed with contemporary psychometric
techniques.

This paper demonstrates the use of psychometric sensi-
tivity analyses in a secondary analysis of patient-reported
disability data from a recently completed National Institute
for Health Researchefunded multicenter rehabilitation
RCT. The aim of these analyses is to test the stability of
the trial’s principal findings against these theoretical psy-
chometric assumptions and to illustrate the potential impact
of these analyses more generally.
2. Methods

2.1. The UK PROSPER trial (case study)

The Prevention of Shoulder Problems (PROSPER) trial
was a pragmatic, multicentered RCT which compared a
physiotherapy-led exercise program to usual National
Health Service care in 392 women who had undergone
breast cancer surgery between January 2016 and July
2017 [1]. The primary outcome measure was the Disabil-
ities of the Arm, Shoulder, and Hand (DASH) questionnaire
score, 12 months after randomization [13]. The trial was
powered to detect a seven-point difference, assuming a
minimum important difference (MID) of 5e10 points. Up-
per limb disability (DASH) data were collected by post,
preoperatively, at six and 12 months. At 12 months, the
adjusted mean difference in DASH sum-score was 7.81 fa-
voring the exercise intervention (95% confidence interval
[CI] 3.17 to 12.44, P 5 0.001) after adjusting for age, base-
line DASH score, type of breast surgery, type of axillary
surgery, and the use of radiotherapy and chemotherapy, us-
ing ordinary least squares regression. The authors
concluded that the exercise program was more clinically
and cost-effective than standard care and reduced upper
limb disability one year after breast cancer surgery.
2.2. The disabilities of the arm, shoulder, and hand
questionnaire

The DASH questionnaire is one of the most frequently
used PROMs for measuring upper limb disability. It con-
tains 30 items, each with five response categories scored
1, 2, 3, 4, and 5, with a higher score indicating more severe
disability. Overall scores are typically calculated by sub-
tracting 1 from the mean item score and multiplying by
25 to generate a 0e100 index. Scores from response sets
that are missing more than three item responses are not usu-
ally included in primary analyses [14].

The DASH was developed in 1996 by a North American
collaborative group, although not using modern psychomet-
ric techniques, such as Rasch measurement theory [15] or
IRT [4] that ensure unidimensionality and interval-scale
scoring. Since its release, several psychometric studies have
challenged the structural validity of the DASH and its
short-form (11-item) version, the QuickDASH, suggesting
that the instruments may be better divided into at least
two subscales [16e19]. The PROSPER study did perform
a secondary analysis involving the DASH subscales (activ-
ity limitations; impairment; participation restriction) pro-
posed by Dixon et al., [20] but the grouping of items into
these particular subscales was based on academics’ inter-
pretation of the International Classification of Functioning
Disability and Health and does not necessarily reflect
how the items are interpreted by women undergoing breast
cancer surgery nor covariance patterns in their item
responses.
2.3. Ethical approval

We obtained ethical approval from the University of
Warwick Biomedical and Scientific Research Ethics Com-
mittee (BSREC16/22-23, 26/10/2022) to perform these sec-
ondary psychometric analyses using anonymized data from
the PROSPER trial.
2.4. Stage 1: factorial structure

In our first psychometric sensitivity analysis, we group-
ed DASH items into two unidimensional subscales, scored
these subscales by summing the individual item responses,
and repeated the primary PROSPER analysis with these
subscale scores. To understand how many subscales items
should be grouped into, and which items belong to which
subscale, we performed a series of psychometric tests,
including a scree plot and Kaiser criterion analysis, explor-
atory and confirmatory factor analyses, and bifactor
modeling (Supplementary material). These techniques aim
to reduce the number of dimensions of the item response
covariance matrix into subscales that account for the major-
ity of covariance between items [21]. This prevents items
that do not correlate well with each other from being com-
bined to produce a single score.



Table 1. Demographics and clinical characteristics of total PROSPER
trial participants (n 5 382 at baseline)

Median age (IQR) years 58 (49 to 68)

Type of breast surgery

Mastectomy 157

Breast conserving surgery 222

Type of Axillary surgery

Nodal clearance 327

Sentinel lymph node biopsy 52

Radiotherapy status

Underwent radiotherapy 317

Did not undergo radiotherapy 40

Chemotherapy status

Underwent chemotherapy 226

No chemotherapy 132

Ethnic group

White 321

Indian 11

Pakistani 5

Mixed 2

African 1

Bangladeshi 1

Black or Black British 1

Caribbean 1

Chinese 1

Other 4

Abbreviations: IQR, interquartile range; PROSPER, Prevention of
Shoulder Problems.
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2.5. Stage 2: item response theory modeling

Item response theory (IRT) describes a framework for
using probabilistic models to describe the relationship be-
tween a set of item responses and the level of the latent
construct which they aim to measure [4]. When an IRT
model can be fitted to a set of PROM responses, it can pro-
vide interval scale measurement (as opposed to ordinal
measurement), missing data can be handled directly by
the model, and it is potentially possible to derive more
granular measurements, as these models account for the
pattern of item responses (rather than merely the sum of
item responses). IRT is believed to handle the naturally un-
equal weighting of items in the minds of patients by allow-
ing certain items to impact the scale score more than others
as the level of the latent construct varies.

