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Build model

Mixtures and mixed-membership models,
time-series models, generalized linear models,
factor models, Bayesian nonparametrics

4

A

DATA

l

Infer hidden quantities Criticize model
Markov chain Monte Carlo, I Performance on a task,
variational inference, prediction on unseen data,
Laplace approximation posterior predictive checks
Apply model

Predictive systems,
data exploration,
data summarization

REVISE MODEL

Box, 1976, Blei, Ann Rev Statistics, 2016
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Development of Brain Risk States
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Attention Network

Executive “Control”

Default Network

Baker et al. 2014, JAMA Psychiatry



Default Network

Executive “Control”

Attention Network
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Baker et al. 2014, JAMA Psychiatry
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ROI-to-ROI connectivity Extract ROl time courses  Individualized ROls Network parcellation

Prediction in one subject
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Wang et al., Molecular Psychiatry, 2019
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Behavioral Assessment is Challenging
and Human Resource Intensive

- Training can take months (~30
hours training, often spread
out over several weeks)

Administration and scoring
takes 3-4 hours per
participant.

 Highly Subjective

* Poor inter-temporal, inter-rater
reliability




Covariance of ltem-level Symptom Reports

Irritability
Attention

N=1137

Pearson’'s R
+0.50

+0.17

-0.17

-0.50 .

Hallucinations
TI/TW/TB

Substance



Covariance of ltem-level Symptom Reports

N=1137

Sleep

Sleep

Language/Thought

Libido

ElevatedMood

Motor

Speech

Excitement

Grandiosity

[rritability

Aggressive Behavior

Hostility

Impulsivity

Uncooperativeness

Insight

Insight

Appearance

ConceptualDisorganization

PoorAttention

Disorientation

Delusions

Suspiciousness

ThoughtContent

AbstractThinking

StereotypedBehavior

Preoccupation

Mannerisms —
Somatic
SomaticDelusions

Pearson’'s R
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Covariance of ltem-level Symptom Reports

N=1137

OLibido

@® PANSS
ElevatedMood

SleepO M°t<8r - Q YMRS

O Speech

AggressiveQ 3 .Grandiosity
Impulsivity ¢ Excitement
(] .
Insight

Irritability N
Q HOS.tI|Ity Languag%Thought
ConceptualDlsorganlza.tlon 4 Insight

Appearance
PoorAttgntion

Uncooperativeness ®

Disorientation UnusuaIThoughtContenE
[

Delusions®
Suspiciousness.

StereotypedBehavior 4

Preoccupation  AbstractThinking
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Distance between points signifies

similarity in symptom profiles at time of

evaluation using standard measures 4

(PANSS, MADRS, YMRS, SCID).
[
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@ STRUCTURED CLINICAL INTERVIEW FOR DSM-5° DISORDERS
()

SCID-5-CV

CLINICIAN VERSION

Major Depressive disorder

Schizophrenia

]
- Schizoaffective disorder
]

Bipolar Disorder




Capturing Real World Heterogeneity

'Phenomics: the next challenge

David Houle*, Diddahally R. Govindaraju* and Stig Omholts

Abstract | A key goal of biology is to understand phenotypic characteristics, such as health,
disease and evolutionary fitness. Phenotypic variation is produced through a complex web
of interactions between genotype and environment, and such a ‘genotype—-phenotype’
map is inaccessible without the detailed phenotypic data that allow these interactions

to be studied. Despite this need, our ability to characterize phenomes — the full set

of phenotypes of an individual — lags behind our ability to characterize genomes.
Phenomics should be recognized and pursued as an independent discipline to enable the
development and adoption of high-throughput and high-dimensional phenotyping.

Our illnesses have huge heterogeneity in presentation, which could obscure
differences in biology based on group comparisons.

Unless we are capturing this heterogeneity accurately, scale will not help.



