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Disorders usually first diagnosed in infancy, childhood or adolescence
Delirium, dementia, and amnesia and other cognitive disorders
Mental disorders due to a general medical condition
Substance−related disorders
Schizophrenia and other psychotic disorders
Mood disorders
Anxiety disorders
Somatoform disorders
Factitious disorders
Dissociative disorders
Sexual and gender identity disorders
Eating disorders
Sleep disorders
Impulse control disorders not elsewhere classified
Adjustment disorders
Personality disorders
Symptom is featured equally in multiple chapters
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Doel

I Wat zijn netwerken?
I Wat kunnen we met netwerken?
I Hoe gebruiken wij netwerken in de psychopathologie?



Wat is een netwerk?



Wat is een netwerk?

I Een netwerk is een set knopen die verbonden zijn door
een set van verbindingen



Verbinding

Knoop 1

Knoop 2



Wat is een netwerk?

I Een netwerk is een set knopen die verbonden zijn door
een set van verbindingen

I Een knoop stelt een entiteit voor. Dit kan van alles zijn:

I Mensen
I Steden
I Symptomen

I Een verbinding stelt een relatie tussen twee knopen voor.
Dit kan weer van alles zijn:

I Vriendschap
I Afstand
I Comorbiditeit
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Anna is bevriend met Laura:

Vriendschap

Anna

Laura



Anna is bevriend met Laura en met Rogier, maar Laura is niet
bevriend met Rogier:

Anna

LauraRogier



Wat is een netwerk?

I Vaak nemen we aan dat verbindingen niet allemaal even
sterk zijn

I We kunnen de verbinding wegen met een gewicht
I Hoe sterker het gewicht, hoe sterker de verbinding
I Twee knopen die sterk verbonden zijn liggen “dichter bij

elkaar”
I Gewicht is daardoor het tegenovergestelde van afstand.

I Een verbindingen met sterker gewicht geven we aan met
een dikkere en meer gekleurde lijnen



Anna is beter bevriend met Rogier dan met Laura:

Anna

LauraRogier



De afstand tussen Amsterdam en Utrecht is 34.42 kilometer:

34.42 km

Amsterdam

Utrecht



De afstand tussen Amsterdam en Utrecht is kleiner dan de
afstand tussen Amsterdam en Eindhoven:

110.64 km 76.4 km

34.42 km

Amsterdam

Utrecht

Eindhoven



We kunnen de knopen plaatsen zoals we willen:

110.64 km

76.4 km

34.42 km

Amsterdam

Utrecht

Eindhoven



Wat is een netwerk?

I Deze gewichten kunnen ook negatief zijn
I Vaak kleuren we positieve gewichten groen en negatieve

gewichten rood



Anna is bevriend met Rogier en Laura, maar Rogier en Laura
mogen elkaar totaal niet:

Anna

LauraRogier



Wat is een netwerk?

I Eenzijdige verbindingen kunnen we weergeven een pijl
I Assymetrische verhoudingen
I Een-richtingsverkeer
I Oorzaak - Gevolg



Anna mag Laura wel, maar Laura mag Anna niet:

Anna

Laura



Als het regent wordt het gras nat:

Regen

Gras nat



Als de sproeier aan staat wordt het gras ook nat:

Regen

Gras natSproeier
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Wat kunnen we hiermee in de Psychologie?



Slapeloosheid hang samen met vermoeidheid:

Slapeloosheid

Vermoeidheid



Concentratievermogen hangt negatief samen met beiden:

Slapeloosheid

Vermoeidheid

Concentratie



Slapeloosheid vergroot vermoeidheid:

Slapeloosheid

Vermoeidheid



Vermoeidheid verminderd de concentratie:

Slapeloosheid

Vermoeidheid

Concentratie



Bij Laura is de link slapeloosheid leidt tot moeheid veel sterker
dan bij Anna:

Slapeloosheid

Vermoeidheid

Concentratie

Persoonlijke netwerk van Laura

Slapeloosheid

Vermoeidheid

Concentratie

Persoonlijke netwerk van Anna



Bij Rogier spelen concentratieproblemen een veel belangrijkere
rol dan bij Laura:

Slapeloosheid

Vermoeidheid

Concentratie

Persoonlijke netwerk van Laura

Slapeloosheid

Vermoeidheid

Concentratie

Persoonlijke netwerk van Rogier



Wat kunnen we met netwerken doen?



