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EDITORIAL

Nonsocial and social cognitive function in psychosis:
interrelationships, specificity and innovative approaches

In this issue of the journal, Green et al! present an excellent
overview of impairments in nonsocial and social cognition
in schizophrenia. They raise several key questions that are in
need of further theoretical and methodological work.

One such question is the nature of the relationship between
nonsocial and social cognition in general, and in schizophre-
nia more specifically. Green et al focus on these as separable
constructs with differing psychological and neurological cor-
relates. There is certainly ample evidence for meaningful dis-
tinctions between nonsocial and social cognition, with robust
data about the engagement of different neural systems by tasks
that focus more on one versus the other. Further, there is evi-
dence that deficits in nonsocial and social cognition account
for at least some independent variance in functional outcome
in schizophrenia. However, there are also moderate to strong
correlations between nonsocial and social cognition in schizo-
phrenia®. Moreover, the intriguing data showing that social
cognition mediates, at least in part, the relationship between
nonsocial cognition and functional outcome suggest that at
least some of the deficits in nonsocial cognition serve as build-
ing blocks (or barriers) to social cognitive function, and that
there may be more synergy in attempts to treat both deficits
simultaneously than previously emphasized.

This thinking about the ways in which different impair-
ments interrelate and may mediate each other extends to the
growing work on motivation discussed by Green et al. They
note evidence that impairments in motivation or beliefs about
one’s inability to successfully carry out certain cognitive func-
tions may partially mediate the relationship between nonso-
cial cognition and life function. Such results raise issues such
as: To what extent living with cognitive impairment reduces
motivation and creates negative beliefs? What components of
motivational impairments might be independent of deficits
in cognitive function? Would more integrated treatment ap-
proaches that tackle multiple levels of impairment simultane-
ously show more evidence for efficacy?

A second question is the status of cognition in schizophre-
nia versus psychopathology more broadly. Green et al describe
cognitive deficits as a “core feature” of schizophrenia, which is
central to understanding many aspects of risk and life function
in that condition. However, these deficits are not a core feature
in the sense of being selective to schizophrenia. It is becom-
ing increasingly clear that many forms of psychopathology in-
volve impairments in cognition. Green et al note this, but focus
somewhat more on the differences across disorders than on
the similarities. One could argue that the most robust evidence
indicates similar profiles of cognitive impairment across dis-
orders that involve psychosis, including schizophrenia, schizo-
affective disorder, bipolar disorder with psychosis, and even
psychotic depression®®. The severity of these deficits often vary
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across illnesses, with the most severe in schizophrenia, but the
general pattern is often remarkably similar®*. Moreover, there
is also evidence for impairment in at least some cognitive
domains in a host of other forms of psychopathology, includ-
ing non-psychotic major depression® and attention-deficit/
hyperactivity disorder’.

In fact, it has been argued that impairments in cognitive do-
mains such as executive function, working memory, or cogni-
tive control might form a more general risk factor for mental
illness, perhaps being part of the “p factor” of shared risk for
psychopathology?®. If cognitive impairments, especially in do-
mains thought to be critical for behavioral and emotional
regulation, are part of a more general risk factor for psychopa-
thology, we need to rethink their role in the development of psy-
chotic disorders. This would not make cognitive deficits any less
important for understanding the etiology, course or outcome
of schizophrenia, but it would suggest a change in our thinking
about causal factors and treatment interventions that may be
much more widely applicable across forms of psychopathology.

A third question is how best to ameliorate deficits in either
nonsocial or social cognition in schizophrenia. Green et al pro-
vide a nice review of the relevant literature, highlighting areas
of both promise and concern. They note that remediation ap-
proaches have shown moderate effect sizes for improvement
of both social and nonsocial domains, with the latter seeming
to be most benefited when cognitive training is coupled with
psychiatric rehabilitation. However, one can also read this lit-
erature in a much less positive light. Recent meta-analyses of
cognitive remediation for nonsocial cognition suggest very
modest effect sizes®, and even effect sizes of a Cohen’s d of .60
or .70 are likely too modest to make a meaningful and long-
lasting impact on the lives of individuals with schizophrenia.

Green et al note features of cognitive impairment in schizo-
phrenia that should lead us to question our focus on treating
individuals who already have diagnosable illnesses or even
prodromal symptoms. Specifically, cognitive impairment like-
ly precedes the onset of psychosis by many years, and may be
present even early in childhood. It seems highly unlikely that
we can make significant inroads on improving cognitive func-
tion among individuals whose developmental trajectories have
been disrupted by long-lasting and early occurring cognitive
dysfunction. Instead, we may need to think about intervention
approaches that can be applied much earlier in life, starting po-
tentially in childhood, so as to help individuals shift back to a
more typical developmental trajectory that may prevent the type
of functional impairment often associated with schizophrenia.

The concern with such an approach has always been that we
do not have any sufficiently predictive way to identify children
who are likely to be at risk for psychosis. However, this is where
the suggestion that at least some types of cognitive impairment
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may be much broader risk factors for psychopathology comes
into play. We need not be as concerned about identifying chil-
dren who are specifically on a risk trajectory for psychosis if we
think that impairments in domains such as cognitive control,
executive function, or working memory serve as more general
risk factors for psychopathology.

It is still absolutely critical to consider risk-benefit tradeoffs
with even general risk factors. However, should we be able to
develop non-invasive approaches that enhance these domains
of cognition earlier in childhood or adolescence, we would be
less concerned about whether such interventions have a pro-
tective effect against psychosis specifically, and more satisfied
with either an overall reduction in risk for psychopathology, re-
gardless of its manifestation, or an overall improvement in func-
tion even amongst those who still develop psychopathology.

While some might regard this suggestion as naive or unre-
alistic, I would argue that we need to consider fundamentally
innovative approaches to treating or preventing cognitive im-
pairment associated with all forms of mental illness, as years
of research and countless treatment studies have yet to provide
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pathways that are sufficiently helpful once individuals develop
severe psychiatric symptoms. It is time for us to think in ways
that are much more “out of the box” and to use what the data
are telling us about the developmental origins of cognitive def-
icits to identify the timing for intervention that is most likely to
yield long-lasting and meaningful benefits.

Deanna M. Barch
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The impact of the Internet across multiple aspects of modern society is clear. However, the influence that it may have on our brain structure
and functioning remains a central topic of investigation. Here we draw on recent psychological, psychiatric and neuroimaging findings to
examine several key hypotheses on how the Internet may be changing our cognition. Specifically, we explore how unique features of the online
world may be influencing: a) attentional capacities, as the constantly evolving stream of online information encourages our divided attention
across multiple media sources, at the expense of sustained concentration; b) memory processes, as this vast and ubiquitous source of online
information begins to shift the way we retrieve, store, and even value knowledge; and c) social cognition, as the ability for online social settings
to resemble and evoke real-world social processes creates a new interplay between the Internet and our social lives, including our self-concepts
and self-esteem. Overall, the available evidence indicates that the Internet can produce both acute and sustained alterations in each of these
areas of cognition, which may be reflected in changes in the brain. However, an emerging priority for future research is to determine the effects
of extensive online media usage on cognitive development in youth, and examine how this may differ from cognitive outcomes and brain impact
of uses of Internet in the elderly. We conclude by proposing how Internet research could be integrated into broader research settings to study

how this unprecedented new facet of society can affect our cognition and the brain across the life course.

Key words: Internet, cognition, attention, memory, social structures, social media, addiction, virtual reality

(World Psychiatry 2019;18:119-129)

The Internet is the most widespread and rapidly adopted
technology in the history of humanity. In only decades, Inter-
net use has completely re-invented the ways in which we search
for information, consume media and entertainment, and man-
age our social networks and relationships. With the even more
recent advent of smartphones, Internet access has become
portable and ubiquitous to the point at which the population of
the developed world can be considered “online”*?,

However, the impact that this new channel for connection,
information, communication, and screen time is having on our
brains and cognitive functioning is unclear. Prior to the Inter-
net, a large body of research had convincingly demonstrated
that the brain is somewhat malleable to environmental de-
mands and stimuli, particularly with regards to learning new
processes, due to its capacity for neuroplasticity®. Various sce-
narios have been observed to induce long-term changes in the
neuronal architecture of the human brain, including second-
language acquisition®, learning new motor skills (such as jug-
gling)®, and even formal education or exam preparation’. The
widespread use of the Internet across the globe has introduced,
for many, the necessity and opportunity to learn a myriad of
new skills and ways to interact with society, which could bring
about neural changes. As an example, even simple interactions
with the Internet through the smartphone’s touchscreen inter-
face have been demonstrated to bring about sustained neuro-
cognitive alterations due to neural changes in cortical regions
associated with sensory and motor processing of the hand and
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thumb®. Beyond this, the Internet also presents a novel plat-
form for almost-endless learning of new information and com-
plex processes, relevant to both the online and offline world®.
Along with neuroplastic mechanisms, other environmen-
tal and biological factors can also cause changes in the brain’s
structure and function, resulting in cognitive decline'’. In ag-
ing samples, for instance, there is evidence to indicate that age-
related cognitive decline may be partly driven by a process of
atrophy. Some studies have shown that adopting a less engag-
ing lifestyle across the lifespan may accelerate loss of cognitive
function", due to lower “cognitive reserve” (the ability of the
brain to withstand insult from age and/or pathology)'>. Some
emerging evidence indicates that disengaging from the “real
world” in favor of virtual settings may similarly induce adverse
neurocognitive changes. For example, a recent randomized
controlled trial (RCT)" found that six weeks of engaging in an
online role playing game caused significant reductions in grey
matter within the orbitofrontal cortex - a brain region impli-
cated in impulse control and decision making. However, the
study did not address the extent to which these results were
specific to online gaming, rather than general internet usage.
Nonetheless, this raises the possibility that various types of In-
ternet usage could differentially affect the brain and cognitive
processes - in both adverse and beneficial ways. This may be of
particular relevance to the developing brains of children and
adolescents, as many cognitive processes (particularly those
relevant to higher executive functions and social cognition)
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are not entirely innate, but rather are strongly influenced by
environmental factors'.

Although only recently emerging, this possibility hasled to a
substantial body of research empirically investigating the mul-
tiple potential pathways through which the Internet could af-
fect our brains’ structure, function, and cognitive development.
Specifically, the bulk of existing research can be separated into
three specific domains, examining how the internet is affecting:
a) attention (i.e., how the constant influx of online information,
prompts and notifications competing for our attention may
encourage individuals to displace their concentration across
multiple incoming media streams - and the consequences this
may have for attentional-switching versus sustained-attention
tasks); b) memory and knowledge (i.e., the extent to which we
rely on the Internet as our primary informational resource, and
how unique properties of online information access may affect
how we process new memories and value our internal knowl-
edge); c) social cognition (along with the personal and societal
consequences of increasingly embedding our social networks,
interactions, and status within the online world).

In this state-of-the-art review, we present the current lead-
ing hypotheses of how the Internet may alter these cognitive
processes, subsequently examining the extent to which these
hypotheses are supported by recent findings from psychologi-
cal, psychiatric and neuroimaging research. In this way, we ag-
gregate the contemporary evidence arising from multiple fields
of research to produce revised models on how the Internet may
be affecting our brains and cognition. Furthermore, whereas
studies to date have focused upon only specific age groups,
we examine the effects of the Internet on the human brain
across the entire life course. In particular, we explore how the
potential benefits/drawbacks of extensive Internet integration
with cognitive processes may differ among children and older
adults. Finally, we identify important gaps in the existing litera-
ture to present key priorities for future research in order to gain
new insights for minimizing detrimental effects of the Internet,
while capitalizing on this new feature of our societies to poten-
tially influence neurocognitive processes in a beneficial way.

“DIGITAL DISTRACTIONS”: A HIJACK OF
ATTENTION ON THE INFORMATION HIGHWAY?

How does the Internet gain and sustain our attention?

The Internet consumes a considerable chunk of our atten-
tion on a day-to-day basis. The vast majority of adults go on-
line daily, and over a quarter report being online “almost
constantly”z. Within this, one in five American adults are
now “smartphone-only” Internet users'. Importantly, the in-
troduction of these Internet-enabled mobile devices has also
reduced the “digital divide” previously experienced by lower
and middle income countries'’. The amount and frequency
of Internet usage is even more pronounced amongst young-
er people. Most adults today witnessed the beginning of the
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transition from “Internet-free” to “Internet-everywhere” socie-
ties. However, younger generations (termed “digital natives”'®)
have been brought up entirely within a “connected world”,par-
ticularly in developed countries. Consequently, digital natives
are often the first to adopt new online technologies as they
arise'®, and engage extensively with all existing features of the
Internet. For instance, 95% of US teens have access to a smart-
phone, and 45% are online “almost constantly”S.

Multiple factors are driving the rapid uptake and extensive
usage of Internet-enabled technologies across the globe. This is
partly due to the Internet now being unavoidable, ubiquitous,
and a highly functional aspect of modern living. For instance,
Internet use is now deeply entwined with education, travel,
socializing, commerce, and the majority of workplaces. Along
with pragmatic uses, the Internet also offers an endless array
of recreational and entertainment activities, through podcasts,
e-books, videos, streaming movies and gaming. However, the
ability of the Internet to capture and hold attention is not solely
due to the quality of media content available online. Rather, it
is also driven by the underlying design and presentation of the
online world. One such example is the self-evolving “attraction
mechanism”; whereby aspects of the Internet that fail to gain
attention are quickly drowned out in the sea of incoming in-
formation, while the successful aspects of the adverts, articles,
apps or anything that does manage to capture our attention
(even superficially) are logged (through clicks and scrolls),
noticed (through online shares), and subsequently prolifer-
ated and expanded upon. Alongside this, leading technology
companies have been accused of intentionally capitalizing on
the addictive potential of Internet, by studying, testing, and
refining the attention-grabbing aspects of their websites and
applications (“apps”) to promote extremely high levels of en-
gagement, without due concern for user well-being'”.

Furthermore, even when not using the Internet for any spe-
cific purpose, smartphones have introduced widespread and
habitual “checking” behaviours, characterized by quick but fre-
quent inspections of the device for incoming information from
news, social media, or personal contacts'®. These habits are
thought to be the result of behavioural reinforcement from “in-
formation rewards” that are received immediately on checking
the device'?, potentially engaging the cortico-striatal dopa-
minergic system due to their readily available nature®’. The
variable-ratio reinforcement schedule inherent to device check-
ing may further perpetuate these compulsive behaviours®'.

Cognitive consequences of the attention-grabbing
Internet

The unprecedented potential of the Internet to capture our
attention presents an urgent need for understanding the impact
that this may have on our thought processes and well-being.
Already, education providers are beginning to perceive detri-
mental effects of the Internet on children’s attention, with over
85% of teachers endorsing the statement that “today’s digital
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technologies are creating an easily distracted generation”**. The
primary hypothesis on how the Internet affects our attentional
capacities is through hyperlinks, notifications, and prompts
providing a limitless stream of different forms of digital media,
thus encouraging us to interact with multiple inputs simulta-
neously, but only on a shallow level, in a behavioural pattern
termed “media multi-tasking”****.

The seminal study by Ophir et al** was among the first to ex-
plore the sustained impact of media multi-tasking on cognitive
capacities. This was a cross-sectional study of individuals who
engaged in “heavy” (i.e., frequent and extensive) media multi-
tasking compared to those who did not. Cognitive testing of
the two groups produced the then-surprising finding that
those involved in heavy media multi-tasking performed worse
in task-switching tests than their counterparts - contrary to
the authors’ expectation that the “extra practice” afforded by
frequent media multi-tasking would confer cognitive benefit
in task-switching scenarios. Closer inspection of findings sug-
gested that the impeded task-switching ability in heavy media
multi-tasking individuals was due to their increased suscep-
tibility to distraction from irrelevant environmental stimuli**.

Since these initial findings, the effects of media multi-tasking
on cognition have come under increasing scrutiny, because
the increasingly diverse forms of entertainment and activities
available through the online world can further our capabilities
(and temptation) of engaging in media multi-tasking®, even on
single devices. For instance, Yeykelis et al*® measured partici-
pants’ media multi-tasking between different types of online
media content while using just one device (personal laptops),
and found that switches occurred as frequently as every 19
seconds, with 75% of all on-screen content being viewed for
less than one minute. Measures of skin conductance during
the study found that arousal increased in the seconds leading
up to media switching, reaching a high point at the moment
of the switch, followed by a decline afterward?®. Again, this
suggests that the proclivity for alternating between different
computer windows, opening new hyperlinks, and performing
new searches could be driven by the readily available nature
of the informational rewards, which are potentially awaiting in
the unattended media stream. Supporting this, the study also
found that, whereas switching from work-related content to
entertainment was associated with increased arousal in antici-
pation of the switch, there was no anticipatory arousal spike as-
sociated with entertainment to work-content switches’.

The growing concern around the increasing amount of me-
dia multi-tasking with the spread of ubiquitous Internet access
has resulted in further empirical studies. These have produced
conflicting findings, with some failing to find any adverse effects
on attention’, and others indicating that media multi-tasking
may even be linked to increased performance for other aspects
of cognition, such as multisensory integration®®. Nonetheless
the literature, on balance, does seem to indicate that those who
engage in frequent and extensive media multi-tasking in their
day-to-day lives perform worse in various cognitive tasks than
those who do not, particularly for sustained attention®.
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Imaging studies have shed light onto the neural differences
which may account for these cognitive deficits. Functionally,
those who engage in heavy media multi-tasking perform poor-
er in distracted attention tasks, even though exhibiting greater
activity in right prefrontal regions®. As right prefrontal regions
are typically activated in response to distractor stimuli, the
observed increases in recruitment of these regions alongside
poorer performance suggests that heavy media multi-taskers
require greater cognitive effort to maintain concentration
when faced with distractor stimuli®. Structurally, high levels
of Internet usage® and heavy media multi-tasking®' are asso-
ciated with decreased grey matter in prefrontal regions associ-
ated with maintaining goals in face of distraction (such as the
right frontal pole and anterior cingulate cortex). However, the
findings to date must be interpreted with caution, as various
confounding factors may be affecting the results of these cross-
sectional imaging studies. Although the differences persist
when controlling for general digital media use and other simple
confounders (age, gender, etc.), further research is required to
examine if the observed neural differences are specifically at-
tributable to heavy vs. light media multi-tasking, or in fact driv-
en by broader differences in lifestyle between the two groups.

Given the amount of time that people now spend in media
multi-tasking via personal digital devices, it is increasingly rel-
evant to consider not only sustained changes which arise in
those who engage in large amounts of media multi-tasking,
but also the acute effects on immediate cognitive capacities.
A meta-analysis of 41 studies showed that engaging in multi-
tasking was associated with significantly poorer overall cogni-
tive performance, with a moderate-to-large effect size (Cohen'’s
d=-0.71, 95% CI: -0.86 to -0.57). This has been confirmed by
more recent studies, further showing that even short-term
engagement with an extensively hyperlinked online environ-
ment (i.e., online shopping for 15 minutes) reduces attentional
scope for a sustained duration after coming offline, whereas
reading a magazine does not produce these deficits*.

Overall, the available evidence strongly indicates that en-
gaging in multi-tasking via digital media does not improve our
multi-tasking performance in other settings - and in fact seems
to decrease this cognitive capacity through reducing our abil-
ity to ignore incoming distractions. Much of the multi-tasking
investigations so far have been focusing on personal com-
puters. However, smartphone technologies may even further
encourage people to engage in media multi-tasking through
high rates of incoming prompts from emails, direct messages
and social media notifications occurring while both using and
not using the device. Thus, along with determining long-term
consequences of media multi-tasking, future research should
examine how the constant multi-tasking made possible by
Internet-enabled mobile devices may impact daily functioning
through acute but high frequency effects.

Furthermore, both the immediate and chronic effects of
media multi-tasking are relatively unexplored in children and
adolescents, who are the prime users of such technologies33
and are at a phase of development that is crucial for refining

121



higher cognitive abilities'*. The first longitudinal study of me-
dia multi-tasking in young people has recently found that fre-
quent multi-tasking behaviours do predict the development of
attentional deficits specifically in early adolescents, but not in
older teens®*. Additionally, extensive media multi-tasking dur-
ing childhood and adolescence could also negatively impact
cognitive development through indirect means, by reducing
engagement with academic and social activities, as well as by
interfering with sleep®, or reducing the opportunity to engage
in creative thinking®®*’. Clearly, further research is necessary
to properly measure the effects of ubiquitous computing on
children’s cognitive development, and to find practical ways
for ameliorating any detrimental impact this may be having.

“IFORMATION”: NEUROCOGNITIVE RESPONSES
TO ONLINE INFORMATION GATHERING

The Internet and transactive memory

In response to the question “How has the Internet changed
your life?”,some common answers include finding new friends,
renewing old friendships, studying online, finding romantic
relationships, furthering career opportunities, shopping, and
travel®®. However, the most common answer is people stating
that the Internet has “changed the way in which they access
information”*. Indeed, for the first time in human history, the
majority of people living in the developed world have access
to almost all factual information in existence literally at their
fingertips.

Along with the obvious advantages, this unique situation
also introduces the possibility of the Internet ultimately negat-
ing or replacing the need for certain human memory systems -
particularly for aspects of “semantic memory” (i.e., memory of
facts) - which are somewhat independent from other types of
memory in the human brain®®. An initial indication of Internet
information gathering affecting typical memory processes was
provided by Sparrow et al*’, who demonstrated that the ability
to access information online caused people to become more
likely to remember where these facts could be retrieved rather
than the facts themselves, indicating that people quickly be-
come reliant on the Internet for information retrieval.

It could be argued that this is not unique to the Internet, but
rather just an example of the online world acting as a form of
external memory or “transactive memory”***!. Transactive
memory has been an integral part of human societies for mil-
lennia, and refers to the process by which people opt to out-
source information to other individuals within their families,
communities, etc., such that they are able to just remember the
source of the knowledge, rather than attempting to store all of
this information themselves*'. Although beneficial at a group
level, using transactive memory systems does reduce an indi-
vidual’s ability to recall the specifics of the externally stored in-
formation®. This may be due to individuals using transactive
memory for “cognitive offloading”, implicitly reducing their
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allocation of cognitive resources towards remembering this
information, since they know this will be available for future
reference externally. This phenomenon has been demonstrated
in multiple contexts, including those of team work®® and other
“non-Internet” technologies (e.g., photography reducing indi-
viduals’ memories of the objects they photographed)*.

However, it is becoming clear that the Internet actually pre-
sents something entirely novel and distinct from previous
transactive memory systems*>*, Crucially, the Internet seems
to bypass the “transactional” aspect that is inherent to other
forms of cognitive offloading in two ways. First, the Internet does
not place any responsibility on the user to retain unique infor-
mation for others to draw upon (as would typically be required
in human societies)45. Second, unlike other transactive mem-
ory stores, the Internet acts as a single entity that is responsible
for holding and retrieving virtually all factual information, and
thus does not require individuals to remember what exact in-
formation is externally stored, or even where it is located. In
this way, the Internet is becoming a “supernormal stimulus”*®
for transactive memory - making all other options for cogni-
tive offloading (including books, friends, community) become
redundant, as they are outcompeted by the novel capabilities
for external information storage and retrieval made possible
by the Internet.

How does a supernormal stimulus interact with
normal cognition?

Unfortunately, the rapid methods of acquisition and con-
stant availability of information afforded by the Internet may
not necessarily lead to better use of information gained. For
instance, an experimental study47 found that individuals in-
structed to search for specific information online completed
the information gathering task faster than those using printed
encyclopedias, but were subsequently less able to recall the in-
formation accurately.

During Internet and encyclopedia information gathering
tasks, functional magnetic resonance imaging was used to
examine activation in the ventral and dorsal streams. These
regions are referred to as the “what” and “where” streams, re-
spectively, due to their indicated roles in storing either the
specific content (ventral stream) or external location (dorsal
stream) of incoming information®’. Although there was no dif-
ference in activation of the dorsal stream, results showed that
the poorer recall of Internet-sought information compared to
encyclopedia-based learning was associated with reduced ac-
tivation of the ventral (“what”) stream during online informa-
tion gathering. These findings further support the possibility,
initially raised by Sparrow et al*, that online information gath-
ering, while faster, may fail to sufficiently recruit brain regions
for storing information on a long-term basis.

The potential for online searching to produce a sustained
impact upon our cognitive processes has been investigated
in a series of studies examining pre-post changes following a
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six-day Internet search training paradigm. In these studies,
young adults were given an hour per day of Internet search
tasks, and undertook an array of cognitive and neuroimaging
assessments pre- and post-training. Results showed that the
six-day Internet search training reduced regional homogeneity
and functional connectivity of brain areas involved in long-term
memory formation and retrieval (e.g., temporal gyrus)*®. This
indicates that a reliance on online searching may impede mem-
ory retrieval by reducing the functional connectivity and syn-
chronization of associated brain regions48. Furthermore, when
faced with new questions after the six days, the training had
increased participants’ self-reported impulses towards using
the Internet to answer those questions, which was reflected in
arecruitment of prefrontal brain areas required for behavioural
and impulse control®. This increased propensity for relying on
Internet searches for gathering new information has been repli-
cated in subsequent studies™, and is in keeping with the “super-
normal stimulus” nature of the Internet, potentially suggesting
that online information gathering quickly trains people to be-
come dependent on this tool when faced with unknown issues.

However, despite the possible adverse effects on regular
“offline” memory, the six-days training did make people more
efficient at using the Internet for retrieving information, as par-
ticipants became faster at the search tasks, with no loss of accu-
racy”'. Search training also produced increases in white matter
integrity of the fiber tracts connecting the frontal, occipital,
parietal and temporal lobes, significantly more than the non-
search control condition®2. In other studies, cognitive offload-
ing via digital devices has also been found to improve people’s
ability to focus on aspects that are not immediately retrievable,
and thus remember these better in the future®.

These findings seem to support the emergent hypotheses
that relying on the Internet for factual memory storage may
actually produce cognitive benefit in other areas, perhaps by
“freeing up” cognitive resources®, and thus enabling us to use
our newly available cognitive capacities for more ambitious
undertakings than previously possible*’. Researchers advo-
cating this view have pointed to multiple domains of collec-
tive human endeavor that have already been transformed by
the Internet’s provision of supernormal transactive memory,
such as education, journalism and even academia®. As online
technologies continue to advance (particularly with regards
to “wearables”), it is conceivable that the performance ben-
efits from the Internet, which are already visible at the societal
level, could ultimately become integrated within individuals
themselves, enabling new heights of cognitive function®.

Unfortunately, however, a more sobering finding with re-
gards to the immediate possibility of ubiquitous Internet ac-
cess enabling new heights of human intelligence is provided by
Barr et al®’, who observed that analytical thinkers, with higher
cognitive capacities, actually use their smartphone less for
transactive memory in day-to-day situations compared to in-
dividuals with non-analytical thinking styles. Furthermore, the
reduced smartphone usage in analytical versus non-analytical
thinkers was specific to online information searching, with no
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differences in social media or entertainment usages, thus indi-
cating that the differences are likely due to the Internet further-
ing “cognitive miserliness” among less analytical thinkers®.

