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Abstract

Introduction: Precision (how closely repeated measures match) and responsiveness (ability to detect change over time) are
critical properties of patient reported outcome measures (PROMs). Smallest Detectable Difference (SDD) is a useful
statistic regarding precision; Minimal Detectable Change (MDC) and Minimal Important Change (MIC) assess respon-
siveness. Methods: We examined measurement properties of Numeric Rating Scale for Breathlessness, ALSFRS-R
respiratory subscale and Dyspnea-12, contributed by participants in the Trajectories of Outcome in Neurological
Conditions-ALS study. Rasch analysis converts ordinal scale data to interval equivalents. Results: Data from 1120 people
with ALS showed ALSFRS-R Respiratory is only valid as ordinal data. The NRS Breathlessness requires computation
from a wider NRS set for Rasch analysis; its SDD is 3.2, MDC 2.59, MIC 2.39, with score range of 0-10. The
Dyspnea-12 has SDD 7.0, MDC 6.14, MIC 4.5, with score range of 0-36. The %MDC, indicating smallest change
detectable above measurement error as % of scale range, is superior for the Dyspnea-12 (17.1%) compared to the NRS
Breathlessness (25.9%). Another advantage of Dyspnea-12 is transformation of raw ordinal to interval equivalent data
using published conversion tables. Both NRS and Dpyspnea-12 have disadvantages of MIC < MDC. Conclusions:
Accurate measurement underpins optimal clinical decision making and high-quality research. Informed choice of
PROMs reduces risk of misinterpreting clinical and research data. Patients want PROMs which they feel give an accur-
ate account of their progression when participating in research and communicating with their clinical team. The
Dyspnea-12 is preferrable for clinical and research use based on its psychometric properties.

Keywords: Rasch analysis, patient reported outcome measure, TONiC-ALS study, breathlessness, dyspnea

Introduction

Patient reported outcome measures (PROMs) are
increasingly used in clinical practice and research,
necessitating an understanding of terms such as
validity (measures what is intended), reliability
(does so consistently) and responsiveness (can

measure change). These are well documented in
the “COnsensus-based Standards for the selection
of health Measurement INstruments” (COSMIN)
literature (1). There are many guidelines for
choosing PROMs, including for electronic imple-
mentation (2-4). However, there remains a critical
yet neglected issue, which relates to the level of
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In considering any analysis it is crucial to understand the type of
measurement available and, as a result, the type of statistical
analysis that can be used.

Nominal: A nominal (or categorical) scale simply names categories to
assign variables to, such as marital status or blood type. This is the
lowest level of measurement because one can only group the
observations, and it is not possible to order the groups.

Ordinal: Ordinal scales also name groups in the data, but these groups
can be placed in a natural order; examples include Likert scales
(strongly disagree to strongly agree). While it is possible to rank the
values, the differences between values might not be consistent.

Interval: For interval scales, the order of values and the interval
between any two points is meaningful. An example would be the
person’s temperature, the change in temperature from 32°C to 34°Cis
the same as the rise from 37°C to 39°C. But zero Celsius represents a
temperature rather than a lack of temperature, so there is no true zero
and it is not valid to employ ratios and say that 30°C is three times as
hot as 10°C.

Ratio: With ratio scales, intervals are still meaningful and zero
measurements represent a lack of the attribute, e.g. zero kilograms
indicates absence of weight. Consequently, measurement ratios are
valid for these scales: 120 kg is twice as heavy as 60 kg.

Figure 1. Classification of measurement.

measurement achieved by the PROM, outlined by
Stevens (5) and described in Figure 1. This is
important because it creates a significant risk of
introducing bias into findings.

The key issue is that the total score, or subscale
scores, from PROMs are ordinal scales, where
results can be ranked in order, but where the dis-
tances between those ranks are not known (6).
This rules out any calculations such as standard
deviations and change scores including Minimal
(Clinically) Important Change (MIC) (7,8). The
interval, or metric, level of measurement is
required for these calculations, i.e. where the inter-
val between any two scale points is constant.

Increasingly, conversion tables are being pro-
duced which allow for a transformation of the
ordinal raw score to the interval level metric (9), a
process termed metrification. This can be achieved
through the application of the Rasch measurement
model (10), a process widely known as Rasch ana-
lysis. Rasch analysis has recently been extensively
reviewed, including guidelines on how to go about
the task (11). Data contributed when participants
complete PROMs constitute raw data. The items
from such data are typically added together to pro-
duce a score, which is at the ordinal level. This
item set must be tested to assess if it is working
together properly, i.e. its internal construct valid-
ity. One way of doing this is by using Rasch ana-
lysis to check if the PROM is measuring a single
concept (unidimensionality) and whether a PROM
repeatedly measuring the same stable concept
yields similar results (reliability). In addition,
Rasch analysis can identify items which are
answered differently by different groups of people,
even though they actually are the same for the

concept being measured (Differential Item
Functioning (DIF) (12).