Wat kunnen we met netwerken doen?

Behalve dat netwerken een inzichtelijk beeld geven van de
structuur van psychopathologie kunnen we ook met netwerken
kijken naar concepten als:

I Afstand
I Hoe snel kan één symptoom een ander symptoom

beënvloeden?
I Centraliteit

I Welke symptomen zijn het belangrijkst?
I verbondenheid

I In hoeverre zijn symptomen met elkaar verbonden?



Afstand
Knoop A staat veel verder van knoop B dan van knoop C:

C

A

B



Centraliteit
Knoop A is veel invloedrijker dan knoop B

A

B



Wat is de meest centrale knoop?

1

2

3

4

5

6

7

8

9

10

11



Centraliteit

De vraag welke knoop het meest centraal/belangrijk/invloedrijk
is kan op meerdere manieren worden beantwoord:

I Een knoop is centraal als deze veel verbindingen heeft
I Degree

I Een knoop is centraal als je van deze snel naar andere
knopen kan lopen

I Closeness
I Een knoop is centraal als deze andere knopen verbind

I Betweenness
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Wat is de meest centrale knoop?

1

2

3

4

5

6

7

8

9

10
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Dout

DoutDin

Din

C

C

B



Verbondenheid

Het linker netwerk is veel meer verbonden dan het rechter
netwerk:



Vriendschap



Vriendschap



Relaties



Sexuele contacten



We kunnen ook netwerken simuleren:



Preferential Attachment





Psychopathologie als een virus...



Hoe doen we dit?



http://www.psychosystems.org/

http://www.psychosystems.org/


Theoretisch



Comorbidity

Generalized Anxiety:
I Chronic Anxiety
I Anxiety about more than

one event
I Irritability
I No control of anxiety
I Muscle tension
I Sleep Disturbances
I Concentration problems
I Restlessness
I Fatigue

Major Depression:
I Depressed mood
I Loss of interest in

pleasurable things
I Weight problems
I Self-reproach
I (thoughts of) suicide
I Sleep disturbances
I Concentration problems
I Restlessness
I Fatigue
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Comorbidity: A network perspective
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Abstract: The pivotal problem of comorbidity research lies in the psychometric foundation it rests on, that is, latent variable theory, in
which a mental disorder is viewed as a latent variable that causes a constellation of symptoms. From this perspective, comorbidity is a
(bi)directional relationship between multiple latent variables. We argue that such a latent variable perspective encounters serious
problems in the study of comorbidity, and offer a radically different conceptualization in terms of a network approach, where
comorbidity is hypothesized to arise from direct relations between symptoms of multiple disorders. We propose a method to
visualize comorbidity networks and, based on an empirical network for major depression and generalized anxiety, we argue that this
approach generates realistic hypotheses about pathways to comorbidity, overlapping symptoms, and diagnostic boundaries, that are
not naturally accommodated by latent variable models: Some pathways to comorbidity through the symptom space are more likely
than others; those pathways generally have the same direction (i.e., from symptoms of one disorder to symptoms of the other);
overlapping symptoms play an important role in comorbidity; and boundaries between diagnostic categories are necessarily fuzzy.

Keywords: comorbidity; complex networks; generalized anxiety; latent variable models; major depression

1. Introduction

If suffering from a single mental disorder is bad, suffering
from multiple mental disorders (i.e., comorbidity) is
worse. Compared to suffering from a single mental disorder,
comorbidity is consistently associated with a greater demand
for professional help, a poorer prognosis, greater interfer-
ence with everyday life, and higher suicide rates (e.g.,
Albert et al. 2008; Brown et al. 1995; Schoevers et al.
2005). Also, among people who meet diagnostic criteria
for one mental disorder, approximately 45% receive
additional diagnoses (e.g., Kessler et al. 2005b). Thus,
comorbidity is a widespread and serious problem, the
underpinnings of which need to be unraveled. Indeed, the
comorbidity issue has been studied extensively in the past
decades (e.g., Anderson et al. 1987; Angold et al. 1999;
Boyd et al. 1984; Brown et al. 2001; Kashani et al. 1987;
Kessler et al. 1994; 2004; 2005a; Low et al. 2008;Merikangas
et al. 1998; Moffitt et al. 2007; Neale & Kendler 1995).