Alongside this, the increasing reliance on the Internet for
information may cause individuals to “blur the lines” between
their own capabilities and their devices'®®. In a series of experi-
ments, Fisher et al*® investigated how the Internet influences
our self-perceived knowledge. Results showed that online
searching increases our sense of how much we know, even
though the illusion of self-knowledge is only perceived for the
domains in which the Internet can “fill in the gaps” for us. The
experiments also demonstrated how quickly individuals inter-
nalized the Internet’s external knowledge as their own - as even
immediately after using the Internet to answer the task ques-
tions, participants attributed their higher quality explanations
to “increased brain activity”. More recent studies have shown
that illusions of self-knowledge similarly persist when using
smartphones to retrieve online information®. As individuals
become more and more connected with their personal digital
devices (which are also always accessible), it seems inevitable
that the distinction between self and Internet’s abilities will be-
come increasingly elusive, potentially creating a constant illu-
sion of “greater than actual knowledge” among large portions
of the population.

Overall, the Internet clearly can provide a “superstimulus”
for transactive memory, which is already changing the way we
store, retrieve, and even value knowledge. However, with pop-
ular online information sources such as Google and Wikipedia
less than 20 years old, it is currently not possible to ascertain
how this may eventually be reflected in long-term changes to
the structure and function of the human brain. Nonetheless,
our constant connection with the online world through per-
sonal devices (i.e., smartphones), along with the emerging po-
tential for more direct integration through wearable devices,
certainly indicates that we are set to become more reliant on
the Internet for factual information as time goes on. Also,
whereas the studies described above have focused on factual
knowledge, the Internet is also now becoming a superstimulus
for spatial information (through providing constant access to
online maps and global positioning system). As spatial mem-
ory is somewhat independent from semantic memory in the
human brain®, further research should investigate the multi-
tude of ways in which extensive use of these external memory
systems may reduce, enhance or alter our cognitive capacities.

ONLINE SOCIAL NETWORKS: FAULTY
CONNECTIONS, OR FALSE DICHOTOMY?
Human sociality in the online world

Social relationships and having a sense of connection are
important determinants of happiness and stress relief®"%2,

mental and physical well-being®®*, and even mortality®.
Over the past decade, the proportion of an individual’s social
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interactions that take place online within social networking
sites (e.g., Facebook, Instagram, Twitter) has grown dramati-
cally®®®”, and our connection with these sites is now strongly
meshed with the offline world. The real-world implications of
this are perhaps best evidenced by the critical role that social
media have played in multiple global affairs, including report-
edly starting and precipitating the London Riots, the Occupy
movement®®, and even the Arab Springﬁg, along with poten-
tially influencing the outcomes of the UK’s European Union
Referendum (“Brexit”)"® and the 2016 US elections’'. Clearly,
understanding the shift from real-world interactions into the
online social environment (and vice versa) holds significance
to almost all aspects of people’s lives.

Our motivations towards using social media is broadly simi-
lar to the instinctual desires underlying “real world” social in-
teractions, as people are drawn to online sociality in order to
exchange information and ideas, along with gaining social sup-
port and friendships’2. However, whether or not these virtual
interactions engage the human brain in ways analogous to real-
world socialization remains a topic of debate since the turn of
the century”. Whereas it would be highly beneficial if social me-
dia sites could fulfil the implicit human needs for social connec-
tion, it may be that the distinction between online and offline
networks is so great that entirely different cognitive domains are
involved in navigating these different environments’*",

How does the online environment affect our
fundamental social structures?

To investigate the neuroimaging correlates of offline and
online networks, the seminal study by Kanai et al”* collected
real-world social network size, online sociality (i.e., Facebook
friends) and magnetic resonance imaging scans from 125 par-
ticipants. Results showed that both real-world social network
size and number of Facebook friends were significantly as-
sociated with amygdala volume. As this has previously been
established as a key brain region for social cognition and so-
cial network size’, these results present a strong case for the
overlap between online and offline sociality in the human
brain.

However, those authors also found that the grey matter vol-
ume of other brain regions (specifically, posterior regions of
the middle temporal gyrus and superior temporal sulcus, and
the right entorhinal cortex) were predicted by the numbers of
participants’ Facebook friends, but held no relationship to their
real-world social networks. This suggests that certain unique
aspects of social media implicate aspects of the brain that are
not central in “real-world” social settings. For instance, the
tendency for online networks to encourage us towards holding
many weak social connections, involving thousands of face-to-
name pairs, could require high associative memory capacities,
which is not typically required in real-world networks (as these
are comprised of fewer, but more familiar, relationships)m. As
associative memory formation for name-face pairs involves
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the right entorhinal cortex’ "8, this could explain the exclusive

relationship that this region holds with online social (but not
real-world) network size™.

Indeed, one key difference which may separate how the
brain handles online and offline social networks is the unique
capacity afforded by the Internet for people to hold, and si-
multaneously interact with, millions of "friendships”79’8°. Em-
pirical testing of this hypothesis is a most fruitful area of in-
vestigation stemming from research into the fundamental
similarities and differences between these two social worlds at
a biological level®®. When defining “friendships” under a broad
context (people who maintain contact and share an emotional
bond)®®, two patterns are prominent across a diverse range
of real-world social networks: a) the average individual has
around 150 “friendships” (but this is highly variable between
individuals), and b) this is made up of five hierarchical layers,
consisting of primary partners, intimate relationships, best
friends, close friends, and all friends, which follow a size-scal-
ing ratio of around 3 (i.e., each cumulative layer is 3 times big-
ger than the last), and therefore have set average (cumulative/
inclusive) sizes of 1.5, 5, 15, 50 and 150 respectively“. The pat-
terns of the average number of 150 total friendship connections,
and the scaling sizes of the five hierarchical layers of relation-
ships making this up, have been found across regions and time
periods within various human organizations, ranging from
hunter-gatherer societies®®* and historical village popula-
tions®®, armies®, residential campss4, to personal networks of
modern Europeans®.

Thus, given the unprecedented potential that online social
networks allow in terms of number of connections, and the var-
ied contexts these take place over’ > it is imaginable that this
extraordinary environment may allow these two apparently set
aspects of real-world social networks to be bypassed. However,
recent findings have confirmed that user-to-user friendship
connections, posting patterns and exchanges within Twitter,
Facebook, and even online gaming platforms, all indicate a
similar average number of general friendships (around 150, de-
spite high skew), along with maintaining the same scaled sizes
of the hierarchical structure of the five distinct friendship layers
(as determined by reciprocal communication exchanges)®*®,
Therefore, even within the unique realms of online social net-
works, the most fundamental operations of human social
networks appear to remain relatively unchanged®®®. So, it is
highly conceivable that the social connections formed in the
online world are processed in similar ways to those of the off-
line world, and thus have much potential to carry over from
the Internet to shape “real-world” sociality, including our so-
cial interactions and our perceptions of social hierarchies, in
ways that are not restricted to the context of the Internet.

The driving forces that sustain the set structural patterns of
social networks, even when faced with the immense connec-
tive potential of the online world, may be broadly explained
by two overlapping mechanisms. First, constraints on social
cognition within the human brain seem to carry over across
social contexts®. For instance, humans struggle to engagingly
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interact with more than three individuals simultaneously in
the real world, and this limitation on attention also appears
to apply online®*®'. This evidence is in agreement with the hy-
pothesis that circumventing the cognitive constraints on social
relationships may be difficult even when technology affords
unnatural opportunities to do so®.

The second driver of set boundaries on social activity is that
simple underlying factors may produce social constraints,
even within online settings. Most obviously, investment in so-
cial relationships is limited by time constraints, and this may
contribute to the set patterns of both the number and type of
social connections®>%. In line with this, analyses across vari-
ous social contexts have shown that temporal limitations gov-
ern the number of social interactions that individuals engage
in, and how they distribute these across their different kinds of
relationships®™*®*, Again, these general interaction rates remain
similar within online social networks®"%,

The possibility that the parameters on all social networks
(online or offline) are governed by basic underlying factors is
further supported by research showing that similar structures
also exist within simpler social systems, such as animal soci-
eties®®®®. For instance, the sizes and scaling of hierarchical
“friendship” layers found in online and offline human networks
are also found in dolphins, elephants, and various primate spe-
cies?, and the phenomena of humans increasing the number
and strength of their social networks connections following the
death of a friend on Facebook” is also seen in wild birds, which
show compensatory up-regulation of their social network con-
nections upon experiencing the loss of a social associate®.

Supporting the idea that limited cognitive capacities govern
our social structures is research showing that the brain regions
predicting individual variation in social network size in humans
also do so for macaques®. Strong support for simple underly-
ing factors (such as time) governing our general patterning of
social interactions can be found in studies demonstrating that
entirely computationally simulated systems replicate some of
the apparent complexities of human social networks, even un-
der relatively simple rules'*'"", Examples include agent-based
models generating similar social layering structures as humans
when sociality is defined as time-limited"®.

In light of the current evidence regarding how the Inter-
net may have affected human thinking surrounding social
networks, it is undeniable that the online environment pos-
es unique potential and context for social activity’*#%1%1%3,
which may invoke some non-identical cognitive processes and
brain areas in comparison to the offline world”*”. Neverthe-
less, aside from these comparatively fine-scale differences, it
appears that our brains process the online and offline social
networks in surprisingly similar ways, as demonstrated by the
shared cognitive capacities and simple underlying factors ulti-
mately governing their fundamental structure®”®. As such, the
online social world has very significant implications for not
only measuring and understanding human sociality, but also
for governing the outcomes of social processes across various
aspects of life.
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Social cognitive responses to the online social world

Given the evidence above, an appropriate metaphor for the
relationship between online and real-world sociality could be a
“new playing field for the same game”. Even beyond the funda-
mental structure, emerging research suggests that neurocogni-
tive responses to online social occurrences are similar to those
of real-life interactions. For instance, being rejected online has
been shown to increase activity in brain regions strongly linked
with social cognition and real-world rejection (medial pre-
frontal cortex'*®) in both adults and children'®'"’, However,
within the “same old game” of human sociality, online social
media is bending some of the rules - potentially at the expense
of users!’. For instance, whereas real-world acceptance and
rejection is often ambiguous and open to self-interpretation,
social media platforms directly quantify our social success (or
failure), by providing clear metrics in the form of “friends”, “fol-
lowers”, and “likes” (or the potentially painful loss/absence of
these)'””. Given the addictive nature of this immediate, self-
defining feedback, social media companies may even capital-
ize upon this to maximally engage users'’. However, growing
evidence indicates that relying on online feedback for self-
esteem can have adverse effects on young people, particularly
those with low social-emotional well-being, due to high rates
of cyberbullying'®, increased anxiety and depression'*''’,
and increased perceptions of social isolation and exclusion
among those who feel rejected online'"".

Another process common to human social behaviour in
both online and offline worlds is the tendency to make upward
social comparisons''*'"*, Whereas these can be adaptive and
beneficial under regular environmental conditions''?, this im-
plicit cognitive process can also be hijacked by the artificial
environmental manufactured on social media'**'*, which
showcases hyper-successful individuals constantly putting
their best foot forward, and even using digital manipulation
of images to inflate physical attractiveness. By facilitating ex-
posure to these drastically upward social comparisons (which
would rarely be encountered in everyday life), online social
media can produce unrealistic expectations of oneself - leading
to poor body image and negative self-concept, particularly for
younger people'’"!'"!1518 Eor instance, in adolescents (par-
ticularly females), those who spent more time on social media
and smartphones have a greater prevalence of mental health
problems, including depression, than those who spent more
time on “non-screen” activities''®, with greater than 5 hrs/day
(versus 1 hr/day) associated with a 66% increased risk of one
suicide-related outcome''”.

However, a causal relationship between high levels of social
media use and poorer mental health is currently difficult to es-
tablish, as there is most likely a complex interaction between
several confounding factors, including reduced sleep and in-
person social interaction, and increased sedentary behaviour
and perceived loneliness''®''®, Nonetheless, given the large
amounts of social media use observed among young people,
future research should thoroughly examine the potentially
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detrimental effects that this new setting for sociality may have
on health and well-being, along with aiming to establish the
driving factors - such that adjustments can be made in subse-
quent iterations of social media in order to produce more posi-
tive outcomes.

Whereas young people with mental disorders may be the
most vulnerable to negative input from social media, these
media may also present a new platform for improving men-
tal health in this population, if used correctly. In future, social
media may also be exploited to promote ongoing engage-
ment with Internet-based interventions, while addressing key
(but frequently neglected) targets such as social connected-
ness, social support and self-efficacy, to aim to bring about
sustained functional improvements in severe and complex
mental health conditions'*®. To achieve these goals, online so-
cial media-based interventions need to be designed to pro-
mote engagement by harnessing, in an ethical and transparent
manner, effective strategies used by the industry. For instance,
developing technologies which are increasingly adopted by on-
line marketing and tech companies, such as natural language
processing, sentiment analyses and machine learning, could
be capitalized upon, for example making it possible to identify
those at increased risk for suicide or relapsem, and rationaliz-
ing human driven support to those who need it most at the time
they need it'*'". In addition, online systems will be able to learn
from what helps individuals and when, opening a window into
personalized, real time interventions'?!.

While the use of online social media-based interventions is
in its infancy, pioneering efforts indicate that these interven-
tions are safe, engaging, and have the potential to improve
clinical and social outcomes in both patients and their rela-
tives'??'2” That said, online interventions have failed up to
now to be adopted by mental health services'**'*, The main
reasons include high attrition rates, poor study designs which
reduce translational potential, and a lack of consensus around
the required standards of evidence for widespread implemen-
tation of Internet-delivered therapies'**'*?. Efforts are currently
underway to determine the long-term effects of the first gener-
ation of social media-based interventions for mental illness via
large randomized controlled trials'**'**, Alongside this clinical
use, developing public health strategies for young adults in the
general population to avoid the potential adverse effects and
negative aspects of typical social media are also warranted.

CONCLUSIONS AND DIRECTIONS

As digital technologies become increasingly integrated with
everyday life, the Internet is becoming highly proficient at
capturing our attention, while producing a global shift in how
people gather information, and connect with one another. In
this review, we found emerging support for several hypotheses
regarding the pathways through which the Internet is influenc-
ing our brains and cognitive processes, particularly with re-
gards to: a) the multi-faceted stream of incoming information
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encouraging us to engage in attentional-switching and “multi-
tasking”, rather than sustained focus; b) the ubiquitous and
rapid access to online factual information outcompeting previ-
ous transactive systems, and potentially even internal memory
processes; c) the online social world paralleling “real world”
cognitive processes, and becoming meshed with our offline
sociality, introducing the possibility for the special properties
of social media to impact on “real life” in unforeseen ways.

However, with fewer than 30 years since the Internet became
publicly available, the long-term effects have yet to be estab-
lished. Within this, it seems particularly important that future
research determines the impact of the Internet on us through-
out different points in the lifespan. For instance, the Internet’s
digital distractions and supernormal capacities for cognitive
offloading seem to create a non-ideal environment for the re-
finement of higher cognitive functions in critical periods of
children and adolescents’ brain development. Indeed, the first
longitudinal studies on this topic have found that adverse at-
tentional effects of digital multi-tasking are particularly pro-
nounced in early adolescence (even compared to older teens)™,
and that higher frequency of Internet use over 3 years in chil-
dren is linked with decreased verbal intelligence at follow-up,
along with impeded maturation of both grey and white matter
regions'®,

On the other hand, the opposite may be true in older adults
experiencing cognitive decline, for whom the online environ-
ment may provide a new source of positive cognitive stimula-
tion. For instance, Internet searching engaged more neural
circuitry than reading text pages in Internet savvy older adults
(aged 55-76 years)’. Furthermore, experimental studies have
found that computer games available online and through
smartphones can be used to attenuate aging-related cogni-
tive decline!®®'%8, Thus, the Internet may present a novel and
accessible platform for adults to maintain cognitive function
throughout old age. Building from this, successful cognitive
aging has previously been shown to be dependent upon learn-
ing and deploying cognitive strategies, which can compensate
for aging-related decline in “raw” memory capacities'*. This
has previously been referred to as optimizing internal cogni-
tive processes (e.g., through mnemonic strategies), or tak-
ing advantage of cognitive offloading in traditional formats
(list making, transactive memory, etc.)lgg. Nonetheless, as
Internet-based technologies become more deeply integrated
with our daily cognitive processing (through smartphones,
wearables, etc.), digital natives could feasibly develop forms of
“online cognition” in the aging brain, whereby older adults can
increasingly take advantage of web-based transactive memory
and other emerging online processes to fulfil (or even exceed)
the typical capacities of a younger brain.

Although it is an emerging area of study, the same could
apply for social aspects of the online world. Whereas young
people seem particularly prone to the rejections, peer pres-
sure, and negative appraisals this world may induce'”, older
adults may ultimately be able to harness social media in order
to overcome isolation and thus continue to benefit from the
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diverse range of physical, mental and neurocognitive benefits
associated with social connection™. Viewed collectively, the
nascent research in this area already indicates that equivalent
types of Internet usage may have differential effects on indi-
viduals’ cognitive and social functioning depending on their
point in the lifespan.

For better or for worse, we are already conducting a mass-
scale experiment of extensive Internet usage across the global
population. A more fine-scale analysis is essential to gaining
a fuller understanding of the sustained impact of this usage
across our society. This could include measuring frequency,
duration and types of Internet usage as a standard part of na-
tional data projects, for instance through collecting Internet
data (from either device-based or self-report measures) in
“biobank” assessment protocols. Combining this with the ex-
tensive genetic, socio-demographic, lifestyle and neuroimag-
ing data gathered by some ongoing projects, researchers could
be able to establish the impact of Internet usage on psychologi-
cal well-being and brain functioning across entire populations
(rather than the currently limited study samples), while also
controlling for multiple confounders.

Overall, this early phase of the Internet’s introduction into
our society is a crucial period for commencing rigorous and
extensive research into how different types of Internet usage
interact with human cognition, in order to maximize our op-
portunities for harnessing this new tool in a beneficial manner,
while minimizing the potentially adverse effects.
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Mental illness and well-being: an affect regulation perspective
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Mental health crucially depends upon affective states such as emotions, stress responses, impulses and moods. These states shape how we think,
feel and behave. Often, they support adaptive functioning. At other times, however, they can become detrimental to mental health via maladap-
tive affect generation processes and/or maladaptive affect regulation processes. Here, we present an integrative framework for considering the
role of affect generation and regulation in mental illness and well-being. Our model views affect generation as an iterative cycle of attending to,
appraising and responding to situations. It views affect regulation as an iterative series of decisions aimed at altering affect generation. Affect
regulation decisions include identifying what, if anything, should be changed about affect, selecting where to intervene in the affect generation
cycle, choosing how to implement this intervention, and monitoring the regulation attempt to decide whether to maintain, switch or stop it.
Difficulties with these decisions, often arising from biased inputs to them, can contribute to manifestations of mental illness such as clinical
symptoms, syndromes and disorders. The model has a number of implications for clinical assessment and treatment. Specifically, it offers a
common set of concepts for characterizing different affective states; it highlights interactions between affect generation and affect regulation; it
identifies assessment and treatment targets among the component processes of affect regulation; and it is applicable to prevention and treatment

of mental illness as well as to promotion and restoration of psychological well-being.

Key words: Affect, affect regulation, process model, mental illness, well-being, transdiagnostic mechanisms, psychotherapy

(World Psychiatry 2019;18:130-139)

Someone in good mental health enjoys not only freedom
from mental illness but also substantial psychological well-
being. As the World Health Organization puts it, “mental health
is a state of well-being in which the individual realizes his or her
own abilities, can cope with the normal stresses of life, can work
productively and fruitfully, and is able to make a contribution
to his or her community”’.

These characteristics of mental health depend, among other
things, upon affective states such as emotions, stress respons-
es, impulses and moods. An instance of affect can be viewed as
more or less healthy, depending on whether its intensity, dura-
tion, frequency or type facilitates or threatens mental health
in a given context>’. For example, becoming a bit anxious
before a job interview can be healthy when it improves moti-
vation and performance. Intense anxiety, by contrast, can be
unhealthy when it impairs performance and contributes to
avoidance of future social challenges.

Some form of unhealthy affect can be found among the de-
fining features of 40 to 75% of mental disorders™*. It is therefore
important to understand how affect becomes unhealthy, and
what can be done to prevent or treat unhealthy affect. These
questions have long been of interest for psychology and psy-
chiatry’. To mention only a few major lines of inquiry, the psy-
chodynamic tradition has related affect to contests between
desires and constraints®; the stress and coping tradition has
elucidated cognitive antecedents and physiological conse-
quences of affect”?; and the affective neuroscience tradition
has revealed some of the brain mechanisms underlying affec-
tive behaviors® .

The diversity of literature on affect and mental health has
resulted in a large number of poorly integrated accounts. For
instance, accounts of affect in mental illness'? tend to be sepa-
rate from accounts of affect in well-being'®. Separate accounts
can also be found for similar affective phenomena in different
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mental illnesses'*. Adding to the complexity, different accounts
often operate on different levels of analysis, from neurochemi-
cal to psychosocial. The fragmented set of explanations for the
role of affect in mental health makes it difficult for practitioners
and researchers to conceptualize individual cases; to analyze
transdiagnostic mechanisms; and to integrate advances from
ongoing research.

One way to address these limitations is to construct integra-
tive frameworks that explain different kinds of affect across
mental illness as well as well-being. When seeking to under-
stand how unhealthy affect arises, it is important to realize
that, once generated, an emotion, a stress response, an impulse
or a mood need not continue to dominate behavior, because
people routinely use affect regulation to change these affective
states®>2!, Thus, unhealthy affect can result from problematic
affect generation, problematic affect regulation, or some com-
bination of the two.

Unhealthy affect may be said to be due to affect regulation
Jailure when affect regulation is not successfully engaged to
counteract maladaptive affect generation. Unhealthy affect
may be said to be due to affect misregulation when affect regu-
lation aggravates matters by changing affect in a maladaptive
direction. Both affect regulation failure and affect misregula-
tion can increase the risk of mental illness as well as hinder
psychological well-being. Conversely, adaptive affect regula-
tion can prevent, reverse or alleviate mental illness as well as
promote well-being.

In this paper, we offer an integrative framework for thinking
about the interplay between affect generation and affect regu-
lation in mental health. We focus primarily on mental illness,
but the principles we discuss are equally relevant for psycho-
logical well-being. We also focus primarily on affect regulation
but, in order to understand how affect can be regulated, we
also need to consider how affect is generated.
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In the first two sections of the paper, we present the process
model of affect regulation, an integrative framework that views
affect generation as a four-stage process that can be altered by
another four-stage process of affect regulation'>***, In the
third section of the paper, we use this framework to identify af-
fect regulation difficulties that contribute to mental illnesses,
drawing examples from a variety of symptoms, syndromes and
disorders. In the final section, we consider several implica-
tions of the process model of affect regulation for clinical as-
sessment and treatment.

AFFECT GENERATION

We use “affect” as an umbrella term to denote emotions such
as anxiety or joy; stress responses such as feeling threatened or
feeling challenged; impulses such as an urge to flee or to have a
drink; and moods such as depression or elation. Despite their
differences, what these diverse processes have in common is
that they all involve valuation - a good-for-me vs. bad-for-me
distinction - that can shape behavior'>?*?". For instance, anxi-
ety, feeling threatened, an urge to flee, and depression all signal
that something is unpleasant and worth avoiding. Joy, feeling
challenged, an urge to drink, and elation all signal that some-
thing is pleasant and worth approaching. Valuation reflects
what a situation has to offer in relation to what the individual
values, needs or wants. The function of affective states is there-
fore to shape behavior in accordance with the relationship be-
tween situation and motivational concerns.

Given their shared function, affective states can be analyzed
using common concepts. Following a cybernetic approach'>**,
we view affect as a series of iterative cycles comprising four
stages: a) a sifuation that can be experienced or imagined; b) at-
tention that shapes how the situation is perceived; c) appraisal
of the situation in light of motivational concerns; and d) a re-
sponse to the situation that can entail changes in subjective ex-
perience, physiology, and/or facial or whole-body behavior (see
Figure 1). For instance, an emotion of anxiety may arise when
a person experiences or imagines a job interview (situation);
pays attention to what could go wrong (attention); appraises the
situation as threatening (appraisal); and feels anxious, starts to
sweat, and wishes to flee (response).

The affective responses generated on one iteration of this
feedback loop may become part of the situation stage of a sub-
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Figure 1 Affect generation. Different affective states such as emo-
tions, stress responses, impulses and moods can be viewed as iterative
cycles of attending to, appraising and responding to situations.
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sequent iteration. For instance, the person may now realize
that he is being interviewed while anxious and perspiring (sit-
uation), fixate on increased chances of failure (attention), ap-
praise the situation as even more threatening (appraisal), and
experience even stronger anxiety (response). Successive itera-
tions of the affect generation loop can produce increasingly se-
lective attention, elaborate appraisals, and specific responses.

We suggest that the same four iterative stages are involved in
different kinds of affective states, although the stages can differ
in their automaticity, specificity, duration, and other features.
One way to organize different affective states within this frame-
work is to place them on a continuum based on how many affect
generation stages are generally part of the conscious experi-
ence of the given affective state.

At one end of this continuum are emotions, where all four
stages are generally part of the experience. Emotions such as
anxiety or joy tend to involve strong feelings directed at a situa-
tion that commands attention and is at least in part conscious-
ly appraised>”*'.

At the other end of the continuum are moods such as de-
pression or elation, that tend to be experienced as diffuse feel-
ings and action tendencies (i.e., only the response stage). We
argue that the remaining affect generation stages play a role in
moods outside of conscious awareness. Thus, moods tend to
relate to situations that have been selectively perceived and ap-
praised largely outside of awareness****,

Between emotions and moods in the continuum are stress re-
sponses and impulses. Stress responses, such as feeling threat-
ened or feeling challenged®*!, resemble emotions in that the
attention, appraisal and response stages are usually part of the
experience. However, instead of a single identifiable situation,
these experiences revolve around broader circumstances, such
as a divorce or a new job, that span several specific situations.

Impulses, such as an urge to flee or to have a drink, can be
viewed as affective states experienced as a constellation of the
response and the situation stages. Impulses can feel almost
like reflexes - strong action tendencies (i.e., response stage)
elicited by some threat or opportunity (i.e., situation stage)'”.
We argue that the intermediate stages of selectively perceiving
and appraising the situation are often operative in impulses,
albeit outside awareness.

The four-stage model of affect generation is a flexible way to
appreciate both commonalities and differences among different
kinds of affective states. Importantly for current purposes, the
model also suggests that unhealthy affect can be traced back to
maladaptive unfolding of one or more of the four affect genera-
tion stages. Sometimes, unhealthy affect arises simply due to a
maladaptive situation, such as being a victim of violence. When
unhealthy affect arises from otherwise adaptive situations, how-
ever, it may be because of maladaptive unfolding of attention,
appraisal or response stages of affect generation. For instance,
the mental health consequences of maladaptive attention are
illustrated by the role of attention biases in mood and anxiety
disorders®*®, The consequences of maladaptive appraisal are
illustrated by the role of interpretation biases in people with
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depressive symptoms®’. The consequences of maladaptive af-
fective responses are illustrated by the role of low physiological
reactivity in externalizing syndromes such as sociopathy™®.

Maladaptive affect generation is therefore an important
part of a comprehensive account of unhealthy affect. However,
in this paper, our primary focus is affect regulation. This is be-
cause maladaptive affect generation manifests in unhealthy
affect mostly when affect regulation fails to neutralize - or even
further aggravates - the maladaptive affect.

