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RUNNING ORDER

Why are we (not) waiting? New perspectives from the 0 Impulsive choice: A motivational signature of ADHD?
neuroscience of impulsive choice in ADHD.

0 The pathophysiology of impulsive choice in ADHD

0 Plausible putative sources of impairment in ADHD
Edmund Sonuga-Barke
O The usual suspects......
0 Deficient executive networks
0 Impaired reward circuits
O ....and beyond
APSARD 2019 0 Affective hypersensitivity in limbic system

0 Default mode dysregulation

0 What have we learnt about impulsive choice in ADHD?
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IMPULSIVE CHOICE: A MOTIVATIONAL SIGNATURE OF ADHD? IMPULSIVE CHOICE: A MOTIVATIONAL SIGNATURE OF ADHD?

Now... Later... Now...

Present versus future reward choices are ubiquitous and important Is this the case for people with ADHD?
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Tl IMPULSIVE CHOICE: A MOTIVATIONAL SIGNATURE OF ADHD?

Marx et al. 2018

IMPULSIVE CHOICE: A MOTIVATIONAL SIGNATURE OF ADHD?

0 People with ADHD respond differently to rewards (and punishers)
compared to their peers — a longstanding idea.

0 Inconsistent results - hard to pin down where the problem lies. b et Y

0 Diminished response to extrinsic reinforcement? Simple Choice Task Temporal Discounting Task

Impaired intrinsic reinforcement? ams ronEy
Deficits in linking actions to outcome (i.e. learning)? -

Problems comparing different options (i.e., decision making)? ¢

o O O o

Problems with specific sorts of outcomes?

Sonuga-Barke, 2011 oo

Often hypothetical delays (days)- sometimes

real rewards.
Always real delay (secs)— usually real

rewards

ADHD is associated in particular with problems dealing with delayed reward!

Real time discounting delays in secs.




IMPULSIVE CHOICE: A MOTIVATIONAL SIGNATURE OF ADHD?

Simple Choice Task
N=2666 (ADHD-1,425)

Temporal Discounting Task
N=1097(ADHD-561)

The two paradigms produced similar medium sized effect estimates.
7

OMPARISON OF HYPOTHETIC ND REAL TIME DISCOUNTING

Yu etal. 2016

Hypothetical Real time
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There was no correlation between tasks.
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DIRECT COMPARISON OF SIMPLE CHOICE AND TEMPORAL DISCOUNTING
Yu etal. 2018
3 = Impulsive choice in ADHD is a such
— A simple behaviour....
s It surely must have a simple
pathophysiology
ADHD IC was limited to the long delay tasks.
9 10
...AND BEYOND.
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..intertemporal choice is a complex multi-system and.... o

ADHD e ode .
S Choice
...ADHD is remarkably heterogeneous neuro-biologically. . #NE
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DEFICIENT EXECUTIVE NETWORKS SIBLE TARGET

Deficient in ADHD

Necessary for LL choices

Required for -

> controlled evaluation of LL vs SS
» inhibition of pre-portent response to SS
» management of decision to delay

o

Directly implicated in LL choices in SS choices in ADHD

“;-4-.’\ L " boys girls boys
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DLPFC—caudate white matter connectivity = stronger | DLPFC—striatal connectivity reduced in ADHD females
preference for LL and associated with stronger preference for LL - less
(van den Bos et al,, (2014) s0in ADHD (Rosch et al., 2018 |

THE INTERPLAY BETWEEN REWARD AND EXECUTIVE DEFICITS IN ADHD IC
ONE OR TWO PATHWAYS?

0 Empirical parsing of neuropsychological heterogeneity has led to
multiple pathway models.

0 The dual pathway model proposed that ADHD was underpinned by two
dissociable patterns of impairment (Sonuga-Barke, 2002).

0 cognitive (underpinned by deficits in executive control)

0 motivational (underpinned by an aberrant response to delayed
reward).

Considerable neuropsychological support for variants of this model.

0 Stevens et al (2018) set out to identify the neural markers of these
pathways.

IMPAIRED REWARD CIRCUITARY — PLAUSIBLE TARGET

Deficient in ADHD

Necessary for LL choices 2 = Deficient in ADHD
é FF MID _—

el 3

Hypoactivation to cues of delayed reward
(Plitcha et al. 2014)

Ventral striatum - Reward valuation and encoding
Integration and computation of competing outcome value
Integration motivation and emotion information

OFC - Monitoring choice outcomes against expectations

YV VY

Directly implicated in LL choices

Directly implicated in SS choices in ADHD
d"‘ Dl 22 (@D

e | it

VS BOLD declines with delay to future rewards
(Gregorios-Pippas, et al. 2009) al. 2013)

Abberant VS connectivity is corelated with discounting (Dias, et

14

REWARD AND EXECUTIVE DEFICITS IN ADHD IC
ONE OR TWO PATHWAYS?
0 Taxometrics identified three groups using data from TD and EF tasks.

Tabsn 1. Tasermatriz-Devivad ADHD Subgroup Charscienstics Compansd With Koa-ADHD Coatrod Partcpants by One-fay
ANDA aed Posl Hioc. Pairwine Grows Compirisen Pty

| HC > AOPOLE I, KoY

0 No difference in symptom profiles between the different sub-groups.

0 Compared groups’ brain activity during GNG and adapted MID.
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REWARD AND EXECUTIVE DEFICITS IN ADHD IC
ONE OR TWO PATHWAYS?

ADHD-REW/EF
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Normal brzm function

Hyperactivation of motivation/emotion centres

Different neural sources of EF deficits in the two groups — suggesting a failure
to regulate frontal activity during task performance marks the REW/EF group.
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LIMBIC HYPERSENSITIVITY — A PLAUSIBLE CANDIDATE TO EXPLAIN IC IN ADHD

* Evidence implicating amygdala in ADHD IC keeps popping up.
Stevens et al. 2018

Hyperactivity during MID-effort and GNG errors
Rosche et al. 2018 Mies et al. 2018

© s

Hyperactivated during delay but not effort
discounting.

Amygdala-DLPFC connectivity =
more real time discounting in ADHD

18



A key function of the amygdala is processing and
encoding aversive experiences to facilitate their
avoidance

Could recent evidence relating TD to amygdala
suggest that IC is driven more by the emotional
response to delay than impaired executive control
or altered reward processing?

THE DELAY AVERSION HYPOTHESIS OF IC CHOICE IN ADHD

0 For ADHD children the experience of waiting during the delay
before outcomes or events is especially aversive.

0 delay imposition is a negative reinforcer and delay escape a
potent reinforcer.

0 ADHD IC is a functional expression of aversion to delay —
because it allows its avoidance.

19

WHERE DID THE ION COME FROM?

We ran a series of choice experiments
in the 1990s.

ADHD Individuals can wait for delayed
rewards.

But they chose SS when it reduces
overall delay.

20

THE DELAY AVERSION HYPOTHESIS OF IC CHOICE IN ADHD

For ADHD children the experience of waiting during the delay
before outcomes or events is especially aversive.

o

o

delay imposition is a negative reinforcer and delay escape a
potent reinforcer.

o

ADHD IC is a functional expression of aversion to delay —
because it allows its avoidance.

Neurobiological Prediction

0 Cues of delay elicit activation within the brain’s emotional
circuits which mediates delay aversion and IC.
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THE DELAY AVERSION HYPOTHESIS OF IC CHOICE IN ADHD

0 For ADHD children the experience of waiting during the delay
before outcomes or events is especially aversive.

0 delay imposition is a negative reinforcer and delay escape a
potent reinforcer.

0 ADHD IC s a functional expression of aversion to delay —
because it allows its avoidance.

e A
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I % AMYGDALA HYPER-RESPONSIVE TO CUES OF IMPENDING DELAY?

Van Desel et al. 2018

NO DELAY TRIAL

NO DELAY
CONSEQUENCE (0
secs)

CUE
THE EDI (ESCAPE DELAY INCENTIVE TASK)

24

TARGET FEEDBACK




CERTAIN DELAY > NO DELAY CUES — ADHD VERSUS CONTROL

HOW SPECIFIC ARE THE EFFECTS? - DELAY AVERSION V LOSS AVERSION

CUE

NO LOSS TRIAL

TARGET FEEDBACK

+ o ¢

]

NO LOSS

AMYGDALA AND DLPFC MEDIATE THE ADHD DELAY AVERSION PATHWAY.

A a

- W
85 / e
¥ & pens
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HOW SPECIFIC ARE THE EFFECTS? - DELAY AVERSION V LOSS AVERSION

CERTAIN NEGATIVE > CERTAIN NO NEGATIVE

. EDI

8 *
* EMLI

6
*p [FWE] < 0.05

Contrast Estimates
N

DLPFC AMG DLPFC
Controls ADHD
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HOW SPECIFIC ARE THE EFFECTS? - DELAY AVERSION V LOSS AVERSION

CERTAIN NEGATIVE > CERTAIN NO NEGATIVE

8

6

Contrast Estimates
N

DLI
Controls

*

PFC AMG DLPFC

ADHD

. EDI

EMLI

* p [FWE] < 0.05
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HOW SPECIFIC ARE THE EFFECTS? - DELAY AVERSION V LOSS AVERSION

Subjective Ratings of Valence
LOSS DELAY LOSS DELAY

¢ ‘ <> NO NEGATIVE Certain Delay
@ 25ecs
v 0 6secs
B ‘ ? ¢ @ 14Secs

b ‘ lo) (OFERTAIN NEGATIVE C ~

Croup
“1 - ADHD CONTROL
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DEFAULT MODE DYSFUNCTION - A PLAUSIBLE CANDIDATE TO EXPLAIN IC IN
ADhHD

-ﬂb',,jﬁ

PSYCHOLOGICALLY A DOUBLE EDGED SWORD

=ae® I .{':gi.,
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= BosETAL, 2017
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. Tian et al. 2006
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Castellanos et al. 2008

Meta-analysis of 17 studies identified PCC as the source of dysconnectivity
33

DOES REDUCED DEFAULT MODE INTEGRITY MEDIATE THE RELATION BETWEEN
ADHD TEMPORAL DISCOUNTING AND MIND-WANDERBNfGiidakis et al. in prep

,y  PUFOR rq)_u“] =035

ADHD associated with

Fumctionai Cannactivi

oo
z u n r
P
o = 8 SA}_.
= ot

Gore Subsystem

12

oN A ®

less DMN FC, greater
TD, more delay
aversion and
mindwandering

Delay Aversion Mindwandering

]
=

ADHD
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DEFAULT MODE DYSFUNCTION - A PLAUSIBLE CANDIDATE TO EXPLAIN IC IN

ADHD Stawarczyk et al. 2015

EPISODIC FUTURE THOUGHT MIND WANDERING

Given the plausibility that LL choice requires the effective
imagining of future events we tested the relationship between

ADHD, default mode connectivity, temporal discounting and

mind wandering.

34

DOES REDUCED DEFAULT MODE INTEGRITY MEDIATE THE RELATION BETWEEN AND
TEMPORAL DISCOUNTING AND MIND-WANDERINGeroulidakis et al. in prep
Reduced DMN FC is associated with greater TD (p=.02) and

more delay aversion (p=.001) but not more mind-wandering
(p=.54).

- ]

-MI-m-m-m e n

-0 o

Reduced DMN connectivity appears to moderate the relationship between ADHD
delay aversion but not temporal discounting.




WHAT HAVE WE LEARNT ABOUT IMPULSIVE CHOICE IN ADHD?

0 ICin ADHD is observed for both real and hypothetical choices — but only a
sub-group are likely effected.

0 Pathophysiologically it is likely to turn out to be a heterogeneous and
complex phenomena - although little direct evidence so far.

0 Disrupted reward and executive systems may play a role but perhaps not in
the way predicted.

0 Limbic system hyper-reactivity to delay appears central.

0 Given its role in episodic prospection the DMN may play a role — although
initial evidence suggests a strong link with delay aversion.

37
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Pills, Skills and Behaviours:
Exploring the Psychopharmacology

of Impulsivity
(or how can we help them wait)

David Coghill
Financial Markets Foundation
Chair of Developmental Mental Health

Disclosures

Source Consultant Advisory Speaker Research
Board

Lilly X X X

Janssen X X X

Medice X X

Shire / Takeda X X X X

Servier X

Australian X

Government

NHMRC X

NHS X

NIHR X

EU FP7 X

Outline

What is impulsivity — slight recap
Medication effects on symptoms (and why never to trust your clinical impressions)
Medication effects on Impulsivity
Inhibitory Control
What are the relati ips between and ition?

Impulsive choice
Delay discounting
Delay aversion
Head to head
Decision making
Medication effects on the DMN

Where to from here?

There is considerable cross national variability in

prescribing for ADHD
e
Prevalence (2010)

sEEe= Australia 1.4%
United States 6.7%
Canada 1.8%
UK 0.6%
Northern Europe 1.9%
Western/Southern 0.7%

Europe
Asia-Pacific 0.9%
Total 1.9%

Relative rates of parent-
reported attention-deficit
/hyperactivity disorder
(ADHD) diagnosis and
medication treatment in the
US by political affiliation.

Demacratic Republican

Prevalence States States P
(95% Cls}

ADHD 81N 9.5% 0.0045
Diagnasks (7.1%-B8%) | [2.3%- 10.6%)

Taking ADHD 5% 7.2 0.0001
Medication | [44%-5.7%) | (5.5%- 7.8%)
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Impulsivity comes in may different colours and

itis very unlikely that these disparate

behaviours reflect a unifying underlying
behavioural process (Hoetal, 1999)

The emission of premature responses
in schedules in which reinforcement is made

Failure of responding to decline in extinction
schedules (Berger and Sagvolden 1998;
Sagvolden et al. 1998),

contingent upon pausing (Gordon 1979;
Sagvolden and Berger 1996),

Premature termination of
sequences of responses
(Evenden 1998),

Choice of smaller earlier reinforcers in
preference to larger delayed reinforcers
(Ainslie 1975; Herrnstein 1981.

Emitting short latency incorrect
responses in conditional discrimination
tasks (Kagan 1966; Evenden 1999),

Impulsivity comes in may different colours and
itis very unlikely that these disparate
behaviours reflect a unifying underlying
behavioural process (Hoetal, 1999)

Proposed Deficits
Behavioural Inhibition
(Soubrié 1986)

Waiting Capacity

(Thiébot et al. 1985)

Behavioural Switching
(Ho et al. 1998)

Timing
1961; Barratt 1981)

Impulsivity in the clinical context
Criteria for ADHD Diagnosis: DSM-5

Hyperactivity ‘
O Fidgetiness (hands or feet) or squirming in seat

QO Leaves seat when not supposed to

Q Restless or overactive

Q Difficulty engaging in leisure activities quietly
Q Always ‘on the go’

O Talks excessively

Inattention
Q Lack of attention to details, makes careless mistakes

Difficulty sustaining attention

o

Does not listen when spoken to directly
Trouble completing or finishing job tasks

ooo

Problems organizing tasks and activities

Avoids or dislikes sustained mental effort Impulsivity

Q Blurts out answers before questions have been
completed

Q Difficulty waiting in line or taking turns

O Interrupts or intrudes on others when they are
working or busy

Loses and misplaces things
y distracted

cooo

Forgetful in daily activities

American Psychiatric Association. Diagnostic and Statistical Manual (DSM) of Mental Disorders. 5th Edition
2013

ADHD-RS-IV subscales

Hyperactivity/imp

LS mean change (+ SE) from baseline
to endpoint for ADHD-RS-IV

@
£
s
Study 325: LDX vs Placebo vs Concerta E -6.04
8
B
inattention and hyperactivity/ o

impulsivity subscale scores g -120 " -
w-1404 %
-160-
B LDX (n = 104)

O Placebo (n = 106)
[ OROS-MPH (n = 107)

Coghill et al 2013 European Neuropsychopharmacoloy

10

“Clinical Experience” is often misleading

type
] ADHD RS | ADHD RS | Hyperactivity
putsivey | yperactivty O Fidgetiness (hands or feet) or squirming in seat
quuo Wean ] 1030 | 27533 | O Leaves seat when not supposed to

P O Restless or overactive

T o | BCR Q Difficulty engaging in leisure activities quietly
e O Always ‘on the go’
= - Q Talks excessively
ml ol w
P Impulsivity
= ‘;—' L Q Blurts out answers before questions have been
o completed
1) 1 Q Difficulty waiting in line or taking turns
=/ CAMoS 14 Mg ol £ vl 00 O Interrupts or intrudes on others when they are
Sid Daviaton B258 S2009 working or busy
Total Mean 16728 17301
L] ‘ 1500 ‘ 1889
514 Davianan 6672 100804

Impulsivity comes in may different colours and
itis very unlikely that these disparate
behaviours reflect a unifying underlying
behavioural process (Hoetal, 1999)

Proposed Deficits

Behavioural Inhibition
(Soubrié 1986)

Waiting Capacity
(Thiébot et al. 1985) Timing
T E—— (Siegman 1961; Barratt 1981)

(Ho et al. 1998)

11
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MELBOURNE

Medication effects on inhibitory control
(behavioural inhibition, deficits in
executive functioning)

Effects of Methylphenidate
on Cognitive Functions in
Children and Adolescents
with ADHD Evidence from a
Systematic Review and a
Meta-Analysis

Coghill et al (2014)
Biological Psychiatry

SMD -0.41 (-0.55, -0.27)

Totad (9%, €1 2411958, 2
004, O = 3083, &
ZeaTa@an

Hetpeoger ety
Towt hor everst
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Effects of methylphenidate on executive functioning
in attention-deficit/hyperactivity disorder across the
lifespan: a meta-regression analysis Tamminga et al 2016

Very similar conclusions to the Coghill (2014)
meta analysis L]

No linear or quadratic age-dependencies
were observed, indicating that effects of MPH
on executive functions are independent of
age in children and adults with ADHD.

.h.._
e e
e

.-I

.

.

However, adolescent studies are lacking and
needed to conclude a lack of an age-
dependency across the lifespan.

Coghill et al 2014 Psychological Med.

Development

Cognition
Improve

Symptoms
Improve

Cam g SYmptoms

Cognition

Genes & > Brain Structure >
SRdinction

Actually: Change in one measure of GoNoGo
performance (errors to distractors at a change block)

Improves
Cognition

Improves
Symptoms

" = was predictive associated with clinical response but Methylphenidate
only at the lower dose (0.3 mg/kg/dose).
Interestingly this task did not discriminate between Coghill et al 2007 Biological Psychiatry
. ADHD and health controls at baseline
Predicting Response to Methyl d Variables included in
the prediction
Responders Nomresponders SVM classification: 77% (p<0.01)
(N=30) (N=13)
BPVS Percentile rank 40.27 (30.58) 32.15 (28.84) ns.
decimal age 11.19 (2.39) 11.26 (2.99) ns.
diagnosis of oppositional defiant | 21/30 9/13 ns.
disorder - os
responders
diagnosis of conduct disorder 14/30 2/13 ns.
deprivation score 427 (1.72) 4.08 (1.32) ns.
t-score baseline Parents ADHD Conners | 78.07 (4.25) 80.08 (4.03) ns.
Go/NoGo - type 1 RTT 441.61 (91.85) 504.37(108.07) |ns.
True
Go/NoGo - type 2 RTT 457.48 (70.20) [ 497.13(116.15) | n.s. responders
Go/NoGo - type 1 ERD 2.85 (1.54) 1.92 (1.50) n.s.
Go/NoGo - type 2 ERD 263 (1.81) 1.85 (1.49) ns.
Pattern recognition z score -1.12 (1.66) -0.56 (1.48) ns. Bradiciad nom. Predicted
Spatial recognition z score” -0.97 (0.89) -0.55(1.17) ns. responders responders
DMES total percent correct z score” | -1.07 (1.23) -0.66 (0.96) ns.
Johnston et al., under review
*adiysted for age and BPVS
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SVM classification: 77% (p<0.01)

Presence of a baseline deficit does not impact on medication response

Frequency of variable selection | Percentage of leave-one-out
loops variable selected
BPVS Percentile rank 2 0.05
decimal age 0 0 Lol icen
presence of oppositional defiant 0 0 £
disorder (. . i
presence of conduct disorder 43 1 f
deprivation score 0 0 ~
t-score baseline Parents ADHD 24 0.56 ; - i
Conners 0, f /,z
Go/NoGo - type 1 RTT 38 0.88 iy - = -
Go/NoGo - type 2 RTT 2 0.05 "1 ; " <
Go/NoGo - type 1 ERD 43 1
Go/NoGo - type 2 ERD 9 0.21 4
Pattern recognition z score” 12 0.28 o :
Spatial recognition z score” 1 0.02 o ' i
DMIS total percent correct z 0 0 -
score”
*adjusted for age and BPVS Johnston et al., under review
. : 1
Presence of a baseline deficit does not impact on medication response How do stimulant treatments !-' :
p p for ADHD work? Evidence for i: = ‘
Tl mediation by improved 12
A e Exadhaenona Sl Sillg (TE) cognition — Hawk et al 2018 - e
/' | Swckingsof Cambridge (SMM) A Cepriin - .
) 1 H ] i i B
/A Sy g emor THSE_| Methylphenidate improved }g l = ‘. : ,‘ I
T i sea‘twork productivity and teacher = . L
— § ratings (ES = 1.4 and 1.1) and all I - =
doat — domains of cognition (ES=0.3-1.1). - S a5
: A is =
T TR ra— o A 1 : =
[ Spatial Recogriten % Corect) | -~ R R
N Paired Assocale Leaming (FTMS) | ik T ." B
“ GelelGa fodfusted reaction time) | —— - ; I I !
\TTT - " .
————
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How do stimulant treatments for ADHD work? Evidence for
mediation by improved cognition — Hawk et al 2018

Classroom Productivity

Tl 8 Wectiarusm rrwidta for s -

How do stimulant treatments for ADHD work? Evidence for
mediation by improved cognition — Hawk et al 2018

Teacher Rated Behaviour

23
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Atomoxetine Improved Response Inhibition in Adults
with Attention Deficit/Hyperactivity Disorder — Chamberlain et al 2007

| T TR Iy, = e y—

st meth Fthey ot S 1

[P —
ADHE v C0"

et
AL Pt

A i Mo im

) - i

ATX reduced SSRT on Stop Task and Commission Errors on Rapid Visual Information Processing

Note: Acute single dose challenge

MELBOURNE

Impulsive Choice

25

26

MELBOURNE

Effects of medication
on delay discounting

Evidence That Methylphenidate Enhances the Saliency of a
Mathematical Task by Increasing Dopamine in the Human Brain
Volkow et al 2004

FIGLRE 2. Methylpheni duced Changes in Dopamine
Transporter Binding P | (B Kag) in the Striatum of
16 Healthy Subjects Perls ng a Math Task With a Mone-

tary Reward or a Noncompensated Neutral Task?

Methylphenidate significantly increased
extracellular dopamine, when coupled
with the mathematical task but not when

coupled with the neutral task. Placebo Methylphenidate

40
*
15 b
10
= Neutral  Mathematical Neutral  Mathermatical
Task s

The mathematical task did not increase
dopamine when coupled with placebo.

Subjective reports about interest and
motivation in the mathematical task were
greater with methylphenidate than with
placebo and were associated with
dopamine increases

Bran/®a
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Magnitude

Is determined by a series

of hyperbolic functions

Probability

Multiplicative hyperbolic model of choice
Ho et al 1999

Postulate 1: The value of a positive reinforcer presented immediately following an operant
response is assumed to be an increasing hyperbolic function of its physical magnitude or quantity
(\2]

Postulate 2: The value of a positive reinforcer whose delivery is delayed for some time after an
operant response is assumed to be a decreasing hyperbolic function of that delay (V)

Postulate 3: The value of a positive reinforcer that occurs with a probability p following an operant
response is assumed to be a decreasing hyperbolic function of the “odds-against” that probability
(v,)

Postulate 4: The overall value of a positive reinforce is jointly determined by the above three
hyperbolic functions: V* = V;+ V +V,

Postulate 5: It is postulated that an equivalent set of equations describe the (negative) values of
aversive events

29
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Multiplicative hyperbolic model of choice
Ho et al 1999

Postulate 6:

Isdha.ghange inisepsitivity o,

It is assumed that discounting parameters are

interventions. cers).

reinforc
Where K* refers to the d”;countmg parameter
(sensitivity to delay) for that organism

delavarsmthes
_&hmgse_sﬂ_rty to the magnitude of

relatively stable properties of individual w reinforcement? ‘
organisms, which reflect their sensitivity to £
Bl . " ity ERC 'I'Hgs methodology can then be used to identify
particular features of reinforcing stimuli. ; N
3 n i‘ dl rs%ﬁ it |n Ig"\’s' den?lfy an
To the extent to which they may vary between ] m del a¥|g il |t
individuals of the same species, they may be 5 v m'nfo ence
regarded as “personality dimensions” $ 'I't is proyided wnh ghctuce between
‘ , g lsih rc@@%\fm %u e slg ign
However, unlike most other personality = 8 1] 6 il
dimensions, they are amenable to study in ntl ns n d 59 ‘
" ; % Cl Be H remforcers wr
animals, and are susceptible, or so we assume, to I ﬁ'e mf etwe n; [«t] uman
. Rt Eq 7él VRS AT 00 es
experimental manipulation using biological stu ﬁé
rent
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Meea Stardaedize d indieseace Value

The Effects of Methylphenidate on Discounting of
Delayed Rewards in ADHD Shiels et al 2009

Expériontial Discounting Task

Hypothetical Discounting Task

Fuacabo ] — — Fiactbo
— Low Doss wl —— Low Dose
—'r— High Dase 1 High Deda
LB
sl
& w:
5 =
4 1
w)
]
n]
L 5 10 15 n Fi] » 5 . oW W N N W R
Getay (1) Delay [Days)
Relative to placebo, methylphenidate reduced d ing of delayed

experiential rewards, but not hypothetical rewards.
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MELBOURNE

Effects of medication
on delay aversion

Delay Aversion and Executive Functioning in Adults
With ADHD: Before and After Stimulant Treatment

ADHD v Control ADHD v Control Group x Session
iff at Basell iff at Follow-up’ Effect

Quick Delay
Questionnaire

BRIEF-A

Low et al 2018

Delay Frustration Task

x x X X

Digit span subtest

Rapid Visual
Information Processing
Task

Stockings of Cambridge

AN N N NN
x

AR N U N N N

Spatial Working
Memory Task

33
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MELBOURNE

Direct comparison of
medication effects
across different
aspects of impulsivity

Acute Effects of Methylphenidate on Impulsivity and Attentional Behavior
among Adolescents Comorbid for ADHD and Conduct Disorder
Dougherty et al 2016

3 x 1 week methylphenidate (placebo, 20mg, 40mg)

“process | Task | Treatment offects

Response initiation Increased correct detections (40 > 20 & placebo)
Increased commission errors (40 > 20 but not placebo)

NONE

Immediate Memory Task

Response Inhibition GoStop Impulsivity Paradigm

Consequence Sensitivity

(preference for SS) NONE

2 choice Impulsivity Paradigm

35
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MELBOURNE

Effects of medication
on Decision Making

DeVito et al 2008

Methylphenidate reduces
the amount bet by ADHD
group without ameliorating
risk ad G IRACL Hicits
reskhvirhraidRrsIQuBRAE.

CGT Measures

Percentage Bet

Although amount bet does
not separate healthy
controls from ADHD

The Effects of Methylphenidate on Decision Making in ADHD

o CGT Measures ADHD vs Drug effect
Controls

&/ Rational Choices v x
7' peliberation % x
&l Time
Amount Bet
5 & v
. Impulsivity /
" Index x
3l -
Risk Adjustment ‘/ x
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Other studies of Cambridge Gambling Task

Methylphenidate normalised decision-making behaviour of patients with
Frontal Variant of Frontotemporal Dementia (but no effects on working
memory, set shifting, reversal learning)

Methylphenidate had no effect on decision making in healthy medical
students

Methylphenidate had no impact on performance of chess grand masters
under timed chess conditions but improved their play in untimed games

Distinguish:
+ Value attained
* How close to optimum in item space
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Conclusions

Drugs have no significant effect on value attained (as % of optimum) or distance (in items) from optimum

* This masks a rich shift in behavior from the drugs, though.

MPH, and to lesser extent, MOD, create regression to mean for both value and distance

* This means that drugs can have a significant negative effect for better performers, and a positive one for
underperformers

MPH and DEX have significant effects on search properties:

* MPH increases speed, DEX decreases speed

* MPH generates regression to mean; DEX does not

* Productivity of search decreases substantially for both

MOD is different in that:

* It does not significantly increase effort (time & moves)/speed/productivity

* There is some mild mean reversion

Big Picture

“Smart drugs” motivate people just like complexity does

But smartness of moves overall goes down

Though worse-than-average do better because they spent more time and/or move more

Better-than-average decrease quality of moves and hence tend to end up worse off
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MELBOURNE

Effects of medication
on the Default Mode
Network

An fMRI Study of the Effects of Psychostimulants on Default-
Mode Processing During Stroop Task Performance in Youths
With ADHD — Peterson et al 2009

Section A shows activations in children with ADHD
compared across the medicated and unmedicated
states.

The red box indicates images that are testing the a
priori hypothesis that medication would produce
changes in brain activation within regions that
subserve performance of this task, which requires
attention and impulse control.

Stimulant medication significantly
improved suppression of default-mode
activity in the ventral anterior cingulate

cortex in the ADHD group.
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An fMRI Study of the Effects of Psychostimulants on Default-
Mode Processing During Stroop Task Performance in Youths
With ADHD — Peterson et al 2009

Sections B is a comparison between ADHD off meds
and controls

Section C is a comparison between ADHD off meds
and controls

‘When off medication, youths with ADHD were
unable to suppress default-mode activity to the
same degree as comparison subjects, whereas
when on medication, they suppressed this
activity to comparison group levels.

An fMRI Study of the Effects of Psychostimulants on Default-
Mode Processing During Stroop Task Performance in Youths
With ADHD — Peterson et al 2009

Column D shows correlations between change in
symptoms and activation of DMN when off
medication

Activation of the left lateral prefrontal
cortex at baseline strongly predicted
medication responsiveness (r=-0.73,

df=16, p<0.001).
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Task-related default mode Low High
network modulation and Incentive Incentive

inhibitory control in ADHD: l mn

effects of motivation and n
methylphenidate
Liddle et al 2011 ADHD on
MPH
Phasic DMN deactivation in each motivational =
condition of the Go/nogo task for ADHD mn . u b
participants (off and on methylphenidate) and ADHD off r
controls D

MPH

ns
mn mn ? n
On-methylphenidate, there was no significant Controls -
difference between diagnostic groups, nor any
N G G el e ) [ It

a7

DMN was. by
motivational incentive only in the ADHD
participants off-methylphenidate.

Dopaminergic modulation of default mode network brain
functional connectivity in ADHD Silberstein et al 2016

Brain functional connectivity
was estimated using an
elcectrophysiological method

known as steady-state
visual evoked potential partial
coherence before and after the
administration of a
methylphenidate dose to 42
stimulant drug-naive boys
newly diagnosed with ADHD o
while they performed the A-X
version of the continuous
performance task

VAR
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Dopaminergic modulation of default mode network brain
functional connectivity in ADHD Silberstein et al 2016

Before MPH

[0 =Fcreftask<CPT
B =FCreftask>CPT

Dopaminergic modulation of default mode network brain
functional connectivity in ADHD Silberstein et al 2016

Controls

@ =Fcref task < CPT
B =FCreftask>CPT

Dopaminergic modulation of default mode network brain
functional connectivity in ADHD Silberstein et al 2016

Post MPH

C} @ @ [ =Fcreftask<ceT

[l =rCreftask>CPT

Dopaminergic modulation of default mode network brain
functional connectivity in ADHD Silberstein et al 2016

Before MPH

[0 =FCref task < CPT
[l =rFCreftask>CPT

Dopaminergic modulation of default mode network brain
functional connectivity in ADHD Silberstein et al 2016

Interpretation of findings
“Findings suggest that methylphenidate suppresses the increased

functional connectivity observed in ADHD and that such
suppression is associated with improved performance.

Our findings support the suggestion that the increased functional
connectivity we have observed in ADHD is associated with
abnormal DMN activity. “

Pattern Classification of Working Memory Networks Reveals Differential
Effects of Methylphenidate, Atomoxetine, and Placebo in Healthy Volunteers
Marquand et al 2011

Combined event-related fMRI with multivariate pattern recognition to characterize the effects of MPH and
ATX in healthy volunteers performing a rewarded working memory (WM) task.

The effects of MPH and ATX on WM were strongly dependent on their behavioral context.

During non-rewarded trials, only MPH could be discriminated from placebo (PLC), with MPH producing a
similar activation pattern to reward.

During rewarded trials both drugs produced the opposite effect to reward

+ They attenuated WM networks

Enhancing task-related deactivations (TRDs) in regions consistent with the default mode network (DMN).

The drugs could be directly discriminated during the delay component of rewarded trials: MPH
produced greater activity in WM networks and ATX produced greater activity in the DMN.
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Sumary

As Edmund has already said the study of impulsivity is complex and challenging

It seems likely (to me at least) that most if not all of the different aspects of impulsivity play a role in
(some cases) of ADHD

I note the lack of correlation performance on different tasks
And am not surprised about the poor correlation between tasks and questionnaires

Medication effects have been shown for many different aspects but evidence is much stronger for some
that others with a lot of work still to do

However the relationship between these effects and core symptom reduction is not yet well established

In my personal view we should be very wary of studying impulsivity in isolation from other aspects of
cognition

Oh and | was wrong about the impact of meds on impulsive symptoms in my clinic! (but this does make
be pleased that we record symptom outcomes as routine)

1. Animal studies have demonstrated positive
effects of several other drug classes on
aspects of impulsivity

These include

Donepezil (cholinesterase inhibitor)

Memantine (NMDA antagonist)

GluN2B antagonists (NMDA receptor subunit)

Granisetron and Ondansetron (5-HT3 receptor
antagonists)

2.

Where do we go from here?

Stronger designs that bring together the best
features of current studies

chronic challenges

head to head (medications and models)
better understanding of relationship between
symptoms and cognition

Collaboration to standardise methods where
appropriate
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Catecholamine Regulation of Prefrontal
Cortex: Relevance to Etiology and
Treatment of ADHD
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Symptoms of ADHD

Deficit Hyperactivity Di -

Impaired regulation of:
« attention
+ impulse control, often manifesting as hyperactivity
+ evident at early age, often continues into adulthood

Common, co-morbid diagnoses:
Oppositional Defiant Disorder or Conduct Disorder (inappropriate aggression)

Tourette” s Syndrome (inappropriate movements- tics)

Disorders with symptoms that can mimic ADHD:

Stress or Post-traumatic stress disorder-

e.g. from a family going through a divorce, or more gravely, from child
abuse or witnessing traumatic events

Bipolar disorder (mania)

Lead poisoning

ALL OF THESE DISORDERS INVOLVE DYSFUNCTION OF THE PREFRONTAL CORTEX
(especially right hemisphere)

The Functions of the Prefrontal Cortex

Prefrontal
Cortex

https://www.y k / hv=7BUNI1U} fe be

amy.arnsten@yale.edu

Prefrontal Cortex:
Function and Topography

The Functions of the Prefrontal Cortex

Prefrontal
Cortex

Most newly evolved
brain region

Mental Representation
(“Mental Sketch Pad”)

Foundation of
abstract thougf

Arnsten (2010) Expert Rev Neurother 10: 1595-605; Arnsten et al (2012) Neuron 76:223-39

The Functions of the Prefrontal Cortex

Prefrontal
Cortex

Top-down control of
attention, action and
motion- representation

and use of appropriate goals

Ability to plan ahead and
10 have the patience to
‘wait for a larger rewa

pulse contral)

Arnsten (2010) Expert Rev Neurother 10: 1595-605; Arnsten et al (2012) Neuron 76:223-39
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The Functions of the Prefrontal Cortex

Prefrontal
Cortex

Executive Functions:
Planning and organizing
High-order decision-making
Insight and judgment

Inhibition of
inappropriate actions

Arnsten (2010) Expert Rev Neurother 10: 1595-605; Arnsten et al (2012) Neuron 76:223-39
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Connections and Topography
Dorsal and lateral vs. Ventral and Medial Topography

Connections and Topography
Dorsal and lateral vs. Ventral and Medial Topography

e

V' _f \ v Top-down attention:

Bottom-up attention: /. | Stimulus r'elwnnce

Stimulus salience sensory association e.g. studying for a test
ortices,

(moving, bold; loud) \  hippacamoue

pr—d

e.g. video games

cerebellum via
pons E, DA, 5!
cell bodies

Arnsten (2010) Expert Rev Neurother 10: 1595-605; Arnsten et al (2012) Neuron 76:223-39
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Connections and Topography

Connections and Topography
Dorsal and lateral vs. Ventral and Medial Topography

Dorsal and lateral vs. Ventral and Medial Topography

Prefrontal
Cortex

Prefrontal
Cortex

SM
P&t  Top-down regulation
" of:

caudate,
utamen, <.
subthalamic nuc.

hypothalamus <

o

] sl
amygdala,
|

(especially right
hemisphere)
Brainstem
cerebellum via eg PAG
pons
E, DA, 5|
cell bodies
Arnsten (2010) Expert Rev Neurother 10: 1595-605; Arnsten et al Neuron 76:223-39
Connections and Topography
Dorsal and lateral vs. Ventral and Medial Topography
“AFFECTIVE" “COGNITIVE" “MoTOR
" 5 assoc cx: PREMOTOR, MOTOR,
umBic CTx: PREPRONTAL, SOMATOSENSORY
NGORA PARIETAL, CORTICES
HIPPOCAMPUS TEMPORAL =

PONTINE NUCLEI

T,
AN /¥
NN CEREBELLAR
ROV CORTEX

CEREBELLAR
DEEP NUCLE!

CORTICAL-BASAL GANGLIA CIRCUITS: CORTICAL-CEREBELLAR CIRCUITS:
motor, cognitive, & emotional habits motor and cognitive “gyroscope”

Amygdala

The Ventromedial Prefrontal Cortex Is
ialized for | ot
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Topographical Organization
of Primate PFC
Medial

Lateral

epresentation
External World

o Audition
[atosensation

Representation
of Internal World

7S
Taste /_\

Olfaction
Viscera

Ventral (Orbital)

Ongur and Price Cereb Cortex 10:206-19, 2000
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Connections and Topography
Caudal to Rostral Topography

e
/ N,
A 4 — 1 Representations of
/7 f ‘creasingly ™ representations of
: Slmp:l:‘_ ‘Qbstract representations
. | representations g
L | / B - N
f = W e e -
| B
LY ! f
Y : & —— e
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Prefrontal Cortex:
Alterations in ADHD

Connections Between dIPFC and vmPFC in Rhesus Monkey

Cognitive control of emotion
Example of one pathway
Medial

Lateral

Barbas and Pandya, J Comp Neurol. 286:353-75, 1089
Yeterian et al, Cortex. 2012 Jan;48(1):58-81
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Connections and Topography
Lateralization

The right, inferior PFC is especially
important for inhibiting
inappropriate actions

In humans, the right hemisphere is specialized for
inhibition, while the left hemisphere is the
“generative” hemisphere (language)

Aron (2011) Biol Psych 69: e55-68
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The Prefrontal Cortex Develops Slowly
Maturing Fully in the 20" s

Left PFC
bigger

Normal Development:
The Right inferior PFC grows larger

between ages 4-20

Right PFC
bigger

Shaw et al. Arch Gen Psychiatry 66: 888-96, 2009
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Altered Maturation of PFC in ADHD

Left PFC
bigger

ADHD:
Laterality unchanged
(Right hemisphere does not enlarge)

»

Left PFC
bigger-
right fails
to grow

Shaw et al. Arch Gen Psychiatry 66: 888-96, 2009
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Disorder Specific Changes

Reduced Right inferior dIPFC functional activity

Motor inhibition
(similar results with impaired attention)

Rubia et al, (2009) Am | Psychiatry 166:83-94

Impaired regulation of emotion

27

The cellular basis of working memory and “top down” control

PFC neurons generate and maintain goals to guide
attention and action, including representing goals
used to inhibit inappropriate actions

Apyramidal cell

29

Reduced Structure and Function of PFC in ADHD

Reduced Right inferior dIPFC functional activity

24 ] 3

Motor inhibition
(similar results with impaired attention)

Rubia et al, (2009) Am J Psychiatry 166:83-94

Reduced PFC connectivity Mostofsky et al, (2002)

Reduced PFC volume

Makris et al, (2007)
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Prefrontal Cortex:
Cellular Basis of Executive Function

28

The cellular basis of working memory and “top down” control

Much has been learned about the cellular basis of
higher cognition from recordings of PFC neurons
as animals perform working memory tasks

A pyramidal cell
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The cellular basis of working memory and “top down” control

Much has been learned about the cellular basis of
higher cognition from recordings of PFC neurons
as animals perform working memory tasks

Adelayed response
working memory task

Cue
(flashes or 0.5 soc)
ctrod

As the animal fixates on a central

point on a computer screen, a cue

is briefly flashed at 1 of & locations.
for just a half a second

A pyramidal cell

The cellular basis of working memory and “top down” control

Much has been learned about the cellular basis of
higher cognition from recordings of PFC neurons
as animals perform working memory tasks

Adelayed response
working memory task

Delay
(emember for many seconds)

The cue disappears,

and the subject must

remember ts location
over a delay period
e.g. for 5 seconds

Apyramidal cell
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The cellular basis of working memory and “top down” control
Much has been learned about the cellular basis of

higher cognition from recordings of PFC neurons
as animals perform working memory tasks

Adelayed response
working memory task

Respond
(look at remembered ocaten)

When the fixation point A pyramidal cell
goes of, the subject
moves its eyes to look
at the remembered
location, and gets a
reward if correct

33

Neurons in dIPFC Excite Each Other to Keep Information “In Mind”

Recordings from the PFC have found
"Delay cells”, neurons that are able to
maintain their firing across the delay
period even though there is no sensory
stimulation from the environment.

