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/*************************************************************
 *
 *  MathJax.js
 *  
 *  The main code for the MathJax math-typesetting library.  See 
 *  http://www.mathjax.org/ for details.
 *  
 *  ---------------------------------------------------------------------
 *  
 *  Copyright (c) 2009-2012 Design Science, Inc.
 * 
 *  Licensed under the Apache License, Version 2.0 (the "License");
 *  you may not use this file except in compliance with the License.
 *  You may obtain a copy of the License at
 * 
 *      http://www.apache.org/licenses/LICENSE-2.0
 * 
 *  Unless required by applicable law or agreed to in writing, software
 *  distributed under the License is distributed on an "AS IS" BASIS,
 *  WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
 *  See the License for the specific language governing permissions and
 *  limitations under the License.
 */

if (!window.MathJax) {window.MathJax = {}}

MathJax.isPacked = true;
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Citation

Kunz et al. (9)

Article
Type
Empirical

Sample

42 demented elders

54 healthy elders

Measures

included
Facial action coding
system

Stimuli

Pressure stimulation

Main findings

Facial responses were significantly increased in
demented patients compared to healthy controls.
Facial responses were closely related to the intensity of
stimulation for demented patients.

Jiang et al. (10)

Empirical

258 healthy elders

235 AD elders

Vision-based facial
expression recognition

Images of object
scenes

AD participants expressed significantly fewer positive
emotions, more negative emotions, and higher facial
expressiveness.

Facial emotions expressed during the test allowed
effective differentiation of AD from healthy
participant.

Seidl et al. (11)

Empirical

47 AD patients

Facial action coding
system

International
affective picture
system

Cognitive decline was related to increased facial
expressiveness.

Apathetic symptoms appear to be specifically
associated with facial expression in AD.

Burton & Kaszniak
(12)

Empirical

13 elders with AD
21 healthy elders

Corrugator and
zygomatic
electromyography
(EMG)

International
affective picture
system

Change in zygomatic activity was significantly
different between AD and healthy groups, with AD
subjects demonstrating an inverted pattern of activity
compared to controls.

Henry et al. (13)

Empirical

20 healthy elders

20 AD elders

Expressive emotion
behavior coding
system

Neutral and amusing
video clips

AD s associated with subtle changes in emotion-
expressive behavior.

AD group displayed significantly lower positive affect
compared with the control group.

Chen et al. (20)

Empirical

99 patients with
frontotemporal dementia
(FTD)

45 AD patients

37 healthy controls

Subjective emotional
experience

Film clips

Patients with AD and FTD tended to experience more
“mixed emotions” when walching emotionally
arousing film clips.

FTD patients reported more positive and negative
non-target emotions, whereas AD patients reported
more positive non-target emotions.

Pressman et al.

@n

Empirical

36 healthy adults
89 patients with a
disease

Expressive emotion
behavior coding

Three short films

Participants with FTD tended to express less emotion
on their faces than they did through self report.

system

Differences within diagnostic subgroups.

Fei et al. (18)

N/A

Facial features analysis;

Facial features
classification

Automatic facial expression analysis has the potential
o be used for cognitive impairment detection in the
clderly.

May be better to use a local method of facial
components alignment, employ static approaches in
facial feature extraction and facial feature

Fei et al. (22)

Empirical

61 healthy and cognitively
impaired elders

Deep neural network-
based emotion analysis
system

KDEF dataset;
Chinese adults
dataset; Chinese
elderly people dataset

‘The classifier was able to detect the cognitive
impairment based on the emotion data from the
testing dataset with a detection accuracy of 73.3%.

Katsikitis and
Pilowsky (32)

Empirical

21 Parkinson's disease patients
20 depressed patients
12 healthy adults

Facial Expression
Measurement program

12 humorous
cartoons

Depressed patients shown smaller mid-eyebrow
‘measures compared 1o the control group.

Depressed and parkinsonian group had significantly
less smiles.

Gehricke and
Shapiro (33)

Empirical

11 depressed patients

11 healthy adults

Facial EMG

Imagery situations

Facial muscle activity over the brow and cheek region
was reduced in depressed compared to healthy
patients during happy and sad imagery.

