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Abstract

Background
The self-explanatory version of the Amyotrophic Lateral Sclerosis Functional Rating Scale-Revised
(ALSFRS-R-SE) was developed to enable standardized assessment without a trained interviewer (version
1.0). However, it needed further refinement to better support longitudinal remote digital self-assessment.

Methods
Following a structured, consensus-based revision in both German and English, we analyzed remote
assessments from the ALS App collected between March 2024 and July 2026. Using linear regression,
we estimated the slope of the total score before the transition, the immediate change, and the change in
slope for 189 participants. In the predictive analyses, the effects on 12 items and 48 response
boundaries were evaluated for 420 participants.

Results
The combined word count decreased by 16.0% in German and by 23.6% in English. The reductions were
particularly pronounced in the introductory text and in the response descriptions. V2.1 also showed
structural simplification, including fewer parenthetical insertions. At the time of the transition, the total
score change was − 0.062 points (95% CI − 0.303 to 0.184) and the change in slope was + 0.186
points/month (− 0.054 to 0.420). The item effects ranged from − 0.040 to + 0.036 points, with all
confidence intervals containing the value zero. None of the 48 response boundary effects remained
significant after correction for the false discovery rate.

Conclusion
ALSFRS-R-SE version 2.1 provides more concise wording and substantially reduces textual burden.
Longitudinal analyses supported measurement continuity, showing no detectable systematic
discontinuity in total or item scores and no response-boundary effects across the observed V1.0 to V2.1
transition in remote digital self-assessment.

INTRODUCTION
The Amyotrophic Lateral Sclerosis Functional Rating Scale-Revised (ALSFRS-R) is the most widely used
instrument for assessing functional impairment and disease progression in amyotrophic lateral sclerosis
(ALS) [1]. Originally developed for clinical research, it is now used in routine care and enables monitoring
of functional changes in bulbar, fine motor, gross motor, and respiratory functions. The ALSFRS-R was
originally developed for administration by a trained evaluator. Although its reliability is high under
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standardized conditions [2], the assessment remains influenced by how individuals interpret response
options and by the consistency of scoring procedures. To reduce these variations, harmonized standard
operating procedures and assessment training were introduced [3]. Nevertheless, longitudinal analyses
have identified sudden increases in ALSFRS-R total scores, with their frequency varying across trial
centers [4]. Evaluator performance on ALSFRS-R scoring exercises has also been associated with the
mode and interval of training [5].

Self-assessment offers a complementary method that reduces reliance on different raters and allows
assessments to be conducted outside of scheduled clinical visits [6, 7]. Consequently, the approach of
remote digital assessment of the ALSFRS-R has been extensively studied and evaluated for its validity
[8–10]. Furthermore, state-of-the-art smartphone-based assessments enable more frequent reports of
functional changes, which could increase data density between visits [9, 11]. This is particularly
important in ALS, where progressive motor impairment can make regular visits to specialized centers
increasingly difficult for patients. In addition, remote digital assessment tools are easy to use even on
small screens and can be completed with minimal physical and cognitive effort. Thus, more frequent
collection of patient-reported data can be achieved without disproportionately increasing the burden on
respondents [12].

In 2022, the self-explanatory version of the ALSFRS-R was developed through a structured consensus
process to enable a standardized assessment without the need for a trained interviewer [13]. The
ALSFRS-R-SE includes explanations and detailed descriptions of the individual response categories,
while retaining the original structure of the ALSFRS-R. The scale was designed for patients, caregivers,
and healthcare professionals, and for the use in both paper-and-pencil and digital formats. Subsequent
studies confirmed the feasibility of remote digital assessments using the ALSFRS-R-SE and showed that
the longitudinal variability was not inferior to data collected in a clinical setting [9, 14]. These findings
confirmed that the ALSFRS-R-SE is suitable for independent remote functional self-assessment. As
practical use has increased, particularly in digital settings, certain needs for further refinement have
become apparent, including concise wording, clear presentation, and a more consistent structure of
annotations across the items and response options [15, 16].

Particularly when adapting the instrument across different languages, a consistent structure and
comparable content should be maintained while preserving conceptual equivalence rather than relying
on literal translation [17]. Recent international initiatives have called for global standardization in
implementing the ALSFRS-R emphasizing the need for a uniform format in content, structure, and
language even more apparent [18, 19].

