
A Dynamical Model of Panic Disorder

Jonas Haslbeck

Psychosystems lab
University of Amsterdam

www.jonashaslbeck.com
www.psychosystems.org

Conference on Complex Systems 2018

Thessaloniki, September 27th

www.jonashaslbeck.com
www.psychosystems.org


Team of Collaborators

Don Robinaugh (Harvard University) 

Jonas Haslbeck (University of Amsterdam)

Egbert van Nes (Wageningen University)

Marten Sche�er (Wageningen University)

Alex Millner (Harvard University)

Jolanda Kossakowski (University of Amsterdam)

Eiko Fried (Leiden University)

Richard McNally (Harvard University) 

Ken Kendler (VIPBG, Virginia)

Lourens Waldorp (University of Amsterdam)

Denny Borsboom (University of Amsterdam)



Team of Collaborators

Don Robinaugh (Harvard University) 

Jonas Haslbeck (University of Amsterdam)

Egbert van Nes (Wageningen University)

Marten Sche�er (Wageningen University)

Alex Millner (Harvard University)

Jolanda Kossakowski (University of Amsterdam)

Eiko Fried (Leiden University)

Richard McNally (Harvard University) 

Ken Kendler (VIPBG, Virginia)

Lourens Waldorp (University of Amsterdam)

Denny Borsboom (University of Amsterdam)



Two Models for Psychopathology

S2
S1

S3

S4

S5 D

Disease Model

S2
S1

S3

S4

S5

Network Model



A3 TONE

A5 IDIO

B1−EYE

B5 ENJY

C PLAY

E2 AGGR

D3 SIB

B3 FACE

D1 SENS

D2 MANN

D4 RBIS

A1 LANG

E1 ACTV

E3 ANX

Anderson et al. (2015)

Q28_01_MONTH

Q28_02_MONTH

Q28_03_MONTH

Q28_04_MONTH

Q28_05_MONTH

Q28_06_MONTH

Q28_07_MONTH

Q28_08_MONTH

Q28_09_MONTH

Q28_10_MONTH

Q28_11_MONTH

Q28_12_MONTH

Q28_13_MONTH

Q28_14_MONTH

Q28_15_MONTH

Q28_16_MONTH

Q28_17_MONTH

Q28_18_MONTH

Q28_19_MONTH

Q28_20_MONTH

Sum_GAD2

Sum_PHQ2

Active_SI_FINAL

PCS

MCS

PPAGE

PPGENDER

Armour et al. (2016)

bhpp_id

D.Anhedonia

D.Depressed.Mood

D.Sleep

D.Energy

D.Appetite

D.Guilt

D.Concentration

D.Motor

D.Suicide

A.Nervous

A.Control.Worry

A.Too.Much.Worry

A.Relax

A.Restless

A.Irritable

A.Afraid

Beard et al. (2016)

depr

inte

weig

mSle

moto

mFat

repr

conc

suic

anxi

even

ctrl

edge gFat

irri

gCon
musc

gSle

Borsboom et al. (2013)

●●

●●

●●

●●
●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●●●
●●

●●

●●

●●

●●

●●

●●
●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●
●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●●●

●●
●●

●●

●●
●●

●●

●●

●●

●●
●●

●●

●●●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●
●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●● ●●

●●

●●●●●●

●●

●●

●●

c1ys5

c1ys42

c1ys65

c1ys69

c1ys75

c1ys102

c1ys103

c1ys111

c1ys14

c1ys29

c1ys30

c1ys31

c1ys32

c1ys33

c1ys35

c1ys45

c1ys50

c1ys52

c1ys71

c1ys91

c1ys112

c1ys47

c1ys51

c1ys54

c1ys56a

c1ys56b

c1ys56c

c1ys56d

c1ys56e

c1ys56f

c1ys56g

c1ys3

c1ys16

c1ys19

c1ys20

c1ys21

c1ys22

c1ys23

c1ys37

c1ys57

c1ys68

c1ys86

c1ys87

c1ys89

c1ys94

c1ys95

c1ys97

c1ys104

c1ys2

c1ys26

c1ys28

c1ys39

c1ys43

c1ys63

c1ys67

c1ys72

c1ys81

c1ys82

c1ys90

c1ys96

c1ys99
c1ys101

c1ys105

c1ys1

c1ys4

c1ys8

c1ys10

c1ys13

c1ys17

c1ys41

c1ys61

c1ys78

c1ys9

c1ys18

c1ys40

c1ys46

c1ys58

c1ys66

c1ys70

c1ys76

c1ys83

c1ys84

c1ys85

c1ys100

c1ys11

c1ys12

c1ys25

c1ys27

c1ys34

c1ys36c1ys38c1ys48

c1ys62

c1ys64

c1ys79

Boschloo et al. (2016)