AFFECT REGULATION

Affect regulation involves intentional (but not necessarily
conscious) attempts to change the intensity, duration, frequen-
cy or type of current or anticipated affect®®. We focus in this pa-
per on self-generated or intrinsic affect regulation, which can
be distinguished from other-generated or extrinsic affect regu-
lation"®*, The latter - which involves one person’s attempt to
regulate the affective states of another person - is also impor-
tant for mental health, but falls beyond the scope of this paper.

Mirroring the four kinds of affective states distinguished
earlier, we may distinguish four kinds of affect regulation: a)

emotion regulation15’16’42; b) regulation of stress, i.e. coping8'43;

c) regulation of impulses, i.e. self-regulation”'“; and d) mood
regulation'®*. Even though the type of affect targeted by regu-
lation can be important to distinguish, our analysis of com-
mon mechanisms of affect generation suggests that there are
also common mechanisms of affect regulation.

The process model of affect regulation highlights these
shared mechanisms by addressing two fundamental questions:
a) how can affect be regulated (strategies), and b) what pro-

cesses underlie affect regulation (stages).

Affect regulation strategies

To understand how affect can be regulated, it is useful to re-
turn to the four stages of the affect generation loop outlined in
Figure 1. Given the stages of situation, attention, appraisal and
response, we can distinguish four families of affect regulation
strategies, based on which affect generation stage they primar-
ily influence (see Figure 2).

Situational strategies seek to alter affect generation at the
situation stage, by selecting which situations are encountered
(situation selection) or modifying what is going on in them
(situation modification)*. For instance, people wishing to lift
their depressed mood may call a friend (situation selection) or
guide an already ongoing conversation to uplifting topics (situ-
ation modification).

Attentional strategies seek to alter affect generation at the
attention stage, by changing what aspects of the situation are
attended to*®. For instance, the person experiencing depressed
mood may distract himself from negative thoughts by divert-
ing his attention to a game such as Tetris.
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Figure 2 Affectregulation strategies. Four families of affect regulation
strategies can be distinguished based on which stage of affect genera-
tion they primarily seek to alter.

Cognitive strategies seek to alter affect generation at the ap-
praisal stage, by modifying how the situation is viewed in
light of goals, values, and other motivational concerns®’. For
instance, depressed mood could be fought off by considering
how things are not as bad as they initially seemed.

Finally, response modulation strategies seek to alter affect at
the response stage, by counteracting the affect-related experi-
ential, behavioral or physiological changes. For instance, the
person experiencing depressed mood may prepare a cup of
coffee to energize his body.

In addition to mood regulation, the same strategy fami-
lies have been found to be relevant for regulating emotions*?,
stress®® as well as impulses***,

Each of the four broad ways of changing affect can be effec-
tive, but each has different costs and benefits***°. For instance,
strategies that intervene early in the affect generation cycle can
provide powerful relief from the affective state®, but this may
come at the cost of limited learning®®**. As researchers have
identified different costs and benefits of regulation strategies,
it has become clear that adaptive affect regulation requires
matching strategies to the characteristics of the affect being
regulated, the individual, and the current context® %, For in-
stance, in a context where a frustrating situation can be im-
proved, it is sensible to try to change the situation rather than
to use cognitive strategies to change how the situation is ap-
praised. By contrast, in a context where nothing much could be
done to improve the situation, it is sensible to use cognitive
rather than situational strategies® >°.

Affect regulation stages

If deciding how to best regulate affect appears such a com-
plex task, how is it accomplished? The process model of affect
regulation addresses this question by envisioning a series of
four stages: identification, selection, implementation and mon-
itoring (see Figure 3). Each stage can be thought of as a decision
that the person makes, consciously or otherwise®”®'. Returning
to the example of the person experiencing depressed mood,
what decisions does he need to make to regulate his mood?
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Figure 3 Affect regulation stages. Affect regulation consist of key de-
cisions that people make, consciously or otherwise, during four stag-
es. At the identification stage, people decide what, if anything, should
change about affect. At the selection stage, they decide which affect
regulation strategy to use in service of that goal. At the implementa-
tion stage, they decide which actions to take as part of the chosen
strategy to alter the affect generation process. The monitoring stage
consists of iterative updates to the identification, selection and im-
plementation decisions that amounts to a separate decision about
whether ongoing efforts should be maintained, switched or stopped.

First, at the identification stage, he needs to decide that his cur-
rent mood should be improved. This decision then activates the
selection stage, where he needs to decide which affect regulation
strategy to use (i.e., where to intervene in the affect generation
cycle). For instance, he may select an attentional strategy to keep
his mind off ruminative thoughts. Strategy selection triggers the
implementation stage, where the person needs to decide which
specific actions to take. For instance, he may play a game of Tetris.

As the chosen actions intervene in affect generation, all three
decisions may need to be updated - whether the affect con-
tinues to require regulation, whether an attentional strategy
continues to be the best strategy, and whether playing Tetris con-
tinues to be the best course of action. The continued iteration of
the three decisions can be thought of as a separate monitoring
stage of affect regulation, where the person needs to decide
whether to maintain, switch or stop the ongoing affect regula-
tion attempt.

To better understand the identification, selection, implemen-
tation and monitoring stages, it is helpful to consider what in-
formation is processed to reach the decisions required at each
stage. The process model of affect regulation suggests that each
stage makes use of two main inputs, and we now turn to de-
scribing the role that these inputs play in each of the four stages.

The identification decision of what, if anything, should change
about affect (i.e., what is the regulation goal) relies on: a) a repre-
sentation of the current affective state together with alternative
states, and b) the evaluation of the costs and benefits of these
states in the given context.

The first input to the identification decision thus requires
representing ongoing affective states together with other states
that the person could experience in the given situation. The im-
portance of this input is illustrated by the finding that people
who are good at detecting and labelling their affective states
tend to also be good at affect regulation®*®.

The second input to the identification decision consists of
the evaluation of the current and alternative affective states
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based on their costs and benefits. Most of the time, people
evaluate affective states in light of the hedonic motive to in-
crease pleasant feelings and decrease unpleasant feelings.
However, people can also make counter-hedonic (i.e., instru-
mental) evaluations, for instance when they wish to be angrier
than they currently are because they believe that this will help
them negotiate®.

When the identification stage is working well, the person
detects the current affective state together with alternatives,
evaluates them appropriately, and decides (consciously or
otherwise) what, if anything, should change about the current
affective state.

A decision to change affect triggers the selection stage, at
which point the person decides where to intervene in affect
generation (i.e., which regulation strategy to use). The selec-
tion decision relies on: a) a representation of available regula-
tion strategies, and b) the evaluation of the costs and benefits
of these strategies in the given context.

The availability of strategies can vary between situations
as well as individuals. For instance, cognitive strategies are
more likely to be considered in situations that have multiple
interpretations®. Different individuals may consider different
strategies based on their skills and abilities. For instance, at-
tentional strategies work better for people with relatively high
working memory capacity®®, suggesting that they are more
likely to consider these strategies as a viable regulation option.

The second input to the selection decision is the evaluation
of costs and benefits of available strategies®”. One major ben-
efit of each available strategy is its expected efficacy to change
affect. For instance, when attempting to downregulate intense
emotions, people tend to prefer distraction (an attentional
strategy) over reappraisal (a cognitive strategy), because the
former is believed to be more effective®”’. Some of the major
costs include the time and effort needed to use the strategy®.
Other costs and benefits, more specific to different strate-
gies, individuals and contexts, also help to shape the eventual
choice of strategy.

When the selection stage is working well, the person rep-
resents available strategies, evaluates them appropriately, and
decides which regulation strategy to use.

The selection decision triggers the implementation stage,
where the person decides how to enact the selected strategy in
the given context. This stage is needed because the broad strat-
egies of intervening at one of the four stages of affect genera-
tion can be enacted in different ways69, sometimes referred to
as regulation tactics. For instance, having made an identifica-
tion decision to lift depressed mood, and a selection decision
to rely on attentional strategies, the person may decide to play
Tetris as a way to get his mind off his negative thoughts. Such an
implementation decision relies on: a) a representation of dif-
ferent actions afforded by the situation, and b) the evaluation
of the costs and benefits of these actions in the given context.

The implementation stage is where the regulation process
reaches its target, as specific mental or physical actions im-
pact the affect generation process (see Figure 3). For instance,
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playing Tetris diverts cognitive resources away from the atten-
tion stage involved in generating depressed mood.

When the implementation stage is working well, the person
represents actions afforded by the specific context, evaluates
them appropriately, and decides how to enact the regulation
attempt.

The identification, implementation and selection decisions
form an iterative cycle. As the strategy selected to serve the iden-
tified regulation goal is implemented, each of these decisions
may need to be updated to mirror changes in the regulated af-
fect as well as in the broader context. Iterative updates to the
affect regulation decisions can be viewed as a separate moni-
toring stage, involving a decision to either maintain, switch or
stop the regulation attempt. Inputs to this decision include: a)
changes in affect, which can be spontaneous as well as caused
by ongoing regulation, and b) changes in context.

As long as the regulation attempt continues to produce de-
sired changes to affect, and the context also does not change
substantially, the person can maintain regulation by relying
on the latest identification, selection and implementation de-
cisions (e.g., play Tetris to fend off rumination in order to lift
depressed mood). However, if affect resists change, or changes
in undesired ways, the chosen implementation, strategy or
regulation goal can be switched, or the regulation attempt can
be stopped altogether. Switching or stopping may also be man-
dated by a change in context, such as when a friend calls in the
middle of the Tetris game.

To be adaptive, affect regulation should respond with opti-
mal flexibility to changes in affect as well as in context****. Not
enough flexibility can lead to overuse of certain affect regula-
tion behaviors, whereas too much flexibility can lead to lack of
persistence.

When the monitoring stage is working well, the person ap-
propriately represents ongoing changes in affect as well as in
context, and decides to maintain, switch or stop regulation
accordingly.

MALADAPTIVE AFFECT REGULATION AND
MENTAL ILLNESS

The process model of affect regulation outlined in the previous
sections can be helpful for considering how maladaptive affect
regulation can contribute to mental illness. The identification,
selection, implementation and monitoring decisions can be con-
sidered maladaptive when they are misaligned with the targeted
affective state, the current motives of the person, and/or contex-
tual demands®* . In this section, we consider how each of these
decisions can become maladaptive. We use selective examples
of manifestations of mental illness such as different symptoms,
syndromes and disorders. Note that, even when we discuss a
particular mechanism in relation to a particular manifestation,
we do not intend to imply that a given manifestation could not
be related to other mechanisms nor that a given mechanism
could not be involved in other manifestations of mental illness.
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Identification difficulties

Unhealthy affect may arise from the identification stage
of affect regulation when the decision of what, if anything,
should change about an affective state is maladaptive. This can
happen when a person encounters difficulty with at least one
of the inputs to the identification decision, i.e., by misrepre-
senting affective states and/or misevaluating their costs and
benefits.

The first kind of difficulty is characteristic of individuals high
on trait alexithymia, who struggle to attend to and accurately
identify their affective experiences’’. Compared to healthy
controls, these individuals have been found to engage in mala-
daptive affect regulation patterns’’ which may arise from the
low granularity with which they represent affect. Alexithymia
is also common among individuals with mental illnesses such
as autism spectrum disorder’” or eating disorders”*, suggesting
that the unhealthy affect characterizing these mental illnesses
may also arise in part from misrepresented affective states.

The second difficulty associated with the identification stage
involves misevaluation of the costs and benefits of either the
current affective state or alternative states that could be expe-
rienced. For example, people with panic disorder tend to over-
estimate the costs of current anxiety’*. They may interpret a
normal anxiety-related increase in heart rate as a sign of immi-
nent heart failure, or anxiety-related thoughts as a sign of im-
minent loss of their grip on reality. Such overestimation of costs
of affect can produce a maladaptive identification decision to
launch an unnecessary regulation attempt. In addition to costs,
people can also misestimate the benefits of affective states. For
instance, individuals with bipolar disorder often choose not to
downregulate maladaptive positive affect, even though they
are able to do so when instructed”. One reason may be that in-
dividuals with bipolar disorder overvalue the hedonic benefits
of positive affective states at the expense of the costs of these
states as well as the benefits of alternative states’®.

Selection difficulties

Unhealthy affect may arise from the selection stage of affect
regulation when the decision about which regulation strategy
to use in order to accomplish the regulation goal is maladap-
tive. This can happen when a person encounters difficulty with
at least one of the inputs to this decision, i.e., by misrepresent-
ing available strategy options and/or misevaluating the costs
and benefits of these strategies.

One reason for misrepresenting available strategies may be
that the person has limited skills or experiences with different
strategies. For instance, people with alcohol use disorder may
struggle to consider strategies other than consuming alcohol,
which they are most familiar with”’. A similar limitation may
characterize individuals suffering from binge eating disorder,
who often engage in unhealthy eating patterns for affect regu-
latory purposes’®.
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Another way the selection stage may contribute to un-
healthy affect is via difficulties with evaluating the costs and
benefits of different strategies. Many mental illnesses are asso-
ciated with misevaluation of maladaptive regulation strategies.
For example, engagement in non-suicidal self-injury relies in
part on the evaluation of this costly behavior as an effective
affect regulation strategy’*®’. People with generalized anxiety
disorder meanwhile view worry, another strategy with nega-
tive consequences, as productive (e.g., “Worrying helps me to
be prepared and avoid adversities”) or as an indicator of good
character (e.g., “Worrying means that I care”)®.

Difficulties with the cost-benefit analysis of strategy options
may also arise from more general decision biases. For instance,
a broad range of mental illnesses are associated with ampli-
fied temporal discounting, whereby immediate outcomes are
overvalued relative to long-term outcomes even more than
in healthy populations®’. Amplified discounting can bias af-
fect regulation strategy selection towards underestimating
long-term costs and benefits relative to short-term ones. For
instance, people with social anxiety disorder tend to choose
behavioral avoidance to reduce anxiety despite it severely re-
stricting social or professional outlooks for the future®.

Implementation difficulties

Unhealthy affect may arise from the implementation stage
of affect regulation when the decision about how to enact the
selected strategy in a given situation is maladaptive. This can
happen when a person encounters difficulty with at least one
of the inputs to this decision, i.e., by misrepresenting available
affordances for action and/or misevaluating their costs and
benefits.

The first difficulty may arise when a person fails to consider
action affordances beyond obvious ones suggested by habit
and the environment. For instance, someone looking for ways
to implement a situational strategy for increasing excitement
may fail to consider options beyond watching the TV that hap-
pens to be in the room. Detecting less obvious action affor-
dances often requires cognitive control®, a set of processes
that tends to be impaired across a range of mental illnesses®.
Cognitive control impairments are particularly relevant in
attention-deficit/hyperactivity disorder (ADHD)®®, which is
also characterized by maladaptive affect regulation®”. Our
analysis suggests that maladaptive affect regulation in ADHD
may stem, among other pathways, from difficulties to detect
less obvious regulation tactics.

Another difficulty encountered at the implementation stage
is the misevaluation of costs and benefits of different action
affordances. This suggests that mental illnesses that impair
predictions about action outcomes, such as major depressive
disorder®®®®, may contribute to maladaptive affect regulation
by making it harder to appropriately evaluate action affor-
dances even if they are detected. For instance, a person may
come up with more ways than watching TV to implement an
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attentional strategy to feel more excited, but then fail to con-
sider some of their outcomes, leading to a maladaptive choice.
According to the present framework, one mechanism through
which affect regulation becomes maladaptive in people with
depressive symptoms®® may therefore involve misevaluation
of the action affordances that have been detected during the
affect regulation process.

Monitoring difficulties

Unhealthy affect may arise from the monitoring stage of affect
regulation, when the decision to maintain, switch or stop regula-
tion is maladaptive. This can happen when the person encoun-
ters difficulties with at least one of the inputs to this decision, i.e.,
by misrepresenting changes to the regulated affect and/or to the
relevant context. As the consequences of these difficulties are
quite similar, we will not distinguish between them. Instead, we
consider two directions of misrepresentations - under-represent-
ing changes in affect or context that contributes to insufficient
regulation flexibility, and over-representing changes in affect
or context that contributes to too high regulation flexibility™.

Insufficient flexibility can lead to unnecessary maintenance
of regulation efforts that have already succeeded or are unlike-
ly to succeed. Such inertia in regulation has been observed for
numerous mental illnesses. For example, people with gener-
alized anxiety disorder continue to worry despite it elevating
anxiety and being cognitively costly’"%?, Similarly, people with
major depressive disorder continue to ruminate despite it in-
creasing rather than decreasing depressed mood™.

At the other extreme, the monitoring decision can become
overly flexible when changes in affect or context are over-
represented. This difficulty can manifest in premature switch-
es between strategies and their implementation before they
have had a chance to become effective, or premature stopping
of regulation altogether™. For instance, borderline personal-
ity disorder is characterized both by frequent shifts in affec-
tive states” as well as high levels of impulsivity®. This suggests
that one reason for the affective lability in individuals suffer-
ing from borderline personality disorder may be insufficient
persistence in applying affect regulation, i.e. overly high affect
regulation flexibility.

IMPLICATIONS FOR ASSESSMENT AND
TREATMENT

Assessment and treatment of unhealthy affect is central
to a number of psychotherapeutic approaches, including cog-
nitive-behavioral therapy%, dialectical-behavioral thera-
py97, acceptance and mindfulness-based interventions®® 1},
emotion-focused therapy'®, affect regulation training'®, and
emotion regulation therapy'®!. The present framework com-
plements these approaches by offering four broad insights that
have implications for clinical assessment as well as treatment.

135



First, the framework suggests that problems with different
affective states, such as emotions, stress responses, impulses
and moods, can be analyzed in common terms. Second, un-
healthy affect usually arises from some combination of mala-
daptive affect generation and maladaptive affect regulation.
Third, maladaptive affect regulation can arise from identifi-
cation, selection, implementation and monitoring decisions.
Finally, affective processes are equally relevant for mental
illness and psychological well-being. In this final section, we
briefly discuss the assessment and treatment implications of
each of these insights.

Common concepts for different affective states

Emotions, stress responses, impulses and moods have often
been studied as separate phenomena, leading to separate as-
sessment instruments and treatment approaches. Without de-
nying instances where such distinctions are useful, the process
model of affect regulation suggests that is also reasonable to
focus on the similarities rather than differences between affec-
tive states.

The framework highlights the iterative stages of situation,
attention, appraisal and response, and the ways to regulate
them, as a set of concepts that are sufficiently broad to cap-
ture different affective states. For instance, take a problematic
affect such as generalized anxiety, that is experienced as a
diffuse feeling with variable awareness of the situation, atten-
tion and appraisal stages of affect generation. Working with a
client reporting this affective pattern, a clinician may seek to
reveal the contents of these antecedent stages'®”. What are
the situational triggers for these states? Are there selective per-
ceptual processes involved? How is the selectively perceived
situation appraised? Even though the client may initially lack
awareness of these stages, he may provide reliable information
through interviewing techniques such as behavioral chain anal-
ysis”. Relevant information may also be obtained through daily
assessment techniques that can recover aspects of situations
and cognitions that tend to be less available at later recall'®.

Focusing on similarities between different affective states
can also be useful for selecting and tailoring treatments for spe-
cific clients. For example, borrowing an insight from system-
atic desensitization'"”, a therapist may develop a hierarchy of
affective states based on how difficult they are for a client to
regulate. For instance, a client may resist unhealthy food with
ease, downregulate his anger with moderate success, but al-
most never overcome a bout of depressed mood. The therapist
could incorporate this hierarchy into a program of guided affect
regulation practice that introduces different regulation tech-
niques using assignments from the lower end of the hierarchy
and gradually moving upwards. For instance, a client could first
foster healthier eating habits through situation modification by
putting healthy snacks in easily accessible locations. He may
then use this experience as a helpful metaphor for finding ways
to use situation modification to improve his depressed mood.
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Interplay of affect generation and regulation

The process model of affect regulation suggests that the
same manifestation of unhealthy affect may arise from differ-
ent mixtures of maladaptive affect generation and maladaptive
affect regulation®.

On the one hand, this suggests that affect generation and
affect regulation form an integrated dynamic system that can
be analyzed as a single functional unit. For instance, for many
clinical purposes, such as initial screening for affective distur-
bances, it is largely unimportant whether a problematic affec-
tive pattern reflects overly strong affect generation or overly
weak affect regulation. On the other hand, the process model
also exemplifies the value of separating the contributions of
affect generation and regulation to unhealthy affect. Teasing
these contributions apart can be challenging, as the client may
have limited awareness of the functioning of different affective
processes. The interviewing techniques discussed above may
be adapted to this task. In addition, the research community
has started to devise promising combinations of self-report,
behavioral and statistical approaches for separating affect gen-
eration from affect regulation®.

Differentiating affect generation from affect regulation can
also be important for designing targeted treatments. In many
cases, people suffer from a combination of maladaptive affect
generation and maladaptive affect regulation, and thus benefit
from simultaneous - or sensibly sequenced - treatments target-
ing both. For instance, in the case of major depressive disorder,
pharmacological interventions can be used to treat maladap-
tive affect generation, while psychotherapy can be used to im-
prove affect regulation'”’, Omitting one or the other component
from the treatment regime would reduce its overall efficacy.
There can also be cases where the unhealthy affective pattern
can be traced back to a single primary source among affect gen-
eration and affect regulation processes. In these instances, ad-
equate targeting of treatment becomes even more important.
For instance, consider a client who is already relatively profi-
cient in affect regulation but suffers primarily from maladaptive
affect generation. If offered only further affect regulation train-
ing, with no help with maladaptive generation, he might experi-
ence reduced self-efficacy that could lead to deterioration of the
therapeutic relationship and treatment compliance.

Decomposing affect regulation

The third implication of the process model of affect regula-
tion is that the stages of identification, selection, implementa-
tion and monitoring, and their respective inputs, can be used
as more specific targets for assessment as well as treatment.

For instance, an assessment approach could be designed
to determine difficulties with identifying regulation goals,
selecting regulation strategies, implementing them through
contextually suitable actions, and monitoring the outcomes
to make necessary modifications. Parts of these phenomena
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can be assessed using existing self-report instruments, such
as the Toronto Alexithymia Scale'®, the Emotion Regulation
Questionnaire''?, the Cognitive Emotion Regulation Ques-
tionnaire'!!, the Difficulties in Emotion Regulation Scale!'?,
the Coping Flexibility Scale''®, and many others. However, as
these measures assess overlapping but incomplete aspects of
the four affect regulation stages, we encourage future efforts
to design comprehensive measures of the process model of af-
fect regulation. These efforts may extend beyond self-reports
to behavioral and psychophysiological assessments such as
measuring affective responses to standardized stimuli using
physiological correlates under specific instructions'*.

Clarifying whether a particular affect regulation problem
arises from difficulties during the identification, selection, im-
plementation or monitoring stage can be an important step
toward making informed decisions about personalized treat-
ment options. For instance, people who exhibit difficulties dur-
ing the identification stage due to misrepresentation of current
affective states might benefit from mindfulness-based therapy
modules and technological aids. People who exhibit difficul-
ties during the selection stage might benefit from learning
new adaptive strategies, from increasing strategy specific self-
efficacy, as well as from modification of dysfunctional beliefs
contributing to misevaluation of strategies. People who strug-
gle with the implementation stage might benefit from external
aids such as mobile applications with suggestions on how to
execute different strategies. People who struggle with the mon-
itoring stage might benefit from mindfulness interventions to
increase awareness about changes in the affective state and
context as well as training to switch between strategies accord-
ing to changing circumstances. In most cases, individual clients
may exhibit difficulties with more than one, but not necessarily
all, decisions involved in affect regulation.

From mental illness to well-being

Although this paper has focused primarily on mental illness,
the process model of affect regulation is equally relevant when
considering the role of affect in psychological well-being''®.
The goals of psychiatry and clinical psychology extend from
preventing and reversing maladaptive affect generation and
regulation patterns to promoting and restoring their adaptive
counterparts. To live up to this ideal, assessment as well as treat-
ment approaches should be designed without forgetting about
healthy affect. For instance, assessment approaches should tar-
get affective states that are known to improve well-being. These
include hedonically positive experiences such as satisfaction,
happiness or love, as well as affective states that can be he-
donically negative but still add eudaimonic value by providing
meaning, elevating experiences, or fostering personal growth''®.

Psychological well-being is equally relevant for designing
interventions. We have seen how the process model of af-
fect regulation can be used to organize regulation techniques
aimed at reducing hedonically negative (e.g., depressed mood)
and instrumentally harmful affective states (e.g., maladaptive
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positive affect in bipolar disorder). However, the process mod-
el is an equally useful framework for organizing techniques
that promote hedonically positive or instrumentally helpful af-
fective states. For instance, situational strategies such as going
for hike can be used to generate pleasant mood'"”. Attentional
strategies such as focusing on things that a person is grateful for
can be used to promote happiness and a sense of meaning''®.
Cognitive strategies such as contrasting a mental image of a
job well done with the current situation where more work is
needed can be used to promote feeling challenged and thereby
more motivated''”, Response modulation strategies such as ex-
ercising can be used to generate feelings of being relaxed and
fulfilled'*’. Promoting each of these behaviors can further ben-
efit from analyzing their antecedents within the identification,
selection, implementation and monitoring stages.

CONCLUSIONS

We have proposed a process model of affect regulation as
a common framework for understanding how affect is gener-
ated, how it can be regulated, and how both processes jointly
contribute to mental health. This framework conceives of af-
fect generation as a four-stage feedback loop, and affect regu-
lation as a coordinated four-stage decision process. Adaptive
functioning of each of these stages promotes mental health
and well-being, whereas maladaptive functioning of these
stages can increase the risk of mental illness.

We believe that the process model of affect regulation offers
a useful framework for clinical research as well as practice. The
model is in line with broader efforts to reveal the transdiag-
nostic dimensions underlying mental illnesses'*'*'. It relates
complex affective patterns to simple psychological mecha-
nisms such as feedback loops® and decision processes'**'%,
which are amenable for computational and neural research.

The model calls for more research, in particular to realize
the assessment and treatment avenues it opens up. On the one
hand, it is important to provide further evidence that differ-
ent symptoms, syndromes and disorders are indeed linked to
difficulties in different affect generation and affect regulation
stages. On the other hand, it is also important to clarify how
existing treatments impact these stages as well as to devise
novel treatments.

We hope that, by facilitating and scaffolding these impor-
tant advances, the process model of affect regulation can con-
tribute to the advancement of evidence-based personalized
psychiatry and psychotherapy.

ACKNOWLEDGEMENT

This work was supported by the Estonian Research Council grants IUT2-13,
PUTJD-79, and MOBTP-17.

REFERENCES

1. World Health Organization. Strengthening mental health promotion. Ge-
neva: World Health Organization, 2001.

137



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

138

Gross JJ, Jazaieri H. Emotion, emotion regulation, and psychopathology:
an affective science perspective. Clin Psychol Sci 2014;2:387-401.

Gross JJ, Muiioz RF. Emotion regulation and mental health. Clin Psychol
Sci Pract 1995;2:151-164.

