Understanding dynamics of ALS disease progression through
free-living monitoring of gait using wearable accelerometers
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Background

* Gait impairments are prevalent in individuals with amyotrophic lateral sclerosis (ALS) and contribute to increased fall The aim of this project is to clinically validate a gait
risk, functional decline, and reduced quality of life. quantification algorithm in individuals with ALS throughout
* Traditional gait assessments often lack sensitivity to subtle changes and are limited to in-person evaluations. various stages of disease progression and determine
» Digital health technologies (DHTs) might serve as a tool for quantifying gait changes in a free-living, naturalistic setting whether gait-related digital measures are indicative of
during daily activities. changing ability to walk.
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POPUIatlon’ DEVICES, Data i A Table 1. Selected baseline demographics and descriptive statistics for
* Data were collected as part of a longitudinal observational study, I _ ALSFRS-RSE and wearable sensor data in the analytic sample. Data
ALS Research Collaborative (ARC), led by ALS TDI. = P J, 1| [ b AL e b b were summarized as mean (SD), when possible.
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extracted using continuous wavelet transform (Figure 1). - e eiEan SUR G, edk 3.1(1.9)
Statistical analysis g SRR R G
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 We computed daily step counts, top 1 minute cadence (steps per it '
minute) and number of minutes with at least 10 s of walking. Daily S%% S Wy BN S SPPOBFR VGG D PP
measures were averaged on a weekly level. B BRSNS
* Baseline measures (first week) were compared between groups B 4]
stratified by responses to Q8 (“Ability to walk”) using a one-way % L ,’ i “ ‘H’ ‘u'" m u b li ,‘“ . FFgure 1. Framework f(?r det_ecting heel strikes_ using ankle—worn accelerometers. |
analysis of variance and Tukey—Kramer post-hoc comparisons : | i ! Ay .‘ ™ ™M ‘  Signal from vertlcgl axis (A) is decgmpoged using a contlnu.ous wavelet transfor_m which
) < | | || | ' | ‘ BN uncovers sharp spikes corresponding to individual heel strikes (B). Local peaks in frequency-
between adjacent response levels. | wise summation of wavelet coefficients help identify heel strikes locations within the signals
* Longitudinal trends (52-week window) were estimated using linear 2o (). Identified locations correspond to heel strikes from one foot (D); assuming another foot
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mixed-effect models with random slopes and intercepts and a Time (s) making the same number of steps, total step counts are calculated as number of heel strikes
group interaction. multiplied by 2.
At baseline, gait-related digital measures are significantly lower Gait-related digital measures reveal faster relative decline for Gait-related digital measures decline faster for participants
for participants reporting impaired walking. participants with worse self-reported functioning. reporting gait changes in Q8 from baseline. Differences in
group-level slopes were statistically significant for participants
S000 S reporting 3 or 2 on Q8 at baseline.
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Figure 2. Mean and 95% Cl of step counts stratified by responses to Responses to Q8: I s
ALSFRS-RSE Q8. Values displayed next to the mean step counts indicate 4 —“Normal”, 3 — “Early ambulation difficulty”, 2 — “Walks with _ | Tmelweele) . Time (weeks)
group size reporting a given functional status. Asterisks indicate assistance”, 1 — “Non-ambulatory functional movement”, Flgurg 3. Assqmatlon between time and daily-level step co.unts estimated
significant differences between adjacent groups “*’ indicates p-value < 0— “No purposeful leg movement” (not reported in this dataset) with linear mixed-effects models (LMMs). In each plot, points represent
0.05, “***' p-value < 0.001 observed values, lines represent participants’ conditional means, and both

points and lines have been color-coded by participant (the colors are fixed
across the panels). Black lines represent population means.

Discussion and Conclusion

* The proposed approach allows for gait monitoring throughout disease progression, from the normal gait ﬁ Massachusetts General Hospital
patterns to impaired gait where the individual may be moving more slowly or with an assistive device. == Founding Member, Mass General Brigham

* Free-living gait-related digital measures are sensitive indicators of disease progression and may be predictive
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e Our findings support the use of DHTs in longitudinal monitoring of ALS disease progression. AGH _ Healev C
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Future work should advance analytical and clinical validation of gait measures to meet regulatory guidelines Acux()l()glc() g o gt Sean.Heses & MG Carter

for implementation in clinical studies.
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