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Background and Purpose—The utility-weighted modified Rankin Scale (UW-mRS) has been proposed as a new patient-
centered primary outcome in stroke trials. We aimed to describe utility weights for the mRS health states and to evaluate
the statistical efficiency of the UW-mRS to detect treatment effects in stroke intervention trials.

Methods—We used data of the 500 patients enrolled in the MR CLEAN (Multicenter Randomized Clinical Trial of
Endovascular Treatment for Acute Ischemic Stroke in the Netherlands). Utility values were elicited from the EuroQol
Group 5-Dimension Self-Report Questionnaire assessed at 90 days after inclusion, simultaneously with the mRS. Utility
weights were determined by averaging the utilities of all patients within each mRS category. We performed simulations
to evaluate statistical efficiency. The simulated treatment effect was an odds ratio of 1.65 in favor of the treatment arm,
similar for all mRS cutoffs. This treatment effect was analyzed using 3 approaches: linear regression with the UW-mRS
as outcome, binary logistic regression with a dichotomized mRS (0-1/2—-6, 0-2/3-6, and 0—4/5-6), and proportional odds
logistic regression with the ordinal mRS. The statistical power of the 3 approaches was expressed as the proportion of
10000 simulations that resulted in a statistically significant treatment effect (P<0.05).

Results—The mean utility values (SD) for mRS categories 0 to 6 were: 0.95 (0.08), 0.93 (0.13), 0.83 (0.21), 0.62 (0.27), 0.42
(0.28), 0.11 (0.28), and 0 (0), respectively, but varied substantially between individual patients within each category. The
UW-mRS approach was more efficient than the dichotomous approach (power 85% versus 71%) but less efficient than
the ordinal approach (power 85% versus 87%).

Conclusions—The UW-mRS as primary outcome does not capture individual variation in utility values and may reduce the
statistical power of a randomized trial. (Stroke.2018;49:965-971. DOI: 10.1161/STROKEAHA.117.020194.)
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he modified Rankin Scale (mRS) is the most widely used dependence in everyday life.? Previously, dichotomizing the
primary outcome measure in trials for acute stroke inter- mRS into dead or dependent (mRS, 3—6) versus independent
ventions."> The mRS is an ordinal scale ranging from 0 (no (mRS, 0-2) was common, but this results in a reduction in sta-
symptoms) to 6 (death) measuring the degree of disability or tistical power to detect relevant treatment effects.* Therefore,
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statistical approaches preserving the ordinal nature of out-
come measures, such as proportional odds logistic regression,
have been recommended for stroke and other neurological
disorders.!>*

Currently, the importance of incorporating quality of life
(QoL) in outcome analysis in stroke trials is increasingly
recognized.”'! For the mRS to reflect both treatment effect
and patient perception, the utility-weighted mRS (UW-mRS)
has been proposed and used as primary end point.>!>!3 In the
UW-mRS, utilities based on the EuroQol Group 5-Dimension
Self-Report Questionnaire (EQ-5D-3L) values are assigned
to the mRS health states. Two prior studies reported utility
weights for the mRS health states: 1 representing the val-
ues of patients and 1 representing the values of clinicians.
The utility weights that were proposed for the UW-mRS are
based on these 2 studies.”” Compared with the ordinal mRS,
the UW-mRS showed similar statistical power to detect treat-
ment effects in empirical data in a wide range of stroke trials."?
However, because in empirical data, the true treatment effect
is unknown, the only valid method to assess statistical power
is simulation.

We aimed to describe utility weights for the mRS health
states and to evaluate the statistical efficiency of the UW-mRS
to detect treatment effects in stroke trials.

Methods

Anonymized trial data and analytic methods that support our study
findings are available from the principal investigator (e-mail:
mrclean @erasmusmec.nl) on reasonable request.