Jazaieri H, Urry HL, Gross JJ. Affective disturbance and psychopathology:
an emotion regulation perspective. ] Exp Psychopathol 2013;4:584-99.
Kring AM, Sloan DM (eds). Emotion regulation and psychopathology: a
transdiagnostic approach to etiology and treatment. New York: Guilford,
2010.

Freud S. Inhibitions, symptoms and anxiety. In: Strachey J, Freud A (eds).
The standard edition of the complete psychological works of Sigmund
Freud. London: Hogarth Press, 1926:77-175.

Godoy LD, Rossignoli MT, Delfino-Pereira P et al. A comprehensive over-
view on stress neurobiology: basic concepts and clinical implications.
Front Behav Neurosci 2018;12:127.

Lazarus RS, Folkman S. Stress, appraisal, and coping. New York: Springer,
1984.

Etkin A, Biichel C, Gross JJ. The neural bases of emotion regulation. Nat
Rev Neurosci 2015;16:693-700.

Harrison NA, Critchley HD. Affective neuroscience and psychiatry. Br J
Psychiatry 2007;191:192-4.

Panksepp J. Affective neuroscience: the foundations of human and animal
emotions. New York: Oxford University Press, 1998.

Kring AM. Emotion disturbances as transdiagnostic processes in psycho-
pathology. In: Lewis M, Haviland-Jones JM, Feldman Barrett L (eds).
Handbook of emotions, Vol. 3, 3rd ed. New York: Guilford, 2008:691-705.
Donaldson SI, Dollwet M, Rao MA. Happiness, excellence, and optimal
human functioning revisited: examining the peer-reviewed literature
linked to positive psychology. J Posit Psychol 2015;10:185-95.

Krueger RE, Kotov R, Watson D et al. Progress in achieving quantitative
classification of psychopathology. World Psychiatry 2018,17:282-93.
Gross JJ. Emotion regulation: current status and future prospects. Psychol
Inq 2015;26:1-26.

Koole SL. The psychology of emotion regulation: an integrative review.
Cogn Emot 2009;23:4-41.

Kotabe HP, Hofmann W. On integrating the components of self-control.
Perspect Psychol Sci 2015;10:618-38.

Larsen RJ. Toward a science of mood regulation. Psychol Inq 2000;11:
129-41.

Parkinson B, Totterdell P. Classifying affect-regulation strategies. Cogn
Emot 1999;13:277-303.

Webb TL, Schweiger Gallo I, Miles E et al. Effective regulation of affect:
an action control perspective on emotion regulation. Eur Rev Soc Psychol
2012;23:143-86.

Westen D. Toward an integrative model of affect regulation: applications
to social-psychological research. J Pers 1994;62:641-67.

O’Leary D, Suri G, Gross JJ. Reducing behavioural risk factors for cancer:
an affect regulation perspective. Psychol Health 2018;33:17-39.

Sheppes G, Suri G, Gross JJ. Emotion regulation and psychopathology.
Annu Rev Clin Psychol 2015;11:379-405.

Carruthers P. Valence and value. Philos Phenomenol Res 2018;97:658-80.
Lang PJ. Emotion and motivation: toward consensus definitions and a
common research purpose. Emot Rev 2010;2:229-33.

Russell J. Core affect and the psychological construction of emotion. Psy-
chol Rev 2003;110:145-72.

Scherer KR. What are emotions? And how can they be measured? Soc Sci
Inf 2005;44:695-729.

Carver CS. Control processes, priority management, and affective dynam-
ics. Emot Rev 2015;7:301-7.

Pezzulo G, Cisek P. Navigating the affordance landscape: feedback control
as a process model of behavior and cognition. Trends Cogn Sci 2016;
20:414-24.

Uusberg A, Suri G, Dweck CS et al. Motivation: a valuation systems per-
spective. Nebr Symp Motiv (in press).

Frijda NH. Emotion experience and its varieties. Emot Rev 2009;1:264-71.
Siemer M. Mood experience: implications of a dispositional theory of
moods. Emot Rev 2009;1:256-63.

Trimmer PC, Paul ES, Mendl MT et al. On the evolution and optimality of
mood states. Behav Sci 2013;3:501-21.

Kemeny ME. The psychobiology of stress. Curr Dir Psychol Sci 2003;12:
124-9.

Cisler JM, Koster EHW. Mechanisms of attentional biases towards threat in
anxiety disorders: an integrative review. Clin Psychol Rev 2010;30:203-16.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Leppidnen JM. Emotional information processing in mood disorders: a re-
view of behavioral and neuroimaging findings. Curr Opin Psychiatry 2006;
19:34-9.

Everaert J, Podina IR, Koster EHW. A comprehensive meta-analysis of in-
terpretation biases in depression. Clin Psychol Rev 2017;58:33-48.

Lorber MF. Psychophysiology of aggression, psychopathy, and conduct
problems: a meta-analysis. Psychol Bull 2004;130:531-52.

Gross JJ, Sheppes G, Urry HL. Emotion generation and emotion regula-
tion: a distinction we should make (carefully). Cogn Emot 2011;25:765-81.
Reeck C, Ames DR, Ochsner KN. The social regulation of emotion: an inte-
grative, cross-disciplinary model. Trends Cogn Sci 2016;20:47-63.

Zaki J, Williams WC. Interpersonal emotion regulation. Emotion 2013;
13:803-10.

Gross JJ. The emerging field of emotion regulation: an integrative review.
Rev Gen Psychol 1998;2:271-99.

Bonanno GA, Burton CL. Regulatory flexibility: an individual differences
perspective on coping and emotion regulation. Perspect Psychol Sci 2013;
8:591-612.

Duckworth AL, Gendler TS, Gross JJ. Situational strategies for self-control.
Perspect Psychol Sci 2016;11:35-55.

Davidson RJ, Lewis DA, Alloy LB et al. Neural and behavioral substrates of
mood and mood regulation. Biol Psychiatry 2002;52:478-502.

Ochsner KN, Gross JJ. The cognitive control of emotion. Trends Cogn Sci
2005;9:242-9.

Uusberg A, Taxer JL, Yih ] et al. Reappraising reappraisal. Emot Rev (in
press).

O’Leary D, Uusberg A, Gross JJ. Identity and self-control: linking identity-
value and process models of self-control. Psychol Inq 2017;28:132-8.
Morawetz C, Bode S, Derntl B et al. The effect of strategies, goals and stim-
ulus material on the neural mechanisms of emotion regulation: a meta-
analysis of fMRI studies. Neurosci Biobehav Rev 2017;72:111-28.

Webb TL, Miles E, Sheeran P. Dealing with feeling: a meta-analysis of the
effectiveness of strategies derived from the process model of emotion
regulation. Psychol Bull 2012;138:775-808.

Sheppes G, Gross JJ. Is timing everything? Temporal considerations in
emotion regulation. Personal Soc Psychol Rev 2011;15:319-31.

Paul S, Kathmann N, Riesel A. The costs of distraction: the effect of distrac-
tion during repeated picture processing on the LPP. Biol Psychol 2016;
117:225-34.

Uusberg H, Uusberg A, Talpsep T et al. Mechanisms of mindfulness: the
dynamics of affective adaptation during open monitoring. Biol Psychol
2016;118:94-106.

Aldao A. The future of emotion regulation research: capturing context.
Perspect Psychol Sci 2013;8:155-72.

Aldao A, Sheppes G, Gross JJ. Emotion regulation flexibility. Cogn Ther
Res 2015;39:263-78.

Doré BP, Silvers JA, Ochsner KN. Toward a personalized science of emo-
tion regulation. Soc Personal Psychol Compass 2016;10:171-87.

Ford BQ, Feinberg M, Lam P et al. Using reappraisal to regulate negative
emotion after the 2016 U.S. Presidential election: does emotion regulation
trump political action? ] Pers Soc Psychol (in press).

Haines S]J, Gleeson J, Kuppens P et al. The wisdom to know the difference:
strategy-situation fit in emotion regulation in daily life is associated with
well-being. Psychol Sci 2016;27:1651-9.

Troy AS, Shallcross AJ, Mauss IB. A person-by-situation approach to emo-
tion regulation: cognitive reappraisal can either help or hurt, depending
on the context. Psychol Sci 2013;24:2505-14.

Braunstein LM, Gross JJ, Ochsner KN. Explicit and implicit emotion regula-
tion: a multi-level framework. Soc Cogn Affect Neurosci 2017;12:1545-57.
Gyurak A, Gross JJ, Etkin A. Explicit and implicit emotion regulation: a
dual-process framework. Cogn Emot 2011;25:400-12.

Fiistos J, Gramann K, Herbert BM et al. On the embodiment of emotion
regulation: interoceptive awareness facilitates reappraisal. Soc Cogn Af-
fect Neurosci 2013;8:911-7.

Barrett LE Gross J, Christensen TC et al. Knowing what you're feeling and
knowing what to do about it: mapping the relation between emotion dif-
ferentiation and emotion regulation. Cogn Emot 2001;15:713-24.

Tamir M. Why do people regulate their emotions? A taxonomy of motives
in emotion regulation. Personal Soc Psychol Rev 2015;20:199-222.

Suri G, Sheppes G, Young G et al. Emotion regulation choice: the role of
environmental affordances. Cogn Emot 2018;32:963-71.

Kobayashi R, Miyatani M, Nakao T. High working memory capacity facili-
tates distraction as an emotion regulation strategy. Curr Psychol (in press).

World Psychiatry 18:2 - June 2019



67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Sheppes G, Scheibe S, Suri G et al. Emotion regulation choice: a conceptual
framework and supporting evidence. ] Exp Psychol Gen 2014;143:163-81.
Sheppes G, Meiran N. Divergent cognitive costs for online forms of reap-
praisal and distraction. Emotion 2008;8:870-4.

Naragon-Gainey K, McMahon TP, Chacko TP. The structure of common
emotion regulation strategies: a meta-analytic examination. Psychol Bull
2017;143:384-427.

van der Velde J, van Tol M-J, Goerlich-Dobre KS et al. Dissociable morpho-
metric profiles of the affective and cognitive dimensions of alexithymia.
Cortex 2014;54:190-9.

Swart M, Kortekaas R, Aleman A. Dealing with feelings: characteriza-
tion of trait alexithymia on emotion regulation strategies and cognitive-
emotional processing. PLoS One 2009;4:e5751.

Berthoz S, Hill EL. The validity of using self-reports to assess emotion reg-
ulation abilities in adults with autism spectrum disorder. Eur Psychiatry
2005;20:291-8.

Nowakowski ME, McFarlane T, Cassin S. Alexithymia and eating disor-
ders: a critical review of the literature. ] Eat Disord 2013;1:1-14.

Clark DM. A cognitive approach to panic. Behav Res Ther 1986;24:461-70.
Gruber J. Can feeling too good be bad? Positive emotion persistence (PEP)
in bipolar disorder. Curr Dir Psychol Sci 2011;20:217-21.

Meyer B, Johnson SL, Winters R. Responsiveness to threat and incentive in
bipolar disorder: relations of the BIS/BAS scales with symptoms. J Psycho-
pathol Behav Assess 2001;23:133-43.

Britton PC. The relation of coping strategies to alcohol consumption and
alcohol-related consequences in a college sample. Addict Res Theory
2004;12:103-14.

Leehr EJ, Krohmer K, Schag K et al. Emotion regulation model in binge
eating disorder and obesity - a systematic review. Neurosci Biobehav Rev
2015;49:125-34.

McKenzie KC, Gross JJ. Nonsuicidal self-injury: an emotion regulation
perspective. Psychopathology 2014;47:207-19.

Nock MK. Why do people hurt themselves? New insights into the nature
and functions of self-injury. Curr Dir Psychol Sci 2009;18:78-83.

Robbins TW, Gillan CM, Smith DG et al. Neurocognitive endophenotypes
of impulsivity and compulsivity: towards dimensional psychiatry. Trends
Cogn Sci 2012;16:81-91.

Hofmann SG. Cognitive factors that maintain social anxiety disorder: a
comprehensive model and its treatment implications. Cogn Behav Ther
2007;36:193-209.

Borkovec TD, Hazlett-Stevens H, Diaz ML. The role of positive beliefs
about worry in generalized anxiety disorder and its treatment. Clin Psy-
chol Psychother 1999;6:126-38.

Cohen JD. Cognitive control: core constructs and current considerations.
In: Egner T (ed). The Wiley handbook of cognitive control. Chichester:
Wiley, 2017:1-28.

McTeague LM, Goodkind MS, Etkin A. Transdiagnostic impairment of
cognitive control in mental illness. ] Psychiatr Res 2016;83:37-46.

Barkley RA. Behavioral inhibition, sustained attention, and executive
functions: constructing a unifying theory of ADHD. Psychol Bull 1997;121:
65-94.

Martel MM. A new perspective on attention-deficit/hyperactivity disor-
der: emotion dysregulation and trait models. J Child Psychol Psychiatry
2009;50:1042-51.

Chen C, Takahashi T, Nakagawa S et al. Reinforcement learning in depres-
sion: a review of computational research. Neurosci Biobehav Rev 2015;
55:247-67.

Dunlop BW, Nemeroff CB. The role of dopamine in the pathophysiology of
depression. Arch Gen Psychiatry 2007;64:327-37.

Aldao A, Nolen-Hoeksema S, Schweizer S. Emotion-regulation strate-
gies across psychopathology: a meta-analytic review. Clin Psychol Rev
2010;30:217-37.

Mennin DS, Heimberg RG, Turk CL et al. Applying an emotion regulation
framework to integrative approaches to generalized anxiety disorder. Clin
Psychol Sci Pract 2002;9:85-90.

Wells A. The metacognitive model of GAD: assessment of meta-worry and
relationship with DSM-IV generalized anxiety disorder. Cogn Ther Res
2005;29:107-21.

Nolen-Hoeksema S. The role of rumination in depressive disorders and
mixed anxiety/depressive symptoms. ] Abnorm Psychol 2000;109:504-11.
Rosenthal MZ, Gratz KL, Kosson DS et al. Borderline personality disorder
and emotional responding: a review of the research literature. Clin Psy-
chol Rev 2008;28:75-91.

World Psychiatry 18:2 - June 2019

95.

96.

97.

98.

99.

100.

101.

102.

103.
104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

Links PS, Heslegrave R, van Reekum R. Impulsivity: core aspect of border-
line personality disorder. J Personal Disord 1999;13:1-9.

Beck AT. Cognitive therapy and the emotional disorders. Oxford: Interna-
tional Universities Press, 1976.

Linehan MM. Cognitive-behavioral treatment of borderline personality
disorder. New York: Guilford, 1993.

Farb NA, Anderson AK, Irving JA et al. Mindfulness interventions and
emotion regulation. In: Gross JJ (ed). Handbook of emotion regulation,
2nd ed. New York: Guilford, 2014:548-67.

Hayes SC, Strosahl KD, Wilson KG. Acceptance and commitment therapy.
The process and practice of mindful change, 2nd ed. New York: Guilford,
2012.

Kabat-Zinn J. Full catastrophe living: how to cope with stress, pain and
illness using mindfulness meditation. Hachette: Piatkus, 2013.

Segal ZV, Williams M, Teasdale J. Mindfulness-based cognitive therapy for
depression, 2nd ed. New York: Guilford, 2013.

Greenberg LS. Emotion-focused therapy: coaching clients to work through
their feelings. Washington: American Psychological Association, 2015.
Berking M, Whitley B. Affect regulation training. New York: Springer, 2014.
Mennin DS, Fresco DM. Emotion regulation therapy. In: Gross JJ (ed).
Handbook of emotion regulation, 2nd ed. New York: Guilford, 2014:469-
90.

Wells A. Meta-cognition and worry: a cognitive model of generalized anxi-
ety disorder. Behav Cogn Psychother 1995;23:301-20.

Stone AA, Neale JM. New measure of daily coping: development and pre-
liminary results. ] Pers Soc Psychol 1984;46:892-906.

Wolpe J. Psychotherapy by reciprocal inhibition. Cond Reflex Pavlov ] Res
Ther 1968;3:234-40.

DeRubeis RJ, Siegle GJ, Hollon SD. Cognitive therapy versus medication
for depression: treatment outcomes and neural mechanisms. Nat Rev
Neurosci 2008;9:788-96.

Bagby RM, Parker JDA, Taylor GJ. The twenty-item Toronto Alexithymia
scale - I. Item selection and cross-validation of the factor structure. J Psy-
chosom Res 1994;38:23-32.

Gross JJ, John OP. Individual differences in two emotion regulation pro-
cesses: implications for affect, relationships, and well-being. J Pers Soc
Psychol 2003;85:348-62.

Garnefski N, Kraaij V. Cognitive emotion regulation questionnaire - devel-
opment of a short 18-item version (CERQ-short). Personal Individ Differ
2006;41:1045-53.

Gratz KL, Roemer L. Multidimensional assessment of emotion regulation
and dysregulation: development, factor structure, and initial validation of
the Difficulties in Emotion Regulation Scale. ] Psychopathol Behav Assess
2004;26:41-54.

Kato T. Development of the Coping Flexibility Scale: evidence for the cop-
ing flexibility hypothesis. ] Couns Psychol 2012;59:262-73.

Hajcak G, MacNamara A, Olvet DM. Event-related potentials, emotion,
and emotion regulation: an integrative review. Dev Neuropsychol 2010;
35:129-55.

Quoidbach J, Mikolajczak M, Gross JJ. Positive interventions: an emotion
regulation perspective. Psychol Bull 2015;141:655-93.

Henderson LW, Knight T. Integrating the hedonic and eudaimonic per-
spectives to more comprehensively understand wellbeing and pathways
to wellbeing. Int ] Wellbeing 2012;2:196-221.

Bratman GN, Hamilton JP, Daily GC. The impacts of nature experi-
ence on human cognitive function and mental health. Ann NY Acad Sci
2012;1249:118-36.

Wood AM, Froh JJ, Geraghty AWA. Gratitude and well-being: a review and
theoretical integration. Clin Psychol Rev 2010;30:890-905.

Oettingen G. Future thought and behaviour change. Eur Rev Soc Psychol
2012;23:1-63.

Penedo FJ, Dahn JR. Exercise and well-being: a review of mental and
physical health benefits associated with physical activity. Curr Opin Psy-
chiatry 2005;18:189-93.

Cuthbert BN. The RDoC framework: facilitating transition from ICD/DSM
to dimensional approaches that integrate neuroscience and psychopa-
thology. World Psychiatry 2014;13:28-35.

Gold JI, Shadlen MN. The neural basis of decision making. Annu Rev Neu-
rosci 2007;30:535-74.

Ratcliff R, Smith PL, Brown SD et al. Diffusion decision model: current is-
sues and history. Trends Cogn Sci 2016;20:260-81.

DOI:10.1002/wps.20618

139



PERSPECTIVES

Creating headspace for integrated youth mental health care

International momentum in global mental health reform
is building, responding to overwhelming evidence of unmet
need in high, middle and low income countries alike, and
powerful economic arguments that mental health care rep-
resents the best value for money. Yet adequate investment re-
mains an elusive goal, with the treatment gap as wide as ever'.

We have long argued that new paradigms that dispel stig-
ma, open up early access, safeguard hope, and build expertise
and quality based on the best available evidence, must be em-
braced and scaled up in real world settings®. The growing suc-
cess of prototypical evidence-based early psychosis models in
many parts of the world has paved the way for a more defini-
tive reform paradigm, one which links transdiagnostic early
intervention with a decisive focus on young people.

Early intervention to reduce the impact of potentially serious
mental and substance use disorders is an achievable goal if we
focus on the period of peak risk of onset. Young people aged be-
tween 10 and 24 years make up over a quarter of the world’s pop-
ulation, and mental ill-health is their key health issue and leading
cause of disability. Virtually all major mental and substance use
disorders emerge during the transitional zone between puberty
and mature adulthood but, despite being burdened by the high-
est incidence and prevalence of adult type mental disorders,
young people have the worst access to health care. Society as a
whole and health systems in particular have comprehensively
failed our young people, and at a time when their mental health
appears to be deteriorating. This paradox is finally beginning to
be recognized, and progressive jurisdictions around the world
are designing and scaling up novel youth and family friendly sys-
tems of care to address this serious public health problem®.

“Integrated youth health care” is an enhanced primary care
model offering “soft entry” to care with access barriers mini-
mized. It provides a high capacity first step in stepped or staged
care, with other pathways able to flow from this initial low stigma
source. It is highly consistent with the global strategy long ad-
vocated by the World Health Organization, namely to build and
blend mental health expertise within primary care platforms.

The key features are:

« Youth (and family) participation and co-design at all levels,
enabling youth-friendly, stigma-free cultures of care provid-
ing what young people and their families really need.

o Developmental appropriateness reflecting the epidemiol-
ogy of mental ill-health and providing a good cultural fit for
adolescents and emerging adults aged 12-25 years.

o Integration of mental health, physical health, alcohol and
other drug, and vocational support.

e An optimistic early intervention approach offering safe,
holistic, evidence-informed, proportional and stage-linked
care, including risk-benefit considerations and shared
decision-making, with social and vocational outcomes as
the key targets.
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« A single, visible trusted location, a “one stop shop” or “inte-
grated practice unit”’ with providers organized as a dedicated
team of clinical and non-clinical (e.g., peer worker) person-
nel providing the full spectrum of care around the young
person and his/her family.

o Elimination of discontinuities at peak periods of need for
care during developmental transitions, in particular demol-
ishing the anachronistic and developmentally inappropriate
“hard border” at age 18.

o Seamless linkages with services for younger children and
adults.

Reform began in Australia in 2006, with Australian govern-
ment funding for ten headspace centres’. They have been
scaled up through a series of funding rounds, reaching a total
of 110 centres in early 2019. Centres are commissioned through
a lead agency and local consortia, and have rapidly gained
strong local community and political support from all sides
and levels of politics. To June 2018, 446,645 young people ac-
cessed headspace centres, phone or online (eheadspace) ser-
vices, with 2.5 million occasions of service delivered. In 2017-8,
88,500 young people accessed face-to-face headspace centre
services, and 33,700 accessed online or via phone. headspace
also offers suicide postvention services in high schools, and
vocational recovery interventions online and face to face. Six
early psychosis platforms linked to clusters of local headspace
portals build on the primary care model with comprehensive
evidence-based care for early psychosis in community settings.

Independent evaluation of headspace centres confirmed
that they provide much better access to young people, with very
high levels of satisfaction and safety’. Outcome studies show
that 60% of young people improve significantly either sympto-
matically, functionally or both®’.

Despite this tangible success, which has inspired similar
models internationally, headspace remains a work in progress.
It offers mostly brief episodes of care, and the effect size for im-
provement in the total sample remains small to modest com-
pared to usual (poorly accessed) care. There are several reasons
for this. First, headspace is a treatment delivery system and of-
fers the same treatment content as usual care, albeit more ef-
ficiently and in a single location. Second, capped funding and
the lack of funding streams for key pillars, notably alcohol and
other drug and vocational interventions, mean that tenure
of care and model fidelity need to be strengthened. Third, out-
comes for the large subset of more complex and unwell young
people, whose needs can only be met by more intensive expert
services, obscure the benefits for those with earlier presen-
tations who are most likely to do well with this model by not
progressing to more severe or persistent illness and functional
impairment.

headspace currently only provides access to a minority of
the young Australians who need it. At least 132 centres could be
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justified on cost-effectiveness alone, with many more required
for full national coverage®.

Each region of Australia needs a cluster of headspace entry-
level portals seamlessly linked to transdiagnostic specialized
care integrating mental and physical health with alcohol and
other drugs expertise, vocational interventions and online/
digital health platforms. Assertive and intensive home-based
care, and clinicians with expertise in complex syndromes (such
as borderline, eating, mood and psychotic disorders) are miss-
ing elements, and interface with hospital-based services is
therefore needed. Strong national oversight to assure integra-
tive commissioning, stronger financial models, additional fund-
ing streams, longer tenure and greater depth of expertise will
strengthen the capacity of the model.

The youth mental health paradigm is in its infancy and will be
driven by a dynamic blend of grassroots and professional lead-
ership®. Early adopters, inspiring leaders, philanthropic vision-
aries and patrons have emerged in progressive regions of the
world, notably Ireland, Canada, Denmark, Israel, the Nether-
lands, France, Singapore, and parts of England and California®.
Child and adolescent psychiatry, still a seriously undersized
speciality, has begun to recognize the need and opportunity for

a paradigm shift, which it has labelled “transitional psychiatry”.
Momentum within and beyond the mental health field is build-
ing and could be decisive in paving the way for a wider revolu-
tion in mental health care.
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Recovery colleges as a mental health innovation

There is a consensus among the mental health community
that recovery from mental illness involves much more than
symptom remission. Indeed, people with mental illness often
define recovery in terms of living a meaningful, autonomous
and empowered life in the community'. Yet they continue to
experience numerous inequalities, including high rates of un-
employment, low rates of educational attainment, consider-
able public stigma and social exclusion.

Recovery colleges are a new initiative aimed at people with
mental illness to support their recovery and address these in-
equalities. The first recovery colleges emerged in the US in the
1990s, informing a model that has been adapted and imple-
mented across the world in the last decade’. In 2009, the first
recovery college opened in London, and there are now more
than 70 in the UK®. Recovery colleges now exist in over 20 coun-
tries, including Hong Kong, Italy, Sri Lanka, Israel, Japan and
the Netherlands. Moreover, a recovery college international
community of practice has been established to promote re-
search, knowledge exchange and understanding.

Some descriptive research has examined the defining char-
acteristics, core values and central features of recovery colleg-
es. These are mostly single-site case studies®*, which have been
compared for shared themes in two recent systematic litera-
ture reviews>’. These studies indicate several common core
characteristics across recovery colleges.

First, recovery colleges tend to be based on the theory and
practice of adult education, rather than clinical or therapeutic
models®. As such, they possess many of the core characteristics
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of an adult education college: registration, enrollment, term cur-
ricula, full-time staff, sessional teachers and a yearly cycle of
classes. Attendees are students (not patients, clients or service us-
ers), and they strive to be serious places of learning®. As such, some
colleges are physically located in mainstream adult education in-
stitutes (e.g., Mayo Recovery College, Ireland) or higher education
settings (e.g., Boston University Recovery Education Program).
Second, they offer a range of educational courses that indi-
vidual students can tailor to their own specific circumstances.
These courses often focus on equipping students with new skills
that can foster various aspects of their (broadly defined) recov-
ery”®. This can include courses on health related factors such asiill-
ness management, self-care and physical health; as well as cours-
es on life skills, employment and information technology™*”.
Third, recovery colleges are characterized by the meaning-
ful involvement of people in recovery (peers) in all aspects of
college life**. Peers are often employed as course teachers, ei-
ther alone or in conjunction with other experts. This is known
as co-delivery. Peers are also frequently involved in college gov-
ernance and management, with strong input into decisions about
curriculum, structure, staffing and overall philosophy. This col-
laboration between professionals and peers is known as co-pro-
duction. The emphasis on co-delivery and co-production makes
recovery colleges distinct from traditional educational practice.
Recovery colleges receive operating funds from a variety of
organizations, including official health services, non-profit and
corporate donations; as well as government employment and
education departments®’. The existing descriptive literature
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indicates that the physical location of recovery colleges differs
considerably*®. Some are in the community (e.g., Calgary Re-
covery College, Canada), while others are within hospitals and
mental health services (e.g., Butabika Recovery College, Uganda).
New models are also emerging, such as online recovery colleg-
es (e.g., https://lms.recoverycollegeonline.co.uk/). Given this
variation, research comparing different funding and service
delivery models is needed.