“Delay cell”

Delay
(remember for many seconds)

espon
(look atremembered ocaten)

Apyramidal cell

Goldman-Rakic, Neuron 14: 477-85, 1995
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The cellular basis of working memory and “top down” control

Much has been learned about the cellular basis of
higher cognition from recordings of PFC neurons
as animals perform working memory tasks

Adelayed response
working memory task

(fashesTe
“The next trial then begins,
with the cue flashing in a
new location, so that the

contents of working memory

must now be updated

Apyramidal cell
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Neurons in dIPFC Excite Each Other to Keep Information “In Mind”

"Delay cells” have a preferred direction,
i.e. they fire to the memory of one location
but not for others, and they are able to
maintain firing across the delay period
even in the presence of distractors.

“Delay cell”

Delay
(omember for many seconds)

Respon
ook at rememberad ocation)

Apyramidal cell

Goldman-Rakic, Neuron 14: 477-85, 1995
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Neurons in dIPFC Excite Each Other to Keep Information “In Mind”

"Delay cells” are able to maintain firing
across the delay period without any sensory
stimulation via a process called recurrent
excitation, where neighboring cells with the
same preferred direction excite each other
to keep information in mind.

Sphevy B

Cue
(Tashes 0705 sec)

Respond
(look at remembered ocation)

Goldman-Rakic, Neuron 14: 477-85, 1995

Neurons in dIPFC Excite Each Other to Keep Information “In Mind”

"Delay cells” also represent goals for
inhibiting habitual or inappropriate actions,
e.g. in an anti-saccade task where the
monkey has to look away from a
remembered cue

Delay
(remember for many seconds)

Respond
ook at remembered ocation)

Funahashi et al, Nature 365: 753-6, 1993
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Neurons in dIPFC Excite Each Other to Keep Information “In Mind”

o Sphess B

Pyramidal cells excite each other through \\
glutamatergic, NMDA receptor synapses —
on dendritic spines.

Wang et al, Neuron 77: 736-49, 2013
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Potassium Channel Opening Rapidly Reduces Neuronal Firing

h--
Po—— g

Potassium channels ‘ &
oA K'.j i

_—

Potassium channel (K*) opening can
rapidly reduce the strength of a synaptic
connection and reduce neuronal firing.

Amsten et al, Neuron 76: 223-39, 2012
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Neurons in dIPFC Excite Each Other to Keep Information “In Mind”

Potassium channels

NMDAR
=

. \ﬁ\ \W/

These PFC spines express potassium
channels (K*) that can be opened by
calcium-cAMP signaling.

Amsten et al, Neuron 76: 223-39, 2012
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Potassium Channel Opening Rapidly Reduces Neuronal Firing

-
L‘M e

Potassium channels
fr

NMDAR

- \; e

The arousal systems (e.g. norepinephrine
and dopamine) take advantage of this
mechanism to coordinate cognitive state
with our state of arousal.

Amsten et al, Neuron 76: 223-39, 2012
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Prefrontal Connectivity and Function Depends on Arousal State

Strong PFC S
Function
FATIGUE STRESS
DEEP SLEEP TRAUMA
V:::L'I’:: (Unconscious) (Dissociated?)

Increasing levels of arousal

Stress or fatigue |

glutamatef

Nupar  Weakens the K*
\ connection

Arousal has an “inverted U” influence on \s
PFC connectivity and function, where
either too little (fatigue) or too much

(stress) weakens PFC function.

Amsten et al, Neuron 76: 223-39, 2012
Amsten et al, Nat Neurosci 18: 1376-85, 2015
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Arousal Systems Orchestrate Brain State

A Mert

Mindful responses

Optimal levels of catecholamines promote dIPFC function.

Amsten, Nature Rev. Neurosci 10: 410-22, 2009
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Arousal Systems Orchestrate Brain State

A A B. S d

@A impro
al impairs
B1impairs

NE has higher affinity for
a2A-AR than a1A-AR

Arnsten Neural Plasticity 7: 133-46, 2000
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Prefrontal Cortex:
Powerful Roles of Catecholamines

44

Arousal Systems Orchestrate Brain State

A Aert B. Stressed

Aufasiestabitus
Mindful responses Ieapnding Gy o
Brisitive brsin circun
Unconscious actions

Optimal levels of catecholamines promote dIPFC function.
In contrast, high levels of catecholamines during stress impair

dIPFC function, and strengthen more primitive circuits, switching
the brain from a reflective to reflexive state

Amsten, Nature Rev. Neurosci 10: 410-22, 2009
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PFC Requires Catecholamines to Function

Catecholamine depletion from dIPFC

markedly impairs working memory
Brozoski et al. Science 205:929-31,1979

Dopamine D1R Blockade in dIPFC

markedly impairs working memory
i & Goldman-Rakic, J. phys 71:515-
28,1994

Norepinephrine x2A-AR Blockade in dIPFC

markedly impairs working memory
Li & Mei, Behav Neural Biol 62: 134-9, 1994
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Inverted U Dose Response

Inverted U Dose-Response
Related to Arousal State

Strong PFC Alert
Prefrontal function
= Fatigue Stress
‘cleakg-wc Deep Severe
unetion | sleep Stress

L Increasing levels of
norepinephrine and dopamine

Arnsten et al., Neuron 76: 223-39, 2012
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Inverted U Dose Response

Inverted U Dose-Response
Related to Arousal State

- a2A-AR/p1
Strong PFC Alert
Prefrontal function a2n-AR/D1 a1-AR/D1
Fatigue Stress
vaeak .PFC Deep Severe
unction | gjeen Stress

L Increasing levels of
norepinephrine and dopamine

Note: NE has higher affinity for a€2A-AR than a1A-AR

Arnsten Neural Plasticity 7: 133-46, 2000
Arnsten et al., Neuron 76: 223-39, 2012

NE Effects on PFC Physiology: The Inverted U

Strengthen Preferred Network Connections

Suppress
Firing

al

AROUSAL
INCREASING NOREPINEPHRINE RELEASE

‘Adapted from Arnsten Biol Psychiatry 69: €89-99, 2011
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DA D1 Effects on PFC Physiology: The Inverted U

Sculpting Actions

/

Fundamental
Excitation

Suppression

AROUSAL
INCREASING DOPAMINE RELEASE

Vijayraghavan et al, Nature Neuroscience 10:376, 2007

Adapted f Lin the Bjorklund, S Dunnett,
Liversen, & S Iversen Eds, Oxford Univ Press, pp 230-48, 2008,

Cellular Basis of Inverted U

Inverted U Dose-Response
Related to Arousal State

a2A-AR/D1
Alert
a2A-AR/D1 a1-AR/D1
Fatigue Stress

Deep Severe
Sleep Stress.

Increasing levels of
norepinephrine and dopamine

Wang et al. Neuron 77: 736-49, 2013
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Cellular Basis of Inverted U

Inverted U Dose-Response
Related to Arousal State

NMOAR transmissbon

Nic-a7R are in glutamate synapses where they are
permissive for NMDAR actions, relieving the Mg?* block

AWAKE

Deep
Sleep

Acetylcholine release
during waking

NMDAR opening requires
acetylcholine release during waking

Wang et al. Neuron 77: 736-49, 2013
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Cellular Basis of Inverted U

Inverted U Dose-Response
Related to Arousal State

HMOAR tramemissbon
saan AWAKE
e
Deep
Sleep

Increasing levels of
norepinephrine and dopamine

Glutamate stimulation of NMDAR fluxes
calcium as well as sodium into the cell

‘Wang et al. Neuron 77: 736-49, 2013

Cellular Basis of Inverted U

Inverted U Dose-Response
Related to Arousal State

Fatigue

Deep
Sleep

Negative feedback on cell firing:
1) Calcium from NMDA receptors drives further calcium
release from the smooth endoplasmic reticulum;
2) Calcium actit PKC, whichii cAMP
3) High levels of cAMP-PKA open K* channels to reduce firing;
4) PKA can further increase calcium release, creating a
vicious cycle that rapidly reduces cell firing

Arnsten Nature Neuroscience 18: 1376-85, 2015
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Optimal Levels of Catecholamines Strengthen PFC Function

Inverted U Dose-Response
Related to Arousal State

0a2A-AR/D1
Alert

@2A-AR/DL
Fatigue

Increasing levels of
Optimal catecholamine levels increase NMDAR norepinephrine and dopamine
and reduce cAMP-K* channel signaling
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Optimal Levels of Catecholamines Strengthen PFC Function

D1R on spines within
the glutamatergic PSD

Optimal catecholamine levels increase NMDAR
and reduce cAMP-K* channel signaling

Arnsten et al (2015) Pharmacol Rev. 67: 681-96.
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Optimal Levels of Catecholamines Strengthen PFC Function

a2A-AR on spines next

Optimal catecholamine levels increase NMDAR
and reduce cAMP-K* channel signaling

Wang et al (2007) Cell 129:397-410
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Optimal Levels of Catecholamines Strengthen PFC Function

D1R on spines within
the glutamatergic PSD

Optimal catecholamine levels increase NMDAR
and reduce cAMP-K* channel signaling

Arnsten et al (2015) Pharmacol Rev. 67: 681-96

and next to
HCN channels
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High Levels of Catecholamines (eg Stress) Impair PFC

Inverted U Dose-Response
Related to Arousal State

o1-AR/D1
Stress

Increasing levels of
norepinephrine and dopamine

Stress releases high levels of
catecholamines in PFC. This rapidly weakens
PFC connections by driving feedforward
Ca?*-PKC-cAMP-PKA-K* channel signaling

Arnsten Nature Neuroscience 18: 1376-85, 2015
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High Levels of Catecholamines (eg Stress) Impair PFC

Inverted U Dose-Response
Related to Arousal State

Sustained impairment: Chronic Stress

al-AR/D1
CHRONIC
— Stress
—
Inflammation
cytokines, complement C1q mediated pruning
Increasing levels of

Chronic stress: loss of PFC spines
and dendrites- impaired function-

norepinephrine and dopamine

Arnsten Nature Neuroscience 18: 1376-85, 2015
Hains et al, PNAS 106: 17957-62, 2009

Hains et al, Neurobio Stress 2:1-9, 2015

Datta and Arnsten, unpublished
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Relevance to Diagnosis
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High Levels of Catecholamines (eg Stress) Impair PFC

Inverted U Dose-Response
Related to Arousal State

al1-AR/D1
Stress

ing levels of
norepinephrine and dopamine

Stress releases high levels of
catecholamines in PFC. This rapidly weakens
PFC connections by driving feedforward
Ca?*-PKC-cAMP-PKA-K* channel signaling

Amsten Nature Neuroscience 18: 1376-85, 2015
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High Levels of Catecholamines (eg Stress) Impair PFC

Inverted U Dose-Response
Related to Arousal State

al-AR/D1
CHRONIC
Stress

Increasing levels of
norepinephrine and dopamine

Chronic stress: loss of PFC spines
and dendrites- impaired function-

Blocked by inhibiting:
PKA activity with guanfacine, or

Arnsten Nature Neuroscience 18: 1376-85, 2015
PKC activity with chelerythrine

Hains et al, PNAS 106: 17957-62, 2009
Hains et al, Neurobio Stress 2:1-9, 2015
Datta and Arnsten, unpublished
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Uncontrollable Stress Causes PFC Dysfunction Which Can Mimic ADHD

. Acute Stress- reduced activity of PFC

Qin etal., Biol Psychiatry 66: 25-32, 2009

Ansell et al. Biol Psychiatry 72: 57-64, 2012

In both animals and humans, acute uncontrollable stress impairs
dIPFC function; chronic stress induces PFC gray matter loss

Arnsten Nature Reviews Neurosci 6: 410-22, 2009
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Lead Poisoning Causes PFC Dysfunction Which Can Mimic ADHD

Cecil et al, PLoSMed 5: €112, 2008

Lead poisoning is associated with reduced PFC gray matter. Lead (Pb*2) mimics calcium
and thus may increase PKC intracellular stress signaling pathways in PFC neurons

Bipolar Mania Causes PFC Dysfunction Which Can Mimic ADHD

lithium
valproate
high dose tamoxifen

Excessive PKC signaling is also
associated with mania,
e.g. anti-manic agents such as lithium
and valproic acid reduce PKC activity

Manji et al,, Biol Psychiatry 46: 1328-51, 1999
Arnsten and Manji, Future Neurology 3: 125-1, 2008
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Bipolar Mania Causes PFC Dysfunction Which Can Mimic ADHD

Regulation of
Meta-cognition ! i action
Insight i

Regulation of
emotion

Blumberg et al,, (1999) Arch Gen Psych 156:1986-8
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The right PFC is underactive during mania

Relevance to Treatment

69

ADHD Treatments Optimize Catecholamine Actions in PFC

Guanfacine
Atomoxetine
Methylphenidate
Amphetamines

«2A-AR/D1

Optimal catecholamine levels increase NMDAR
and reduce cAMP-K* channel signaling

70

Guanfacine
Guanfacine
guanfacine 3
a2A-AR  HON Kona
oA u
e
o o @ RS

s b

71

72
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Guanfacine

Guanfacine

guanfacine K
Q2AAR  HON Kcha

NMDAR
synapse

cat
3

o/

~Ac
YRIPIR ¥

N
S

Wang et al (2007) Cell 129:397-410

73

Guanfacine

Guanfacine

guanfacine ©
Q2AAR  HON Koha

el

Improved Working Memory and Reduced Impulsivity in Monkeys
Reduced Distractibility in Monkeys - -
LT » o3 Guanfacine allows monkey
B 5 .+ towaitforlarger reward
iy porne £ o = _
i
HEES 1 Sow
™ L
H ConGFC  GonGFC
B oo Monkey J Monkey M
H S orc Amsten & Contant (1992) Psychopharm 108:159-69.
o o B Kim et al. (2012) Psychopharm 219:363-75
Guanfacine
Guanfacine

guanfacine K’
Q2AAR  HON Keha

/) E&"\AE:

PR e

Protects Working Memory Protects Working Memory and
0y From Acute Stress Spines From Chronic Stress

Loall

Veh Voh Gl Gl
Con Sr Con S

Bimbaum et al. Pharm Biochem Beh. 67:397-403, 2000
Amsten et al. Neurobiol. Stress 1:89-99, 2015
Hains et al. Neurobiol Stress 2:1-9, 2015

Guanfacine

Guanfacine

guanfacine ®
G2A-AR  HON Kena

[l v

guanfacine
a2A stimulation

a2A blockade
signal noise Wang et al (2007) Cell 129:397-410
Guanfacine
Guanfacine
guanfacine 3

G2A-AR  HON KoNa

Enhances fMRI BOLD to a warning signal in human dIPFC

Clerkin et al Biol Psychiatry 66: 307-12, 2009
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Guanfacine

Guanfacine

guanfacine ®
G2A-AR MO Kena

release ine (Intuniv™- by FD.
for use in ADHD in 2009 based on our work in monkeys

o2A-AR

Biederman et al. Pediatrics 121: 73-84, 2008
Sallee et al. JAACAP 48: 155-65, 2009
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Guanfacine

Guanfacine
guanfacine K
a2A-AR  HON KoNa
MDA
synapse
e
e T
S Fpapr o
release ine (Intuniv™- by FDA

for use in ADHD in 2009 based on our work in monkeys

Also uniquely helpful in children who have been abused or traumatized
a2A-AR
al-AR/D1

Stress Connor et al. CNS Drugs 24: 755-68, 2010

Connor et . Journal of Child and Adolescent
Psychopharmacology 23: 244-51, 2013

Amsten et al. Neurobiol Stress 1: 89-99, 2015
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Atomoxetine

OPTIMAL

TOO MUCH

signal noise

Morkory 11, 334 Oy

# comest iy fout 01 30

Gamo et al. JAACAP 49: 1011-23, 2010

81

Stimulants
Methylphenidate/Amphetamines

)
SN Increase NE a2A-AR

CWMPH stimulation to  NE x'
strengthen (o0 AR HoN KoNa
connection

oA
synapse

@/
P3R

-
S~

Increase DR stimulation to enhance
NMDAR transmission

Block NE and DA transporters;
amphetamine also increases release

83

Atomoxetine
55
‘\g\ Increase NE a2A-AR
ATM Smalation t6. NE «

strengthen o AR on kona

= pvf‘S?Z‘\Alc

R~ RRIER, . cap
)

DA

DIR

Increase D1R stimulation to enhance
NMDAR transmission

Blocks the NE transporter which takes
up both NE and DA in rodent PFC

Bymaster et al. Neuropsychopharm 27: 699-711, 2002

80

Atomoxetine
OPTIMAL

TOO MUCH

signal noise
Beneficial effects of atomoxetine blocked by a2A-AR or D1R antagonists

Increased “signal” blocked Decreased “noise” blocked
by G2A-AR antagonists by D1R antagonists

Gamo et al. JAACAP 49: 1011-23, 2010
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Low Doses of Methylphenidate that Produce Therapeutic
Blood Levels Increase Catecholamines Predominantly in PFC

Catecholamine Release In Rat PFC

wx

£8
Aga
12

A
it

i
B
Prefrontal =
Cortex

E1EEREE)

PFC MSA PFC ACC
NE

E— - mPFC > Nuc. Accumbens

NE > DA

The work of Craig Berridge:
Berridge et al, (2006) Biol Psychiat 60: 1111-20.
Berridge et al, (2008) Biol Psychiat 64: 626-35.
Berridge (2011) Biol Psychiat 69:e101-11.
Spencer et al, (2015) Biol Psychiat 77: 940-50.
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Low (but Not High) Doses of Methylphenidate that Produce
Therapeutic Blood Levels Enhance PFC Neuronal Firing

PFC Neuronal Firing In Rats

Prefrontal

Cortex

> .:._.__ .-

Working Memory In Rats
*

=
]
®20mgg

The work of Craig Berridge:

Berridge et al, (2006) Biol Psychiat 60: 1111-20. 13
Berridge et al, (2008) Biol Psychiat 64: 626-35. §
Berridge (2011) Biol Psychiat 69:¢101-11 -

Spencer et al, (2015) Biol Psychiat 77: 940-50.

Low (but Not High) Doses of Methylphenidate that Produce
Therapeutic Blood Levels Enhance PFC Neuronal Firing

PFC Neuronal Firing In Rats

Prefrontal
Cortex

Foyd
Sttty
! 4

2 A |
- k\ b, ) i, - ",
= g Locomotor Activation

1280 [1.P. MPH)
1008
The work of Craig Berridge: § 5.

Berridge et al, (2006) Biol Psychiat 60: 1111-20.

Berridge et al, (2008) Biol Psychiat 64: 626-35. i B
Berridge (2011) Biol Psychiat 69:¢101-11 ey

Spencer et al, (2015) Biol Psychiat 77: 940-50.
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Low (but Not High) Doses of Methylphenidate Infused
in PFC Improve Working Memory

Intra-FFC MPH

Prefrontal

Cortex

E 10 OVEH
[ LRE T
I Wioug
Berridge et al, (2006) Biol Psychiat 60: 1111-20.
Berridge et al, (2008) Biol Psychiat 64: 626-35.
Berridge (2011) Biol Psychiat 69:e101-11.
Spencer et al, (2015) Biol Psychiat 77: 940-50.

5
The work of Craig Berridge: E 0
5
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Low Dose Methylphenidate Improves
Working Memory In Rhesus Monkeys

agespan: young adult to aged

B [+
uw.'.luu.um Noskey T. ngn 28y

Dose of MPH {ghah

Gamo et. al, JAACAP 49: 1011-23, 2010

87

Low Dose Methylphenidate in Monkeys Improves
Working Memory via NE a2A-AR and D1R Actions

Enhancement Reversed by Enhancement Reversed by
NE a2A-AR Antagonist DA D1R Antagonist

MN=8

N=7

¥ comict tials (out of 30)
¥ comect trials (out of 3d)

Vah MPH Veh  MPH
Vah Vah DA DA

Gamo et. al, JAACAP 49: 1011-23, 2010

88

New Treatments?

GCPIl inhibitors?

Low affinity mGIUR3 v kena
DA D1R agonist?

= s (SOESAC
& Sgier b

Yang et al (2013) PNAS 29: 12078-83
Jin et al (2017) Cerebral Cortex 28: 974-87
Wang et al, in submission

89

90

15



Acknowledgements

Molecular Biology
Becky Carlyle
Shannon Leslie

EM and Anatomy
Constantinos Paspalas

Dibyadeep Datta "
Joanna Crimins Angus Nairn
Yury Morozov
Jon Arrellano -
Physiology Funding:
. Min Wang PHS grants-
Behavior Sheng-Tao Yang PO1 AgOJOO(M
Nao Gamo James Mazer MERIT Award AG06036
Lu Jin Daeyeol Lee P50MH068789
Avis Hains Yang Yang 1RL1AA017536
Rebecca Shansky Nao Gamo Pioneer Award DP1AG047744
Brian Ramos LuJin and
Shari Birnbaum Susheel Vijayraghavan Kavli Center at Yale,
Beth Murphy Marcus Altman NARSAD Distinguished
Investigator Award

Veronic Galvin
Taber Lightbourne

92

91

DR4- 7 repeat in ADHD: Thinner cortex

Shaw et al, Arch Gen Psychiatr. 64: 921-31 2007
Right orbital/inferior PFC

Typically developing children: Higher levels of
catecholamines corresponds to greater PFC thickness

oy d

DR4 = @—| -A high levels of PFC pyramidal cell firing
DR4,5; (G -A low levels of PFC pyramidal cell firing
Wang and Arnsten, unpublished

349, 2009
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Inhibition of Ca2*-cAMP-K* signaling
with a2A-adrenoceptor stimulation
strengthens PFC network connect
and improves cognitive function

Inhibition of Ca?*-cAMP-K* signaling
with a2A-adrenoceptor stimulation
strengthens PFC network connectivity
and improves cognitive function

Post-synaptic Supersensitivity in dIPFC
; clonidine Guanfacine Is Ineffective in
guanfacine a2A-AR Mutant Mice guanfacine
ENHANCEMENT OF PREFRONTAL
CORTICAL FUNCTION BY oz AGONIST
SK HCN  KCNQ 80+ SK HCN  KCNQ
5| L
e 5 e
Gaty[ @ AC s
< 5 CZ' AP « = Ca?' AKAS
saumE v -
- . Evidence for actions at a2A-AR:

e

GUANFACINE: -+ +
Wil ) )
Improvement in working memory with fewer side

Evidence for post-synaptic actions:
28
Type Mutant
effects correlates with selectivity for a2A-AR site:

The beneficial effects of clonidine on working
memory performance are potentiated, not
diminished, when the presynaptic terminals are
destroyed with 6-OHDAin the dIPFC, or
depleted with systemic reserpine treatment

UK14,
>clonidine>BHT-920>dexmedetomidine

Franowicz et al. (2002) J. Neurosci. 22:8771-7
The enhancing effects of guanfacine on working
memory are not evident in a2A-AR mutant mice

Guanfacine is less potent than clonidine at
reducing LC firing and NE release, but more
potent in improving working memory.
‘Amslen & Goldman-Rakic (1985) Science 230:1273-6. Engberg & Eriksson (1991) Naunyn-Schmiedebergs

Cai et al. (1993) Brain Res. 614:191-6. Arch. Pharmacol. 242: 472-7
Franowicz & Amsten (1999) Neuropsychopharm 21:611-621.

Amsten et al (1988) J Neurosci 8:14267-98

Wy e o0t 01 88 & o4 88
‘Dase of Cloniding |mghg!
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Activation of Ca2*-cAMP-K* signaling
with a2A-adrenoceptor blockade in PFC
weakens PFC neuronal network firing
and impairs PFC cognitive function

Loss of dIPFC Neuronal Firing
yohimbine

SK J— HCN  KCNQ

YO TRTRN Y T I.ILt

Wang et al (2007) Cell 129: 397-410

Activation of Ca?*-cAMP-K* signaling
with a2A-adrenoceptor blockade in PFC
PFC firing
and impairs PFC cognitive function
Impaired Working Memory
2
g yohimbine
w 1
g g o -
3 2 0% -
3 HCN  KCNQ
mqw. ke
2 4 6
DELAY (sec) y Cafan g
Increased Impulsivity in Monkeys ®e »
Li & Mei (1994) Behav Neural Biol 62: 134
Ma et al (2003) Neuroreport 14: 1013
Activation of Ca?*-cAMP-K* signaling
with a2A-adrenoceptor blockade in PFC
firing
and impairs PFC cognitive function
Loss of dIPFC Neuronal Firing
Rescued by HCN Channel Blockade yohimbine
: J- ZD7288
SK HEN  KCNQ
ACatd~C S
- R e

Wang et al (2007) Cell 129: 397-410
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Using genetics to evaluate environments and
endophenotypes for ADHD

Joel Nigg, Ph.D.

Oregon Health & Science University

APSARD Plenary Session
Saturday January 19, 2019

I. CONCEPTUALIZING ADHD AND THE
ENVIRONMENT: IS ADHD “GENETIC”?

OLD VIEW combined those two ideas into

a single paradigms(1980s-2000’s)

© Joel Nigg, Ph.D.
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What is the paradigm?

» Paradigm=exemplar (Aristotle, Kuhn)

* Wrong paradigm 1: metabolic disease
— “find the gene, solve the disease”

» Wrong paradigm 2: Linear causality

— “like a machine; mass=force x acceleration.
Find the causal chain, solve the disease”

Joel Nigg, Ph.D.

M, P diet Better—l\/]()del

(?adiposity) f
Inflammation, \
Dynamic®:xperience-

oxidative stress,
X corticosteroid
M/P toxicant expectant, multisystem,

exposure rai
P CHILD brain development

EPIGENOME

Maternal
(paternal?)
stress/adversity




Why? Reasons to reconsider the environment
and integrate it with our progress in genetics

» Complex disease model more appropriate
» GxE (heritability of liability) hidden in heritability

+ Epigenetic insight— GXE determines phenotype
biologically (if not always statistically)

Joel Nigg, Ph.D.

“Heritability” of ADHD is about 70%, suggesting that ~ % of variation in the trait is

accounted for by genetic variation. MZ twins more likely to share ADHD than DZ twins

100%

ADHD concordance rates

Langner

Sherman et al, 58% [N

Sherman et al, 31%

DZ ~ vtangner

etal

Identical Twins Fraternal Twins

Sherman et al 1997, Am J Psychiatry (parent+teacher ratings); Langner et al
2013 PLoS-One (male-female average)

© Joel T Nigg, 2017.

With complex disease and polygenic liability, heritable # inherited

Agreement rate identical and fraternal twins

Identical (MZ) Twins Fraternal (DZ) Twins

© Joel T Nigg, 2017. Data from TB and Leprosy estimated from studies cited in Hill, AVS, 1998; Ann
Rev Immu.; and in Fine PE,1981, Int J Lepr Other Mycobact Dis, 49, 437-454

Simple versus complex disease: Is
it “genetic”? What does that mean?

» Single gene disorder + Complex disease
Deterministic » Probabilistic
Rare (< 1/10,000) » Common (> 1/500)

Large risk increase in Small risk increase in
relatives relatives

PKU, Huntingtons’ Hypertension

© Joel Nigg, Ph.D.; Data from R.
Depue & S. Monroe, 1986

Strong evidence of genetic influences on ADHD symptoms
based on twin studies

(see reviews by Faraone & Laarson, 2018; Willcutt, 2010, 2012, 2015)

0.4 05

u heritability

Slide Courtesy of Eric Willcutt and Steve Faraone. © Eric Willcutt

Proposed view of ADHD as involving genetic
liability interacting with activating environment
(possibly via epigenetic alterations)

|u

Does NOT mean “all environmenta
ADHD heterogeneous

— but many routes are potentially GxE or epigenetic.

— Likely very little “all or none”

Thus: susceptibility (substantially genetic) + experience
(epigenetically mediated effects) = complex syndrome
With

— varying manifestations

— temporal variations,

— multiple routes to emergence and recovery

and not “2 types”




WHEN ARE ENVIRONMENTAL
CORRELATES OF ADHD CAUSAL?

Substantial literature links ADHD (non-
specifically) to environmental risk factors

« Toxicants

— Lead; PCB’s; BPA; Pesticides

Dietary insults
— Western high-fat diet during gestation
— Western diet (additives) in development

Gestational and perinatal risks
— Parental stress, BMI, smoking, other exposures
— Infant distress, birthweight, delivery complications

© Joel Nigg, Ph.D.

Example: Blood Lead and ADHD 2005-2007

14

12

2002

national

=
=
o
o
")
£
<
(-4

ADHD-C  ADHD PI Control
50 n=47 n=53

If we accept this susceptibility model of ADHD: Which
Environments do we study and are they causal?

— Sociological Effects
« Impending collapse of civilization?
« Too much pharma marketing?
» Performance pressures on children, starting school too young?
— Caregiver Problems
» Over-indulgent or else hostile/intrusive parenting
« Under-trained or inexperienced teachers
— Developmental and Biological Context

* Rare events
— Perinatal problems, teratogens (alcohol, drugs); micro-ischemias
— Extreme toxicant exposures, extreme neglect (Romanian orphans)

«xx * Common but harmful environmental and biological contexts

— Screen Media
— Moderate psychosocial stress/distress (esp. prenatal)

— Poor diet
— Low grade Toxicant/pollutant exposures (pre-natal, post-natal)

© Joel Nigg, Ph.D.

But are these causal?

* Plausibility (can “low amounts” do harm?)
* rGE and unexamined genetic effects
* Unmeasured confounders

© Joel Nigg, Ph.D.

1970 average:

Relative Lf:ad level in ~200 ppb
human children’s blood

(parts per billion or ppb)

¢ CDC current Action
level: 50 ppb

2010 national average:

~9 ppb

Estimated prehistoric
average: <0.2 ppb

Not to

scale .
© Joel Nigg, Ph.D.
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How can we evaluate causality of environmental
influences on ADHD in humans when
experimental tests are not possible?

* Surrogate pregnancy—(e.g., smoking, Thapar et al)

* Sibling, twin, adoption designs

* Natural stratifications (e.g., Dutch famine; or one
city stops vaccinations)

* Mendelian randomization** (focus today)

19

Fatty acid supplementation results:
real but small effects

95% Confidence interval

many studies

01

Zero effect
0.1

Gillies et al 2012 (5) Block et al 2011 (10)

Data from Stevenson et al (2014)

How we proceeded on lead+ADHD

Replicated the ADHD-low-lead correlationi(n=213)
Then combined both samples, (Total N=363; ADHD+control)
Mendelian randomization design
HFE gene (6p22.2)

— iron uptake in gut, lead x iron interplay)
Weakness: Lacked an independent replication
Strengths of our study

— ADHD very well characterized

— Genotype frequencies matched the regional population
— Control group blood lead levels matched the population
— No high blood levels (max=3ug/dL)

— rGE controlled

— Race/ethnicity, SES controlled

Toddler attention altered by prenatal DHA supplementation (single object free-play session;
increasing look time predicts stronger cognitive development later; i.e., high 1Q=growing ability

to sustain focus) from Columbo et al 2004, Child Development 75, 1254 © John Wiley&Sons, Inc.

W
a
|

(]
o
L

=+=High DHA
——Low DHA

Mean Look Duration (sec)
n n
o w
I |

-
o

12 18
Age (months)

Figure3. Developmental course of look duration during single-
object, free-play sessions at 12 and 18 months as a function of high

and low maternal docosahexaenoic acid (DHA) at delivery.

20

Artificial food colors results

95% Confidence interval

Zero effect

Data from Stevenson et al (2014)

MENDELIAN RANDOMIZATION LOGIC

Unmeasured
confounders (parent
ADHD, SES, etc.) Measured covariates

Biological
Mediator (e.g,
toxicant
metabolism)

Experience
(stress, diet,
toxicant)

Source: Adapted from Lewis et al., 2013, Journal of Child Psychology and Psychiatry, 54, pages 1095-08;
© ACAH, JCPP. Slide © Joel Nigg, Ph.D.




MENDELIAN RANDOMIZATION LOGIC

Biological
Mediator (e.g,
toxicant
metabolism)

Experience
(stress, diet,
toxicant)

Functional variation in genes
affecting biological pathway
(e.g., toxicant metabolism)

Source: Adapted from Lewis et al., 2013, Journal of Child Psychology and Psychiatry, 54, pages 1095-08;
© ACAH, JCPP. Slide © Joel Nigg, Ph.D.

Genetic Putative

Outcome
Exposure variation biological change

Normal lead Relatively small

HFE Wild effect on iron effect on ADHD

type oxidation symptoms

HEE Accelerated Relatively large
tati lead effect on effect on ADHD
Mmutation iron oxidation symptoms

Schematic of hypothesized effects for lead x HFE interplay in ADHD

Source: Nigg et al., 2016, Psychological Science; © Association for Psychological Science

Lead-Related hyperactivity caused by
epigenetic change

3.0 Effect of lead on ADHD depends on child HFE Genotype
genotype: Example of HFE gene = HFE C282Y Mutation
== HFE G282 Wildtype
2.0
_ Slope difference
= - <
g B=.84,1.38-1.1], p<.001 interaction
3 il p<.001
I 1.0 _
£, -
w001 = 8=.30, [.17, 43], p<.001
Z
=
T 1.0
o
@
=1 Average child blood Source: Nigg, 2016,
= 2.0 lead level in US Psychological Science; ©
T -4 Association for Psychological
l Science
-3.0
T T T T T T T
0 3 5 8 1.0 13 1.6 ........."safe"=5.0
Nigg et al.,, 2016, Psychological Science;
LEAD (ug/dL) © Association for Psvchological Sci.
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Lead-Related hyperactivity caused by
epigenetic change

AGH3IH3 (%)

3

Control Medium dose  High dose

B: Relative expression of histone H3

A: Greater hyperactivity in lead-exposed acetylation to B-actin in hippocampus

rats in open field test (home cage and

open field shown) Source: Man Luo et al. (2014),

Toxicology Letters, Vol 225, 78-85
© Elsevier

Control Medium dose  High dose

A: Greater hyperactivity in lead-exposed
rats in open field test (home cage and

open field shown) Source: Man Luo et al. (2014),

Toxicology Letters, Vol 225, 78-
85, © Elsevier

Evidence of
causality for
Food additives

Potential to

identify

responders
MixA MixB Placebo MixA  MixB Placebo genetically
L I ]

T allele T allele
present ahbsent

(mean est. marg. £ SEM)

Effect of food additives on hyperactivity in 8 yr olds is moderated by histamine
degradation gene (HNMT Thr105lle and HNMT T939C). On the left (Thr105ile),
note that when the T allele is present, the food additive challenge has no effect.
When the T allele is absent, the food additives cause more hyperactivity than the
placebo. ((H3 receptors in the brain may be the mechanism.)) Source: Stevensor
etal., 2010, Am J Psychiatry, 167, 1108-1115, © American Psychiatric Associatic



Mendelian Randomization: G x E liability effects
on organic pollutants and cognitive outcome
* PON1 gene (7921.3) effect (slow vs fast metabolizing)

*NYC Mt Sinai cohort Age 12 months Bayley score

*1998 ~ maternal urinary
organophosphate metabolism
DAP metabolite

*12 month G x E

Paraoxynase 1 enzyme

Qa (N=28)

2011, Env Health Per. 119, 1 PON
ata in public domain; i

Use of polygenic score to begin to evaluate
influences separate from genetic liability

lllustrative differentiation of ADHD
Logic of Polygenic Score creation components by genetic effect

Genetic Overlap: Polygenic Risk Score

k. PGC for 1
ADHD, ADHD
b cohortas Image © Joel
bipolar, test 4
other cohort Image © S. DeWitt Nigg, 2018.

presented at ISBD 2015
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Cautions and caveats

* More to go to properly map interplay of
genetic liability (specifically), rGE, and
exposures (specifically) along with causality

* Heterogeneity within ADHD (executive

functioning/ cognitive control, attention-
arousal, affect regulation and irritability)

* Overlap and intersection of disorders (non-
specificity effects under the existing nosology)

Use of polygenic score to begin to evaluate
influences separate from genetic liability

Logic of Polygenic Score creation

Genelic Overlap: Polygenic Risk Score

e cakeuten

PGC for Oregon
ADHD, ADHD
MDD, Cohort as
bipolar, test
other cohort

Image © S. DeWitt
presented at I1SBD 2015

Additive effect or prenatal risks and common genetic
liability in ADHD

Prenatal 26% X2 = 400. 59

df =332
Stress Irritability / p=.01

Emotional CFl=.96
TU=.95

dysregulation RMISEA = 018

33*% Perinatal
Problems

Smoking/
Drugs/
Alcohol

Gustafsson et al,, in preparation
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Conclusions

Emerging evidence of causal role for at least
some environmental risk factors for ADHD

Effect size of GxE/epigenetic/environmental
effects still unclear

Balance openness and caution here—take these

possibilities seriously while continuing to
investigate

Important due to potential to eventually identify
reversible causal inputs and
prevent/cure/ameliorate in new ways for some
percentage of cases
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Examples Linking findings in ND:

causally informative designs
Lead > ADHD (Nigg et al, 2016)

Lead > epigenetic change-> RNA brain->
hyperactivity (Luo et al. 2014)

Prenatal chemical toxicant-> ADHD, IQ, autism (e.g.,
Engle et al 2011)

Prenatal omega-3 intake - infant 1Q (e.g., Columbo et
al 2004)

Food additives-> ADHD (Stevenson et al 2010)
Epigenetic mediation (e.g. Skinner et al 2014)

We should not be uncritical but should consider these
linkages carefully

© Joel Nigg,

==, = —
Medphalogy
brainregion &

Caution,
bidirection
al causality
Klein et al, 2017; © Elsevier
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Behavioral genetic picture of ADHD etiology

2
Gxe rGe?

Non shared
environment
(e?) =.25-.35

—= Measurement
error

Shared envirortment
(c?) =0-.10

Additive genetic effects
(“Heritability”) (a2 or h?)
=.65-.75

rGe?

For analysis of GxE and rGE in ACE model, see Purcell, 2002, Twin Research



" - ® ADHD Comorbidity:
&) ﬁl m Implications for etiology

and treatment

Kathleen Ries Merikangas, Ph.D.
Chief, Genetic Epidemiology Research Branch
National Institute of Mental Health
Intramural Research Program
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" Background
" Evidence from community surveys
® Explanations

" Implications for research, treatment
and services

i g HIH et

THE PRE-THERAPEUTIC CLASSIFICATION OF
CO-MORBIDITY IN CHRONIC DISEASE*
Arvan R, Pmsstesn, MDE
3 Threa Dis 1970, Vol. 23, pp. 433484, Pergamon Fress, Frinted i Great Hritain

= ...Co-morbidity refers any distinct
additional clinical entity that has existed or
that may occur during the clinical course of
a patient who has the index disease under
study....

i g HIH et

& This work was supported by the National
Institute of Mental Health Intramural
Research Program.