If the PROM was likened to weighing scales, it
should measure how heavy you are (internal con-
struct validity), weight (unidimensionality), pro-
duce the same result every time you step on them
unless you have changed (reliability), and two peo-
ple the same weight should see the same result
irrespective of their age/gender (absence of DIF).
The added advantage of Rasch analysis is, that if
all these aspects are satisfactory, then the ordinal
score can be converted to an interval level metric.
Extending our weighing analogy, a result on the
scales of “light/medium/heavy” can be converted
to kilogrammes.

The measurement of dyspnea (breathlessness)
is a useful exemplar of the need for PROMs; dys-
pnea is a “perception of an abnormal or distressing
internal state”, so it can only be measured by
patient self-report (13). Thus, PROMs are invalu-
able as they convert patients’ symptoms, such as
“I feel breathless”, to measurement, thereby ena-
bling comparison with other subjects and monitor-
ing in the same person across time.

Dyspnea has been shown to influence quality
of life and risk of depression for people with amyo-
trophic lateral sclerosis (ALS), also known as
motor neuron disease (MND) (14). Despite the
impact of this symptom in ALS/MND, there is no
consensus about how to measure it. Systematic
reviews were unable to highlight any single scale of
the many options for dyspnea in adults and con-
sidered the Visual Analogue Scale (VAS) or
Numeric Rating Scale (NRS) suitable for further
evaluation (15,16). The VAS typically asks the
subject to mark a point denoting their symptom
level on a 10-cm horizontal line labeled on left as
“None” and right at “Maximum” of the symptom,
typically scored as 0-100. The NRS asks the sub-
ject to rate their symptom 0-10 anchored to O:
“None” and 10:’Maximum’. A systematic review
found that NRS had better compliance and ease of
use than the VAS'.

The ALS Functional Rating Scale-Revised
(ALSFRS-R) incorporates questions about respira-
tory function (18). Earlier work has shown that
the ALSFRS-R should be considered as a profile
of mean scores from three different domains (bul-
bar, motor and respiratory) (19), raising the possi-
bility of using the respiratory domain to assess
dyspnea. Since the reviews cited above, a novel
generic scale, the Dyspnea-12, has been recently
validated for ALS/MND as a measure which quan-
tifies breathlessness (20,21).

In this analysis, we examine some of the meas-
urement properties of these three outcome meas-
ures: an NRS for breathlessness, ALSFRS-R
respiratory subscale, and the Dyspnea-12, using
data from the UK Trajectories of Outcomes in



Neurological  Conditions-ALS  (TONiC-ALS)
study. Our objectives are to: (1) evaluate the pub-
lished assertion that an NRS is suitable, since this
would present a simple option for Cclinicians,
attractive as it quickly provides a single number for
clinical convenience; (2) assess if the respiratory
subscale of the ALSFRS-R is suitable, again con-
venient due to its brevity and (3) answer whether
there is a rationale to adopt the Dyspnea-12, des-
pite it requiring patient self-report of 12 items.

In doing so, we present the analysis in a format
which educates readers about desirable properties
of measurement scales such as precision, and the
pitfalls of not appreciating the limitations of raw
scale scores. We present measurement concepts
simply, as a refresher for some and as a primer for
others, since we know that these topics are impor-
tant to people living with ALS/MND who read the
scientific literature.

Methods
Data collection

Patient recruitment. The Trajectories of
Outcomes in Neurological Conditions-ALS
(TONIiC-ALS) collaboration recruited people with
ALS/MND (pwALS) across many centers and
asked them to complete a questionnaire pack con-
taining a variety of PROMs at intervals of at least
four months. Clinical data, including whether
onset type was limb, bulbar, respiratory or
unknown, were taken from the medical record. All
participants received written information and writ-
ten informed consent was obtained prior to enroll-
ment into the study. Ethical approval was granted
from research committees (#11/NW/0743).