Current evidence indicates that recovery colleges are popu-
lar with students, and that college experience can be beneficial
to recovery”’. Furthermore, colleges can engage people who
find existing services unappealing, and are associated with self-
reported improvements in several domains, including self-
esteem, self-understanding and self-confidence. Futhermore,
students have reported a positive impact on occupational, so-
cial and service use outcomes.

Indeed, recovery colleges have the potential to equip students
with new skills that can help their entry into the workforce®®, but
there is little quantitative research examining specific impact on
employment outcomes. Interestingly, a recent empirical study
indicates that colleges may have beneficial impacts beyond the
student, by positively affecting the attitudes of mental health
staff, reducing stigma within health and social service systems,
and increasing inclusiveness in wider society’.

Research and evaluation examining recovery colleges is ex-
panding, with ongoing studies in Canada, England and else-
where. That said, most existing research has uncontrolled,
single-case or retrospective designs. There is a lack of rigorous
quantitative research and there has not been any randomized
trial. Nonetheless, this situation is rapidly changing. A recent
rigorous study used a controlled before-and-after design to
analyze mental health service use in a large sample of recovery
college students, finding that students had lower rates of ser-
vice utilization after attending a college®.

Similarly, a 39-college UK study developed and psychomet-
rically validated recovery college implementation checklists
and a fidelity scale (available at researchintorecovery.com/
recollect) to assess modifiable and non-modifiable compo-
nents’. This study confirmed that an educational approach and
the use of co-production are foundational to recovery colleges.

Importantly, most research has occurred in high-income an-
glophone countries such as the UK, US, Canada and Australia,
indicating a need for further research elsewhere.

In summary, recovery colleges are a tangible manifestation
of the international push to make the mental health system
more recovery-oriented'. They are a pioneering intervention
that enact much of the theory and evidence surrounding re-
covery. First, they can help students address functional and
educational deficits that contribute to high rates of social ex-
clusion. Second, they can equip students with self-care tech-
niques, encouraging them to successfully manage their illness
and take control of their life?. Third, they are based on an ef-
fective partnership between experts by experience (peers) and
experts by training (clinicians)®. Hence, recovery colleges have
the potential to foster individual student recovery, as well as
catalyze wider service change and reduce societal stigma®’.

In conclusion, recovery colleges offer something very dif-
ferent from current pharmacological and psychological in-
terventions. They have enthusiastic proponents, but rigorous
evidence about their impact on outcomes is missing. In par-
ticular, randomized controlled trials are needed which evalu-
ate their impact on social and functional outcomes, as much
as clinical and service use outcomes.
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Mental Health First Aid training: lessons learned from the global
spread of a community education program

Many health education interventions achieve limited dis-
semination, even when there is supporting evidence for their
efficacy’. We think there are lessons to be learned for those aim-
ing to disseminate such interventions from those rare examples
where the dissemination has been successful. Here we describe
the factors that appear to underlie the success of one such pro-
gram: Mental Health First Aid (MHFA) training.

The MHFA training program conducts courses which teach
members of the public how to provide mental health first aid,
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which has been defined as “the help offered to a person devel-
oping a mental health problem, experiencing a worsening of
an existing mental health problem or in a mental health cri-
sis; the first aid is given until appropriate professional help is
received or until the crisis resolves”?. Participants are trained
to: approach, assess and assist with any crisis; listen and com-
municate non-judgmentally; give support and information;
encourage appropriate professional help; encourage other
supports.
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MHFA training began in Australia in 2000 as a collaboration
between one volunteer with lived experience of mental illness
(BAK) and a researcher (AFJ)*. From this small beginning, it
spread rapidly in Australia and to other countries. By mid 2018,
over 700,000 Australians had been trained and the program
had spread to 25 other countries, with over 2.7 million people
trained globally®.

We believe that six factors underlie this successful dissemi-
nation.

The first is that MHFA training builds on the familiar First
Aid model. Members of the public are familiar with the idea
that they can help in a physical health emergency if profes-
sional help is not available, and many people have done a First
Aid course. It is a natural extension to expand this concept to
include mental health problems.

The second factor is that MHFA training fulfills a public need.
Because the prevalence of mental disorders is so high, mem-
bers of the public will frequently have contact with people who
are affected’. Many people lack knowledge and confidence in
how to help, which may motivate them to seek training.

The third factor is that the course has been tailored to meet
different needs. In addition to the standard MHFA course for
adults to assist other adults, courses in Australia have been tai-
lored for specific age groups (e.g., adults helping youth, adults
helping older people, teenagers helping their peers), profes-
sional roles (e.g., medical and nursing students, legal profes-
sionals) and cultural groups (e.g., indigenous people, people
from non-English speaking background)®. When MHFA train-
ing is disseminated in other (mainly high-income) countries,
there is tailoring to local languages, health systems and cul-
tures, including for minority groups.

The fourth factor is that there is a strong partnership with
research. The content of MHFA training has been based on
expert consensus guidelines developed using Delphi studies’.
The experts in these studies have been mental health profes-
sionals and people with lived experience. The guidelines have
covered how to assist with a wide range of developing mental
health problems and crises. The Delphi method has also been
used to draw on cultural expertise in assisting people from
special groups (e.g., indigenous Australians; refugees and im-
migrants; lesbian, gay, bisexual and transgender people).

The other area in which research has been important is eval-
uation of outcomes. From the very first MHFA courses taught,
evaluation data were gathered and published®. These data have
now expanded considerably, with 18 controlled trials in a range
of countries. A systematic review and meta-analysis of these
trials showed improvements in mental health first aid knowl-
edge, recognition of mental disorders, beliefs about treatments,
confidence in helping, intentions to help and amount of help
actually provided®. MHFA training also leads to a reduction in
stigma®.

The fifth factor is that dissemination is devolved rather than
centralized. In Australia, MHFA training is run by Mental Health
First Aid International. This organization trains instructors but
does not employ them. Rather, the instructors are employed by

World Psychiatry 18:2 - June 2019

non-governmental organizations (NGOs), government agen-
cies or private businesses. This devolution has allowed well-
targeted local marketing by instructors. When MHFA training
is disseminated in other countries, there is a partnership with a
local organization, generally a mental health NGO or a govern-
ment agency. Again, the decentralized dissemination facilitates
roll-out by drawing on local knowledge in a way that a central-
ized model would not.

The sixth factor is that there is a sustainable funding model.
In Australia, government and philanthropic grants have been
used for development, initial dissemination and evaluation of
new training products, but such grants are time limited and not
a sustainable basis for ongoing funding. However, like First Aid,
MHFA training is potentially sustainable by offering courses on
a fee-for-service basis. A longer-term aim is for MHFA training
to become accepted as a necessary qualification for certain hu-
man services roles, as is the case for physical First Aid training,
which will facilitate sustainability.

In recent years, MHFA International has received many
enquiries about local training from low- and middle-income
countries. However, major health system and cultural differ-
ences between these countries and Australia, where the pro-
gram originated, mean that the appropriateness of course
content and implementation models in these settings is un-
known. In general, evidence in low- and middle-income coun-
tries on how best to translate, adapt and scale-up population
mental health interventions that have shown benefit in high-
income countries is limited.

In 2017, in collaboration with investigators from China and
Sri Lanka, we were awarded a Global Alliance for Chronic Dis-
eases grant to develop and trial MHFA training for these coun-
tries. This project represents the first effort to formally adapt
MHFA training to lower-resource countries. We have recently
started a similar program of work in collaboration with re-
searchers in Brazil, Chile and Argentina. These projects offer op-
portunities to identify and evaluate the most appropriate models
for cultural adaptation and implementation of community-
based education programs that aim to improve population
health.
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Nidotherapy: a cost-effective systematic environmental intervention

The notion of nidotherapy is a familiar one in mental health,
although the word itself may be unusual to many. The famili-
arity derives from the awareness that the environment is im-
portant in both helping and hindering recovery from mental
illness. The added component of nidotherapy is that it de-
scribes the systematic and collaborative manipulation of the
environment to carry out this task'. The word is derived from
the Latin nidus, or nest, as a bird’s nest is ideally placed to ac-
commodate whatever object is placed within it. It also carries
with it the connotations of comfort and homeliness, encap-
sulated in the German word gemiitligkeit, which has no good
equivalent in English.

The practice of nidotherapy involves manoeuvring all aspects
of the environment to make a better fit between the person and
setting”. In this context all aspects of the environment - physical,
social and personal - become relevant. This wide range is neces-
sary as, to put it in its most literal sense, feeling at home in your-
self encapsulates all three of these environments. The adjectives
“systematic” and “collaborative” are highly relevant here as, al-
though health professionals may think of, and often use, envi-
ronmental changes in the course of helping people, they rarely
do this in a coherent jointly planned way.

Nidotherapy in a minor form is practised by all. We choose
our occupations, our places to live, our sexual partners, and
our leisure activities, and in so doing we are clearly manipulat-
ing our environment. These choices are too straightforward to
be regarded as therapy, but for many with severe mental illness
environmental options are much more limited, and in the most
extreme examples are not obviously present at all. In profes-
sional nidotherapy practice, the environmental problems that
are presented are not straightforward. They are best described
as puzzles, as they represent a set of complex interacting prob-
lems that require close scrutiny and analysis before solution.

Many of them come under the heading of desired but re-
sisted environmental changes (DRECs) as opposed to other
changes®. This is where the skills of nidotherapy come into
play. When there is resistance to a feasible change that is want-
ed by both therapist and patient, this can be created by the pa-
tient, those close to the patient, the system in which the patient
is placed, or by excessive concern over risk. The last of these
is a very frequent block to change in those with severe mental
illness, as the patient’s wish for greater autonomy collides with
concern about potential dangers.

The practice of nidotherapy is relatively straightforward in
principle, but can provoke challenges in practice. It has four
components: the development of a therapeutic relationship,
so allowing a good understanding of wishes and needs; en-
vironmental analysis involving physical, social and personal
environments; the establishment of a plan for change (the
nidopathway); and subsequent monitoring of the pathway”.
The challenges include the difficulties of getting good rela-
tionships with people who feel they have been persistently
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let down, the logistical problems of effecting suitable change
when others block it for manifold reasons, and the need for
flexibility if the original environmental plan is thwarted.

The collaborative element is very important. The role of the
nidotherapist is to act as a guide for the patient, not a leader or
director of change. The environmental decisions are made by
the patient and owned accordingly. This is of particular relevance
when problems arise in the nidopathway. If the patient is commit-
ted to make the change work, he/she is more likely to overcome
difficulties that hinder implementation, as cognitive dissonance
will then always err on the side of the planned nidopathway.

Who should practise nidotherapy is an easier question to
answer. In practice we have found that, although experienced
practitioners may be needed to help in choosing the time of
treatment and the changes needed, other professionals, espe-
cially those at the coalface of care, are better able to implement
the changes. In this respect, carers are often ideally placed to en-
sure that changes are adhered to and motivation maintained?.
One of the assets of nidotherapy is that coalface practitioners
can be found in all countries and do not require additional fi-
nancial investment, so one consequence is that nidotherapy is
very cost-effective”.

Many disorders can be treated by nidotherapy, and it can be
described as a transdiagnostic treatment. In general, it is rea-
sonable to consider nidotherapy when a problem is either not
amenable to known evidence-based therapies (e.g., intellec-
tual disability, most personality disorders)>” or has failed to
respond to such treatments, for which the most evidence is in
schizophrenia®.

Most practitioners recognize that many chronic disorders
persist because they are embedded in toxic situations. But, at
this point, they all too frequently accept these situations as im-
possible to change, and indulge in what can be only called pas-
sive palliative therapy: “You have to accept the place you are
in; we can support you as much as possible until things im-
prove”. This is not an acceptable answer if change is feasible,
which is the case more often than not.

Currently the evidence base for environmental interventions
is fairly limited. This seems to be due to a paradoxical combina-
tion of complexity (there are so many possible environmental
changes and their interactions that you cannot accommodate
all of them), and simplicity (all environmental changes are
straightforward and require no special skills). So, a wide-
ranging group of environmental interventions in forensic men-
tal health - from therapeutic communities, programmes to
enable environments, and what has become known as social
prescribing” - have remained the province of qualitative re-
search and only rarely have received formal evaluation.

Social prescribing is the most recent of these, and is current-
ly being promoted in some countries, including the National
Health Service in England, as an aid to primary care. The idea
is simple. Expensive health professionals with limited time to
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help with common problems, including prevention as well as
treatment, can be assisted by others incurring lower costs in
giving advice and support. In some areas social prescribing
specialists have also been appointed.

Nidotherapy is informed, systematic and sophisticated so-
cial prescribing. As such, it deserves a place in all mental health
services.

Peter Tyrer
Centre for Psychiatry, Imperial College, London, UK

Further information on nidotherapy, including training, can be found at www.
nidotherapy.com.
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FORUM — CHARACTERIZING AND MANAGING COGNITIVE IMPAIRMENT IN SCHIZOPHRENIA

Nonsocial and social cognition in schizophrenia: current evidence
and future directions

Michael F Green, William P. Horan, Junghee Lee
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Cognitive impairment in schizophrenia involves a broad array of nonsocial and social cognitive domains. It is a core feature of the illness, and
one with substantial implications for treatment and prognosis. Our understanding of the causes, consequences and interventions for cognitive
impairment in schizophrenia has grown substantially in recent years. Here we review a range of topics, including: a) the types of nonsocial
cognitive, social cognitive, and perceptual deficits in schizophrenia; b) how deficits in schizophrenia are similar or different from those in other
disorders; c) cognitive impairments in the prodromal period and over the lifespan in schizophrenia; d) neuroimaging of the neural substrates
of nonsocial and social cognition, and e) relationships of nonsocial and social cognition to functional outcome. The paper also reviews the
considerable efforts that have been directed to improve cognitive impairments in schizophrenia through novel psychopharmacology, cogni-
tive remediation, social cognitive training, and alternative approaches. In the final section, we consider areas that are emerging and have the
potential to provide future insights, including the interface of motivation and cognition, the influence of childhood adversity, metacognition,
the role of neuroinflammation, computational modelling, the application of remote digital technology, and novel methods to evaluate brain
network organization. The study of cognitive impairment has provided a way to approach, examine and comprehend a wide range of features
of schizophrenia, and it may ultimately affect how we define and diagnose this complex disorder.

Key words: Schizophrenia, cognition, social cognition, cognitive neuroscience, social neuroscience, functional outcome, cognitive en-

hancement, cognitive remediation, metacognition, computational modelling, childhood adversity, brain network organization

(World Psychiatry 2019;18:146-161)

The study of cognition has substantial
implications for understanding neural
systems, treatment and prognosis in schiz-
ophrenia. It has been a major research
focus for a long time. How long? That de-
pends.

It can be argued that cognition has
been a focus for schizophrenia research
over 100 years, since the insightful ob-
servations of Bleuler, Kraepelin and early
phenomenologists' . It can also be said
that it has been a focus since the infu-
sion of experimental psychology into
schizophrenia studies following World
War I1*°. Or, it has been a major focus
since cognitive neuroscience and the as-
sociated neuroimaging methods opened
up non-invasive ways to examine brain
functioning in schizophrenia’®. Or when
its relevance for daily functioning was re-
alized and documented'*'?. Or when it
started to become a focus of pharmaco-
logical and cognitive remediation treat-
ments'® 1, Or, perhaps, the focus is finally
emerging now with the development of a
wealth of novel concepts and methods.

This paper considers two branches of
cognition: nonsocial and social. Nonsocial
cognition includes the more commonly
considered mental abilities, such as atten-
tion/vigilance, working memory, learning
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and memory, speed of processing, and
reasoning and problem solving'™'®, It can
also include auditory and visual perceptu-
al processes'®"?, Social cognition refers to
psychological processes involved with the
perception, encoding, storage, retrieval
and regulation of information about other
people and ourselves®® %,

We first summarize knowledge about
some aspects of cognition in schizo-
phrenia that are longstanding and well-
established. We then provide a status re-
port on the relevant cognitive domains,
the neural substrates of cognition, the
connections to community integration,
and the variety of treatment approaches
designed to improve cognition in schiz-
ophrenia. In the last section, we present
a selection of topics that have emerged
only in recent years.

NATURE OF NONSOCIAL AND
SOCIAL COGNITIVE IMPAIRMENT
IN SCHIZOPHRENIA

Cognitive domains relevant to
schizophrenia research

Research on cognition encompasses
a broad range of processes involved in

perceiving, processing and generating
responses to stimuli in the physical and
social environment to achieve goals and
function adaptively during the course of
daily life.

It is now very clear that schizophrenia
is associated with wide ranging cognitive
impairments. As summarized in Table 1,
the breadth of impairment spans from
basic perceptual processes to complex
nonsocial and social cognitive processes.
The table also provides examples of daily
life functioning tasks that are associated
with each of these processes. Here we
summarize the types of cognitive and
perceptual deficits that are typically as-
sessed with performance-based cogni-
tive tasks used in schizophrenia research.

Nonsocial cognition

Schizophrenia research has predomi-
nantly focused on nonsocial cognition
(also referred to as neurocognition).
Scores of studies document that nonso-
cial cognitive impairments are perva-
sive, substantial and fundamental illness
features. Impairments are seen across a
range of domains, assessed through com-
puterized or pencil-and-paper tasks, most
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Table 1 Relevant perceptual, nonsocial cognitive, and social cognitive domains in schizophrenia

Domain Description of process Real-world example
Perception
Visual Using the visual system to perceive and interpret what is Identifying structural visual features in faces or objects
seen in the surrounding environment
Auditory Using the auditory system to perceive and interpret what is ~ Distinguishing between the tone or pitch of voices
heard in the surrounding environment
Nonsocial cognition

Speed of processing

Verbal learning and memory

Visuospatial learning and
memory

‘Working memory

Attention/Vigilance

Reasoning and problem solving

Social cognition

Emotion processing

Social perception

Attributional bias/style

Mentalizing

Responding quickly and accurately when performing
relatively simple perceptual, motor or cognitive tasks

Ability to acquire, store and retrieve verbal information for
more than a few minutes

Ability to acquire, store and retrieve information about
objects and spatial locations for more than a few minutes

Ability to hold and manipulate information “online” in a
temporary store

Ability to respond to targets, and not respond to non-
targets, over a period of time

Ability to apply and shift strategies effectively to find
optimal solutions to problems

Ability to effectively identify emotions (e.g., facial
expression) in others and to manage one’s own emotions

Ability to identify social roles, rules and context from
non-verbal cues including body language, prosody and
social schema knowledge

The way in which individuals explain the causes and make
sense of social events or interactions

Ability to represent the mental states of others and make
inferences about their intentions and beliefs

Being able to rapidly add up a set of numbers or count out
change

Remembering a list of items to purchase at the supermarket,
or remembering what you read hours ago

Remembering where you placed something in a closet

Retaining and dialing a phone number you were just told

Focusing attention while receiving instructions or reading
a book

Figuring out how to get to an important appointment when
your car breaks down

Being able to identify from your boss’ face whether he/she
is angry at you

Figuring out the relationship between two people based on
a brief sample of conversation

Jumping to the conclusion that you are in danger when
you feel fearful

Being able to take another person’s perspective during a
conversation

commonly including speed of processing,
verbal learning and memory, visuospatial
learning and memory, working memory,
attention/vigilance, and reasoning and
problem solving™.

Speed of processing refers to the ability
to perform cognitive operations, typically
involving relatively simple perceptual
and motor tasks, quickly and efficiently.
Verbal learning and memory refers to
the initial encoding and subsequent re-
call and recognition of words and other
abstractions (e.g., stories, word pairs) in-
volving language. Visuospatial learning
and memory similarly involves the initial
encoding and subsequent recall and rec-
ognition of non-verbal information such
as color, shape, movement and location.
Working memory involves temporar-
ily holding, or holding and manipulating,
information online, typically over a rela-
tively brief period (e.g., several seconds);
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it can be assessed with either verbal or vis-
ual stimuli. Attention/vigilance refers to
sustained concentration over prolonged
periods of time, which is required to direct
and focus cognitive activity on specific
stimuli. Finally, reasoning and problem
solving refers to a set of cognitive process-
es involved in logical and strategic think-
ing, generating and initiating plans, and
behavioral monitoring to flexibly solve
problems and attain goals. These domains
are rather broad, and specific subprocess-
es within them, such as cognitive control
within reasoning and problem solving,
are often the focus of particular studies in
schizophrenia.

All of these domains, when assessed
reliably, reveal notable differences be-
tween schizophrenia and healthy com-
parison groups. Across domains, people
with schizophrenia typically show im-
pairments ranging between 0.75 and

1.5 standard deviations from healthy
samples®*®. In the context of pervasive
impairment on these types of tasks, par-
ticularly marked deficits are often found
for the domains of long-term memory
and speed of processing.

Several converging lines of evidence
support the conceptualization of nonsocial
cognitive impairments as core features of
the illness®” >, Nonsocial cognitive impair-
ments are largely independent of positive
psychotic symptoms, cannot be explained
by antipsychotic medications or their side
effects, are present at comparable levels
at the time of illness onset, are relatively
stable over time until late life, and are de-
tectable at attenuated levels in unaffected
biological relatives of patients and in pro-
dromal samples (i.e., samples consid-
ered to be at high risk for psychosis). The
evidence that nonsocial cognitive impair-
ments reflect a primary deficit associated
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with vulnerability to schizophrenia is thus
strong and compelling.

Social cognition

Interest in social cognition as it relates
to schizophrenia is a more recent devel-
opment, and research in this area has
grown dramatically over the past 10-15
years. Social cognition is a very broad area
that encompasses the mental operations
needed to perceive, interpret and process
information for adaptive social interac-
tions. The most commonly studied as-
pects of social cognition in schizophrenia
include emotion processing and mental-
izing. A considerably smaller number of
studies have examined the areas of social
perception and attributional bias.

Emotion processing refers broadly to
perceiving and using (e.g., regulating)
emotions adaptively, with facial emotion
perception/identification being the most
frequently studied aspect in this area.
Mentalizing refers to the ability to infer
the intentions, dispositions, emotions and
beliefs of others, including whether they
are being sincere, sarcastic or deceptive.
Over 50 studies consistently document
large impairments in emotional percep-
tion/processing (d=0.89) and mentalizing
(d=0.96)*° in people with schizophrenia.

Social perception assesses an individ-
ual’s ability to identify social roles, social
rules, and social contexts from non-verbal
cues (e.g., voice intonation, body language,
proxemics). A small number of studies
indicate a large impairment in this area
(n=12; d=1.04)*" in people with schizo-
phrenia.

Attributional bias refers to how differ-
ent individuals typically infer the causes
of particular positive and negative events,
such as having an increased tendency to
attribute hostile intentions to others in
ambiguous social situations. Unlike the
other social cognitive areas, results across
the smaller number of studies of attribu-
tional bias are mixed as to whether those
with schizophrenia do or do not show
significant differences from healthy indi-
viduals®**,

Similar to nonsocial cognition, there
is growing evidence that emotion pro-
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cessing, mentalizing, and social percep-
tion impairments are core features of
schizophrenia that are present at a com-
parable level in recent-onset patients,
not secondary to positive symptoms or
medication effects, relatively stable over
the course of illness, and detectable at
attenuated levels in unaffected biologi-
cal relatives of patients and in prodro-
mal or other high-risk samples®*™,

Perceptual impairment in
schizophrenia

Perception can be considered the ini-
tial step in cognition. One can regard cog-
nition as a cascade of processing events
beginning with early perception and lead-
ing in steps to higher mental processes. If
the perception information is degraded,
the subsequent steps will be affected.
Although less studied than higher-level
nonsocial cognitive abilities (such as
memory, problem solving, and attention),
people with schizophrenia also experi-
ence a range of perceptual deficits, in-
cluding problems in processing auditory
and visual stimuli'®**, Many experimental
paradigms have been used to explore ear-
ly visual and auditory processing impair-
ment in schizophrenia. Here we briefly
describe one from each sensory modality.

The visual masking paradigm is one
way to probe early visual processing with
excellent temporal precision®. In this
paradigm, a visual target is followed or
preceded by a “mask” that can either
completely overlap or surround the tar-
get. When the mask follows the target, it is
called backward masking; when the mask
precedes the target, it is called forward
masking. Data from numerous labora-
tories consistently show impairment in
schizophrenia during backward mask-
ing compared to healthy controls®* %,
Visual perceptual impairments assessed
with visual masking paradigms in schiz-
ophrenia are related to both social and
nonsocial cognition39’40, consistent with
a cascade model of cognition.

Auditory information processing defi-
cits have been consistently identified in
patients with chronic, recent-onset, and
unmedicated schizophrenia, and in in-

dividuals at high clinical risk for devel-
oping psychosis (i.e., prodromal)*****,
One commonly used early auditory as-
sessment index is mismatch negativity
(MMN), which is an event-related poten-
tial elicited in response to infrequent, de-
viant tones interspersed in the repeated
presentation of a standard tone**, MMN
is thought to reflect automatic, pre-
attentive information processing, as it can
be elicited without directing attention to
stimuli**, It tends to correlate with meas-
ures of nonsocial cognition41’45, social
cognition46, and functional outcome?™®,

Cognitive impairment in
schizophrenia vs. other disorders

Considerable work has been conduct-
ed to compare the magnitude and pattern
of cognitive impairment of schizophrenia
to other disorders. In terms of compari-
sons with neurological disorders, schiz-
ophrenia patients showed a distinctly
different pattern of cognitive impair-
ments from those with dementia - for
example, memory retention (i.e., holding
on to information that is already learned,
as opposed to how long it took to learn
the material in the first place) is mark-
edly impaired in Alzheimer’s disease, but
intact in schizophrenia®*’. The distinc-
tive patterns of cognitive impairment
between schizophrenia and dementia
indicate that different underlying mecha-
nisms are at work.

The pattern of cognitive impairments
in schizophrenia has also been compared
with other psychiatric disorders, such
as bipolar disorder. One meta-analysis®"
found that schizophrenia patients were
impaired, compared with healthy con-
trols, on premorbid nonsocial cognitive
function with an effect size of approxi-
mately 1.30, whereas bipolar patients
showed an effect size of 0.6. A similar
pattern was also found in a meta-analysis
on first-episode patients with bipolar dis-
order or schizophrenia®*. Schizophrenia
patients also showed impairment on mul-
tiple social cognitive domains compared
to both controls (effect sizes 0.88-1.04)*°
and patients with bipolar disorder (ef-
fect sizes 0.39-0.57)53. Notably, patients
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with mood disorders who have a history
of psychosis appear to show impairments
that are comparable to those of schizo-
phrenia patients on some cognitive do-
mains (e.g., attention, working memory),
but not others (i.e., speed of processing)™*.
Thus, schizophrenia patients show great-
er impairment compared to patients with
bipolar disorder on both nonsocial and
social cognition.

Recently, a few studies have compared
social cognitive impairments in schizo-
phrenia to those in autism, yielding mixed
findings. Specifically, some studies found
comparable impairments between indi-
viduals with schizophrenia and adults with
autism on facial affect recognition and
mentalizing55’56. However, others reported
that schizophrenia patients showed poorer
performance on an auditory affect recog-
nition task, but better performance on a
mentalizing task, compared to adults with
autism®"®, Given a paucity of compari-
sons on nonsocial cognition, it remains to
be determined whether these two disor-
ders show distinct patterns of impairment
across social and nonsocial domains.