¢ The views and opinions expressed in this
article are those of the authors and should
not be construed to represent the views of
any of the U.S. Government.
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Background
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= THE SYNTHESIS PROJECT 158N N80T

uobert Wood Johnson Foundatxn NFW NS0 7S FROM RESTARGH ARSI TS
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Mental disorders and

medical comorbidity




‘é Impact of Comorbid Mental & Medical
THE SYNTHES!IS PROJECT B -3 g
CTOR T T oo okl Conditions

e...."the mismatch between clinical reality of " Increased mortality
medical-mental comorbidity and a medical B Greater health care costs

care system that separates these critical = p treat t
domains is a major future challenge in oorer ireatmeilieBRlE

American health care” ®  More functional impairment

@ i) et

:j'\ @ ==

7
Methodological Challenges

® Sampling variability
® Parent and/or child reported diagnoses Evidence from
" Diagnosis solely based on ICD or DSM codes Com‘rlllwnity Samples

® Non-comparable information on mental and physical : ‘

disorders
® Limited range of mental and physical conditions
® Cross-sectional assessment
® Small numbers of cases of some conditions

4 == £ M=

National Comorbidity Survey —
Adolescent Supplement (NCS-A)

clinical . )
“. ‘ = Cross-sectional survey of a representative

Specialty mental health samples are becoming more
divergent from primary care and population samples

I Lo

Spectrum of illness:
sample of 13-18 year-olds in the continental U.S.

= 2001-2004
=" N=10,123 adolescents, Parent reports on 6,148
= Sample of households (9%); Schools (91%)

Most diseases
demonstrate a range of
manifestations and

severity ® Fully-structured interview assessing mental
health, physical health conditions,
demographics, individual and family
characteristics

Gerstman Chapter 2 1

@ [ NiH) St

11 12



Lifetime rates of comorbid mental Lifetime rates of comorbid physical

disorders among those with ADHD: NCS A disorders among those ADHD: NCS A

ADHD mADHD =No ADHD

@m.: -

v Jameson et al,2016
——

ADHD: Number of Comorbid Medical

Conditions in NCS

ADHD No ADHD
Disorder ADHD ANXIETY | BEHAVIOR | MOOD
i *
Allergies/Immune — — — 1.3 23\% 20%
Cardiovascular oo 1.8* oo oo
Developmental 4 4** o= oo = 38%
Enuresis 1.6* === oo ==

RS

Gastrointestinal = = — — 27%
Headaches/Migraine — 1.8* 1.6* 1.8*
Learning Disabilities 5.1% 1.9% 1.6 26% 31%
Skin/Acne o= 1.4* oo ==
Jameson et al, 2016 ‘g = 4@ [ ==
15 16
. . &M Philadelphia Neurodevelopmental
Philadelphia Neurodevelopmental Cohort Cohort Study (PNC)

Sample
= N=9,700 youth ages 8-21

= Visits to the Children’s Hospital of Philadelphia
’ Measures
= Comprehensive screening interview for mental
. >

disorders
= Chronic physical conditions reported by parent
and/or youth
= Electronic medical record review
Investigators

& i kit = Raquel E. Gur, M.D., Ph.D.
= Hakon Hakonarson, M.D., Ph.D.

17 18

The Children’s Hospital |
of Philadelphia” i

i g HIH et




Medical-Mental Comorbidity:

Mental Disorders by Severity of

PNC (n=9,014)

Medical Disorder ADHD BEHAVIOR MOOD Psy(;hosis

Autoimmune/

Inflammatory - - 2.z -
Developmental 3.1% 1.5* 0.9* 1.7
Neurologic/CNS 1.3* - 1.3* -

Merikangas et al, 2013

19

Aggregate Patterns of Comorbidity

" ADHD is strongly associated with developmental
disorders and other neurologic conditions (i.e.,
enuresis, seizures, learning disabilities,
developmental disorders, stuttering)

" Mood disorders are associated with inflammatory
and autoimmune disorders

g [ NiH i

21

m Explanations

¥ |

Medical Conditions:PNC (n=9014)

u None/Mild (0-1) = Mederate(2) = Severe (34)

W s |

Percent . i

1 I
(]

CGAS<=T0  Anxiety ADHD Behavior Mood

Merikangas et al, 2013

@  1H ey
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Comorbidity by ADHD Subgroups

(N =1131, ages 5-21)

4 CHILD MIND’
INSTITUTE
3y Drain network

Subtype |_Combined | _Inattentive | Hyperactivity

Autism Spectrum + a4k 4e

Communication e dhdk +

Elimination 4e 45 e

Learning S mns

Motor e +

Milham, Alexander, Escalera et al, unpublished £ 3 S

; (M

Sources of Comorbidity

Causal
ADHD <«———> Physical Dx

Common Etiology

_ ADHD
Risk Factors <
Physical Dx

24



Potential Mechanisms: Polygenic Risk for ADHD with Co-Occurring
ADHD and Neurologic Disorders Traits/Disorders in the UK Biobank

Causal:

v Seizures/epilepsy lead to impairment in executive
and motor functioning

v Learning disability inhibits development of attention r -
and/or motor control i M i I

Common Risk Factors:

v Pre- or peri-natal factors, e.g., maternal tobacco

v Early environmental exposures, i.e., lead, nutritional
deficiencies, head injures, neglect/abuse

v' Common genetic factors
v Risky health behaviors

Ebba Du Rietz, Jonathan Coleman, Kylle Glanville, Shing Wan Chel, Paul F. O'Reilly, and
@ m i b JONna KUrts  Rickgical Prpchiainy. Cogritu Smurmcence mnd Mesmimaging July 3518 2628503 v sobp.crg TOEHK m:‘:’.:

m— —
THE PRE-THERAPEUTIC CLASSIFICATION OF
CO-MORBIDITY IN CHRONIC DISEASE*
Arvan R. Fensme, M.DUF
J Chren Dis 1570, Vol, 23, pp. 455-468. Pergamon Press. Printed in Great Britain

®Neglect of co-morbidity can lead to:

= 1 m Implications vInaccurate estimates of morbidity and
‘ ‘ mortality in populations

v'Misleading fatality rates for individual
diseases

v Spurious results of clinical trials

42/@ B s 4 D==

m Future Surveillance of Mental Disorders . .
in the United States Katbleen R Merikingas, PhD Incorporation of Comorbidity in Research
Count People, Not Disorders g‘e%‘ i) rﬁ;‘:“ﬁb"ml{

JANUA PRy Ay JC17 Vol 4, Number S

® Prospective collaborative international studies of
pathways to and consequences of comorbidity in
both clinical, household and registry data

® Research on the genetic, biologic and

%
® o B
® . | ' E environmental determinants of comorbidity
@ . g i & " |Investigate comorbidity as a source of
| s np° heterogeneity or confounder of studies of ADHD
| | i '_i‘t e and other mental disorders
| ‘ 3 ® Expand the knowledge base on effective
Rl |

33 treatments for mental disorders (ADHD) comorbid
with physical disorders
- 4 == (4 ==

29 30



Broader Health Sector Implications

" Shift from diagnostic-based single care approach
to collaborative care model

(RWJ, 2011; Lannon, Peterson, 2013)

® Broader coordination of the medical sector with
other systems including education, and social
services to identify points of prevention and
intervention

" Systematic evaluation of outcome to inform
evidence base

31

Comorbidity and Professional Societies!

AMERICAN ACADENY OF G_‘ { ST Ammmican
CHi - Avol ESCENT g 3 L8 PsrcHotosica
Psvmarm “ T T T ¥ é
FS‘}C‘H‘IA’FR‘N:
A KTC - INTERNATIONAL
b SOCIETY |

o AUTISM
*
-7 3 search
- lcoholism
} Acaden =
e |sspcr

o Disar
e tig |
lSTSﬁ

) g NIH ol
33

Links between physical & mental disorders

“A full understanding of the human brain requires
an integrated perspective, where mind and body
fully interact with physical and social environment

Brain and body are absolutely integrated by
neural and biochemical circuits, going from one to
the other, and the opposite”

Antonio R. Damasio, Descartes " Error, 1995

i g HIH et

35

Comprehensive Community Behavioral
Health Clinics

Shift in community mental health care from

disorders to “patient/person-centered” care to:

" Provide community-based mental/substance
use disorder services

® Advance integration of behavioral with physical
health care
Utilize evidence-based practices
Promote improved access to high quality care
for individuals with SMI, SUD, youth with SED,
and those with co-occurring physical health
disorders

Protecting Access to Medicare Act of 2014 ;:'g i1 e

32

Interfaces between Medicine and Psychiatry

Leon Eisenberg, 1979

....we must move toward the provision of the full range of
mental health services in the context of medical are rather
than in the isolated mental hospitals and psychiatric
clinics; primary care physicians working side by side with
mental health personnel are more likely to refer patients
for consultation ---and those patients are more likely to
accept referral---than when medical and psychiatric
services are geographically separated.”

Comprehensive Psychiatry

VOL. 20, NOL T JANUARY/FERRUARY 1979

ﬁ NIH ) et

34

Thank you!

£ m:
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ADHD: Dysfunction Across Frontal
Circuits

FPrefrontal
Cognitive/
Socicemotional
Disinhibition

Motorn Premotor

Motor
Disinhibition

10

11

12




13 14
15 16
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Social

Interpersonal

Self
Intrapersonal

Executive

Function Auditory Nonverbal

Music/s

Spatial
“WHERE"

Symbolic/

L e
i1 Analytic

DEVELOPMENT OF EXECUTIVE FUNCTION

19 20
?H Candidate neural system of ADHD
m“mmm an iyt from Dundon ot @l .lﬂ‘l
21 22
The Brain Matures Later in
M Grester than 2 yoars’ delay
220 010 2 yeans delay
Shaw et al. (2008) PNAS
23 24




INCONVENIENT
BRAINS

26




THE 3 RUSSELLS
OF ADHD

Presenter Disclosure — Prior 12 Months

EVIDENCE-BASED PSYCHOSOCIAL
TREATMENTS FOR ADHD

PROMISE AND PERILS OF
EVIDENCE —BASED
PSYCHOSOCIAL TREATMENTS
FOR ADHD

SOURCES:
EEE DR RERORE

HISTORY OF RECOGNIZING ADVERSE
EVENTS IN PSYCHOSOCIAL TREATMENTS




MORE HISTORY MORE BACKGROUND

WHY SIDE EFFECTS? BECAUSE OF NATURE OF ADVERSE EVENTS
THE SUBSTANTIAL VARIATION IN (WITH A FOCUS ON BPT AND FAMILY TRAINING)

MORE ON ADVERSE EVENTS MORE ADVERSE EVENTS




e IYPOLOGHE G AE

INAPPROPRIATE APPLICATION
OF A TREATMENT

@RI B RRESS BN A DN ERSE
EVENTS

HARM DUE TO INAPPROPRIATE
TREATMENT

PARENT CHARACTERISTICS BY
TREATMENT INTERACTIONS

TIEIERPISTE ARG
EVENTS (TEEN THERAPIES)
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CONCLUSIONS - 2




Adolescent Developmental Trajectories of
Impulse Control, Sensation-seeking, and

Risk Factors Related to Substance Use
Design Overview and

Characteristics of the Coho

Donald M. Dougherty, PhD
Wurzbach Distinguished Professor
Department of Psychiatry

UT Health San Antonio

weilih
UT Health

)’ San Antonio

i
UT Health

San Antonio

Study Design Overview

Longitudinal Assessment Battery

Health History and Medical Exam
Psychiatric Assessment
Externalizing and Internalizing Symptoms
Physical Maturation
biological father Alcohol and Substance Use Assessment
with a «  Age of onset, frequency, duration, quantity of
Substance Use use, and symptoms of SUD

Substance Use Involvement among
YO U t h Scre; Slgdl;r;zf:iyures

The course of substance use initiation has a strong
developmental component.

Family History of Substance Use
100 Assessment

80 Cigarettes llicit Drugs Disorder Environmental Risk and Resiliency Assessment
Alcohol ] ] « Stressors, peer delinquency, and family
environment
60

. .  Individual, caregiver, and contextual strengths
Intelligence Testing and Mental FH- . . . o
Age ’ Sensation Seeking and Risk-Taking Assessments
(n =175) o Self-reported willingness to task risks
No flr_st-deg_ree * Risk-taking behavior
Alcohol and Other Substance Use| [EEERVEERVITE Impulse Control Assessment
Scret past or present « Response |
Substance Use * Response Inh n
Socioeconomic Assessment for Disorders « Delay Discounting
Group Matching .
_ - Repsatadiaticanonthlltsivals

Self-reported Trait Impulsivity

40

- II II [
= _m -mi

12-13 14-15 16-17 18-20 12-13 14-15 16-17 18-20 12-13 14-15 16-17 18-20

)

Age

Cohort Demographics at Study Entry e

FH- (81) FH+ (305) i X

Demographics (M, SD) : 3} : PN

Age 11.6 (.9) 11.5(.9) b :

Intelligence Score 102.3(12.2) 94.9 (11.2)

Socioeconomic Class 43.4(10.8) 32.7(11.4) 3 Z

ADHD Diagnosis (N, %) 0(0) 90 (29.4)

Race: White/Black/Other (%) 91.4/6.2/2.5 85.3/12.4/2.3

Ethnicity: Latino/Non-Latino (%) 70.4/29.6 80.7/19.3

Father's Substance Use Disorder —

Lifetime (N, SD)*

Alcohol Use Disorder - 208 (75.6)

Amphetamine Use Disorder - 44 (16.0)

Cannabis Use Disorder - 154 (56.0)

Cocaine Use Disorder - 159 (57.8) . .

Opioid Use Disorder - 61(22.2) Youth recruited across the San Antonio area




Prevalence of Psych Disorders Among FH+ Parents

FH+ Father (n=275) FH+ Mother (n= 275)

% Alcohol Use Disorder Only 17.8 9.5
% Other Mental Health Diagnoses Only - 18.90%
% Use and Other Psychiatric Di 36.70% 13.80%
# of SUDs (Mdn; Range) 28 0;7
Other Psychiatric Diagnoses (Lifetime) N (%) N (%)
Adjustment Disorder 1(.4) 1(.4)
Antisocial Personality Disorder 78 (28.4) 8(2.9)
Bipolar I or Il 7(2.5) 11 (4.0)
Conduct Disorder 2(7) 3(11)
Delusional Disorder 0(0) 1(4)
Dysthymia Disorder 1(4) 2(7)
Major Depressive Disorder 31(11.3) 71(25.8)
Schizoaffective Disorder 1(4) 0(0)

Ryan et al., 2016. Clinical and ity sample of child with
and wihout famiy Pistores of substancs uss disorder 1 ths San Antonio area: A descipiue study. 3 UT Health
Child Adolesc Subst Abuse, 25, 327-339

San Antanio.

Two Primary Purposes of the Study

1. Examine how traits like impulse control differ
prior to drug use initialization and are in turn
affected by subsequent drug use

2. Examination of the Dual Systems Model

San Antonio

a UT Health

Finding a “Gap” with the Dual Systems Model

High

Sensation

Seeking

°
O
w®
Low
Pre- Adolescence Early Adulthood
Adolescence Adulthood

Prevalence of Psych
FH+ Boys (n=152) FH+ Girls (n=153)
Median; Range Median; Range

# of Di

Lifetime 1.0;7 1.0;6

Current 1.0;5 1.0;5

Current Di % %

ADHD 395 19.6

Disruptive Behavior Disorder 13.2 7.2

Oppositional Defiant Disorder 12.5 6.5

Conduct Disorder 0.7 0.7

Dysthymia Disorder 0.0 0.7

Any Anxiety 132 242

Generalized Anxiety Disorder 4.6 59

Separation Anxiety Disorder 33 6.5

Specific/Simple Phobia 53 33

Social Phobia 13 4.6

PTSD 2.0 85

Panic + Agoraphobia 0.0 0.7

Elimination Disorder 7.9 52

Adjustement Disorder 0.7 0.7

Any Tic Disorder 3.9 0.7

. . F

Ryan et al., 2016. Clinical and sample of child with v UT Health
and without family histories of substance use disorder in the San Amomc area: A descriptive study. J Son Antonio
Child Adolesc Subst Abuse, 25, 327-339

8

Dual Systems Model
If “typical” adolescent behavior is thought to be accounted for by
developmental mismatch in sensation seeking and impulse control
development
High
Sensation
Seeking
&
o
Low
Pre- Adolescence Early Adulthood
Adolescence Adulthood
Steinberg 2008. A social on risk taking. De Review, 28, 78-106.

10

Does the “Gap” Explain Deviant Behaviors?

High Dual Systems Model

7
Sensation 7
Seekingl/

— Normative Trajectory

= = Deviant Trajectol
Low PR J ry

Pre-A Adol Adulthood

Contextual Factors

Stressful Peer Parenting  Family Pubertal
\Life Events Influence Environment Development

11

12




Impulse Control Across Adolescence

$_

-55

H’f

f { *p< .05

Estimated Impulse Control With 5% CI
50
\
\
-—p—'
y—ﬁ—n

-65

: | = s = =
10 | 1 }2 I-! 15 18 17 18
Age m Yaau

—— FHMNegative ——— FH Pasitive |

e,
Developmental Trajectories of Impulse Control and Sensation-seeking Across Adolescence among an At- v UT Health
Risk Sample of Youth with Family History of Substance Use. Manuscript in preparation SanAnonio

13

Gap Scores Across Adolescence

§-

=

| 4

- {
g {//1
go = 1 =
—
T e

3 14 15
Age in Years

[——— FH Negative ——— FH Positive

Risk Sample of Youth with Family History of Substance Use. Manuscript in preparation

San Antanio.

Developmental Trajectories of Impulse Control and Sensation-seeking Across Adolescence among an At- v UT Health

Sensation Seeking Across Adolescence

@

%z—_ % _— -——i—%\’
: P
£
4
3
£
&
g
£
S S S T R Y

Age in Years

—— FHNegative —— FH Positive

e
Developmental Trajectories of Impulse Control and Sensation-seeking Across Adolescence among an At-
Risk Sample of Youth with Family History of Substance Use. Manuscript in preparation

UT Health

San Antonio

14

In other words...

High
Sensation
Seeking
— Theoretical Trajectory
FH- Trajectory
- FH+ Trajectory
Low
Pre-Adol Adal Adulthood

$

15

UT Health

San Antonio.

Substance use initiation and the gap

===

=
i

Once more, drug use in
and of itself appears to
influence the gap

L
: .r._.

"

+ Substance use

initiation by age 15,

but not FH, was

associated with a

larger, more

negatively-valenced

gap between ages 13 120 120 160 183 200 22 240

and 18 Age in Merths

i FH-, N Uis= by Age 15 ———AFH-~, Uisa by Age 15
——— FH+_NoUse by Age 15 ¢ FH-, Use by Age 15

o

l_..WH

5
=

=uS
=

Estimated Gap wilh 55% C|

— T —t -—T—

8]

14

il
Dougherty et al., Quantifying an Impulse Control and Sensation-Seeking Gap among a UT Health
Longitudinal Sample of Adolescents at Risk for Substance Use. Manuscript in submission San Antonio.

16

* Substantial individual differences in
stability and developmental change
in impulsivity and sensation seeking .

* Do these individual differences
predict substance use?

Predated Trajectory

* Moreover, does aberrant

17

The Development of Impulsivity and Sensation Seeking

development of impulsivity (both il el
stability and change over time) alter Harden & Tucker-Drob, 2011
the development of sensation
seeking?
il
UT Health

San Antonio.

18




Family History, Dual Systems, and Substance Use

— Sigrificanl Dbt Filine

—* Saguificart Indirect Fiioct /" = —--u,\\. — __H‘.\\

Pomsignificant 1o

Y

4 Tmpulsivity

L at Age 13 =
7N /!

B Tnpualsivity |
Ages 13-16 /

+ L —
Family / +_‘: Frequency of
;IIistnrySbalus + + /’I M Use
| gl
I /____{ e
/ Sensation \\_ A Sensuiion \‘.
1 St,:mlg f'll | Ascekll;glﬁ f
atAge 13 ges 13—
\\ﬂ.‘ﬁ____‘__/ \_____ -
QUT Health
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Thank you!

il
v UT Health
ADHD and Family Functioning o
« FH-
500 « FH+
0 550 .
<
‘c
S s
=1
]
< o0
Z
>0
£
P 350
°
& 50
o
S 20
o
=
£ w0
e
& 0
100
2 30 W 50 & ) 50 % 100
Parent Reported ADHD- Inattentive Symptoms
i
Mendoza et al., ADHD Symptoms and intrafamilial relationship quality. Poster presented at Texas &{Iﬂ?akh

Research Society on Alcoholism, Feb. 2018

Family History, Dual Systems, and Substance Use

1. Higher levels of impulsivity at age 13 predicted higher levels of sensation seeking at
age 13

2. Aslower rates of impulsive control development predicted a faster rates of sensation
seeking development (i.e., positive association)
* Impulsivity and sensation seeking may not be developmentally independent, as
previously thought

3. FH status indirectly predicted substance use through higher levels of impulsivity to
higher levels of sensation seeking

In Conclusion: the higher levels of impulsivity among FH+ youth resulted in heightened

levels of sensation seeking, which in turn predicted marijuana use

6 UT Health

San Antonio

20

Associated Risk Facto
Parenting and Family
Environment

a UT Health

San Antonio

22

Mediational Role of Family Environment

Family Environment (b) B =.43** (.09)
- (b%) B = .40 (.09)

(a) B = 4.16* (1.07)

Family History

Impulsivity

(c) B =3.33" (1.55)
(c") B = 1.43* (1.55)

Ryan et al., 2016. Family functioning as a mediator of relations between family history of substance use e UT Health
disorder and impulsivity. Addict Disord Their Treat, 15, 17-24. e

San Antonio.

23
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Associated Risk Factors: Stress

a UT Health

San Antonio

Average Cumulative Number of Overall

25

p<.001

45

40

35

Stressful Events
N
wv

Stress puts youth at risk for substance use

initiation :
ﬂ\:\

| N
S TG
\

N _

Risk for substance use
initiation during
adolescence was
influenced directly by:
* Family History of
Substance Use

son el
N\ T

N o e
Disorders |\ O\ e
|
* Increased exposure to i
stress
SES. -
il

Charles, et al., 2015. Childhood stress exposure among preadolescents with and without family v UT Health
histories of substance use disorders. Psychol Addict Behav, 29, 192-200. SanAntonio

20
15
10
5
0
Family History Family History
Negative Positive
26
Other risk factors
We can add a slide each for:
Aggression (Mathias, 2015)
Psychopathic traits (Charles, 2012)
QU Halth

27
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Disclosures

ADHD and

* | have no financial relationships with an ACCME defined commercial

i
i

HEN 1 . e bt int t
Opioid Use Disorders: = B interes
HOW tO BESt Inte rvene - * Current research funding: 5K12DA000357-17
s « Consultant to the Phoenix House & Gavin Foundation (clinical
Amy Yule M.D. e services)
ERRRARRARRRLEERELNGE

Psychiatrist, Massachusetts General Hospital
Assistant Professor, Harvard Medical School
ayule@partners.org

* AACAP representative to the PCSS steering committee

Outline

* Provide background on the opioid epidemic and opioid use disorders
(ouD)

* Discuss research on OUD/ADHD co-morbidity

* Discuss clinicalc_hallengesin the mana_gement of OUD/ADHD in the The Op'o'd Ep|dem|c and
substance use disorder treatment setting .. X
Opioid Use Disorders (OUD)

4
In the 2000’s as prescriptions for opioids
Opioids vary considerably in potency increased so did overdose deaths
4 == mm":;:::wmm 1 emphasis on pain
Carfentanil: 10,000x it TR

Fentanyl: 100x

Heroin: 2x /N in prescription

Marphine: 1x opioids for chronic pain

1 overdose deaths

Year Paulozzi 2011




Overdose deaths continue to increase despite
increased awareness & resources

Total Drug Overdose Deaths

80,000 == Total 72,306
» 70.000 Famale 63,632
£ — Male
g 60,000
2 50,000
5
3 40,000 ’
2
£ 30000 -
z - L
20,000 - = |
10,000
o
S ] a S D D ] b= rl o A
R S i e «:‘-v;w\-e"

@

National Center for Health Statistics, CDC Wonder

The opioid epidemic has been evolving

" 1%t opioid used among
P s individuals entering
treatment for an OUD

J availability of

5 PO y
i e = prescription
si. _h = opioids
% o /
o -
— P
P & e
SRR, 4 individuals
o et initiating opioid
i | oo | mor sem | dem e | i sea  aom | s ams T
B

ART00 | neTI1 | TR aeBO3 | maBD me7a2
wear Baginoing Regular Anuse

Cicero 2017

The opioid epidemic has been evolving

Drugs Involved in U.5. Overdose Deaths, 1999 to 2017

30,000 Ty Opcs oo
Y 5 0D deaths are
200 I." currently being
| .
Secon / driven by ver\{
[ potent synthetic

[ i ravm
i, et i v pemets i, opioids such as

15.000 Cocses. 14388
fentanyl and

10000 g /_7/' et carfentanil
-t LY

Risk factors for overdose

* High impulsivity has been identified as a risk factor associated with non-
fatal overdose in one study (maloney 2009)
« Individuals with an opioid use disorder were recruited from opioid maintenance
treatment clinics in Australia from 2004 to 2008.
* Impulsivity assessed with the Barratt Impulsiveness Scale (BIS-11)
« Individuals with a history of non-fatal overdose were 1.4 times more likely to
have high impulsivity (OR 1.43, 1.03-1.98)

* No association between lifetime history of ADHD and OD in treatment
seeking young people with substance use disorders (vule 2018)

National Center for Health Statistics, CDC Wonder
10

Positive news—medication for OUD Impact of OUD medication on attention

m risk for drUg overdose death * Limited research to date—no RCT comparing individuals with an OUD
on medication versus no medication (maglione 2018)
Buprenorphine Methadone Naltrexone ER
* Relative to healthy controls individuals with OUD have deficits in
oD in attention and cognition
l rate of l rate of inéividuals * Polysubstance use is a contributing factor
OD death OD death treated « Toxic brain injury—hypoxic and anoxic brain injuries related to drug overdose
by 70% by 80% ot
when when
> = naltrexone
stabilized stabilized -~
Sordo 2017, Lee 2018
12

11



Impact of OUD medication on attention

* RCT Buprenorphine versus methadone versus controls (soyka 2011)

* Evaluated selective attention, verbal memory, motor/cognitive speed, and
cognitive flexibility after 8 to 10 weeks of treatment with either
buprenorphine or methadone

* At the time of testing ~50% of OUD patients were actively using substances
(cannabis, benzodiazepines, or opioids)

* Results:

* Buprenorphine and methadone groups showed improved concentration skills and
executive functioning between baseline and 8/10 weeks

No difference between buprenorphine and methadone groups on all tests

Buprenophine and Methadone groups versus Controls—subjects with OUD on
medication had impaired psychomotor speed, semantic word fluency, and verbal

OUD/ADHD co-morbidity

learning
Soyka 2011
13
Prevalence of ADHD o . . . .
30 ADHD in individuals with OUD is associated with:
25 25% *Greater addiction severity
% 20 19% *More comorbid psychopathology
2 ..
g *Poor functioning
& 10
5 4%
o I
General Population Symptoms of ADHD in  ADHD in Individuals with
individuals with OUD* oup?
“Lugoboni 2017, *Carpentier 2011 Lugoboni 2017, Carpentier 2011
15 16
Treatment of Co-occurring ADHD and OUD Treatment of Co-occurring ADHD and OUD
; : . * RCT comparing methylphenidate (MPH) SR or Bupropion (BPR) SR to
* RCT comparing methylphenidate (MPH) SR or Bupropion (BPR) SR to ; . X
placebo in adults with ADHD and OUD on methadone maintenance placebo in adults with ADHD and OUD on methadone maintenance
treatment treatment
« 2 week placebo lead in, 2 week dose titration, 8 weeks maintenance
* Medication:
* MPH 40 mg to 80 per day
* BPR 200 mg to 400 mg per day
* Therapy: Methadone maintenance treatment as usual plus weekly CBT for
SUD
« Sample characteristics: 98 patients; 57% male; 40% caucasian, 40% Hispanic;
53% cocaine use disorder
[dence of prescription stimulant misuse,
Levin 2005 no serious adverse events 05
17 18




Clinical management

1. Assess co-morbidity—1 priority is to make sure co-occurring
disorders, including SUD, are stabilizing
2. Therapy for SUD is important
3. Medications for ADHD
a. Consider non-stimulant medications—atomoxetine, bupropion
b. If using a stimulant medication:
i.  Use long acting stimulants
ii. Involve a support person if possible

iii. Medication guidance: safe medication storage, take medication as
prescribed

iv. Initial medication management: Frequent follow up, short prescriptions

Clinical challenges in the
management of OUD/ADHD in the
substance use disorder treatment

setting

19
Key components of a Treatment Plan
for an individual with OUD Challenges—Community Supports
* Medications with potential for misuse (buprenorphine, stimulants)
. are often not allowed/encouraged by community supports
Individual therapy’
o Group therapy * Mutual help groups
Medication | Therapy Family therapy « Types—12-step (Alcoholics Anonymous, Narcotics Anonymous), Secular
(SMART recovery)
* Pro: FREE!, easy to access, access to peers who have a goal of recovery
« Con: Not always supportive of buprenorphine and/or stimulant medication,
Family . 60 to 90 min in duration—many are not very interactive
Peers Community School : : :
Living environment Support Work/vol ) * Most residential programs and recovery houses in the country are 12-
g ork/volunteering step oriented
21 22
Summary Resources
* Medication for OUD is very important to decrease overdose risk * SAMHSA funded projects:
* No major differences between agonist medications (buprenorphine )
and methadone) have been identified to date in attention or ﬁ”?‘”ff"""f )
cognition C S :}I:Su::na-ll Support WWW.PCSSNOW.org
* Individuals with OUD and co-occurring ADHD are sicker than
individuals with OUD without co-occurring AHD
* Co-occurring ADHD needs to be identified and addressed as part of ’ STR—TA
the treatment plan for individuals with OUD 0' Consortlum www.getstr-ta.org
nse
‘Dech r:al.ﬁss-sta ce .
ﬁ » i " Questio
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1811 Nonmedical Use of

Prescription Stimulants
Timothy E. Wilens, M.D.

Chief, Divison of Child & Adolescent Psychiatry;
(Co) Director, Center for Addiction Medicine

Massachusetts General Hospital
Harvard Medical School

How frequent is diversion/misuse of
prescription stimulants?

5

Stimulants are Frequently Diverted

Sources of Procurement for Amphetamines
within the ASI-MV network (Q1 2010 — Q3

2016)
o 5%
% Fiend not fom same school [l ™75,

03% Acquaintance from same

19%

Sources of Lifetime Nonmedical Use of
Prescription Stimulants [College]

57%
Friend from same school [ ] 7

57% Roommate s
03%
Boyfriend/gririend j2%
I Viiendig e
. Acquaintance from other ] 12%
19% school FS%
sivling 77
0.0% 20.0% 40.0% 60.0% o 1
" aWomen
mOther u Stealing Drug dealer %, (n=165)
RxForgery W Dealer alen (n=217)
Family/Friend = Internet Parent F 2

= Multiple Doctors # Own Rx —
0% 20% 40% 60% 80% 100%
Individuals can indicate abuse of the product through one or multiple Percent of Respondents
Sources of procurement; therefore the calegories for sources of

procurement are not mutually exclusive and percentages may sum to

greaer than 100%

Source: NaviEEro, ASI-MV, 2016, Teter 2015

Faculty Disclosure

. Timothy Wilens, M.D. has served as a consultant, or has received
grant support from the following

Alcobra, KemPharm, Neurovance/Otsuka, NIH (NIDA), Ironshore

Licensing agreement with Ironshore (Before School
Functioning Questionnaire)

Clinical care: MGH, Bay Cove Human Services, Gavin/Phoenix,
National Football League (ERM Associates), Major/Minor
League Baseball

Guilford); ADHD Across the Lifespan (Cambridge) , MG!
omprehensive Clinical Psychiatry (Elsevier,

g:o)Editet_:l Straligll'.l\t Talk About Psychiatric Medications ﬁ)r Kids
Psychopharmacology and Neurot erapeutics' (Elsevier)

Some of the medications discussed may not be FDA approved
in the manner in which they are discussed including
dlagtn05|s(es), combinations, age groups, dosing, or in context
to other disorders (eg, substance use disorders

Misuse Peaks at Age 21, with 10% of the
Population Reporting Lifetime Misuse of Stimulants

Misuse in Past Year of Prescription Stimulants

>

®

% OF POPULATION MISUSING
°

00 = — M
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®
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%
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P e e e (©
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§

Source: SAMHSA, Center for Behavioral Health Statistics & Quality. National Survey on Drug Use and Health, 2015
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Stimulants are Frequently Diverted

o 65-85% of stimulants are diverted' from “friends”
* Majority not “scamming” local docs
« Not seen as potentially dangerous
e May occur in substance (ab)users during academic decline

% Approached to Divert
Medications in Lifetime
(Adolescents)

Sleeping Anti-anxiety Stimulant ~ Opioid

% Actual Diversion of
Prescribed Stimulant
(College Students)

(n=108)  (n=104)  (n=141)  (n=704)
Rabiner etal, Sepulvedaet Garnier et al
2009 (n=115), al., 2011 (n=50), 2010 (n=81), in
previous 6 previous 12 a lifetime
Source: Wilens et al. JAACAP 2008; McCabe et al. months months

Drug Alc Depend 2011

1 Drug diversion = Transfer of legally prescribed controlled substance to another person by selling, trading, or giving away

6




Emergency Department visits due to non-medical use
of stimulants more than quadrupled (2004-11)

ED visits due to non: lical use of Ampt ines and
Methylphenidate from 2004-2011
25,000
22,190
20,000
15,000
10,000
5,000 4,749 4 7x
increase
0
2004 2005 2006 2007 2008 2009 2010 2011

Drug Abuse Warning Network Report, 2011, pg 21, table 5.2, Central Nervous System Stimulants, amphetamine/dextro-amphetamine
and methylphenidate only (excluded caffeine)

Reasons for Misusing Stimulants (N=100)

« To help me concentrate or to focus better (79%)
» To stay awake (62%)

» To reduce distraction (56%)

« To get more energy (48%)

« To experiment - to see what it's like (42%)

« To have a good time with my friends (22%)

« To feel good or get high (21%)

« To get through the day (12%)

(Wilens et al. AACAP Seattle, 2018)

Both an Alcohol and Drug Use Disorder

= | HR 4.7;95%CI: 1.9, 11.3; P = .001

4|
ﬁ o
=
23
%
-‘ﬂ { Stimulant Misusers
— 5
[~ Typical College Students
= ———
Qo r T T T T T
o 5 10 16 20 26
Age
- Contrals (N=200) Misusers (N=100) |

Wilens TE, et al. J Clin Psychiatry. 2016;77(7):940-947.

What are the characteristics of
those who misuse prescription
stimulants?

Any Substance Use Disorder

-1 HR:2.7;95% Cl: 1.7, 4.2; P < .001
N = 100 stimulant misuser; 198 controls

24
§ =]
é Stimulant Misusers
R4 .
g |
£ i
g :
= § 1 J Typical College Students
8_ | —
L= T T " T
o 5 10 15 20 25
Age
l : Controls (N=200) Misusers (N=100) |

Wilens TE, et al. J Clin Psychiatry. 2016;77(7):940-047.

10

Controls Misusers
(n =200) (n =100)
N = 300. Subthreshold + full diagnosis of ADHD.

11

Wilens TE, et al. J Clin Psychiatry. 2016;77(7):940-947.

12




Subscales of the Self-Report Behavior Rating Inventory of Executive Functioning
(BRIEF)

Organization 4
Task Monitor J

® Plan/Organize J .
3 Working Memory J
2 Initiation 2"
] Self Monitor  — Misusers (n=100)
Emotional Control !
Shifiing ) = Controls (n=199)
Inhibition 4
o
40 45 50 55 60
T-Score from 0-100
Axis formatted to start at a T-score of 40
N =299, *P < .05

Wilens TE, et al. Am J Addict. 2017;26(4):379-387.
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Rapidity of Brain Dopaminergic Uptake
Drives Euphoric Effects of Stimulants
{ 5 M 1g dampreraning.
g g it
$ £ L By +
: 5.0
2 H f
iv H 5 E g »|
MPH % g ko
5 i E i., L_.L_
o® S ~
0 20 40 0 8 10 120 £ i
Time (min)
0.0035 -
0.003 Fana LY ;
# R E
oral oo 4 L M I
MPH oo )
0001 T —
0.0005 Tir it
0T Intranasal abuse of dextro-
Time (min) amphetamine is associated
Intravenous (IV) methylphenidate leads to with 'ncészfzeaf'éﬂﬂge ratings
stronger rewarding effects (euphoria) than
oral methylphenidate
Volkow et a., Arch Gen Psych 52:1895, J Neurosci 2001 Lile JA et al, J Ciin Pharmacol 2011; 51(6):888-
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Of 335 survey responses — 73 (14%) reported stimulant
misuse

Type of Stimulant Abused

Long-acting
17%

Short-actin
Son Both 3%

Bright GM. Medscape J Med. 2008;10(5):111.

60
50
40
% 30
20
i L
0 |
Mixed Unspecified Methylphenidate D-or D/L-
Amphetamine (Immediate Amphetamine
Salts (Immediate Release) (Immediate
Release) Release)
Wilens TE, et al. J Clin Psychiatry. 2016;77(7):940-947.

14

40 mg IR-MPH vs 90 mg OROS MPH

Likeability

Binding

Spencer TJ, et al. Am J Psychiatry. 2006;163(3):387-395.

16

Prevalence of single-agent misuse of
prescribed stimulants as a function of
pharmacokinetic properties
- Non-
misuser

BUsed too
much

Prevalonce (%)

o Used wi
T AQD

©Gathigh

Smorthe Asting Lang Acting
(n=3g) (n=ta]

O "Misuse™

Figure 1. Prevalence of single-agent misuse of prescribed stimulants
as a funcdon of pharmacokinetic propertes. Short-fintermediate-
acting (3-8 hours); long-acting (B-12 hours) pharmacckinetic proper-
tles of sach formulation.’

17

Sepulveda DR, et al. J Pharm Pract. 2011;24(6):551-560.
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Method of Stimulant Misuse by College Students (n = 1025)

60%

50%

40%

30%

20%

10%

o
Swallow  Snort Other

Random sample: surveys at the Uni i via e-mail
and paper, 1025 received out of 5000 distributed, 6.6% dlagnosed with ADHD, over 16% of students
abuse stimulants.
White BP, et al. J Am Coll Health. 2006;54(5):261-268.
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More Severe Problems Linked to Substance Use are
Found with Intranasal/Intravenous vs. Oral Misuse

100%
90% N .
H Intravenous/intranasal abusers (n1=2,583) W Oral misusers (n=10,331)
80%
70%
60% 57.9%
50%
40%
30% 26.8% 25,15 250
20.3%
20%
11.8% 12.2%
10% I 8.0%
-0 =0 &N
o -
01
No real problem Slight prub\em Moderate prub\em Cohswderab\e problem Ex(reme problem

Drug Severity Rating

Source: NaviEEro, ASI-MV, 2016
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Effects of Intranasal Methylphenidate on Pulse

76 1 (N=8adults; 21-47)
244 | Datafrom 30” time point

mss_ CEELET) BN NN NN EEEEEEEE NN NN EEEEEEEEEEEEEEEEEEEEEEEE

Placebo MPH: 10 mg MPH: 20 mg MPH: 30 mg

23

Rates of Oral and Intranasal Misuse of Stimulants
in College Students (N=100)

(Wilens et al. AACAP, 2018)

70 Oral  mIntranasal
60
50
40
o
30
20 P<0.001 vs +SUD
1 Oral
, Oral Nasal Nasal
Misuser-SUD Misuser+SUD

20

rws|

Effects of Intranasal MPH on Subjective Ratings: Any effects

14 (N=8 adults; 21-47)
Data from “Peak Effect”

Subject Ratings
e o
E- o<

=
b

=]

Placebo MPH: 10 mg MPH: 20 mg MPH: 30 mg

22

Jﬂllchlgan l [ 2

UM football student manager dies from an overdose at 22

24




Adolescents’ Prescription Stimulant Use and ~ ®

Adult Functional Outcomes: A National
Prospective Study

Sean Esteban McCabe, o, Philip Veliz, ro, Timothy E. Wilens, so, John E. Schulenberg, no

Objective: To assess the prospective 17-year relationship
beetween the medical and pormedical use of g

did not differ sgnificantly from population coetrols

stimulants during adolescmon (age 18 yoars) and e 2
thonal attainment and substance wse disorder (SUD)
symptoms in adulthood (age 35 years).