Based on these considerations, a revised version of the ALSFRS-R-SE was developed to provide a more
concise, consistent, and linguistically aligned self-assessment while preserving the scale’s structure and
content. The present study evaluates its implementation using longitudinal data to assess whether
functional assessments remain consistent during the transition from the previous version 1.0 to version
2.1.
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METHODS

Study design and objectives
We first conducted a structured, consensus-based, ALS expert-led revision of the ALSFRS-R-SE from
Version 1.0 (V1.0) to Version 2.1 (V2.1), followed by an observational longitudinal analysis of
pseudonymized digital remote assessments collected before and after the version transition. The
ALSFRS-R-SE consists of 12 items scored on a scale of 0 to 4, resulting in a total score ranging from 0 to
48, with higher scores indicating better functional status. Its original development and its use for digital
remote self-assessment have been described previously [13, 14]. The exploratory longitudinal analysis is
reported in accordance with the STROBE reporting guidelines [20].

Development of ALSFRS-R-SE V2.1
The aim of the revision was to reduce text length and improve linguistic clarity and suitability for digital
use, while retaining the clinical content, item structure, and scoring logic of ALSFRS-R-SE Version 1.0. An
initial linguistic and editorial revision produced a working draft designated V2.0, which served as the
basis for the subsequent expert review. All proposed changes were reviewed by a working group, which
comprised 8 ALS clinicians and researchers with expertise in ALS and the ALSFRS-R-SE from 6 ALS
centers. Between November 2025 and April 2026, each of the 12 items and their corresponding
response categories and annotations were reviewed systematically. The wording was iteratively refined,
with particular attention to clarity, brevity, preservation of clinical meaning and consistency with the
original ALSFRS-R response categories. Proposed modifications were discussed until a consensus was
reached within the working group. The resulting consensus version was designated V2.1. The German
and English versions of ALSFRS-R-SE V2.1 were developed and aligned in parallel throughout the entire
revision process.

Data source and Ethical Approval
The longitudinal analysis was based on pseudonymized ALSFRS-R-SE assessments recorded through
the ALS App (https://www.ambulanzpartner.de/als-app/) [9, 14] between March 2024 and July 2026
(Ambulanzpartner APST GmbH, Berlin, Germany). A valid assessment required complete scores ranging
from 0 to 4 for all 12 items. After data cleaning, 17,025 valid data sets remained. All patients provided
written consent for the use of their data for scientific purposes. Data collection was approved by the
Medical Ethics Committee of Charité – Universitätsmedizin Berlin, Germany, as both a patient registry
(2026-101-CCM) and an observational trial (EA1/219/15).

Patient cohorts
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Patients were eligible if they were enrolled in the aforementioned registry or trial, both of which required
a diagnosis of ALS according to the Gold Coast criteria [21]. Two related cohorts were defined according
to the requirements of the respective analyses. The total-score analysis included 189 participants with
four V1.0 assessments preceding the first V2.1 assessment and three consecutive V2.1 assessments
from the transition onward, resulting in 1,323 assessments.

The item-level analysis used a broader cohort. Participants were eligible if they had at least three V1.0
assessments spanning at least 60 days, followed by a first V2.1 assessment, with all V1.0 assessments
preceding all V2.1 assessments. This criterion was met by 450 participants. Of these, 420 had sufficient
longitudinal V1.0 data to test the prediction method on at least one V1.0 assessment before applying it
to the first V2.1 assessment. This test was used to estimate each participant’s prediction error.

Statistical Methods
Sociodemographic and clinical characteristics were presented as counts and percentages for
categorical variables and as means with standard deviations or medians with interquartile ranges for
quantitative variables. For the textual comparison of the ALSFRS-R-SE versions, the words in each
component (introductory text, response labels, response descriptions, and additional item text) were
counted and compared as percentages. Formula-based readability was assessed using the Flesch
Reading Ease (FRE) score, which accounts for average sentence length and average word length in
syllables, with higher scores indicating a lower estimated reading effort [22]. The original English
measure and its German adaptation were applied to the respective language versions [23]. Comparisons
were descriptive and conducted separately within each language.

Longitudinal total-score analysis
For each participant, the time was centered on the first V2.1 measurement while maintaining the actual
intervals between assessments. A segmented linear regression with participant-fixed effects was fitted
to the seven assessments to account for differences in baseline values [24]. The model estimated the
slope of V1.0, the immediate change in the value at the transition, and the change in the slope with V2.1.
The slope for V2.1 was calculated as the sum of the slope of V1.0 and the change in the slope.
Confidence intervals were obtained by participant-cluster bootstrap, resampling complete participant
profiles with replacement [25]. We used 10,000 resamples for the model coefficients and 20,000 for the
visit-level means, mean residuals, and pointwise confidence bands. Residuals were defined as observed
minus fitted total scores. The ± 1-point range was used as a descriptive clinical reference and not as an
equivalence margin.