gen

IQ

ageD

tolD

suc

hap
con

fam

com

phy

tre

med

carI

liv

edU

wor

worH

int
soc

cha tra

advS
treS

carS

socS

inf

age

Deserno et al. (2016)

depr

effort

sleep

happy

lonely

unfr

enjoy

appet

sad

dislike

getgo

cond

Fried et al. (2015)

in1

in2
in3

hyp

sad

irr

anx

rea

var

qua

app

wei

con

bla

pes

sui

int

ene

ple

sex

ret

agi

som

sym

pan

gas

inp

par

Fried et al. (2016)

●●

●●

●●

●●

●●

●●

●●

●● ●●

●●
●●

●●

●●

●●

●●

●●

●●

●●

●●
●●

●●

●●

●●

●●

●●

●●

●●
●●

●●

●●

●●●●
●●

●●

●●

●●

●●

●●
●●

●●

●●

●●

●●

●●

●●

●●

●●
●●●●

●●

●●

●●

●●

●●●●

●●
●●

●●

●●

●● ●●

●●

●●

it01_1

it02_1

it03_1

it04_1

it05_1

it06_1

it07_1

it08_1
it09_1

it10_1

it11_1

it12_1

it13_1

it14_1

it15_1

it16_1

it17_1

it18_1

it19_1

it20_1

it21_1

it22_1

it23_1

it24_1

it25_1

it26_1

it27_1

it28_1

it29_1

it30_1

it31_1

it32_1

it33_1

it34_1

it36_1

it37_1

it38_1

it39_1

it40_1

it41_1

it42_1

it43_1

it44_1

it45_1

it46_1

it47_1

it48_1

it49_1
it50_1

it51_1

it52_1

it53_1

it54_1

it56_1it57_1

it58_1

it59_1

it60_1

it61_1

it62_1
it63_1

it64_1

it65_1

Goekoop et al. (2014)

BRIEF_WM

PASAT_ACC

CERQ_Pos_Total

CERQ_Neg_Total

RS_Totaal

RDQ_TOTAL

Hoorelbeke et al. (2016)

Insomnia

Hypersomnia

Depressed_mood

Increased_appetite
Decreased_appetite

Concentration

Esteem

Suicidality

Interest

Decreased_energy

Slowness

Restlessness

Elevated_mood

Irritability

Increased_speech

Course_type

Koenders et al. (2015)

Insomnia

Hypersomnia

Depressed_mood

Increased_appetite

Decreased_appetite

Concentration

Esteem

Suicidality

Interest

Decreased_energy

Slowness

Restlessness

Elevated_mood

Irritability

Increased_speech

Course_type

Koenders et al. (2015)

Insomnia

Hypersomnia

Depressed_mood

Increased_appetite

Decreased_appetite

Concentration

Esteem

Suicidality

Interest

Decreased_energy

Slowness

Restlessness

Elevated_mood

Irritability

Increased_speech

Course_type

Koenders20 et al. (15_3)

intrusiondreams

flash

upset

physior

avoidth

avoidact

amnesia

lossint

distant

numb

future

sleep

anger concen

hyper

startle

Mcnally et al. (2014)

A1

A2

A3

A4

D1

D2

D3

D4

D5

D6

D7

Rhemtulla et al. (2016)

A1

A2

A3

A4

D1

D2

D3

D4

D5

D6

D7

Rhemtulla et al. (2016)

A1

A2

A3

A4

D1

D2

D3

D4

D5

D6

D7

Rhemtulla et al. (2016)

A1

A2

A3

A4

D1

D2

D3

D4

D5

D6

D7

Rhemtulla et al. (2016)

A1

A2

A3

A4D1

D2

D3

D4

D5

D6

D7

Rhemtulla et al. (2016)

A1

A2

A3

A4

D1

D2

D3

D4

D5

D6

D7

Rhemtulla et al. (2016)

w2_B01

w2_B02

w2_B03

w2_B04

w2_C01

w2_C02

w2_C04

w2_C05

w2_C06

w2_C09

w2_C10

w2_C11

w2_C12

v5401

v5402
v5403

v5408

v5409

v5411

Robinaugh et al. (2014)