Lack of social context differences in frowning may
suggest social disengagement and an inhibition of sad
facial expression.

Stolicyn et al. (34)

Empirical

48 depressed participants

Facial action coding
system

Delayed match to
sample task; Rapid
detection task;
Affective distractions

Symplomatic participants were characterised by less
intense mouth and eyelid movements.

Classification accuracy using cross-validation (withi
study replication) reached 79%.

Greden et al. (35)

Empirical

29 healthy controls

37 depressed adults

Facial EMG

Imagery situations

Patients with endogenous depression had EMG levels
that differentiated them from healthy subjects.
Depressed participants had significantly greater
activity in corrugator happy and corrugator sad
imagery trials.
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Citation

Meghdadi
et al. (60)

Article
type
Empirical

Sample

26 AD patients
53 MCI patients
246 healthy controls

Measures
included
Resting state

Stimuli

Main findings

Increases in both spectral power and coherence at slower
frequencies in ADs and MCIs.

Decreases in spectral power at slower frequencies in HCs
with advancing age.

Decreases in the spectral power and coherence at Alpha
frequency in ADs, but not in MCIs.

‘Theta-to-alpha ratio demonstrated the largest and most
significant differences between ADs and HCs.

Empirical

47 early-onset AD patients
(EOAD)

51 late-onset AD patients
(LOAD)

49 young healthy controls
51 old healthy controls

Resting state
EEG

Increases in slow frequency bands and decreases in fast
frequency bands in EOADs.

Frontal theta-to-alpha ratio best discriminated between
EOADs and young HCs.

More widespread and severe electrophysiological
abnormalities in EOADs than LOADS and HCs.

Gaubert et al.
(62)

Empirical

314 preclinical AD adults

Resting state

Increases in high frequency oscillations and decreases in
low frequency oscillations in frontocentral regions.
Different EEG patterns modulated by the degree of
amyloid burden.

Palmiero
etal. (63)

Mini-

review

Contradictory and mixed results.
Increases in left prefrontal EEG activity for approach-
related and positive emations.

Increases in right EEG prefrontal activity for withdrawal-
related and negative emotions.

Kisley et al.
(64)

Empirical

51 healthy adults

‘Tasked-evoked
EEG

Emotion-eliciting images

Overall larger LPP amplitudes elicited by negative than by
positive images.

Linear decline of LPP amplitudes with advancing age
towards negative images

Responses towards positive images remained age invariant

Tsolaki et al.
(65)

Empirical

11 young adults
11 elderly adults

‘Tasked-evoked

Photographs of fear and
anger facial expressions

Larger amplitudes of the N170 early component in elderly
adults than in young adults.

Less differentiation of N170 topographic maps between
the two negative stimuli in elderly than in young adults.
More differentiation of topographic maps between the age
groups in ‘anger’ than in ‘fear’.

Giintekin
et al. (66)

Empirical

30 healthy controls
30 AD patients

‘Tasked-evoked

Photographs of angry,
happy, and neutral facial
expressions

HCs: increased Theta power towards angry expressions,
and increased right hemispheric alpha power.

ADs decreased Theta power towards angry expressions,
and decreased right hemispheric alpha power.
Increases in alpha power towards angry than towards
neutral expressions.
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Activity_name

Activity_duration

Number_of_steps

Count_<name_of_sensor>

Sum_<name_of_sensor>

Avg_<name_of_sensor>

Sum_<inaction_time>

Sensor name

Coffee - Tea cabinet

Dishes and cups c
Cutlery drawer
Food cabinet
‘Trash cabinet
Fridge door

Hot plate

Ketlle

Toaster

Kitchen, living room, bedroom,

bathrooms, hallways

Descriptiol

ADLs Name (i, Task 1 - Meal Preparation, Task 2 - Beverage Preparation, Task 3 - Snack Preparation)

‘The time needed (duration) to perform an ADL (Task 1, Task 2, Task 3). All sensors comprising the ADL are
taken into account

[The time between the start_time of the first Event Object and the end_time of the last Event Object]