Cognitive impairment across phases
of illness and across lifespan

A large literature has examined cogni-
tive impairment across phases of schizo-
phrenia. Several meta-analyses showed
cognitive impairments among individuals
who are at clinical high risk for psycho-
sis®>, who experience their first episode
of psychosiseo, or who have chronic schiz-
ophrenia®. Among individuals at clinical
high risk for psychosis, those who later
developed psychosis did not differ from
those who did not on several domains of
nonsocial cognition®.

These findings raise atleast two intrigu-
ing questions. The first is whether cogni-
tive impairments change over the course
of illness (e.g., decline or improve as
clinical symptoms change). Longitudinal
studies with patients who recently expe-
rienced psychotic episodes showed that
performance on cognitive tasks remained
stable over time. For example, levels of
nonsocial cognitive impairment at the
onset of psychotic symptoms were simi-
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lar to those at 2-year or 10-year follow-up
assessment®, Similarly, performance of
first-episode schizophrenia patients on
social cognitive tasks was stable over five
years®. However, some studies suggest
that older schizophrenia patients (e.g.,
over 65 years old) show worsening nonso-
cial cognitive performance® .

The second question is whether cogni-
tive impairments are present even before
clinical manifestations start emerging
(i.e., in the premorbid period). Findings
from population-based studies largely
support premorbid deficits in nonsocial
cognition in schizophrenia. For example,
individuals who later developed schizo-
phrenia showed impaired cognition even
before age 10°”%, Subjects who later de-
veloped schizophrenia also showed in-
creasing deficits in cognition over time,
especially during adolescence® ™. It
remains to be determined whether indi-
viduals who develop schizophrenia also
show premorbid deficits in social cogni-
tion.

FUNCTIONAL NEUROIMAGING
AND COGNITIVE IMPAIRMENT
IN SCHIZOPHRENIA

During the past two decades, a remark-
able amount of work has been done to
characterize the neural bases of cogni-
tive impairment in schizophrenia, using
diverse neuroimaging and electrophysi-
ological methods.

We briefly focus here on findings from
studies using functional magnetic reso-
nance imaging (fMRI), as this is the pri-
mary method used to explore regional
specificity and neural circuits related to
cognitive impairment in schizophrenia.
Rather than trying to summarize the very
extensive available literature, we describe
the types of approaches that have been
used.

Regional activation patterns and
cognitive impairment

Earlier work using fMRI focused on
regional activation associated with a
specific cognitive function. Overall, this

line of work demonstrated that schizo-
phrenia patients show abnormal fMRI
activations in key regions compared to
healthy controls during cognitive tasks.

If we use working memory as an exam-
ple, schizophrenia patients showed less
fMRI activation in the dorsolateral pre-
frontal cortex and posterior parietal cor-
tex' 173, although the exact pattern of fMRI
activations in these regions may vary
based on task characteristics’*". During
long-term memory tasks, schizophrenia
patients showed reduced fMRI activation
in the medial temporal regions, including
hippocampus, and dorsolateral and ven-
trolateral prefrontal cortex’®”’. During a
visual perception task, schizophrenia pa-
tients showed reduced fMRI activation in
the lateral occipital complex®™.

In addition to these findings of re-
duced activation during cognitive tasks,
there are sometimes reports of hyperacti-
vation in schizophrenia. When hyperac-
tivation is observed in brain regions that
are normally activated for that specific
cognitive function (e.g., hyperactivation
in the dorsolateral prefrontal cortex dur-
ing working memory®”®"), they are often
attributed to inefficient recruitment of
neural resources. In contrast, studies that
have found hyperactivation in regions
different from those typically involved
in a given cognitive task™ are viewed as
evidence of compensatory processes in
schizophrenia.

Fewer studies have examined the neu-
ral bases of social cognitive impairment
in schizophrenia, but emerging evidence
indicates aberrant neural activations in
this domain as well. For example, meta-
analytic reviews of fMRI studies on facial
affect recognition®®* have showed hy-
pofunction in key social brain regions,
including amygdala and fusiform gyrus,
and hyperactivation in brain regions that
are not typically associated with facial af-
fect recognition, such as parietal lobule
and superior temporal sulcus.

Similarly, aberrant neural activation
has been observed during mentalizing®.
Schizophrenia patients showed hypoacti-
vation in several areas related to mental-
izing, including medial prefrontal cortex,
posterior temporoparietal junction and
ventromedial prefrontal cortex, as well
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as hyperactivation in the dorsal section
of temporoparietal junction.

Less work has been done on an inte-
grative social cognitive process such as
empathy (i.e., sharing, understanding
and responding to the emotional expe-
riences of another person)®®, During
cognitive empathy (same as mentalizing)
tasks, schizophrenia patients showed
reduced fMRI activation in several key
regions, including medial prefrontal cor-
tex and precuneusgg’go, whereas normal
neural activation was observed during
tasks of affective empathy (also called af-
fect sharing)®"*,

Functional connectivity and
cognitive impairment

Researchers are increasingly examin-
ing the connections between regions and
neural networks that subserve cognitive
processes®’. During working memory
tasks, schizophrenia patients showed sev-
eral forms of reduced connectivity com-
pared with controls: between prefrontal
cortex and parietal cortex”®% between
thalamus and the frontoparietal regions%,
and between prefrontal cortex and basal
ganglia®. Also, during episodic memory
tasks, schizophrenia patients showed re-
duced connectivity between hippocam-
pus and frontal regions®”%.

Similarly, studies on social cognitive
impairment suggested that the associated
neural circuits are disrupted. For exam-
ple, compared to controls, schizophrenia
patients showed reduced functional con-
nectivity involving the limbic structures
(including amygdala) during facial affect
processing”'®. During a mentalizing
task, schizophrenia patients showed re-
duced connectivity between temporopa-
rietal junction and temporal lobe regions
(including hippocampus and middle
temporal gyrus) compared to controls'’’.

While connectivity studies are infor-
mative regarding the ways and degree to
which regions interact, the field is now
moving to more sophisticated studies of
network organization and graph theory
methods that can examine how large sets
of nodes communicate (see below the
section on “Brain network organization”).
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IMPLICATIONS OF COGNITIVE
IMPAIRMENT FOR COMMUNITY
INTEGRATION

The introduction of antipsychotic med-
ications in the 1950s was a game changer in
schizophrenia treatment and outcome'®,
but its impact was more narrow than first
anticipated. Medications reduced psy-
chotic symptoms in the majority of people
with schizophrenia, and it was expected
that such improvement would be accom-
panied by enhanced community integra-
tion. That did not happen. Unfortunately,
the introduction of antipsychotics had lit-
tle impact on functional outcomes'®'**, It
took some time to appreciate the key dif-
ference between remission (i.e., symptom
reduction) and recovery (i.e., full partici-
pation in social, work, and independent
activities), which depends on other fac-
tors, including cognition.

There is a very substantial literature on
the relation between cognitive impair-
ment and functional outcome in schizo-
phrenia. For example, a PubMed search
with the terms “schizophrenia’; “cogni-
tion” and “functioning” yields over 200
published articles on this topic each year
from 2011 to 2017.

Nonsocial cognition and functional
outcome

All of the earlier reviews focused on
nonsocial cognition'®'?'%, The reviews
demonstrated that cognitive impairment
has reliable relationships to functional
outcomes in schizophrenia. These out-
comes included community-based func-
tioning (e.g., work success, independent
living) or ability to acquire skills in reha-
bilitation programs for inpatient samples.
The consistency of the relationships was
impressive, but the strengths of the as-
sociations were typically in the medium
range (e.g., r=0.3) when considering in-
dividual cognitive domains. The relation-
ships were generally stronger (r=0.5 or
greater) when multiple cognitive domains
were combined into composite scores'’.

This association between nonsocial
cognition and outcome has been repli-
cated in many countries, in different lan-

guages, with different types of cogni-
tive assessments, and in different patient
groups. Further, it has been found across
different phases of illness, including the
prodromal phase'® and the first epi-
sode'"”. The relationships are present in
prospective as well as in cross-sectional
studies, indicating that cognitive impair-
ment is a legitimate predictor of later
community functioning. For example,
several studies have found significant
associations with outcome as long as 2-4
years after baseline assessment' !,

Social cognition and functional
outcome

Following the established connec-
tions between nonsocial cognition and
functional outcome in schizophrenia,
the question turned to the associations
between social cognition and outcomes.
It soon became apparent that these lat-
ter associations were at least as large,
and often larger, than those observed for
nonsocial cognition''*'13,

Medium to large associations between
social cognitive domains and community
functioning were reported, with mental-
izing showing the strongest relationship
in a meta-analysis''"®. This meta-analysis
reported that social cognition explained
roughly 16% of the variance in communi-
ty functioning, while nonsocial cognition
accounted for about 6%.

The association between social cog-
nition and functioning has been found
to hold up over time. For example, sig-
nificant associations between baseline
social cognition and community func-
tioning can be seen one year'"” and even
five years® later.

Pathways from nonsocial and social
cognition to functioning

The current question is no longer
whether but how cognition is related to
functional outcome. Considering the
highly complex nature of community
functioning in schizophrenia or any other
condition, it is clear that many of the ob-
served relationships between cognition
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and community integration involve me-
diating variables. The identification of
such key mediators is very important, be-
cause it can suggest specific therapeutic
targets. If we identified a key mediator of
functional outcome, this would become a
rational target for intervention, especially
because it would be considered to be
closer (i.e., more proximal) to the even-
tual outcome of interest.

An initial series of studies evaluated
whether aspects of social cognition (e.g.,
emotion perception and social percep-
tion) act as mediators between nonsocial
cognitive processes and functional daily
outcomes - demonstrated by signifi-
cantly reducing or eliminating the direct
relationship between nonsocial cogni-
tion and outcome. The results were con-
sistent: in these models, social cognition
acts as a mediator for functional out-
come’?'*!!° with approximately 25% of
the variance in functional outcome being
explained by such mediation models'"”.

These models are limited in the amount
of explanation they can provide. Multi-
step models with several intervening vari-
ables can be more informative about the
pathway(s) to functional outcome in schiz-
ophrenia. However, these latter models
require more sophisticated analyses, such
as structural equation modelling, and are
difficult to test unless one has a sufficient
number of variables, a large sample size,
and areasonable theory as to how the var-
iables are expected to interact.

Beyond social cognition, additional
intervening variables between nonso-
cial cognition and functional outcome
include defeatist beliefs (i.e., an indi-
vidual holds generalized negative be-
liefs about his/her ability to successfully
perform tasks''®''?) and motivational
factors''®'%, A study from our group us-
ing structural equation modelling found
support for a single pathway from early
visual perception (measured with visual
backward masking) to functional out-
come through social cognition, defeatist
beliefs, and motivational negative symp-
toms'?’. The results indicated that cogni-
tion and motivation can be represented
on a single pathway.

A more complex pattern of relation-
ships emerged from a large multisite US
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study that examined the pathways from
early auditory processing (including MMN
and other early event-related poten-
tials) to functional outcome'?!. Unlike
the previous modelling study, this in-
vestigation did not include measures
of social cognition or defeatist beliefs.
The final model showed an indirect
pathway from cognition through nega-
tive symptoms as well as a separate
pathway from motivational/experiential
negative symptoms to functioning. That
is, a single pathway from cognition to
motivation to functioning did not fully
explain the data, perhaps because de-
featist beliefs were not included in the
model.

A third example comes from a large
Italian multisite study that found multi-
ple indirect pathways between nonsocial
cognition and functioning. Social cogni-
tion and negative symptoms were im-
portant, but so were other factors such as
internalized stigma, resilience, and en-
gagement with services'**.

Overall, these complex modelling stud-
ies are extremely valuable in suggesting
and testing mechanisms by which percep-
tion and cognition can lead to functioning
through a series of intervening variables.
However, the key question as to whether
cognitive variables and motivational vari-
ables form single versus multiple path-
ways remains unresolved.

INTERVENTIONS FOR
COGNITIVE IMPAIRMENTS

Over the past decade, there has been
a great deal of excitement about devel-
oping new treatments that target non-
social and social cognitive impairments
as a means to improving functional out-
comes in schizophrenia.

For nonsocial cognition, the Measure-
ment and Treatment Research to Improve
Cognition in Schizophrenia (MATRICS)
initiative by the US National Institute of
Mental Health (NIMH) spawned major
efforts to discover new pharmacological
approaches. There was also an extensive
body of research on cognitive remedia-
tion interventions. Overall, the results
have been mixed.

Social cognition has been a more recent
topic of treatment development research.
Efforts have predominantly focused on
psychosocial training approaches, which
are encouraging, with only a few studies
considering pharmacological strategies.

Beyond these main treatment ap-
proaches, we also consider emerging evi-
dence that alternative interventions, such
as physical exercise and neurostimulation,
may prove useful as adjuncts for enhanc-
ing cognition.

Nonsocial cognition
Pharmacological approaches

A wide range of candidate mecha-
nisms involving diverse neurotransmitter
systems have been proposed for phar-
macological enhancement of nonsocial
cognition'®, The majority of studies have
focused on glutamatergic and cholin-
ergic agents, with fewer targeting other
neurotransmitters, such as serotonin, do-
pamine, GABA and noradrenaline.

Despite considerable efforts across
dozens of studies, these agents have not
been consistently successful in improv-
ing cognition and functioning. Overall,
a recent meta-analysis'>* reported that
across all available studies (n=93) there
was a significant, though quite small
(Hedges’ g=0.10), effect for overall cog-
nition, with no significant effects for any
cognitive subdomain.

For particular neurotransmitter sys-
tems, the literature is characterized by a
lack of replication, and only a few agents
have shown any evidence of positive
benefits. The strongest findings were for
agents acting predominantly on the glu-
tamatergic system (overall cognition:
g=0.19, n=29; working memory: g=0.13,
n=20). Sub-analyses of particular gluta-
matergic agents indicated a significant
small-to-medium benefit for AMPA recep-
tor agonists on working memory (g=0.28;
n=5) and a non-significant trend for me-
mantine/amantadine on overall cognition
(g=0.34; n=6). There were very few find-
ings for other neurotransmitter systems:
cholinesterase inhibitors showed a small
yet significant effect on working memory
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(g=0.26; n=6), and dopaminergic agents
showed a non-significant effect on the do-
main of reasoning (g=0.34; n=4).

Despite several positive phase II stud-
ies showing cognition enhancement,
these findings have not been replicated
in larger phase III studies. Thus, the field
is still struggling to find pharmacological
interventions for cognitive enhancement
in schizophrenia that show efficacy in
multisite trials.

Cognitive remediation

Compared to pharmacological ap-
proaches, psychosocial interventions for
cognitive remediation have produced
more encouraging findings. A wide range
of cognitive remediation approaches have
used computerized or non-computer-
ized (paper-and-pencil) training exer-
cises with titrated increases in difficulty
as participants progress through what is
typically several months of fairly intensive
treatment.

Cognitive remediation interventions
can be classified along two broad dimen-
sions: therapeutic target and therapeu-
tic modality'®. The therapeutic target
can range from basic perceptual skills
using a “bottom-up” approach (train-
ing on lower-level sensory processing
to impact neuroplastic processes which
are thought to generalize to higher-level
cognitive and functional outcomes)
to higher-level cognitive skills using a
“top-down” approach (assuming that
improvements will generalize to lower
level and community functioning). The
therapeutic modality can range from
self-directed administration of cognitive
training exercises with minimal thera-
pist involvement to integrated cognitive
training exercises with additional strat-
egy monitoring, bridging, or other psy-
chosocial treatments.

A meta-analysis of 40 studies dem-
onstrated that, regardless of treatment
target or modality, cognitive remedia-
tion shows significant, moderate gains
in terms of near-transfer to untrained
cognitive tests (d=0.45 for global cogni-
tion)l%. Further, these gains were dura-
ble at follow-up assessments following
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active treatment (d=0.43). Notably, be-
yond cognitive task improvement, there
is emerging evidence that cognitive
remediation is also associated with sig-
nificant structural (both grey and white
matter) and functional (particularly in
prefrontal and thalamic regions) brain
changes'*".

Importantly, however, treatment mo-
dality is a key mediator of generalization
to improvements in community func-
tioning. Specifically, the effect of cognitive
remediation is moderate when combined
with adjunctive psychiatric rehabilitation
(d=0.60), but only small and marginally
significant when cognitive training is pro-
vided alone (d=0.19-0.29)'?%. Thus, while
cognitive remediation generally yields
moderate gains on cognitive task perfor-
mance, it may be necessary to administer
additional interventions (e.g., vocational
rehabilitation, strategic bridging, or
skills training) in order to achieve mean-
ingful real-world functional benefits.

Emerging approaches

There is clearly ample room for im-
provement in the treatment of nonsocial
impairment in schizophrenia. Efforts
to develop new medications have been
disappointing so far. Although there has
been more progress for integrated cog-
nitive remediation approaches at the
group level, there is substantial indi-
vidual variability in treatment response
and many patients exhibit little benefit.
One possible path forward is to examine
whether the impact of integrated cogni-
tive remediation is boosted when com-
bined with pharmacological therapies.
This is an active area of investigation,
though preliminary findings have been
mixed'®.

Another possibility that has opened up
in recent years involves the use of novel
non-pharmacological augmentation ap-
proaches intended to promote neuro-
plasticity, such as physical exercise and
neurostimulation. A recent meta-analysis
has shown that physical exercise can im-
prove cognition in schizophrenia com-
pared to non-aerobic control activities'*,
These encouraging findings have led to a

few small pilot studies which found that
the combination of cognitive remedia-
tion plus aerobic exercise leads to differ-
ential improvement for some aspects of
cognition and functioning''. Similarly,
based on findings that transcranial direct
current stimulation (tDCS) may improve
selected aspects of cognition in schizo-
phrenia, a few small pilot studies have
reported differential benefits of brief
cognitive remediation plus tDCS (versus
sham) interventions on trained cognitive
taSkSlSLlSZ.

Social cognition
Training approaches

Over the past decade, there has been
considerable progress in the develop-
ment of psychosocial treatments for so-
cial cognition in schizophrenia. Initial
proof-of-concept trials demonstrated that
brief “targeted” interventions focusing
on a single social cognitive domain (e.g.,
affect perception) led to significant task
improvements'**'3!, Given the complex,
multifaceted nature of social interactions
and the wide range of social functioning
difficulties seen in schizophrenia, the
field has shifted toward “comprehensive
treatments” that address multiple, rather
than single, social cognitive domains.
These are typically interactive, group-
based treatments that incorporate a range
of visual, auditory, video stimuli depicting
social stimuli, though other formats, such
as individual computerized interven-
tions, have also been developed135.

The results to date provide several rea-
sons for optimism. A recent meta-analysis
of 16 studies'®®, conducted in diverse cul-
tural settings, reported medium-to-large
improvements in the two most com-
monly assessed domains: facial affect
identification (d=0.84 in 12 studies) and
mentalizing (d=0.70 in 13 studies). Effect
sizes were also large for a smaller num-
ber of studies assessing social perception
(d=1.29 in four studies) and small-to-me-
dium for attributional bias (d=0.30-0.52 in
seven studies).

Notably, treatment-related gains in so-
cial cognition are not accompanied by
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improvements in nonsocial cognition136,
suggesting that social cognitive changes
are independent of changes in nonsocial
cognition. Consistentwith this notion, non-
social cognitive remediation alone does
not result in significant social cognitive
improvements'?®, Beyond improvements
in social cognitive task performance, pre-
liminary evidence also indicates that
social cognitive interventions produce
detectable structural and functional brain
changes'®".

While these findings are quite en-
couraging, this is a relatively young area
of research, and several factors should
be considered!®. First, most studies in-
cluded small samples (<20), methodo-
logical quality varied considerably, and
the durability of treatment effects is large-
ly unknown. Second, there is currently no
consensus in the field about an optimal
set of social cognition outcome measures
for clinical trials. Third, the generaliz-
ability of treatment benefits to meaning-
ful improvements in daily life functioning
has not yet been consistently demon-
strated.

Thus, several open questions remain.
For example, it is unclear which type of
social cognitive treatment (e.g., group-
based vs. individualized computer-based)
is optimal, or whether treatment formats
can be better matched to the personal
characteristics of participants.

Emerging approaches

The few efforts to develop pharmaco-
logical approaches to social cognition in
schizophrenia have focused on oxytocin.
Building on extensive basic and clinical
evidence that this neuropeptide enhanc-
es the salience of social information*3%14,
a number of studies have examined the
impact of intranasal oxytocin, using sin-
gle or repeated administration strategies,
on social cognitive tasks. Results have
been mixed. A recent meta-analysis of
12 studies that randomized participants
to oxytocin vs. placebo found no overall
effect for social cognitive measures, al-
though there was some suggestion (from
a very small number of studies) of a sig-
nificant (albeit small, d=0.20) effect for
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higher level (e.g., mentalizing) but not
lower level social cognitive tasks'**.

Two studies evaluated oxytocin aug-
mentation during the course of social
cognitive training programs, using very
different strategies, and yielded mixed
findings. Our group administered oxy-
tocin (vs. placebo) only prior to each
training session, and found differential
improvement in one aspect of empathy
(how well someone can track momen-
tary changes in mood in another person,
referred to as empathic accuracy)143,
whereas the other study used twice-daily
chronic dosing throughout treatment
and found no social cognitive benefits'**.

Aside from oxytocin, studies have start-
ed to examine the possibility of improv-
ing social cognition in schizophrenia
through physical exercise and neuro-
stimulation with tDCS. Only a few stud-
ies have examined the effects of exer-
cise, providing early encouraging results
(g=0.71, based on three studies)'*'. An in-
itial study by our team found that a single
session of tDCS (vs. sham), administered
over the prefrontal cortex, significantly
improved facial identification task per-
formance, though not other social cog-
nitive domains!'*®. However, a subsequent
tDCS study using two stimulation sessions
over the prefrontal cortex did not show
any social cognitive benefits'*°.

To summarize, oxytocin and tDCS ap-
pear to be safe, well-tolerated potential
adjuncts to psychosocial interventions,
though it remains to be determined how
they can be optimally administered (e.g.,
which dosing to use'*") to boost social
cognitive training effects.

RECENT DEVELOPMENTS AND
FUTURE DIRECTIONS FOR
RESEARCH ON COGNITION IN
SCHIZOPHRENIA

In this section we look to what lies
on the horizon for research into cogni-
tion in schizophrenia. The topics are, by
necessity, selective, and we could have
chosen others. In the first part, we dis-
cuss lines of research that are growing
and already have a reasonably large data
base to support them. In the second, we

discuss areas that are just getting off the
ground, but have potential to substan-
tially change our understanding of cog-
nition in schizophrenia.

Recent areas of growing interest

The interface of motivation with
cognition

There has been considerable research
interest in how cognitive processes inter-
face with disturbances in motivation and
emotion in schizophrenia. Translational
research based on developments in af-
fective neuroscience has focused on how
disturbances in reward-related infor-
mation processing relate to diminished
engagement in goal-directed behavior.
Much of this work builds on the con-
sistent finding that immediate hedonic
responses to rewarding or pleasurable
stimuli are largely intact in schizophre-
nial48-1%0 indicating that motivational
disturbances do not simply reflect a di-
minished capacity to experience pleas-
ure. Instead, people with schizophrenia
seem to have difficulty using reward-
related information to adaptively guide
future behavior. This has led schizophre-
niaresearchers to develop and test multi-
component models of the computational
processes through which reward-related
information is translated into productive
goal-directed activity'*"'>2,

Individuals with schizophrenia show
impairments in several reward process-
ing subcomponents that involve apply-
ing cognitive operations to rewarding
stimuli. These include disturbances in
long-term memory for rewarding/pleas-
urable experienceslss’154, reward learn-
ing and prediction error processing'>>'%’,
the representation and maintenance of
reward value within working memory',
decision making concerning effort costs
associated with obtaining rewards'®, and
anticipation/prospection for future re-
wards'®*!®!, Impairments in these areas
are often, though not always, related to
clinical ratings of motivational negative
symptoms (e.g., anhedonia, asociality).

Along these lines, recent research has
identified disturbances at the interface of
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emotion and cognitive control processes.
For example, in contrast to healthy indi-
viduals, reward incentives fail to enhance
performance and associated neural acti-
vation (particularly of dorsolateral pre-
frontal cortex) during cognitive control
tasks in schizophrenia162'164, which has
been described as impaired “motivated
cognitive control”. This failure to ener-
gize cognitive control processes required
to formulate and execute goal-directed
action plans has also been linked to mo-
tivational negative symptoms.

The impact of cognitive control distur-
bances also extends to processing nega-
tive emotional stimuli in schizophrenia.
For example, people with schizophre-
nia show a diminished ability to down-
regulate their responses to unpleasant
stimuli using effortful emotional regula-
tion strategies such as cognitive reapprais-
al or directed attention!®1%7, Relatedly,
they demonstrate an impaired ability to
appropriately modulate or filter out nega-
tive distractor stimuli during tasks in-
volving cognitive control (e.g., working
memory, attention)ws’leg. Again, these
control disturbances have often, but not
always, been linked to negative symptoms
or poor functioning.

Overall, there is growing evidence of
widespread disintegration between cog-
nitive and motivational/emotional pro-
cesses in schizophrenia, which appears
to have important clinical and function-
al implications.

Childhood adversity and cognition

Childhood adversity - such as physi-
cal and/or emotional neglect/abuse,
poverty, malnutrition, traumatic experi-
ence - can have long-lasting negative
consequences. It affects the development
of the brain, such that individuals show
both structural'”®'"! and functional”
cerebral abnormalities during adult-
hood. Because childhood adversity is
also associated with increased risk for
developing severe mental illnesses, in-
cluding schizophreniam”m, it has been
suggested that it could contribute to fea-
tures of this disorder, including cognitive
impairment.