However, although considerable progress towards
furthering our understanding of comorbidity has been
made, some pivotal questions remain unanswered. Prob-
ably the most crucial question is what we observe when
two disorders covary: a genuine phenomenon that is
independent of our diagnostic criteria, measurement
scales, and measurement models, or (in part) an artifact
of the structure of these criteria and models (e.g., see
Borsboom 2002; Neale & Kendler 1995)? The former
possibility holds that a genuine source of comorbidity
rates exists. As such, the disorders themselves are comor-
bid, which causes the symptoms of such comorbid dis-
orders to correlate. The latter possibility holds that
comorbidity is produced by the way we empirically
identify these disorders; for instance, because disorders
often share a number of symptoms, which leads to an
artificially increased comorbidity rate. Thus, in this
view, comorbidity is largely an artifact of the diagnostic
system.

BEHAVIORAL AND BRAIN SCIENCES (2010) 33, 137–193
doi:10.1017/S0140525X09991567

# Cambridge University Press 2010 0140-525X/10 $40.00 137



The Small World of Psychopathology
Denny Borsboom*, Angélique O. J. Cramer, Verena D. Schmittmann, Sacha Epskamp, Lourens J. Waldorp

Department of Psychology, University of Amsterdam, Amsterdam, The Netherlands

Abstract

Background: Mental disorders are highly comorbid: people having one disorder are likely to have another as well. We
explain empirical comorbidity patterns based on a network model of psychiatric symptoms, derived from an analysis of
symptom overlap in the Diagnostic and Statistical Manual of Mental Disorders-IV (DSM-IV).

Principal Findings: We show that a) half of the symptoms in the DSM-IV network are connected, b) the architecture of these
connections conforms to a small world structure, featuring a high degree of clustering but a short average path length, and
c) distances between disorders in this structure predict empirical comorbidity rates. Network simulations of Major
Depressive Episode and Generalized Anxiety Disorder show that the model faithfully reproduces empirical population
statistics for these disorders.

Conclusions: In the network model, mental disorders are inherently complex. This explains the limited successes of genetic,
neuroscientific, and etiological approaches to unravel their causes. We outline a psychosystems approach to investigate the
structure and dynamics of mental disorders.
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Introduction

One of the major discoveries in the past century of

psychopathology research is that comorbidity (the joint occurrence

of two or more mental disorders) is the rule rather than the

exception [1]. Since comorbidity has consistently been associated

with a poorer prognosis and greater demands for professional help,

unraveling the causes of comorbidity ranks among the top

priorities in clinical psychology and psychiatry [2,3].

In practice, comorbidity is often investigated by analyzing the

association between composite measures defined on two sets of

items (i.e., a correlation between total scores on checklists) or

between two diagnoses. This methodology has yielded important

insights into which disorders co-occur more frequently than

chance [1,4,5] and into risk factors that predispose towards

comorbidity [6–8].

However, a limitation of this methodology is that symptoms are

viewed as passive indicators of ‘‘latent’’ conditions (disorders) that

do the actual causal work [9,10]. Comorbidity is then suggested to

arise from a root cause that is shared by two or more latent

disorders. For instance, shared genes or a general predisposition

towards negative affect have been put forward as common causes

of comorbidity between Major Depressive Episode (MDE) and

Generalized Anxiety Disorder (GAD; [11,12]).

In clinical psychology and psychiatry, however, symptoms are

unlikely to be merely passive psychometric indicators of latent

conditions; rather, they indicate properties with autonomous causal

relevance. That is, when symptoms arise, they can cause other

symptoms on their own. For instance, among the symptoms of

MDE we find sleep deprivation and concentration problems, while GAD

comprises irritability and fatigue [13]. It is feasible that comorbidity

between MDE and GAD arises from causal chains of directly

related symptoms; e.g., sleep deprivation (MDE)Rfatigue (MDE)Rcon-

centration problems (GAD)Rirritability (GAD). For other disorders, such

chains appear plausible as well: e.g., having suffered from a panic attack

(panic disorder)Rbeing worried about having another attack (panic

disorder)Ravoiding public places (agoraphobia). In accordance with

this idea, Kim and Ahn [14] showed that clinical psychologists

typically interpret symptom patterns in terms of causal networks.