Latent Variable Approach to Psychiatric
Construct Definition
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Latent Variable Approach to Psychiatric
Construct Definition
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Latent Variable Approach to Psychiatric
Construct Definition
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~Appearance features ——————— ~Geometry features

Orientation Pose
Turn: 2° X: -12mm
Up/down 7° Y: Omm
Nilt: -3° Z: 380 mm

A

Non rigid parameters

~Action Units
“lassification

AUO4 - Brow lowerer

AU12 -

Lip comner puller |

AU1S -

Lp comer depres

AU23

Lp ughtener

A28 -

Lip suck

AU4S - Blink

Regression

AUO1 - Inner Brow raiser
AU02 - Outer Brow raiser
AUOA - Brow lowerer i
AU06 - Cheek raiser n
AU09 - Nose wrinkler m™m
AU10 - Upper lip raiser [
AU12 - Lip corner puller | [
AU14 - Dimpler n
AU1S - Lip comner depres |
AU17 - Chin Rasser [ |
AU20 - Lip Stratcher P
AU25 - Lips part [

Face alignment Appearance PCA dimensionality
and masking features reduction
>
‘|‘rj|l‘"‘|'—>
Facial Landmark
Geometry

detection
features

bl

Optional person
normalisation

SVM classification
or SVR regression




Facial Action Amplitude

. Low

B High
[

Participant

Evaluator

Q1 What brought you into the hospital?

Q2 Has anything in particular been on your mind recently?
Q5 What are you goals for this hospitalization?

Q6 How are people treating you here?

Q7 How’s the food been?

Q8 How’s your mood?

Q9 How’s your thinking?

Q10 How’s your energy?
Q11 How many hours have you slept?
Q12 How’s your self-confidence now compared to usual for you?

Q2 Q@3 068 09 10 Q10 11 Q12 end

Alone MD Q1
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Q1 What brought you into the hospital?
Q2 Has anything in particular been on your mind recently?
Q5 What are you goals for this hospitalization?
Q6 How are people treating you here?
Q7 How’s the food been?
Q8 How’s your mood?
Q9 How’s your thinking?
Q10 How’s your energy?
Q11 How many hours have you slept?
Q12 How'’s your self-confidence now compared to usual for you?
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~ ;
= . 2V
5 o r=-0.744 r=0.752 | g r=0.656 i r=0.680 O
g 0.4 06 g 11 - - E 18 8
:3: 0.2 N E 04 _ glo E ﬁ + E
§ 00 E 02 S 0o E O 16|
g T : . ﬁ 1 g ‘2
N B T S g 9
g -0.4 E H -0.2 Q é § 07 : R é 8 14}
:0'“ 02 - i -0.4 T Alone s i Alone E Dt
2o e >7 06 12 34 57 o 12 34 5.7 E 121
Depression (BPRS) Unusual Thought Content (PANSS) :
- 101 |
brow raise sm|I :
@.\ 4 % 8 10 B 4 1 18 2 22
' - : Observed

r=0.739 L r=0578

i
H{TH

°
°

Mean AU2 Intensity
°
3

Mean AU12 Intensity
s
9
I

!
s
b

TP Q12 Q12

= -0
10 12 34 57 714 1521

Delusions (PANSS) Negative Sxs (PANSS)




Q1
Q2
Q5

Q7
Qs

Q10
Q11
Q12

What brought you into the hospital?

Has anything in particular been on your mind recently?
What are you goals for this hospitalization?

How are people treating you here?

How’s the food been?
How’s your mood?
How’s your thinking?
How’s your energy?

How many hours have you slept?

How’s your self-confidence now compared to usual for you?

Pearson’s Correlation

Pearson’s Correlation
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Speech Signal

Voice as a psychiatric VS?

Voicing
Detection

Formant
Tracking

Vector
Quantization

Vowel Space
Ratio

Formant 1 (Hz)
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220

fu!
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| I Refercnee
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Vowel Space Ratio 0.348

1000

1200

1400

1600

1800
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Voice as a psychiatric VS?