Method: A survey was self-administered by nationally
mpresmtative probability samphes of US hagh school se-
nsars from the Monitoring the Future study; 8,362 of these
individuals were followed longitudinally from adoles-
cere (age 18, high school senior years 1976-109¢) to
adulthood (age 35, 1993-2013).

Resaltse An estimated §.17% reported medical u pre
scription stinsulants, and 16.7% reported nonmedical e
of prescription stimulants by age 18 years. App m\lm\bul
43% of adolescent medical users of p lants

e disarder [ADHD)]

ard non—sim

jod ADHD during adoles-
onal staineest and SUD symploms in
adulthood. In contrast, adolescent nonmedical wsers of
prescription stimulants (with or without medical use) had
fenwer exducational attainment and more SUT) symptoms in
adulthood, comparesd b population controds and medical
users af prescription simulants without nonmedical use
during adolescence

cence) In edue

Conclusion: Noamedscal use of prescription stimulants i
phescents prescribed thes: medications.
ate youth should be carcfully manitored
¢ this behavior is associabed
with lower educational attasnsment and mose SUD symp-

had sl engaged in nonmedical use of rn—.mm
stimuslants during sdolesomnoe. Anwng past-yrar adoles-

cent nonenedical users of proscription stimulants, &
it used Al Jessl oie other subsance during Ui pest
year. Medical users of prescription stimulants without
any history of ronmedical use dusing adolescence

toms in adulthood.

Key words: stimulants, adolescent, prescription drag
misuse, substance-relabed disorders, adult

1 Am Acad Child Adslese Psychlatry 2017560126233,
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SUD Symptoms at Age 35 Years as a Function of Medical and
Nonmedical Use of Prescription Stimulants at Age 18 Years

Prescription Stimulant
Use at Age 18

e N = 8362
e=miledical use only P=NS
Medical and e
nonmedical use 0
Nonmedical use only
P <.001
0 05 1 15 2 25 3

22 SUD Symptoms at Age 35
Adjusted Odds Ratio (95% Cl)

All ly control for sex, truancy, average grade during high
school, parental education, geographical region, metropolitan statistical area,

cohort year at baseline, annual alcohol use at baseline, annual cannabis use at
baseline, and annual other drug use at baseline.

McCabe SE, et al. ] Am Acad Child Adolesc Psychiatry. 2017;56(3):226-233.e4
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Educational Attainment at Age 35 Years as a Function of Medical
and Nonmedical Use of Prescription Stimulants at Age 18 Years

Obtained Associate’s Degree or Higher

No medical or nonmedical use

Medical use only AOR? = 874
Medical and nonmedical use AOR? = 672
" P<.01
Non-medical use only AOR® = 749

0% 10% 20% 30% 40% 50% 60% 70%

All analyses control for race/ethnicity, sex !ruancy. average grade during high school, parental
ical region, ical area, cohort year at baseline, annual alcohol
use at baselme annual cannabis use at baseline, and annual other drug use at baseline.
N=7813.
AOR = adjusted odds ratio.
McCabe SE, et al. J Am Acad Child Adolesc Psychiatry. 2017;56(3):226-233.e4

B Nedurton sltries i worting AR [] o e ek i

+ Treatment by study interaction, P < 05 .

C bt bt vhon e B s u o
Mean Massachusetts General Hospital

Liking Scale ratings as a function of
Significant study effect, P < .05 treatment and study sample.

+ Treatment by study interaction, P < .05

Non-significant effects:
Craving (OROS MPH, other
substances), euphoria

Winhusen TM, et al. J Child
- Adolesc Psychopharmacol.
2011;21(5):455-63.
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Summary

+ Stimulants are frequently misused

+ Stimulant misuse is more common with
immediate vs extended-release preparations

» Snorting and intravenous use is common in
stimulant misusers: some develop a stimulant
use disorder as a resulit.

* Myths: “Itis benign” and “it is really just kids
taking it orally to study for exams...”

* There are short- and long-term adverse
medical/psychological risks associated with
stimulant misuse

* More practitioner & patient education, and abuse-
deterrent stimulants are necessary

29
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ADHD AND CANNABIS USE
DISORDERS
ADDRESSING THE COMORBIDITY

Disclosures

NIH (NIDA, NIAAA) x

Pfizer, Inc. X

1
Educational Obijective
=
0 To become knowledgeable about the recent
advances in behavioral and pharmacological
treatments for CUD in youth and the clinical
consideration for individuals presenting with co-
occurring CUD and ADHD.
3

Overview

o Navigating the cannabis information landscape

o What do we know about cannabis-associated risks?

0 How do we address cannabis use problems?

0 Are there recent advances in addressing cannabis
use disorder (CUD) in young people?

o Is any of this work specifically focused on youth with
ADHD?

Polarization Fiywsc

Marijuana cures:cancer
us govermn ment

Perspective(s) fMW




Duality

o "It seems as though we
must use sometimes the one
theory and sometimes the
other, while at times we
may use either. We are
faced with a new kind of
difficulty. We have two
contradictory pictures of
reality; separately neither
of them fully explains the
phenomena of light, but
together they do.” — Albert
Einstein

o v s b s ol e o s s, ”

What do we know about
cannabis-associated benefitse

01 Many people have occasional, benign, and pleasant
experiences with recreational cannabis use

0 There is evidence of therapeutic roles of specific,
reliably-dosed, orally-administered, pharmaceutical-
grade cannabinoids for specific conditions

0 However, there may be times when benefits are
outweighed by risks and/or alternatives

0 The balance between risk and benefit may depend
upon a number of factors, both at the human level (age,
genetic and environmental factors) and at the
cannabis/cannabinoid level (strain, constituency, route
of administration)

Should we be particularly
worried about youth with ADHD?

o1 Childhood ADHD predicts earlier cannabis use onset
and escalation to frequent/heavy use (i i al, 2018)
Population-based twin samples (N=3762)
Even when considering co-occurring CD/ODD and use of
other substances, hyperactivity-impulsivity and inattention
symptoms were significantly associated with cannabis use
Females with hyperactivity-impulsivity symptoms were at
particular risk for frequent/heavy cannabis use
o Young adults with ADHD who use cannabis are more
likely (compared to non-ADHD young adults) to sustain
heavy use (vogel et a1, 2016)

11

Embrace complexity!

o Cannabis can
Be potentially safe and benign
Contain potentially medicinal components
Be potentially risky and harmful
01 These can all be simultaneously true
0 And we can manage nuanced messaging during
clinical encounters
o It is particularly important to personalize the
message based on individual /family characteristics
that may impact potential risk/benefit

What do we know about

cannabis-associated risks2

0 Acute /intoxication

Driving performance and decision-making
o Chronic/repeated use

Cannabis use disorder (CUD)

u More prevalent than previously thought

1/5 lifetime users, of whom 23% are symptomatically severe,
of whom 48% are not functioning in any role (e.g., work)

u Treatment outcomes are limited — room for improvement!
Use during pregnancy — effects on neonate /child
Exposure/use during childhood/adolescence

= Higher (~2X) rate of CUD than in adult cannabis users
= Adverse effects on cognition, tion, and d |

(for review, Hasin 2018)

10

for CUD in youth
=

Evidence-based treatments

0 Psychosocial approaches supported by evidence in youth
(largely paralleling the evidence in adults)

Motivational Interviewing / Motivational Enhancement Therapy
(Walker et al., 2011)

Cognitive Behavioral Therapy (Hendriks et al, 2011)
Family Therapy (a variety of modailities) (rigter et al, 2012)
o While these treatments are effective for cannabis reduction,

long-term abstinence outcomes are generally poor (compron &
Pringle, 2004; Dennis et al., 2004; Waldron & Turner, 2008; Hogue et al., 2014)

o Contingency Management can be used to reinforce
abstinence and improve outcomes (sianger et al, 2009; Stanger et al, 2015)

12




Medication to complement
psychosocial treatment?

01 The over-the-counter supplement N-acetylcysteine (NAC) has
been studied as a candidate treatment for CUD

0 Glutamate dysregulation in the nucleus accumbens underlies
drug seeking

o NAC administration activates the cystine/glutamate
exchanger and upregulates the GLT-1 receptor, leading to
reduction in reinstatement of drug seeking in animal models

o1 Our open-label pilot study in young cannabis users
supported feasibility and tolerability for further study

13

Adolescent NAC trial
Primary outcome
|

0 Intent-to-treat (all randomized participants) with participants assumed to be
non-abstinent at any missed visit

o

0

0 w IS
3 8 &

B

Percentage of Negative Urine Cannabinoid Tests

Odds ratio = 2.4, p = 0.029 Placebo+CM NAC+CM
0
BL 1 2 3 4 5 6 7 8 FU
Week

15

Does it work in adults, too?
[

Twice weekly urine testing and P

‘Weekly medication management

Start medication End of treatment

o

National Drug Abuse Treatment Clinical Trials Network (CTN) effort to see
if positive adolescent findings extend to adults (Gray et al, 2017)

1 DSM-IV cannabis-dependent adults (N=302; ages 18-50; recruited across
six CTN sites)

o Twelve weeks of active treatment
Double-blind placebo-controlled NAC 1200 mg BID

All participants received weekly medication management and twice-weekly
contingency management

Two-tiered escalating reinforcement schedule with resets, rewarding both study
retention and cannabis abstinence

Adolescent NAC trial (cray et al, 2012)

Twice weekly urine testing and

Randomization
NAC n=58
Placebo n=58

Start medication

Weekly brief cessation counseling (10 min)

End of treatment

1 DSM-IV cannabis-dependent adolescents (n=116; ages 15-21)
o1 Eight weeks of active treatment
Double-blind placebo-controlled NAC 1200 mg BID
o All participants received weekly brief cessation counseling and
twice-weekly contingency management (CM)

Two-tiered escalating reinforcement schedule with resets, rewarding
both study retention and cannabis abstinence

14

Adolescent NAC trial

Secondary outcomes

o1 Cognitive task performance improved with cannabis
abstinence (Roten et al.,, 2015)

o Low impulsivity and high medication adherence predicted
abstinence; adherence optimization is particularly critical in
high-impulsivity individuals (Bentzley et al., 2016)

o NAC was more effective in adolescents with elevated
depressive symptoms (Tomko et al., under review)

0 Tobacco use and alcohol use did not increase with cannabis
use reduction (McClure et al,, 2014; Squeglia et al,, 2016)

o In the NAC group, but not the placebo group, reductions in

cannabis use were associated with reductions in alcohol use
(Squeglia et al., 2016)

16
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Adult Trial

Primary Outcome

0 Intent-to-treat (all randomized participants) with participants assumed to be

non-abstinent at any missed visit
a5

Percentage of Negative Urine Cannabinoid Tests

Odds ratio = 1.00, p = 0.985

18




Adult Trial

Ages 18-21 versus 22-50 (under-powered post-hoc comparison)

0 Intent-to-treat (all randomized participants) with participants assumed to be
non-abstinent at any missed visit

NAG+CM - 18:21 (n=35)
Placebo+CM - 1821 (n=23)
NAG+CM - 22-50 (n=118)

Percentage of Negative Urine Cannabinoid Tests

Odds ratio = 2.03, p = 0.187

PlacebotCM - 2250 (n=126)

BL 1 2 3 4 5 6 7 8 o 10 1" 2
Week
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Summary

0 This topic is complex, and we're still learning about it,
and that’s OK
o1 Avoid polarization, and embrace nuance and multiple
viewpoints
Cannabis & cannabinoids are neither all good nor all bad
We can be both excited and cautious
0 Let’s frankly advise patients and families in this context
1 We must clearly convey why we are concerned about
youth cannabis use, particularly among youth with

ADHD, while allowing for open dialogue and
discussion

Trials of medication for
ADHD + CUD?
[

o RCT of OROS methylphenidate in youth with ADHD
+ substance use disorder (N=303, ages 13-18,
most had CUD; all received motivational
interviewing and CBT) (ige: et a1, 2011)

Self-rated ADHD-RS and days of substance use
(primary outcomes) did not differ between groups
OROS methylphenidate group had lower parent-rated
ADHD-RS and more negative urine drug tests
(secondary outcomes) than the placebo group
Similarly designed study (N=70) with atomoxetine
yielded null findings (thurstone et al, 2010)

20

Summary

=

0 The mainstays of CUD treatment for youth include
motivational interviewing, cognitive-behavioral
therapy, and family therapy, and outcomes can be
enhanced by adding contingency management

o NAC appears to improve outcomes for youth, but
not adult, CUD

o In treating co-occurring ADHD+CUD, OROS
methylphenidate appears well-tolerated with some
secondary indications of benefit for both conditions

21

Questions?

Kevin M. Gray, M.D.
graykm@musc.edu
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Psychiatric Disorders are Highly Polygenic
(Smoller et al., Molecular Psychiatry, 2018)

Genomewide association studies of common DNA

variants suggest that the most common forms of

psychiatric disorders are caused by the

accumulation of many genetic risk variants. This

is seen in very large studies of:

— Schizophrenia

— Bipolar Disorder

— ADHD

— Major Depression

— Autism Spectrum Disorders

— Anorexia Nervosa

Understanding Molecular Polygenic Risk Scores ADHD Risk

(Faraone, Biol Psychiat, 2014)

Increases Wlth . SNP heritability = 0.22

the Polygenic
Risk Score

Those in the highest
Indivichuals at high 10% of polygenic risk
genetic risk ha & S

increased ris

ADHD....

* A polygenic risk score indexes the number of
ADHD risk alleles carried by an individual.

...Butthe PRSis a
very weak predictor of
who does and does not

Cakulatedas S = B,X, + L+ B have ADHD
Xps %, - allele dosages for

Demontis et al. Nat Gen, 2018




ADHD Risk
Increases with
the Polygenic

The finding of a significant polygenic
background confirms predictions from
twin studies suggesting that the diagnosis
of ADHD is the extreme of a quantitative
trait (e.g, Larsson et al.; Levy et al.;
Gjone et al.)

SNP heritability = 0.22

have ADHD

Demontis et al. Nat Gen, 2018

Genetic Correlation with ADHD Symptoms in
the Population

(Demontis et al., Nature Genetics, 2018)

* The EAGLE/QIMR data comprises
ADHD parental rating scale scores from
20,464 children and adolescents

¢ Correlation of ADHD GWAS and
EAGLE/QIMR: ry= 0.97, SE = 0.2

Genetic Correlations among
Psychiatric Disorders

Polygenicity and Genetic Correlations

(Smoller et al., Molecular Psychiatry, 2018)

* Given GWAS data from an individual, we can
compute their polygenic risk score for many
psychiatric and non-psychiatric disorders.

» These scores can be correlated with one another to
compute a genetic correlation.

» The genetic correlation tells us the degree to which
two disorders share common DNA variants

The Genetic Architecture of
Psychopathology: Three Latent Traits

o071y _

e
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Genetic Correlations Between Psychiatric &

Neurological Disorders
(Verneri et al., Science, 2018)

Generalized epilepsy
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Multiple sclerosis
Parkinson's disease
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Early-onset stroke

Focal epilepsy
*+ Migraine

Ischemic stroke

Epilepsy

ADHD

Anorexia nervosa
Anxiety disorders
ASD

Bipolar disorder
MDD
ocD

PTSD

Schizophrenia
Tourette Syndrome

Genetic Correlations: Cognitive and
Psychiatric Traits

(Demontis et al., Nature Genetics, 2018)
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Genetic Correlations: Other Traits

(Demontis et al., Nature Genetics, 2018)
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Genetic Correlations:

Obesity and Lipid Levels

(Demontis et al., Nature Genetics, 2018)
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Structural Brain
Changes (SBCs) in
ADHD, Bipolar,
MDD, OCD and
Schizophrenia Data
from ENIGMA

Cross Disorder Genetic Correlations are Similar to Cross
Disorder SBC Correlations

£ 064 Disorders
5
E ¢
[
§ 0.4
g
S
&
2
3 02
o
=2
0.04
04 02 00 02 0.4 06 08
Cohen's D cometations (ENIGMA)
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Common Genetic Variants Mostly the Same Genetic Correlations with Other Traits the Same for
for Childhood and Adult ADHD Childhood and Adult ADHD

(Rovira et al., Submitted) (Rovira et al. submitted)

h2g\p=0.20 h2gp=0.21

(SE =0.023) (SE = 0.025)

Genetic Correlation
R, =0.81(0.08)
P-Value= 5.1235¢-21




How Should we Think about Psychiatric
Comorbidity in ADHD?

* The new molecular genetic data will, hopefully, put
an end to debates about psychiatric comorbidity.

* We now know that most psychiatric disorders are
correlated with one another at the level of DNA.

+ Diagnosticians should expect “pervasive
comorbidity”
— ADHD can co-occur with many disorders
— Multiple comorbidities are to be expected in some

patients

Figure 1. Patioms o psychiarc comorbiity and psychopatnology.

ontrols Subthreshold ADHD. W FuleoHD

A Total # of Psychiatric Disorders B. Psychiatric Comorbidities
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Tota #of Psychiatric Disorders Disrupive. Mood Mulple (22)  Language Eimination  Substance Use

Mean
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C. Clinial CBCL Subscales ¢ D.CBOL Emotional Dysrogulation Profles

Mean T-Score
E

Self.
Regulaion Dysregulation

Age resticted o > 12 years o =60, Full ADHD: N=474.
. Heaithy Gonirols: N=225, Subthveshald ADHD: N=49, Full ADHD: N=183,
005, ~P<0.001

Can We Use DNA to Make Psychiatric Diagnoses?

No

Current polygenic risk scores are not
sufficiently accurate for use in the clinic

Accuracy may improve as samples get larger,
more sophisticated algorithms are applied and
other data sources (transcriptome, epigenome
imaging) are combined

Viewing ADHD as a Dimension Changes How we
View Diagnostic Controversies

* DSM-1V subtypes
— Appropriately retired
* Adult Onset ADHD as a distinct disorder
— On its way to retirement (hopefully)
* Subthreshold ADHD
— Why does a child with 5 impairing inattentive symptoms

and 5 impairing hyperactive-impulsive symptoms not
have ADHD?

The Overdiagnosis Controversy

« Categorical model implies that overdiagnosis is a
huge error
— Child has ADHD vs. Child is neurotypical

* Dimensional model implies degrees of error

— Child has DSM ADHD vs. degrees of subthreshold
ADHD




ADHD is a Fluctuating Dimension

* DSM emphasizes ADHD as chronic and cross-
situational

* But conceiving of ADHD as a dimension makes
one wonder how (and why) it fluctuates?
— Due to fluctuating demands on self-regulation?
— Due to fluctuations in the internal and external

“scaffolding” that supports self-regulation

— Due to developmental recovery of ADHD impaired

brain functions with some data suggesting that recovery
is augmented by treatment

Thanks for Listening!
Free CME:

MyADHD Blogs:

Tweets:

!r} 7" World Congress
E{glﬂgiﬂlﬂh‘ on ADH

From Child to Adult Disorder

25 - 28 April 2019
Lisbon | Portugal

Summary: Genetics & the Boundaries of
ADHD

» Genetic studies indicate weak or non-existant boundaries
between
* The diagnosis of ADHD and symptoms in the population
» ADHD and other psychiatric disorders
* ADHD and many psychological & medical features
* Childhood ADHD and adult ADHD
* The diagnostic manual should define the dimension and
how to choose the threshold for diagnosis




Pharmacogenomic Marker Discovery &
Delivery of Optimized Medication
Treatment

James L. Kennedy MD FRCPC FRSC

Head, Tanenbaum Pharmacogenetics Centre,
Director, Molecular Brain Science Dept

;
Professor, Brain & Therapeutics,

Depts of Psychiatry and Medical Science,
University of Toronto

Amer Professional Soc for ADHD & Related Dis, Jan 19, 2018
Disclosures:

-member of Assurex Health Inc. scientific advisory board (unpaid)
- Pharmacogenetic test patent applications

WHY IS PHARMACOGENETICS BETTER?

Can the doctor determine With
which patient will not genetics...
respond?

We have the opportunity to
see abnormal responders

Pharmacokinetics Pharmacodynamics

CYP450

/

Liver enzyme Response & side effects DOpam”je

genes -~ Serotonin
~

Nutrition

Additional
factors Compliance .

PHENOTYPE COMPLEXITY

Eating behaviour
& disorders?

Mood disorders

Conduct
Disorder;
sambling

Tourettes

Smarter Prescribing

NOT toxic, but l;OT }.()gi?©
NOT Beneficial 0Og g ® ®g eneficial
for response

1&
e® ® 0e b J

v

SAME Dx and SAME
Rx
Beneficial for Higher ADRs &

Response, but NOT Beneficial
high ADRs

CYP2D6 Genotype alters paroxetine levels (japan sample)

Intermediate

Paroxetine (ng/mlj

Extensive

limg 20mg Jomg 40mg

Daily dose of paroxetine [mg]

Ueda M, et al. The impact of CYP2D6 genotypes on the plasma concentration of paroxetine in Jap
psychiatric patients. Prog Neuro-Psychopharmacology & Biological Psychiatry. 2006;




The CAMH Pharmacogenetics Research Project
IMPACT STUDY

2012 - began with in-house gene panel -
Kennedy Lab

Assessment of important drug metabolism genes
(CYP2DS6, -2C19, -2C9, -1A2, -3A4, -2B6)

e-Report of genetic interpretation to Dr in 48h

Testing feasibility and acceptance of genetic
report by physician and patient

Patient follow-up & Physician Survey
Over 11,400 pts tested as of Jan 1, 2019

www.IMPACTSTUDY.ca

IMPACT STUDY SAMPLE CHARACTERISTICS N = 8000

Ethnicity

W European 11%

Other 89%
A 4

CYP2D6 Metabolizer Status

15%
m Poor
Intermediate

. 23%
M Extensive
M Ultrarapid

Front page Page 2

11

IMPACT Pharmacogenetics: Publications, Physicians & Patients

9000 le:
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7000 v oo e
Personalized Medicine
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@ ]
£ 2
35000 IMPACT gene test Launch of online 5 E
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€ 4000 . available for process 4 8
S Mobile lab family physicians g
les fi i
3000 | o muites 38
3,200
Firstpatient /7 gl doctors {11 i -2
consents
1000 1
0 i i H i i H 0
2012 2013 2014 2015 2016 2017

IMPACT STUDY SAMPLE CHARACTERISTICS
N = 8000

Clinical Diagnoses

 Depression
Anxiety %
49%

W Psychosis
31%

M Bipolar '

Clinical diagnosis from physician referral form
ADHD = 2%, ~ 50% comorbid with anxiety or depression

[ GeneSightRx® Psychotropic Results AssureRy
Sample Patient
DOB; 11/30M1966
Reference: 145808 Oroer Humbes: 9299
Chinjclan:  Samply Doctor Antidepressants Report Date: sz

. o

bupsopion amitrigtylin desipraming
Sesveniatax ciialopram duaxetine |C
comiprami
doxepin (5
sacitaiopra
mipraming
sertraling
trazodone |

fuomatine
fuvoxamine
milrtazapine |
nostriptyll

subegiling (E

Antipsychotics

USE WITH CAUTION

ciozapine |
Iniothixene

Hiprasicans | hakoparided (H
lioperidone (F

clargagine
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The GUIDED Study (Greden et al, 2019; J Psychiatry Res)
Pharmacogenomic Test RCT in Depression - 60 Sites (N = 1,167)
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RESULTS

NATIONAL NETWORK

OF DEPRESSION

CENTERS e

PHARMACOGENETIC E REE 007 |

TEST RCT (Greden et FERT °§ e |

al, 2019) A . i

Treatment guided by EH i3

GeneSight® §§ " §§ o |_ (2

Psychotropic test ;: W% " :g W L
24

50% improvement in é% . s

remission rates & 30% - -

increase in response TAU  Gonasight- TAU  GaneSight-

rates at 8 wks vs Gulded Cam Gudod Care

treatment as usual
(TAU).
Treatment Resistant Depression pts with avg
1.7 med trials before study entry.

14

CAMH IMPACT Study: Comparison of Primary Care
Physicians versus Psychiatrists Using PGx Test for
Depressed Patients (Tanner et al, J Psychiatry Res, 2018)

8 T symptom Improvemant - Responss Romissson
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Meta-Analysis of 5 Pharmacogenetic Guided
Therapy for Depression RCTs  sousman et al, (Dec, 2018)

Guided Unguided

Study Reméssion Total Remission Total Risk Ratio RR 95%-CI Weight
Geeden et al 2018 93 67 57 560 + 151 [111, 206 284%
Winner et al 2013 5 25 2 M —— 240 0S5, 121 51%
Singh 2015 58 n 2 T = 252 171,37y 255%
Pesez etal 2017 48 W 45 139 = 103 [074; 143) 20T%
Bradéy of al 2018 oAb T =3 -+ 265 [118, 595 133%
Random effects model a7 850 - 171 [1A7; 2.48] 100.0%
Prediction infterval [0.52; 557

Heterngenaey 1= 7%, 01031, p <001

Forest plot of random-effects meta-analyses of five prospective, randomized
controlled trials of Pharmacogenetic guided therapy on remission in major
depressive disorder.

WHAT IS THE STATUS OF
PHARMACOGENETICS OF
METHYLPHENIDATE IN ADHD?

16
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MOLECULAR PSYCHIATRY ORIGINAL ARTICLE
Pharmacogenetics predictors of methylphenidate efficacy in
childhood ADHD

NM Myer, JR Boland and SV Faraone

Stimulant medication has long been effective in treating attention-deficit/hyperactivity disorder (ADHD)
and is currently the firstline pharmacological treatment for children. Both methylphenidate and
modulate ine levels through interaction with dopaminergic,
and ic system it is therefore likely that catecholaminergic
molecular components influence the effects of ADHD treatment. Using meta-analysis, we sought to
identify predictors of pharmacotherapy to further the clinical implementation of personalized medicine.
We identified 36 studies (3647 children) linking the effectiveness of methylphenidate treatment with DNA
variants. Pooled-data revealed a isti ignifi iati between single nucleotide
polymorphisms (SNPs) rs1800544 ADRA2A (odds ratio: 1.69; confidence interval: 1.12-2.55), rs4680
COMT (odds ratio (OR): 1.40; confidence interval: 1.04-1.87), rs5569 SLC6A2 (odds ratio: 1.73;
confidence interval: 1.26-2.37) and rs28386840 SLC6A2 (odds ratio: 2.93; confidence interval: 1.76—
4.90), and, repeat variants variable number tandem repeat (VNTR) 4 DRD4 (odds ratio: 1.66;
confidence interval: 1.16-2.37) and VNTR 10 SLC6A3 (odds ratio: 0.74; confidence interval: 0.60-0.90),
whereas the following variants were not statistically significant: rs1947274 LPHN3 (odds ratio: 0.95;
confidence interval: 0.71-26), rs5661665 LPHN3 (odds ratio: 1.07; confidence interval: 0.84-1.37) and
VNTR 7 DRD4 (odds ratio: 0.68; confidence interval: 0.47—1.00). Funnel plot asymmetry among SLC6A3
studies was identified and attributed largely to small study effects. Egger’s regression test and Duval and
Tweedie’s ‘trim and fill' were used to examine and correct for publication bias. These findings have
major implicatit for ing our i to chil ADHD .

Molecular Psychiatry advance online publication, 12 December 2017; doi:10.1038/mp.2017.23
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DOPAMINE D4 RECEPTOR

Review and Meta-Analysis

Removed Studies

15 inclusion of adult
participants.
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Dopamine D4 48bp Repeat Variants: Dopamine D4 and ADHD

Functional differences with number of repeats LaHoste G, Swanson J, Wigal S, C Glabe, King

N, & Kennedy JL (1996) DRD4 Associated with
O / Asghari et al, 1995
signaling / \ Jovanovic et al, 1999

ADHD Molec. Psychiatry 1:121-124.
2R 4R 7R 10R

Implication: the 7R allele has a blunted response to dopamine

DRD4 sequencing: 35 within-repeat
variants identified in N=156 people

Review of DRD4 and ADHD

Faraone et al [2005] meta analysis of the 7-repeat allele of DRD4
->case-control (odds ratio=1.45 (95% CI 1.27-1.65))

Li et al [2006] - pooled OR of 1.34 (1.23-1.45) across 33 studies.

In genome-wide studies of ADHD, odds ratios are generally < 1.1,
possibly due to heterogeneity of subjects and diagnostic methods.




BENEFITS TO PATIENTS AND SOCIETY

Matching the riézht drug at the right dosage may mean
that we stand to increase our ability to:

@ Treat patients right the first time
@ Minimize the risk of dangerous side effects
@ Reduce the risk of suicide

@ Give family doctors tools they can use - increasing
their ability to manage patients in the community

® Save 100s of millions of dollars in prescriptions that
are ineffective or harmful

@ Evidence-based biomedical test reduces stigma
against people with mental illness

* RESEARCH s INNOVATION

E* onearia

25

Antipsychotic-induced Weight Gain:

Antipsychotic Induced Genome Wide Study

Weight Gain
and Metabolic Syndrome

This GWAS was done on N=180 youths age 7 to 16 treated Under the chr 18, g arm
with antipsychotics (risperidone, olanzapine, quetiapine, BINGO!
aripiprazole) for disruptive behaviour. Nearly all gained weight :

to some degree.

‘Manhattan’ Plot of minus log p-values
(Malhotra A... & Kennedy JL, submitted)

Melanocortin 4 Receptor Gene (MC4R) Predicts -
ipsychotic-induced Weight Gain yanotra.. & Antipsychotic Induced Weight Gain — Multi-gene test
Kennedy,
Hcc EAC [AA JAMA Psy [
p=3.0 x10¢
p=2.8x107 o
” b p=0.00014 . = AIWG genes
£ g v
E% Meta analysis: ] MC4R CNR1
S p=0.007 p=.042 genome wide § e NPY NDUFS1
& sig effect i- 43141 HCRTR2 GCG
(p=5.59 x 10-2) " ;
-2.19%3.2
l LDw'risk Inlermedliate risk HighI risk
% - pea oor1 230r4 5,60r7
erman Sample sample
in Toronto Sampl Risk score
eller) (First Episode Tiwari et al. 2010; 2013; Brand et al., 2014; Malhotra et al., 2012;
et Patients) Tiwari etal. in prep; Goncalves et al., 2014
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Relevance of Neuroimaging in
Understanding ADHD

Adriana Di Martino, The Child Mind Institute, New York
Do ADHD and autism overlap in the brain connectome?

Philp Shaw, National Human Genome Research
Institute, Bethesda
Growing out of ADHD

Epigenetics —-

Environment

Endophenotype concept

==

Assumptions:
= Less genes involved
= Greater genetic effect sizes

Mechanism 1

Agune mtusceas one
#eta of the beain, which
infuences dilerant cogritive

symptom —_—
phenotype

J e |

{ £ Agene infuences seversl
'm OGO 2008 of B bemer, dod

Sy sympom
¥ phenotype

Pleiotropy: Genetic risks effect multiple processes

Kovas and Plomin, Trends in Cognitive Neuroscience, 2006

Behaviour
2
gene effect gene effect
&——0 @
—0
o——
O——0
Each gene has a distinct Polygenic trait: Many genes
biological effect. contribute to a single effect.
gene effect gene effect
o - >0
P .
@
@ ®
Pleiotropy: A gene hos Polygenic traits and pleictropy
multiple effects.
ps:) .8r du/peopl hid: ics-mendel.asp;
4
2 s vt 8 g s 11088

Endophenotype: a conceptual analysis
K3 Kendier'* and MC Neals'~

* Intermediate phenotype (causal)

* Risk index of genetic liability (pleiotropy)




Intermediate endophenotype

b ve RVEP RVPD
Genes Endophenotype P;))f;:‘l;ri::rric

Intermediate phenotype

b V& RVEP RVPD
Psychiatric
Goney Disorder

Genetic risk liability model
*

Genetic risk factors
(pleiotropy)

Specific
reading

Working Response

ASD

difficulties
(dyslexia)

memory inhibition

Neurodevelopmental comorbidities

7
Genetic risk factors
(pleiotropy)
Specific
reading
(D difficulties =0
(dyslexia)
Neurodevelopmental comorbidities

9

Genetic risk factors
(pleiotropy)

Neurodevelopmental comorbidities

11

10




Adult remission from childhood ADHD:
insights from multimodal imaging

APSARD
Annual Meeting
January 20t 2019

* No conflicts of interest

* Funding
* Intramural grants from the National Human Genome Research Institute and
National Institute of Mental Health

Overview

* ADHD: remission and persistence

* Models of remission

* Neural correlates of remission
* Anatomic cortical trajectories
* White matter microstructure
* Intrinsic functional connectivity
+ Task-related functional connectivity

ADHD through the lifespan

* Peter *» Susan

* Restless and fidgety since birth « Physically impulsive

« Impulsive « Highly distractible

« Inattentive, poor sustained focus « Struggling at school

« Diagnosed ADHD age 6 « Diagnosed with ADHD age 6.

ADHD through the lifespan

* REMISSION: Peter * PERSISTENCE: Susan
« Symptom resolved around middle school * Symptoms unchanged

* Stopped medication age 15 * Struggled to graduate high school

* No other psychiatric problems « Struggled to stay employed

« 25 years: symptom free * 24- marked ADHD symptom

Remission vs persistence

* How frequent is .
remission/persistence? e
(Faraone et al, 2006)

* ~15%: childhood syndrome ! %
persists into adulthood £ >
* ~50%: have partial remission
with some symptom
persistence =

* 6 recent prospective studies
return similar estimates e
* Full syndrome ~20-30%
* Impairing symptoms —
70=80%




Remission: importance

* Why study remission/persistence?
* Public health importance
« Might help prediction of prognosis
« Stimulate novel treatment approaches

* How to study neural factors underpinning remission?
« Interventional (does altering a neural process lead to remission?)

* Observational:
* Prospective: bind together clinical and imaging assessments
* Mixed: clinical over time; image at adult endpoint

Models of remission

Persistent Remitted adult brain
brain

Compensation/ Atypical Remitted # persistent #
neural reorganization never affected brain

Convergence Atypical Remitted = never affected brain
Fixed anomalies Atypical Remitted = persistent
# never affected brain
Mixed models: subcortical fixed jes (reg of remission) but cortical ion (eg Halperin, Newcorn)

7 8
Studying remission The definition of persistence/remission
* DSM IVR criteria
Adult clinical reassessment (N=290, 2443 years) * (now including DSM 5 category of in partial remission)
childhood * Clinician interview (CAADID), SCID (for DSM-IV axis 1)
cohort Multimodal imaging (N= 160-220)
(M=10 yrs) White matter tract microstructure (DTI) « All analyses were categorical and dimensional (hyperactive-
ADHD, N=202; Intrinsic functional connectivity (FMRI and MEG) impulsive/inattentive symptom counts)
Unaffected, Task based activity (FMRI and MEG)
N=202
Neuroanatomic imaging (N=280)
9 10
Neuroanatomy and remission Neuroanatomy and remission
* Where is change in cortical : 4 —Controls—Remitted ADHD ~ =—Controls —=Persistent ADHD
dimensions associated with adult BIQ'Oglcal 30 23
outcomes of ADHD? . . Ezg £
Psychiatry Q i
" Fi = % 3.7 E 3.7
* A longitudinal anatomic study (1.5T; . o éa‘s gs.e
CIVET- cortical thickness) I 2 €35 £1s
& © 11 14 17 20 23 26 8 11 14 17 20 23 26
E Age (years) Age (years)
€ Slope difference, p=0.002 Slope difference, p=0.11
d=0.3
Shaw et al, 2013, Biol Psychiatry Shaw et al, 2013, Biol Psychiatry
11 12



White matter microstructure

Remission: white matter microstructure

* Background
* ADHD as a ‘developmental dysconnectome’ (di Martino et al 2016)

« Outcome associated with neuroanatomic trajectories of multiple cortical
regions (Shaw et al 2013)

« Are structural connections in the brain, composed by white matter tracts, also
associated with adult outcomes?

Shaw et al, 2015

‘White Mater Microstructure and the Variable Adult
Onsteome of Chidhood Atteation Deficit Hyperactivity
Disorder

13
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Remission: white matter microstructure

« Diffusion Tensor Imaging
* 3 Telsa, GE scanner
* 86 non-collinear directions
* 43 remitted, 32 persistent; 74 never-affected
« Quality control: excluded 51/200 data sets
« Adjustment for age, residual head motion, medication, sex
« Controlled for multiple comparisons (Bonferroni)
« DTI-Tk for registration and extraction of 11 major tracts

Shaw et al, 2015, Neuropsychopharm

Remission: white matter microstructure

o 2
Fractional “ ‘ T 1 _L =
anisotropy e ? w“ H \?

Control Remitted Persistent Control Remitted Persistent

Categorical contrasts: Persistent< NV (effect sizes 0.68-0.8). Remitted =NV
No group difference when analyzed on basis of childhood history

Held when excluded those on psychostimulants, current comorbidity
psy 4 Shaw et al, 2015, Neuropsychopharm
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Intrinsic functional connectivity

Remission: intrinsic functional connectivity

* Intrinsic connectivity: coordinated brain activity
during task free periods:-
* Magnetoencephalography (MEG) .
* Functional MRI (fMRI)
« Total N=205 (variables numbers completing each modality)

* Predictions about intrinsic connectivity in remission
»'Normalization’ (ie remission =never affected)?
» Neural reorganization (ie remitted different from other groups)?
» Fixed childhood anomalies (ie remitted=persistent)?

Sudre etal, 2017, PNAS

17
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Methods

* MEG
+ Quality control: removed 32% data
* Visual inspection for motion and muscle artifacts (boundaries marked)
* No correlation between residual head displacement and adult symptoms
* Analysis: activity mapped to cortex (beam former localization ;SAM tools, band
passed filtered)

« fMRI
* Volumes > 0.2mm or 10% of voxels as outliers were excluded
* No correlation between residual head displacement and symptoms

PNAS

Muttimodal mapping of the brain's functional
connectivity and the adult outcome of attention
deficit hyperactivity disorder

Sudre...Shaw, 2017

Methods

Default mode

Visual

* Define connectivity Dorsal R
* MNI template with 6mm gird (2146 locations; venwral  Component A
Cognitive. attention
each allocated to network) control
L . ) Somatomotor

* Connectivity = pairwise connections o

* MEG —phase coupling consistency MEG.

« fMRI- correlations between residualized time series 65-100Hz

component

« Extract stable connectivity patterns -
+ 1,000 initializations and bootstraps- stability 48Hz
metric >0.85 (ICASSO) compenent
« Stable connectivity patterns: 6 fMRI; 56 MEG

Sudre et al, 2017, PNAS
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Adult outcome and connectivity patterns

* Association with
inattention
* 4/56 MEG (rho 0.45 to
0.54, Bonf adj p<0.05)
* One fMRI connectivity
pattern Srho=0.31,

Categorical contrasts

Never affected
default mode B
'

cognitive

p=0006 dorsal attention
ventral attention

 Categorical contrasts: motor
remitted=never visual

affected<persistent

attention

attention
motor
visual

* No difference between
those with childhood
ADHD vs never affected

8

default mode

Sudre et al, 2017, PNAS

Adult outcome and connectivity patterns

* Association with
inattention
* 4/56 MEG (rho 0.45 to
0.54, Bonf adj p<0.05)
* One fMRI connectivity
pattern Srho=0.31,

Categorical contrasts

Never affected Remitted

B

default mode

m

cognitive

p=0006 dorsal attention
ventral attention

 Categorical contrasts: motor.
remitted=never visual

=

affected<persistent

attention

attention
motor
visual

* No difference between
those with childhood
ADHD vs never affected

cognitive

MEG component (gamma)

(2)=7.8, p=0.02:

Pairwise: remitted=never affected<persistent (0=0.001)
Inattention rho=0.45,p<10e-04

default mode

21
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Adult outcome and connectivity patterns

* Association with
inattention
* 4/56 MEG (rho 0.45 to
0.54, Bonf adj p<0.05)
* One fMRI connectivity
pattern Srho:O,Sl,

Categorical contrasts

Never affected Remitted Persistent

7 |

default mode

cognitive

p=0.006 :
ventral atention o

* Categorical contrasts: mtor :
remitted=never el | | I <

affected<persistent

attention

attention
motor
visual

* No difference between
those with childhood
ADHD vs never affected

=

MEG component (gamma)
7(2=7.8, p=0.02:

Pairwise: remitted=never affected<persistent (0=0.001)
Inattention rho=0.45,p<10e-04

default mode:

Summary

* Intrinsic connectivity: remitters did not differ significantly from never
affected

« Results held when removed those on psychostimulant medication
and those with current comorbidity

* Remission
> ‘typical’ white matter microstructure
> ‘typical’ cortical intrinsic functional connectivity

23
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Task related neural activity

Adult outcome and task related processing

* Response inhibition:
« Core cognitive deficit in ADHD
* Recruits inferior frontal gyri/ caudate circuitry
* Where does activation reflect adult outcome vs childhood history?