In a second psychometric sensitivity analysis, we fitted
IRT models (specifically, graded response models [22]) to
the unidimensional subscales and used these to produce
subscale IRT scores (specifically, expected a posteriori
[EAP] scores [23] with a standard normal prior;
Supplementary material). These scores are presented on a
continuous logit scale, with the majority of scores falling
between �2.00 and þ2.00, and a higher score indicating
a poorer clinical state. After calculating EAP scores for
each subscale, we repeated the primary PROSPER analysis
once more, using these scores as dependent variables.

2.6. Stage 3: response shift bias and measurement
invariance

We then tested for differential item functioning by age
(!70 years vs. �70 years) using the logistic regression
technique described by Choi et al. [24] This involves fitting
logistic regression models that aim to predict item re-
sponses from overall scale scores. The addition of age as
a covariate in these models should not improve model fit
by a Nagelkerke pseudo-R2 value of O2%, unless age in-
fluences the relationship between latent construct level
and item response (and differential item functioning exists).
To check for potential response shift bias, we repeated this
process using time point (baseline vs. 12 months) as the
covariate.
3. Results

3.1. Sample characteristics

The demographics and clinical characteristics of PROS-
PER study participants are presented in Table 1.

3.2. Stage 1: factorial structure

The analyses of factorial structure suggested that it was
reasonable to consider the DASH as two independently
functioning subscales in this cohort (the methodology and
results of these analyses are reported in the
Supplementary Material). Items from 1 through to 21
together measured a common health construct, which we
named ‘motor function’ and items 22 through to 30
measured a second construct, which we named ‘sensory
symptoms’. The covariance of motor function and sensory
symptoms was low (0.59), implying that it may be more
appropriate to consider motor function and sensory symp-
toms separately rather than as a single construct.

This data-driven approach, based on the covariance
structure of item responses, is supported by examining
the face validity of the items. Items in the motor function
subscale primarily ask about limitations in activities and
procedural tasks, and items in the sensory symptoms sub-
scale focus on pain and paresthesia. The division of items
in this way is also consistent with previous studies of the
factorial structure of the DASH and QuickDASH, when
applied to hand conditions [18,19].

The primary analysis of the PROSPER trial suggested
statistically significant differences in upper limb disability
between groups at both six months (adjusted mean differ-
ence [MD] �4.60, 95% CI �8.90, �0.30; P 5 0.036)
and 12 months (MD �7.81, 95% CI �12.44, �3.17;
P 5 0.001). After accounting for the factorial structure of
the DASH in this cohort, we found a statistically significant
difference in motor function score at six months (MD



Table 2. Adjusted mean (95% CI) DASH scores by intervention arm for each analyses

Trial arm Baseline 6 months 12 months

Primary PROSPER analysis using recommended DASH scoring

Exercise 20.3 [15.4, 25.2] 18.8 [14.2, 23.4] 15.2 [10.4, 19.9]

Usual care 18.9 [13.7, 24.2] 23.4 [18.5, 28.3] 23.0 [18.1, 27.9]

P value 0.572 0.036 0.001

Secondary psychometric analyses

Motor function sum-score

Exercise 33.8 [28.9, 38.6] 36.4 [31.7, 41.1] 33.8 [27.9, 39.8]

Usual care 35.3 [30.1, 40.6] 41.2 [35.9, 46.6] 39.5 [33.5, 45.4]

P value 0.509 0.029 0.026

Sensory symptoms sum-score

Exercise 16.4 [14.5, 18.3] 15.5 [13.9, 17.2] 14.0 [12.1, 15.8]

Usual care 16.3 [14.5, 18.3] 16.1 [14.4, 17.9] 16.9 [14.9, 18.9]

P value 0.907 0.475 0.002

Motor function EAP score

Exercise �0.07 [�0.30, 0.17] �0.002 [�0.20, 0.195] �0.15 [�0.35, 0.05]

Usual care �0.08 [�0.33, 0.17] 0.111 [�0.105, 0.33] 0.092 [�0.12, 0.31]

