Capitalizing on wearable sensors
and smartphones to robustly
assess longitudinal symptom

severity trajectories

Application in mental disorders, post-traumatic
stress disorder, and stroke
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Research vision

DARTH

Address unmet clinical needs

Assessment &
Monitoring

" Frequent

Unobtrusive
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Mental health telemonitoring

(AMoSS project)
Project 1
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Proposed solution

Frequent time- Sensor-based
stamped self-reports objective monitoring

~ B 2 Y gonl14:32

4% Mood Zoom
Please rate to what extent the following
words describe your
CURRENT MOOD:

Anxious

Elated

Sad

Angry

Imitable

Energetic

How would you rate your
CURRENT STRESS LEVEL?
Vely Low v
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Assessing mental health

Quick Inventory of Depressive
Symptomatology—5Self-Repart

Continuous personalized monitoring

Objectively quantify mental health '

Irmtable

Identify characteristic patterns s Supioed

Subenit

© A. Tsanas, 2021



AMoSS project data

48 Bipolar Disorder (BD)
31 Borderline Personality Disorder (BPD)

51 Healthy Controls (HC)

Questionnaires: ASRM, QIDS, GAD-7 + MZ (novel)

Data collected over a year for most participants



elf-assessment: questionnaires

~ B

4% Mood Zoom

Please rate to what extent the following
words describe your
CURRENT MOOD:

Anxious
Elated
Sad
Angry
Irritable

Energetic

How would you rate your
CURRENT STRESS LEVEL?

100%

Welcome to the
Mood Zoom Demo App

We will now take a few moments to set up
the app with you

Begin

Quick Inventory of Depressive
Symptomatology—Self-Report
(QIDS-SR)

Please circle the one response to each item that best describes you for the past seven days.

Falling asleep:
never take longer than 30 minutes to fall asleep.
take at least 30 minutes to fall asleep, less than haff the time.
take at least 30 minutes to fall asleep, more than haif the time
take more than 60 minutes to fall asleep, more than half the time,

Sleep during the night:

o not wake up at night,

have a restless, light sleep with a fe ef awakenings each night.
wake up at least once a night, but | go back to sleep easily.

awaken more than once a night and stay awake for 20 minutes or more, more than half the time.

Waking up too early:
Most of the time, | awaken no more than 30 minutes before | need to get up.
More than half the time, | awaken more than 30 minutes before | need to get up.
almost always awaken at least one hour or so before | need to, but | go back to sleep eventually.
awaken at least one hour before | need to, and can't go back to sleep

Sleeping too much:

( sleep no longer than 7-8 hours/night, without napping during the day.
sleep no longer than 10 hours In a 24-hour period including naps
sleep no longer t 2 hours in a 24-hour period including naps.

sleep longer than 12 hours in a 24-hour period including naps.

Feeling sad:
not feel sad.
ad less than half the time.,

n half the time.

Decreased appetite:
There is no change in my usual appetite
eat somewhat less often or lesser amounts of food than usual.

eat much less than usual and oaly with personal effort.

rarely eat within a 24-hour period, and only with extreme personal effort or when others persuade me to eat.
¥ ) P
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Day into AMoSS study

MZ for all subjects for each day into trial

Completed

% IMZ ad hergnce during the trial
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Longitudinal, daily monitoring of mood

A. Tsanas et al.: Daily longitudinal self-monitoring of mood variability in bipolar disorder and borderline

personality disorder, Journal of Affective Disorders, Vol. 205, pp. 225-233, 2016



Interpretable clinical latent variables

0.55 0.08 -0.47 -0.27 0.60 0.18
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A. Tsanas et al.: Clinical insight into latent variables of psychiatric questionnaires for mood symptom
self-assessment, JMIR Mental Health, Vol. 4, pp. el5, 2017




Self-assessment: questionnaires

S6 (BD), 08 Feb 2012 - 24 Feb 2015
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A. Tsanas et al.: Daily longitudinal self-monitoring of mood variability in bipolar disorder and borderline
personality disorder, Journal of Affective Disorders, Vol. 205, pp. 225-233, 2016

A. Tsanas et al.: Clinical insight into latent variables of psychiatric questionnaires for mood symptom
self-assessment, JMIR Mental Health, Vol. 4, pp. el5, 2017




Missing data (example)

Longitudinal questionnaire data for a single participant
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Potentially conveys information

|dentify patterns of missing data and scores



Distance from home north (km)
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(a) Raw data coordinates with inaccurately recorded noise (weekend)
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(a) Normalized entropy (weekdays)