154

Several studies examined the effect
of childhood adversity on cognition in
schizophrenia, primarily focusing on non-
social cognition, and the findings have
been mixed. A recent meta-analysis found
a small effect of childhood adversity on
cognition in schizophrenia, and this was
significantly smaller than that seen in
controls'”. However, this meta-analysis
examined only studies of nonsocial cog-
nition, and did not explore whether dif-
ferent types of adversity or the timing of
adversity (e.g., neglect vs. trauma, early vs.
late childhood) has differential effects on
cognition in schizophrenia. Notably, find-
ings from recent studies suggest that social
cognitive impairment is more related to
neglect than other types of adversity' """,

Further, the mechanism through which
childhood adversity may influence cogni-
tion in schizophrenia (e.g., neuroinflam-
mation, neural changes), or any factors
that may modulate this mechanism (e.g.,
gender, genetic or epigenetic processes),
remain largely unknown'"®'%,

Metacognition

Metacognition has received notable
interest in both clinical and treatment
development research on schizophrenia.
Since the term was first used in the con-
text of psychosis in the 1980s, to describe
thoughts about one’s own thoughts in
a model of psychotic symptom forma-
tion'®"1®2 the definitions of metacog-
nition have varied considerably, with
some being quite broad. As an example
of a broad definition, Lysaker and col-
leagues'®>'® propose that metacogni-
tion refers to a range of activities ranging
from discrete (i.e., creating an idea about
a specific thought or emotion) to highly
synthetic (i.e., forming separate thoughts
into complex representations of one-
self and others). From this perspective,
metacognition allows people to “access
a sense of themselves (and of others)
which is multifaceted and multidimen-
sional, while also allowing for that sense
of self and others to change responsively
and adaptively as contexts change”'®,

Dozens of studies now document im-
pairments in metacognition in individu-

als with, or atrisk for, schizophrenia using
discrete (based primarily on self-report
questionnaires) or expansive (based pri-
marily on clinical ratings of narratives)
definitions'®1%18 Byurther, indexes of
metacognitive impairment show associa-
tions with a wide array of clinical features,
including positive, negative and disorgan-
ized symptoms, social and nonsocial cog-
nition, motivation, self-agency, insight,
and functional outcomes'®*'#>187,188,

The varying definitions of metacogni-
tion make it challenging to provide an in-
tegrative summary of findings in this area.
For example, the more expansive defini-
tions of metacognition appear to have
considerable overlap with other areas
considered in the present paper, including
aspects of social cognition (e.g., mental-
izing, empathy) and nonsocial cognition
(e.g., cognitive control, performance mon-
itoring). While it can be argued that these
are separable constructs’®'* the extent
of overlap among them is debatable.

Similarly, there are currently at least
four different psychotherapies for schiz-
ophrenia that all include the term “meta-
cognition” in their titles'??, as well as
metacognitively-oriented cognitive re-
mediation and social skills training'**'%,
Yet, these programs look rather differ-
ent. Indeed, this has led to a debate in
the schizophrenia literature about what
constitutes a “true” metacognitive treat-
ment3+1941% Hence, fundamental ques-
tions remain about the scope and bound-
aries of this construct, and how it can be
most productively distinguished from
other areas of schizophrenia research.

Nascent areas with potential impact
Neuroinflammation and cognition

Accumulating evidence indicates the
presence of an abnormal immune sys-
tem in schizophrenia. For example, epi-
demiological studies have reported an
association between maternal infection
during pregnancy and increased risk for
schizophrenia196’197. Also, a meta-analy-
sis showed an association between schiz-
ophrenia and autoimmune disorders'*,

Recent evidence from genetic studies
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indicates that schizophrenia-related loci
include several genes involved in the im-
mune system'®, Patients appear to show
elevated levels of peripheral inflamma-
tion markers*” and increased activation
of the central immune system?’".

Only a few studies so far have exam-
ined the associations between inflam-
mation and cognitive impairment in
schizophrenia. Most have focused on
peripheral markers of inflammation, and
the results have been mixed. For exam-
ple, patients with elevated levels of pe-
ripheral inflammation markers showed
poorer cognitive performance than
patients with lower levels of inflamma-
tion**, A study of first-episode psychotic
patients found that higher levels of in-
flammation were associated with greater
cognitive impairmentm, whereas anoth-
er study found the opposite pattern®*.

The associations between inflam-
mation and cognition may differ across
subgroups of patients. For instance, in-
flammation was associated with cogni-
tive impairment only in patients who did
not use illicit substances or alcohol?®, or
only when patients were experiencing
acute psychotic symptoms>*.

Thus, while a limited number of studies
generally support the notion that inflam-
mation is related to cognitive impairment
in schizophrenia, the nature and strength
of this association is still unclear.

Computational modelling of
cognitive processes

Computational psychiatry is an emerg-
ing field that employs interdisciplinary
tools from computational neuroscience,
including machine learning algorithms,
to address complex problems such as the
classification of subgroups and charac-
terization of cognitive impairment®” 2%,

Computational psychiatry includes
both data-driven and theory-driven ap-
proaches. Data-driven approaches have
notbeen directed at probing cognitive im-
pairment in schizophrenia as yet. Theory-
driven approaches employ mathematical
models to understand at a deep level cog-
nitive impairments in schizophrenia. For
example, one biophysically-based model
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focused on cortical microcircuits and
working memory impairment in schizo-
phrenia®'®?"!, suggesting that disturbed
excitatory-inhibition balance due to dis-
rupted glutamatergic signaling could ex-
plain working memory deficits. Another
model suggested that reduced GABAergic
activity in the visual cortex and disturbed
connection between lateral geniculate
nucleus and visual cortex contribute to
visual perceptual abnormalities in schizo-
phrenia*?. Yet another approach focused
on processes derived from a specific neu-
ral computing process (i.e., reinforcement
learning) to explore latent processes that
could contribute to impaired perfor-
mance of patients during reinforcement
learning tasks'°*?'®. Finally, predictive
coding (i.e., based on Bayesian inferenc-
es) is a neurocomputational process that
may help to explain perceptual abnor-
malities of schizophrenia patients (e.g.,
MMN, motion perception)**?**,

Hence, computational psychiatryis an
emerging field that may provide valuable
insights into the underlying mechanisms
of cognitive impairments in schizophre-
nia.

Cognition and remote digital
technology

There is now considerable interest in
conducting cognitive assessments re-
motely on mobile devices. However, the
benefits of this type of assessment are un-
clear. It has not been established that fre-
quent, very brief, cognitive assessments
of uncertain reliability are more valu-
able than fewer, longer assessments with
demonstrated reliability. Further, there
are benefits to having a tester in the room
with a participant to monitor focus and
effort of the testing session, something
that is not possible with remote assess-
ment. On the other hand, there would be
advantages if participants can take tests
from their home computers (as opposed
to their smartphones), because the test-
ing parameters and visual display could
approximate those that occur in a test-
ing lab. This arrangement would save the
participant from coming into the lab, but
would still not provide an ability to moni-

tor the degree of engagement with the
tests.

It is important to keep in mind the dif-
ference between two forms of digital data
collection: active and passive. This distinc-
tion was not relevant until the arrival of
smartphones. Active data collection is any-
thing that involves intentional responses
on the part of the participant, such as fill-
ing out an ecological momentary assess-
ment survey of what they are doing or how
they are feeling. Passive data collection, on
the other hand, does not require actions
from participants. These include using the
global positioning system (GPS) functions
to estimate the number of locations or the
amount of distance traveled by partici-
pants*'®*'”. The ability to collect passive
data, for long periods of time and with no
effort on the part of the subjects, opens up
a new world of information derived from
big data'®, It is possible that cognitively
relevant indices can be obtained from pas-
sive data, but this remains to be demon-
strated.

Brain network organization

As mentioned above, studies of iso-
lated brain regions have shifted to a focus
on connectivity, which fits with one of the
most influential theories of the patho-
physiology of schizophrenia, that of neu-
ral disconnection®***, According to this
theory, several features of schizophrenia,
including problems in social functioning,
arise from an underlying problem in neu-
ral connectivity.

Until recently, the field had limited
tools to examine connectivity with func-
tional neuroimaging, and most of the
work was to examine connections be-
tween pairs of regions. One key develop-
ment has been the change from traditional
(i.e., seed-based) connectivity approaches
to graph-based methods for examining
brain network organization®'. Graph the-
ory provides powerful quantitative tools
for network analyses of brain connectiv-
ity and organization. It can characterize
network structure by identifying local con-
tributions of individual nodes and con-
nections, as well as the network’s global

capacity to integrate information®*?,
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Graph theory studies of schizophrenia
have so far produced mixed results?>>?24)
perhaps because some studies use rest-
ing state and others task-based imaging
data. Nonetheless, these approaches
have tremendous potential for under-
standing psychiatric conditions. It is like-
ly that schizophrenia, as well as other
major mental illness, are associated with
specific and characteristic disturbances
of network connectivity**.

CONCLUSIONS

Breakthroughs, incremental steps,
and a disappointment

If we look at the developments over
the past 5-10 years, it is our impression
that most of the advances have been
incremental - steps toward a better un-
derstanding of the nature and impli-
cations of cognition in schizophrenia.
Some of these steps were made possible
by advances in related areas of science,
such as neuroimaging, social neurosci-
ence, big data methods, or neurophar-
macology. Also, many of the advances
reflected recent empirical maturity, in
which meta-analyses were employed
to detect signals by combining a large
number of studies, or multisite consortia
were formed to recruit a large number of
subjects with detailed assessments and
phenotyping.

Aside from an inevitable march for-
ward with incremental steps, some ar-
eas related to cognition in schizophrenia
seemed to take large leaps in recent
years. An admittedly subjective list of
such examples would include the dra-
matic advances in neuroimaging meth-
ods such as connectivity and network
analysis methods, the highly informative
modelling of the pathway(s) from brain
processes to community integration and
daily functioning, and the rapid inclusion
of methods and concepts from social and
affective neurosciences.

In contrast to these areas of impres-
sive impact, we note one area of disap-
pointment. We still do not have powerful
methods for cognitive enhancement in
schizophrenia. The developments in non-
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pharmacological methods are impres-
sive, but do not reliably generalize to
functionally meaningful improvements.
In terms of new medications, substantial
enthusiasm in early phase studies has
not been born out in larger, and more
dispersed, phase III studies. Meaningful
cognitive enhancement in schizophrenia
appears to be close, but remains elusive.

Implications for subgrouping and the
diagnosis of schizophrenia

The US NIMH initiated the Research
Domain Criteria (RDoC) project, which
provocatively asks whether specific psy-
chiatric diagnoses, such as schizophrenia,
will fit with our rapidly growing knowl-
edge from neuroscience®***’, As a result
of this emphasis, many studies and some
multisite consortia are currently recruit-
ing participants across various psychotic
disorders, not schizophrenia alone, to
address key scientific questions. For ex-
ample, the Bipolar and Schizophrenia
Network for Intermediate Phenotypes
Consortium has proposed cognitive-
based biotypes that can be compared in
terms of their external validity with exist-
ing diagnostic classifications*****, Simi-
larly, the Consortium on the Genetics of
Endophenotypes in Schizophrenia has
closely examined the genetic influences
on a wide range of cognitive endopheno-
types for schizophrenia, thereby provid-
ing a way to identify genetic subgroups of
patients or to parse the genetic architec-
ture of the disorder™"**!,

Perhaps a better understanding of
brain-based cognitive, emotional and mo-
tivational domains will lead to a reorgan-
ization of diagnostic groupings. If so,
schizophrenia might cease to exist as a
separate disorder and could be lumped
together with other types of psychosis,
or split into biologically validated sub-
types. While we can speculate on such
long-range possibilities, the fact remains
that schizophrenia will not disappear
as a diagnosis any time soon. As long as
schizophrenia is a diagnosis, a key ques-
tion will be whether cognitive impairment
should be part of the diagnosis. That out-
come very nearly happened in the DSM-5,

in which cognition was one of several di-
mensions that was initially slated for in-
clusion. Very late in the revision process,
it was moved from the main body of the
manual to Section III, meaning that it re-
quires additional study before being im-
plemented.

The situation is different with the ICD-
11 diagnostic guidelines, in which the level
of cognitive impairment is listed as a qual-
ifier for schizophrenia232, meaning that it
will be rated after coding the diagnosis,
along with other key features of illness,
such as positive, negative and depressive
symptoms. Cognition was considered to
be an appropriate qualifier because it is
related to the prognosis and management
of the illness. The rationale for inclusion is
that knowing something about the level of
cognition will help clinicians and families
to anticipate the patients’ degree of prob-
lems and success in work, school, social
functioning, or rehabilitation.

This development marks the first time
that clinicians throughout the world will
be asked to notice, evaluate and record
the cognitive status of schizophrenia pa-
tients as part of routine diagnosis.
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COMMENTARIES

Cognitive impairment and psychosis in schizophrenia: independent

or linked conditions?

Like much else regarding the patho-
physiology of schizophrenia, the rela-
tionship between cognitive impairment
and psychosis is far from elucidated. An
undisputed observation is that they fre-
quently co-occur. Green et al' provide a
scholarly overview of the state of knowl-
edge in this area. However, they do not
elaborate on potential reasons underly-
ing the co-occurrence of cognitive impair-
ment and psychosis.

Much of what we observe as clinical
neuroscientists is correlational. Sever-
ity of scores on the Positive and Negative
Syndrome Scale (PANSS) correlate with
social and vocational impairment, which
in turn correlate with lifetime cumulative
antipsychotic drug administration, which
correlates with cardiovascular comorbid-
ities. In health and disease, the correla-
tion between two variables is, often, the
sum of the genetic and environmental con-
tributions to these effects.

Thus, one possibility is that cognitive
impairment and psychosis have a shared
etiology - genetic and/or environmental.
The “shared etiology” hypothesis can be
tested using various methods. Environ-
mental shared etiology is often studied
in epidemiological cohort studies. Environ-
mental factors such as obstetric complica-
tions, abuse and trauma during childhood,
drug abuse, and immigration have all been
reported in relation to cognitive impair-
ment, psychosis or both®. Genetic shared
etiology has been investigated using be-
havioral genetic methods in twins and sib-
lings, and more recently using molecular
genetic methods.

Twin studies can measure the genetic
correlation between two traits. A genetic
correlation of 1 between trait A and B
would imply that all of the additive ge-
netic influences on trait A also impact on
trait B. In one such study, the genetic cor-
relation between schizophrenia and IQ
was relatively high (r=0.75)°. However, as
the correlation is only 0.75, close to half of
the genetic variance in schizophrenia is
actually independent of intelligence, sug-
gesting that both traits have genes with
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specific effects. When specific cognitive
domains rather than IQ were examined,
the genetic correlations varied consider-
ably. They were only 0.34 for tests meas-
uring verbal knowledge and 0.79 for tests
measuring working memory. In a second
study, using a larger sample, the genetic
correlation between schizophrenia and
1Q was 0.46, suggesting that the majority
of the genetic variance in schizophrenia
is actually independent of intelligence®.

With advances in molecular genet-
ics, polygenic risk scores - which reflect
the impact of many risk alleles of small
effect - can now be used to quantify the
role of directly measured risk genes for
schizophrenia on specific cognitive do-
mains. Several studies examined the re-
lation between schizophrenia risk genes
and IQ in the general population. What
these studies examine is whether genetic
variants associated with increased risk for
schizophrenia would be associated with
poorer cognitive performance. Overall,
the reported correlations between the
schizophrenia polygenic risk score and IQ
and working memory were less than 0.1
for childhood, early and late adulthood™”.
Similar results were observed for a range
of cognitive domains®. Looking at the as-
sociation from the other direction, i.e.
whether genetic variants associated with
poorer cognitive performance would be
associated with increased risk for schizo-
phrenia, the magnitude of associations
was small as well (<1% of variance)®.

Using bivariate genome-wide complex
trait analysis to estimate the amount of
shared genetic factors between schizo-
phrenia risk and cognitive ability, the ge-
netic correlation between schizophrenia
and IQ was 0.2, and that between schizo-
phrenia and working memory was 0.19.
In this study, there was no evidence sup-
porting genetic overlap between schizo-
phrenia and measures of verbal knowl-
edge or social cognition®.

A second possibility is that schizophre-
nia and cognitive impairment co-occur
because both are associated separately
with a third factor. For example, studies

have shown that schizophrenia is associ-
ated with structural brain abnormalities
and that IQ is correlated with whole and
gray brain matter volumes. It is therefore
possible that the genetic correlation be-
tween schizophrenia and IQ is explained
by the correlation of both traits with brain
volume?®.

It is also possible that cognitive im-
pairment is neither an antecedent nor an
enduring consequence of schizophrenia,
but it represents non-specific brain vul-
nerability. Since cognitive impairment
characterizes almost all mental disor-
ders, as well as neurological disorders,
traumatic brain injury, and drug and al-
cohol abuse’, and is already present be-
fore the onset of most disorders, it seems
to be a non-specific indicator of brain vul-
nerability or brain malfunctioning.

A fourth and less investigated possibil-
ity is that schizophrenia and poor cog-
nitive abilities co-occur coincidently. A
coincidental hypothesis of psychosis and
cognitive impairment would posit the
following. Most community-based in-
dividuals with borderline-low cognitive
abilities, but without any other mental
or emotional disturbances, never see a
mental health professional and are nev-
er labeled with a psychiatric diagnosis.
Similarly, persons with encapsulated de-
lusions or hallucinations, which do not
lead to disruptive behavior, live in the
community and only rarely come to the
attention of mental health professionals.
It is only the concomitant manifestation
of the two, affecting social and vocation-
al functioning, which leads to help seek-
ing and to a diagnosis of schizophrenia.
This would be similar to an individual
who suffers from congestive heart failure
or an individual suffering from degener-
ative joint diseases. Neither would have
serious mobility limitations, although
the former would probably avoid effort-
ful walking and the latter would prob-
ably use a walking stick. While the two
conditions are pathophysiologically un-
related, their concomitant presence would
probably lead to severe mobility impair-
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ment and probably necessitate the use of
awheelchair.

The probability of two independent
events to occur in sequence is the prod-
uct of the multiply of the probability of
each event occurring separately. Halluci-
nations and delusions are acknowledged
by a sizeable minority of the general pop-
ulation (3.2-7.2%)®. Approximately one-
third of those people report a frequent
occurrence of those symptoms. 13.6% of
the population have IQ scores 1 stand-
ard deviation or more below the mean,
alevel of cognitive impairment similar to
that consistently reported in schizophre-
nia’. Therefore, even if psychotic symp-
toms and cognitive impairment were
independent of each other, it could still
be expected that between 0.44% to 0.98%
of the general population will experience
psychotic symptoms and present with a

cognitive impairment, which approxi-
mates the lifetime prevalence of schizo-
phrenia of 0.7%"°.

Overall, these results imply that, while
the hypothesis of a shared genetic etiol-
ogy for psychosis and cognitive impair-
ment is not ruled out, the shared genetic
liability is likely to be only modest. It is
also important to consider that, like with
any correlation, genetic correlations do
not reveal directionality. Therefore, the
path of causation cannot be inferred:
lower IQ may increase liability to schizo-
phrenia, or schizophrenia may cause low-
er intelligence®.
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The meaning of group differences in cognitive test performance

What does it mean that groups of in-
dividuals given a diagnosis of schizo-
phrenia get fewer items correct and
respond more slowly than comparison
groups on tests of memory, attention,
executive functioning, and social cogni-
tion? Green et al’s answer’ is unequivo-
cal: the weaker performance is caused
by a “cognitive impairment”, which is
a “primary deficit”, arising from a spe-
cific neuropathological cause. This “im-
pairment” is viewed as both a vulnera-
bility factor and a “core feature” of schiz-
ophrenia. This is a position currently
held by a majority of the field and sup-
ported by a large evidence base.

However, the question “why do indivi-
duals diagnosed with schizophrenia tend
to demonstrate weaker neurocognitive
performance?” actually remains without
a clear answer. The basic data represent
group differences on test performance,
but this performance is multidetermined.
Factors that have been found to influence
the cognitive test performance of indi-
viduals given a diagnosis of schizophrenia
include motivation, effort, dysfunctional
attitudes, asociality, stress, negative emo-
tion, and conceptual disorganization®.
While it is an empirical question the ex-
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tent to which these factors contribute to
poor test performance, it seems fair to
assume that accounting for their aggre-
gate impact would significantly reduce
the group differences.

The authors - along with the field -
claim external validity for the tests: that
weaker performance represents a “per-
vasive and stable” deficit of cognitive
processes across situations in everyday
life. However, variability in cognitive
performance is a common observation®.
When individuals who perform in the
“severely impaired” range on neurocog-
nitive tests are engaged in satisfying and
personally meaningful activities - such as
playing chess, driving a car, or preparing
a complex recipe - they are observed dis-
playing high levels of cognitive function.
During these meaningful activities, moti-
vational and cognitive resources become
energized and are activated for use. This
contrasts with the neurocognitive testing
environment, which is rife with factors
- such as beliefs about being incapable,
inferior, or judged; and completing tasks
that are not engaging or meaningful - that
de-energize motivation and resources.

Seeing everyday cognition in this more
dynamic way across tasks and situations

echoes recent work by Cohen et al* dem-
onstrating situational variability in alogia
and flat affect, which are features that
have also traditionally been viewed as sta-
ble. It also implies that treatment efforts
may be better suited to helping people ac-
cess their cognitive resources rather than
remediate neurocognition. Ultimately,
terms like “deficit” and “impairment” are
inaccurate as applied to cognition, espe-
cially as the literature is dependent on test-
ing conditions that are denuded of the very
qualities that allow variability in perfor-
mance to emerge. Given the multitude of
factors responsible for test performance,
group differences in performance on these
tests cannot simply “reflect” isomorphic
representations of “core deficits” in brain
pathophysiology.

Turning to the neurological evidence,
a similar pattern emerges. Post-mortem
studies showed group differences in brain
volume between individuals given a diag-
nosis of schizophrenia and those from the
general population. Rather than being
evidence of a core cognitive impairment,
as had been claimed, the reductions in
brain volume turned out to be the result
of long-term exposure to antipsychotic
medications®. Notably, non-human pri-
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mates exposed to antipsychotic medica-
tions exhibited the same degree of brain
volume loss observed in the post-mortem
human studies®. This is yet another exam-
ple of group differences not being obvious
indices of underlying neuropathology.

Similarly, group differences in func-
tional magnetic resonance imaging and
EEG measures have been interpreted as
representing a core neurocognitive im-
pairment. Though widespread practice,
the assumption that differential neuro-
physiological activation during neuro-
cognitive tasks indicates neurocognitive
impairment is a fallacy that has plagued
the neuroscience literature broadly’. For
example, in Green et al’s description of
dorsolateral prefrontal cortex (DLPFC)
activation, they indicate that some stud-
ies find hypoactivation and others hy-
peractivation of the DLPFC. It is unlikely
that both hypoactivation and hyperacti-
vation suggest impairment, yet this is the
interpretation that is made. Additionally,
group-level neurophysiological differ-
ences do not indicate impairment. Musi-
cians show increased neural tissue volume
in some regions and decreased volume in
others®. This does not suggest that musi-
cians have a neurocognitive impairment,
but that they have specialized knowledge
from repeated practice. Presumably indi-
viduals given a diagnosis of schizophrenia
have had experiences - such as trauma,
exclusion, and positive symptoms - to a
greater degree than the general popula-
tion, which would be expected to mani-
fest in differential neurophysiology.

The developmental course of test per-
formance is often cited as evidence that
impaired neurocognition is a core and

stable feature of schizophrenia. As Green
et al describe, poorer performance is ob-
served prior to onset of the first episode
of psychosis and remains relatively sta-
ble after a diagnosis is given. However,
negative symptoms are also present pri-
or to the onset of the first episode, and
both poor neurocognitive performance
and negative symptomatology appear
to emerge at similar periods of develop-
ment (approximately age 9) in individu-
als who later develop schizophrenia®.
Thus, it is possible that poor neurocog-
nitive performance represents a conse-
quence of negative symptoms such as
amotivation, or that other variables (e.g.,
negative bias and beliefs) may lead to the
development of both negative symptoms
and poor neurocognitive performance. For
example, childhood trauma has been as-
sociated with later performance on neu-
rocognitive tests, and laboratory induced
social exclusion impairs subsequent neu-
rocognitive performance in healthy indi-
viduals'’.

It is also worth emphasizing that neu-
rocognitive performance has failed to
predict who will develop a psychotic dis-
order among individuals at clinical high
risk. If neurocognition were a core fea-
ture, then it should be associated with
the development of the disorder. It would
seem more likely that group differences in
test performance do not reveal a distinct
feature of schizophrenia, but instead an
epiphenomenon that arises from amoti-
vation, negative attitudes, trauma history
and other aspects of the disorder.

Finally, language matters. It is unfortu-
nate that the authors refer to “schizophre-
nia patients” throughout the manuscript.

Similar to the other absolute terms - “defi-
cit” and “impairment” - this term has in-
accurate connotations. Nobody is just a
patient, just a diagnosis, or just a collection
of deficits. The science of schizophrenia
would benefit from focusing on the whole
person, with the mental health challenges
that make up the diagnosis being just part
of the full picture. Knowing the person at
his/her best; and being able to accurately
and dynamically assess his/her strengths,
positive attributes, and beliefs will all be
invaluable in this effort. Ultimately, the
distance between the person given a diag-
nosis of schizophrenia and the typical citi-
zen might grow very small indeed.
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Cognition in schizophrenia: a marker of underlying
neurodevelopmental problems?

The paper by Green et al' provides an
extensive and in-depth review of cogni-
tion in schizophrenia, supporting the argu-
ment that cognitive dysfunction is a core
feature of the illness. However, the au-
thors do not fully explore how knowledge
about cognition can inform us about the
nature and development of schizophre-
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nia. Is cognitive dysfunction a cause, a
consequence or a marker of illness?
Both schizophrenia and general cog-
nitive ability are heritable, with a broad
polygenic basis. Genome-wide associa-
tion studies have identified significant
associations between intelligence and
educational attainment, as a proxy for

general cognitive abilities, and genes in-
volved in central nervous system (CNS)
development and synapse regulation.
Some of these genes overlap with vulner-
ability genes for schizophrenia. These ge-
netic associations are primarily negative
(i.e., higher intelligence - lower schizo-
phrenia risk), but some of them are bidi-
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rectional (i.e., higher intelligence - higher
schizophrenia risk)®. Further analyses in-
dicate a strong protective effect of intel-
ligence on the risk for schizophrenia, and
a smaller negative effect of schizophrenia
(risk genes) on intelligence®.

Aspects of cognition are also impaired
in relatives of people with schizophrenia,
who take an intermediate position be-
tween their affected family member and
healthy controls®. However, the vulnerabil-
ity to schizophrenia does not appear to be
based in an unlucky familial combination
of cognitive and environmental risks. An
intriguing registry-based study indicates
that schizophrenia risk is predicted by the
individual’s deviation from familial cogni-
tive aptitude (i.e., what is expected from
educational attainment and IQ in parents
and siblings) and not by cognitive dys-
function per se. When cases are matched
to controls by educational achievement or
1Q, their relatives are found to have better
cognitive aptitudes than the correspond-
ing relatives of the controls. These findings
point to the existence of a qualitatively dif-
ferent developmental impairment that is
associated with schizophrenia risk’.

A central finding from genome-wide
association studies is the link between
risk of schizophrenia and the immune
system, in particular, the complement
system. Studies have identified a new role
for complement 4 (C4) in synaptic prun-
ing. Synaptic pruning peaks during ado-
lescence, and is essential for refinement
of the CNS and maturation of cognitive
abilities. Structurally different variants
of C4 genes are associated with differ-
ences in C4 expression and with the risk
of schizophrenia, supporting the notion
that elevated complement activity leading
to increased synaptic pruning is a risk fac-
tor for schizophrenia. A recent study using
patient-derived induced pluripotent stem
cells found abnormalities in microglia-like

cells and synaptic structures, in addition
to increased synaptic pruning in the neu-
ronal cultures. Risk-associated variants
of the C4 genes were linked to increased
complement uptake in synapses’. In line
with this, there are indications of poorer
memory function linked to increased pre-
dicted C4 expression, across patients with
schizophrenia and healthy controls’.
Prospective studies of early cognitive
development in children who later de-
veloped schizophrenia showed stable
deficits in IQ, language, processing speed
and executive functioning from infancy.
Verbal deficits appear early and are rela-
tively stable, while impairments in pro-
cessing speed and executive functions
increase during adolescence®. The wid-
ening gap towards healthy adolescence
appears mainly to be based in a develop-
mental lag rather than a loss of acquired
functions. Studies on groups considered
as clinical high-risk (CHR) for psychosis
also find significant cognitive dysfunc-
tions. This is particularly the case for
those in the CHR group who later expe-
rience transition to psychosis. There are,
however, no direct indications of a cogni-
tive decline from the prodrome/high-risk
state to the onset of the first episode’.
The main argument for the initial con-
ceptualization of schizophrenia as a neu-
rodegenerative disorder was the presence
of cognitive dysfunction and a deterio-
rating clinical course. However, first epi-
sode studies do not find any associations
between the duration of untreated psy-
chosis and cognitive dysfunction. Pro-
spective studies of cognitive trajectories
from the first episode onwards also show
significant cognitive stability, both in
short- and long-term. There are some in-
dications of poorer cognitive develop-
ment in patients with high illness activity
during the first year of treatment, but of
limited magnitude and balanced by find-

ings of modest cognitive improvements
in other subgroups”.