P value 0.912 0.256 0.019

Sensory symptoms EAP score

Exercise �0.067 [�0.299, 0.165] �0.051 [�0.250, 0.148] �0.171 [�0.377, 0.034]

Usual care �0.073 [�0.321, 0.175] 0.060 [�0.157, 0.278] 0.113 [�0.106, 0.333]

P value 0.958 0.265 0.007

Baseline scores are adjusted for age, type of breast surgery, type of axillary surgery, and the use of radiotherapy, and chemotherapy. Mean scores
at six and 12 months are also adjusted for baseline score (either DASH scores, subscale sum-scores, or subscale expected a posteriori [EAP] scores
in the respective analyses). P values relate to adjusted between-group differences at each time point.

Abbreviations: CI, confidence interval; DASH, Disability of Arm, Shoulder, and Hand; PROSPER, Prevention of Shoulder Problems.
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�4.88, 95% CI �9.23, �0.52; P 5 0.029) and 12 months
(MD �5.61, 95% CI �10.5, �0.67; P 5 0.026), and a dif-
ference in sensory symptom score at 12 months (MD
�2.92, 95% CI �4.73, �1.10; P 5 0.002), but not at
six months (MD �0.57, 95% CI �2.14, 1.00;
P 5 0.475). Although the original PROSPER analysis
might imply a progressive improvement in upper limb
disability in the exercise intervention group, the factorial
analysis suggests that motor scores for this group were
similar between baseline and 12 months, whereas those in
the control group deteriorated over time (Table 2, Fig. 1).
Overall, this psychometric sensitivity analysis of the DASH
supports the main trial conclusion that at 12 months, partic-
ipants who received the exercise intervention had better
motor function and sensory symptom outcomes than the
control group.

3.3. Stage 2: item response theory theory modeling

The item responses to each subscale demonstrated good
fit to the graded response model (Supplementary Material).
This meant that we were able to generate EAP scores on a
continuous scale that account for the weighting of items at
different construct levels. With EAP scoring, we found no
statistically significant difference between groups in motor
function score (MD �0.11, 95% CI �0.308, 0.08;
P 5 0.256) or sensory symptom score (MD �0.11, 95%
CI �0.31, 0.09; P 5 0.265) at six months. At 12 months,
there were differences in both motor function score (MD
�0.241, 95% CI �0.442, �0.04; P 5 0.019) and sensory
symptom score (MD �0.29, 95% CI �0.49, �0.08;
P 5 0.007) between groups, both favoring the exercise
intervention.
3.4. Stage 3: measurement invariance

For both motor and sensory subscales, we found no ev-
idence of differential item functioning by age and no differ-
ential item functioning between-item responses at baseline
and 12 months. This suggests that the probabilistic relation-
ship between item responses and motor function or sensory
symptom levels was constant between age groups (!
70 years vs. �70 years) in this trial cohort and over the
course of the study. Measurement invariance by age or time
was unlikely to have biased the findings of the PROSPER
study.
4. Discussion

This paper describes some key measurement assump-
tions (or decisions) that are often made when analyzing
PROM data in clinical trials and demonstrates the impact
they can have on a trial’s results. The underlying



Fig. 1. Adjusted mean (95% CI) DASH sum-scores for each analysis. Panel (A) represents the original PROSPER analysis. Panels (B) and (C)
demonstrate the repeat analysis, after accounting for subscales using sum-scoring. Panels (D) and (E) demonstrate the second repeat analysis,
which accounts for subscales using expected a posteriori (EAP) scoring. The usual care group is illustrated in purple, whereas the exercise inter-
vention group is illustrated in amber. Baseline scores are adjusted for age, type of breast surgery, type of axillary surgery, and the use of radio-
therapy, and chemotherapy. Mean scores at six and 12 months are also adjusted for baseline score (either DASH scores, subscale sum-scores,
or subscale EAP scores in the respective analyses). (For interpretation of the references to color in this figure legend, the reader is referred to
the Web version of this article.)
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assumptions we focus on here are unidimensionality, cor-
rect item weighting, and measurement invariance, including
response shift bias.

Our factorial analysis suggested an alternative subscale
structure of the DASH to that used in PROSPER and other
clinical trials following the official recommendations for
scale scoring. The subscale structure we propose is consis-
tent with other psychometric studies examining DASH
[19,25], and these analyses provide additional, meaningful,
clinical insights. By dividing the PROM into motor func-
tion and sensory symptom subscales, clinicians can see that
apparent early ( six-month postoperatively) differences in
score were due to motor function item responses, whereas
sensory symptoms (pain and paresthesia) were similar be-
tween groups at this time point.