Study Population

We used individual patient data of the 500 patients enrolled in the MR
CLEAN (Multicenter Randomized Clinical Trial of Endovascular
Treatment for Acute Ischemic Stroke in the Netherlands). MR
CLEAN was a phase III, multicenter randomized clinical trial,
designed to evaluate whether intra-arterial treatment (within 6 hours
of symptom onset) plus usual care would be more effective than usual
care alone in patients with acute ischemic stroke and a proximal arte-
rial occlusion in the anterior cerebral circulation. The primary out-
come was the mRS at 90 days, and the secondary outcome was the
EQ-5D-3L at 90 days. In MR CLEAN, ethics approval was obtained
from the local institutional review boards of the participating centers,
and written informed consent was obtained from patients or legal rep-
resentatives before randomization.'*

Modified Rankin Scale

The mRS is a measure of functional outcome after stroke, evaluat-
ing the degree of disability or dependence in daily life. The scale is
derived from clinical assessment by a trained nurse or a physician and
consists of 7 grades ranging from O (no symptoms) to 6, with 5 indi-
cating severe disability and 6 indicating death. A score of <2 indicates
functional independence.’

Utilities

Utilities represent preferences for mRS health states and range from
0 (death) to 1 (perfect health). Utility values of poor outcome cat-
egories might even be negative, indicating that they are valued worse
than death.”” In MR CLEAN, utility values were elicited using
the EQ-5D-3L responses of patient, proxy, or healthcare provider
assessed at 90 days after inclusion, simultaneously with the mRS.
The EQ-5D-3L consists of 5 dimensions (mobility, self-care, usual
activities, pain/discomfort, and anxiety/depression) with 3 levels each
(no problems, some problems, and extreme problems), thus defining

243 (3°%) distinct health states.'® Converting the EQ-5D-3L responses
into utility values was done according to the Dutch tariff—a country-
specific value set established based on the time trade-off method."”
Patients who died before the follow-up interviews at 90 days received
a utility value of zero. The utility values ranged from —0.33 to 1.00.
We determined utility weights for each mRS category by averaging
the derived utilities (including the negative values) of all patients
within each mRS health state (eg, the utility weight for mRS=1 is the
average of the utilities of all patients with mRS=1). Additionally, we
matched the utility values proposed by Chaisinanunkul et al,'> who
collapsed mRS 5 to 6 by assigning a utility weight of zero to both
categories, to our mRS values.

Simulations for Statistical Efficiency

Statistical efficiency was evaluated based on simulations that utilized
the MR CLEAN database. For a single simulation, 500 patients were
sampled at random with replacement. For each patient, the predicted
probability of each possible outcome on the 7-point ordinal mRS was
modeled as a function of the baseline covariates. These covariates
were identical to those in MR CLEAN and included age, stroke sever-
ity (National Institutes of Health Stroke Scale) at baseline, time from
stroke onset to randomization, status with respect to previous stroke,
atrial fibrillation, diabetes mellitus, and occlusion of the internal
carotid artery terminus (yes/no).'*

Using these estimated probabilities, an actual outcome in terms
of an mRS or UW-mRS was simulated. Treatment (yes/no) was
randomly assigned, and the simulated treatment effect was an odds
ratio (OR) of 1.65 (f=0.5) in favor of the treatment arm, similar
for all mRS cutoffs. We also evaluated a scenario with no treatment
effect, by simulating a treatment effect of OR=1.0 ($=0). During this
process, samples of 500 subjects were generated representing 250
patients from the control group and 250 from the intervention group,
with a known treatment effect. This was then repeated 10000x.

The data were analyzed by 3 different statistical approaches. First,
we dichotomized the 90-day mRS in 3 different ways of favorable
versus unfavorable outcome: 0 to 1 versus 2 to 6, 0 to 2 versus 3 to
6, and 0 to 4 versus 5 to 6. The treatment effect on the dichotomized
mRS was determined using binary logistic regression. Second, we
used proportional odds logistic regression for analysis of the treat-
ment effect on the ordinal mRS. We fitted a proportional odds logis-
tic regression model with the 7-point ordinal mRS scale as outcome.
The proportional odds model estimates a common OR over all health
state transitions within the mRS. According to the proportional odds
assumption, the common OR is an accurate reflection of the overall
treatment effect if the ORs are the same for each health state transi-
tion. If there is agreement regarding the ordinality of the mRS, the
common OR can be interpreted as a summary measure of treatment
effect even if the proportional odds assumption is violated.'® Third,
treatment effect on the UW-mRS was analyzed using linear regres-
sion, as proposed by Chaisinanunkul et al."?