« 35 persistent; 47 remitted; 99 never affected

Szekely...Shaw,2017

Disining the Nowrat Substrate af the Adult Cub
Chilisncad ATNE: & Multimadal Nersmag)
Respanse Innisten

25 26
Methods Behavior and fMRI N
inferior frontal gyrus
3 o b FEI0)
* fMRI * Behavior: Remitted=never g oo —
* Region of interest: affected > persisters T
« Inferior frontal gyri: activation reflects adult outcome? persisters less accurate (F=4,5, p-0.01), Z w—
* Caudate: activation reflects childhood history? longer SSRT (F=3.46, p=0.04) g by
% 0%
* Whole brain: latest version 3dClustSim : voxel-wise p value ,0.05 and a « Cortical (Inferior frontal gyri) activity g ]
cluster-corrected alpha level ,0.05 (k=1, minimum cluster size=512 voxels) reflected outcome =
* Data processing — quality checks as before « Remitted =never affected >persisters e Newmons  Femied i
« Association with hyperactivity-impulsivity F((2,145)=4.37, p=0.01
Remitted=never affected
Sleekly et al (2017), Am J Psych Szekely et al (2017), Am J Psych
27 28
Behavior and fMRI MEG
* Caudate activity reflected childhood history * Cortical activity .d.u ring
 Childhood ADHD (remitted+persistent) vs never affected: reduced R caudate successful inhibition
during successful inhibition (t=2.28, df=1, 146, p=0.02);i associates with adult .
outcome )
* Whole brain level: * Whole brain analyses (FDR | H
* Cerebellar activation reflected outcome (also found for MEG) q<0.05) ’] [
= * Hyperactivity-impulsivity % N | |
associated with R inferior * ﬁ ﬁ } i i
o frontal theta activation during NAREERER o
successful inhibition
- Szekely et al (2017), Am J Psych
29 30




Summary

« Inferior frontal gryal activity during inhibitory processes reflects adult
outcome: remitters resemble never affected

« Cerebellar activity reflected adult outcomes (fMRI and MEG)

« Caudate anomalies found (fMRI only) in those with history of childhood
ADHD, regardless of outcome

* Findings robust to excluding those on regular psychostimulants/ current
comorbid major depression/ GAD

Models of remission: summary of our studies

Compensation/ Remitted # persistent # -
neural reorganization never affected brain
Convergence Remitted = never Cortical activity during response
affected brain inhibition

Intrinsic functional connectivity
White matter microstructure

Fixed anomalies Remitted = persistent

# never affected brain

Subcortical activity during
response inhibition

31 32
Other studies into adult outcomes.... Models of remission
* Five major studies of adult outcomes... m Neural finding
* SUNY: Halperin/Newcorn : fMRI Convergence Remitted = never  Schulz 2017: prefrontal activity during high
* NYU: Mannuzza/Klein/Castellanos/Cortese: aMRI, DTI affected brain cognitive demand (fMRI)
* MGH: Biedernam/Mattfield: rsfMRI
* IoPPN: Asherson/ Kuntsi: EEG/ERP Schneider (2010): prefrontal activity during
* IMAGE: Euro multi-site: too young to have many remitters: aMRI/DTI/rsfMRI response inhibition (fMRI)
Cheung/Michelini (2016): EEG/ERP Indices
of response preparation /vigilance
(trend for indices of cognitive control)
Mattfield (2014): default mode intrinsic
connectivity (fMRI)
33 34
Models of remission Conclusions
* Remission similar to never affected in mainly cortical/cerebellar levels
gixed Remitted = persistent Clerkini(201a/thalamiclctivity  Remission can occur despite fixed subcortical anomalies
anomalies +# never affected brain during response preparation (fMRI)
Mattfield (2014): connectivity
between DMN and cognitive control « Future directions: Prospective multimodal imaging for a definitive
Cortese (2014) focal anomaAlies in mapping of the trajectories of remission
white matter tracts
Compensation/ Remitted # persistent # Clerkin (2013): thalamic-prefrontal
neural never affected brain connectivity during response
reorganization preparation: remitters had unique
pattern
35 36
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Conclusions

« Convergence
« Cortical activity during cognitive challenge
« Intrinsic connectivity (within default mode network)

* Fixed anomalies
« Subcortical (striato-thalamic) activity

* Compensation
« Thalamic-frontal connectivity during response preparation

« Different processes at different brain levels

Convergence/'normalization’

* ‘Top-down’: neural findings
« Shculz 2017: fMRI: high cognitive demand: remitters=never affected > persisters
+ Schneider 2010: fMRI:response inhibition: remitters=never affected>persisters
(inattention)
+ Cheung 2016/Michelini 2016: EEG?ERP indices of cognitive control (eg nogo=P3
amplitude/N2 signal): never affected>remitters>never affected

39
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Cognitive models of remission

* ‘Bottom-up’
* EEG/ERP: indices of response preparation and vigilance (CNV and error processing):
Remitters=never affected> persistent

« fMRI: response preparation (Clerkin et al 2013):: never affected >
remitters=persisters

* Connectivity between thalamic-prefrontal cortex: remitters had unique pattern
(compensation)

* Default mode network
* Mattfleid et al 2014: Connectivity within DMN: remitters= never affected > persisters
« Connectivity between DMN and cognitive control: atypical in both persisters and
remitters

MEG

* Outcome group differences at whole brain level
« Cerebellar activation 500-600ms following stop signal (fdr corrected)
« Theta and delta bands (shown)

41
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STUDY

SUNY
(Halperin/Newcorn/
Schulz)

MGH
(Biederman/
Mattield )

NYU

(Klein, Mannuzza
Castellanos)
|oPPN London
(Asherson, Kuntsi,
Michelini)

Task fMRI
(inhibitory and
response
preparation)

Resting fMRI

Anatomy, DTI

Task based EEG
(top down and
bottom up)

Normalization Fixed anomalies

Compensation

++ -Connectvity +
(cortical) during (thalamic)
response
preparation
++ - +
(default mode (connectivity between
network intrinsic) networks)
+ - +
(deep structures) (posterior cortex and focal
++ - ++
(bottom up (top-down measures)
measures)

Percentage
cBEBEYBIBEE

Remission vs persistence: update 2019

& o

E [ dﬂ OFull syndrome

O Impalring symptoms
El]
a

Age (years)

(1) Klein et al 2013

(2) Shaw et al 2013

(3) Halperin et al 2008

(4) Biederman et al 2010
(5) Molina et al 2009 ([a]at
age 14, [b] at age 17)

(6) Francx et al 2015
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The International Collaborative
ADHD Neurofeedback Study

Double-Blind 2-Site Randomized Clinical
Trial of Neurofeedback for ADHD
L. Eugene Arnold, M.D., M.Ed.
Professor Emeritus of Psychiatry, Ohio State University
and the Neurofeedback Cooperative Group

ICAN Study Design

Two-site, parallel group, double-blind randomized
comparison of Active to Sham NF

142 boys & girls ages 7 — 10
— Rigorously diagnosed ADHD
Randomization 3:2 ratio: 84 Active & 58 Sham

— Blocks of 5, balanced on current ADHD med

All staff with participant contact did not know the condition
child was in

Arnold Disclosures 2019 —Past 5 Years
i -Kil Expenses

Source e [ o o, [ [ S e

funding | consultig Propert | Travel |y

YoungLiving X E. Oils

Shire X X

Supernus X

Thought amplifier

Technology ADHD ste

Brainmaster amplifier

Noven X

Seaside X

Biomarin X

Arbor X

Tris Pharma X

Roche X

EEG Softwa softwar

CHADD X X

Comparison of ICAN Treatments

Coaching X X
Inhibit movement X X
Inhibit muscle artifact X X
Downtraining T:B ratio:

Contingent inhibit theta X

Contingent reward beta X
Money points X X
Nutrition counseling X X
Sleep hygiene X X

Sequential Inclusion / Exclusion process
* Structured Interview (ChIPS) and Clinical Evaluation

» Theta / Beta Ratio (TBR) of > 4.5 at CZ or FZ in eyes open
* T score > 65 on Conners-3 DSM-5 ADHD Inattentive

* 1Q>80
* Vitamin D in normal range (> 30 ng/ml)

Participants — Inclusion

(parent & child)
(EO) condition (also identified training site)

criteria by both parent & teacher

ICAN Demographics
Mean age 8.4 years (SD = 1.14)
78% male
76% white non-Hispanic/Latino
8% African-American
4% Asian
13% Hispanic/Latino
49% receiving special education services

Household income: <$50K=25%; $50K to $100K = 44%;
>$100K=31%

Primary parent education: HS Dip = 8%; up to 2yr College
= 21%; College Grad =39%; Adv  Grad/Professional =




Blinding: Guesses About Assignment

Unsure 42% 44% 35% 40%
Correct 34% 32% 39% 35%
Incorrect 23% 24% 26% 25%
Control Tx 25% 7% 24% 19%
guessed

correctly

Inattentive Symptom Item Means
(Primary Outcome)

—+-Composite Rating
-=-Parent Rating
-+Teacher Rating

60% Responders: CGI-I =1 or 2

Baseline Session 20 Session 40

Hyperactive-Impulsive Symptoms

NF sutcoms by souse

60% Responders =
. CGl-l=1o0r2

0 w0 w

Comparison to MTA:

Composite P &T Rating of Inattention
[ =W —wmAveauq  —wmasn |

Control Does as Well as NF

NF by groups

Comparing Pre-Post Effect Sizes:

Inattention Improvement

Cohen's d BL to Treatment end

m Parent Rating Inattn
m Teacher Rating Inattn
m composite Inattn ES

NF ICAN Control MTA Beh MTA MedMgt

MTA Cooperative Group. Archives of General Psychiatry, 56:1073-1086, Dec. 1999




Impairment Outcome:
Functional Assessment -Higher Better

Treatment sounce
== Coniral [

[ Teacher
—— NP Parse
= HF Tuachu

g
el 3 3 = Impairment
i threshold for
-25 parent rating
2.5 = impairment
24 threshold for

teacher rating

o S o
Sessions

Timed Math Test: # Correct

LS-Means for i session

AEs Possibly Attributable to Tx
Possibly related Adverse Events “

[ ——

20 (34.5%) 31(36.5%)
10 (17.2%) 16 (18.8%)
329 6%
1 07%) 204%
0.(0%) 2(24%)
0(0%) 10.2%
1 7%) oo%)

[ siavaes IO 102%
5@6%) 9 10.6%)

Neurofeedback Theta Learning
and Inattention Improvement

Theta Mediates Teacher Rating Imp

Corm Trnstomrt e rctuadinck G

Twssheer ratn d s sn fawar)
SRR e——

e
Cohen'’s d end-Tx = 0.72

Identification of Theta Learners

“Learners”: decreasing slope of theta (green)
“Nonlearners”: flat or increasing slope (blue)

Example of Theta Learner vs Nonleamer over Course of Treatment

Importance of follow-ups

Geladé, K., et al (2018). 6-month follow.
European Child & Adolescent Psychiatry, 27(5),
581-593. doi:10.1007/500787-017-1072-1

+ RCT of Theta/Beta Neurofeedback
vs. MPH vs. Sport

« Initial result post-Tx:
Sport=NFB<MPH

* After 6 months:
Sport<NF~MPH
NF d 0.44 > 0.98

Van Doren, J., Ams, M., etal
(2018). Sustained effects of NF in

ADHD: meta-analysis. European
Child & Adolescent Psychiatry.
0i:10.1007/500787-018-1121-4 e




Peek at ICAN F-U: % of Sample

Compasite NF outcome by treatment groups

P&T Inattention rating
NF vs. Control
Baseline to 13 Mo.

Change Tx end
to F-U:

NF d=0.21
Control d=0.001
Difference at FU:
d=0.4

Sessloms

Summary & Conclusions

» Results apply only to Theta-Beta NF

» Both NF and control had large pre-post effect
comparable to MTA behavioral treatment

» NF not significantly different from control

» Raises questions re both NF and “evidence-
based” standard treatment

» Cannot conclude a specific effect of NF --at
least in short term

Follow-up Functional Assessment
(Higher is Less Impairment)

Functional Assessment by treatments

Treatment
— = - Contrel
—

Session

Summary & Conclusions -2

* May be a delayed benefit, yet to be examined in
follow-up

» “Nonspecific effects” apparently as good as longer,
more expensive & intensive MTA Behavioral Tx

» Control group needs further study
* What made “sham” so effective?

Summary & Conclusions -3

* What made “sham” so effective?
— Artifact suppression (EMG biofeedback)?
— Bleeding through of intermittent NF?
— Supportive coaching?
— Practice Focusing on an uninteresting screen?
— Attention to Nutrition & sleep hygiene?
— Powerful sci-fi props “super placebo”?
— Is it necessary for the child to believe in it for it to work?

Neurofeedback for ADHD

An update of the meta-analytic
evidence after ICAN

Edmund Sonuga-Barke on behalf of the European ADHD
Guidelines Group
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THE EUROPEAN ADHD GUIDELINES GROUP
KNOWLEDGABLE AND PASSIONATE ABOUT ADHD TREATMENT

Simonoff (UK; Char); Banaschewski (Germany); Brandeis (switzerland/Germany); Buitelaar (Netherlands); Coghill(UK);
Cortese (UK); Danckaerts (Belgium); Daley (UK); Dittman (Germany); Doepfrer (Germany); Ferrin (UK/Spain); Holls (UK);
Konofal (France]; Lecendreu (France; Rothenberger (Germany); Santosh (UK); Sonuga-Barke (UK/Belgium); Stevenson
(USA); Van der Oord (Belgium); Wong (Hong Kong/UK); Zuddas
(Italy); Santosh (UK); Holtman (Germany): Taylor (UK)

INCLUSION CRITERIA

* RCT (including non-blinded and cross over trials)

* ADHD diagnosis (or meeting validated cut-off)

* ADHD outcome

* Suitable control (placebo/attention-active/wait list/TAU)

ADHD OUTCOMES

* The primary outcome was ADHD symptom change.
¢ Blinding addressed by comparing two outcomes.

— MPROX —ADHD assessment most proximal to the intervention setting
(Typically parent ratings).

— P-BLIND — ADHD outcomes where the rater was likely to be unaware of treatment
allocation.

* Where there was more than one option the best blinded was chosen.

25

M-PROX

ES = 0.59*

Lanamargen 311 —_—
B shapran 3211 ——

P-BLIND

- £ 3
E Sonuga-Barke et al., 2013, AP

27

&

2013-20.

20

4 new trials - In total 17 RCTs with 825 participants now meet the EAGG criteria

1
= MPROX
0.8 H PBLIND
06 N-g
0.4 N-13
Nea
o m HEB
2013 2016 2018

Sonuga-Barke et al,, 2013, AIP Cortese et al,, 2016, JAACAP
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2013-2016

1
= MPROX
0.8 = PBLIND
0.6 N=8
0.4 Ne13
Nea

" . I i

0 1

2013 2016 2018

Sonuga-Barke et al,, 2013, AIP Cortese et al,, 2016, JAACAP
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2013-2016-2018(AFTER ICAN)

1
 MPROX
08 mPBLIND
0.6
0.4 N=18.
0.2 N=13
0
2013 2016 2018

Sonuga-Barke et al,, 2013, AIP Cortese et al., 2016, IAACAP
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SENSTIVITY/MODERATOR ANALYSES

* This finding varied as a function of —

*Neurofeedback type — SCP > FBT

« Control arm type — passive (e.g. TAU) > active (e.g. sham)

* This finding did not vary as a function of —

*Sub-dimension (inattention or hyperactivity/impulsivity).

«evidence of neural learning.
*Whether the training protocol was “standard”.

*Background pharma.

B MPROX

EPBLIND
0.8

0.6

17

N=
N i
0 —

BEHAVIOURAL COGNITIVE

NF COMPARED TO OTHER NON-PHARMA

N=14 Ne17

NEURO

31

SUMMARY

¢ Small but statistically significant effects of ADHD

symptoms based on the best “blinded” evidence.

¢ NF similar efficacy to cognitive training.

e Clinical significance?
¢ Neuropsychological effects?

o Sleeper effects?

33

Sham integrity?

“Low Artifact Example

‘Added"
Feedback

Real
*High Artfact’ Example

‘Added'

Feedback \| | MUY | S| PV
Real x:

Artifact was defined as:
>Mean background Real
EEG

<Mean: Sham=Sham signal
(=Feedback ‘Low Artifact)
>Mean: Amplify Sham
signal (=Feedback; ‘High
Artifact’)

EEG signal: 1/f,
Theta>>Beta (TBR>4.5)
Unwanted effect: Theta
burst triggers ‘Artifact’ more
often then most other EEG
activity

Comparison to MTA Treatments
Parent inattentive ratings

22

1.8

1.6

1.4

12

Baseline Mid-Tx

Tx End

~—ICAN NF
—~—MTA MedMgt
~-MTA Beh

All Adverse Events
Whether Attributable to Tx or Not
| control |

BEHAVIORAL AE
GASTROINTESTINAL AE
RESPIRATORY AE
NEUROLOGICAL - CNS AE
GENERAL - CONSTITUTIONAL AE
EYES/EARS/NOSE/THROAT AE

MUSCULOSKELETAL AE
RENAL/URINARY /REPRODUCTIVE

-
8

45 (77.6%)
35 (60.3%)
33 (56.9%)
29 (50%)
27 (46.6%)
17 (29.3%)
14 (24.1%)
8 (13.8%)
1(1.7%)
209

64 (75.3%)
52 (61.2%)
51 (60%)
42 (49.4%
36 (42.4%
29 (34.1%
26 (30.6%
1 (12.9%)
0 (0%)
311

)
)
)
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ICAN addres

Small samples

Lacking sham/placebo
controls

Lack of blinding

No RDoC EEG
participant selection

sed Flaws in Previous NF
ADHD Trials

N=142

Used a sham of equal duration,
intensity, frequency, & likelihood of
reinforcements; prerecorded EEG of
active NF with the child’s muscle &
movement artifacts superimposed so
it looked like their own

All participants, parents, teachers,
trainers & investigators blinded
RDoC =TBR >4.5 at FZ or CZ
required for study entry

Flaws in Previous NF ADHD Trials — 2

Lack of testing of blind Collected blinding information from
validity children, parents, & trainers

Lacking identification, Tracked & monitored medications,
measurement, and psychotherapy, and educational
control of concomitant interventions; no psychosocial Tx
treatments allowed

Few post-treatment 6-, 13-, and 25-month Follow-Ups

follow-ups

Flaws in Previous NF ADHD Trials — 3

Lacking monitoring
and reporting of
adverse effects (AEs)
Large variability in NF
treatment

No treatment fidelity
monitoring

Used pharma-like safety monitoring
& adverse event tracking; monitored
AEs weekly; weekly clinical panels
Standardized training site (CZ or
FZ); inhibit theta (4-8 Hz) and
reward beta (13-21 Hz); 38 sessions;
systematic session lengthening 25 to
45 min; 3X/wk; 13 wk.

Careful fidelity monitoring by NF
expert; reviewed session videos, &
weekly calls with trainers; site visits

?? Re Sham Inertness

! + Real Neurofeedback
u group: TBR low
before reward
(=contingency),
higher after reward =
TBR Differentiation
+ Significant
differentiation also
for Sham group at
* ok |k dkdk igssion 20, 30, 35 &
e St - Sham TBR
» 8 v a( =) s[.» differentiation
s correlates with
overall improvement
Correlation to Inattention change BL-40 (Sham: R2=9- (BLto Se_sslon 40)
11%) « Sham active?

£

ICAN Design Clinical Relevance

Addressed many flaws of previous NF trials
Used combined parent & teacher Conners-3 DSM-5

ADHD Inattention scale as primary outcome

diagnosed ADHD

In children age 7-10 with categorically and dimensionally

— High proportion of high TBRs (78%)

ICAN Design Summary

Selected those most likely to respond to TBR NF training
(RDoC)

142 children age 7-10 (ITT analysis)

Diagnosed ADHD both categorically (ChIPS) &
dimensionally (Conners-3)

Randomly assigned to NF or double-blind sham of same
duration, frequency, coaching, and rewards for up to 38
treatment sessions

Blinding was successfully implemented across parents,
children, and trainers




Disclosures

2019 APSARD
A Gentle Introduction to FMRI NIH

Research AACAP
Shire Pharmaceutical

Jonathan Posner, MD Aevi Genomics

Columbia University

. Techniques in Magnetic Resonance Imaging
Outline

MRI modalities MRI Technique Description

. . Uses strong magnetic field to align spins of
What does functional MRI (fM RI) aCtua”y MEGEE [ REmEeE hydrogen nuclei and then measures their rates of

Imaging )
measure relaxation.
. . Uses MRI to create images of features of brain
Task De5|gn Anatomical MRI structure.

Follows changes of ratio of oxygenated and
deoxygenated hemoglobin to determine blood flow
and neural activity

Measures limitation of diffusion of water to map
white matter fiber tracts.

Resting fMRI & functional connectivity N

Potential pitfalls

Diffusion Tensor Imaging

MR Spectroscopy Measures the concentration of metabolites.

Arterial Spin Labeling Measures perfusion pulse-tagged hydrogen nuclei

_____________________________________________|
3 4

Functional Magnetic Resonance Imaging (fMRI)

+ Changes in blood
flow (proxy for
neural activity)

What does fMRI measure?

* FMRI signal = Blood
Oxygen Level
Dependent (BOLD)

Blood Hemoglobin Magnetism

Oxygenated Oxy Diamagnetic Magnetic properties suppressed

Deoxygenated Deoxy Paramagnetic Magnetic Properties NOT suppressed




fMRI Task Design

Stimulus Stimulus
OFF OFF

Time

Block Design
Subtraction Paradigm

Functional MRI Statistical Testing

Number of

Images in

FMRI Time
Series

Mean of Active  Mean of Control
Task Signal Task Signal

Signal Intensity

Making Pretty Images

§

-
T Statistical Map Anatomical
Template

Functional MRI Signal

Signal Amplitude

. 5 - Single Voxel's
FMRI Time Series Time-Varying Signal

&k

T Statistical Map

Task Design




Subtraction Logic

Two paired conditions should differ by the
inclusion/exclusion of a single mental
process

Example: Motion F. C. Donders
Condition 1: View stationary rings
Condition 2: View moving rings

.. .. “ .
Condition 2 — Condition 1 = "motion

Assumption: Linear model - Insertion of a mental
process does not alter the previous process

Parametric Design

"Parameters vary incrementally for a given task

=Parameters are correlated with signal intensity at each voxel

= Allows comparisons along multiple levels of a given task,
rather than comparison with a single control task

Tower of London task

From Connectivity to Networks...

Brain regions that work together (networks) tend
to fire together even at rest

Subtraction Logic

Resting State fMRI

No explicit task provided

Subject thoughts freely Connectivity Maps
wander (10-15 minutes)

Correlations in low
frequency (< 0.1 Hz)
fluctuations in neural
activity across disparate

brain regions
(Fox, 2005)

From Networks to Graphs...




Statistical Issues:
Potential pitfalls

Multiple Comparisons (cont)

* Bonferroni method
— p =0.05/100,000 tests = 0.0000005
— Overly conservative?

* Cluster size correction
— Overly lenient?

* Nonparametric

" Eklund, 2016

Multiple Comparisons

* Statistical Significance: p < 0.05

* Every voxel is a statistical test
— 100,000 tests x 0.05 = 5,000 false positives

FMRI reveals...

i

Bennett, 2009

Questions??




o

ZaAUT1CO,...

Geha Mental Health Center

Tel Aviv University

* Impairment and symptoms
in adult ADHD

Dr. Iris Manor

Geha Mental Health Center, Petah Tikva, Israel.
Sackler Faculty of Medicine, Tel-Aviv University, Tel-Aviv, Israel.
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symptoms and impairment

« ADHD is a chronic, life time, impairing disorder.

« Its’ evaluation, and to a large extent its treatment, is based
on symptoms.

» Several studies have already demonstrated that symptoms
and impairment are not correlated enough (Gordon et al,
2006, Ben-Shitreet et al, in press)

Gordon M1, Antshel K, Faraone S, Barkley R, Lewandowski L, Hudziak JJ, Biederman J, Cunningham C. Symptoms
versus impairment: the case for respecting DSM-IV's Criterion D.J Atten Disord. 2006 Feb;9(3):465-75.
Ben-Sheetrit J, Zurawel M, Weizman A, Manor | Symptoms Versus Impairment in Adults With ADHD:
Intercorrelations of the BRIEF-A, CAARS, and TOVA

Symptoms and impairmant

Persistence vs. remission: the percentage of symptomatic
remission is significantly different than that of impairment
remission (Biederman et al. 2000).

« Adults with ADHD tend to have fewer symptoms, but are
even more cognitively impaired than children and
adolescents (Ben Sheetrit et al, 2017)

#

Biederman J, Mick E, Faraone SV. Age-dependent decline of symptoms of attention deficit hyperactivity disorder
impact of remission definition and symptom type. Am J Psychiatry. 2000 May:157(5):816-8,

Ben-Sheetrit J, Tasker H, Avnat L, Golubchik P, Weizman A, Manor |. Possible Age-Related Progression of
Attentional Impairment in ADHD and Its Attenuation by Past Diagnosis and Treatment J Atten Disord. 2017 Dec

DSM-III-R ADHD

100
— Syndromatic remission (<14 symp.)
iy, L — Symptomatic remission (<35 symp., may be impaired)
m— Functional remission (<5 symp., no impairment)
T 60
&
¥
& 40
20
= 10%
1] c i
=6 &8 9N 12-74 1517 18-20

m ADHE Asvsoiug, 115 By, Acconiseg b Definition of Remissn
ey X

Aigr- St Prevatencs 1o B
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* Symptoms vs. Impairment

limical Sypmpiam

*Symptoms are “simple” phenomena
* representing point deficits (e.g. going off-task, impulsive reaction)

* Impairments are “complex” manifestations

* representing failures of executive/cognitive functioning (e.g.
sustained attention, working memory, etc.)

and

* pathological compensations to symptoms (e.g. givins up certain
activities, adapting obsessional organization to avoid careless
mistakes)

* Symptoms are more easily detected in children.
* DSM criteria focus mainly on clinical symptoms.
* Impairments play a central role, especially in adult ADHD.




Response to Treatment difference

The treatment of ADHD is heavily influenced by this discrepancy.

Persistence and remission are no longer so clear cut

Both “remitters” and “persisters” show weaker performance
compared to controls, although the “remitters” tend to perform
better than the “persisters” (Van Lisehout et al, 2013).

The correlation between adults’ symptomatic response to treatment
and their improvement in cognitive impairment is partial (Coghill et
al, 2017).

van Lieshout M, Luman M, Buitelaar J, Rommelse NN, Oosterlaan J Does neurocognitive functioning predict
future or persistence of ADHD? A systematic review. Clin Psychol Rev. 2013 Jun;33(4):539-60.

Coghill DR, Joseph A, Sikirica V, Kosinski M, Bliss C, Huss. Correlations Between Clinical Trial Outcomes Based on
Symptoms, Functional Impairments, and Quality of Life in Children and Adolescents With ADHD. J Atten Disord.
2017 Aug [Epub ahead of print]

Response to Treatment difference

« Weiss et al (2018) studied the relationship between symptom- and
functional improvement and remission in ADHD children and

to-large improvement in functioning,

« Yet, symptomatic improvement, as well as symptomatic remission,
were significantly higher than the functional ones
#

Weiss M, Childress A, Mattingly G, Nordbrock E, Kupper RJ, Adjei AL.

Stimulant Trial. J Child Adolesc Psychopharmacol. 2018 Oct;28(8):521-529.

Even the Placebo Response

* Measured by the “golden standard” rating scales, adults with ADHD
tend to have a significant and unstable placebo response (Ben
Sheetrit et al, 2018).

Measured by objective measures, like the TOVA, the placebo
response tends to exhibit an unstable and mild-to-moderate
improvement pattern, is variable among the TOVA parameters and
is only partially correlated with the CAARS placebo response
(unpublished data)

Ben-Sheetrit J, Peskin M, Newcorn J, Rotem A, Daniely Y, Shbiro L, Weizman A, Manor I. Characterizing
the Placebo Response in Adults with ADHD J Atten Disord . 2018 Jun. [Epub ahead of print]

‘The proneness of the different TOVA parameters to exhibit a PR

Response n=182
Index 15D 28D
e
N (%)
0-SS
35(19.2) 21(11.5)
N (%)
C-SS
52(28.6) 19.(10.4)
N (%)
RTV-SS
i 43(23.6) 19(10.4)
N (%)
N (%)
D prime - SS
50(27.5) 23(12.6)
N (%)

TOVA — Test of Variables Attention; ACS — Attention Comparison Score; O-SS — Omission
Errors Standard Score; C-SS — Commission Errors Standard Score; RTV SS — Response Time

Variability Standard Score; RT-SS — Response Time Standard Score.
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Number of CAARS responders (25% Improvement) and TOVA responders (by 1 SD, 25D (n=182)
Note. * Mean with (standard deviation in parentheses);

CAARS  responders  (25% CAARS  non-responders  (25%

Improvement) Improvement)
Resporie n % n % Tow P D
ACS

15D 47 63.5% 27 36.5% 74 008" 197

25D 33 62.3% 20 37.7% 53 066 136
0-8s

15D 26 74.3% 9 25.7% 35 003* 225

25D 16 76.2% 5 23.8% 27 017" .180
C-sS.

15D 28 53.8% 2 46.2% 52 607 039

25D 13 68.4% 6 31.6% 19 .105 123
RTV-S8

15D 27 62.8% 16 37.2% 43 094 126

25D 14 73.7% 5 26.3% 19 042* 153
RT -5

15D 16 53.3% 14 46.7% 30 816 017

25D 5 71.4% 2 28.6% 7 279 081
D prime - 5

15D 31 62.0% 19 38.0% 50 .085 128

25D 17 73.9% 6 26.1% 23 022* 170

Note. * Mean with (standard deviation in parentheses); ANOVA-RM - One-way Analysis of Variance with Repeated
Measures; ACS Norm > 0; Omission, Commission, RT and RT variability norms >85; ACS - Attention Comparison
Score, 0-SS - Omission Errors Standard Score, C-SS - Commission Errors Standard Score, RTV S5 - Response Time
Variability Standard Score, RT-SS - Response Time Standard Score.

Comparison of Placebo Response and MPH response according to
the TOVA parameters (1SD\2SD)

- HH [l b

*p <.000;

ACS - Attention Comparison Score, 0-SS - Omission Errors
Standard Score, C-SS - Commission Errors Standard Score, RTV SS
- Response Time Variability Standard Score, RT-SS - Response
Time Standard Score.
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adolescents (C&A) treated by Methylphenidate after dose optimization

« They found that C&A treated with Methylphenidate showed moderate-

Relationship Between Symptomatic and Functional Improvement and Remission in a Treatment Response to




Comparison of PR and MPH response according to the TOVA
number of parameters they responded to (2SD)

= = —Placibe ——MPII

13

In summary

Symptoms and cognitive impairment are two separate aspects of
ADHD

There is only a partial correlation between these aspects
according to the clinical picture, the quality of life, the
assessment and the response to treatment

Hence, the issue of impairment vs. symptoms has meaningful
implications on the clinical picture as well as the treatment plan

As such, it deserves to be further studied#

15
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ADHD in Older Adults

Symptoms, Impairment &
Practice Considerations

Practical Questions:

? Will older adults notice unique patterns of
symptoms or impairment vs. younger adults?

? What measures are most practical or meaningful to
identify or track symptom?

Israeli Study

e Chart review of 11 older adults with diagnosis of
DSM-IV-TR ADHD

* Impaired functioning
- Mild 27%
— Moderate 45%
— Severe 27%

Manor |, et al. Clin Neuropharmacol. 2011;34(4):148-54.

5

Considering Symptoms:

Rate of screen positive for ADHD is an indicator:

*  LASA Study identified ADHD using a screener in 65 yo+,
followed by a structured interview. Sensitivity 0.80; specificity
0.77; test—retest validity 0.56

¢ Australian Personality and Total Health (PATH) Through Life
Study used a screener; found that fewer older adults (68+)
were identified than younger adults (48-52 yo)

Overall we can est. rate of 3% over 60 yo

LASA: Longitudinal Aging Study Amsterdam a. Michielsen M, et al. Am J

Geriatr Psychiatry. 2014;22:1623-1632. b. Semeijn EJ, et al. J Am Geriatr

Soc. 2013;61:882-887.

PATH: Das D, et al, PLoS One; 2014;9:e86552.

Goodman, Rhodewalt, Mitchell & Surman, 2016 2

Considering Functional Impact:

we have 3 Studies on Effect of ADHD
on Function:

US Study

* Functional impairment: telephone interviews

24 adults (age 60-77) with self-reported ADHD diagnosis;
mean age at diagnosis 57

— Comorbid psychiatric condition: 63%
— Financial impact: 63%
— Social impact: 71%

Brod M, et al. Qual Life Res. 2012;21:795-799. 4

4

Longitudinal Aging Study Amsterdam (LASA)

*  Subset of >200 individuals from the LASA Study screened [
— Note: For this subset, less strict interview criteria; uncertain whether
symptoms could be ascribed to another condition
* Inindividuals age 6094 years, ADHD diagnosis correlated
with being divorced or never married®; emotional or social
loneliness?; neuroticism and social inadequacy!®!

* ADHD was negatively correlated with self-reports of traits of
mastery, self-esteem, and self-efficacy, and self-perceived
health!®!

¢ Number of ADHD symptoms was positively correlated with
chronic, nonspecific lung diseases, cardiovascular diseases,
and the number of chronic diseases(®!

a. Michielsen M, et al. Am J Geriatr Psychiatry. 2014;22:1623-1632. b. Semeijn EJ, et al.  Am 6
Geriatr Soc. 2013;61:882-887.
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Practical Questions:

Some Contextual Factors Impacting Elders

? How do you apply DSM diagnostic criteria of 2 or
more settings/roles in older adults? Environment may exacerbate or be

? Should there be a higher, or lower threshold for compensatory ...

treating some kinds of impairment than others?
« Level of independent function
? Does “retirement” reduce role impairment?
Different obligations, more time to manage
inefficiency or being less pro-active compensate?

Caregiving responsibilities
New learning curves (internet/tech)

Changes in peer group contact
? | often have people who “feel better” on the J P group

medication, should Psychological well-being be one of
the domains we consider?

Financial independence

Associations between adult ADHD and comorbidities
in 4,864 adults aged 50 to 64 in Swedish National
Registries on December 31, 2013

Comorbid Disorders Are Common
e In small studies of older adults diagnosed with ADHD,
comorbid disorders were common

* All of 9 women (ages 62-91 years) diagnosed with ‘ADHD’ Comarbalty With e ADHD (N = 4364) Without adeh ADH (N w 1541074) m el

in Texas had Axis 1: 9 with depression; 2, bipolar; 7, E_ frokey | RO ¥__| Pewes | 503 !
. d derS[a] U 167 L) | Ha-EM ELL) L) | e 18| A1
anxiety disor Do | 1 | M® | Badok | 00 | 0| aed | one | nsens
* 6 outof 11 adults with ADHD reported Axis | or Il BpclarDiceter 712 B | W | s W | Gm-ls | B | neeBM
comorbidity in an Israeli chart review [ Aacity (L) LIS R L M | e | e | pae
oM 15 (1] 53831 Bl As5 151-056 m 152-152
*  LASA subset (adults 60-94 years): association of ADHD Hpoendon | 64 | 6| sl | e | WN | mens | e | 1
with anxiety and depression was stable over 6 years!‘! i sl ADHD s il dhcrue s Sl it dbexsmlagpla

e Survey of 149 adults over age 50 found: o s DA T D e ke G

e Depression: 40%, Bipolar disorder: 24%, Anxiety: 20%!9

PO ——— 2 wgenr L e, e ) repeo
a) Henry E, Jones SH. J Women Aging. 2011 23(3):246-262 ; b) Manor |,. Clin _, Chen Q, Hartman CA, Haavik J, Harro J, Klungsayr K, et al. (2018) Common psychlg{;coand metabolic comorbidity of adult
4 : y v ’ o - disorder: A pop study. PLOS ONE 13(2): €0204516.
Neuropharmacol. 2011 Jul-Aug;34(4):148-54 c) Michielsen M, et al. Am J Geriatr hitpsi/doi,0raki0,1371/iouinal:pone,0204516. o
I I 10137 Pone.0204516

Psychiatry. 2014;22:1623-1632 & Semeijn EJ, et al. J Am Geriatr Soc. 2013;61:882—887
d) Lensing MB et al. J Att Dis 2015;19(5):380-9.

& PLOS|ONE

Differential Diagnosis may be broader in
Older Adults:

Effects of medications

"What effect does treatment have?"

Most trials exclude older adults
Sleep changes

Mild cognitive impairment
Dementia

Parkinson’s disease or other parkinson-plus
syndromes

Toxic/metabolic/infectious/inflammatory

Infections
Other encephalopathy

Limited case study and survey data published on older
adults

Also, limited evaluation of cognitive effects of ADHD
medications in older adults




CBT vs Support group
AISRS-Inattentive Symptoms
(Structured Interview)

Younger Adults (<50 yrs)
CBT/Supp: N = 29/26

Older Adults (= 50 yrs)
CBT/Supp: N =12/14

Pre-Trt  Post-Trt Pre-Trt  Post-Trt

Solanto, Surman et al,

13

Practical Questions Treatment:

? In absence of data, should we have
a higher impairment threshold for
medication treatment?

? What predicts medication benefit?

? What office practices will help you
assess/treat ADHD in older adults?

Are there unique forms of community
support for older individuals?

BRIEF-A Metacognitive Index

Younger Adults (<50 yrs)
CBT/Supp: N = 29/26

Older Adults (2 50 yrs)
CBT/Supp: N =12/14

Pre-TrtPost-Trt Pre-Trt Post-Trt

Solanto, Surman et al, submitted

Take Away Points

+ The burden of ADHD may vary with context, including that

of older age.

There may be different contexts to consider in the life of
the older adult

We will benefit from research that describes the natural
course of ADHD and how to best identify and support
ADHD in older adults

Some ADHD Resources
For consumers For professionals:
CADDAC.ca APSARD.com
CHADD.org CADDRA.ca
ADD.org

Contact: csurman@partners.org
www.drsurman.com

17
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PSYCHOSOCIAL TREATMENT FOR ADULT
ADHD:

EMERGING ADULTS AND BEYOND

20 JANUARY, 2019
APSARD, WASHINGTON, D.C.

OBJECTIVE

Continui ion Fil ial Discl: Requirement

I, (Dr. J. Russell Ramsay), have the following commercial relationship(s) to disclose
from the past 12 months:

Speaker honoraria (PENN Student Disabilities Conference)
American Psychological Association Psychotherapy Video Series (honoraria)
Paid CE presentations/webinars/royalties (TZK Seminars, J&K Seminars)

Book royalties (Routledge/Taylor&Francis, American Psychological Association)

CBT MODEL FOR ADULT ADHD

“How is the CBT model adapted to adult ADHD?”

CBT FORADULT ADHD:
ADAPTED MODEL FOR ADULT ADHD
CONCEPTUALIZATION

ADHD AND EMERGING ADULTHOOD

Individuals experience symptoms falling along a continuum of severity and
impact, in some form, starting in childhood or adolescence.

ADHD makes a direct and causal contribution to functional difficulties,
ranging from interference to impairment, with variation within and across
domains and settings, as well as secondary skills deficits and co-existing
emotional or learning issues.

ADHD symptoms influence experience and performance in various life
roles and endeavors, with effects on sense of self, identity, and efficacy.
There is an ongoing, reciprocal interaction between an individual and
their contexts and relationships that can magnify and/or attenuate
difficulties, coping strengths, and sense of belongingness and social capital.