Although these subscales are different to those used in
the original PROSPER secondary subscale analysis, our
conclusions are similar. The main trial found between-
group differences in ‘activity limitation’ and ‘participation
restriction’ subscale scores, but not in ‘impairment’ sub-
scale scores, at six months. At 12 months, between-group
differences were found in all three of the subscales pro-
posed by Dixon et al. [1].

After accounting for the weighting of items with IRT, we
found that the differences between groups (both in sensory
symptoms and motor function) only became apparent at



27C.J. Harrison et al. / Journal of Clinical Epidemiology 163 (2023) 21e28
12 months. Although the primary analysis of PROSPER
might imply that the exercise program improves upper limb
disability at 12 months vs. baseline, a reasonable alternative
interpretation is that it prevents the deterioration seen in the
control group. This is a helpful insight for healthcare prac-
titioners who may need to manage patients’ expectations
when administering the exercise intervention.

The methods we used to assess factorial structure, item
weighting, and measurement invariance are neither exhaus-
tive nor prescriptive. There are many other techniques that
could have been reasonably applied, and these may have
led to different results. Similarly, we made judgments when
interpreting our results that other researchers may reject
(e.g., whether or not to exclude certain items from the anal-
ysis that were influenced by both sensory symptoms and
motor function, such as item 23, which relates to limitations
in work and daily activities; Supplementary material). A
second challengeable decision we made was to assess dif-
ferential item functioning by age after categorizing patients
into those who were aged !70 years or �70 years. Com-
mon software packages for assessing differential item func-
tioning require dichotomization like this, and so an age
threshold separating group that may respond differently
must be drawn. But we have no strong empirical reason
to draw the threshold at 70 years, different researchers
may have chosen a different boundary, and this might have
led to different results. For these reasons, psychometric
sensitivity analyses could easily become a target for
‘p-hacking’ [26]. One approach to deal with this may be
to prespecify a range of psychometric sensitivity analyses
in a trial’s protocol, with explicit thresholds for decision-
making. This could be incorporated into estimand frame-
works for clinical trials using PROMs [27].

Another limitation of this work is that we have not ques-
tioned whether the trial’s target difference represents a truly
meaningful difference. There are several ways to estimate a
PROM’s MID, with varying rigor, and for the purposes of
sample size calculations and result interpretation, trialists
must often select an MID based on estimates from different
contexts which may not generalize perfectly to the sample
population [28]. In the PROSPER trial, the authors recog-
nized this uncertainty by providing a range of plausible
MID values for the DASH. These ranges help readers to un-
derstand whether a statistically significant difference is also
clinically meaningful. Because we altered the scoring of
the PROM in our secondary psychometric analyses (through
subscale sum-scoring and IRT), it is difficult to compare our
observed differences to original MID estimates. This issue
should be a target for development in the area of psychomet-
ric sensitivity analysis and might be partially addressed
through the use of anchors (e.g., global rating of change
scales [29]) or standardized effect size heuristics [30].

While psychometric sensitivity analyses may address
some of the assumptions surrounding the construct validity
of an outcome measure, they do not address assumptions
related to the measure’s content validity (the relevance
and comprehensiveness of the items posed). The DASH
was not developed with patients undergoing breast cancer
surgery and its content validity in this population could
be explored further through cognitive debriefing studies.
Finally, psychometric sensitivity analyses do not address
broader trial limitations, for example, those relating to
intervention adherence, attrition, or the placebo effect. A
detailed discussion of the broader strengths and limitation
of the PROSPER trial can be found in its primary publica-
tion [1]. These considerations must be taken into account
together when drawing conclusions based on trial results.
5. Conclusion

Not all PROMs provide unidimensional, interval-scaled,
and invariant measurement. The measurement assumptions
and decisions that clinical trialists must make when using
PROMs as primary outcomes can influence the results of
RCTs. Psychometric sensitivity analysis is a framework
for testing the stability of a trial’s results to these assump-
tions. This study provides further evidence that the DASH
functions as two independent subscales, but this violation
of unidimensionality does not alter the principal conclusion
of the PROSPER study.

Further work is needed to understand what role psycho-
metric sensitivity analyses could play in RCTs and which
techniques might be most appropriate for different circum-
stances. Additionally, work is needed to improve the acces-
sibility and practicality of these analyses. For now, we
recommend that psychometricians and measurement scien-
tists are involved in the planning and execution of RCTs
that use PROMs and that trialists aim to select PROMs that
demonstrate high standards of content and construct valid-
ity, as defined in the consensus-based standards of the se-
lection of health measurement instruments [31].
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