Formant 1 (Hz)
800 700 600 500 400 300 220

1000

1200

=
! Speech Processing

|

1
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| Voicing Formant Vector |
1| Detection Tracking et Quantization ﬂ !
I
! |

iar
1400

1600

1800

2000

Speech Signal Vowel Space 1205
Ratio [ Reiercnce
E Subject n 2400
Vowal Space Ratio 0.348
Constricted Vowel Space Typical Vowel Space Expanded Vowel Space

PANSS Negative Total

PANSS Suspiciousness
PANSS Neg Blunted Affected
PANSS Neg Emotional Withdrawal
PANSS Neg Social Withdrawal
PANSS Neg Speech Flow
PANSS Gen Depression
BPRS Depression

BPRS Bizarre Behavior

BPRS Blunted Affect

BPRS Emotional Withdrawal

-0.5 0.0 +0.5




Symptoms

ltem-level Symptom Severity with Facial Expressivity

Alone Time

M1 apparent sadness
M3 tension

P P6 suspiciousness

P N2 emotional
withdrawal

P N7 stereotyped thinking

P G9 unusual thought
content

P G12 lack of judgment
and insight

P G16 social avoidance
B2 anxiety

BS guilt

B7 elevated mood

B16 blunted affect

B17 emotional withdrawal
B19 tension

B22 distractibility

-0.5

-0.25 0 0.25

R (correlation)

EXpressivity as a psychiatric VS?

é<®<¢D
v

()
A

FI g N2
vV o

Entire Interview

M3 tension

M5 appetite

P P6 suspiciousness

P N2 emotional withdrawal
P N4 social withdrawal

P N7 stereotyped thinking
P G9 unusual thought content
P G16 social avoidance

B2 anxiety

B3 depression

B5 guilt

B7 elevated mood

B16 blunted affect

B17 emotional withdrawal
B21 excitement

B23 motor hyperactivity

0.5 -0.75 0.5 0.25 0 0.25 0.5

R (correlation)



Relationship of Automatic and Conventionally

' AU12 ¢
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; u25 r B11_unusual_thought_content
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B21_excitement P t’ AU05_r
B20_uncooperativeness
B22_distractiplity B10_hallucinations
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.AUOILC

P_G15_preoccupation
rot z

rot_x expressivity_pose

.U157c

P_G16_social_avoidance

P_N4_social_withdrawal

P_N2_emotional_withdrawal
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Syndromes change over time
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Syndromes change over time

manic episode
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Intensive Longitudinal Case Series
in Bipolar Disorder

illustration: inter-episodic mood instability marked by**

manic episode
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"Deep Phenotyping”
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Deep Phenotyping in Severe Mental lliness
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- Started in early 2016

« Continuous monitoring of 15 individuals with chronic forms
of bipolar disorder and schizophrenia in real-world
settings and serial study visits.

« Randy Buckner (Harvard), JP Onnela (HSPH)
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Behaviors A Latent truct
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Automated, minimal-burden, continuous assessment of community and social functioning in
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Activity classification with wearable sensors
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Learning a Behavioral State Space
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Stats & One Times (1)
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Power Spectral Density of
Human Movement over 24 hours
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Power Spectral Density of
Human Movement over 24 Min
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Power Spectral Density of
Human Movement over 3 min




ower Spectral Density and Raw Accelerometry
over 3 minutes as Exercise Epoch is Ending
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Using Behavioral Variation to
Understand the Brain and Disease
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Latent Variable Approach to Psychiatric
Construct Definition
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Build model Infer hidden quantities Criticize model

Mixtures and mixed-membership models, Markov chain Monte Carlo, — Performance on a task,
time-series models, generalized linear models, variational inference, prediction on unseen data,
factor models, Bayesian nonp etrics Laplace approximation posterior predictive checks

|

Apply model
Predictive systems,
data exploeation,
data summarization

REVISE MODEL

Figure 1
Box's loop. Building and computing with models are part of an iterative process for solving data-analysis problems, This is Box's loop, a
modern interpretation of the perspective of Box (1976).
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