The experience of ADHD, both cumulatively and in discrete instances, has
effects on information processing in the form of thoughts and beliefs, as

well as concurrent emotional and behavioral experiences that affect how
one acts in and reacts to various contexts and roles and relationships.

Ramsay (20207?). Thinking through adult ADHD: How thoughts turn intentions into action (or not). DC: APA

5

* Childhood ADHD predicted higher depression ratings at 18 yo and at every age year during
emerging adulthood (18-25y0) compared with controls'

« ADHD did not predict rate of change of depressive symptoms

+ Childhood hx of ADHD remained a predictor of depressive symptoms at 18 yo after
controlling for comorbidities but not for concurrent ADHD sxs and impairments

* EF deficits significantly related to inattention, hyperactivity-impulsivity, and anxiety (in that
order) in structural equation modeling?

* ADHD+Anxiety showed greater deficits in emotional regulation and
organization/problem-solving compared with ADHD-only or Anxiety-only.

ADHD-only and ADHD+Anxiety showed greater deficits with self-motivation and self-
restraint than Anxiety-only

Al clinical groups differed from controls on EF deficits

1Meinzer et al. (2016). J Abnorm Child Psycholo, 44, 787-797.
2Jarrett (2016). Psychological Assessment, 28, 245-250.




ADHD AND EMERGING ADULTHOOD (2)

Empirically-derived symptoms of ADHD in Emerging Adulthood'

Cognitive Inflexibility
Trouble organizing my thoughts or thinking clearly
When shown something complicated to do, cannot keep information in mind to do it
Not very flexible in my behavior or approach to a situation
Unable to come up with or invent as many solutions to problems as others
Have trouble putting my thoughts down in writing as well or as quickly as others
| am not able to think of as many ways to accomplish goals or assignments as others
Have difficulty explaining things in their proper order or sequence

Unable to “think on my feet” or respond effectively to unexpected events

Fedele et al. (2010). J Psychopathol Behave Assess, 32, 385-396.

ADHD AND EMERGING ADULTHOOD (3)

Empirically-derived symptoms of ADHD in Emerging Adulthood' (cont.)

Disinhibition
Make decisions impulsively
Unable to inhibit my reactions or responses to events or others
Make impulsive comments to others
Likely to do things without considering the consequences
Change my plans at the last minute on a whim or last minute impulse
Quick to get angry or become upset
Over react emotionally
Get silly, clown around, or act foolishly when | should be serious

Accident prone

Fedele et al. (2010). J Psychopathol Behave Assess, 32, 385-396.

ADHD AND EMERGING ADULTHOOD (4)

ADHD AND EMERGING ADULTHOOD (5)

Clinically-relevant domains/issues' Clinical challenges'
Education/college Engaging in treatment
Occupation Instability in support

Concurrent problems (psychiatric, Impulsivity, risky behaviors (risk-
substance use) seeking due to poor decision-making?)
Health (sexual behaviors/health, sleep) Accurate assessment
Legal Addressing comorbidities

Adequate treatment

Knouse & Fleming (2016). Cognitive & Behavioral Practice, 23, 300-315.
2Dekkers et al. J of Attention Disorders. Advance Online.

Negative self-concept and depression fully mediated the association between past
academic functioning (previous GPA) and self-report of overall functioning at
follow-up in a sample of college students with ADHD tracked for an academic year.
Negative self-concept was seen as an important precursor to depression, which
itself first stemmed from the experience of living with ADHD.!

Not necessarily GPA but its effects on depression and self-concept that predicts
functioning

Internalizing symptoms and self-concept may be important targets for treatment

Eddy et al. (2018). J of Attention Disorders, 22, 323-333.

WHAT ARE WE TARGETING?

BROAD-BAND TREATMENT NARROW-BAND TREATMENT

Do not focus on a set of specific sxs, Focus on a subset of sxs, behaviors, or
behaviors, or impairments impairments

Seek overall reductions in ADHD sxs
and thereby improve functioning

Aim to improve skills, adaptive
behaviors and/or decrease maladaptive

Ay behaviors
Medications
Traditional Chinese Medicine Psychosocial sreatments/CET
Coaching

Omega 3 supplementation

. Social skills trainin;
Diet J

School based interventions

Faraone & Antshel (2014). Child Adolesc Psychiatric Clin N Am 23, 965-972.
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LIFE OUTCOMES: ADULT ADHD

Workplace problems Physical health issues

Relationship problems Legal issues
Lower educational attainment Lower SES

Employment problems Psychiatric comorbidity (anxiety,

depression, substance use
Lower self-esteem P )

Substance use disorders
Risk for suicide (ADHD + SUD +
psychiatric comorbidity)

Lower social functioning

Lower satisfaction in life domains

Disengagement
Barbaresi et al. (2013). Pediatrics, 131, 637-644.
Barkley & Fischer (2018). J of Attention Disorders, advance online.
Barkley et al. (2008). ADHD in adults: What the science says. New York: Guilford.
Biederman et al. (2006). Journal of Clinical Psychiatry, 67, 524-540.
Biederman et al. (2012). Journal of Clinical Psychiatry, 73, 941-950.
Brook et al. (2013). Pediatrics, 131, 5-13.
Galéra et al. (2012). British Journal of Psychiatry, 201, 20-25.
Harpin et al. (2013). Journal of Attention Disorders, online ahead of print.
Nigg (2013). Clinical Psychology Review, 33, 215-228.
Klein et al. (2012). Archives of General Psychiatry, 69, 1295-1303.
Weiss & Hechtman (1993). Hyperactive children grown up (2™ ed.). New York: Guilford.
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CBT FORADULT ADHD:
PREMISES FOR THE ADAPTED MODEL

CBT — Implementation Focus (or CBT Extended Release [CBT-XR])

Main cognitive issue/theme = impaired self-regulatory efficacy
[Self-Distrust cognitions; Self-Mistrust schema]

Main behavioral issue = engagement, scripting, challenging avoidance/escape
Main emotional issue = tolerating discomfort, emotional flexibility
Main implementation issue = transform plan into action, switching modes

Main interpersonal issue = managing social capital, self-advocacy/compassion

Ramsay (20207?). Thinking through adult ADHD: How thoughts turn intentions into action (or not). DC: APA

ADULT ADHD: COGNITIVE THEME

Personal agency: The ability to effect change through one’s
action

Self-efficacy: Belief in one’s ability to exercise control over the
events in one’s life (in order to pursue goals)

Self-regulatory efficacy: Belief in one’s ability to organize and

carry out actions necessary to effect change in one’s life (and not
from lack of skill)

Gain education = Enroll in class = Attend and complete work

Bandura (1997). Self-efficacy: The exercise of control. NY: Freeman

13
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ADULT ADHD: COGNITIVE THEME (2)

Self-regulatory efficacy:

“... to plan and structure activities, to enlist needed resources; to
regulate one’s motivation through proximal challenges and self-
incentives; and to manage the emotionally and cognitively disruptive
effects of obstacles, setbacks and stressors.” (p. 53)

“In many spheres of functioning, people know full well how to perform
the needed behavior. Here, the relevant efficacy beliefs concern
self-regulatory capabilities — can people get themselves to stick
with the behavior given the many dissuading conditions they will
encounter? ... (T)hose who distrust their capacities to surmount
unpleasant factors have little reason to put themselves through misery.
In familiar activities that must be performed regularly to achieve
desired results, it is perceived self-regulatory efficacy, rather than
perceived efficacy for the activity per se, that is most relevant.” (p. 64)

Bandura (1997). Self-efficacy: The exercise of control. NY: Freeman

“BOOSTING” PSYCHOSOCIAL EFFECTS

Between sessions phone/coaching contacts'
Fostering and externalizing implementation between sessions
Point of performance engagement
Coordinated individual and group treatment for college students?3
Balance personalization and sense of community
Unique educational/social context for young adults with ADHD
Internet-based CBT (iCBT, either self-help or self-help + group) for adult ADHD*
Ready access to coping tools
Coping resource/library
Providing “smart content” vs. self-monitoring
‘Cherkasova et al. (2016). J of Atten Disord. Online. doi: 10.1177/1087054716671197
ZAnastopoulos & King (2015). Cognitive & Behavioral Practice, 22, 141-151

3Anastopoulos et al. (2018). J of Atten Disord. online. doi: 10.1177/1087054717749932
“Pettersson et al. (2017). J of Atten Disord, 21, 508-521. doi: 10.1177/1087054714539998
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CONCLUSION
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CONTACT ME

ramsay@pennmedicine.upenn.edu
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» Off label indications will be discussed
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ADHD and Tics: Boundaries, Overlap and
.THE NEW YORKER Disentanglement

Learning Objectives

» At the end of this session, the participant should be able to:

» 1) Describe what is known about boundaries and
overlapping neurobiology, phenomenology and course of
ADHD and tic disorders, including Tourette’s Disorder (TD)

» 2) Discuss importance of disentangling ADHD and tic
symptoms, as this may help elucidate similarities and
differences and guide treatment

+ 3) Interpret relevance of these findings for application to

“Young man, go to your room and stay there treatment of patients with ADHD and tic disorders
until your cerebral cortex matures.”
WEDNESDAY l 8
I lJH%lth I\'\‘I\I"K‘\lll\:zl‘ )\::\Hd: .
vy o s e ssrem | Of MEDICINT - . e CINT . .

Neurodevelopmental Disorders: Epidemiology
Bi-Directional Overlap of ADHD and Tic Disorders

» Rates of tic disorders are higher (10-30%) in children with Attention
Deficit Hyperactivity Disorder (ADHD) than in children without ADHD (1-
10%). (Spencer T., Biederman, J. Coffey, B. et al., Arch Gen Psych; 1999,
56: 842-84)

+ ADHD is the most highly prevalent (50-75%) comorbid disorder in
children with Tourette’s Disorder (TD), in both community and clinical
samples. (Coffey, B. Biederman, J. et al. J Nerv Ment Dis; 2000;188:583-
588; Freeman, TS International Data base Consortium; Eur Child Adolesc
Psych 2007; 16 [suppl; 1];1/15-1/23)

X » Lifetime prevalence of any psychiatric comorbidity among individuals

“I need you to line up by attention span.” with TS: 85.7%. 72.1% met criteria for OCD or ADHD. (Hirschtritt, ME et

THURSDAY | 5 al. (2015). JAMA Psychiatry. 2015;72(4):325-333)

MAY
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Table 1. Lifetime Prevalence of Psychiatric Disorders by Sex

Mo, /Total No, With Available Data (%)

Sex

Comorbid Disorder Al T5-Affected Participants Male Female PValue®
Obsessive-compulsive spectrum” 904/1368 (55,1} GAS/100] (64.4) 259367 (T0.6) .03
Attention-deficit/hyperactivity T13/1314 (54.3) 5541962 (58.6) 145/352 (42.3) <001
Mood® 277/930(29.8) 1847690 (16.7) 93/240 (38.8) =001
Angiety? 343/949 (36.1) 225{703 (32.0) 118246 (48.0) =.001
Dizruptive behavior 185/622 (29.7) 157493 (31.B) 28/129 (21.7) .03
Eating’ 159/937 (2.0) 2/693 (0.3) 177244 (7.0) <.001
Psychotic® 7/931 (D.8) 5689 (0.7) 2/242 (0.8) B8
Substance use® S0/948 {6.2) 42701 (6.0) 17/247 (6.9) B2
Elimination’ 108/668 (16.2) 20/531 (17.0) 18/137 (13.1) i)

Abbreviation: TS, Tourette syndrome.
A The ¥ or Fisher exact test was used 1o compare rates of each disorder in
males vs females.

B Obsassi disorder and subclinical chsessive-compulsive disorder,
© Major depressive disarder, dysthymia, and bipelar disordes Land|l.

® Oppositional defiant and conduct disorders.

" Ancrexia and bulimia nervosa.

ESchizophrenia and psychatic discrder, not otherwise specified.

" Alecial and other substance use or dependence, excluding tobacea use,
! Enuress and encopresis.

ompuksh

A Generalized anxiety disorder, panic disarder, ia without panic,
postiraumatic stress disorder, separation anxiety disorder, social phobia, and
specific phobia.

Hirschtritt, E. et al. Lifetime Prevalence, Age of Risk, and Genetic Relationships of Comorbid
Psychiatric-Disorders-in-Tourette-Syndrome-(2015)-JAMA-Psychiatry-2015;72(4):3. :
doi:10.1001/jamapsychiatry.2014.2650

UNIVERSITY OF MIAM]
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A Frontal Section Motor Circuit Associative Circuit Limbic Circuit

m S ™

Rowshanak, Hashemiyoon et al. Putting the Pieces Together in Gilles de la

Tourette Syndrome: Exploring the Link Between Clinical Observations and
the Biological Basis of Dysfunction. 2017. Brain Topography; 30:3—ii

UNIVERSITY OF MIAM]

MILL! I h SCHOOL
of M INE

L _JHealth

Table 3 Main brain regions implicated in the pathogenesis of TS and
ADHD

Brain areas TS ADHD Ref.
Prefrontal areas + + [19, 29, 56]
Inferior frontal gyrus + + [100]
Sensorimotor areas + + [19, 29, 55]
Anterior cingulated cortex + -+ [19, 29, 55]
Posterior cingulated cortex + + [91]

Basal ganglia +— + [19, 29, 73]
Cerebellum = + [29]

(+) implicated region, (—) not implicated region, (+/) findings

contradictory

El Malhany, N. at al. Tourette syndrome and comorbid ADHD: causes and
consequences. 2015; Eur J Pediatr 174; 279-288 -

UNIVERSITY OF MIAM]
ljl-lealth MILLER SCHOOL . 1 .
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Gilles de la Tourette Syndrome
Robertson et al. (2017)

Figure 4| CSTC eireuit.

UNIVERSITY OF MIAMI
MILLER SCHOOL
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ADHD and TD/Tic Disorders: Neurocircuitry
(Leckman, J. et al; JCAP, 2010; 20 (4); 237-247; Robertson, M. Nature

Reviews; 2017 (3); 1-20; Malhany, N. et al Eur J Pediatr 2015; 174; 279-288 )

Inhibition: core deficit in both disorders; thought to result from fronto-
striatal and frontal-parietal network dysfunction in Cortical-Striatal-
Thalamic-Cortical (CSTC) tracts.

ADHD: Imaging studies: Reductions in total cerebral volume, PFC, BG,
dACC, CC, and cerebellum reported in ADHD patients are consistent with
fronto-striatal models. Some studies also showed reduction in right
cerebral volume, and right caudate nucleus in ADHD.

TD: Mixed results; reduced caudate nucleus volume frequently reported.
Individuals with TD+ADHD have smaller caudate nuclei.

TD+ADHD: hyper-functioning/overactive circuits in BG in TD result in
motor/cognitive/emotional disinhibition, worsened by frontal hypo-activity
in ADHD.

Both TD and ADHD tend to improve with time, which may be a result of
increased myelinization of prefrontal regions.
UNIVERSITY OF MIAMI -
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From a genetic standpoint, TS is a psychiatric

disorder (C. Mathews, 2018, AACAP)
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Gilles de la Tourette Syndrome. Nature Reviews;
Robertson, M. et al. 2017; (3) 1-20
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Table 1 Pre-perinatal risk factors implicated in the pathogenesis of TS
and ADHD

Pre-perinatal risk factors ADHD Ref.

Alcohol during pregnancy + + [78]
Smoking during pregnancy + + [9, 53]
Prematurity + + [36]
Low birth weight + + [41]
(+) implicated factor

El Malhany, N. at al. Tourette syndrome and comorbid ADHD: causes and
consequences. 2015; Eur J Pediatr 174; 279-288
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Figure 2. Ages at Onset for Comorbid Disorders Among Individuals With Tourette Syndrome (TS)

Disorder
Eating

Substance use
Mood

oD

Anxiety

15

Elimination

Disruptive behavior

ADHD

21 2% 31 3% 4l

Age at Onset, y

46

Hirschtritt, E. et al. Lifetime Prevalence, Age of Risk, and Genetic Relationships of
Comorbid Psychiatric Disorders in Tourette Syndrome (2015). JAMA Psychiatry.
2015;72(4):325-333. d0i:10.1001/jamapsychiatry.2014.2650
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Table 2 Candidate penes implicated in the pathogenesis of TS and ADHD

Cicnes Gere functions

TS ADHD Ref.

Dhopimine recepions

DREDI {dopamine D1 Encodes the DI subtype of the dopamine receptor. D1 receptos regulate peuonal growthand — — 61, 67, @5]
reveptor wene) developrment, mediate some behav oral responses, and modulae dopamine receptos
D2-mediated events
DRD3 (dopamine D3 Encodes the D3 subtype of the dopamine receptor, This receptor is localized to the limbic = 61, 67]
reCeplor gene} o the brain, which are associated with cognitive, emotional, and endocrine functions
DRIM (dopamime D4 F e [ sublype of the dopaming receplor, Mutations in this gene have been H- + [61, 67, 25]
receplor genet s ud with various behovioml phenotvpes, including autonomic nervous sysiem
Iy L attention defieithyp ivity disorder, and the personality trait of
nowvelty secking
Dopamine-associaed transponer
SCLOAZDATI TI|| ;..\Ik enodes nhr!mluu transposter which is a member of the sodivm- and chloride- H F |61, 67,
(b parmine - Family. e in the number of repeats is associated 104]
associated with idiopathic epilepsy. attention deficit hyperactivity disorder. dependence on aleohol and
immpmlu: cocaine, susceptibility to Parkinson disease. and protection agains nicotine dependence
Catecholamins 5
COMT {catechol-0 Catalyres the tansfer of | group from S- whr Ih\)ﬂlﬂl. o 61, &7, 95]
maethyltran fermse ) inchuding the ters dopami pinephrine, and T hrine. This -
methylation results in one of the major degeadative pathways of the ki
SLOGANET Encodes a member of the sodium: neurotransmitter symporter family. This member is o multi- - [61, 67, 95]
i inephri pass protein. which is responsible for reuptake o f norepinepheing into pre-synaptic
trnsporier) nerve iLrvmm]- |nd 54 u_g_u'l.ltur of norepinephrine homeostnsis
MAOA fmoneamine ks one of bwo 1 nily members dhiat encode misochondrial ereeymes whach citalyse + |61, 67, 95|
oxidase A) the oxidative deammation of amines, such as dopamine, norepinephrne, and serofonn. This gene

has alen been associated with a variety of ather paychistric disonders, including antisocial behavior

. ) .

i} positive

oA~ ) negative (/=) Fndings contrdictonry

El Malhany, N. at al. Tourette syndrome and comorbid ADHD: causes and

consequences. 2015; Eur J Pediatr 174; 279-288 .
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Lifetime Prevalence, Age of Risk, and Genetic Relationships
of Comorbid Psychiatric Disorders in Tourette Syndrome
(Hirschtritt, ME et al. (2015). JAMA Psychiatry; April 2015 Volume 72, Number 4)

« DESIGN: Structured diagnostic interviews with TS (n =1374) and TS-unaffected
family members (n=1142).

« RESULTS: Lifetime prevalence of any psychiatric comorbidity among
individuals with TS was 85.7%; 57.7% had 2 or more psychiatric disorders. 72.1%
met criteria for OCD or ADHD. Other disorders: mood, anxiety, and disruptive
behavior, each occurred in about 30%.

» Age of greatest risk for onset of most comorbid psychiatric disorders was
between 4 and 10 years.

* TS was associated with increased risk of anxiety (odds ratio [OR], 1.4; P = .04)
independent of comorbid OCD and ADHD; high rates of mood disorders (29.8%)
may be accounted for by OCD (OR, 3.7; P <.001).

¢ CONCLUSION: Psychiatric comorbidities are common among individuals with TS,
and most comorbidities begin early in life.
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Course of ADHD and Tic Disorders: What Happens

to Tics in the Context of ADHD Over Time?
(Spencer, T. Biederman, J. Coffey, B. et al. Arch Gen Psych 1999, 56:
842-847)

« Design: Prospective ADHD Follow-up

* Objective: To evaluate the prevalence and impact of tic disorders at
baseline and at follow-up on the course of ADHD.

* Methods: N=128 boys with ADHD; N=110 controls.
+ Duration of follow-up: 4 years; mean ages 9-13.
+ Results:
— Proportion of ADHD youth with tics: 34%
— Remission rate for tics over 4 years: 65%
— Remission rate for ADHD: 20%
+ Conclusion: Tic remission rate is independent of ADHD
Tic disorders did not impact ADHD course
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Onset of ADHD and Tic Disorders in ADHD Probands
(Spencer, T. Biederman, J. Coffey, B. et al. Arch Gen Psych 1999,
56: 842-847)
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Chronic Tic Disorders (CTD) in Children with ADHD
(Poh, W., Payne, J. et al. Arch Dis Child; 2018; 0; 1-6)

Aim: To examine 1) prevalence of chronic tics in a community based cohort
in children with ADHD compared to children with non-ADHD at ages 7 and
10, and 2) additional psychiatric and functional burden of CTD in children
with ADHD.
Methods: N=179 children age 6-8 with ADHD and 212 healthy controls
Recruited through 43 schools using parent and teacher Conners followed
by case confirmation with DISC-IV. Baseline and 36 month follow up
evaluations: tic measures; CBCL; academic performance; quality of life.
Results: Compared with controls, children with ADHD were 4 times
more likely to have CTD at age 7 and 5.9 times more likely at age 10.

Concurrent CTD symptoms contribute to higher rates of internalizing
disorders, more peer problems and reduced quality of life in children with
ADHD.

Conclusions: Clinicians should be aware of and manage both symptoms.
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Offset of ADHD and Tic Disorders in ADHD Probands
(Spencer, T. Biederman, J. Coffey, B. et al. Arch Gen Psych 1999, 56: 842-847)
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Table 1 Sample characteristics for ADHD+CTD and ADHD-only

children
ADHD+CTD ADHD-only
(n=23) (n=92) P
ADHD
Combined subtype, n (%) 7 (30.9) 31(33.7) 0.79
Inattentive subtype, n (%) 7 (304) 30 32.6) 0.60
Hyp i Isi btyp 5@21.7) 3(33) 0.005
n (%)
Symptom severity, parent report, 13767 12.1 (55 023
mean (SD)
Symptom severity, teacher report, 10(6.1) 11.0(6.5) 0.51
mean (SD)
Medications
Medication use (any), n (%) 5217 27 (29.3) 043
ADHD medication, n (%) 4(17.4) 16 (17.9) 0.98
ASD symptoms
SCQ score >15, n (%) 40174 7(7.6) 0.48
Primary caregiver characteristics
Single parent family, n (%) 4(17.4) 18 (19.6) 0.49
Did not complete high school, 7 (30.4) 25(27.2) 0.83
n (%)
Completed high school n (%) 7(309) 26 (28.3) 0.92
Completed higher education, n 6 (26.1) 26 (28.3) 0.75
(%)
SEIFA score, mean (SD) 1018.1 (40.3) 1016.6 (46.5) 0.61
ADHD, fi activity ; ASD, autism spectrum disorder;

CTD, chronic tic disorder; SCQ, Social Communication Questionnaire; SEIFA, Socio-
Economic Indexes for Areas.

P -- E . Tourette's
/ ~, syndrame

Eehavioral problems,
poor impulse control,
and other behavicral
disorders

Figure 1. Clinical Hallmarks of Tourette’s Syndrome.
The diagnosis is based on the occurrence of tics along with be-
. havioral disorders, including attention-deficit— hy peractivity dis-
Jankovic \]NEJM, order (ADHD) and absessive—compulsive disorder (OCD), Other
2001 behavioral disorders include anxiety and mood disorders, learn-
. ing disorders, sleep disorders, conduct and oppositional behav-
ior, and self-injurious behavior.
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Disentangling the Overlap between Tourette’s Disorder and ADHD
(Spencer, T. Biederman, J. et al. J Child Psychol Psychiatr; 1998; 39; (7); 1037-
1044

Aim: Identify similarities and differences in neuropsychiatric correlates in children
with ADHD and TD.

Methods: 1) N=79 children with ADHD+TD; 2) N=18 children with TD; 3) N=563
children with ADHD; 4) N=212 children with psychiatric referral; 5) N=140 healthy
controls.

Results: Children with TD had higher rates of OCD and phobias.

DBDs, mood and anxiety disorders, neuropsychological and psychosocial
functioning were indistinguishable in children with TD+ADHD and ADHD alone.
Children with TD+ADHD had more comorbidity and lower psychosocial functioning
overall than those with ADHD.

Conclusions: Findings confirm previous association of TD and OCD; DBDs and
mood/anxiety disorders may be accounted for by comorbidity with ADHD.
TD+ADHD may be a more severe condition than ADHD alone.

UNIVERSITY OF MIAMI
lJHealth ILLER SCHOOI
CRIVERSITY OF MAMI HEALTH SYSTEM 'l \ I DICINE

Table |
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Lnniety .11 orders
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s and pairwise analys

cs were done excluding the normal control group (df = 3) and excluding the normal control
s ADYHTY prowups (off = 23 using chi-square analyses.

Spencer T. Biederman, J. et al. J Child Psychol Psychiatr; 1998; 39; (7); 1037-1044
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Table 1. Baseline Characteristics of Participants and Nonparticipants
at Follow-Up.
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Characteristics Participants Nonparticipants P value
Sample size 227 87 —
Age, years, mean(SD) 125 (2.7) 12.3 (2.9) 69
Male, number (%) 185 (81.5) 72 (82.8) .87
IQ, mean (SD) 90.0 (184) 853 (l6.1) .07
SES, mean (SD) 25 (1.0) 2.7 (1.0) 10
ADHD, number (%) 93 (41.2) 42 (48.3) 31
OCD, number (%) 89 (39.2) 33 (37.9) .90
OCD, CY-BOCS score, 84 (8.0) 8.2 (7.9) .82
mean (SD)
Tics YGTSS score, 245 (182) 256 (17.6) .68
mean (SD)

There were no significant differences (P < .05) between any of the demographic

variables examined between participants and nonparticipants using Fisher's
exact test for sex, SES, ADHD, OCD, and CY-BOCS; and t-test for age, tic

severity, OCD severity, IQ, and YGTSS.2® Abbreviations: ADHD, attention-

deficit/hyperactivity disorder; CY-BOCS, Children’s Yale-Brown Obsessive

Compulsive Scale; |Q, intelligence quotient; OCD, obsessive compulsive

Journal of Child Meurclogy - i . h A : i
2017, Vol 32(13) 1047.1057 isorder; SES, socioeconomic status; YGTSS, Yale Global Tic Severity Scale.

Overall analyses were done excluding the normal control group (df = 3) and excluding the normal control group and TS without
ADHD groups (df = 2 using ANOVA or chi-square analyses.

Spencer, T. Biederman, J. et al. J Child Psychol Psychiatr; 1998; 39; (7);

1037-1044
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Phenotype Development in Adolescents with Tourette
Syndrome: A Large Clinical Longitudinal Study
(Groth, C. Mol Debes, N. et al ; Journal of Child Neurol; 2017; 32
(3) 1047-1057)

Aim: Description of TS phenotype development and tic-related impairment

in a longitudinal study of 226 children and adolescents followed up after 6
years.

Methods: Participants examined for tic severity, impairment, OCD and
ADHD.

Results: Phenotype development changed toward less comorbidity:

at baseline 40% had TS only (no OCD or ADHD); 55% TS only at follow
up.

Tic related impairment scores did not reflect tic decline.

Sex, vocal and motor tics, and OCD and ADHD severity were highly
significantly correlated with tic related impairment score.

Conclusion: Knowledge of phenotype development may be useful in
clinical settings.
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Figure |. The development of phenotypes from baseline (T1) to
follow-up (T2). At follow-up, the groups were subdivided illustrating
the subclinical symptoms into full tic remission (tic score on YGTSS =
0), partial ADHD remission (subthreshold symptoms and impairment
according to DSM-IV), inattentive type (ADHD predominantly inat-
tentive type), and subclinical OCD (OCD-score8-? on Y-BOCS). No
participants fulfilled criteria at T2 for ADHD predominantly hyper-
active/impulsive type. Abbreviations: ADHD, attention-deficit/hyper-
activity disorder; OCD, obsessive compulsive disorder; TS, Tourette
syndrome.
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TD/Tics and ADHD: Impact on Management

Tics: Most patients with mild tic symptoms need only monitoring, education, and
guidance. Those with moderate to severe symptoms will usually need treatment.

**ADHD: Since ADHD symptoms are more likely to persist and cause significant
functional impairment, treatment is recommended.

Behavioral treatment of tics (Comprehensive Behavioral Intervention for Tics
(CBIT)) is now established as first line treatment for tic disorders. This may be
particularly relevant to patients with tics and ADHD, since pharmacotherapy may be
challenging. ADHD did not moderate response to CBIT. (Sukholdosky, D. et al,
Neurology, 2017)

There are no controlled studies of comorbid ADHD and tic disorders of
pharmacotherapy plus behavioral treatment.

Pharmacotherapy for Tic Disorders and ADHD:
1) stimulants

2) alpha agonists

3) atomoxetine

4) combinations

L BHealth | uniexscioor
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Neurodevelopmental Disorders: Diagnostic Evaluation:
Tic Disorders and ADHD

Diagnoses of both disorders are made on basis of classical history.
Structured or semi-structured diagnostic interviews, such as the DISC
or K-SADS can improve classification and assessment of comorbidity.
Standardized rating scales have improved diagnostic reliability in research
studies; helpful in clinical care.

The Yale-Global Tic Severity Scale (YGTSS) (Leckman, Riddle, Hardin,
Ort, Swartz, Stevenson, et al., 1989); the “gold standard” assesses domains
of: tic number, frequency, intensity, complexity and interference (0-50), and
tic related impairment (0-50). Tic Symptom Self Report (TSSR) derived.
SNAP, ADHD-RS and Conners (Parent and Teacher) are helpful for
quantitative evaluation of ADHD symptoms.

Quantitative ratings of tics and ADHD can facilitate disentanglement
for overall treatment planning and use of targeted combined

pharmacotherapy.
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Comprehensive Behavioral Intervention for Tics

Study (CBIT)
(Piacentini, J. Woods, D. Scahill, L. et al. JAMA; 2010; 303 (19):1929-1937)

Three phases:
1) Awareness training
2) Competing response training
3) Social support

Two parallel studies compared behavior therapy to
supportive therapy (ST)

Child study: 126 children (ages 9-17) with TD/CTD; JAMA,;
2010

Adult study: 120 children and adults (ages 16+) with
TD/CTD: Arch Gen Psych; 2012

UNIVERSITY OF MIAM]
MILLER SCHOOL
of MEDICINE

L JHealth

THE NE% YORKER

et = ] b =% £
L L%ﬁ'l“? =

I forges. T have an adoerse yeacrion, do I calf mey doceor or mey fazoypar ™"

SATURDANSLIMDAY

APRIL 11712

Fomcrwnr sl
JEmstar (Cirthodan)

Practical Tips on Treating ADHD and Tics/TD
with Stimulants

Methylphenidates (MPH) are recommended.

For adolescents, MPH can be initiated at 10 mg (or equivalent)
and titrated upward gradually.

For tic increase with upward titration: if ADHD symptoms have
improved, hold the dose and monitor, or temporarily reduce the
dose and re-titrate.

There are no controlled trials of extended release stimulants,
but they may be less likely than IR to be associated with tic
increase that occurs in some children?

Guanfacine or clonidine can be added if the tic increase is

sustained.
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Daily Doses of Frequently Prescribed Tic Medications
(Egolf, A. Coffey, B. Current Pharmacotherapeutic Approaches to
the Treatment of Tourette Syndrome: Drugs Today; 2014 Feb; 50

(2):159-79. doi: 10.1358/dot.2014.50.2.2097801). *Off label

Haloperidol 0.25-4.0mg
Pimozide 0.5-8.0mg
*Risperidone 0.125-3.0mg
Aripiprazole 1.0-15.0mg
0.025-0.4mg
0.25-4.0mg

Meta Analysis: Risk of Tics Associated with Stimulant Use in
Randomized, Placebo-Controlled Trials
(Cohen, S. Mulqueen, J. Ferracioli-Oda, E. Stuckelman, Z. Coughlin, C,
Leckman, J. Bloch, M. JAACAP; 2015; 54(9); 728-736)

Design: Meta-analysis of RCTs of stimulants in treatment of ADHD.
Results: N=22 studies with 2385 children with ADHD.

New onset or worsening of tics were commonly reported with stimulants
(5.7%) and placebo groups (6.5%).

Risk of new onset or tic worsening associated with stimulants was similar to
that of placebo (risk ratio=0.99, p=.962).

Results: Stimulant type, dose, duration and age did not affect risk.

Cross over studies were associated with a significantly greater risk than
parallel group trials.

Conclusion: There is no evidence for support of an association between
new onset or worsening of tics with stimulant use in patients with ADHi

UNIVERSITY OF MIAM]
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How To Decide? Systematic Review: Pharmacological
Treatment of Tic Disorders: Efficacy of Antipsychotic and
Alpha 2 Agonist Agents

(Weisman, H. Qureshi, I. Leckman, J. Scahill, L. Bloch, M. Neuroscience and
Biobehavioral Reviews; 2013; 37; 1162-1171)

Design: Meta-analysis of RCTs in treatment of chronic tic disorders and
examination of moderators

Results: Significant benefit of antipsychotics vs. placebo. SMD=0.58.

No significant difference in efficacy of risperidone, pimozide, haloperidol
and ziprasidone.

Significant benefit of alpha 2 agonists vs. placebo. Significant
moderating effect of comorbid ADHD.

With comorbid ADHD SMD: 0.68. No ADHD: 0.15.

Conclusion: Significant benefits of both medication types, but alpha 2
agonists may have minimal benefit in patients without ADHD.
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Extended-Release Guanfacine (GXR) Does Not Show a Large Effect on
Tic Severity in Children with Chronic Tic Disorders
(Murphy T, Fernandez T, Coffey B, et al. JCAP. 2017;27(9):762—770.)

Methods: 8-week RCT in N=34 youth ages 6 to 17 years (mean =11.1) with CTD.

Results: At baseline, mean YGTSS total score was 26.3 for GXR group vs. 27.7 for
placebo.

GXR group: (mean final daily dose 2.6 mg.); mean YGTSS total score declined to 23;

p =0.08; effect size =0.35.

PBO group: declined to 24.7; p = 0.08; effect size = 0.38.

There was no significant difference in the rate of positive response on CGI-I
between GXR and PBO (19% vs. 22%; p=1.0).

Adverse Effects (AE): Most common: fatigue, drowsiness, dry mouth, headache,
and irritability.

Conclusion: This pilot study did not confirm a clinically meaningful effect size
within GXR group. These results do not support launch of a larger efficacy trial for

tics in youth with CTD.
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Extended-Release Guanfacine (GXR) Does Not Show a Large
Effect on Tic Severity in Children with Chronic Tic Disorders
(Murphy T, Fernandez T, Coffey B, et al. JCAP. 2017;27(9):762-770.)
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FIG. 2. YGTSS total score, motor, and phonic; guanfacine vs. placebo. YGTSS, Yale

Global Tic Severity Scale.
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Extended-Release Guanfacine (GXR) Does Not Show a Large Effect
on Tic Severity in Children with Chronic Tic Disorders
(Murphy T, Fernandez T, Coffey B, et al. JCAP.
2017:27(9):762-770.)
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Summary: ADHD and Tics: Boundaries, Overlap and
Disentanglement

There is bi-directional overlap of ADHD and Tic Disorders: neurobiology,
including genetics and neurocircuitry, and phenomenology, including clinical
course and psychiatric comorbidity.
ADHD symptoms tend to persist, but tic symptoms tend to remit over time.
Much of the associated psychopathology (behavioral, emotional,
neurocognitive) in Tourette’s Disorder is secondary to ADHD.
Children and adults with ADHD+CTD are more likely to have higher rates and
severity of psychopathology and reduced quality of life than those with either
ADHD or CTD alone.
Tic and ADHD symptoms should be carefully disentangled, by severity and
potential outcomes, for best management and intervention.
Behavioral treatment of tics is recommended; stimulants can be used safely
for pharmacotherapy, but there are several other options including combination.
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Epilepsy Definition Epilepsy Causes

e Any one of the following: « No identifiable cause for Epilepsy in
e At least two unprovoked (or reflex) 50%

seizures occurring >24 hours apart.

¢ One unprovoked (or reflex) seizure and
a=60% chance of recurrent seizures
over the next 10 years.

e In the other 50%:
— Genetic conditions
— Perinatal Injury

— Later aquired brain conditions (e.g. head
« Diagnosis of an epilepsy syndrome trauma, strokes, tumors, infections,

autoimmunity)

ADHD and Epilepsy are
Associated

o - o o T . e 2-4% of children with ADHD have epilepsy
e By the age o years, 1% of children in the o 20- ; ; ;
USA and Western Europe will develop 30-40% of children with epilepsy and no ID

Epilepsy: common and comorbid

¢ Behavioral Problems in Children: e When both occur together, the chance of
— general child population 6.6% (Rutter et al 1970)

! | o identifying the cause of the ADHD increases
— with non-neurological illness 10.3% — The shared liability bet ADHD and enilensy i
~ with epilepsy, no other CNS prob. 26.6% Tiadie e [eallly e can AR e iy 1
— with epilepsy + other CNS prob. 58.3% — It can also be genetic
* Risk increases with additional neurological . 8
and psychosocial deficits. - It |z_unlt|‘kely to be due to current ADHD
medications




Many Levels of ADHD-Epilepsy
Association

ADHD often precedes and increases risk for epilepsy
arguing that the cause predisposes to both in many
patients.

ADHD can also follow seizures arguing that seizures
can disrupt ADHD associated brain circuits-a form of
epileptic encephalopathy

Antiepileptic drugs can cause ADHD symptoms

All three processes can be at play

— E.G. Dravet syndrome, due to dominant mutation in
SCN1A,is an example of these combined phenomenon

List of Actionable Genetic
Epilepsies Increasing
Next-generation sequencing (NGS) has

transformed Epilepsy Genetics

— A decade ago 10-20 epilepsy genetic
mutations known

— Now over 300.
» Translation of genetic lesion to
treatment increasing

e These treatments may improve ADHD
as well as epilepsy in these patients.

Knowing Associated Mutation

Risks Important: Clinical
Example

/1\%%)3.11 deletion is associated with Epilepsy, ASD, Psychosis, ID and
CNV found in patient and his father; neither had psychosis until
Father at age 47 is treated with Adderall 80 mg per day and has a
rAndadmc-[lJlsyc otic break with symptoms that persist after stopping
erall.

« Fears of poisoned food/poisoned bottled water, Hallucinations, Mania

+ Symptoms continued for several months until stabilized on antipsychotic
8 months into increase stress due to his father’s psychotic
episode his 22 year old son started hearing voices insulting
his mother and telling him to jump out of window.
HaIIucmaItlons remittéd on clozapine but he still thinks they
were real.

If Father’s clinical team had known of increased risk for
psychosis a different medication choice or closer monitoring
may have prevented two psychotic disorders

Epilesy and ADHD Genetics

¢ Not much correlation between common risk variants
for ADHD and for epilepsy

Rare, sometimes inherited, CNVs and single gene
mutations have been implicated in many
neurodevelopmental disorders, including ASD, ID,
ADHD, epilepsy and psychosis

The same mutation can predispose to all of these,
complicating risk considerations for probands and
family members

Selecting a Psychotropic

Prior to Genomics: If psychotropic needed,
Four Considerations:

— Efficacy

— Lowering seizure threshold

— Interactions: Pharmacodynamic (eg. sedation),
Pharmacokinetic Interactions

— Side effects

New Consideration: Is there an identifiable
genetic cause of the epilepsy and if so what
are the associated risks to consider

Can risk of psychosis from
Known Mutations be reduced?

Set up alert
Contact
PETENES
Give clinical
consultation
preventive
advice
monitoring

medical genetics
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Childhood epilepsy Increases
Risk for Adult Social Problems

Even in patients with normal

intelligence

— decreased employment, marriage, social
relationships, and independent living.

— not clearly related to remission or any other
biologic factor except learning disorder

The influence of epilepsy on social

outcome is greater than in other

childhood chronic disease control

groups.

