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RESEARCH ARTICLE

Patient reported outcomes in ALS: characteristics of the self-entry
ALS Functional Rating Scale-revised and the Activities-specific
Balance Confidence Scale
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REAGAN CHURCH1,2, SABRINA PAGANONI1,4, KATHARINE NICHOLSON1,2,
SUMA BABU1,2, JENNIFER B. SCALIA1,2, FABIOLA DE MARCHI1,2,
AMY L. ELLRODT1,2, LIDIA M. V. R. MOURA2, JAMES CHAN5 &
JAMES D. BERRY1,2

1Sean M. Healey & AMG Center for ALS, Massachusetts General Hospital, Harvard Medical School, Boston,
MA, USA, 2Department of Neurology, Massachusetts General Hospital, Harvard Medical School, Boston, MA,
USA, 3Biogen, Cambridge, MA, USA, 4Department of Physical Medicine and Rehabilitation, Spaulding
Rehabilitation Hospital, Harvard Medical School, Boston, MA, USA and 5Massachusetts General Hospital,
Biostatistics Center, Harvard Medical School, Boston, MA, USA

Abstract
Objective: This study characterized two patient-reported outcome measures (PROMs): a patient-facing adaptation of the
revised amyotrophic lateral sclerosis (ALS) Functional Rating Scale (“self-entry ALSFRS-R”) and the Activities-specific
Balance Confidence (ABC) Scale. Methods: ALS patients presenting to clinic completed PROMs that included (1) the
self-entry ALSFRS-R, (2) the Activities-specific Balance Confidence Scale (ABC Scale), and (3) a question about falls.
PROM data were compared to one another and to the traditional ALSFRS-R collected by trained evaluators in clinic
(“standard ALSFRS-R”). Results: Over the data collection period, 449 ALS patients completed at least one of the three
PROMs. Self-entry vs. standard ALSFRS-R total scores (n¼ 183) had high agreement (intraclass correlation
(ICC)¼0.81, 95% CI ¼ 0.67, 0.88). Self-entry ALSFRS-R total scores were significantly higher than standard
ALSFRS-R total scores (2.3 points, p< 0.001). In a subset of participants who contributed data at two timepoints, the
average ALSFRS-R decline was not significantly different between methods (n¼49). ABC scores correlated highly with
self-entry and standard ALSFRS-R Gross Motor subdomain scores (Pearson’s r¼ 0.72, p< 0.001 and Pearson’s
r¼ 0.76, p< 0.001, respectively; n¼130). ABC score was negatively correlated with the number of reported falls within
the last month (Spearman’s r¼–0.40; p< 0.001; n¼ 130). A 10-point decrease in ABC score increased odds of a
reported fall by 16%. Conclusions: In a multidisciplinary clinic setting, self-entry and standard ALSFRS-R scores were
similar, but not interchangeable. Self-entry scores were higher than standard ALSFRS-R scores but declined at a similar
rate to the standard ALSFRS-R. ABC scores correlated with self-reported fall history and thus may provide useful data
for clinical care.

Keywords: Amyotrophic lateral sclerosis, patient-reported outcome measures, PROMs, ALSFRS-R, ABC Scale, falls

Introduction

Amyotrophic lateral sclerosis (ALS) is a progres-
sive neurodegenerative disease primarily affecting
motor neurons. ALS disease-modifying medica-
tions such as riluzole and edaravone have a modest

effect (1,2), and additional effective therapies are
needed. As people with ALS develop progressive
disability, multidisciplinary care is needed to
address functional changes and maximize inde-
pendence, safety, and quality of life. Thus, the
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care of ALS patients encompasses a dual mission
of providing timely multidisciplinary support and
advancing clinical research to facilitate the devel-
opment of effective treatments for people
with ALS.

Patient-reported outcome measures (PROMs)
are emerging as important tools in ALS care and
research. PROMs can be used to gather patients’
perspectives on function directly and efficiently.
The data could alert care teams to changes in
patient function and guide clinical care.
Increasingly, PROMs are also important in ALS
clinical research (3) as outcomes that allow remote
data collection to reduce trial burden and enable
frequent data collection, which can reduce variabil-
ity and sample size in ALS trials (4–8).