‘The total number of sensors activated during the performance of an ADL

“The number of times, number of repetitions (count) a Door/Cabinet sensor was activated
“The time (SUM duration) of a sensor being activated

‘The time (AVG duration) of a sensor being activated [SUM duration divided by the number of repetitions (sum
duration and average duration are identical if sensor was used/activated once)] [sum_< name_of_sensor>/

count_ < name_of_sensor>]

“Time period duringa Task where the participant did not activate any sensors [activity_duration - SUM

(sum_<sensors>)]

Type of Sensor description

sensor
Door/cabinet Door/drawer/cabinet opening - closing

sensor

Wall plug Consumption monitoring
Motion Presence/motion capture
sensors

Data type
Text

Seconds

Integer
Integer
Seconds

Seconds

Seconds

Task

3

ADLs were performed
in the Kitchen
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Obijective for feature selection Feature Statistic Description PGEE Estimate

Disease progression tracking TUG TD Median ‘Turns—Duration

TUG TPV Median Turns—Turn Velocity

TUG STSD Mean Stand to Sit—Duration 034
Walk TA Median Turns—Angle 026
Walk GLLC MAD A Gait/Lower Limb—Cadence 0.16

Walk GLLSW MAD L Gait/Lower Limb—Swing 007
Walk GLLLSM | Median | L Gait/Lower Limb—Ci -0.06
Walk APAMAA | Mean Anticipatory Postural Adjustment—Forward APA Peak ~0.06
Sway PSANOSESA | Mean Postural Sway/Angles—Sway Area 005
de novo PD vs. HC dlassification TUG TPV Median Turns—Turn Velocity ~0.60
Walk GLLTOA | MAD A Gait/Lower Limb—Toe Out Angle ~043
Walk GULMV | Median | A Gait/Upper Limb—Arm Swing Velocity -027

MAD. Mean Absolute Deviation: A. Affacted side: L. Less affected side.
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Kruskal Wallis

HC SCD MClI
p-value

Mann-Whitney U-test p-value

Task  Sensor

. HCversus  HCversus SCD versus
Mean value (standard deviation) SCD MCI MCl

Feature “Activity Duration” (in seconds)

1 All sensors comprising 1710(349)  2,180(604) | 2546 (619) 0.022 0.040 0.015 0350

2 the corresponding ADL 346100 400 (104) 362 (106) 0566 - - -
are taken info account

3 586(135) | 780(450) 187 (66) 0516 - - -

Feature “Sensor Activation Duration” (in seconds)

1 Fridge door 17 (14) 27(26) 44(24) 0.074 =~ ol =
3 Fridge door 2209 35(11) 46 (20) 0.046 - 0.057 -
3 Food cabinet 13 9(8) 23(6) 0.050 = 0.057 -
| Hot plate 941 (282) 1,176 (546) 1,314 (444) 0.139 = & =
2 Kettle 120 29) 123(53) 117 (56) 0963 - - -
3 Toaster 182 (31) 200 (70) 226 (67) 0.554 = = B

Feature “Number of Activations” (count)

1 Cutlery drawer 245(L13)  3.82(1.60) | 4.33(2.80) 0.093 - - -
1 Food cabinet 464(246) | 373(195) | 600 (4.38) 0517 - - -
2 Coffee - Tea cabinet 181(013) | 192(021)  203(0.38) 0.984 - - -

Feature “Inaction Time" (in seconds)

1 “Time period during a 647(286) | 854(305  1081(401) 0.148 - - -

2 Tesk where no sensors 200 (70) 230(111) 210(103) 0762 - - -
were activated

3 39070 616028) 169 (120) 0394 - - -

Bold values denote statisical significance at the p<0.05 level,
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UPDRS Part Ill | Composite Digital Measure TUG TPV
Group-by-visit p-value 622 x 107 7.65% 107 8.05x107°
de novo PD vs. HC: slope p-value 0.02 828x107° 135x107°
Mild-to-moderate PD vs. HC: slope p-value 225107 016 015
Advanced PD vs. HC: slope p-value 0.07 4.22x107 0.01
HC slope p-value 0.01 058 078
Between-subject coefficient of variation 39.0% 204% 172%