Psychiatric disorders are
associated with epilepsy

Disruptive behavior disorders
— ADHD in 39% of children with epilepsy without ID
— Prevalence of explosive anger & aggression is unknown but seems
to be elevated
Internalizing disorders also elevated
— Depression in 20%
— Anxiety in 60%
— Suicidal ideation 20%, with plan 7.4%, completed suicide risk
markedly elevated
Pervasive Developmental Disorders: seizures in 5-10% of high
functioning patients with Autism

Sources of reluctance to treat psychiatric
disorders in children with epilepsy

e It is often unclear if the psych symptoms are the
effects

— of a common pathology underlying both

— of chronic seizures,

— of non-convulsive epileptiform discharges,

— and/or of antiepileptic drugs (AEDs) (Schubert,
2005).

— Most importantly, the safety and efficacy of the
standard psychopharmacologic treatments have
not been adequately studied in children with
epilepsy.

¢ Yet, psychiatric symptoms may be more impairing in
the long-term than seizures.

Even if seizures remit, challenges

remain

24 patients with JME followed ~25 years-
Despite 87% high school graduation,

31% were unemployed.

Eleven pregnancies (80%) were unplanned,
outside of a stable relationship.

At least 1 major unfavorable social outcome
was noted in 76%.

Camfield CS and Camfield Pr. Neurology
September 29, 2009 vol. 73 no. 13 1041-1045

Lack of Treatment for
Psychiatric Disorder in
Epilepsy Patients.

e Psychiatric disorders are often
undiagnosed and poorly managed
e Evidence base for psychotropic
treatments in patients with
Epilepsy sparse.
— Essentially only Methylphenidate
Studied and only few small studies.

Placebo Controlled Trial for ADHD+epilepsy:

Feldman et al. (1989) studied 10 children with well-
controlled epilepsy on one AED in a double blind
placebo cross over trial of MPH.

A 0.3mg/kg/dose of MPH was administered on school
days at 8am and noontime for four weeks.

During the study period, there were no seizures or
side effects other than mild appetite suppression and
emotional lability.

There were no effects on AED plasma levels or on
the EEG.

The Teacher’s Conner’s Rating Scale was improved in
70% of the children while on the MPH




Prospective observation period followed by open label
trial

Gross-Tsur et. al. (1997) studied 30 children with both ADHD and
epilepsy.

The children were observed for 8 weeks prior to starting open label a

single morning 0.3 mg/kg/day dose of MPH for 8 weeks.
None of the children who were seizure free during the observation
period had seizures during MPH treatment.

Of the 5 children who were still having seizures during the observation

period, 3 had an increase in seizure activity during MPH treatment

— These 5 patients had an average of 1.8 seizures/wk during the
observation period and 3/wk on MPH, p=NS.

— would need 31 patients in the study with this baseline seizure frequency to

have adequate power to find this magnitude of difference statistically
significant.

There were no significant changes in EEG findings or in AED levels.

70% of the children had an improvement in ADHD symptoms by
parent report.

Stimulant Effectiveness in Well Controlled
vs. Poorly Controlled Pediatric Epilepsy
(Continued):
79 youth with epilepsy were found.
23 had baseline and treated visits with MPH
¢ Average dose 0.6+0.3 mg/kg/day
19 had baseline and treated visits with AMP
o Average dose 0.4+0.2 mg/kg/day
6 had baseline and treated visits on with both,
Total of 36 patients included in the study.
Effectiveness and tolerability of MPH and AMP for the

Outcomes in “Real World Care”:
Stimulant Effectiveness in Well Controlled
Vs. Poorly Controlled Pediatric Epilepsy

* Review of data entered prospectively in an electronic

medical record system (EMRS) during routine care

e Records of patients seen between November of 1998

and October of 2001 were searched for patients with:
* Epilepsy
* Age less than 18 years
* Receiving Methylphenidate (MPH) or Amphetamine (AMP)
¢ Baseline and treated visits available in the EMRS

Stimulant Type = Best Predictor of
Response

Entered Three Predictors into Multivariate Logistic Regression:
e Stimulant Type: MPH vs Amph
* Seizure Free v Not Seizure Free
* Cognitive Level (6 point likert from high to severe MR)
Seizure status was not significant in predicting response.
* There was no significant difference in responder rates in SzFree
patients (53%) and NotSzFree patients (37%).
+ However: trend for a seizure in the 6 months previous to
the trial to predict worsening on stimulant (p=0.08)

Type of stimulant was significant for predicting whether a
patient was a responder even after controlling for confounders
(x*=4.7, df=1, p=0.03).

« There was a significantly higher percentage of responders to MPH

(63%) than to AMP (24%).
There was a trend for higher cognitive level to predict that a
patient would be a responder (x*=2.3, df=1, p=0.13

patients who were seizure free for 6 months
(SzFree), not seizure free (NotSzFree) and the total
sample were compared

Tolerability

Patients’ discontinuation of medication due to worsening
agitation or emotional lability was predicted by lower
cognitive level (x2=3.9, df=1, p=0.048) and not medication
type or seizure status.

Discontinuation rates due to adverse events for SzFree was Imedian:s  |mediama  [po0z |

35% and NotSzFree 53% (p=ns). latstzs  Jearsaza [ |
Three of 19 NotSzFree patients had an increase in seizures m
while on a stimulant. One had anticonvulsants adjusted and g
became seizure free while she was still taking AMP. One __
each on MPH and AMP discontinued the stimulant due to Unchange <

increase in seizures and promptly returned to his baseline % % -

seizure frequency.

For both groups, the most common reason for
discontinuation of MPH and AMP was increased agitation not
increase in seizures.

Study 3
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Adapting Clinical Trial Methods to Higher Risk
Populations:
RCT of OROS-MPH for ADHD plus Epilepsy

—Stage I, dose finding trial of XR-MPH

«IRB concerned that safety of lower doses be established
before patients exposed to higher doses.

eTraditional Phase I design adopted.
«Crossover design

—used so as to control for heterogeneity of ADHD +
epilepsy patients

-Unblinding at the end of each patients trial so that
each individual patient receives a benefit to balance risk.

*No patient exposed to more the 2 mg/kg/day of MPH

Clinican Rated ADHD Raw Score by Dose*

s
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Baseline week Week 1 Week 2
0mg 18 mg 36 mg

* Boxes show the 25th, 50th, the 75th percentiles. Whiskers extend to the 10th
and 90th percentiles. Dots indicate mean level. Oros-mph means are lower than
placebo means for doses 18, 36, and 54 mg (each p<.002)

Stimulant Effectiveness in Poorly
Controlled Pediatric Epilepsy

N=8

3 experienced a worsening of seizures during MPH
treatment (2 with increase in sz frequency, 1 with
increase in severity)

2 of these unlikely due to MPH and 1 possibly.

No permanent sequelae

5/8 (63%) with positive, robust response of ADHD
symptoms to MPH (close to the 70% seen in non-
epilepsy ADHD patients)

% Responding seems not related to having frequent
seizures

Seizure Data: Closer Look

There was no significant worsening of epilepsy or any
serious adverse event.

longer exposure to placebo than to OROS-MPH.

— Adverse events leading to early discontinuation occurred
earlier and more frequently on the OROS-MPH arm of the
crossover, leading to longer exposure to placebo than to
OROS-MPH.

Five seizures occurred while on OROS-MPH and 3
while on placebo.

Average number of days with a seizure per 100 days
of exposure were

— 0.53 for placebo,

— 0.54 for doses less than 1.2 mg/kg/day

— 1.63 for doses of 1.2 to 2mg/kg/day of OROS-MPH.

Higher doses predicted increased risk of seizure
(p<0.01).

Stimulant Effectiveness in Poorly
Controlled Pediatric Epilepsy

» Review of data entered prospectively in an
electronic medical record system (EMRS)
during routine care

¢ Medical records through 2/06 searched for
patients with:
» Epilepsy, and seizure frequency > 1 per month
¢ Receiving Methylphenidate (MPH) preparation for
treatment of ADHD
¢ Baseline and treated visits available in the EMRS

Atomoxetine: open label case series
in ADHD+Epilepsy 1

e Study 1 (abstract) : Hernandez and Barragan studied 17
patients, 6 to 15 years old, with epilepsy (degree of
seizure control not specified in the abstract) given open
label atomoxetine

— starting at 0.5 mg/kg/day and increased to a maximum
of 1.8 mg/kg/day.

— Significant ADHD improvement starting at 3 weeks and
maintained for up to 12 weeks.

— Only one patient showed an increase in seizures

ILAE Meeting Paris 2005




Atomoxetine: open label case series
in ADHD+Epilepsy 2

Study 2 (Paper): Torres, Whitney, Rao, Lobel, Tilley, and Gonzalez-Heydrich

27 patients (104 years, 63% male) treated with atomoxetine for 4-141
weeks, median 26 weeks). 90% were stimulant non-responders.

Seizure frequency at baseline was from no seizure in 11 years to 90 seizures
per month. No patient discontinued due to increase in seizures.
The overall rate of discontinuation for atomoxetine was 63%.

— inadequate response (n=7, 23%), behavioral worsening (n=8, 30%),
appetite decrease and tremor (n=1, 4%), or noncompliance (n=1, 4%).

— non-significant trend for more discontinuations due to non response
among ADHD-| patients and mood disorders to predict discontinuation.
Of the 10 patients continuing Atomoxetine 8 were responders. Response rate
is modest but almost all the patients previously failed stimulants.

Epilepsy and Behavior 2010

Follow Up Study: Use of MPH in
Patients with Epilepsy and ADHD

¢ Retrospective chart review--examine effectiveness/safety of

MPH in those diagnosed with epilepsy and ADHD

— Examined seizure aggravation, pre/post treatment EEGs,
and effectiveness of MPH

— Participants: 105 subjects diagnosed with epilepsy at the
Department of Pediatric Neurology at Asan Medical Center
and then diagnosed with ADHD

e Exclusion criteria

— Those who took less than 50% of the prescribed MPH dose over the
study period

— Those with an additional diagnosis of a major psychiatric disorder
(ex. Schizophrenia, Bipolar disorder)

lationship Between Aggravation of Seizures and Methylphenidate Treatment in
order and Epilepsy. Journal of Child and Adolescent pharmacology. 2018;

Why are these rates of
aggravated seizures higher?

Rates currently reported are: 0-18% with an
average of 8% (Ravi and Ickowicz, 2016)

Potential reasons why they found aggravated
seizures in 20% of their cohort:
* Included those with uncontrolled seizures and
epileptiform discharges = known risk factors
* Included those with ID, MRI abnormalities, or multiple
AED medications - additional risk factors
* Higher average MPH dosage [i.e. 0.86
mg/kg/day]-> previous studies ranged from 0.3-0.56
mg/kg/day

Question of Treatment for

those with ADHD and Epilepsy

Methylphenidate (MPH) = currently the most widely studied
and prescribed stimulant for ADHD

Data surrounding MPH for those diagnosed with epilepsy is
still somewhat controversial

— Gucuyener et al. (2003 found that MPH does not affect seizure
frequency in those with ADHD and epilepsy

— Gonzalez-Heydrich (2013) found a positive correlation between seizure
frequency and MPH dosage

— Animal models demonstrate that MPH prolongs the length of seizures
by more than 150% of baseline

Results
Seizures were aggravated in 34 out of 105 subjects (32.4%)
* 21 related to MPH (20% )
* 10 related to AED dose reduction or poor adherence
Those with aggravated seizures:

* Higher prevalence of: anxiety disorders, epileptic
encephalopathy

EEG results: 32.3% showed EEG worsening related to MPH
treatment

¢ Those who had worsening of their EEGs > had baseline
epileptiform charges, anxiety disorders, or were naive for AEDs

MPH was effective in improving ADHD symptoms regardless
of its effects on seizure aggravation

ingho, Hae-Won Choi, Mi-Sun Yum, et al. Relationship Between Aggravation of Seizures and Methylphenidate Treatment in

Subjects with Attention Deficit/Hyperactivity Disorder and Epilepsy. Journal of Child and Adolescent Psychopharmacology. 2018;

10-step road map to the
pharmacologic treatment of a

psychiatric disorder comorbid with a

seizure disorder: 1-3

Know as much about the epilepsy as possible
including

Any known cause and its associated risks,

The plan for its treatment.
Integrate this information into a biopsychosocial
formulation and medication treatment plan
I would not let the patient’s seizures prevent my
treating psychiatric problems unless the seizures
were occurring more frequently than one per
month and there was a plan to change the
antiepileptic drug (AED) regimen to decrease the
seizure frequency.




10-step road map: 4-5

. Assess for additional comorbid illnesses

« Such as learning, anxiety, depressive, bipolar, and psychotic
disorders

- Intervention for the latter two disorders will likely be needed
prior to treating the ADHD symptoms.

. Try to understand the longitudinal course of the
psychiatric symptoms and epilepsy in order to better
plan the treatment.

+ Even if psych symptoms preceded the first recognized
seizure, didthey worsened after seizures started?
« Did they improve as seizures were brought under control?

Is there a relationship between increases in psych symptoms
and changes in AED therapy?

10-step road: 7-10

If a patient experiences deterioration in psych
symptoms, consider if it could be due to a
worsening of a neurological condition. Discuss this
with the neurologist and consider the merit of
repeating an EEG and other studies.
Ask parents and teachers to fill out an rating scales
at the start of treatment and periodically during
treatment.
Implement behavioral interventions and parent
guidance along with medication treatments.

. Include in the informed consent discussion an
explanation of the limits of our evidence-base for
using psychotropics in children with epilepsy.

Once An Apparently Effective ADHD
Medication Has Been Found

» I would consider on-off trials to carefully
establish efficacy in each patient.

It is likely that the ADHD treatment will need
to continue long-term even in patients whose
seizures are completely controlled and who
are able to come off their AED treatment.
However, it is important to try decreasing or
discontinuing the dose of ADHD medications
during the summer holidays to see if it is still
needed.

10-step road map: 6

6. Look for opportunities to improve psych
symptoms through better seizure control,
decreasing AED polypharmacy, or switching to
a?f AED with fewer cognitive or behavioral
effects.

e Some AEDs have more potential for behavioral
(e.g. phenobarbitol) or cognitive (e.g
topiramate) adverse effects than others.

However, these measures, even if successful,
will not obviate the need for psych medication in
most children.

If a patient’s seizures seem to
worsen during psychotropic

treatment
» Response depends on
— Severity of the seizures,

— How much of a departure they were from prior
pattern,

— Benefit observed from the psychotropic
medication.

¢ Consider discontinuing if
— clinically meaningful intensification in seizure
frequency or duration.
» Consider increasing the AED regimen and
continuing the psychotropic if
— Observed benefits is great
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DSM 5 OChiift Children

Obsession:

Unwanted, fixed, intrusive, repetitive ideas, thoughts,
urges, images or impulses

From obsedere (L) to beset, occupy or besiege
Subjective mental experience causing negative affect
Compulsion:

A repetitive irresistible impulse to act regardless of the
rationale for the motivation

From compellere (L) to exert an irresistible force, to
sway or to drive

Objective behavior that moderates the affect
A potentially confusing colloquial term

CompulsioniVs Addiction?

* 0OCD
— Fear conditioning and anxiety drives compulsion
Insight generally maintained
— Ego-dystonic
— Internal resistance

— Anxiety relief from rituals reinforces repetition (-ve
reinforcement)

— Treatment involves fear extinction learning (habituation)
* Addiction (IAD)
— gratification drives repetitive behavior (+ve reinforcement)
— dopaminergic nucleus accumbens mediated
— Denial prominent, insight poor
— Ego-syntonic
— Little internal resistance

— Treatment involves cognitive and motivational intervention and
externally managed behavioral approaches

OCD can,start early
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Common Categoriessof Obsessions in Youth
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Comorbid Disorders_insPediatric OCD
Review of €linical Studies

PDD
Enuresis
Speech/Developmental Disorder

Tic Disorders and TS

Disruptive Behavioral Disorders

Anxiety Disorder
Mood Disorder

Any Psychiatric Disorder

Age at Onset of OCQ

<5 6to9 10to 13to 16to 20to 25to
12 15 19 24 30
*From the McLean Pediatric OCD clinic
**Rasmuusen, Steven, MD & Eisen, Jane, MD, The Epid®#f81885%nd Clinical Features of
Obsessive-Compulsive Disorder, Obsessive-Compulsive Disorders: Practical Management, ed.3,1998
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l Onher (Describa)

* Kids can be both impulsive and compulsive

* 30% of children and adolescents with OCD satisfy
diagnostic criteria for ADHD

* However, ADHD symptoms such as inattention in
OCD may be artifacts of intrusive obsessional
thoughts or anxiety and not true ADHD at all...

* Do OCD children with concomitant “ADHD-like”
features have true ADHD or not?

Compulsive or lmpulsive or Both?

12



D Al

MDD Bipolar TD Psychosis ADHD Autism

CMI* + + + +
Fluoxetine + + + +
Sertraline* + + + +
Fluvoxamine + + + +
Paroxetine* + + + + + +

* Any predominant psychiatric disorder other than OCD.
(adapted from Geller & Spencer 2004)

g > a yww.mghcme.org
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Original Research

Does Comorbid
Attention-Deficit/Hyperactivity Disorder
Impact the Clinical Expression of
Pediatric Obsessive-Compulsive Disorder?

by Daniel . Gelter, MBBS, FRACF, Barbara Coffey, MD, Stephen Faraone, PhD, Liss Hagermoser, BA,
MNorcen K. Zaman, EA, Colleen L. Farrel), BS, Ben]amln Muliin, BA and vaeph Biederman, MD
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A Family Genetic Study of OCD and ADHD

* Subjects derived from consecutive referrals to specialty
pediatric OCD program

» Total N=96

— OCD+ADHD n=34

— OCD-ADHD n=62

All subjects met full DSM-IV criteria for OCD and/or

ADHD

* Controls were non-referred siblings of non-ADHD
controls in a large concurrent ADHD study

Clinical
Drug treatments diverge so accurate identification of each
syndrome could lead to better outcome
RCTs do not reflect comorbid cases
SSRIs may cause behavioral activation
Stimulants could aggravate anxiety/compulsions
Scientific
comorbid ADHD may provide a marker of heterogeneity in
OCD useful for clarifying the course, outcome and
etiology of the disorder
Comorbid kids may be more at risk for problematic use of
the internet

14
Methods to Explére OCDADHD m
* Examine the comorbidity of ADHD and OCD using
— clinical correlates
— phenotypic features
— endophenotypic features (neuropsychology)
— family genetic patterns
— course and outcome
* To clarify the association we used several large
cohorts of children
— with ADHD, with and without OCD, and
— with OCD, with and without ADHD
— consecutively referred pediatric & psychiatry patients.
16

A Family Genetic Study of OCD and ADHD

Subjects evaluated using:

— structured diagnostic interviews w/parent(K-SAD-E)

— clinical interview w/ subject & parent

— CY-BOCS and ADHD rating scale w/parent & subject
* Psychosocial functioning assessed w/GAF score

* School functioning assessed by repeated grades, tutoring,
special class placement or special ed placement

OCD & ADHD impairments recorded minimal (1) to severe

(3)

e > a www.mghcme.org

e > a ywww.mghcme.org
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Demographics features of Q

Current Age
SES (1-5) +

Age of OCD
onset £

Age of referral

Male

OCD without

ADHD
N=62
Mean SD
12.3 3.2
1.6 0.7
8.6 3.3
11.4 3.1
N %
31 50.0

+ OCD without ADHD N=59
£ OCD without ADHD N=60
§ P-values derived using logistic regression

OCD with
ADHD
N=34
Mean SD
12.0 3.1
1.8 0.9
7.9 2.9
11.4 2.9
N %
21 61.8

value ¢
0.67

0.42

0.32

0.97

value %
0.27

witheut ADHD

Psychiatric Comorbidity in OGDiChildren with and |

Mood Disorders
MDD

Any Bipolar
Disorder

Dysthymia

Tic Disorders
Simple Tic
Disorder
Chronic Motor
or Vocal Tic
Disorder
Tourettes

Disorder

Psychosis

oco ocD with
without ADHD
ADHD (N=34a)
(N=62)
~N % N %
20 32.3 1a a1.2
7 11.3 6 17.7
2 3.2 3 8.8
EY a.s EY 8.8
7 11.3 2 5.9
10 16.1 ° 26.5
2 3.2 2 5.9

* P values derived using logistic regression

P value
0.32

o.39

without ADHD

Functional Impairment in OGB:Children with and

OCD without OCD with
ADHD ADHD
N=62 N=34
Mean sD Mean SD  Pvalue ©
ocp 2.4 0.7 2.4 o.6 0.87
Impairment @
TADHD N/A N/A 2.0 0.7 N/A
Impairment =
'GAF Score P 50.6 6.6 a8.7 a.a 0.15
Educational N % N % P value®
Indices
Repeated Grade a 6.5 5 14.7 0.20
Special Class 2 3.2 10 290.4 o.002
Extra Help 20 32.3 18 52.9 o.o050
< p_values derived using logistic regression
+ OCD with ADHD N-32
T OCD without ADHD N=58; OCD with ADHD N=33
i i i , 3—severe impai

a1 P: ) P
b Global Assessment of Functioning Scale 0-100

waw.mgheme.org

Anxiety
Disorders

Panic Disorder 5

Social Phobia

Specific
Phobia

Agoraphobia

Separation
Anxiety

Disruptive
Disorders

Conduct

Oppositional

oco OCD with
without ADHD
ADHD (N=34)
(N=62)
% % P value
8.1 7 20.6 0.04a9
9.7 =Y 14.7 0.16
14 22.6 8 23.5 o.95
19 30.7 ° 26.5 0.60
2a 38.7 s 14.7 o.018
1 1.6 o.0 0.32°
23 371 17 50.0 o.11

* P values derived using logistic regression, unless otherwise stated

* P values derived

using t-test

and without ADHD

Symptomatic Impairment.in:@€D Children with |

C-YBOCS
Impairment

C-YBOCS Total
Score
C-YBOCS
Obsession
Subtotal
C-YBOCS
Compulsion
Subtotal
C-YBOCS
Insighta$
(rated 0-4)

@ P-values derived u:

OCD without OCD with
ADHD ADHD
N=60 N=34
Mean SD Mean SD P value @
21.1 4.8 21.7 5.6 0.57
11.0 2.6 11.4 2.8 0.52
10.1 2.5 10.4 2.8 0.65
1.5 0.9 1.7 0.9 0.22

sing logistic regression

5OCD without ADHD N=59
2 0=Excellent insight, 1=Much Insight, 2=Moderate Insight, 3=Little Insight,

4=Absent Insight

Frequency of Obsessions.andCompulsions in
OCD Children with and without ADHD

Percentage

Obsessions Compulsions B0CD-ADHD N-56
0 N-34
70 m
60
50
a

40 B
30 oy .
20 oy .
| ? ilmminln

o

R POIC I I U I
& 4#,&4@ @«@@’c&@ o o T S 7 o &
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* OCD+ADHD participants had higher rates of:
— Special class placement (p=0.002)
— Extra help in class (p=0.05)
— Panic Disorder (21% vs. 8%, p=0.049)
— But not tics or Tourette’s

* OCD-ADHD participants had higher rates of:
— Separation Anxiety Disorder (39% vs. 15%, p=0.018)

* OCD was phenotypically similar with or without ADHD

* ADHD adds to the morbidity & educational burden of OCD in youth
with both disorders

e vy & www.mghcme.org

Attention-Deficit/Hyperactivity DisordéF in Children and Adolescents r
With Obsessive-Compulsive Disorder: Fact or Artifact?

:.i‘\f"ﬁ“ AP YRy
S o ofe‘“‘ f»“{,";»‘*’i‘ g"";“’:;‘f‘ﬁ

£ o & L g & P
ng ‘f Jﬂ" o ‘d Pl S S

ADHD Syrptane

Geller et al. (2002)

Attention-Deficit/Hyperactivity Disorder in Children and Adolescents I
With Obsessive-CompulSive Disorder: Fact or Artifact?

Table 3: Functional Impairment in ADHD Children With
and Without OCD

o i 0
[vE Li [ i

Geller et al. (2002)
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ADHD in Children

ADHD ADHD + z- P value
(n=54) OoCD Score
(n=67)
Mean SD Mean SD

# of 7.7 1.4 7.6 1.8 -0.35 0.732
Attentional
Symptoms
# of 5.9 2.8 5.9 2.4 -0.01 1.00°
Hyperactive/
Impulsive
Symptoms
Total # of 13.6 3.2 13.5 2.9 -0.20 0.852
ADHD
Symptoms

Attention-Deficit/Hyperactivity DisordéF in Children and Adolescents '
With Obsessive-Compulsive Disorder: Fact or Artifact?

Fig. 2 Frequency of associated functional
symptoms in ADHD children with and without OCD

Geller et al. (2002)

28

ADHD in Children & AdBlescents with OCD /4

ADHD ADHD + Z-Score P value
(n=54) ocCD
(n=67)

Mean SD Mean SD

ADHD 2.1 0.6 2.1 0.6 0.43 0.67°¢
Impairment?

GAF ScoreP 51 8.2 47 6.1 -3.06 0.002¢
Educational N % N %  Z-Score P value
Indices

Repeated 8 15 15 22 0.96 0.34¢
Grade

Special Class 16 30 17 25 -0.59 0.56¢
Extra Help 38 70 a7 70 0.26 0.79¢

30



ADHD in Children

* No differences found in:
— frequency of individual DSM-IV ADHD symptoms
— mean # of ADHD symptoms
— frequency of DSM-IV ADHD types
— frequency of functional symptoms of ADHD
* Interpretation
— The ADHD phenotype runs true, irrespective of comorbid OCD
— ADHD is an additive educational burden
— Children presenting with OCD+ADHD truly have both disorders
— Youth with both disorders are more globally impaired

Group comparison on neuropsychologica

measures
Table 2. Group comparisan on ¥ M
ODMEY  ConmdsM S OMN  Conoh Rt Pvalee  Cohess d
Proceitieg speed
Coting scaled wiee 928 179 166 24T ] L] e on
Syrabol Seanh scaled scom 03 34 a2 2500 w ® oot o5
Wemonpatie sbitier
PCFT gy accwrecy 6155 408 e e ale
Biock Ditign scald sezee 107 1121} W E T T 1]
Werking meminy
Doyt Spuan sealed 4000 1068 308 W a4 an
Arthmetic scalec s EiE W <hupon L2
Moe-vecbul
PIOTT delay sy GERE ] 6 o o
Evacutive funcionm
Stroog Woed & sooml &3 T w ® o3 ool
Stroop Colous f s 4 L % [51] 0y
Sy Tl Weed [t stene] A0 51} " n 053 i
g sk ) st A e " n 123 0
[ o & 57 o
=] & o7 o
e &2 e o
L &8 0 o
® & [ g
RCET Delayed onganieaion soo L L [ifik] 0
OCI: ohaesi e compuishve disorcer; BCFT: Ary complex figaee e WIST: Wisceanin Caes Soming Test
Geller et al 2017
L ke :

Research R i : Neuropsychaol ical test
performance in pediatric obsessive—compulsive
disorder — a meta-analysis

The Werld Journal of Biological Psychiatry

IS 1K 30K fivin 12 181 -

MNeurocognitive function in paediatric obsessive-
compulsive disorder

Daniel A Geller, Amital Abramovitch, Andrew Mittelman, Abigall Stark,
Kesley Ramsey. Alllson Cooperman, Lee Boer & 5. Evelyn Stewart

Table 1, Demographic and ciical chasacteristcs of the OCD and contrcd groups.

0 =108 Controls (N=161) Pudue
1139 305 1167 1303 b 056
57 (55.9%) L) | <l 058
Estimated K} M (501" 110407 1439 1218 137 14 0
CH-BOCS ton score M (30 2083 504} - - -
CH-B0CS obsessons M 50 09t 21| - - -
C1-BOCS compulsions M (5T) 083 (264} - - -

Fatimate I) thased on WISC Vocahulry test scoos).
(OY-BOCS: Childben's Yale-Hrown Obsessive Compulsive Scake)

The World Journal of Biolagical Psychiatry

Meurocognitive function in paediatric obsessive-
compulsive disarder

Dandel A, Geller, Amital Abramaviteh, Andrew Mitoelman, Abigall Stark,

Kealey Rarmsey, Allison Cooperman, Les Basr & 5. Evelyn Stewart

Results:

Compared to controls, youth with OCD exhibited
« underperformance on tasks assessing processing speed.
On tests of VSA and WM, underperformance was found only on timed tasks.
There were no differences on NVM and EF tasks. Notably, the OCD group’s
standardized scores were in the normative range.
Test performance was not associated with any demographic or clinical
variables.
Comorbid MDD, Anxiety, ADHD and Tics/Tourette’s did not moderate the test
scores

.
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Heritabilitys6flOCD

Heritability of Early Onset OCD = 45% - 65%
Heritability of Adult Onset OCD = 27% - 47%
Heritability for Obsessions = 33%
Heritability for Compulsions = 26%

Family studies find 24-28% risk for OCD in relatives of

pediatric OCD probands (Nestadt et al., 2000; Hanna et al., 2005;
Do Rosario-Campos et al., 2005)




Age-Corrected Risk of
Relatives _‘11 |

Subthreshold or Full OCD: Lifetime Age-corrected rate (SE) in relatives of
cases

0ocD 26.3% (2.7%)
Tourette’s Syndrome 1.7% (0.8%)
Chronic Tics 7.5% (1.5%)

Tourette’s OR Chronic Tics 8.9% (1.6%)

ADHD 17.5% (2.1)

(Geller et al 2004)

) _
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Figure 2. Kaplan-Mei i of ob (OCD) among
first-degree relatives of ADHD probands with and without OCD and control
probands with neither disorder.

% of Relatives with OCD

ADHD+0CD

ADHD-0CD Controls
Diagnostic Status of Pri
a versus ADHD-OCD group, ® versus Control group
* p<0.05, ** p<0.01, ***p<0.001

v _
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Competing Hypothes

* If ADHD is secondary to OCD

— Expect no familial transmission of ADHD in the families of OCD probands with or
without ADHD.

« If ADHD and pediatric OCD share common underlying genetic
risk
— Expect familial transmission of both ADHD and OCD at similarly elevated rates in

first-degree relatives of probands with either ~ ADHD or OCD compared with
controls.

« |f ADHD and OCD are distinct conditions with independent
transmission

— Expect equally high rates of OCD in first-degree relatives of probands with OCD
with or without ADHD,

— Prevalence of ADHD should be elevated only in the relatives of probands with
OCD and ADHD

— When occurring together, ADHD and pediatric OCD may represent a distinct
familial subtype as evidenced by co-segregation and nonrandom mating between
parents.

38

Clinical Features of Relatives.efi€ontrols, ADHD-OCD
and ADHD#OCD Probands:

Proband Diagnosis

Control ADHD folei} ADHD with OCD e
(N=716) (N=791) (N=33)
Gender* N % N % N %
Male 360 503 412 521 16 485 039
Onset** (y) Mean sD Mean sD Mean sD
ADHD 39 29 35 27 22 24 014
oco 110 26 153 83 7.2 106 0.60
Impairment*** Mean D Mean D Mean
ADD past 19 07 22 07 25 05 0.06
OCD past 20 10 19 07 22 10 079
ADD current 16 06 19 06 23 06 0.06
0CD current 10 00 18 04 18 05 066
GAF** Mean sD Mean sD Mean
Past 638 108 58.2° 120 542 88 <0001
Current 710 7.5 67.2° 95 635 97 <0001

Logistic Regression, ** Linear Regression, **Ordinal Logistic Regression

2p=<0.001 to control group
-] b p<0.05 compared to ADHD without group
Figure 1. Kaplan-Mei i of i icit/| i (ADHD)

among first-degree relatives of ADHD probands with and without OCD and control
probands with neither disorder.

25

p** pr**

% of Relatives with ADH

ADHD+0CD

ADHD-0CD Controls

b versus Control group Diagnostic Status of Pri

#%p<0.01, ***p<0.001
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Examining the Relationship Between
Obsessive-Compulsive Disorder and
Attention-Deficit/Hyperactivity Disorder in
Children and Adolescents: A Familial Risk Analysis

ber, Carter Petty, Fe Vivas, lessica Johnson, David Pauls, and Joseph Blederman

%o of Relatives with OCD

[YS—ry [E———

ADHI Status of Helarives

der (D00
y discrder

Figure 3. Kaplan-Meier sstimates of absessive compulzia
amo Hatres with and without attention-deficitfyper

g. A . mghcme. org

(Geller et al 2003)

Pharmacotj

Serotonergic medications are effective in short, medium
and long term treatment*

NNT ~ 3. Mean improvement on CY-BOCS is 6 points over
placebo

Multimodal treatment (CBT plus medication) is
recommended if CBT fails to achieve clinical response
after several months and for more severe cases should be

considered the “default” treatment

* (Apter et al., 1994; Como and Kurlan, 1991; DeVeaugh-Geiss et al., 1992; Flament et al., 1985;
Geller et al., 1995; Leonard et al., 1989; Leonard et al., 1991; Liebowitz et al., 1990; Riddle et al.,
1996; Riddle et al., 1992; Riddle et al., 1990b, Thomsen 1997, Scahill et al 1997, March et al 1998,
Rosenberg 1999, Riddle et al 2001, Geller et al 2001a,b,c, Geller et al 2002)

g. T ACADE . mghcme.
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Relapse Rate (%) By Number.efi€omorbid Psychiatric
Disordegs - All Patients

Paroxetine in Pediatric OCD

n

Relapse uRate (%)

0

>=1 = >=3 Comorbid Disorders.

(Geller et al. 2003)
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Vi,
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The Pediatric OCD Treatment Study (POTS)
Intent To Treat CYBEOCS Scores by Week of Treatment
E
5
2
2
al
@
oom
:L: 16
1"
N -
0 }
N March et al J Am Med Assoc 2004
B T T T T
o 2 4 & [ 10 12 14
Week of Treatment
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Proportion (%) of CGI Responders To Paroxetine

Treatment by Psychiatric Comorbidity

70.5 74.6

¢
55.6 52.9%

39.3*

% Responders

DAl Patients (ITT/LOCF)
ENo comorbid disorders
®Any (>=1) Comorbid Disorder
B Comorbid ADHD
*P< 0.01 compared to group with no comorbid disorders
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FDA black box warnings for all antidepressants but no
suicides occurred in any of the pediatric OCD RCTs of SSRls

Bridge et al. (2007) found no statistically increased risk of suicidal
thinking or behavior in the pooled pediatric OCD trials

Pooled absolute rate of suicidal ideation/attempt in OCD
trials:
SSRI 1% (4/362) (95%Cl 0-2%),Placebo 0.3% (1/339) (95%CI -

0.3-1%), pooled risk difference 0.7% (95%Cl -1%-2%, p=.57
NNH = 143-200)(Bridge et al 2007)

It remains unknown as to whether comorbid ADHD alters
the risk of SSRIs in youth with OCD

g ot mgheme org
Nordic Long-Term O€D Treatment Study Aﬁ
One-Year Outcomes for Responders of Cognitive-Behavioral
Therapy for Pediatric Obsessive-Compulsive Disorder
Figure 2 Estimated CY-BOCS tot: in children and cents who responded
: N
=
N
N
N
NN
o,
o e )
Hojgaard et al. (2017)
L ot mgheme org
Impact of Comorbidity on Cognitive-Behavioral
Therapy Response in Pediatric
Obsessive-Compulsive Disorder
ERIC A STORCH, Pr.I), LISA . MERLO, P D), MICHAEL J. LARSON, M5,
GARY R GEFFKEN, Pu.[x, HEATHER D, LEHMKUHL, P}, MARNI L, JACOR, B.S.,
TANYA K. MURPHY, M.D, avo WAYNE K. GOODMAN, MDD
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Lk Storch et al 2008 v mghcme.org

CBT: Exposure & Re

Exposure — Anxiety provoking obsession

Urge to ritualize
Anxiety not relieved
Compulsions performed J

Response
prevention

Relief from anxiety ~ Habituation

New obsession . Lo
Obsessions diminish

50
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Nordic Long-Term Q€D Treatment Study

One-Year O for R ders of Cognitive-Behavioral

P

Therapy for Pediatric Obsessive-Compulsive Disorder

Figure 3 Transitions between remission, response, and relapse status during the
follow-up (FU) period

[ Responders in remission

(CY-BOCS <10

El @ R N
esponders not in

remission (10 < CY-BOCS

<15

{ . [ Relapse (CY-BOCS > 15)

Hajgaard et al. (2017)

Compulsion'vs Addiction?

+ 0CD
— Fear conditioning and anxiety drives compulsion CAN BECOME
HABITUAL
— Insight generally maintained NOT ALWAYS
— Ego-dystonic NOT ALWAYS
— Internal resistance RESISTANCE CAN VARY
— Anxiety relief from rituals reinforces repetition CAN BE GRATIFYING
— Treatment involves fear extinction learning IF COMPLIANT
« Addiction (IAD)
— gratification drives repetitive behavior NOT ALWAYS
dopaminergic nucleus accumbens mediated
— Denial prominent NOT ALWAYS
— Ego-syntonic NOT ALWAYS
— No internal resistance NOT ALWAYS
— Treatment involves cognitive and motivational intervention and
externally managed behavioral approaches MAY RESPOND TO MEDS
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Health risks of onlj

Displaces important daily activities
school and homework

chores

socializing in person

family time

adequate sleep

physical activity

junk food diet

lack of exercise

ObESIty i i . Highly accessible to all formats/consoles
postural pain syndromes in cervical Limitless choices inspire creativity

or lumbar spine (“gamer slouch”)  groups of 2-4 provide limited socialization

titi " o Random treasure introduces gambling
repetitive stress injury Social status with increased competency

45 million players
Rated T for teens, violent content
Fast action with visual effects

55

Non gaming Problematic Internet Useﬁm

* Social media (girls more T—T T E
susceptible)
— cyberbullying
— sexting
— sexual predators
¢ Online pornography
* Online gambling
* Netflix bingeing
* Workaholism
* Internet shopping
* |dentity theft
* Phishing/fraud
¢ Influencing elections..!

“Lasrry i ity stadiee, b they seve if right hack ™
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Health risks of onli

Boys are more susceptible
ADHD and Autism spectrum are risk factors
Consequences for mental health include
mood disorders (depression)
social anxiety

online bullying

school failure

social withdrawal

BUT bidirectional influence
Are OCD + ADHD youth more at risk?