Bias-calibrated item-level effects
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For each participant and item, the expected score at the first V2.1 assessment was predicted using a
linear trend based on up to the five most recent V1.0 assessments. Predictions were limited to the valid
score range (0–4). To account for each participant’s typical prediction error, the same method was
tested within the V1.0 data by predicting a later V1.0 score from three to five preceding assessments
spanning at least 60 days. The mean difference between observed and predicted V1.0 scores was then
used to adjust the corresponding difference at the first V2.1 assessment. Mean adjusted differences and
95% confidence intervals were estimated using 10,000 participant-level bootstrap resamples. The ± 0.25-
point range was used as a descriptive reference and did not represent an equivalence margin.

Local effects at response boundaries
To determine whether mean item effects masked changes at specific response levels, each item was
analyzed at four cumulative boundaries: 0 vs. 1–4, 0–1 vs. 2–4, 0–2 vs. 3–4, and 0–3 vs. 4. For each
boundary, the probability of scoring above the boundary at the first V2.1 assessment was predicted from
up to the five most recent V1.0 assessments using a linear probability model. Predictions were limited to
the range from 0 to 1 and adjusted for each participant’s typical V1.0 prediction error. Effects were
averaged across participants and reported as percentage-point differences in the probability of scoring
above the respective boundary. Percentile 95% confidence intervals were obtained from 10,000
participant-level bootstrap resamples. Two-sided p values were calculated for each of the 48
comparisons and adjusted for multiple comparisons using the Benjamini–Hochberg procedure [26].
Adjusted p values below 0.05 were considered statistically significant.

Statistical analyses were conducted using R version 4.6.1 (2026-06-26). Statistical results were exported
from R and plotted in GraphPad Prism version 11.0.2 (GraphPad Software, Boston, MA, USA).

RESULTS

Study population and cohort selection
Two analysis cohorts were derived from the available longitudinal ALSFRS-R-SE data (Fig. 1). The item-
level cohort comprised 420 participants, while the longitudinal total-score cohort included 189
participants. Sociodemographic and clinical characteristics of both cohorts are summarized in Table 1.
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Table 1
Sociodemographic and clinical characteristics of the patient cohort.

Parameter Depiction Longitudinal total-score
analysis, sub cohort (n = 
189)

Item-level and response
boundary analysis, entire
cohort (n = 420)

Sex female, n (%) 78 (41.3) 172 (41.0)

  male, n (%) 111 (58.7) 248 (59.0)

Age at first V2.1
assessment

years, mean
(SD)

62.3 (9.7) 61.8 (10.3)

disease duration at
first V2.1 assessment

months,
median (IQR)

39.8 (22.8–65.9) 37.4 (23.3–60.7)

Onset phenotype spinal, n (%) 111 (58.7) 235 (56.0)

  bulbar, n (%) 26 (13.8) 61 (14.5)

  axial, n (%) 1 (0.5) 4 (1.0)

  respiratory, n
(%)

0 (0) 4 (1.0)

  missing, n (%) 51 (27.0) 116 (27.6)

ALSFRS-R-SE at first
V2.1 assessment

mean, (SD) 33.2 (8.4) 31.5 (9.8)

Progression rate V1.0,
loss of points/month

median (IQR) −0.40 (− 0.65 – −0.12) −0.41 (− 0.81 – −0.13)

V1.0 assessments per
participant

median (IQR) 26 (16–39) 16 (10–30)

V2.1 assessments per
participant

median (IQR) 4 (3–4) 3 (2–4)

Pre-switch
observational period

months,
median (IQR)

13.7 (7.7–22.7) 12.4 (6.6–21.7)

Interval between last
V1.0 and first V2.1

days, median
(IQR)

15.7 (14.2–19.5) 20.9 (15.1–42.8)

Development of ALSFRS-R-SE V2.1
After the revision of ALSFRS-R-SE from V1.0 to V2.1, the original scale structure was retained, while the
text length was substantially reduced in both the German and English versions (Table 2; please refer to
the supplement section for ALSFRS-R-SE V2.1 in German language Supplement 1 and English language
Supplement 2). The reductions were particularly pronounced in the introductory text and in the
explanations of the response options. In addition to the reduction in text length, V2.1 was characterized
by structural simplification, including more concise descriptions of functional states, fewer parenthetical
insertions, and greater separation between instructions and response descriptions. Readability was
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calculated using the FRE for the overall text and for the individual items (Figure S1 and Table S1 in
Supplement 3).