‘Within-subject coefficient of variation 34.1% 16.9% 9.7%

Effect size in progression slope between de novo PD and HC 141 (051, 231) 214 (124, 3.04) 137 (047, 2.27)
Effect size in progression slope between mild-to-moderate PD and HC 2.28 (140, 3.16) 086 (-0.02, 1.73) 0,60 (~0.28, 147)
Effect size in progression slope between advanced PD and HC 0.76 (~0.11, 1.64) 090 (0.02, 1.77) 076 (0.12, 1.64)
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Demographic characteristics

Agein years

Gender (F:M)

Years of education

Neuropsychological tests

Mini Mental State Examination (MMSE) (Folstein et al 1975)

Montreal Cognitive Assessment (MoCA) (Nasreddine et al,, 2005)

Functional rating scale for symptoms of dementia (FRSSD) Total Score (Futton et ., 1995)
Functional and Cognitive Assessment Test (FUCAS) Total Score (Kounti et al., 2006)
Rey-Osterrieth Complex Figure Test (ROCFT) Copy (Osterricth, 1944)

Rey-Osterrieth Complex Figure (ROCFT) Delayed Recall (Osterricth, 1944)

Rivermead Behavioral Memory Test (RBMT) Immediate Recall (Wilson et al., 1989)
Rivermead Behavioral Memory Test (RBMT) Delayed Recall (Wilson et al., 1959)

Rey Auditory Verbal Learning Test (RAVLT) Total Score (Rey, 1964)

‘Trail Making Test (TMT) Part B (Tombaugh, 2004)

Verbal Fluency Test (FAS) (Kosmidis et al,, 2004)

Alzheimer’s Disease Assessment Scale-Cognitive Subscale (ADAS-Cog) (Rosen et al., 1984)

Bold values denote statistical significance at the p<0.05 or p<0.001 level.
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Example — Step by step

description for Task 2 -
beverage preparation

In the kitchen, fill the kettle with water
and turn it on from the button

Open the cabinet labelled

“Coffee - Tea”

Make sure you close the bution from
the kettle

Afier finishing drinking your coffee,
wash the cup and the kettle with the
dish sponge and leave them in the
sink to dry

Sensors activated

Motion Sensor “Kitchen
Presence” (ON)

‘Wall plug sensor “Kettle” (ON)
Door/Cabinet sensor “Coffee/Tea
Cabinet” ON for a second

then OFF

‘Wall Plug sensor “Kettle” (OFF)
Motion Sensor “Kitchen

Presence” (OFF)
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N

10

Mild-to-
moderate
PD (on-
therapy)

10

Advanced
PD

10

Healthy
Control

10

Age (years)
[mean (SD)]

662 (6.46)

61.6 (10.76)

71.2 (4.78)

656 (6.98)

Sex [Male
(%)/Female (%)]

5 (50)/5 (50)

9 (90)/1 (10)

5 (50)/5 (50)

3(30)/7 (70)






OPS/images/fdgth-06-1500811/fdgth-06-1500811-g001.jpg
Data Collection

Data Processing

Convert multiple observations in each task/
assessment into one aggregated observation

Quality control
« Missing data imputation

v

ﬂ]nivariate Progression Screening
Linear mixed-effects model

Screening criteria for longitudinal progression
of digital features

Additional criteria for classifying disease state

\ (if desired)
— l
v

Ve N
| Univariate Association Test | Multivariate Association/Prediction Model
| Linear mixed-effects model | «  Feature selection via PGEE

Association test between the standard clinical +  Build composite measure for tracking disease
| measure and each digital feature | progression and/or classifying disease state
N 2

Performance Evaluation
Standard clinical measure vs. single digital feature vs. composite
digital measure

« Comparison in terms of progression and variability
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Data collection using wearables and fixed in-home

T T

|
9:00 12:00 16:00 18:00 (10:00
Reception | TaskB TasksA&D | Departure Task D)
10:00 14:00 17:00 (9:00 (11:00
TaskA Task € Questionnaires  Task A) Departure)
B
ADL Tasks Step-by-step Task description Time
Task 1- Meal Open the cupboard labelled “Food” 13.00-15.00