N. Palmius, A. Tsanas, K.E.A. Saunders, A.C. Bilderbeck, J.R. Geddes, G.M. Goodwin, M. De Vos:
Detecting bipolar depression from geographic location data, IEEE Transactions on Biomedical

Engineering, Vol. 64, pp. 1761-1771, 2017




Circadian variability and

mood in mental disorders

AMO0SS-Proteus
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O. Carr, K.E.A. Saunders, A.C. Bilderbeck, A. Tsanas, N. Palmius, J.R. Geddes, R. Foster, M. De Vos,

G.M. Goodwin: Desynchronization of diurnal rhythms in bipolar disorder and borderline personality
disorder, Translational Psychiatry, Vol. 8:79, 2018

O. Carr, K.E.A. Saunders, A. Tsanas, A.C. Bilderbeck, N. Palmius, J.R. Geddes, R. Foster, G.M.

Goodwin, M. De Vos: Variability in different diurnal rhythms is related to variation of mood in bipolar and
borderline personality disorder, Scientific Reports, Vol. 8:1649, 2018
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Visualize multimodal data

Database with all participants
m= (used to blank out p

Geneactiv Data

Data summary
(HC), 04 Jan 2021 - 02 Feb 2021

articipant id)

Actogram
HC), 05 Jan 2021 - 02 Feb 2021

Colored actogram
HC), 05 Jan 2021 - 02 Feb 2021
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i1 Compute metrics Al Date in the study 2021 Time over two consecutive days Time in day
Table summary
05 Jan 06 Jan 07 Jan 08 Jan 09 Jan 10 Jan 11 Jan 12 Jan 13 Jan 14 Jan 15 Jan 16 Jan 17 Jan 18 Jan 19 Jan 20 Jan 21Jan 22 Jan 23 Jan 24 Jan 25 Jan 26 Jan 27 Jan 28 Jan 29 Jan 30 Jan 31Jan
M10 0.10 0.13 0.09 0.13 0.12 0.12 0.11 0.09 0.09 0.09 0.12 0.18 0.13 0.12 0.10 0.13 0.10 0.14 0.21 0.10 0.04 0.09 0.12 0.10 0.09 0.23 0.20 ~»
0 time 07:40 07:06 06:18 06:57 11:54 09:35 07:52 11:10 07:22 07:03 07:17 06:51 07:55 10:19 05:57 23:31 06:12 08:11 07:38 09:57 00:12 11:56 06:51 11:04 12:20 08:29 07:00
L5 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
L5 time 00:21 00:39 00:32 00:12 00:33 01:11 01:33 00:24 02:27 00:03 00:07 00:08 00:01 00:23 00:10 00:12 00:13 00:38 00:13 00:01 11:45 03:45 00:01 00:02 00:22 00:17 00:11
RA 0.68 0.75 0.64 0.74 0.72 0.72 0.71 0.6e6 0.62 0.63 0.74 0.81 0.73 0.74 0.68 0.73 0.69 0.76 0.82 0.68 0.38 0.7 0.70 0.66 0.64 0.84 0.81
151 0.40 0.44 0.45 0.53 0.50 0.45 0.50 0.29 0.33 0.31 0.52 0.66 0.55 0.52 0.74 0.52 0.50 0.63 0.64 0.44 0.83 0.43 0.50 0.35 0.43 0.64 0.74
152 0.37 0.46 0.41 0.64 0.44 0.50 0.51 0.31 0.35 0.33 0.53 0.69 0.57 0.1 0.61 0.54 0.43 0.62 0.64 0.50 0.81 0.44 0.45 0.37 0.40 0.64 0.71
1 1.11 1.31 1.67 0.87 1.35 0.75 0.94 0.75 1.59 1.19 1.11 0.54 0.52 0.93 1.89 1.54 1.46 0.85 0.75 0.89 1.47 0.86 1.61 1.42 1.40 0.53 0.53
V2 0.08 0.06 0.08 0.03 0.07 0.05 0.06 0.09 0.10 0.08 0.05 0.02 0.06 0.04 0.04 0.04 0.04 0.03 0.04 0.05 0.07 0.05 0.04 0.07 0.07 0.03 0.03
V3 0.44 0.56 0.54 0.43 0.42 0.39 0.37 0.42 0.72 0.61 0.50 0.27 0.23 0.45 0.58 0.57 0.54 0.40 0.27 0.47 0.13 0.32 0.60 0.68 0.6l 0.17 0.17
MDA 0.08 0.12 0.08 0.10 0.10 0.10 0.10 0.09 0.09 0.08 0.11 0.15 0.11 0.10 0.08 0.09 0.09 0.13 0.15 0.08 NalN NaN 0.10 0.09 0.08 0.18 ©0.14
MNA 0.02 0.02 0.02 0.02 0.02 0.02 0.0z 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.04 0.02 0.03 0.02 0.02 NaN 0.03 0.02 0.02 0.02 0.03
MA 0.06 0.08 0.05 0.07 0.07 0.07 0.06é 0.07 0.06 0.0e 0.08 0.10 0.07 0.08 0.06 0.07 0.06 0.09 0.09 0.06 NaN NaN 0.07 0.07 0.06 0.13 0.09
TD-COV 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 O0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 NaN NaN 0.00 0.01 0.01 0.01 ©0.01
%NA 0.07 0.15 0.11 0.09 0.09 0.12 0.13 0.10 0.14 0.11 ©0.07 0.10 0.11 0.10 0.12 0.09 0.22 0.07 0.19 0.24 0.14 NaN 0.13 0.12 0.06 0.06 0.14
diurnal skewness 2.73 3.00 3.85 2.97 2.26 4.98 3.59 4.39 5.41 2.11 4.44 2.68 4.35 3.90 3.44 4.91 3.52 2.84 4.88 1.23 1.80 NaN 2.77 5.07 2.69 1.9%94 5.00