B01

B02

B03

B04

C01

C02

C04

C05

C06

C09

C10

C11

C12

Robinaugh et al. (2016)

StUtter

Idlang

VerbRit

CirInt

UnuPre

RepObj

CompRit SensInt

StMove

ConDirt

ThoBad

CntTho

HigTho

CntWash

CntCheck

RepCount

RepDo

Ruzzano et al. (2014)

CES_D1

CES_D2

CES_D3

CES_D4

CES_D5

CES_D6

CES_D7

CES_D8

CES_D9

CES_D10

CES_D11

CES_D12

CES_D13

CES_D14

CES_D15

CES_D16

CES_D17

CES_D18 CES_D19

CES_D20

Santos et al. (2016)

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●● ●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●
●●

●●

●●

●●
●●

●●

●●

●●

●●

●●

●●

●●

●●
●●

●●

●●

●●
●●

●●

●●

●●

●●

●●

cape_jong_1a

cape_jong_2a

cape_jong_3a

cape_jong_4a

cape_jong_5a

cape_jong_6a

cape_jong_7a

cape_jong_8a

cape_jong_9a

cape_jong_10a

cape_jong_11a

cape_jong_12a

cape_jong_13a

cape_jong_14a

cape_jong_15a

cape_jong_16a

cape_jong_17a

cape_jong_18a

cape_jong_19a

cape_jong_20a

cape_jong_21a

cape_jong_22a cape_jong_23a

cape_jong_24a

cape_jong_25a

cape_jong_26a

cape_jong_27a

cape_jong_28a

cape_jong_29a

cape_jong_30a

cape_jong_31a

cape_jong_32a

cape_jong_33a

cape_jong_34a

cape_jong_35a

cape_jong_36a

cape_jong_37a

cape_jong_38a

cape_jong_39a

cape_jong_40a

cape_jong_41a

cape_jong_42a

dass_01

dass_02

dass_04

dass_06

dass_07

dass_08

dass_09

dass_11

dass_12

dass_14

dass_15

dass_18

dass_19

dass_20

Wigman et al. (2016)



A3 TONE

A5 IDIO

B1−EYE

B5 ENJY

C PLAY

E2 AGGR

D3 SIB

B3 FACE

D1 SENS

D2 MANN

D4 RBIS

A1 LANG

E1 ACTV

E3 ANX

Anderson et al. (2015)

Q28_01_MONTH

Q28_02_MONTH

Q28_03_MONTH

Q28_04_MONTH

Q28_05_MONTH

Q28_06_MONTH

Q28_07_MONTH

Q28_08_MONTH

Q28_09_MONTH

Q28_10_MONTH
Q28_11_MONTH

Q28_12_MONTH

Q28_13_MONTH

Q28_14_MONTH

Q28_15_MONTH

Q28_16_MONTH

Q28_17_MONTH

Q28_18_MONTH

Q28_19_MONTH

Q28_20_MONTH

Sum_GAD2

Sum_PHQ2

Active_SI_FINAL

PCS

MCS

PPAGE

PPGENDER

Armour et al. (2016)

bhpp_id

D.Anhedonia

D.Depressed.Mood

D.Sleep

D.Energy

D.Appetite

D.Guilt

D.Concentration

D.Motor

D.Suicide

A.Nervous

A.Control.Worry

A.Too.Much.Worry

A.Relax

A.Restless

A.Irritable

A.Afraid

Beard et al. (2016)

depr

inte

weig

mSle

moto

mFat

repr

conc

suic

anxi

even

ctrl

edge gFat

irri

gCon
musc

gSle

Borsboom et al. (2013)