Turn on the hot plate ~30 min

‘ Preparation

Task 2 - Beverage

Enjoy your meal!
Open the cupboard with the label “Coffee-Tea” | 10.00-10.30

L L

39§ Preparation Turn on the boiler machine sndfor

. 16.00-16.30

Turn off the kettle Vet
Task 3 - Snack Open the fridge 10.00-11.00

Preparation Open the cupboard labelled “Dishes” et

f Turn on the toaster &

16.30-17.00

Wash the dishes =35min
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N

German

PD DE
98 (32 F)

Colombian

PD CO
50 25 F)

HCs CO
50 (25 F)

43 (19 F)

3920 F)

Czech

BSBIEZ
17 (6 F)

ALS CZ
16 (11 F)

46 (21 F)
5154 (£14.05)

Age (years)

62.7 (£8.23)

61.02(+9.44)

60.98 (+9.46)

630 (£9.92)

4828 (+13.4)

66.76 (+4.8)

600 (+10.66)
35.06 (+6.97)

MDS-UPDRS, UHDRS,
NNIPPS, ALSFRS-R

37.43 (£10.89)

37.66 (+18.32)

20.88 (£10.92)

2651 (£11.47)

67.12 (+26.7)

Clinical scale speech items

080 (+0.90)

134 (x082)

081 (x0.63)

0381 (+0.46)

1.8 (£0.7)

275 (+0.86)

0.85 (0.04)

0.86 (£0.11)

0.81 (£0.07)

0.67 (£0.17)

054 (+0.28)

058 (029)

ki: SB-M i score

082 (+0.18)

0.73 (£0.18)

CO, Colombian Spanish; CZ, Czech; DE, German
ALSFRS-R: note that ALSFRS-R has an inverse relationship to disease severity, unlike the other scales where higher scores mean greater severity. Clinical scale speech

items: MDS-UPDRS item 3.1, UHDRS dysarthria score, NNIPPS speech item, ALSFRS-R speech item from the bulbar score.
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HC overall

HE GZ

HC CO

PD CO

PD CZ

PSP CZ

ALS CZ

Google SB-M intelligibility score | 0.862 (0.182) | 0.853 (0.039) | 0.859 (0.200) | 0733 (0.273) | 0810 (0.073) | 0.675 (0.173) | 0537 (0.281) | 0.590 (0.283)
Amazon SB-M intelligibility score | 0968 (0.088) | 0.900 (0.041) | 0980 (0.090) | 0917 (0.177) | 0882 (0.050) | 0.775 (0.126) | 0.666 (0.28) | 0714 (0.238)
1CC SB-M intelligibility score 0295 (0.0) | 0.180 (0.008) | 0.283 (0.0) 0.486 (0.0) 0.290 (0.0) 0702 (0.0) 0841 (0.0) 0.869 (0.0)
Google word error rate 0167 (0.184) | 0238 (0038) | 0160 (02) | 0303 (0.276) | 0288 (0.084) | 0.437 (0.154) | 0540 (0.231) | 0479 (0.237)
Amazon word error rate 0058 (0.113) | 0.198 (0.042) | 0032 (0.106) | 0.121(0.202) | 022 (0.066) | 0372 (0.143) | 0425 (0.228) | 0364 (0.193)
ICC consistency — - - - 075 0858 0955 0982

CO, Colombian Spanish: CZ, Czech.
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Citation

Lu et al. (70)

Article type

Empirical

Sample

42 healthy adults

Measures

included
Resting
electrocardiogram
(ECG);

Resting earlobe PPG

Stimuli

Main findings

Correlations in the temporal and frequency domains
and in nonlinear dynamic analyses between HRV
indices derived from PPG and ECG.

PPG can be a practical alternative to ECG for HRV
analysis.

Benezeth
etal. (71)

Empirical

16 healthy adults

Camera-based rPPG;

Contact sensor-based
PPG

Video datasets of
participants watching
videos eliciting fear or
anxiety

High agreement between the HRV analyses derived
from the camera data and contact sensor.

Strong correlation between the remote HRY feature
and different emotional states.