Table 2
Summary of textual and linguistic revisions from ALSFRS-R-SE V1.0 to V2.1 in the

German and English versions. The component “Additional item text” comprises item
headings, notes, and instructions. The FRE was calculated from pooled introductory

text, item-specific notes and response descriptions.
Component Language V1.0 V2.1 Change

Introduction (words) German 158 86 −45.6%

  English 193 70 −63.7%

Response labels (words) German 357 357 0.0%

  English 332 375 + 13.0%

Explanations of response options (words) German 1,225 952 −22.3%

  English 1,315 921 −30.0%

Parenthetical insertions German 21 4 −81.0%

  English 17 1 −94.7%

Additional item text (words) German 192 228 + 18.8%

  English 217 206 −5.1%

Overall word count German 1,932 1,623 −16.0%

  English 2,057 1,572 −23.6%

Flesch Reading Ease (FRE points) German 40.8 47.3 + 6.4

  English 41.3 65.3 + 23.9

Longitudinal continuity across the version transition
Segmented longitudinal analysis showed a continuous decline in total ALSFRS-R-SE scores across all
consecutive self-assessments (Fig. 2). The estimated progression rate prior to the transition was − 0.570
points per month (95% bootstrap CI − 0.727 to − 0.414). With transition to V2.1, the estimated immediate
change in total score was small (− 0.062 points, 95% confidence interval − 0.306 to 0.184). The
estimated change in the slope after the transition was + 0.186 points per month (95% CI − 0.054 to
0.420), resulting in a post-transition decline of − 0.384 points per month (95% confidence interval − 0.615
to − 0.169). The model residuals remained centered near zero throughout the transition, with no apparent
systematic deviation associated with the introduction of V2.1.

Item-level continuity across the version transition
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In the item-level cohort of 420 participants, the progression-adjusted differences between V1.0 and V2.1
were small for all 12 ALSFRS-R-SE items (Fig. 3A) and ranged from − 0.040 to + 0.036 item points. All
95% confidence intervals for the 12 item-level effects included the value zero. After correcting for
multiple comparisons, none of the 48 effects at the response boundaries remained statistically
significant. The estimated effects were predominantly small (Fig. 3B). The most pronounced localized
shift occurred at the upper boundary of Item 7 (turning over in bed and adjusting bed clothes), where the
probability of assessing 4 instead of 0–3 was 4.4 percentage points lower in V2.1 than expected based
on the previous trajectory of V1.0 (95% CI − 7.10 to − 1.69 percentage points). None of the 48 probability
effects remained significant after false discovery rate correction.

DISCUSSION
Although the ALSFRS-R-SE V1.0 was already explicitly designed to be an easily applicable instrument, its
revision has further reduced textual burden and simplified its linguistic arrangement. The analysis
indicates that Version 2.1 was integrated into longitudinal remote digital self-assessment without a
detectable systematic discontinuity regarding both the total score and individual item scores.

A version-related measurement discontinuity may manifest as an immediate change in total score level
or a change in the subsequent longitudinal slope. The estimated immediate total score change was
small, and its confidence interval included zero, indicating no detectable abrupt shift in score at the
observed V1.0-V2.1 transition. This finding supports longitudinal continuity across the version transition
under the conditions examined in this study. The estimated progression rate was slower after the
transition, but the change in slope was uncertain and its 95% confidence interval included zero. The
observed difference may reflect natural longitudinal variability [27], the relatively short post-transition
observation period, or other time-related factors and cannot be attributed specifically to the version
change. The item-level analyses were consistent with the total-score findings: all 12 bias-calibrated item-
effect confidence intervals included zero, and none of the 48 response-boundary effects remained
statistically significant after multiple-comparison correction. The largest numerical deviation at the
boundary occurred at the upper limit of Item 7, but there was no corresponding effect for the whole item.
This locally limited finding may represent chance variation, particularly because it did not remain
statistically significant after correction for multiple comparisons and was not accompanied by a
corresponding whole-item effect. It therefore does not provide sufficient evidence of a systematic shift in
this response boundary or broader recalibration of the item.