Each of the 3 approaches yielded either a significant (P<0.05) or a
nonsignificant treatment effect (P>0.05, 2 sided). The power (or type
1 error in case of no treatment effect) of each statistical approach was
estimated as the proportion of the 10000 analyses, which resulted in
a statistically significant treatment effect.

Associations were expressed as ORs or (3 with 95% confidence
intervals (CIs), averaged over all simulations. All analyses were per-
formed unadjusted and adjusted for the prespecified covariates identi-
cal to those mentioned above. Statistical analyses were performed with
R software, version 3.3.2 (R Foundation for Statistical Computing,
Vienna, Austria). Missing data on time from stroke to randomization
(0.4%) and level of vessel occlusion (0.2%) was statistically imputed
using simple imputation (replacement by mean or mode, as applicable).

Results

Study Population

All 500 participants from the MR CLEAN trial were included
in our analysis. The mRS at 90 days was available for all
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patients. The EQ-5D-3L assessments, and consequently the
utility values, were available in 457 patients (including 108
patients who died before follow-up). In 43 patients (8.6%),
mRS assessment could not be followed by an EQ-5D-3L
assessment. In 192 patients (38%), the EQ-5D-3L was com-
pleted by a proxy.

The total study population had a mean age of 65 years (SD,
14 years), and most patients (58%) were men (Table 1). The
intervention and control groups were similar in terms of base-
line and treatment characteristics. The number of patients with
poor outcome (mRS, 3-6) at 90 days was lower in the inter-
vention group than in the control group (Figure 1).

Utility Weights

The mean utility values (SD) for mRS categories 0 to 6 were:
0.95 (0.08), 0.93 (0.13), 0.83 (0.21), 0.62 (0.27), 0.42 (0.28),
0.11 (0.28), and 0 (0), respectively (Table 2). We observed
substantial variation in utility values within each mRS cat-
egory (Figure 2). Within MR CLEAN, the mean UW-mRS
for the intervention group was significantly higher when com-
pared with the control group (Table 2).

Table 1. Baseline Characteristics of the 500 Patients in the
MR CLEAN Trial

Intervention (n=233) | Control (n=267)
Intra-Arterial Treatment

Baseline Variable Plus Usual Care Usual Care
Age, y; median (IQR) 65.8 (54.5-76.0) 65.7 (55.5-76.4)
Male sex 135 (58%) 157 (59%)
NIHSS score, median (IQR) 17 (14-21) 18 (14-22)
Previous ischemic stroke 29 (12%) 25 (9%)
Atrial fibrillation 66 (28%) 69 (26%)
Diabetes mellitus 34 (15%) 34 (13%)
Prestroke mRS

0 190 (82%) 214 (80%)

1 21 (9%) 29 (11%)

2 12 (5%) 13 (5%)

>2 10 (4%) 11 (4%)
Treatment with IV alteplase 203 (87%) 242 (91%)
Time from stroke onset to 85 (67-110) 87 (65-116)
start of IV alteplase, min;
median (IQR)
Occlusion of the internal 59 (25%) 75 (28%)
carotid artery terminus*
Time from stroke onset to 204 (152-251) 196 (149-266)
randomization, min; median
(IQR)Y
Time from stroke onset to 260 (210-313) NA
groin puncture, min; median
(IQR)

IQR indicates interquartile range; IV, intravenous; mRS, modified Rankin
Scale; NA, not applicable; and NIHSS, National Institutes of Health Stroke Scale.

*No vessel imaging in 1 patient in the control group.

tData were missing for 2 patients in the intervention group.
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Outcome Analysis in MR CLEAN

Ordinal analysis of the mRS showed improved functional
outcomes in favor of the intervention, consistent throughout
all categories of the mRS except for death (adjusted common
OR, 1.67; 95% CI, 1.21-2.30; Figure 1). The dichotomous
approach led to slightly stronger treatment effects for cutoffs
mRS 0 to 1 and O to 2 (adjusted OR, 2.07 [95% CI, 1.07-4.02]
and 2.16 [95% CI, 1.39-3.38], respectively). The fact that the
ORs were not equal for the different cutoffs might imply that
the proportional odds assumption did not hold perfectly in the
empirical data. Linear analysis of the UW-mRS resulted in an
adjusted {3 of 0.086 (95% CI, 0.033-0.131).