Two relevant PROMs for people with ALS are
the Activities-specific Balance Confidence Scale
(ABC Scale) (9) and a patient-facing adaptation of
the Revised ALS Functional Rating Scale
(ALSFRS-R) (10). The ABC Scale is a 16-item
scale scored 0–100 that is designed to assess indi-
viduals’ confidence in his/her balance across a
range of activities of daily living. ABC scores,
which range from 0 (no confidence at all) to 100
(full confidence), correlate with real-world behav-
ior (such as frequency of doing specific activities)
(11) and can discriminate between levels of phys-
ical functioning (12). ABC scores have also been
shown to predict falls in a general elderly popula-
tion (13,14) and in people with Parkinson’s disease
(15). The ABC Scale has not been explored
in ALS.

The ALSFRS-R is a 12-item, 48-point ques-
tionnaire that assesses function in four domains
(Bulbar, Fine Motor, Gross Motor, and
Respiratory) (16). It is a commonly used primary
outcome measure in ALS trials and can track ALS
progression in clinical settings. It was designed to
be a guided assessment, administered by a trained
examiner, either in person or by telephone.
Patient-facing versions of the ALSFRS-R have
now been developed and evaluated as PROMs in
ALS research populations (5,7,8,10).

In this study, we performed a retrospective ana-
lysis of patient-facing ALSFRS-R and ABC Scale
PROM data gathered from an all-comer ALS
clinic population. We explored whether these
PROMs, collected in the waiting room prior to
clinic visits, agree with data collected by clinic staff
during the visit.

Methods

From September 2017 through October 2019,
people with ALS completed PROMs in the waiting
room for the Massachusetts General Hospital
(MGH) Multidisciplinary ALS clinic. Participants
were established patients with known diagnoses of

ALS who were presenting for a follow-up visit. At
check-in, patients received a tablet to complete
PROMs on a platform integrated with the hospital
electronic medical record (EMR). Caregivers were
permitted to assist patients with data entry on the
tablet. Patients were not screened for cognitive
function, comfort using tablet computers, or ability
to answer the questions independently. Clinic staff
were available to answer questions about how to
use the tablet.

PROMs included the patient-facing ALSFRS-R
(“self-entry ALSFRS-R”), the ABC Scale, and a
single question asking patients to estimate the
number of falls they had in the prior month.

The self-entry ALSFRS-R we used in this
study (10) used patient-friendly wording that had
been adapted from the standard ALSFRS-R. It
was previously shown to correlate well with the
standard ALSFRS-R (10).

PROM answers were stored in the EMR and
extracted later alongside the date of the visit,
demographic information, medical history, and the
standard ALSFRS-R completed in clinic by a cer-
tified evaluator (“standard ALSFRS-R”). The cer-
tified evaluators, consisting of fifteen clinic nurses
and coordinators, were all trained in ALSFRS-R
administration and certified through the Barrow
Neurological Institute, the outcomes training cen-
ter for the Northeast ALS Consortium.

Manual chart review was conducted to extract
standard ALSFRS-R scores from all clinic visits
with PROM data between the dates of September
2017 and October 2019. Data were spot-checked
by another investigator for correctness and com-
pleteness. This retrospective study was approved
by the Institutional Review Board convened at
Partners Healthcare.

PROMs were filled out as a part of clinical
care, and thus were missing data. To make best
use of the existing data, we defined three analysis
populations: (1) full cross-sectional cohort: those
with ABC, self-reported falls, self-entry ALSFRS-
R, and standard ALSFRS-R total scores; (2)
ALSFRS-R cross-sectional cohort: those with both
self-entry and standard ALSFRS-R total scores at
one timepoint; (3) ALSFRS-R longitudinal cohort:
those with both self-entry and standard ALSFRS-
R total scores for at least two timepoints
(Figure 1).

For analyses of the full cross-sectional cohort,
correlations among ABC score and self-entry and
standard ALSFRS-R total scores were performed
using a Pearson correlation coefficient. Patients
were categorized by the number of self-reported
falls over the previous month patients into six
groups (0, 1, 2, 3, 4, 5, or more). To quantify the
increased risk of falling attributable to increasing
ABC score, we split participants into those who
reported no falls and those who reported any falls.
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We used this categorization as the outcome of a
logistic regression with ABC score as the predictor.
The ABC score and self-entry and standard
ALSFRS-R Gross Motor and total scores were
compared across fall groups using a Spearman
correlation.