The practical benefit of this consistency is that it may allow further refinement of a widely used
instrument while preserving the interpretability of existing longitudinal datasets. In ALS, where patients
continue to perform self-assessment despite progressive motor impairment over the course of the
disease, removing barriers and thereby reducing avoidable text-related burdens is in itself an important
objective [12]. Improvements in readability, particularly through reduced complexity and text shortening,
have led to a considerable improvement in the Flesch Reading Ease score. Although usability was not
directly evaluated, the more concise and consistent wording of V2.1 aligns with current
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recommendations for the electronic implementation of patient-reported outcome measures [15], while
readability-guided simplification of patient-facing medical information has been associated with high
comprehension and improved topic-specific health literacy [28].

Previous studies on the ALSFRS-R have demonstrated the feasibility of remote digital assessment, as
well as the need for standardization with regard to various modes of administration [8, 9, 29]. The 2025
FDA guidelines also emphasize that changes to established clinical outcome assessments, including
changes to the wording or response options, should be documented and supported by evidence that is
proportionate to the potential impact on the interpretation of the results [30]. By combining a
documented revision process with analyses at the total-score, item, and response-boundary levels, this
study provides empirical evidence relevant to evaluating the potential measurement impact of the
revision and offers a framework for future adjustments that is consistent with the call for international
harmonization of the self-administered ALSFRS-R versions [18].

This study has several limitations. The analyses were exploratory and were based neither on a
predefined hypothesis nor on a formal equivalence margin. The absence of statistically significant
discontinuities therefore suggests consistency but does not prove formal equivalence. Because V1.0
and V2.1 were administered sequentially rather than concurrently, potential version effects could not be
completely separated from natural longitudinal changes occurring over time. The requirement to submit
repeated ratings of the ALS App before and after the version switch led to the selection of digitally
engaged and compliant participants and may have resulted in the underrepresentation of individuals of
certain age groups, with severe disabilities, or lower digital competence. The degree of this selection
bias cannot be quantified, as no information was available regarding the reasons for missing
assessments or the discontinuation of app use. Finally, the study evaluated measurement continuity in a
remote digital setting but did not directly examine usability, comprehensibility, or cross-linguistic
equivalence.

The ALSFRS-R-SE V2.1 showed no detectable systematic discontinuity across the observed transition
from V1.0 to V2.1 while providing more concise explanations and instructions for remote digital self-
assessment. Future linguistic and cultural adaptations should follow comparable principles of structured
revision and evaluation of measurement continuity. Such a coordinated, multilingual European
framework could facilitate the future evaluation and harmonization of longitudinal data across countries
and proactively contribute to the international harmonization of the ALSFRS-R-SE remote digital self-
assessment for clinical research and patient care and management.
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Figures

Figure 1

Flow chart of participant selection and derivation of the analytical cohorts.
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Figure 2

Longitudinal continuity of ALSFRS-R-SE total scores across the transition from V1.0 to V2.1. Data are
included from 189 participants with four V1.0 and three V2.1 assessments. The timeline is depicted
relative to the first V2.1 assessment (month 0; vertical dashed line). (A) Observed mean ALSFRS-R-SE
total scores (V1.0, gray circles; V2.1, blue squares) and 95% confidence intervals. Solid lines and shaded
bands show estimates and 95% confidence intervals from a segmented longitudinal model allowing total
score and slope changes at the transition. Values between assessments are descriptive slopes based on
observed means. (B)Mean observed-minus-predicted residuals with 95% confidence intervals, zero
indicates perfect model agreement. The reference range of ±1-point is descriptive.
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Figure 3

Item-level continuity and exploratory response-boundary effects across the ALSFRS-R-SE V1.0-to-
V2.1 transition. (A) Bias-calibrated V2.1-minus-V1.0 item effects are shown with patient-cluster
bootstrap 95% confidence intervals. The dashed line indicates no effect; the light-blue area represents a
descriptive ±0.25-point range. (B)V2.1-minus-V1.0 differences in the estimated probability of scoring
above each cumulative response boundary are expressed in percentage points. Column labels indicate
the score ranges below and above each boundary. Cell values and colors represent the magnitude and
direction of these differences: red indicates a lower probability under V2.1, blue a higher probability, and
white zero difference. None of the 48 direct probability effects remained significant after false discovery
rate correction. SOB = shortness of breath.
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