Simulations

For all 3 prespecified mRS dichotomizations, intra-arterial
treatment was positively associated with better outcomes
(adjusted OR, 1.66-1.68; Table 3). The estimated treatment
effects were similar to the simulated (true) treatment effect of
1.65. When comparing the 3 different mRS cutoffs, the sta-
tistical efficiency for the cutoff of mRS 0 to 2 versus 3 to 6
was highest (power 71% versus 62% for mRS 0-1 and 35%
for mRS 0-4). This could be explained by an almost equal
distribution of patients among both categories for this cutoff
(Table 3).

Ordinal analysis of the mRS estimated an adjusted treat-
ment effect of common OR=1.66 (95% CI, 1.41-1.95;
Table 3), similar to the dichotomous approach. However, the
ordinal approach was statistically more efficient (power 87%
versus 71%).

Linear regression analysis of the UW-mRS estimated an
adjusted beneficial treatment effect of $=0.075 (95% CI,
0.027-0.125; Table 3). The UW-mRS approach was statisti-
cally less efficient in detecting treatment effects compared
with the ordinal approach (power 85% versus 87%). Matching
the utilities of Chaisinanunkul et al to the mRS values in MR
CLEAN led to similar results (Tables 2 and 3). However, the
assumptions of the linear model were not met because there
was non-normality of the residuals (Figure I in the online-only
Data Supplement).

In the simulations without a treatment effect, a proportion
of false-positives (type 1 error) of around 5% was estimated
for all 3 statistical approaches (data not shown).

Discussion

We evaluated the UW-mRS—a recently proposed patient-cen-
tered outcome measure in stroke. Our study, based on a Dutch
stroke intervention trial, showed that the UW-mRS does not
capture the individual variation in utility values within each
mRS category. Moreover, our simulations revealed that the
UW-mRS approach was more efficient in detecting treatment
effects than dichotomous analysis of the mRS but less effi-
cient than the ordinal approach.

Widely used functional outcome measures in stroke inter-
vention trials, such as the mRS, have been extensively stud-
ied concerning their feasibility in measuring disability after
stroke.'”?® Nevertheless, more attention has recently been
aimed at incorporating patient-reported QoL in stroke out-
come measures.'®!!
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As part of this trend, the UW-mRS has been proposed as a
new primary patient-centered outcome measure in acute stroke
intervention trials. In empirical data, the UW-mRS was equally
statistically efficient in detecting treatment effects compared
with ordinal analysis of the mRS.!> Based on that study, the
UW-mRS was recently used as the primary end point in the
DAWN trial (Diffusion-Weighted Imaging or Computerized
Tomography Perfusion Assessment With Clinical Mismatch
in the Triage of Wake Up and Late Presenting Strokes
Undergoing Neurointervention With Trevo),”® and it is
expected that more trials will follow. However, the study by
Chaisinanunkul et al was only based on analyses of empiri-
cal sets of data. Because the true treatment effect in empirical
data is unknown and different treatment effects on different
outcome measures could be caused by random variation, the
only valid method to assess the power of a statistical approach
is a simulation study, as we performed.

Table 2. Mean Utility Values per mRS Category and Mean
UW-mRS in MR CLEAN and the Study by Chaisinanunkul et al

Chaisinanunkul et
No. of Patients al'2, Mean Utility
MR CLEAN Mean (SD) Values
mRS
0 7 0.95 (0.08) 1.00
1 36 0.93 (0.13) 0.91
2 84 0.83 (0.21) 0.76
3 87 0.62 (0.27) 0.65
4 133 0.42 (0.29) 0.33
5 45 0.11(0.28) 0.00
6 108 0.00 0.00
UW-mRS
Overall 500 0.45 (0.32) 0.40
Intervention group 233 0.50 (0.33)* 0.46
Control group 267 0.41 (0.31) 0.36

MR CLEAN indicates Multicenter Randomized Clinical Trial of Endovascular
Treatment for Acute Ischemic Stroke in the Netherlands; mRS, modified Rankin
Scale; and UW, utility weighted.