Increased risk for aggressive ideation or
behavior in susceptible youth

From top: Red Dead Redemption 2, Call of Duty, Black Ops 4

56

Coneltisions

* When you see ADHD with OCD both conditions are
present and real

* Both need treatment

» Affected youth have additive functional and
educational burdens

* They are harder to treat with meds and CBT
* Treat anxiety/OCD first as a general rule

* May be at increased risk for AEs and PUI

* Good luck!
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Pediatric bipolar disorder occurs
(and co-occurs with ADHD)

Janet Wozniak, MD

Director, Pediatric Bipolar Disorder Research Program
Associate Professor of Psychiatry

Harvard Medical School and Massachusetts General
Hospital

ADULTS .~

Joseph Biederman MD, Harvard Medical School

Cesar Soutulllo MD PhD, University of Navarra
Kathleen Merikangas PhD, NIMH

ke Do Vit R

Rising Rates of Pediatric Bipolar Disorder

Overview: Pediatric Bipolar disorder is a highly morbid, valid condition that affects
a significant minority of young children and is often comorbid with ADHD

Bipolar disorder is now considered in the differential
diagnosis of youngsters with mood symptoms

Scope: Pediatric Bipolar Disorder is now in the differential 1 l
diagnosis for moody children [
A

Diagnostic description: Pediatric bipolar disorder can be
reliably diagnosed and is often mixed and irritable and
comorbid with ADHD

Persistence, Familiality, Treatment: Pediatric onset of @
bipolar disorder is familial, persists over time and 5
responds to mood stabilizers SGAs

Biomarkers: We have progress towards objective
identification with rating scale and biomarkers

Consecutively referred children < 12 years: #
76% ADHD
1991-1995
1995-2002

Bipolar Disorder (N=262)
Bipolar Disorder (N=768)

; Biederman, 2004

3
Tife symptoms‘of mania are. the same in children and adults What we learned about children with mania:
with presentations appropriate to developmental stage
A. Adistinct period of abnormally and persistently ¢ The major mood disorder chief complaint of the parents was ]
elevated, expansive or irritable mood and persistently [ severe irritability (rather than euphoria)
increased goal-directed activity or energy
* The children had mostly mixed states (mania and depression
B. Atleast 3/7 (4/7 if mood is irritable) overlapped in time)
1) D Distractibility
2)1 |NCfea.SE'f| aCti\{itY/PSVChomOtOT agitation « The children were seldom well due to mixed states, many cycles
3) G Grandiosity or inflated self-esteem and comorbidity (chronicity)
4) F Flight of ideas or racing thoughts
5) A Activities with painful consequences
6) S Sleep decreased ]
7) T Talkative or pressured speech I
& ‘ Diagnostic and Statistical Manual (DSM-5) Juwwmgheme.org \Wozniak 1995; Biederman 2004w rdhcie.on




What we learned about children with mania:

Despite a substantial bi-directional overlap, bipolar disorder is a
different more impairing condition from ADHD alone

¢ The major mood disorder chief complaint of the parents was

(LWt severe irritability (rather than euphoria)

¢ The children had mostly mixed states (mania and depression
overlapped in time)

and comorbidity (chronicity)

* Almost all of them had ADHD (especially when the onset of

¢ The children were seldom well due to mixed states, many cycles]
mania was prior to age 12) ]

€€€CL

Wozniak, 1995; Biederman, 2004

v mgheme org

Wozniak, 1995; Biederman, 2004

Depression 38%

Psychosis 16% 0

Defiance (ODD) 88% 48%

Conduct Disorder  37% 15%

Anxiety 56% 26%

Hospitalization 21% 2%

Functioning Very poor fair Most young children with

Learning Disability 42% 14% ety Glieelar allw e ’
comorbid ADHD

wnmghcme

Despite a substantial bi-directional overlap, bipolar disorder is a
different more impairing condition from ADHD alone

Despite a substantial bi-directional overlap, bipolar disorder is a
different more impairing condition from ADHD alone

MANIA |ADHD

Depression

Psychosis
Defiance (ODD)

Conduct Disorder

88% 48%

% 2%
Very poor
42%

Hospitalizatio
fair

14%

Functioning Most children with

bipolar disorder also have
comorbid ADHD

Learning Disability

Wozniak, 1995; Biederman, 2004 P

Depression

Psychosis 16% 0
Defiance (ODD) 88% 48%
Conduct Disorder  37% 15%

Anxiety

Hetpitalization 21% 2%

Functioning Very poor fair Most children with
Learning Disability 42% 14% ety GlaIler alko e

comorbid ADHD

Wozniak, 1995; Biederman, 2004
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Pediatric bipolar disorder often co-occurs and overlaps
with ADHD, but requires mood symptoms to diagnose

In study of 10,000+ US adolescents, 2.9% were bipolar and in a
meta-analysis of international studies, the rate of pediatric
bipolar disorder was 1.8%

There are overlapping symptoms between ADHD and BPD

Hyperactivity Talkativeness

Distractibility

vs. pressured
speech in
bipolar disorder

vs. increased
energy/activity in
bipolar disorder

very severe in
bipolar disorder

Biederman JAACAP 1996 woun mgheme org

Lifetime Prevalence of Mental Disarders AL OF =
in U.S. Adolescents: Results from the CLINICAL PSYCHIATRY

Mational Comarbidity Survey Replication— o ek e et

Adolescent Supplemant [NC5-A)
e Bt Masbeng &y, lasong By ui orey Biewia &
A BT T s

Beu: The cuna® rate of Linoiar o
¥ %3000

FClin Peyebeuiry 201 4;72{%)-1 250 1256
© Capreahs 5351

Merikangas 2010: Van Meter J Clin Psych 2011
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DSM-5 Workgroup Rationale: “reduce the ber of bipolar di "
DMDD is “ tr difficult to di: ish from ODD and CD

A framework for the validation of psychiatric disorders can
be applied to pediatric bipolar disorder

Examining the Proposed Disruptive Mood Dysregulation Disorder
Diagnosis in Children in the Longitudinal Assessment of
Manic Symptoms Study

David Axeson, MD; Robert L Findling, MD, MBA; Mory A Fristad PhD, ABPP;
Robert A Kowatch, MD, PhD; Erc . Youngstrom, PhD; Saroh McCue Horwitz, PhD;

L Eugene Amold, MD; Thomas W. Frazier, PD: Neal Ryan, MD; Christine Demeter, MA;

Mary Kay Gil, MSN; Jessica C. Hauser-Harrington, PhD; M.Kennedy, MA;
Brittany A. Gron, BS; Brieana M. Rowle is MD

Temper outbursts >3 per week
Persistently irritable mood

present for 12 or more months. Throughout
that time, the person has not had 3 or more
consecutive months when they were without
the symptoms

Exclusionary:

Euphoria for 1+ day with 3/7 B criteria
During MDD episode

History of (hypo)mania

Conclusions: In this clinical sample, MDD could not be delimited
from oppositional defiant disorder and conduct disorder, had limited
diagnostic stabiliy, and was not associated with current,

or parental history of mood or anxiety disorders. These findings raise
concerns about the diagnostic utiity of DMDD in clinical populations.
J Clin Pyehiatry 2012:73(10)1342-1350

 Capyrigt 2012 PhysicansPosgrduate Pres,

Axelson JClinPsych 2012

v mgheme org

1. Unique Clinical characteristics

2. Familiality

3. Course (persistence)

4. Unique Pharmacological
Responsivity

5. Laboratory Studies

Robins & Guze, Am J Psych 1970

winmghme org

The symptoms of mania are the same in two cohorts of
pre-adolescent age (<12 years) youth with bipolar disorder

The symptoms of mania are the same in two cohorts of
pre-adolescent age (<12 years) youth with bipolar disorder

70

; Age at presentation: 8 years
20 3 Age of onset: 4.5 years
10 Duration of illness: >3 years

Guphora  ritabdty  ecraased  Flightof | Grandiess Decrensed Prossured Rocing
Energy  ldema Sleep  Spesch  Thoaghts
Mozpial 1905: Riederan 2000 s mgheme org

; Age at presentation: 8 years
20 i Age of onset: 4.5 years
10 Duration of illness: >3 years

Wuphora  ritsbdty  ncroamed  Flightof | Grandicss Decrossed Prossursd  Racing
Energy  ldema Sloep. hes

s
\Woznial 1995 Biedermag 2000
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Irritability lasting “7 days or longer most of the day most
every day” is more common than euphoria in BPD Youth

The type of irritability observed in manic children is very
severe, persistent and often violent

e

E’horic \\

| Irritable

/l (Severe)

KSADS structured interview data

Wozniak, 1995; Biederman, 2004

woun mgheme org

* Outbursts often include threatening or attacking
behavior towards others: kicking, hitting, biting,
spitting, swearing, disrespectful, wild, out of
control, destructive explosions

¢ Outbursts are frequent often daily and long
lasting, 30-60+ minutes

Biederman JAACAP 1996; 35(8): 997-1008
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All forms of irritability are not the same but can co-
exist and overlap, creating a ‘never well’ condition

Mixed presentations are common

~—ADHD —ODD — MDD —MANIA

A

Irritability: increasing severity

13 57 91113151719 2123 2527 29 31 33 35 37 39 41 4345 47

Months

Mick 2007

v mgheme org

Mixed

84%

19

Wozniak,_1995; Biederman, 2004 gheme.org

Pediatric bipolar disorder familial, a feature of a valid

diagnosis

Familial risk of bipolar | disorder is greatest in first-degree relatives of pediatric BP-I
Brobands versus ADHD and control Erobands

Pediatric bipolar disorder is highly persistent in our 4-year
MGH longitudinal study and few improved without treatment

N=78, Baseline age 10 years, 76% male, Age of onset 5 years

Pediatric probands with subthreshold bipolar disorder

have rates of familiality similar to full syndrome probands
*
w20 5
¢ s [*p=0.01 versus ADHD and
s itrol:
55 Y controls
Bo, “ 3
202 12 H
T gz 10 2
oo 2 s
805 8 2
22 i K
2 ]
Y 2
a8 £ 2 2
£ 0

BP-1 ADHD Control
239 probands 162 probands 136 probands
726 relatives 511 relatives 411 relatives

Wozniak ) Clin Psych 2012w ngncre oy

o ) N
73% continue with Bipolar | non-persistent

(improved)

6% euthymic
persis
9% euthymic, treated

5% depressed

6% symptoms of mania

Consistent with s

ies by Geller (WashU) and Birmaher (COBY)

Wozniak JPsychiatrRes 2011; Geller ArchGenPsychiatry 2008; Birmaher AmJPsychiatry 2009
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Most bipolar adults in STEP-BD (N=983) reported onset in
childhood or adolescence demonstrating continuity

There are many FDA Approved Treatments for Children and
Adolescents with Emotional Dysregulation

Age of onset of bipolar disorder for bipolar adults
9.5% lifetime prevalence comorbid ADHD

7
BPD+ADHD Adult patients:
* had earlier onset BPD by 5 years
/> 18 years * had shorter periods of wellness (chronic)
[ * had more comorbidity (anxiety and

| 35%
{ * were more likely to be male

were more likely to have Bipolar |
had more days irritable and more days elated
had lower GAF

more attempts
more
more problems (conduct disorder)

Perlis _Biol Psych 2004; Nierenberg 2005 _org
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Lithium: manic or mixed states, patients aged 13-17 years

Risperidone: manic or mixed states, age 10-17 years
Aripiprazole: manic or mixed states, age 10-17 years
Olanzapine: manic or mixed states, age 13-17 years

Quetiapine; monotherapy or adjunct to lithium or divalproex sodium, manic
states, age 10-17 years

« Saphris manic or mixed episodes in BPD |, age 10-17

Lurasidone: bipolar depression, age 10-17

Fluoxetine: depression and OCD age 8+
Escitalopram: depression age 12+
Sertraline,fluvoxamine, anfranil: pediatric OCD

Aripiprazole: irritability associated with autistic disorder ages 6-17
Risperidone: irritability associated with autism ages 5-16

sowvzmgheme o




The mean decrease in YMRS in pediatric studies is much
greater for the SGAs than for other agents

The result of omega-3s for bipolar disorder in children is about 50% what
we see with SGAs, but without the side effects. NAC also promising.

Traditional Mood Other Atypical Naturopathic
Stabilizers Anticonvulsants  fAntipsychotics Treatments
-5.6

g
§
S

3

5

g

2

5]

SGAs are also a robust treatment

-10.99 -11.03

for adults with bipolar disorder

S

Liu JAACAP 2011; Perlis J Clin Psychiatry 2006

Omega-3 fatty acid monotherapy for pediatric bipolar
disorder: A prospective open-label trial

Jamas Woaniak * "%, Joueph Miederman * °, Fric Mick®*,

Jnemen Waxmansky ©, Lilns Hanizoa ", Catherine e,

Toanne K. ChuetieBiown . Mih el Lapasata ”

One of the concerns about increasing the
diagnosis of bipolar disorder is that it will
lead to exposure to medications with

unknown effects on the developing brain

Advancing natural treatments for pediatric
bipolar disorder may encourage earlier
diagnosis....and agents with minimal effect
on the adult brain might play a major role in
the developing brain

winmghme org
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MASSACHUSETTS
GENERAL HOSPITAL

PSYCHLATRY ACADEMY

Proton Spectrum acquired from the anterior cingulate
cortex of a child with bipolar disorder

Unique Markers/ Biomarkers external to
clinician diagnosis?

iy mghee org

Ino: myo-Inositol
Cho: choline

Cr: creatine
Glx: glutamate and glutamine
NAA: N-acetyl aspartate

Moore Am J Psychiatry 2006

27

28

Elevated glutamate in the anterior cingulate cortex

Increased Mean and Axial Diffusivity Surrounding the Cingulum Bundle

+ Track-Bascd Spatial Stalistics

Glutamatergic dysregulation in the
ACC may represent a useful -
biomarker of emotional
dysregulation in youth worthy of
further investigation

The CBCL is a useful tool for .
providing a continuous measure of
emotional dysregulation for

correlation with biomarkers,

Glutamats Lovel (1)

Wozniak 2011

woun mgheme org

(TBSS) using voxelwise analysis
showed a significant positive
correlation between the CBCL-ED
score and median diffusivity (MD; p
<0.05) and axial diffusivity (AD; p
<.05,) overlapping in cingulum
bundle areas, the genu of the corpus
callosum, and the superior

longitudinal fasciculus (SLF).
@ « Findings indicatc that greater

Crcabem wre (08

& 8
&

severity the emotional dysregulation
as indexed through the CBCL-ED
profile is associated with more
impaired matter abnormalities in the
cingulum bundle areas as indexed
through mean diffusivity and axial
diffusivity values.

Uchida 2018

s mgneme org




BPD with early age of onset shows genetic covariation with ADHD,
suggesting different genetic mechanisms in early and later onset BPD

B it

Genetic Ove Bam;ndalla@em!:(nl-’wrmw

tiv order isorder:
m:; l-'nr:m alt'ilanorm!-\lwIc‘le'mjl.sa;m:l.tlllml' =
Study Meta-analysis

We say ‘bipolar’ but mean
many different things.
Age of onset is one source

o oty 10 shaw
ETHOOS: Cesrorme e ssacc

e

vl BPD could be due 10 shamd genetic Fiske.

CONCLUSIONS: The srgle nuchotide polymorphism-based genetc comelaton between ADHD and BP0 &

substantial sigrificare. h ADMD and BPDL
et geretic mechanism imvohved in sy and later BFD crmet

Van Hulzen Biol Psychiatry 2017

ngheme.org

What questions would you like to ask?

Overview: Pediatric Bipolar disorder is a highly morbid, valid condition that affects a significant minority of

young children and is often comorbid with ADHD

Scope: Pediatric Bipolar Disorder is now in the differential I q
diagnosis for moody children l
A

Diagnostic description: Pediatric bipolar disorder can be
reliably diagnosed and is often mixed and irritable and
comorbid with ADHD

Persistence, Familiality, Treatment: Pediatric onset of
bipolar disorder is familial, persists over time and &
responds to mood stabilizers SGAs

Biomarkers: We have progress towards objective
identification with biomarkers

nghemeorg
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(fiica 1,y Comorbidity with ADHD and course in a i Cesar A. Soutullo, MD, PhD
de Navarra Spanish sample of children & adolescents - Disclosure (a years: 2015 - 1an 2019)

With Bipolar disorder Fulltime contract: University of Navarra, Associate Professor Active

+ César Soutullo MD, PhD; =

>$10,000 €

Maria Ribeiro, MD; Karol Machifiena RN,
Azucena Diez-Suarez, MD, PhD.
Child & Adolescent Psychiatry Unit, University of Navarra, Spain

Fundacién CAN 20142016

3 I ; F. A. Koplowitz 2

U Madra _ e I I N N L
il : [ I - I I R R

A?SARD Meetnng, Washlngton, DC, 17-20 Jan 2019 cu N-Pamploa -

Bipolar disorder as it relates to ADHD. 1962-

Wozniak J, Biederman J, Merikangas K

Thanks

APSARD Scientific Committee

Introduction: Controversy vs. Data on
. Janet Wozniak and Joseph Biederman ¥

MGH, Boston, MA

Pediatric Bipolar disorder

Azucena Diez-Sudrez MD PhD  Maria Ribeiro MD  Karol Machifiena RN
PhD Candidate

7| Acceped: 14 Asgust 2087

12394

TASK FORCE PAPERS winEy AR

The International Society for Bipolar Disorders Task Force
report on pediatric bipolar disorder: Knowledge to date and
directions for future research

Benjamin | Goldstein!2 " | Borls Birmaher® | Gabrielle A Carlson® | Melissa P DelBello® |
Robert L Findling® | Mary Fristad” | RobertA Kowatch’ | DavidJ Miklowitz® |
Fabiano G Nery® | Guillermo Perez-Algorta’ ' | AnnaVan Meter'®™ | Cristian P Zeni!
Christoph U Correll'* | Hyo-Won Kim'® | Janet Wozniak'® | Kiki D Chang’® |

Manon Hillegers' | Eric A Youngstrom™®

FIGURE 1 Articles about pediatric bipolar disorder indexed in
PubMed each year, Search terms were ("bipolar disorder” or mania or
manic) and {child or adole” or pediatric or juvenile) [Colour figure can
be viewed at wileyenlinelibrary.com)




Source of Discussion on Pediatric
Bipolar Disorder. i soncassen s,

International Soc. Bipolar Disorder Task Force on Pediatric Bipolar Disorder

ﬂioes it exist?: Epidemiology: 1.8% (1.1-3.0) van meter, 2011
— éOverdiagnosis?: DSM-5: DMDM

m Diagnostic Criteria (DSM?)
— Type of symptoms

= Grandiosity, Elation a MUST?, vs. Irritability or Elation (DSM),
increased activity/energy

— Duration of episodes:

m Episodic vs. Cronic course.
— Chronic irritability without other episodic symptoms is not mania

— Leibenluft’s Narrow, Intermediate or Broad Phenotype -

(Leibenluft et al., Defining clinical phenotypes of juvenile mania. Am J Psychiatry 2003)

Irritability
Birmaher, Godstein, Axelson & Pavuluri. Lewis’s Child and adolescent Psychiatry . Martin, Bloch & Volkmar, 2018
= “Low threshold for experiencing anger in response
tb negative emotional events”
m Lower threshold
m Faster increase of anger
m Higher “peak”
m Longer duration
m Present in nearly all children & adolescents with mania
(sensitive marker), BUT also present in ODD-CD, MDD, GAD,
PTSD, ASD (low specificity)

m Only 10% of BP youth had irritability or elation alone

(Hunt.../Birmaher et al, 2009, 2013)

J Clin Psychiatry 2011;72(9):1250-1256

is of Epidemi ic Studies of Pediatric Bipolar Disorder

Anita R, Van Meter, MA; Ana Likia R, Moreira, ME: and Eric A, Yourgstrom, PRO

1.8% (95% CI: 1.1% - 3.0%)

Language clarification

m Pediatric bipolar disorder, juvenile BD.
thsually refers to BP in <18, not just in children (0 to 12)

m Elation/Euphoria — Mania — Bipolar

— Sometimes used as if they were interchangable

— Elation (or Irritability) is NOT enough to diagnose BP,

you need other symptoms

m ICD vs. DSM definitions of BP.

— ICD-11 definition is now similar to DSM-5,

— only 1 episode of mania required (no Depression required).

8

EPIDEMIOLOGY

Meta-Analysis of Epidemiologic Studies of Pediatric Bipolar Disorder
Anna R, Van Meter, MA; Ana Licia R. Moreira, MD; and Eric A. Youngstrom, PhD

_’_Averae Rate of Pediatric B

1985 1884

Prevalence -
of Bipolar _. /\‘/Include NOS
N

Spectrum

No increase

: over time
No difference
USA rate
vs. World

Non-USA

<> UsA - I ¥ I r=l
=1 vVan Meter, Moreira, & Youngstrom, 2011, J Clin Psych



ot driving increase of PBD-1

2.1%

1.9%

NN

Van Meter, Moreira, & Youngstrom, 2011, May

Original Article

Ten-year updated meta-analysis of the clinical
characteristics of pediatric mania and
hypomania

Van Meter

AR, Burke €

Anna R Van Meter®, Coty Burke®,
Robert A Kowatch®, Robert L
Findling® and Eric A Youngstrom®

N=20 Studies
2,226 youths 15

Van Meter et al., 2016

Van Meter, Burke, Youngstrom, Faedda, Correll. 2016

{REVIEW

The Bipolar Prodrome: Meta-Analysis of Symptom
Prevalence Prior to Initial or Recurrent Mood Episodes

Anna R, Van Meter, o Coty Burke, s, Eric A. Youngstrom, s, = i
Gianni L. Fasdda, o, Christoph L Corwlu %‘L W= stu(_:lles
1,078 patients

Objective: The aim of this
provalence of syenpto
bipclar disorder

analyze the 1 the initial prodrome
ent mood episods, Fow
maderstars of symplam 7 ces emerged, and s

nifican

Canch

re revigws wene conducted in loeg, and chiractes

PubMed for prospective or retrospective  mood episede to make en
" tian ,\mg,ams feasible.

Prevalence & duration of symptoms

before initial or recurrent BD eplsode

PeycINFO

i lkl u\l:. aa u‘ -Iu\. .l-l-|l\ |'mdua|eh o he  overall

provalence.
Results: In 11 studies (n = 1,078}, the prodrome preced:
Prodrome 27.1 + 23.1 months (4.6-130)

Key words: bipolar disarder, prodrens, subthreshnld,

Subthreshold 1.0 + 0.9 months (0.5-1.3) [Eesseysi

ntification
TRETY COPUN,

. Jx.du\l\‘d with e ) Am Acad Chil

dlagnostic d Adelesc Psychiatry 2016:55(7)543-555.
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PHENOMENOLOGY
CLINICAL CHARACTERISTICS
EARLY DETECTION

Symptom prevalence in BD-I, BD-NOS & BD-Spectrum

< BoNos (@) BD Spectran

Van Meter, Burke, Youngstrom, Faedda, Correll. 2016

Prevalence of Symptoms in BD Prodromes

FIGURE 2 Averoge pre\-dence rate and 95% Cls for symptoms preceding an inifiol or recurrent bipolar moed episode. Mote:
ot all symptoms were reperted for both the initial prodrome and the subthreshold period before a mood episode recurrence.

Average age of onset: 17.8 + 8.6 yrs old

B Inftial prodrome

< Regument prodrome

Van Meter, Burke, Kowatch, Findling, Youngstrom. 2016



EPISODES & CYCLING PATTERNS
CHRONIC VS EPISODIC

PATTERNS OF BD ILLNESS OVER 1 YEAR (SFBN, N=258)

Group II (40,3%). Intermittent Episodes

wmiam, .

BN |

Group I (26,8%).
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éor is he getting depressed?

s S

Symptoms of BD fluctuate Above and Below
normal mood.
Otl1|er disorders are more “constant”

For example:

Mood symptoms

ADHD or ODD

éls he getting manic?

+

He is getting depressed!! I l & l

| i




Or going up?

ADHD - BP:
DIFFERENCES & SIMILARITIES




87% of BPD had TDAH
20% of ADHD had BPD

Comorbilidad: BP en nifios con TDAH y

TDAH en nifios con BP
Child & Adolescent Psychiatry Unit, University of Navarra, Spain.
Soutullo et al., 2005 Bipolar Disorders

TADHD+Bipolar ©ADHD Only TBipolar+ADHD @ Bipolar Only

8.3% 21.1%

87% (112 of 129) of the BPD children met criteria for ADHD;
20% (112 of 562) of ADHD children met criteria for BPD,

Fig. 1. Diagmostic overlap of BDP and ADHD (2nd cohort).

Nifnos con TDAH N=38 Nifios con Enf. Bipolar

[ Biederman et al. / Joumal of Affective Disorders 825 (2004) 545-558

Comorbidity in BP Pediatric bipolar disorder in a Spanish sample: Features before and at the

ime of diagnosi

Joshi & Willems, 2009. Child Adolesc Psychiatric Clin N Am 18 (2009) 291-319 time of diagnosis
Adapted from: Biederman J, Petty C, Faraone SV, et al. Moderating effects of major depression on patterns of comorbidity n referred aduls with T
panic disorder; 2 controlled study. Psychiatry Res 2004 Cesar A. Soutullo **, Inma

ulada Escamilla-Canales”, Janet Wozniak®, Pilar Gamazo-Garran ",
Ana Figuema-Quintana *, Joseph Biederman*

Soutullo et al., 2009

“p<0.05
100
%0
80
i 70
Sovers MDD | 60
t O Previous treatments
o 50
Misiple Ansieties i B Current treatments
2 H
[ 1 20
Pychoss N
! - - 138 10 +
Any SUD :ﬁ_—h P "
o

Psychiatry Res 2004;126:143 Fig. 5. Treatment received before and at the time of bipolar disorder diagnosis in 38 children

% Tasa de Comorbilldad con TDAH {U“tllli;\lll :IHJr]-SL_I r‘L:rl]‘ ADOLESCENT PSYCHOPHARMACOLOGY

Mary Ans Licbert, Inc

segun polaridad del episodio Pp. 197168

Diagnostic Characteristics of 93 Cases of a Prepubertal
and Early Adolescent Bipolar Disorder Phenotype by
Gender, Puberty and Comorbid Attention Deficit

TTIETTT Hyperactivity Disorder

Patel 2006
E DelBello 2004 BARBARA GELLER, M.I)., BETSY 7 A . MARLENE WILLIAMS, R.N,,
KRISTINE BOLHO R, B.S., JAM M.

MELISSA P. DIE,LBELLU: M.D.,

Eutimia Geller et al, 2000




DSM-IV MANIA-SPECIFIC & NON-SPECIFIC SYMPTOMS
in 93 PEA-BP, 81 ADHD & 94 Controls & Washington University in St.Louis
Geller et al., 2002 J Child Adol Psychopharm 12(1):11-25

mPEA-BP (N=93)  BADHD (N=81)  @Control (N=94)

Bipolaridad Pediatrica y TDAH

Singh, DelBello et al., 2006 Bipolar Bisorders;8:710-720

-_’_3. Factores asociados al TDAH
(Tratamiento con Estimulantes) induce BP

= Estimulantes mejoran BP
(Clower, 1998; Carlson et al., 2000; Biederman et al., 2004)

= Estimulantes empeoran BP
(Koehler-Troy et al., 1986; Clower, 1998; DelBello et al., 2001; Soutullo et al., 2002)

m Usar estimulantes pero PRIMERO estabilizar
humor (Findling et al., 2003; Biederman et al., 2004)

University of Navarra Sample: Children
+& Adolescents with Bipolar Disorder

Reliability of the Washingron University in St. Louis
Kiddie Schedule for Affective Disorders and Schizophrenia
(WASH-U-KSADS) Mania and Rapid Cycling Sections

BARBARA GELLER, MDY, BETSY ZIMERMAN, M.A, MARLENE WILLIAMS, RN, KRISTINE BOLHOFNER, BS.
JAMES L CRANEY, M.PH., MELISSA ! D BELLO, M., azep CESAR SOUTULLO, M.D.

J. AM. ACAD. CHILD ADOLESC. PSYCHIATRY, 40:4, APRIL 2001

Bipolaridad Pediatrica y TDAH

Singh, DelBello et al., 2006 Bipolar Bisorders;8:710-720

L] 4#DAH y BP comparten etiologia biolégica

= Transmision familiar. TDAH+BP pueden ser otra
enfermedad (Faraone et al., 1997; 1998)

= Genética
— TDAH: DAT1 & DRD4
— BP: hSERT, MAOA
= Hallazgos de Neuroimagen

A Method

_’I_Chart Review, Retrospective & Prospective
m Included all patients (<18 yr old) with DSM-IV BP
m Univ. of Navarra Child & Adolesc Psychiatry Unit

m Semistructured interview based on DSM-IV &
K-SADS-PL template

m Originally 1999-2005 (N=38) (Soutullo 2009; Escamilla 2011)

— Updated original sample (1999-2012)
m Included more patients (2005 to 2014)
— LOCF, Preliminary results




Method:
Highly Sophisticated Technology

Dra.Azucena  Dra. Maria
Diez-Suarez Ribeiro

{m Journal of Affective Disorders

p 3 3 , etal., 2009, J Affective Disord
Research report

Pediatric bipolar disorder in a Spanish sample: Features before and at the
time of diagnosis

Baseline &
Before

b A \ [ Diagnosis
naculada Escamilla-Canales”, Janet Wozniak®, Pilar Gamazo-Carrin g
Joseph Biederman

Journal of Affective Disorders E
Escamilla, Wozniak, Soutullo, et al., 2011, J Affective Disord

Follow-up Pediatric bipolar disorder in a Spanish sample: Results after 2.6 years of
follow-up

Cesar A Soutullo, Pilar Gamazo-Garrin

a-Quintana ?, Jos

Sample Characteristics
(Median IQR p25p75)
:’_N=72 (38+34) Children and Adolescents
m 76.1% Males

= Median Age of 1st symptoms: 10.5 (6.5 — 13.7)
m Media Age of 1st consultation: 13.6 (9.6 — 15.6)
m Median Age of Diagnosis of BD: 14.5 (10.5-16.0)

= Follow up: 3.86 (1.8 — 5.9 years) (prior sample 2.6)

Objective

ﬁhenomenology, Clinical Characteristics of
Bipolar disorder in Children & Adolescents
m Comorbidity

m Longitudinal course of BP (including BP-NOS)
— Diagnostic Stability
— Treatment Response

Conprmes lats avaifable at toiencel

Journal of Affective Disorders

fournal homepage; Wi

Reseaseh paper

Pher |

v and diagnostic stability of paediatric bipolar disorder in a
Spanish sample

César Soutullo”

46
Ribeiro-Fernandez M, Diez-Sudrez A, Soutullo C, 2019 Jan J Affect Disord

Type of Bipolar Disorder
Diagnostic Stability: 3,9 yrs Follow-up

Rate of Psychosis, ADHD & Hospitalization




Type of BP at Baseline - Diagnostic Stability:
N=72 Child & Adolescents with BP N Type of BP (%) at Baseline & Follow-up

N=72. Follow-up: 3.9 yrs (Q25: 1.8 - Q75: 5.9)

BP 1 (N=27) BP 2 (N=6) BP-NOS (N=39) : NOS  NotBP (N=4)

Longitudinal Evaluation of N=72 What Happens to BP-NOS?
BP-NOS N=39 after 3'9 years Birmaher et al., 2006, Arch Gen Psychiatr

100%
90%
80%
70%
o0% ¥ Recover b Recover
50% . | .7: 5 ®NOS
40% BP-1 BP2
30% l— BP1
20% = | 9,7
10% : T 19,6
0% 5
Baseline Follow-up 3,9 yrs o Basaline 1.8 years

Soutullo et al 2014 AACAP San Diego

Clinical Characteristics of BP Disorder (%) Comorbidity in 72 Children and Adolescents with

(N=72) Bipolar disorder
+50

50

40

%
30

20

Comorbidity 0DD / CD Sust Use Eating DO
HYes No
Completed Suicide Psychotic ADHD (N=31) Hospitalized
(N=2) Symptoms (N=23) (N=35) 5




Academic characteristics of 72 children
& adolescents with Bipolar disorder

%

School support / Tutoring

PHENOMENOLOGY

Type of Psychotic Symptom in Children &
Adolescents with Bipolar Disorder
(N=23, 32.4%, from a Total of 72)

%

Thougth Disorder Grandiosity Other Delusions Hallucinations

Years of Academic delay in 72 children
& adolescents with Bipolar disorder
+ 52% of Sample repeated at leats ONE year

278

Frequency (%) of Symptoms Before Diagnosis (prodromal?)
vs. at the Time of Diagnosis

Before Diagnosis

Diagnosis time

*McNemar test Soutullo et al 2018 IACAPAP Prague

% Prodromal symptoms
by Final diagnosis
(N=72)

(Sx-pkior to diagnosis)

BD-I
BD-II
BD-NOS

Grandiosity

Elation

N e —

Distractibility e==———2r1

60

hemittod
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% Baseline symptoms
by Final diagnosis

(N=72)

(SxaFthe time of diagnosis)

BD-I
BD-II
BD-NOS

Grandiosity

Elation

Hyperactivity e=—=224
Distractibility ==—=—=221

Irritability

« Treatment of Bipolar Disorder (%)

N=72 Children & Adolesc,

Mood Stabilizers  Antipsycotic ~ Clozapine  Mood Stab +
(N=49) (N=36) N=7) Antipsychotic
(N=34)

3.9 Yrs Follow-up

2 Dead,
2 Very bad GCI
4 Well (no BP.

Stimulantsor  Antidepressants  Clonidine  No pharmac Tx
Atomox (N=4) (N=2) (N=8)
(N=20) 63

Outcome: CGI-Severity
Total Sample (N=72), After 3.9 yrs of Follow-up

1 Normal, 2Borderline 3 Mildlyill 4 Moderately 5 Markedlyill 6 Severellyill 7 Among the
il

notill mentally ill

most extremly
ill
6

Soutullo, Diez & Ribeiro 2014 AACAP San Diego, USA

CGI-Severity

Borderline mentally ill

Mildly ill

Moderately ill

Markedly ill

Severely ill

Among the most severely ill subjects

Outcome: Response
Total Sample (N=72), After 3.9 yrs of Follow-up

+

40
35

30

Good Response Moderate Response Poor response or Worse
66

Soutullo, Diez & Ribeiro 2014 AACAP San Diego, USA
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% OF TREATMENT RESPONDERS
(CGI) ACORDING TO TYPE OF
+ FINAL BP Not significant

= Good (GCI 1-2)

® Moderate (CGI 3-4) | ADHD did not predict
Poor (CGI 5-7)

type of response

17 27.8 I

40
BP-1 BP-II BP-NOS No BP

Conclusion

72 Children & Adolescents with BP followed 3.9 yrs. Age 12.8
m 95.8% patients (all but 4) retained diagnosis at follow-up

— & Required treatment
— Comorbidity with ADHD: 47.2% (High revalence of ODD Sx)
— Baseline BD-NOS (N=39)
m 41.1% converted BP1, 48.1% remained BP-NOS,
= 10.8% Recovered (N=4) (all BD-NOS)
m No clear predictors of final diagnosis
m High levels of impairment / dysfunction

— Needed multiple medications & hospitalizations
— 2.8% Completed suicide (N=2)

m Only 32.5% had a good response
— 67,7% had a good or moderate response

Variables that predicted
poor treatment response

m Pychosis: OR:5.46
m School drop-out:  OR: 6.67
m Comorbidity: OR:1.19

Maria Ribeiro MD
PhD Candidate

k|

karol Azucena Diez Cesar Arancha

Machifiena Soutullo Diez
70

Maite Pilar de
[ELEREe] Lasheras Castro
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y : . Comorbidity and co-aggregation
; , “l of mood disorders and ADHD

Kathleen Ries Merikangas, Ph.D.
Senior Investigator
Intramural Research Program

= To describe patterns of comorbidity of mood
disorder subtypes and ADHD in a
community based family study

= To examine whether there are familial
associations between ADHD and mood
disorder subtypes

= To identify core domains that may underlie
mania and mood disorders

) g [ NiH i

Bipolar Disorder: Current DSM Conceptualization

& This work was supported by the National
Institute of Mental Health Intramural
Research Program.

¢ The views and opinions expressed in this
article are those of the authors and should
not be construed to represent the views of
any of the U.S. Government.
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Approaches
General Population g N
Extended Families n
Biobehavioral
Measures
o0 ©&
| e (S
‘E" =
\J e
g @ [ NiH) St
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Explanations for Comorbidity:

Bipolar depression
Severe Mania Manic

Hypomania (mild to
moderate mania)

Normal / balanced mood Euthymic

Mild to moderate
depression

Severe depression Depressed

Unipolar depression

. g [ NiH i

Family Studies

‘ Common Risk Factors ‘

Probands Relatives
2 / \ Common etiology

i Mania Depression E&D

- k| @
Depression ﬁ
g i ey




Sample & Methods: NIMH Family Study

Independence of Familial Transmission of
Mania and Depression

SIS camain Aims:
fremrrr——— : v Core components, patterns of comorbidity, and
biobehavioral markers associated with BPD to identify
NEWS AND COMMENTARY more homogenous groups and etiologic processes
Independence of Maria and Depressian
Evidence for separate inheritance of mania and depression Methods:
challenges current concepts of bipolar mood disorder v Household screening of local area

18 Hickie

v Enrichment of mood disorders (Dr. Zarate Branch)
v Collaborative with Lausanne Family Study (M. Preisig)
v

Major 2588 paion Sample size = 525+ Adult Probands (150 Bipolar; 200
Depression h?=.54 Depression Major Depression; 150 Other/Controls)
v Relatives: N=1100 directly interviewed; N=2800 Fam Hx;
Merikangas et al, Molecular Psychiatry, 2014 400 evaluated at NIH Clinical Center
: (L == .
7 8

. . e Sample: N and Characteristics of Probands and
Measures: NIMH Family Study n Relatives with ADHD by Mood Disorder Subgroups

“NIHEHinfeal f.e'.muu'
v Phe.nomenologlc diagnostic interview validated S EE N TR T T
against the SCID Depression Control
v Assessment of both mental and physical disorders Grobands 1% e | a16 A g we | e
v Development of diagnostic tools for sleep patterns/ Age mean | 437 48.1 49.3 50.8 51.7
disorders and for headache syndromes Relatives | %
Sex male 35.8 33.8 39.4 42.6 37.2
v Biologic measures in families (subset = 400) Age mean | 35.8 338 394 426 372
v Mobile technologies to track activity and daily
events
, gﬁ [ NiH i N gﬁ [ NiH i
9 10
5 Lifetime rates of Anxiety Disorders among those with
Rates of ADHD by Mood Disorder Subgroups ADHD by Mood Disorder Subgroups
20 m Probands ® Relatives
=) 45
235
330
225
£
§20
<15
210
X5 .I
0 [ ADHD No ADHD
BPI BPII MDD Anxiety Other mBipolar | mBipolar Il = Major Depression
i \g HIH | e N \g HIH | e
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Clinical Characteristics of Co|

Comorbid Bipolar Disorder

Is ADHD familial after controlling for comorbidity of mood
disorder subtypes in probands and relatives?

* Greater functional impairment

* Greater severity of mood disorder

* More likely to have history of treatment
° Earlier age of onset of mood disorder

* More comorbidity with anxiety and substance use
disorders

® Comorbid ADHD had greater influence on clinical
correlates of those with MDD and BPII disorder
than those with BPI

13

Do Mood Disorders in Probands predict ADHD in Relatives?

Proband Disorders ADHD in Relatives
Comorbid Disorders

Bipolar |
- 231244, 4 PreLs

ADHD in Relatives

Comorbid Disorders

Bipolar |
23 =
- 246, ; sat e

Proband Disorders

- 0.7
Bipolar | 0213 3apestl™
- e L
) 28
I s (z.g_gw-.

Major
Depression

gg ==

14

Is ADHD in Probands associated with Mood Disorder

Subtypes in Relatives?

Probands Relatives
Maod disorder Camorbid Disorders

Bipolar | Bipolar |

S——

Major
Depression

’m

Major
Depression

o oz ')
- e -
e i m
e 1,
L o

(£ ===
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Summary of Familial Patterns

® Bipolar disorder is highly familial and ADHD is
moderately familial

* There was no familial overlap between any subtype
of mood disorder with ADHD

17

(f ==

16

* Heterogeneity of ADHD in this community
based sample

* The majority of participants with ADHD had
comorbid mood or anxiety disorders

* Under-representation of ADHD in older family
members

* Assessments to date are cross-sectional

i g HIH et
18 S .
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g Iamains: Bipolar Disorder
Rhythms P

Reactivity

Heart Rate Autonomic
Val ity Reactivity

White Matter
Hyperintensities

Volumetric Temperament
Analyses
Affectivity

Neuroticism

Distribution of calculated A by mood disorder

Rhythms and Bipolar Disorder: In vivo measures of

homeostatic co-regulation of activity, sleep, mood & energy

Bipolar vs. Controls

Mobile Technologies
Hourly actisity brvel acroes days by dlageosis

®0

2 weeks

T
138579 12 15 181 M

Accelerometry Electronic Diaries

i CRE — 030 —~ 03k — CRE
XX X

B b e A L e R A b

s \‘0} - Cft\“ - LT(X} - 000

subgroups
A: Atlonsion — Outside Standard Range: B: Mood — Outside Standard Ranga
Mood ™
Disorder f A
Subgroup 3- [
L) I.
Lo \
oo
Coeviod 2
i
L e 'y n . . . ' . . .
000 025 050 0.7s 1,000,00 ops as50 0rs 1.00
@ NIH ) e
2

Motor Activity Research Consortium for Health
(mMMARCH)

, ese U of Hong Kong
U of Costa Ric:

e \ QIMR,

* Brisbane
Sydney
Mind/Brain

Melbourne VI

23

20

Activity and Circadian patterns discriminate youth with
Bipolar from those with ADHD

Actigraph measures discriminate pediatric bipolar $is E
disorder from attention-deficit/hyperactivity disorder x = - - §,
and typically developing contrals L Fd e
| T e
ARy e Rl - A
¥ 4
]
ADHG  ADHD  Bipolw  Typicw
mood cantsols

Summary

® There is significant comorbidity between mood
disorders and ADHD, particularly Bipolar | disorder.

* Comorbidity is associated with greater clinical
severity

*® Although both bipolar disorder and ADHD were
familial, is highly familial and ADHD is moderately
familial, there was no familial overlap between any
subtype of mood disorder with ADHD

* Comorbidity between bipolar disorder and ADHD
may be attributable to common core features
including patterns of sleep, motor activity and

. environmental reactivity |
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Thank you!
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Genetic Epidemiology Resarch Branch, NIMH
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