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Damage in Multiple Sclerosis
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Supplementary Figure 1

Written SDMT Comparison

8
p <0.01

Written SDMT Score
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Diagnosis
Comparison of written SDMT between healthy individuals and MS patients. Individuals came from the same
cohorts documented in Figure 4 b,c. The difference between HV and MS median score is 8.5 points.
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o ps °
o o °
ol o 2
o o =]
© °g a%o & S
[ e ® o ool
° 00 o
° ° A % o o o
= 0, 0P ©
> 5 [58°8 b %o ¢ Le g
S E |0 s © S
« 8 oo ° o ° =]
= W & ° (=]
% o ° 3 o 0d% a0 ° =
o oo 00 © © = 0g0 S o £
© o o L2 @
[=] > ° oM
w o | o
- 00 om| o ocoo o <« o o o
o
° L@
ADOODD o ® o o S o H
o o o °
° oo oo oap oap  ® ° o
T T T T T T T T T T T T
09 0s or oe (4 oL 09 0s ov (3] (14 oL
1vsSvd 1vsvd
° <
e o b | g oo o
] 0® aom PMO 00 WOO O ©
o o Qo oo 000 © o
® L3 ® ocowop 000
s
o o o e ® oam © o o o
“
@ o 0o m 00 @o o
o B 2
2 o o © p |m o co o [oom oo o
[ >
5 o o o o o @ > 000 ® | o
O |awom @ o o W 5 o ogoo
- & 9
I oo w | 0 0w o §2 lowo o o
®®m o| oo ©0 o - - o og oo o
o owe am| apo L s ®wood oo
@®wo|@ ® @ o o <
® o oo o o o
o oo a» oo o o ° F8 oo
T T T T T T T T T T T T
09 0s o 0E oz ol 09 o5 o [ oz oL
1vSvd 1vsvd
° oo
o
o ° 2 ©
o e
o0 °% % o
c° ﬁo A oo o F -
%® o %] 3
8 050 P 0® oo 8 c 4
000 o | 090 o o [}
000 ° g m
%0 o e 2 F e
8 3 T 3 Q
o & ° - F 2
® o < o
o p Q > =
oS 8 o ° 2 5]
o o o o B b= e 2
° o 5 c
o =
% € © O =
& o &) &
=] 8 L~
S
o @ o ° o
T T T T T T
09 0s ov oe 0e P13
1vsvd

70

60

50

30

20

10

EDSS

tap

t clinical features, volumetric MRI, and smartphone dominant hand

Plots of PASAT scores agains

tapping.



Plots of written SDMT scores against clinical features, volumetric MRI, and smartphone dominant hand

tapping.
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Supplementary Figure 3
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Plots of app SDMT scores against clinical features, volumetric MRI, and smartphone dominant hand

tapping.
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Find mean RMSE from 5
rounds of cross-validation

Supplementary Figure 5

Elastic Net Regression Schematic
Goal: Shrink unimportant variables froma linear model by applying a penalty (A) to the model

Full data set
) 1
Training set . Testing set .
Divide training set into Repeat previous step for different A values. Evaluate the model predictive
5 sections (folds) Obtain the best model coefficients. power using the testing set.
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Coefficient path and mean RMSE plots for written and app SDMT elastic net regressions. (a-b) Plots

for app SDMT. (c-d) Plots for written SDMT.
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Coefficient path and mean RMSE plots for app SDMT elastic net regressions, with and without tapping
score as covariate. (a,b) Plots for app SDMT with tapping. (c,d) Plots for app SDMT without tapping.