Patient reported outcome measures. In the

current paper three PROMs are considered:

1. NRS Breathlessness — a scale from 0 to 10, with
0 representing no breathlessness, and 10
representing extreme breathlessness. A single
item scale, such as an NRS, cannot be applied
to the Rasch model, so to obtain interval NRS
Breathlessness data, breathlessness, fatigue, pain
and spasticity NRS’s were applied to the Rasch
model as an impairment set, where each NRS
spanned 0 for no symptom and 10 for extreme
levels of that symptom. Each NRS was
considered as an item in this set, and once fit
to the model was achieved, the linearization of
each NRS was translated back to a metric
range of 0—-10. Note that for single items such
as the NRS, reliability is determined through a
correlation based upon a test-retest, usually
using repeated measures about 14 days apart
(although could be longer), where respondents
are unchanged.
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2. Amyotrophic Lateral Sclerosis Functional Rating
Scale-Revised (ALSFRS-R) Respirarory (18) — a
validated patient-reported ALSFRS-R (22),
from which this analysis used the respiratory
subscale, consisting of 3 items from the
original 12, covering breathlessness during
activity or related to sleep, or use of ventilator
support. Maximum score is 12, derived from 3
items each scored 0-4, where higher scores
indicate fewer breathing problems.

3. Dyspnea-12 — 12 items each scored 0-3 with
total range 0-36, where a high score represents
extreme breathlessness (20). The questionnaire
was prefaced by a “skip” instruction such that
if the patient perceived no breathing problems,
they could omit the questionnaire and this
would be scored as zero.

Precision. When dealing with cross-sectional

PROM data, such as the differences between two

patients receiving different care or treatment versus

control groups in a clinical trial, it is important to
understand the precision of the PROM. The fol-
lowing are two useful statistics:

a. Standard Error of Measurement (SEM) is an
indicator of how much a measured test score is
spread around its “true” score and can be
calculated as SEM = SD* /(1-reliability)
(23-25). Consequently, the SEM is based on
the Standard Deviation (SD) of the scale, a
statistic measuring the dispersion of a dataset
relative to its mean; since a mean score is
required, data to calculate the SD must be
interval. Similarly, the SEM calculation
requires interval data which can be derived
from Rasch analysis.

b. Swmallest Detectable Difference (SDD): This is
defined as the smallest difference that can be
detected beyond measurement error. It
represents the minimum difference that must
be observed to be sure that the observed
difference is real. The SDD is calculated as
SDD=+1.96*2*SEM, again calculated using
interval data (26). A difference greater than the
SDD represents a true difference.

Responsiveness. Responsiveness refers to the
extent to which a scale can measure change when
change has occurred. There are many ways to
measure responsiveness (27). For longitudinal
data, the Standard Error of Measurement of the
change (SEMc) can be calculated on the difference
between baseline and first follow-up as [SD of dif-
ference™* /(1-reliability)] (28). The  Minimal
Detectable Change (MDC) is defined as the change
below which there is more than a 95% chance that
no real change has occurred and can be calculated
as £1.96*2*SEMc (25). Note that once again the
calculation of change requires interval data.
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The Mimimal (Chnically) Important Change
(MIC) reflects the smallest measured change in
score that respondents perceive as important
(29,30). The MIC is calculated in different ways
in the literature. In one example the median
change score of those worsening established the
MICS®. We included a question at each follow-up
as to whether dyspnea had worsened, stayed the
same, or improved, allowing us to calculate the
MIC, using the “anchor-based” method (31).

Results
Patients

This analysis uses data from 1120 pwALS. Mean
age was 65.1years (SD 10.6), 60.4% were male,
and median duration since diagnosis was 9 months
(IQR 3.5-24.1). Onset type was limb (71.1%),
bulbar (26.9%), and respiratory (2.0%).

Rasch analysis

Statistical fit to the Rasch model is shown in
Table 1 with ideal fit values at the foot of the
table. The Dyspnea-12 fit the model with a bi-
factor equivalent solution which retained 90% of
the explained common variance (ECV) (21). Raw
ordinal Dyspnea-12 data can be easily converted to
interval level scores ranging from 0 to 36 using a
conversion table (21). The combined NRS impair-
ment set was also found to fit the model, enabling
interval conversion of the NRS Breathlessness. Fit
of the ALSFRS-R Respiratory was unsatisfactory
(Table 1: Analyses 1-4). Thus, the ALSFRS-R
Respiratory can only be analyzed as ordinal data.

Comparative analysis

Almost half (47.6%) of the cohort of 1120 pwALS
had some level of breathlessness on the Dyspnea-
12. On the Dyspnea-12 interval level metric, where
a skip gave a value of zero, the mean was 5.1 (SD
7.3). There was a significant difference by onset
type, with respiratory onset highest at 16.3, com-
pared to bulbar 5.2 and limb 4.5 (ANOVA, F
30.4 (df2, 1069); p<0.001). The Spearman

Table 1. Fit of scales to Rasch model.

correlation of the Dyspnea-12 metric with the
ALSFRS-R Respiratory was 0.77.