Cheng et al.
(72)

Systematic review
and meta-
analysis

Dementia patients.
healthy controls

NIA

N/A

Lower resting HRV in dementia patients for
parasympathetic functions and total variability
compared to HCs.

Lower HRY in patients with MCIs and with Dementia
with Lewy Bodies compared to HCs.

Lower HRV in patients with Dementia with Lewy
Bodies compared to ADs.

Castillo et al.
14)

Empirical

2 elders with dementia
2 healthy elders

PPG;

Manual FACS coding;

Video Magnification
(VM) algorithm

Video datasets of pain
patients

Correlation between automated FaceReader™ HR
estimates and the optimized VM algorithm in baseline
and pain conditions.

Correlation between non-verbal automated
FaceReader™ pain scores and manual FACS coding.
1PPG can be useful for the automated estimations of
HR values and non-verbal pain scores.

Benedetto
etal. (73)

Empirical

24 healthy adults

PPG;

ECG

Stress test (i.e., Go/No-Go
task)

Poor accuracy in FaceReader™ rPPG compared to
ECG, especially for lower and higher heart rates.
Lack of studies validating consumer devices and more
assessment should be conducted.
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Citation

Monkaresi et al.
(51)

Article
type
Empirical

Sample

23 healthy adults

Measures included

Heart Rate (HR);

Facial Feature Based Detection of
Engagement

Stimuli

Essay writing

Main findings

Accuracy of 75.8% when detecting engagement with
pairing facial features and HR in live recordings.
Results were best when data fusion was used, over just
facial-feature based detection.

Pham and
Wang (76)

24 healthy adults

Implicit photoplethysmography
(PPG);

Facial expression analysis (FEA)

Video
advertisements clips

AttentiveVideo achieved good accuracy (73.59%) on a
wide range of emotional measures.

FEA works beter for strong emotions (e, joy and
anger), the PPG channel is more informative for
subtle responses or emotions.

McDuff (77)

Doctoral
Thesis

Automated facial expression analysis;

Remote measurement of physiology

There are clear trends within the physiological
responses of individuals and the affect of the content
they are watching.

Occurrences of positive valence expressions were
predictors of increased preference toward presented

Lei et al. (78)

Empirical

Healthy adults

Automated facial expression analysis
(iMotions);
Galvanic skin response (GSR); Heart
Rate (HR)

Emotional videos

Higher correlation between emotion and GSR
compared to emotion and heart rate.

Within a participant, there was no distinct pattern
found with the levels of the three parameters measured.

Nagasawa et al.
79

Sun et al. (80)

Empirical

Empirical

35 health adults

12 healthy adults

Electroencephalograph (EEG);
Automated Facial Expression
Analysis; Heart Rate (HR)

Functional near-infared
spectroscopy (INIRS);
Electroencephalograph (EEG);

Automated Facial Expression
Analysis

FilmStim database

Emotional videos

Noncontact measurement features can be estimated
more accurately than EEG extracted features.
Compared to using only facial expressions, combining
multiple physiological signals like HR enabled more
accurate estimations.

Resuls reveal a strong correlation between
spontaneous facial affective expressions and the
emotional valence.

The affective states were estimated by the ENIRS +
EEG brain activity measurements.

Joint utilization of facial expression and wearable
neuroimaging for improved emotional analysis.

Koelstra and
Patras (81)

Empirical

24 healthy
participants

Electroencephalograph (EEG);

Automated facial expression analysis

Film clips

A featurelevel fusion approach s demonstrated to
improve upon single modality results.

‘The differences are small and the number of samples
too limited to provide a definite answer on the
benefits of fusion.
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- Pairing of consecutive values of the
device's status
- Generation of an Event when device’s

signal data (0,1) consumption exceeds a threshold
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[aE:
Kettle in use
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Effect size: Difference in progression rates between treatment and placebo groups
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Smartwatch

“Too bulky”

“Sometimes when tremors are acting up,
the watch was uncomfortable”

“The strap interfered with writing and
using a computer mouse”

“Would prefer to wear it on non
dominant wrist”

“The walking activity, when both the
phone and watch are used alternatively,
was confusing”

“Would be helpful to have study
reminders on the watch”