Mixed-effects model for calculating ICC with sitting number

app SDMT score = test sitting + (1 | PID)




Supplementary Figure 8

Calculate minimum reliable
2 trials per test testing time from 90 seconds 2 trials per test Make the 75 seconds
sitting. Each trial lasts | | trialsin the firsttest sitting. |gmm| sitting.Eachtrial | 1 scores comparableto
90 seconds. (Fig. 2) lasts 75 seconds. the 90 seconds scores.
(619 test sittings)* (138 sittings) (69 sittings) (total score/75 x 90)

Reduce number of trialsto 1 On average, the score difference between Perform a Bland-Altman analysis
per test sitting. Maintain 75 the 2 trialsin each sitting is roughly 0. between the 2 trials in every test
seconds limit/trial. Make - Outliersare adjusted as needed. - sittings.
scores comparableto 90s (Fig. 3b-c) (Fig. 3a)
scores. (583 test sittings) (688 sittings) (688 sittings)

Data how has a mixture of sittings with 2 trials (n sittings = 688) and sittings with only 1 trial (n sittings = 593)* for a total
of 1,281 test sittings. If sitting has 2 trials, calculate mean score to obtain overall sitting score.

Longitudinal data:

Cross-sectional data:
All sitting scores from participants with > 20 sittings.

First sitting score from all participants.

HV v. MS If written If clinical, written Practice effects Clinically
comparison SDMT s SDMT, and MRI analyses ICC analyses meaningful change
(Fig. 4a) available data are available (Fig. 8) (Fig. 9) analyses for app
(193 sittings) (666 sittings) (666 sittings) SDMT. (Fig. 11).

l ' (666 sittings)
Compare app to Correlation and
written SDMT elasticnet
performance analyses
(Fig. 4b-d) (Fig. 5-7)
(154 sittings) (124 sittings)

*There are 10 sittings where participants performed only 1 trial at 90 seconds due to technical errors/disability, thus
bringing the total number of test sittings in the dataset with 90 seconds trials to 629 and sittings with only 1 trial to 593.

Data Collection and Division Schematic. A time of 75 seconds per trial as well as one trial
per setting were found to be optimal. Participants are divided into the cross-sectional and
longitudinal cohorts depending on how many sittings they participated in.



Supplementary Figure 9

Clinic data (written SDMT, EDSS, NeurEx, CombiWISE)

'

Calculate differences in days between each visit.
Calculate differences in written SDMT
and clinical outcome scores between each visit.

'

Keep written SDMT and clinical outcome
differences for visits that were
less than or equal to 190 days.

'

Select only only the first written SDMT, EDSS, NeurEx,
and CombiWISE differences for analyses.
(Fig. 10; Days differences mean: 165.9 days; Range: 7 - 190 days)

Data cleaning schematic for written SDMT meaningful change analysis
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Diagnostic plots for the models that make up the mixed-effects Bland-Altman plot. (a,b) Diagnostic
plots for the limits of agreement model. (c,d) Diagnostic plots for the mean difference model.

Mixed-effects models
For calculating limits of agreement: (trial 2 — trial 1 score) = test sitting + (1 | PID)

For calculating the cohort mean difference: (trial 2 — trial 1 score) =1 + (1 | PID)
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Diagnostic plots for the mixed-effects model that calculate ICC based on scores across number of
sittings. (a,b) Diagnostic plots for model that includes all longitudinal data. (c¢,d) Diagnostic plots for
model that includes only post-learning data.
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Longitudinal app SDMT scores plotted against days from first test sitting of sitting
number. Each panel corresponds with a patient.

Mixed-effects model for calculating ICC days difference

app SDMT score = days since first sitting + (1 | PID)
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Diagnostic plots for the mixed-effects model that calculate ICC based on scores across different days. (a,b)
Diagnostic plots for model that includes all longitudinal data. (c,d) Diagnostic plots for model that includes only
post-learning data (determined using the model in suppl. 9). ICC with all data: 0.88. ICC post-learning: 0.91.
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Supplementary Figure 14
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Age and SDMT distributions (app and written) between the cohorts in elastic net regression. The training cohort has
86 individuals, and the validation set has 38 individuals. Wilcoxon rank-sum test determined that age and SDMT

scores were not significantly different (ns) between these groups.
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