A strong gradient for the Dyspnea-12 metric
was shown across the NRS Breathlessness ordinal
categories, ranging from a mean of 0.182 in cat-
egory zero (range 0-9), to 20.7 in category 10
(range 11-36) (F153.1 df (10, 1080); p <0.001).
Having converted NRS Breathlessness to interval
level, there was also a significant difference in the
NRS Breathlessness across onset type where the
mean level was 5.41 (SD 3.33) for respiratory
onset compared to 1.61 (SD 1.77) for limb and
2.02 (SD 1.88) in bulbar (F 48.0 (df 2,1058);
p<0.001).

The SEM and SDD for each scale are shown
in Table 2, with the SEM and SDD for ALSFRS-
R Respiratory calculated (inappropriately) on the
ordinal scores solely for comparison purposes. A
striking finding was the magnitude of SDD for the
NRS Breathlessness, requiring movement of almost
a third, 32.0% of the scale, to overcome the error.

The measurement of precision applies in the
same way to the measurement of change. Again
the ALSFRS-R Respiratory scale is included for ref-
erence only (Table 3). What is of interest is the
gradient of the %MDC, i.e. the percentage of the
scale that must be traversed to overcome the error,
ranging from 17.1% for the Dyspnea-12 to 34.1%
for the ALSFRS-R Respiratory. In each instance
the MDC values are higher than their respective
MIC, suggesting that meaningful change could
occur within the range of measurement error; in
this circumstance the MDC provides the level of
change important for patient.

Table 2. Standard error of measurement (SEM) and smallest
detectable difference (SDD) for scales, showing SDD as
percentage of scale range.

Scale Range SEM SDD %SDD
Dyspnea-12 0-36 2.5 7.0 19.4
NRS-breathlessness 0-10 1.1 3.2 32.0
ALSFRS-R respiratory 0-12 1.7 4.7 39.2

NRS: Numeric Rating Scale; ALSFRS-R: Amyotrophic Lateral
Sclerosis Functional Rating Scale-Revised.

Fit residuals Chi-Square Interaction Fit Reliability . . .
Unidimensionality

PROMs Items  Persons Total df P PSI o % t values (LCI) DIF ECV
Dyspnea-12

Item Set LD clusters  1.763 0.858 46.9 27 0.010 0.72  0.87 4.1 None 0.90
ALSFRS-R respiratory ~ 6.949 0.525 19.5 4 <0.001 0.36  0.58 1.4 None -
NRS

Impairments 0.891 1.020 41.0 24 0.017 0.66  0.67 0.9 None -
Ideal values 1 1 >0.05%* >0.7 >0.7 <5.0 (LCI <5.0) - -

PROMs: patient reported outcome measures; df: degrees of freedom; PSI: Person Separation Index; o: Cronbach’s alpha; LCI: Latent
Correlation Index; DIF: Differential Item Functioning; ECV: Expected Common Variance; LD: Local Dependency; ALSFRS-R:
Amyotrophic Lateral Sclerosis Functional Rating Scale-Revised; NRS: Numeric Rating Scale; *: Bonferroni adjusted value 0.007.



Table 3. Standard error of measurement of change (SEMc),
minimal detectable change (MDC) and minimal important
change (MIC) for scales.

% %

Scale Range SEMc MDC MDC MIC MIC

Dyspnea-12 0-36 2.21 6.14 17.1 45 125

NRS-breathlessness 0-10 0.93 2.59 259 2.39 239

ALSFRS-R 0-12 1.48 4.09 34.1 239 199
respiratory

NRS: Numeric Rating Scale; ALSFRS-R: Amyotrophic Lateral
Sclerosis Functional Rating Scale-Revised — calculations only
for comparison but not valid as only ordinal.

Discussion

This study demonstrates some of the factors and
pitfalls to consider when selecting PROM:s for clin-
ical or research use. The literature suggests that an
NRS might be suitable (15,16), and certainly dur-
ing the SARS-COV2 pandemic, in an effort to
adhere to the regular respiratory monitoring man-
dated for ALS care (32), an NRS might have
seemed an attractive option for remote screening
of respiratory symptoms by patient self-report; ask-
ing on a telephone or video review “How bad is
your breathlessness on a scale of 0-10 where 0 is
no breathlessness and 10 is severe breathlessness?”.
However, it is important to remember that the
ordered numbers from 0 to 10 do not indicate that
NRS data is interval-scaled. Use of numbers to
represent the different levels may suggest that it is
reasonable to calculate change scores, such as
assuming that a person who goes from NRS 5 to 7
at one review and then from 7 to 9 at the next
review is deteriorating at a steady rate but this is
not true. Analyses of VAS, which also yield results
spanning 0-100 frequently inappropriately treated
as interval level, show that the differences between
values vary across these scales (33). The nature of
ordinal scales, which are bounded by their min-
imum and maximum scores, translates into a sig-
moidal curve when contrasted against the metric,
so that respondents move more readily in the mid-
range but it requires a more marked change in
their state to make them change their responses at
the extremes of the scale. As such, any use of
change scores or means with raw NRS or VAS
data is invalid.