For analyses of the ALSFRS-R cross-sectional
cohort, comparisons of ALSFRS-R methods
included the first available visit for each patient that
contained both self-entry and standard ALSFRS-R.
A Bland–Altman plot was produced to show any sys-
tematic differences between methods. An interclass
correlation for agreement between the two methods
(intraclass correlation (ICC)(2,1)) was used to assess
agreement, interpreting a value of 0.5–0.75 as mod-
erate, 0.75–0.90 as high, and above 0.90 as excel-
lent. A scatter plot with an estimated regression line
was produced to show where methods deviated on
the ALSFRS-R scale.

For analyses of the ALSFRS-R longitudinal
cohort, the first two charts for each patient containing
both the self-entry and standard ALSFRS-R were
included in the analysis. A Bland–Altman plot was
produced to show any systematic differences between
the monthly change between the two methods and an
ICC(2,1) was produced to assess agreement in
monthly change for the two methods. Individual plots
of ALSFRS-R scores over time were generated to
visualize self-entry and standard ALSFRS-R slopes.
Differences between guided and self-entry ALSFRS-
R slopes were plotted in a box plot.

Descriptive statistics were used to summarize
patient characteristics for the entire cohort and for
the population included for each of the analyses,

and were split by whether or not a patient was
included in each of the three analysis groups. The
included and excluded groups were compared
using a t-test for continuous measures and Fisher’s
exact test for categorical measures. All tests were
two-tailed and assessed at an alpha of 0.05.
Analyses were carried out in the R statistical soft-
ware (Vienna, Austria) (17).

Results

Over the data collection period, 449 individual
patients with ALS filled out at least one part of the
PROMs (Figure 1). Out of the 449, 183 patients
had both self-entry and standard ALSFRS-R
scores at one timepoint (ALSFRS-R cross-sec-
tional cohort). Of these 183, 130 also had ABC
scores and reported falls available at the same time
point (full cross-sectional cohort). Of the 183
patients in the ALSFRS-R cross-sectional cohort,
49 had longitudinal data available for comparison
of ALSFRS-R methods (ALSFRS-R longitudinal
cohort). The demographics for these three cohorts
are shown in Table 1. For each, the patients
excluded were comparable to patients included,
except for modestly lower ALSFRS-R scores.

Cross-sectional self-entry vs. standard ALSFRS-R
scores have high agreement

Self-entry and standard ALSFRS-R total scores
were available for 183 patients; of these, 180 had
subdomain scores available. The ICC for self-entry
vs. standard ALSFRS-R methods was high (0.81,

All pa�ents comple�ng 
PROMs 
N=449 

ALSFRS-R cross-sec�onal 
analysis group 
N=183* 

Excluded (n=226) 
Pa�ents with no 
single �me point 
where both self-entry 
and standard ALSFRS-
R was completed 

Full cross-sec�onal analysis 
group 
N=130 

Excluded 
(n=53) 
Pa�ents with 
no ABC 
collected 
concurrent to 
ALSFRS-R data 

ALSFRS-R longitudinal 
analysis group 
N=49 

Excluded (n=134) 
Pa�ents with only 
1 �me point 
where both self-
entry and 
standard ALSFRS-R 
was completed 

Figure 1. Consort diagram of analysis cohorts. �Due to data entry issues, three patients with ALSFRS-R total scores were
missing subscores.
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95% CI ¼ 0.67, 0.88). Each ALSFRS-R subdo-
main score had a similar ICC between self-entry
and standard scores (mean; 95% CI): Bulbar
(0.83; 0.69, 0.90), Fine Motor (0.84; 0.75, 0.89),
Gross Motor (0.86; 0.80, 0.90), Respiratory (0.74;
0.66, 0.80). A scatter plot comparing ALSFRS-R
data gathered using the two methods (Figure 2)
and a Bland–Altman plot (Figure 3(a)) suggests
that the difference between self-entry vs. standard
scores increased with higher ALSFRS-R scores.
Overall, self-entry ALSFRS-R total scores were
significantly higher than standard ALSFRS-R
totals (n¼183; mean difference 2.3 points, SD ¼
4.5, paired t-test p<0.001), with the difference
spread across domains.