Thus, it is likely that direct relations between symptoms exist. As

a result, there may be individual differences in how comorbid

disorders develop. There may not just be one source of

comorbidity, for which it does not matter which symptoms are

in effect for a given person; there may instead be many roads to

comorbidity, and which one is taken depends on the person and

his or her specific situation. Figure 1 shows an illustration of this

idea, by highlighting possible roads to comorbidity between MDE

and GAD for two fictitious persons, Alice and Bob. In both, MDE

leads to GAD, but in different ways and for different reasons. For

instance, Alice may develop depressed feelings due to the break-up

of a romantic relationship, while Bob may become overweight

after losing his job (see Figure 1). Such differences are plausible,

because the onset of symptoms of mental disorders like MDE is

differentially related to distinct life events [15]. In addition, the

events that set the domino effect in motion may affect the

subsequent road that is taken to comorbidity (Figure 1: Alice and

Bob travel different roads but both end up with a MDE and GAD

diagnosis).
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Abstract

We present the qgraph package for R, which provides an interface to visualize data
through network modeling techniques. For instance, a correlation matrix can be rep-
resented as a network in which each variable is a node and each correlation an edge; by
varying the width of the edges according to the magnitude of the correlation, the structure
of the correlation matrix can be visualized. A wide variety of matrices that are used in
statistics can be represented in this fashion, for example matrices that contain (implied)
covariances, factor loadings, regression parameters and p values. qgraph can also be used
as a psychometric tool, as it performs exploratory and confirmatory factor analysis, using
sem and lavaan; the output of these packages is automatically visualized in qgraph, which
may aid the interpretation of results. In this article, we introduce qgraph by applying the
package functions to data from the NEO-PI-R, a widely used personality questionnaire.

Keywords: R, networks, correlations, data visualization, factor analysis, graph theory.

1. Introduction

The human visual system is capable of processing highly dimensional information naturally.
For instance, we can immediately spot suggestive patterns in a scatterplot, while these same
patterns are invisible when the data is numerically represented in a matrix.

We present qgraph, a package for R (R Development Core Team 2012), available from the Com-
prehensive R Archive Network at http://CRAN.R-project.org/package=qgraph. qgraph
accommodates capacities for spotting patterns by visualizing data in a novel way: through
networks. Networks consist of nodes (also called ‘vertices’) that are connected by edges
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Dimensions of Normal Personality as Networks in Search of Equilibrium: You Can’t
Like Parties if You Don’t Like People
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Abstract: In one currently dominant view on personality, personality dimensions (e.g. extraversion) are causes of
human behaviour, and personality inventory items (e.g. ‘I like to go to parties’ and ‘I like people’) are measurements
of these dimensions. In this view, responses to extraversion items correlate because they measure the same latent
dimension. In this paper, we challenge this way of thinking and offer an alternative perspective on personality as a
system of connected affective, cognitive and behavioural components. We hypothesize that these components do not
hang together because they measure the same underlying dimension; they do so because they depend on one another
directly for causal, homeostatic or logical reasons (e.g. if one does not like people and it is harder to enjoy parties).
From this ‘network perspective’, personality dimensions emerge out of the connectivity structure that exists between
the various components of personality. After outlining the network theory, we illustrate how it applies to personality
research in four domains: (i) the overall organization of personality components; (ii) the distinction between state and
trait; (iii) the genetic architecture of personality; and (iv) the relation between personality and psychopathology.
Copyright © 2012 John Wiley & Sons, Ltd.