�

�

�

�
�

�

�

�

�

�

�

�

�

�
�

��
�

�

�

�

�

�

� �

�

�

�
�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�
��

�
�

�

�
�

�

�

�

�
�

�

��

�

�

�

�

�

�

�

�

�
�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

� �

�

���

�

�

�

c1ys5

c1ys42

c1ys65

c1ys69

c1ys75

c1ys102

c1ys103

c1ys111

c1ys14

c1ys29

c1ys30

c1ys31

c1ys32

c1ys33

c1ys35

c1ys45

c1ys50

c1ys52

c1ys71

c1ys91

c1ys112

c1ys47

c1ys51

c1ys54

c1ys56a

c1ys56b

c1ys56c

c1ys56d

c1ys56e

c1ys56f

c1ys56g

c1ys3

c1ys16

c1ys19

c1ys20

c1ys21

c1ys22

c1ys23

c1ys37

c1ys57

c1ys68

c1ys86

c1ys87

c1ys89

c1ys94

c1ys95

c1ys97

c1ys104

c1ys2

c1ys26

c1ys28

c1ys39

c1ys43

c1ys63

c1ys67

c1ys72

c1ys81

c1ys82

c1ys90

c1ys96

c1ys99
c1ys101

c1ys105

c1ys1

c1ys4

c1ys8

c1ys10

c1ys13

c1ys17

c1ys41

c1ys61

c1ys78

c1ys9

c1ys18

c1ys40

c1ys46

c1ys58

c1ys66

c1ys70

c1ys76

c1ys83

c1ys84

c1ys85

c1ys100

c1ys11

c1ys12

c1ys25

c1ys27

c1ys34

c1ys36c1ys38c1ys48

c1ys62

c1ys64

c1ys79

Boschloo et al. (2016)

gen

IQ

ageD

tolD

suc

hap
con

fam

com

phy

tre

med

carI

liv

edU

wor

worH

int
soc

cha tra

advS
treS

carS

socS

inf

age

Deserno et al. (2016)

depr

effort

sleep

happy

lonely

unfr

enjoy

appet

sad

dislike

getgo

cond

Fried et al. (2015)

in1

in2in3

hyp

sad

irr

anx

rea

var

qua

app

wei

con

bla

pes

sui

int

ene

ple

sex

ret

agi

som

sym

pan

gas

inp

par

Fried et al. (2016)

�

�

�

�

�

�

�

� �

�
�

�

�
�

�

�

�

�

�
�

�

�

�
�

�

�

�
�

�

�

��
�

�

�

�

�

� �

�

�

�

�

�

�

�

� ��

�

�

�

�

��

�
�

�

�

� �

�

�

it01_1

it02_1

it03_1

it04_1

it05_1

it06_1

it07_1

it08_1
it09_1

it10_1

it11_1

it12_1

it13_1

it14_1

it15_1

it16_1

it17_1

it18_1

it19_1

it20_1

it21_1

it22_1

it23_1

it24_1

it25_1

it26_1

it27_1

it28_1

it29_1

it30_1

it31_1

it32_1

it33_1

it34_1

it36_1

it37_1

it38_1

it39_1

it40_1

it41_1

it42_1

it43_1

it44_1

it45_1

it46_1

it47_1

it48_1

it49_1
it50_1

it51_1

it52_1

it53_1

it54_1

it56_1it57_1

it58_1

it59_1

it60_1

it61_1

it62_1 it63_1

it64_1

it65_1

Goekoop et al. (2014)

BRIEF_WM

PASAT_ACC

CERQ_Pos_Total

CERQ_Neg_Total

RS_Totaal

RDQ_TOTAL

Hoorelbeke et al. (2016)

Insomnia

Hypersomnia

Depressed_mood

Increased_appetite
Decreased_appetite

Concentration

Esteem

Suicidality

Interest

Decreased_energy

Slowness

Restlessness

Elevated_mood

Irritability

Increased_speech

Course_type

Koenders et al. (2015)

Insomnia

Hypersomnia

Depressed_mood

Increased_appetite

Decreased_appetite

Concentration

Esteem

Suicidality

Interest

Decreased_energy

Slowness

Restlessness

Elevated_mood

Irritability

Increased_speech

Course_type

Koenders et al. (2015)

Insomnia

Hypersomnia

Depressed_mood

Increased_appetite

Decreased_appetite

Concentration

Esteem

Suicidality

Interest

Decreased_energy

Slowness

Restlessness

Elevated_mood

Irritability

Increased_speech

Course_type

Koenders20 et al. (15_3)

intrusiondreams

flash

upset

physior

avoidth

avoidact

amnesia

lossint

distant

numb

future

sleep
anger concen

hyper

startle

Mcnally et al. (2014)

A1

A2

A3

A4

D1

D2

D3

D4

D5

D6

D7

Rhemtulla et al. (2016)

A1

A2

A3

A4

D1

D2

D3

D4

D5

D6

D7

Rhemtulla et al. (2016)