*Mean utility for the intervention group vs control group within MR CLEAN:
P=0.002 (Mann-Whitney U test).

Intuitively, patient-centered outcomes, such as the
UW-mRS, are clinically useful because they concern patient-
reported measures combined with the perception of the gen-
eral public. These outcomes reflect patient perception and
respect the nonequality of health state transitions on an ordi-
nal scale. Nevertheless, averaging utility values for each mRS
category does not reflect individual valuation of these health
states: all patients within 1 mRS category receive the same
utility weight, irrespective of their own valuation of this health
state (Figure 2). So, the UW-mRS is in fact a revaluation of
the mRS. Moreover, the utility distribution with mRS=5 being
worse than death for some patients does not support collaps-
ing mRS categories 5 to 6 as proposed by Chaisinanunkul et
al. To reflect true individual valuation of health states, QoL
instruments should rather be used as outcome. However,
utility values derived from the EuroQol Group 5-Dimension
Self-Report Questionnaire may not cover the full range of
limitations relevant to patients with stroke®! and may, there-
fore, overestimate QoL in this group. An alternative would be
to use utility values derived from QoL instruments designed
specifically for patients with neurological disorders, such as
Neuro-QoL.? Nevertheless, because QoL depends on many
external factors, it might introduce noise, making it less suit-
able as a primary outcome measure.??*

Our simulations revealed that the UW-mRS is not as sta-
tistically efficient as ordinal analysis of the mRS and may,
therefore, cause a reduction in statistical power when used
in randomized trials. Chaisinanunkul et al'? analyzed the
UW-mRS with a ¢ test, implying a continuous outcome
variable. We used linear regression, which is a comparable
approach but allows for multivariable analysis. In theory,
linear analysis is expected to be more efficient than ordinal
analysis when the assumptions of the linear model are met.
A linear model assumes that the errors between observed
and predicted values, that is, the residuals of the regression,
are normally distributed. In our analyses, however, we found
non-normality of the residuals of the linear model for the
UW-mRS. Because the UW-mRS remains a scale with 7 out-
come categories, the assumption of normally distributed resid-
uals can never be met. Non-normality of the residuals might
cause bias because of underestimation of the standard error.
Therefore, the actual power of the UW-mRS approach will be
even <85%. Ordinal analysis also makes an assumption (the
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Figure 2. Mean EuroQol Group 5-Dimension Self-Report Ques-
tionnaire (EQ-5D-3L) utility values per modified Rankin Scale
(mRS) category in MR CLEAN (Multicenter Randomized Clinical
Trial of Endovascular Treatment for Acute Ischemic Stroke in the
Netherlands).

proportional odds assumption), but it should be noted that the
assumption of a normal distribution of the residuals in a linear
model is more difficult to fulfill than the assumption of ordi-
nality in proportional odds analyses. In line with theoretical
expectations, the UW-mRS showed to be exactly as efficient
as the mRS when it was analyzed with a proportional odds
model (data not shown).

Defining a beneficial treatment effect in terms of the
UW-mRS, and, therefore, clinical interpretability, might be
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difficult. Treatment effect on the UW-mRS scale is expressed
as a difference in mean UW-mRS between treatment and
control groups.'? This difference can be converted into qual-
ity-adjusted life-years (QALYs) gained or lost by a certain
treatment.'>? The QALY measure assumes that a year of life
lived in perfect health is worth 1 QALY, and a year of life lived
in a state less than perfect health is worth <1 QALY, propor-
tional to its utility value (QALY=years of lifexutility). QALY
can be used to calculate cost-effectiveness to select a certain
intervention for funding.”® Also, the QALY measure has been
argued to be more intuitive to patients (healthy life-years
gained) and, therefore, to improve communication of treat-
ment effects.’>” However, when not converted into QALYs,
treatment effects expressed as utility differences remain diffi-
cult to interpret. Moreover, clinicians and researchers are now
used to working with the (common) OR.