Summary of data modalities

B (HC), 04 Jan 2021 - 02 Feb 2021
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Actogram

(HC), 05 Jan 2021 - 02 Feb 2021
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Colored actogram

HC), 05 Jan 2021 - 02 Feb 2021
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Objective signal monitoring

Actogram 14004 (HC), 01 -Feb- 2014 14- Feb 2014
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' Actograms + Q

Actogram: 14047 (BD), 04-Jul-2014 - 10-Jul-2014

|I
1
; . Chn ' n“ i L [
Fri, 4 Jul rl '.;'.rﬁ'l’u 0 ‘il,_;n'-"ll Ina-.f.,_ll t"l'l "Luﬁ Vi I My vfa'u*ﬂ' o p2 h__L A\ M M
Al Lo ) ol A [ I
T I T T T [
J I\ - |
Sat, 5 .Jul [ " "l"." o l\J A/ n.rr. Wl atbA Jllnlu:vl‘.ﬂ_, ._I.II.\;“A ]
L || | Mlnlu'\ W' |II" A ||U
'Inil e |Il H‘Ilz | I o/ ’ .
Sun, 6 Jul i | |'n '| i/ .u \ "'J'-,-.'\."'.', " I[N i MM f
| .ll.I ” ! ||U| I I J'J‘ I"I I ""
Mon, 7 Jul | T F'h--‘II ’1,-_,-~,| | | ,.'l " r'(;u L.,|
' W/ I YRV .'l“*'l‘-"r""l.“‘. f (Y] "" 4”'“"' I lll |
o N U ,l ol L bl
T T T T T
Il
L | f I"({,| N A 1 bt -
Tue, 8 Jul . . m|' I‘M'|4||m | I N | L .__s‘_wJ_.IF\‘J._.I"f._,..\_;,_‘“]ﬂaﬂ,I.,I,.Pu.rr Wy
Lo L LA i OV W
||, | | SN ) | | L!
T I. T T T
Wed, 90ul b i A | at ) W I'l
ved, N """I'I||"'l“‘4"'-4 '_-."-|.-.'|r W "'||| 1 "y P i '| u i ﬂ,[ll'll l *| Lri
] fll"i | ! "I ’ | " Ill I'| A | | l"”"
00:00 8:00 16:00 24:00 32:00 40:00 48:00

IS 0.65 +0.09

W, 0.01 +0.00

0.00 £ 0.00

M10 0.17 +0.00

RA 0.95+0.04

medianziqr

Episode assessment: 14047 (BD

uestionnaires

Actogram: 14041’r (BD), 04-0ct-2014 -

12-Oct-2014

Sat, 4 Oct [ "‘,-" || u\,'..,ﬂ IJL Wr\ J"" 1o {I
. 1

}||| f ,,J I‘;'v."