Smartphone
“The study phone was just a brick when
not used for sessions”
“Sometimes between uses the battery dies
so.a call or text would be helpful”
“A call or text on my personal phone to

remind me about study tasks would be
helpful”
“Froze once so I had to reboot”
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‘GAITMEASURES
Step Period, sec

Stride Period, sec
Step Length, meters.
Distance, meters

Gait Speed, meters/sec
Cadence, steps/min

X-axis Variability, g
Freeze Index
Stridesi
XY-axis Variability, g

Log10(Step Time Discrepancy)
HAND-TO-NOSE TREMOR MEASURES
Log10(Tremor Amplitude, g)

Peak Frequency, Hz

Adj. Peak Frequency, Hz

POSTURAL TREMOR MEASURES

Log10(RMS Tremor Acceleration, )
Tremor Frequency, Hz

Log10(Tremor Amplitude)

Log10(RMS Tremor Displacement, meters)
Peak Frequency Acceleration, Hz

RESTING TREMOR MEASURES
Log10(RMS Tremor Acceleration, g)
Log10(RMS Tremor Displacement, meters)
‘Tremor Frequency, Hz

Log10(Tremor Amplitude)

Peak Frequency Acceleration, Hz

FINGER TAP MEASURES

Tap Count

Tap Speed, taps/sec

Tap Positional Accuracy, pixels

Log10(Tap Regularity, sec)

Tap Correctness

Log10(Tap Interval Symmetry, sec)
Log10(Tap Interval Change, sec)

MDS-UPDRS Part I Tt Retest ICC: 0.9
MDS-UPDRS Part i Test Retst CC: 093
Reference: Mortinez-Martin, 2013
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PD (N = 82) | Control (N =50) | P-value

MDPQ score
Mean (SD) 206 291) | 215 (294)
Median [Min, Max] | 20.0 [15.0, 25.0] 205 [15.0, 25.0]
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Device

Assessment

Location

Wearable sensors

Timed walk test

Description
‘The participant is timed while walking for a distance of 10 meters. The individual walks the 10-m
path back and forth, turning at the end of their path, for 2 min.

Repeat timed walk test with
serial sevens

‘The participant repeats the Timed Walk Test described above. While walking, the paricipant
performs a serial subtraction of sevens beginning with the number 100.

Sit-to-stand test

‘The participant sits against the back of a chair and stands up as quickly as they can for 5
repetitions without stopping.

In-clinic

Postural sway ‘The participant stands still, looking straight ahead for 30s.
Smartphone Symptom tracker ‘The participant answers a 5-item survey on the phone including questions about mood, In-clinic and remotely
application slecpiness, thinking, tremor severity, and difficulty with movement. biweekly
Symbol digit modalities test | The participant is given a key that connects symbols to numbers. The participant is presented
with a symbol and must speak aloud the corresponding number.
Trail making test ‘The participant must connect a set of dots as quickly as possible using the index finger on their
dominant hand while still maintaining accuracy.
Visuospatial working ‘The participant is briefly shown four colored boxes. The participant is then shown a single-
memory colored box and must indicate if that box was in the previous set of four.
Finger tapping ‘The participant performs rapid alternating finger movements by tapping two targets that appear
side by side using their index and middle fingers.
Fine motor fest ‘The participant is presented with a pink object and an outline. The individual must use 1-2
fingers to move and rofate the object into the outline as quickly as possible.
Speech assessment Participants must perform a sustained phonation task, a verbal articulation task repeating the
syllables “pa ta ka,” and a sentence reading task.
Smartwatch ‘Timed walk test ‘The participant must walk in a straight line, turning at the end of their path, for 1 min. In-clinic and remotely

Balance test

‘The participant must stand still with their arms at their side for 30's.

Tremor task

The participant must rest their hands in their lap for 10 s, then extend their arms out in front of
them for 10 s.

biweekly

*Table 2 adapted from Adams et al. (4).
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In-Clinic Assessments
Perform MDS-UPDRS Part Iil Motor and Cognitive Tasks

At-Home Assessments
Symptom Tracker, Cognitive and Psychomotor Tasks