Key words: normal personality; networks; latent variable models; personality traits

People differ widely in how they navigate through the
landscape of life: some people feel comfortable around others
and like to go to parties, whereas others do not. Some worry
much and often have trouble sleeping, whereas others rarely
experience such problems. Two main challenges in personality
psychology are (i) to provide a plausible account of how the
coherent ‘organization’ of such behaviours arises within an
individual and (ii) to describe and explain the structure of
‘individual differences’ in personality (Caprara & Cervone,
2000). Modern personality psychology has mainly focused
on the latter task. Starting with pioneering work of, among
others, Thurstone (1934), the dominant doctrines in current
personality theory have come to define individual differences
in the structure of personality in terms of a number of
unobserved trait ‘dimensions’ (e.g. neuroticism and
extraversion; Berrios, 1993; Digman, 1990; Goldberg, 1993).

In most interpretations of this concept, consistent
differences between people in the behaviour they display are

thought to result from underlying differences in these
personality dimensions. The interpretation of the term
‘underlying’ is typically borrowed from measurement models
in psychometrics, which invoke latent variables—variables
that are indirectly measured through a number of noisy indica-
tor variables (i.e. personality inventory items; Borsboom,
2008a). In line with this mode of thinking, the items of a
personality inventory are usually considered to be ‘trait
measurements’, for example, the item ‘I like to go to parties’
is considered a measurement of the dimension/trait extra-
version. Analogous to temperature, which causes mercury to
rise and fall in a mercury thermometer, personality dimensions
are presumed to cause responses to personality questionnaire
items. That is, higher levels of extraversion cause people to
make friends more easily and to feel good in the company of
others, and these properties are queried in typical questionnaire
items. Thus, for example, Alice is not only more extraverted
than Bob in the sense that her responses can be ‘described’
by a higher position on an abstract personality dimension
(i.e. extraversion); her higher level of extraversion is what
‘causes’ her to like parties better than Bob does. In this way,
personality dimensions are interpreted as causes of human
behaviour. Perhaps the most outright commitment to this point

*Correspondence to: Angélique O. J. Cramer, Department of Psychology,
University of Amsterdam, Weesperplein 4, 1018 XA Amsterdam,
The Netherlands.
E-mail: angecramer@gmail.com, website: www.aojcramer.com

European Journal of Personality, Eur. J. Pers. 26: 414–431 (2012)
Published online in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/per.1866

Copyright © 2012 John Wiley & Sons, Ltd.
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Figure 7
The directed MD-GAD network, based on the NCS-R data. Each edge represents a putative causal relation that remained after a
search algorithm (PcAlg) tracked all the possible conditional independence relations present in the data. If two symptoms are not
directly connected, this implies that they are independent conditional on a subset of other symptoms. Double-headed arrows represent
connections for which the algorithm cannot settle on a direction.

For example, in Bob’s case, the strongest pathway from MD to GAD runs via weig (weight
problems), fati (fatigue), and edge (feeling on edge); in Alice’s network, the progression of MD to
GAD runs via depr (depressed mood), suic (thoughts of suicide), and irri (irritability). Since these
are mere hypothetical examples of the many ways in which people can develop an episode of MD,
what kind of data would we need to study these individual networks? And what can we infer from
these networks in terms of individual risk of developing a certain disorder?

Time Series, Time Series, and Time Series
When the aim of network analysis is to construct disorder networks for individuals, cross-sectional
data will be of little use. That is, in the networks of individuals, an arrow between any two
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Abstract

The pcalg package for R (R Development Core Team (2010)) can be used for the
following two purposes: Causal structure learning and estimation of causal effects from
observational data. In this document, we give a brief overview of the methodology, and
demonstrate the package’s functionality in both toy examples and applications.

Keywords: IDA, PC, RFCI, FCI, do-calculus, causality, graphical model, R.

1. Introduction

Understanding cause-effect relationships between variables is of primary interest in many fields
of science. Usually, experimental intervention is used to find these relationships. In many
settings, however, experiments are infeasible because of time, cost or ethical constraints.