|P‘K 1 |'||.|

/ [ |
|4, i A T Bl
Sun, 5 Oct [ ; }{w i b |h Ty 1 r| ,. fl I_‘.-.,-'u" "."-"“1'."*' W 'Llr\".u‘_ I'.-,J_xh'._,n'."fu'-
T T T T T y
Mon, 6 Oct iy | g ||rl~ || A | Moty a1 Jl'.l I\H-"r I
[ 1y {1 |I SV -.\I I| "
Tue, 7 Oct | L ! I | i
ue, ct T T W 1L [ )
, II""“""]'I N Wi \/ J'-’.\I"( 'I’-"-Inl" J.,'u II. h \_I '. |th|.: ’1" M r Wik f J‘”'.' [ 'P f
— T ; == f P -
Wed, 8 Oct [y R T PR -*I b ok W
d ] I*"’LIHL' -ﬁ"""»"'\.}.‘\‘-' I‘f Ml ._,-"'r,_.l - i, . [\v | ‘. || [\ 1wy
= T T . . :
| I s |
Thu, 9 Oct |- m .f‘, i v W onles s A W ]
S e Ty AnS U A ALl
L rll' '-lll.':'. 'H I Id:".'. J " ks | ,.":'l'-'\l ”’HJ iy
T T 1 J T T T
: L ! N o o [l , \ , b
Fri, 10 Qct , Ii I-\ W 't,"- A, -'-'-_;/‘J\.'Nl'ltfu‘\".l'f.' b (TR P '.-J'-_'I.- ll-_.-l:‘ml
: : T : :
Sat, 11 Oct | h A, _-’“:'I,a;,fﬂ“-".‘"*'l'-,"-‘-'I.rl"-. 1
1 1 1 Ll
00:00 8:00 24:00 32:00 40:00 48:00

GAD7
=
T

0 _—
Jul 14

1
May 15

ar 15

Jun 15

0.72 £0.08
0.01 £0.00
0.00 £ 0.00
0.17 £0.02
0.97+£0.03

medianziqr

© A. Tsanas, 2021



Looking at colleagues’ work...
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Valenza et al. Wearable
monitoring for mood recognition
in bipolar disorder based on
history dependent long-term
heart rate variability analysis,
IEEE Journal of Biomedical
and Health Informatics, Vol.
18, pp. 1625-1635, 2014




PTSD objective treatment

assessment using a smartwatch
Project 2
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Problem with current assessment
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PTSD project data

42 PTSD participants
43 traumatized controls

51 Healthy Controls (HC)

Smartwatch (~“1month)
Sleep diaries + PSQJ

Collected before + after treatment



Sleep detection example

Trauma participant
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Sleep detection comparisons

van Hees et al. (2015) sleep

detection algorithm

Proposed

sleep

algorithm in this study

Sleep onset | Sleep offset Sleep onset Sleep offset
= Non-
§ traumatised
T | controls -56+112 22.5+106 -12.5+51 2+30.25
C
& O
= = Traumatised
2 | GRS 81+147 | 35.5495.5 -1850 10+46.75
s
2 |PTSD
o participants | -78+131.25 41.5+122.5 -34+78.25 10+45.25
[

A. Tsanas, E. Woodward, A. Ehlers: Objective characterization of activity, sleep, and circadian rhythm

patterns using a wrist-worn sensor: insights into post-traumatic stress disorder, JMIR mHealth and
uHealth, Vol. 8(5), e16452, 2020

detection




PTSD, before and after treatment

Data: C44 (PTSD patient), 08 Oct 2015 - 15 Oct 2015
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Stroke objective assessment using
a smartwatch

Project 3




Stroke project data

27 participants

No normative data (no HC)

Smartwatch (~1 month)
Questionnaires (anxiety, fear)

Collected before + after different treatment




Key findings

A) GAD-T7 by treatment group
Smartwatch at T2
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H-Y. Chun, A.J. Carson, A. Tsanas, M.S. Dennis, G.E. Mead, W. Whiteley: Cognitive behavioural therapy

for treating anxiety after stroke (TASK): proof of concept in a streamlined randomized controlled trial,
Stroke, Vol. 51, pp. 2297-2306, 2020




Current and future work
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Conclusions

Easy to collect data often convey clinically
useful information

Moving towards passively collected data
Fertile field to be developing algorithmic tools

Need for interdisciplinary collaboration to make
breakthroughs



Data and code available:

DARTH

C 1O

Data Analytics Research and Technology in Healthcare Data from
(DARTH group) different

HOME = TEAM  PROJECTS = PUBLICATIONS ~SOFTWARE ~DATA = TEACHING ~PHOTOS = CONTACT

B https://www.darth-group.com

Toolboxes
(Matlab code)

Time-series
analysis

Actigraphy

~ ; ML methods
Ever-increasing healthcare provision demands strain national health systems globally, which struggle to meet patients' needs. We

passionately believe we can design and provide effective solutions which will revolutionize contemporary healthcare delivery
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