The Bland–Altman analysis comparing self-
entry and standard ALSFRS-R did not reveal any
strong bias in the self-entry compared to standard
ALSFRS-R (Figure 3(b)). Nine patients had self-
entry and standard ALSFRS-R total scores with
large differences, thus sitting outside the

Bland–Altman confidence bounds (Figure 3(a)).
Seven of these patients had self-entry ALSFRS-R
total scores that were 11 or more points higher
than their standard ALSFRS-R total scores, and
two had self-entry ALSFRS-R total scores that
were more than six points lower than their stand-
ard ALSFRS-R total scores. A review of the clin-
ical data for these patients revealed two were
thought to have frontotemporal dementia and one
routinely exaggerated his deficits as a part of well-
documented drug seeking activity. No explanation
was found for the other six patients with large dif-
ferences between self-entry and standard ALSFRS-
R (including three patients who recorded 48 (of
48 possible points) on the self-entry ALSFRS-R
despite obvious clinical deficits on chart review).

Rates of decline measured by longitudinal self-entry vs.
standard ALSFRS-R are not significantly different

The average time between visits for patients with
longitudinal ALSFRS-R data (n¼49) was 7.2

Table 1. Demographics of analysis cohorts.

ALSFRS-R cross-sectional cohorta ALSFRS-R longitudinal cohortb Full cross-sectional cohortc

N
Percent (n) or
mean (SD) N

Percent (n) or
mean (SD) N

Percent (n) or
mean (SD)

Age 183 61.9 (10.9) 49 59.8 (9.8) 130 61.5 (10.5)
Gender (male) 183 58% (107) 49 51% (25) 130 58% (76)
ALSFRS-R Total

Score (Standard)
172 34.3 (7.5) 47 35.0 (7.3) 130 35.9 (7.0)

ALSFRS-R Bulbar
Subscore (Standard)

171 9.1 (2.9) 46 9.0 (2.6) 130 9.1 (3.0)

ALSFRS-R Fine Motor
Subscore (Standard)

171 7.9 (2.7) 46 8.1 (2.6) 130 8.5 (2.5)

ALSFRS-R Gross Motor
Subscore (Standard)

171 7.2 (3.1) 46 7.8 (3.3) 130 8.1 (2.6)

ALSFRS-R Respiratory
Subscore (Standard)

171 10.1 (2.3) 46 10.0 (2.5) 130 10.3 (2.3)

ALSFRS-R Total Score
(Self-Entry)

180 36.2 (7.8) 49 36.7 (7.1) 130 38.0 (7.1)

ALSFRS-R Bulbar
Subscore (Self-Entry)

180 9.8 (2.7) 49 9.7 (2.2) 130 9.7 (2.8)

ALSFRS-R Fine Motor
Subscore (Self-Entry)

180 8.5 (2.8) 49 8.7 (2.3) 130 9.0 (2.5)

ALSFRS-R Gross Motor
Subscore (Self-Entry)

180 7.6 (3.4) 49 8.1 (3.2) 130 8.7 (2.6)

ALSFRS-R Respiratory
Subscore (Self-Entry)

180 10.4 (2.3) 49 10.3 (2.5) 130 10.6 (2.1)

ABC score 138 67.4 (30.7) 41 65.9 (34.5) 130 68.7 (29.8)
Number of falls
0 180 62% (111) 49 67% (33) 130 63% (82)
1 180 22% (39) 49 18% (9) 130 20% (26)
2 180 9% (17) 49 4% (2) 130 7% (9)
3 180 5% (9) 49 6% (3) 130 7% (9)
4 180 1% (2) 49 2% (1) 130 2% (2)
5 or more 180 1% (2) 49 2% (1) 130 2% (2)

aParticipants were included if they had both the standard and the self-entry ALSFRS-R completed for at least one timepoint. Scores
are taken from their first available visit with both versions of the ALSFRS-R completed.

bParticipants were included if they both the standard and the self-entry ALSFRS-R completed for at least two timepoints. Scores are
taken from their first available visit with both versions of the ALSFRS-R completed.