We therefore consider the problem of inferring causal information from observational data.
Under some assumptions, the PC algorithm (see Spirtes, Glymour, and Scheines (2000)),
the FCI algorithm (see Spirtes et al. (2000) and Spirtes, Meek, and Richardson (1999a))
and the RFCI algorithm (see Colombo, Maathuis, Kalisch, and Richardson (2012)) can infer
information about the causal structure from observational data. Thus, these algorithms tell
us which variables could or could not be a cause of some variable of interest. They do
not, however, give information about the size of the causal effects. We therefore developed
the IDA method (see Maathuis, Kalisch, and Bühlmann (2009)), which can infer bounds on
causal effects based on observational data under some assumptions. IDA was validated on a
large-scale biological system (see Maathuis, Colombo, Kalisch, and Bühlmann (2010)).
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Individuele netwerken

Er zijn verschillende methoden om een idee te krijgen van
persoonlijke netwerken:

I Vraag het!
I Tijdserie analyse
I Cluster analyse
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Perceived causal relations between anxiety,
posttraumatic stress and depression: extension to
moderation, mediation, and network analysis

Paul A. Frewen1*, Verena D. Schmittmann2, Laura F. Bringmann3 and
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Background: Previous research demonstrates that posttraumatic memory reexperiencing, depression, anxiety,

and guilt-shame are frequently co-occurring problems that may be causally related.

Objectives: The present study utilized Perceived Causal Relations (PCR) scaling in order to assess

participants’ own attributions concerning whether and to what degree these co-occurring problems may be

causally interrelated.

Methods: 288 young adults rated the frequency and respective PCR scores associating their symptoms of

posttraumatic reexperiencing, depression, anxiety, and guilt-shame.

Results: PCR scores were found to moderate associations between the frequency of posttraumatic memory

reexperiencing, depression, anxiety, and guilt-shame. Network analyses showed that the number of feedback

loops between PCR scores was positively associated with symptom frequencies.

Conclusion: Results tentatively support the interpretation of PCR scores as moderators of the association

between different psychological problems, and lend support to the hypothesis that increased symptom

frequencies are observed in the presence of an increased number of causal feedback loops between symptoms.

Additionally, a perceived causal role for the reexperiencing of traumatic memories in exacerbating emotional

disturbance was identified.

Keywords: Perceived causal relations; comorbidity; assessment; posttraumatic stress disorder (PTSD); depression; anxiety

*Correspondence to: Paul A. Frewen, Department of Psychiatry, Schulich School of Medicine & Dentistry,

The University of Western Ontario, University Hospital, Windermere Rd, London, Ontario, Canada N6A

5A5, Tel: 519-685-8500 x77760, Email: pfrewen@uwo.ca

For the abstract or full text in other languages, please see Supplementary files under Article Tools online

Received: 10 April 2013; Revised: 10 July 2013; Accepted: 26 July 2013; Published: 30 August 2013

I
n the science and practice of clinical psychology and

psychiatry, questions concerning the causality of one

clinical problem for another are commonplace. For

example, in a depressed person with relationship pro-

blems, clinicians may hypothesize an individual’s inter-

personal problems as a significant cause and/or outcome

of his or her depression. Indeed, clinical problems often

present within complex causal chains, such as in the case

of interpersonal problems (e.g., social rejection) initially

causing a depressive episode that in turn causes further

social rejection (e.g., reviews by Joiner, 2000; Liu & Alloy,

2010; Monroe & Harkness, 2005). Nevertheless, bidirec-

tional causal pathways can vary in dominance (Kraemer,

Stice, Kazdin, Offord, & Kupfer, 2001) such as when an

individual’s relational problems strongly cause his or her

depression, but his or her depression only moderately

causes further interpersonal problems.

Individuals themselves perceive their behavior, life

situations, and (sub-) clinical psychological and physical

symptoms as causally related (Frewen, Allen, Lanius, &

Neufeld, 2012). Although such causal attributions may

deviate from actual causal relations, they are of interest

to measure in and of their own right, revealing how

participants’ think about themselves and their problems

(Frewen et al., 2012). In the area of physical illnesses,

patients’ own causal attributions have been shown to be

predictive of health behavior, compliance, and recurrence,

affecting overall psychological adjustment (see Brogan &

�CLINICAL RESEARCH ARTICLE
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A Network Approach to Psychopathology: New Insights
into Clinical Longitudinal Data
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Abstract