Ordinal outcome scales are also used in other neurological
disorders besides stroke. Examples are the Glasgow Outcome
Scale in traumatic brain injury and the Guillain-Barre syn-
drome disability score in Guillain-Barre syndrome.®”*” These
ordinal outcomes could be transformed to patient-centered
outcomes using utility values, similar to the UW-mRS. For
randomized trials in patients with other neurological diseases,
such as traumatic brain injury and Guillain-Barre syndrome,
our study might, therefore, also implicate that ordinal analysis
should remain the gold standard.

Our study has several strengths. The simulation study was
based on data from the MR CLEAN trial, with relatively broad
inclusion criteria.'* As such, our findings should be generaliz-
able to future stroke trials. Furthermore, simulation is the most
adequate method to evaluate statistical power. Also, we used

Table 3. Univariable and Multivariable Estimated Treatment Effects in Simulations (n=500)

SE Power SE Power
Binary logistic regression Univariable OR (95% CI)* Multivariable OR (95% Cl)*t
0-1vs 2-6 0.205 56% 0.226 62%
0-1 (n=146) 1.54 (1.29-1.83) 1.67 (1.08-2.61)
2-6 (n=354) Reference Reference
0-2 vs 3-6 0.181 63% 0.203 1%
0-2 (n=272) 1.51 (1.30-1.74) 1.66 (1.12-2.48)
3-6 (n=228) Reference Reference
0-4 vs 5-6 0.303 32% 0.326 35%
0-4 (n=448) 1.58 (1.21-2.07) 1.68 (0.89-3.19)
5-6 (n=52) Reference Reference
Proportional odds logistic regression Univariable OR (95% CI)* Multivariable OR (95% Cl)*t
mRS at 90 d 1.53 (1.34-1.75) 0.159 76% 1.66 (1.41-1.95) 0.163 87%
Linear regression Univariable 3 (95% Cl)* Multivariable (3 (95% CI)*t
UW-mRS with MR CLEAN utilities 0.075 (0.020-0.131) 0.028 76% 0.075 (0.027-0.125) 0.025 85%
UW-mRS with utilities from Chaisinanunkul et al 0.076 (0.020-0.133) 0.029 75% 0.077 (0.026-0.128) 0.026 84%

Cl indicates confidence interval; MR CLEAN, Multicenter Randomized Clinical Trial of Endovascular Treatment for Acute Ischemic Stroke in the Netherlands; mRS,
modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; OR, odds ratio; and UW, utility weighted.

*Simulated treatment effect $=0.5 (OR, 1.65).

TAdjusted for age, NIHSS at baseline, time from stroke onset to randomization, status with respect to previous stroke, atrial fibrillation, diabetes mellitus, and

occlusion of the internal carotid artery terminus (yes/no).
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utility values derived using the recommended time trade-off
method, which should be less prone to bias compared with
other elicitation methods.*

Some limitations should also be acknowledged. As with
all simulation studies, we do not know how far our findings
may be extrapolated beyond the modeled situations. For
instance, we only simulated a model with a uniform treatment
effect across all mRS health state transitions, which, there-
fore, adheres perfectly to the proportional odds assumption.
However, if the proportional odds assumption would be vio-
lated, and treatment effect would not be uniform across the dif-
ferent outcome categories, ordinal analysis would still be the
most efficient.® Nevertheless, further validation of our results
is required. Finally, we used the EuroQol Group 5-Dimension
Self-Report Questionnaire assessed at 90 days after inclusion,
which reflects neither short-term QoL nor the final health state.
A better reflection of patient perception could be achieved by
calculating QALY based on multiple QoL measurements in
1 patient. Nevertheless, the aim of this study is not to describe
QoL but to evaluate efficiency in detecting treatment effects.

In conclusion, the UW-mRS has been received as a promis-
ing new patient-centered outcome in stroke research. However,
the UW-mRS does not capture individual variation in utilities
within each mRS health state. Also, interpretation of treatment
effect on the UW-mRS scale might be more challenging than
was first suggested. Finally, clinicians and researchers should
be aware of the reduction in power compared with ordinal
analysis of the mRS when they use the UW-mRS as outcome
measure in acute stroke intervention trials. More thorough
evaluation of the UW-mRS in terms of its added value, ana-
lytic approach, and interpretation is required.
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