cParticipants were included if they had both versions of the ALSFRS-R, ABC Scale, and fall question completed at the
same timepoint.
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months (range: 0.7–20.5). The average rate of
decline in self-entry and standard ALSFRS-R was
�0.8 points per month (95% CI: �1.2 to �0.3)
and �0.6 points per month (95% CI: �0.8 to
�0.4), respectively. These were not significantly
different (p¼ 0.49). However, the rate of decline
of self-entry and standard ALSFRS-R total scores
showed poor agreement (ICC 0.18, 95% CI ¼
0.05, 0.31) (Figure 4). When the rate of decline
measured by self-entry vs. standard ALSFRS-R
was visualized in individual patients (Figure 5), a
majority of individuals demonstrated ALSFRS-R
slopes that are similar across the two methods,
while some individuals showed markedly different
slopes between the two methods. The
Bland–Altman analysis comparing self-entry and
standard ALSFRS-R did show an exaggerated
response to change in the self-entry ALSFRS-R
(Figure 3(b)). A boxplot of the differences
between self-entry and standard rates of ALSFRS-
R decline demonstrate that the median difference
in slopes between methods was 0, with an inter-
quartile range of �0.5, 0.2 points per month
(Figure 6).

ABC Scale scores correlate with Gross Motor
subdomain and total ALSFRS-R scores

The ABC score had high correlations with the self-
entry and standard ALSFRS-R Gross Motor sub-
domain scores (Pearson’s r¼0.76, p< 0.001, and
Pearson’s r¼0.72, p< 0.001, respectively) (Figure

7). As expected, correlations between the self-entry
and standard ALSFRS-R total scores and the ABC
score were lower (Pearson’s r¼ 0.58 (p<0.001)
and 0.56 (p< 0.001), respectively). There was no
correlation between the self-entry or standard
ALSFRS-R Bulbar subdomain score and the ABC
(Pearson’s r< 0.1, p> 0.25).

ABC Scale scores correlate with self-reported falls

The ABC score was negatively correlated with the
number of reported falls within the last month. As
ABC scores decreased, the number of reported
falls within the last month increased (Spearman’s
r¼–0.40; p< 0.001; Figure 8(a)). For every 10-
point decrease in the ABC score, the odds of hav-
ing fallen at all in the last month increased
by 16%.

Compared to the ABC score, the gross motor
subdomain scores of the ALSFRS-R were less
strongly correlated with the number of reported
falls (self-entry ALSFRS-R Spearman’s r¼�0.31,
p< 0.001, Figure 8(b); standard ALSFRS-R
Spearman ’s r¼�0.22, p¼0.001, data not shown).

Discussion

In this study, we evaluated the relationships
between two functionally relevant PROMs, the
patient-facing self-entry ALSFRS-R and the ABC
Scale, with patient-reported falls and standard
ALSFRS-R scores, in an ALS clinic population.
Both the self-entry ALSFRS-R and the ABC Scale
provide valuable data about ALS patients’ perspec-
tives on their daily functioning that may be useful
in clinical management and possibly as clinical trial
outcomes.

Self-entry and standard ALSFRS-R scores gathered in
an all-comer ALS clinic population are similar, but
not interchangeable

We found that the self-entry and standard
ALSFRS-R scores had high agreement, though
self-entry scores were approximately two points
(5%) higher, with differences spread across all
domains of the ALSFRS-R. These results align
with our prior analyses and what others have pub-
lished: using various forms of patient-facing
ALSFRS-R, patients tend to give themselves
higher ALSFRS-R scores than evaluators (7,8,10).

Compared to other cross-sectional studies of
self-entry vs. standard ALSFRS-R, which found
ICCs between 0.93 and 0.97 (5,7,8,10), we found
slightly lower agreement in ALSFRS-R scores
between the two methods (ICC 0.81). In addition,
the upper- and lower-limits of agreement between
the two methods (Figure 3) were 92%, wider than
previously reported (5). These differences suggest
that our cross-sectional self-entry and standard

Figure 2. Cross sectional agreement of the guided and self-entry
ALSFRS-R total scores was high (ICC ¼ 0.81; 95% CI ¼
0.67–0.88; p<0.001; n¼183). A linear regression line is
indicated in the solid line, and ideal agreement is shown in the
dashed line. The offset of the solid line demonstrates that self-
entry scores are slightly higher than guided scores. The
intersection of the dashed and solid lines suggests that the
guided and self-entry scores may be slightly more similar when
ALSFRS-R scores are lower.