The NRS Breathlessness can generate interval
level data following fit of a set of similar symptom
NRS’s to the Rasch model; however, in a real-
world setting clinicians may not have data from
other NRS’s and access to Rasch analysis. The
Dyspnea-12 fit the Rasch model and can be easily
converted to interval level metrics for calculation
of means and change scores (21). We suggest the
evidence indicates Dyspnea-12 is preferrable for
clinical and research use out of the three options
examined; the MDC exceeding the MIC so that
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not all meaningful change is detectable is a weak-
ness of all three options. The ALSFRS-R
Respiratory did not fit the Rasch model, providing
further evidence that it requires revision (34). For
those using the ALSFRS-R total score, or limb or
bulbar subscales, a conversion table to convert to
interval level data is available (9). The methods of
our study do not permit any assessment of the cor-
relation between dyspnea measured by PROMs
and measurements of ventilatory strength, such as
vital capacity.

The study also highlights the importance of the
SDD for a PROM. The measures studied varied
markedly in their SDD, e.g. NRS Breathlessness
requires movement of 32.0% of its operational
range before error is overcome. In contrast the
Dyspnea-12 requires a movement of 19.4% of its
range to overcome error. In clinical practice, many
changes in the NRS Breathlessness should be disre-
garded due to falling within measurement error.
For example, it might be thought that two patients
with NRS Breathlessness levels of 4 and 7 have dif-
ferent degrees of breathlessness because of the dif-
ferent scores but in fact, their breathlessness may
be similar. In research, reading that the NRS
Breathlessness levels of the treated group changed
by 15% and the controls by 45% might suggest
the treatment made a difference but with the high
SDD of the NRS Breathlessness, these groups may
also be similar.

Clinicians and researchers must be aware of
the risks of incorrectly employing inappropriate
statistics on PROMs, such as means for raw
PROMs scores. In addition, pwALS need to be
fully informed: a longer PROM may be necessary
to achieve accurate measurement. Furthermore,
large data sets are essential for Rasch analysis,
demonstrating the importance of extensive data
collection studies like TONiC-ALS https:/www.
finders-study.org/mnd-study and Precision ALS
https://www.precisionals.ie/. Without these funda-
mental analyses to enable meticulous measure-
ment, accurate high-quality research to investigate
new treatments cannot be done.

The measurement properties of these three
PROMs for dyspnea reveal they have very different
utility for research or clinical care. If a PROM is
not capable of conversion to interval level data,
e.g. ALSFRS-R-Respiratory, it can only be used as
ordinal data employing non-parametric analyses. It
would be possible to detect if a patient had deter-
iorated or improved, but not by how much. Any
research studies using inappropriate parametric
analyses for ordinal data require re-analysis. In
clinical care, simple change scores cannot be used
without prior transformation. For pwALS, using a
PROM which they feel gives an accurate account
of their progression is an important part of
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participating in research and communicating with

their clinical team.

In clinical or research practice, presentation of
data regarding precision and responsiveness of
PROMs should ideally include:

e  Analysis of any ordinal PROM data using appro-
priate non-parametric statistical techniques;

e The basis for conversion if ordinal PROM
data is converted to interval;

e If interval conversion is possible, SEM and
SDD, and for longitudinal research, the
SEMc, MDC and MIC, all calculated using
interval data.

In conclusion, attention to the measurement
properties of PROM:s is vital to avoid misinterpret-
ation of clinical and research data. Earlier work
suggested use of the NRS Breathlessness (15,16),
but in ALS/MND, differences between two
groups, such as treatment and control, would need
to be more than 32.0% to be able to overcome
measurement error, whereas for the Dyspnea-12 it
would be 19.4%. Those who use PROMs, or who
read treatment studies using PROMs, benefit from
understanding their measurement properties.
Valuable large-scale studies to improve the utility
of these measures reflect the contribution of
pwALS, the clinical and research teams, and fun-
ders and sponsors.
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