In the network approach to psychopathology, disorders are conceptualized as networks of mutually interacting symptoms
(e.g., depressed mood) and transdiagnostic factors (e.g., rumination). This suggests that it is necessary to study how
symptoms dynamically interact over time in a network architecture. In the present paper, we show how such an architecture
can be constructed on the basis of time-series data obtained through Experience Sampling Methodology (ESM). The
proposed methodology determines the parameters for the interaction between nodes in the network by estimating a
multilevel vector autoregression (VAR) model on the data. The methodology allows combining between-subject and within-
subject information in a multilevel framework. The resulting network architecture can subsequently be analyzed through
network analysis techniques. In the present study, we apply the method to a set of items that assess mood-related factors.
We show that the analysis generates a plausible and replicable network architecture, the structure of which is related to
variables such as neuroticism; that is, for subjects who score high on neuroticism, worrying plays a more central role in the
network. Implications and extensions of the methodology are discussed.
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Introduction

Theoretical considerations and empirical evidence in psychol-

ogy point towards a network perspective, in which psychological

constructs are conceptualized as networks of interacting compo-

nents instead of measurements of a latent construct, as hypoth-

esized in traditional perspectives [1–6]. From this perspective,

mental disorders are understood as networks of interacting symptoms [3]

that form mechanistic property clusters [7]: sets of causally intertwined

properties that need not share one fundamental underlying cause.

By focusing on the interaction between symptoms, the network

approach naturally captures the fact that symptoms of psychopa-

thology co-evolve dynamically [8]: if one symptom arises (e.g.,

insomnia), that symptom can cause other symptoms to arise as well

(e.g., concentration problems [3]).

Such patterns of symptom interaction are likely to vary across

individuals. For instance, some people have a higher degree of

emotional variability than others, and such differences are known

to be related to personality traits, such as neuroticism [9].

Likewise, some people may feature stronger connections between

sleep deprivation and affect, such that a night of bad sleep quickly

leads to depressed mood, whereas others may be more resilient

(see e.g., [10]). By focusing on patterns of symptom dynamics, the

network approach may potentially yield important insights into

how the dynamics of psychopathology relate to intra- and inter-

individual differences. Despite the fact that the network perspec-

tive is highly suggestive in this respect, techniques to actually

empirically chart differences in the dynamical structure of

individuals’ symptom dynamics have so far been lacking. In this

paper, we present a methodology suited for this task and we apply

this methodology to data of individuals with residual depressive

symptoms [11] to illustrate its potential use in psychopathology

research.

The natural starting point for the study of symptom network

dynamics lies in the analysis of symptoms measured over different

time points. Such time series data have recently become available

due to the rising popularity of data collection approaches using the

Experience Sampling Method (ESM), where data about the

experiences and affect of participants in their daily life are

collected repeatedly over time [12–14]. However, current

statistical tools for inferring networks from empirical data, as they

have been developed and applied mostly in systems biology (see

e.g., [15]) and neuroscience (see e.g., [16,17]), are not optimally

suited for data from ESM studies, for several reasons. First, ESM

studies do not feature very long time series on a single system (i.e.,

the number of time points per subject is limited), which hampers

the application of typical time series modeling techniques (e.g.,

[18,19]). Secondly, ESM data are hierarchically structured

because several persons are measured repeatedly leading to

measurements that are clustered within persons [20]. This

hierarchical structure necessitates the use of separate models for

each individual. In combination with the relatively short time

series, this leads to unstable results when traditional network

models are applied.
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Abstract

In network approaches to psychopathology, disorders result from the causal
interplay between symptoms (e.g., worry → insomnia → fatigue), possibly
involving feedback loops (e.g., a person may engage in substance abuse to
forget the problems that arose due to substance abuse). The present review
examines methodologies suited to identify such symptom networks and dis-
cusses network analysis techniques that may be used to extract clinically and
scientifically useful information from such networks (e.g., which symptom
is most central in a person’s network). The authors also show how net-
work analysis techniques may be used to construct simulation models that
mimic symptom dynamics. Network approaches naturally explain the lim-
ited success of traditional research strategies, which are typically based on
the idea that symptoms are manifestations of some common underlying fac-
tor, while offering promising methodological alternatives. In addition, these
techniques may offer possibilities to guide and evaluate therapeutic inter-
ventions.
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