Patient reported outcomes in ALS 5



ALSFRS-R data have more variability than previ-
ous studies—not unexpected, given that this is a
clinic population, rather than a highly selected
research population. Review of the few outliers
whose self-entry ALSFRS-R data was incongruent
with the standard ALSFRS-R revealed several rea-
sons, including cognitive change, misunderstand-
ing of the PROMs tools, and even malingering. It

is possible that the self-entry ALSFRS-R is more
susceptible to each of these factors than the stand-
ard ALSFRS-R. Future studies should examine
which patient characteristics predict reliable com-
pletion of PROMs.

In our longitudinal dataset, the rate of decline
between the self-entry and standard ALSFRS-R
scores over time was �0.8 vs. �0.6 points per month,

Figure 3. (a) The Bland–Altman plot of difference in ALSFRS-R total scores obtained by self-entry and standard administration
methods shows no systemic biases in either method. Upper and lower limits of the confidence bounds were –11.0 and 6.5. Nine
datapoints lay outside of the Bland–Altman confidence bounds. (b) The Bland–Altman plot of difference in longitudinal changes in
ALSFRS-R total scores obtained by self-entry and standard administration methods shows an exaggerated response to changes in
functioning in the self-entry scores.

6 S. Chew et al.



respectively. This difference was not statistically sig-
nificant. Compared to the three other studies with
longitudinal self-entry ALSFRS-R data, our results
show a slightly larger difference in rate of decline
between the two methods. Maier and colleagues
found a mean decline of �0.57 and �0.49 points per
month (5); we previously found declines of �0.53
and �0.43 points per month (8); and Montes et al.
found declines of �0.6 and �0.73 points per month
for self-entry and standard ALSFRS-R (10), respect-
ively. Notably, in two prior studies (8,10), there also
was no evidence of a statistically significant difference
in rates of ALSFRS-R decline between self-entry and
standard collection methods.

In our study, the agreement between ALSFRS-R
slopes across methods was low (ICC 0.18).
However, our longitudinal cohort (n¼49) was
smaller than our cross-sectional cohort (n¼130),
and the long interval between visits (average 7
months) may have caused variability in our longitu-
dinal data. Prior ALSFRS-R studies with closer fol-
low-up had lower variability (8). Thus, the
agreement we report could be due to small sample
size and long duration between visits, which does
not recapitulate a trial setting. Additional studies
with more robust and frequent longitudinal data are

needed to understand how the self-entry ALSFRS-R
compares with the standard ALSFRS-R at measur-
ing change over time.

In summary, self-entry and standard
ALSFRS-R scores were similar in a multidiscip-
linary clinic setting, and the slopes of each were
not statistically different over time. However,
individual self-entry and standard scores should
not be viewed as interchangeable. There was a
bias toward higher scores with self-entry. This
finding in an all-comer ALS clinic patient popu-
lation was consistent with studies done with ALS
research participants (7,8,10). Still, the self-entry
ALSFRS-R adds value to both clinical care and
clinical trials. In an era of increasing opportunity
to collect PROMs using mobile apps, and during
the COVID-19 pandemic, in which remote data
collection is essential to continuing clinical trials,
self-entry ALSFRS-R has practical advantages
over the guided ALSFRS-R—it may allow more
frequent collection, lower trial burden, less miss-
ingness of data, and a true PROM. Further
studies examining the performance of the self-
entry ALSFRS-R over time in different ALS
populations are warranted to fully understand
its benefits.

Figure 4. Longitudinal agreement between slopes in the self-entry and standard ALSFRS-R total scores (n¼49) over time was 0.18
(95% CI ¼ 0.05–0.31). A linear regression line is indicated in the solid line, and ideal agreement is shown in the dashed line. This
suggests a trend toward self-entry slopes being steeper in those with more rapidly progressive disease and shallower in those with more
slowly progressive disease, compared to the standard ALSFRS-R.

Patient reported outcomes in ALS 7



The ABC Scale holds promise as a novel PROM
in ALS

We explored the ABC Scale in our ALS clinic
population because it assesses patients’ perception
of their functional mobility, and thus may be a
useful PROM to guide clinical practice in ALS. In
our cohort, the ABC Scale provided valuable infor-
mation: decreasing ABC Scale scores were associ-
ated with increasing self-reported falls, and each
10-point reduction in the ABC Scale score was
associated with 16% increased odds of having
fallen in the last month. ABC scores had conver-
gent validity with the ALSFRS-R. As expected, the
ABC score correlated well with the ALSFRS-R
Gross Motor subdomain and moderately well with
the ALSFRS-R total score. ABC scores also had
good discriminant validity with the ALSFRS-R, as
ABC scores did not correlate with ALSFRS-R
Bulbar subdomain scores.