A1

A2

A3

A4

D1

D2

D3

D4

D5

D6

D7

Rhemtulla et al. (2016)

A1

A2

A3

A4

D1

D2

D3

D4

D5

D6

D7

Rhemtulla et al. (2016)

A1

A2

A3

A4D1

D2

D3

D4

D5

D6

D7

Rhemtulla et al. (2016)

A1

A2

A3

A4

D1

D2

D3

D4

D5

D6

D7

Rhemtulla et al. (2016)

w2_B01
w2_B02

w2_B03

w2_B04

w2_C01

w2_C02

w2_C04

w2_C05

w2_C06

w2_C09

w2_C10

w2_C11

w2_C12

v5401

v5402
v5403

v5408

v5409

v5411

Robinaugh et al. (2014)

B01

B02

B03

B04

C01

C02

C04

C05

C06

C09

C10

C11

C12

Robinaugh et al. (2016)

StUtter

Idlang

VerbRit

CirInt

UnuPre

RepObj

CompRit SensInt

StMove

ConDirt

ThoBad

CntTho

HigTho

CntWash

CntCheck

RepCount

RepDo

Ruzzano et al. (2014)

CES_D1

CES_D2

CES_D3

CES_D4

CES_D5

CES_D6

CES_D7

CES_D8

CES_D9

CES_D10

CES_D11

CES_D12

CES_D13

CES_D14

CES_D15

CES_D16

CES_D17

CES_D18 CES_D19

CES_D20

Santos et al. (2016)

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�
�

�

�
�

�

�

�

�

�

�

�

�

�
�

�

�

�
�

�

�

�

�

�

cape_jong_1a

cape_jong_2a

cape_jong_3a

cape_jong_4a

cape_jong_5a

cape_jong_6a

cape_jong_7a

cape_jong_8a

cape_jong_9a

cape_jong_10a

cape_jong_11a

cape_jong_12a

cape_jong_13a

cape_jong_14a

cape_jong_15a

cape_jong_16a

cape_jong_17a

cape_jong_18a

cape_jong_19a

cape_jong_20a

cape_jong_21a

cape_jong_22a cape_jong_23a

cape_jong_24a

cape_jong_25a

cape_jong_26a

cape_jong_27a

cape_jong_28a

cape_jong_29a

cape_jong_30a

cape_jong_31a

cape_jong_32a

cape_jong_33a

cape_jong_34a

cape_jong_35a

cape_jong_36a

cape_jong_37a

cape_jong_38a

cape_jong_39a

cape_jong_40a

cape_jong_41a

cape_jong_42a

dass_01

dass_02

dass_04

dass_06

dass_07

dass_08

dass_09

dass_11

dass_12

dass_14

dass_15

dass_18

dass_19

dass_20

Wigman et al. (2016)

But statistical models are no plausible theories!

1) Everything is linear

2) One vs. several �xpoints (Oisín’s talk!)

3) No proper representation of time 

4) Di�cult to build in existing knowledge



Instead: System of Differential Equations

A
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Starting point: Panic Disorder



Starting point: Panic Disorder



Positive Feedback Loop: Panic Attack

Clark (1986)



Positive Feedback Loop: Panic Attack

Clark (1986)



Positive Feedback Loop: Implementation
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Feedback Loop: Moderated by Arousal Schema
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Add Homeostasis to Feedback Loop
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Add Noise to Feedback Loop
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From Panic Attacks to Panic Disorder
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From Panic Attacks to Panic Disorder: Escape behavior
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From Panic Attacks to Panic Disorder: Learning
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Beck, (1985); Casey, Oei, & Newcombe (2004); Klein & Klein (1989)



Simulated Onset of Panic Disorder



How is this model useful?

1. Organizes knowledge, identifies gaps E.g.: How can
non-clinical panic attacks occur?

2. Implies testable predictions
E.g.: Recovery time of perturbation should predict occurence
of panic attacks and therefore also the development of panic
disorder

3. Allows to understand and evaluate interventions



Understanding and Evaluating Interventions
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Moving forward: Modeling more Complex Disoders

More difficult:

1.
(9
5

)
+
(9
6

)
+
(9
7

)
+
(9
8

)
+ 1 = 256 pathological states instead of 1

2. Much less theory on mechanistic etiology available



A Dynamical Model of Panic Disorder
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