In our ABC Scale dataset, there were patients
whose individual ABC scores were incongruent

Figure 5. ALSFRS-R total scores for all participants with longitudinal self-entry and standard ALSFRS-R data (n¼49). Any
individuals who appear to have only one set of scores have perfectly overlapping self-entry and standard ALSFRS-R scores.

Figure 6. A boxplot of differences between ALSFRS-R slopes
measured by the self-entry and standard methods demonstrate
that the median difference in slopes between methods (n¼49)
was 0, with an interquartile range of –0.5, 0.2 points per month.
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with their number of self-reported falls (Figure
8(a), lower left and upper right quadrants). For
people who had low ABC scores but no falls, it is
possible that low confidence in balance led them
to take care to avoid falls. Conversely, for people
who had fallen but had high ABC scores, it is pos-
sible that cognitive impairment could be affecting
insight into fall risk, leading to overconfidence.
Additionally, because scores were compared with
self-reported falls in the previous month, it is
unclear whether lower ABC scores were associated
with risk of falling, or whether lower confidence in
balance was a result of having fallen in that month.
Furthermore, the retrospective recollection of falls
data is subject to recall errors. A full prospective
exploration of cognition, ABC scores, and reported
falls would help clarify.

The ABC Scale, a PROM, is more easily
obtained than the two measures currently shown
to predict falls in ALS (the timed up and go test
(18) and a composite leg strength score (19)), and
could find use for guiding multidisciplinary care,

Figure 7. The self-entry ALSFRS-R gross motor subdomain
score correlates highly with the ABC score (r¼0.76;
p<0.001; n¼130).

Figure 8. (a) Correlation of number of reported falls with the ABC score. There is a moderate correlation between the number of falls
and the ABC score, with the number of reported falls increasing as the ABC score decreases (Spearman’s r¼–0.3; p<0.001; n¼130).
(b) Correlation of number of reported falls with the self-entry ALSFRS-R gross motor subdomain score. The correlation between the
number of falls and the self-entry ALSFRS-R gross motor subdomain is less strong (Spearman’s r¼–0.21; p<0.001; n¼130).
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particularly if future analyses could define key
questions within the ABC Scale that predict falls.
The ABC Scale could also find a role as a PROM
in ALS trials, though further study would be
required to understand how to position it for trial
use. Longitudinal studies of the ABC Scale in ALS
patients to evaluate ABC scores over time, its rela-
tionship to disability and quality of life, and its
ability to predict meaningful clinical outcomes,
would help define its potential role in assessing
therapies in development for ALS.

Study limitations and future studies

It is important to note that our study has several
limitations. Not all patients who presented to ALS
clinic for follow-up visits completed PROMs.
PROMs were optional. Some patients were not
provided the tablet because of time limitations or
tablet availability. These factors may have caused
selection bias. Patients were permitted to have
caregiver assistance with the tablets, and caregivers
could have influenced answers.

The longitudinal analyses had additional limita-
tions. The longitudinal cohort was smaller and
may have had additional selection bias compared
to the cross-sectional cohort. Furthermore, individ-
ual follow-up times varied. Follow-up studies
should standardize visit intervals to overcome this
source of variability. Future studies should also
consider important patient characteristics, such as
cognitive status, to determine those patients most
amenable to using PROMs. This will help to
understand the potential benefit of using PROMs
both in clinical management and clinical trials.

Finally, we offered no training on PROMs
completion. The variability in this study underlines
the potential benefit of instructing patients on the
completion of PROMs prior to their collection.

Conclusions

Both the self-entry ALSFRS-R and the ABC Scale
provide valuable data about ALS patients’ perspec-
tive on their daily functioning. Despite increased
variability in our clinic dataset compared to prior
studies, our data still demonstrate that these
PROMs show high agreement with outcomes such
as the standard ALSFRS-R and reported falls, and
thus may be useful in guiding clinical care. Further
evaluation of these measures with longitudinal
studies, instruction on PROM completion, and a
focus on patient characteristics will help establish
best practices for the use of PROMs in ALS trials.
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