Taken together, our knowledge about
cognition in the early phases of schizo-
phrenia strongly supports the notion of a
primarily neurodevelopmental basis for
cognitive dysfunction. Cognitive problems
may serve as additional stressors increas-
ing psychosis risk, while other symptoms
of the disorder may add to cognitive prob-
lems. However, current data indicate that
cognitive dysfunction is neither a cause
nor a consequence of the psychotic pro-
cess but rather a biomarker of underlying
neurodevelopmental problems.

This notion has important clinical im-
plications: while specific treatments may
improve one area of dysfunction (cogni-
tion or psychotic symptoms) in adults with
schizophrenia, this may not translate to
other areas. Preventing additional devel-
opmental lags in adolescents at high risk
might be one of the most effective ways to
prevent significant cognitive dysfunction.

Ingrid Melle
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Cognition and disability in schizophrenia: cognition-related skills
deficits and decision-making challenges add to morbidity

Schizophrenia contributes 13.4 (95%
UI: 9.9-16.7) million years of life lived

with disability to the global burden of

World Psychiatry 18:2 - June 2019

disease. Its societal costs are immense,
with costs derived from productivity loss
even larger than direct treatment costs, a

pattern observed across different coun-
tries and health care systems. Based on
these data, disability reduction in schiz-
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ophrenia is a priority, yet there are few ef-
fective treatments available.

Nonsocial and social cognitive impair-
ment contributes substantially to reduc-
tions in everyday functioning and sub-
jective quality of life in persons with schiz-
ophrenia. Green etal' present and evaluate
sophisticated models of the influence of
nonsocial and social cognition on func-
tioning, considering moderating variables
(e.g., defeatist attitudes, motivation, re-
ward sensitivity) as well as neurobiologi-
cal correlates and their potential implica-
tions. Further, they thoroughly evaluate
treatment efforts to date for these deficits,
including pharmacological and remedia-
tion-based approaches. Among these ef-
forts are exercise interventions, which tar-
get physical fitness and have been shown
to have beneficial effects on cognitive per-
formance.

Just like with any other chronic disease
process, there are multiple factors that
contribute to the development of dis-
ability in schizophrenia. Obesity and
health-related comorbidities are com-
mon. Physical fitness is visibly impaired.
The presence of these elements shows a
correlation with cognitive impairments?.

One of the issues covered in less detail
in Green et al’s review is that of functional
capacity (the ability to perform everyday
functional skills) and its potential medi-
ating effect between nonsocial and social
cognition and functional outcomes. In
several studies, functional capacity was
found to be proximally related to impair-
ments in everyday functioning, with the
strongest predictor of deficits in this ca-
pacity generally being nonsocial cogni-
tion. In addition, when social functional
capacity, generally referred to as social
competence, is examined for its relation-
ship to functional outcomes, it can be
shown that some elements of social cog-
nition predict performance on measures
of social competence, which in turn pre-
dict informant ratings of everyday social
functioning. Thus, impairments in non-
social and social cognition may be a pre-
cursor to functional skills deficits, which
then in turn predict impaired everyday
outcomes across several domains.

In a related vein, we have recently doc-
umented that correlates of poor physical
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health and fitness are important deter-
minants of disability in schizophrenia
that interact with nonsocial and social
cognition to complicate functional out-
comes. The end result of these physical
impairments might prevent people from
even leaving their residences and may
exacerbate limitations in functional ca-
pacity beyond those originating from
nonsocial and social cognitive deficits,
while generating additional roadblocks
to effective deployment of everyday skills
that the patients might possess.

We developed a model that integrates
these different contributory paths into a
unified model of disability in schizophre-
nia, attempting to isolate the pertinent
individual factors (for example, symp-
toms, cognition, physical functioning)
and their interactions, so that they can be
approached in a synergistic manner.

In analyses of data from the Suffolk
County Mental Health Project, we exam-
ined the 20-year course of weight gain
and its impact on everyday functioning at
the 20-year follow-up. We found that
weight gain was progressive over the en-
tire period, leading to over 50% of bipo-
lar patients and 60% of schizophrenia
patients having a body mass index in the
obese range 20 years after diagnosis®, a
striking change from 8% and 20%, re-
spectively, at the time of first diagnosis.

In a separate examination of the every-
day functioning of these same patients
at the 20-year follow-up, we found that
schizophrenia patients, who had a greater
prevalence of obesity and worse cognitive
performance, also had worse everyday
functioning outcomes in terms of sus-
taining competitive employment and
living independently®. For both patient
samples, cognitive impairment and two
indicators of physical functioning, waist
circumference and the ability to rapidly
and repeatedly rise from a chair (chair
stands), were associated with competitive
employment. When a logistic regression
was used to predict employment, diag-
nosis accounted for 11% of the variance,
with chair stands accounting for 9% and
negative symptoms for an additional 5%.
The diagnostic effect was likely associated
with cognitive differences between the
groups, but mobility limitations associat-

ed with obesity were excellent predictors
of work outcomes. Modeling residential
independence, only diagnosis accounted
for variance in outcomes.

These findings do not cast any doubt
on the importance of cognitive impair-
ments for predictions of everyday out-
comes. Rather, they likely suggest that
cognitive impairments may contribute to
the development of physical limitations.
Obesity in schizophrenia is correlated
with multiple impairments in nonsocial
and social cognition®. On the nonsocial
side, decision-making regarding dietary
choices has been shown to be impaired.
Poor dietary quality is common among
low socioeconomic status groups, includ-
ing those with schizophrenia. Fruit and
vegetable intake is uncommon compared
to the rest of the population. Those dietary
choices, combined with the consumption
of highly processed energy-dense food,
foster obesity’.

These calorie-dense, highly palatable
foods are readily available in industrial-
ized societies, requiringlittle effort in pro-
curement and preparation. Patients with
schizophrenia appear especially vulnera-
ble to this environment, as they consume
more food than mentally healthy people,
and their food choices are poorer. In ad-
dition, very few patients follow a regular
physical exercise routine® and, amongst
those who do, erroneous assumptions
about what represents healthy “exercise”
prevail. In addition, the same deficits in
valuation judgments noted by Green et al
in the performance of emotionally neu-
tral problem-solving tasks are present in
food choices, with substantial tendencies
toward short-term reinforcement rather
than delayed gratification and planned
food choices.

Further, impairments in functional ca-
pacity, known to be driven by cognitive
limitations, are also common in rela-
tion to food related skills. Several studies
have shown that schizophrenia patients
are impaired in their ability to plan for
and shop for nutritious meals. Their ac-
tual performance of cooking skills is
also impaired®. Using a series of laborato-
ry-based simulation tests, patients with
schizophrenia manifested substantially
more impairment in their ability to plan
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a meal, shop for ingredients, and actu-
ally cook the food than healthy controls.
These functional deficits were correlated
with the severity of negative, but not posi-
tive, symptoms, and with executive func-
tioning, but not memory, deficits.

In conclusion, we suggest that cogni-
tive limitations of people with schizo-
phrenia not only correlate with disability
directly, but contribute substantially to
other skills deficits (functional capac-
ity; social competence) that exacerbate
disability outcomes. Poor health and fit-
ness, which add variance to current cog-
nitive assessments for the prediction of
disability, can also be traced back to cog-
nitive deficits. The flow-forward cascade
of impaired cognition, particularly in do-
mains of reasoning and problem solving

and reinforcement valuation, can lead
to deficits in functional capacity which
then lead to poor dietary and exercise
choices, contributing to poor functional
outcome.

Thus, influences on outcomes that
appear to be unrelated to cognitive defi-
cits may at least partially originate from
cognitive limitations and respond to ad-
equate cognitive enhancing treatments.
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Why are there no approved treatments for cognitive impairment in

schizophrenia?

The paper by Green et al' details the
evidence that cognitive impairment as-
sociated with schizophrenia (CIAS) re-
mains a tremendous scourge on the lives
of millions of people across the world. It
is the aspect of the illness that most ac-
counts for the social isolation and func-
tional disability that plagues most people
with schizophrenia for their entire lives.

Yet, tragically, there are no pharma-
cological or behavioral treatments for
CIAS approved by any regulatory agencies
across the world. Advances in genetics,
biology, pharmacology and technology
have facilitated the development of tar-
geted treatments across various areas of
medicine, especially in oncology, cardi-
ology and immunology. These advances
have transformed some illnesses from dev-
astating, life-threatening events to simple
annoyances. Why have the tremendous
advances in neuroscience, psychophar-
macology and genetics not provided pa-
tients with CIAS similar relief?

The most obvious consideration is the
amount of investment that is being made
in the development of treatments. The 2018
US National Institutes of Health (NIH)
budget for research on schizophrenia
was $258 million, but for heart disease
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it was 10 times as much, and for cancer
25 times as much?. This disparity is even
greater in the pharmaceutical industry,
where the overall research and develop-
ment budget, which in 2017 was $71.5
billion®, dwarfs government efforts. There
are over 1,000 ongoing clinical trials in
cancer for every one in CIAS* and, contra-
ry to common belief, not because cancer
drugs are a safer bet: the latest estimate
that a treatment will successfully progress
from phase 1 to the US Food and Drug
Administration (FDA) approval is 5.1%
for cancer indications, very similar to psy-
chiatry at 6.2%".

Since many strategies will fail before a
success is reached, a large number of at-
tempts is required to find a treatment
that is legitimately safe and effective.
Further, serendipity flourishes greatest
in the most active arenas. Unfortunately,
the pharmaceutical industry has not pre-
sented nearly as many opportunities for
success in CIAS as it has in other illnesses.
Perhaps curing cancer is more personally
tangible and may appear on the surface
to be more morally compelling to inves-
tors than improving cognition in the peo-
ple living in the darkness on the edges of
town, and pharmaceutical companies are

highly vulnerable to the whims of impres-
sionistic shareholders. It is likely not a
coincidence that the drug company listed
on clinicaltrials.gov as having the great-
est number of ongoing trials for the treat-
ment of CIAS is privately owned.

What may explain why the CIAS trials
conducted thus far have not been suc-
cessful? Are the outcome measures used
to assess cognitive and functional change
to blame? The Measurement and Treat-
ment Research to Improve Cognition in
Schizophrenia (MATRICS) Project devel-
oped a cognitive test battery, the MATRICS
Consensus Cognitive Battery (MCCB), that
was accepted as an FDA gold standard and
has been used in most of the later phase
trials. Several trials using the MCCB as the
primary endpoint have been positive’, but
the one phase 3 program using the MCCB
to test the efficacy of an alpha-7 nicotinic
agonist was negative and well-publicized.
An FDA gold-standard measure is often
one of the key components of a registra-
tion trial that drug companies are not able
to alter, it is thus a natural scapegoat for a
failed or negative trial. However, early no-
tions - based on very small samples - that
the MCCB had problematic psychometric
characteristics were soundly refuted by a
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collaborative group pooling data on over
800 patients receiving placebo from 12
separate clinical trials’.

A more serious consideration for why
CIAS trials have been negative is the tran-
sition from early to later phase method-
ologies:

e Noise. Larger sample sizes have more
statistical power, but larger trials of-
ten require methodologies that create
noise and weaken power. Single site
studies with dedicated investigators are
adept at eliminating noise. Later trials
with tens or even hundreds of site in-
vestigators are often not implemented
at each site in the exact same manner.

o Regulation. Later phase trials, includ-
ing pivotal trials, are more likely to ad-
here to stringent regulatory processes
that eliminate some of the bias that is
inherent to small studies conducted by
individual investigators with conflicts
of interests based upon financial and
aspirational motives. Greater regula-
tion leads to less bias and fewer positive
findings.

e Regulated endpoints. A treatment sig-
nal is more likely when investigators
can match a mechanism of action with
an appropriate endpoint (e.g., choos-
ing a processing speed endpoint with
a short time frame of follow-up for a
stimulant trial), but more difficult to
detect with an endpoint determined
by regulatory agencies to have general
relevance.

o Simple regression to the mean. Early
phase studies with positive results are
forwarded to the next phase. Negative
studies are not. Because of the small
sample sizes of these trials necessitat-
ed by cost concerns, statistical power is
low. Therefore, some investigators will

lower the threshold for statistical sig-
nificance of these studies to align their
go/no-go decisions with their business
priorities, and may include multiple
comparisons and post hoc analyses
without correction. These approaches
lead to more type I statistical errors
where null hypotheses of no treatment
effect are mistakenly rejected. In the
next phase of trial, with improved sta-
tistical power and the enhanced preci-
sion that it brings, no effect of the drug
will be found.

Another important consideration for
the negative trials to date is that almost
all of them have targeted a chronic schiz-
ophrenia population with an average age
around 40 years old. Has the opportunity
to improve cognition passed at that age?
Models of brain plasticity suggest that
the propagative properties of neurons
diminish over time, and it is reasonable
that this aging process is accelerated
in people with schizophrenia, who are
more likely to have comorbid medical
conditions, substance use and reduced
physical and mental engagement with
the environment. Some data have sug-
gested that younger patients may be
more responsive to CIAS treatments. The
idea of treating CIAS in first episode pa-
tients has often been proposed, but com-
pleting these trials has been challenging.
Several of us have urged for the reme-
diation of cognitive impairment with
highly safe treatments prior to the onset
of psychosis in vulnerable populations®?,
but again these trials are challenged by pa-
tient recruitment concerns and the length
of time required to identify treatment re-
sponse.

Beyond these questions of study de-
sign and implementation are darker con-

siderations. Do we need to wait for a
greater understanding of how complex
human neural systems operate before
we can discover pharmacological and
behavioral treatments that interact with
them favorably? Or perhaps CIAS is so el-
emental to the genetic manifestation of a
diseased brain that we will never be able
to alter it once an infant is born? All of
these pessimistic perspectives are pos-
sible. However, the history of medicine
includes a steady stream of examples
where scientists and clinicians whose
ideas and compassion were too great to
listen to the herd mentality of financial
investors and fear mongers. Those with the
courage and resources to pursue reason-
able hypotheses based upon the limited
data we have available now will perhaps
be viewed by history as resolute pros-
pectors who invested in the reduction of
suffering.
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Innovative methods for improving cognition, motivation and
wellbeing in schizophrenia

Neuropsychiatric disorders involve im-
pairment of cognition, motivation and
their interaction'. Cognitive manifestations
include attentional biases, aberrant learn-
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ing, dysfunctional reward processing, and
lack of top-down cognitive control by the
prefrontal cortex. These cognitive manifes-
tations are both “cold” or non-emotional

and “hot” or social and emotional®. From
a neurobiological perspective, these relate
to two partially segregated loops: the “cold”
loop including the dorsal lateral prefron-
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tal cortex and the “hot” affective loop in-
cluding the orbitofrontal cortex and the
ventral striatum, with strong connections
to the “emotional brain” including the
amygdala®.

There are three major problems in schiz-
ophrenia: positive symptoms, cognitive
symptoms and motivational deficits, which
include negative symptoms. Green et al’®
make a compelling argument that cogni-
tive impairments in both social and non-
social domains are core features of the
illness. Although antipsychotic medica-
tions treat hallucinations and delusions
reasonably well, they have little impact on
functional outcomes. One of the biggest
challenges of this century is how to treat
early and effectively the cognitive and mo-
tivational deficits in patients with schizo-
phrenia in order to prevent their persistence
and ensure the best possible outcome.

Our group has focused on episodic
memory impairments in neuropsychiat-
ric disorders. Impaired episodic memory
occurs early and strongly relates to func-
tionality in patients with amnestic mild
cognitive impairment, Alzheimer’s dis-
ease and schizophrenia. Episodic mem-
ory is also a functional correlate that is
impaired in patients with a first episode of
psychosis and further declines as the ill-
ness becomes more chronic.

This form of newlearning and memory
has been shown to utilize a neural circuit-
ry including the hippocampus. Changes
in hippocampal subfields, including
volume loss in the hippocampal stratum
layers and the dentate gyrus, have been
implicated in memory dysfunction in
first-episode and chronic schizophrenia®*.

Although cognitive dysfunction is ac-
knowledged as a target for treatment by
the US Food and Drug Administration
(FDA), there are no licensed medications
currently available. We thus propose that
innovative pharmacological and non-
pharmacological methods should be
developed and implemented further to
target both cognitive and motivational
dysfunction in the symptomatic treatment
of schizophrenia and other neuropsychi-
atric disorders, rather than focussing on
diagnostic status.

Interest in the cognitive-enhancing
properties of modafinil has been the fo-
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cus of considerable experimental medi-
cine research over the last two decades.
Modafinil is a wakefulness-promoting a-
gent that has been shown to enhance cog-
nitive performance and task-related mo-
tivation in healthy volunteers. Modafinil
has also been found to have positive ef-
fects in clinical populations such as adults
with attention-deficit/hyperactivity disor-
der (ADHD). The precise mechanism for
the cognitive-enhancing effects is not
clear, but this agent is thought to activate
the dopaminergic, glutamatergic, norad-
renergic and serotonergic systems in sev-
eral brain regions, including the prefrontal
cortex, hippocampus, hypothalamus and
basal ganglia.

It has been shown that modafinil im-
proves episodic memory in patients with
schizophrenia®. This agent has also been
reported to selectively improve spatial
working memory and emotional process-
ing (e.g. affect recognition, which might
help social and occupational functioning)
in first-episode schizophrenia, as well as a
range of cognitive domains - including at-
tentional set shifting, visual memory and
spatial planning - in chronic schizophre-
nia®. Importantly, there have been no
safety concerns about exacerbating psy-
chotic symptoms, and there is no evidence
of abuse potential when administering
modafinil at 200 mg/day. Simultaneous-
ly enhancing cognition and motivation
may have broad down-stream effects on
patients’ functioning, quality of life and
wellbeing®. It is also possible that im-
proving memory or functioning more
generally through cognitive enhance-
ment could help protect against psychot-
ic relapse.

In addition to novel cognitive-enhanc-
ing drugs, non-pharmacological interven-
tions also have the potential to target symp-
toms as low-risk non-invasive options for
patients with schizophrenia. Cognitive re-
mediation strategies generate moderate
effect sizes on cognition and psychosocial
functioning and a smaller effect size on
psychiatric symptom severity in schizo-
phrenia’. Cognitive training, in particular,
has been shown to increase dopamine D,
receptor density in the brain and produce
functional changes in the fronto-parietal
network®,

However, compliance with cognitive
training may be problematic, leading to
high drop out rates, thus requiring a more
motivational approach. To overcome this
challenge, a study from our laboratory re-
cently combined cognitive training with
gaming technology, showing that playing
eight hours of the novel Wizard memory
game (www.peak.net) on an iPad im-
proved episodic memory and global func-
tioning in patients with schizophrenia'.
Importantly, high levels of enjoyment and
task-related motivation were maintained
throughout all hours of gameplay. Our
game was also titrated in difficulty in real-
time, akin to personalized medicine, to
promote a sense of achievement whilst
maintaining high levels of motivation and
improving performance over time. We
therefore maximized the effects of cogni-
tive training by directly increasing active
engagement with the intervention.

Advantages of incorporating a cogni-
tive training programme into a game are
that it helps de-stigmatize treatment, since
everyone plays games; it is convenient, as
travel to a hospital or clinic is not necessary
and specialist equipment is not required;
it is not associated with side effects; and
it is highly rewarding. Use of exciting new
technology in mental health, in particular
gaming platforms, could reach more pa-
tients inexpensively, including adoles-
cents at ultra-high risk of schizophrenia.
Gamified cognitive training could also
yield benefits for mood and self-esteem,
as improvements in memory function
following gameplay could be attributed
to the self rather than a drug.

In order to identify changes in cogni-
tion, emotion and motivation, there is
a need for objective and reliable meas-
ures for evaluating affective domains.
EMOTICOM (www.cambridgecognition.
com) is a novel neuropsychological test
battery of emotion processing, motiva-
tion, impulsivity and social cognition. Re-
cent evidence has shown that this battery
is likely to be highly relevant to “hot” cog-
nitive processes in paranoid schizophre-
nia, as one key aspect implicated in the
formation and maintenance of a persecu-
tory delusion is the hostile perception of
others, including their beliefs and inten-
tions’. EMOTICOM could also be used
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in treatment development and efficacy
research, such as the evaluation of the
neuropeptide oxytocin, which has shown
some effects on social cognition in schiz-
ophrenia.

Interventions such as oxytocin or
modafinil, used in combination with gam-
ified cognitive training, may synergize to
increase plasticity and learning, promot-
ing improvement in both “hot” and “cold”
cognition as well as in social functioning.
Augmentation therapies would be par-
ticularly useful for rehabilitating patients
who have cognitive impairments that per-
sist even after remission of the more acute
symptoms.

If young people with schizophrenia are
to have the best chance of realizing their

potential and of having good functional-
ity and wellbeing, we will have to move
to game-changing initiatives that prior-
itize early detection and early effective
intervention. With a move to first-episode
psychosis clinics and research studies
focusing on children and adolescents
with an ultra-high risk of schizophrenia,
interventions that target cognition and
motivation can be implemented much
earlier in the course of the illness, before
“rescuing” cognition is the only option.
Good cognition and positive wellbeing
are closely linked and both are required
for a flourishing society.
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The need to develop personalized interventions to improve
cognition in schizophrenia

Green et al' provide a review of the
evidence on neurocognitive and social
cognitive deficits in schizophrenia. These
deficits span the course of the disease,
starting from the prodrome, and are stable
over time. Impairments in neurocognition
involve learning and memory, vigilance/
attention, speed of processing, reason-
ing and problem solving, and working
memory. Social cognition deficits affect
psychological processes implicated in the
perception, encoding, storage, retrieval
and regulation of information about oth-
er people and ourselves. The underlying
neurobiological disturbances have their
origin in brain networks involving the
hippocampus as well as temporal, pari-
etal and prefrontal cortex. Here we dis-
cuss the central role of the hippocampus
in cognitive processes and the impact
of non-pharmacological treatments on
this brain structure in schizophrenia pa-
tients.

The hippocampus has been implicat-
ed in episodic and working memory. In
schizophrenia patients, associations were
recently detected between hippocampal
subregion volumes and cognitive per-
formance in visual and verbal memory
as well as working memory domains®.
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Among the most prominently altered hip-
pocampal subregions in schizophrenia
are cornu ammonis 4 (CA4)/dentate gyrus
(DG) and CA2/3. In post-mortem brains
of schizophrenia patients, along with re-
duced volumes of these subregions, we
detected a reduced number of oligoden-
drocytes (the myelin-forming glia cells)
in the left CA4 and a reduced number of
neurons in the DG®. The reduced number
of oligodendrocytes in the left CA4 was re-
lated to cognitive deficits in these patients.

These changes might in part be a con-
sequence of disturbed neuro-regenerative
mechanisms in the brain®. This hypothesis
is supported by findings of reduced syn-
aptic proteins and dysregulation of struc-
tural synaptic elements in the temporal
lobes in schizophrenia. The converging
lines of evidence suggest that episodic
memory dysfunction in schizophrenia
might well be caused by a disturbance of
synaptic and neuronal plasticity and dis-
connectivity”,

Understanding the underlying neuro-
biology of cognitive dysfunction is critical
to allow researchers to develop pathophys-
iology-based innovative treatment strate-
gies. So far, however, efforts to develop new
pharmacological treatments have been

disappointing. Among promising non-
pharmacological add-on interventions for
cognitive impairments, Green et al pro-
pose aerobic exercise. This treatment has
been suggested to promote neuroplasticity
at the synaptic level and to improve neuro-
genesis, at least in animal models. Moreo-
ver, epigenetic mechanisms may also be
involved.

Green et al' mention a recent meta-
analysis of controlled trials investigating
cognitive outcomes of aerobic exercise
interventions in schizophrenia. Meta-
regression analyses indicated that greater
amounts of exercise were associated with
greater improvements in global cognition.
Among the cognitive domains, aerobic
exercise improved working memory, so-
cial cognition, and a’rtention/vigﬂance5 .Ef-
fects on verbal memory were not among
the significant results, but this subdo-
main was only measured in six studies,
which limits the strength of findings in
this meta-analysis.

To achieve meaningful real-world func-
tional benefits, Green et al suggest to com-
bine cognitive remediation with aerobic
exercise. In fact, in a three-month aerobic
exercise study, in which bicycle ergom-
eter training augmented with cognitive
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remediation was compared with table soc-
cer plus cognitive remediation, we found
improvement in everyday functioning of
schizophrenia patients measured with the
Global Assessment of Functioning (GAF)
scale, and in social adjustment measured
with the Social Adjustment Scale (SAS-II).
The ability to work was associated with im-
provement in verbal memory and process-
ing speed®.

Short- and long-term verbal memory
scores and cognitive flexibility perfor-
mance were increased in schizophrenia
patients and healthy controls receiving
the endurance training augmented with
cognitive remediation at three months
versus six weeks, but this was not observed
in those receiving table soccer augmented
with cognitive remediation®. This finding
supports the need to perform long-lasting
training programs to improve cognitive
deficits in this severely affected patient
group. We previously detected an increase
in hippocampal volume after a three-
month endurance training, but we could
not replicate this finding in our second
study.

On the basis of the hypothesis that the
individual genetic risk load for schizo-

Cognitive impairment
in schizophrenia

Green et al' mention the ongoing de-
bate on whether cognitive impairment
should be part of the diagnostic criteria
for schizophrenia. In the preparatory
work for the DSM-5, this impairment
was initially proposed for inclusion, yet
the final decision was that it requires
additional study before being included.
I would like to elaborate on this point
and on the implications of the inclusion
of cognitive impairment as a diagnostic
criterion for the treatment of schizophre-
nia.

Despite the fact that cognitive impair-
ment is as prevalent as delusions, halluci-
nations or thought disorder, is present
even before the development of psycho-
sis, and is persistent rather than inter-
mittent, a number of reasons might have
contributed to the decision not to include
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phrenia - which contributes to neuroplas-
tic processes in the brain - plays a role in
the response to aerobic exercise, we cal-
culated the schizophrenia polygenic risk
score in our sample. Volume changes in
the left CA4/DG at three months versus
baseline were significantly influenced by
polygenic risk score in schizophrenia
patients performing aerobic exercise. A
larger genetic risk burden was associated
with a less pronounced volume increase
or even a volume decrease over the course
of the exercise intervention’.

Results of exploratory enrichment anal-
yses reinforced the notion that genetic
risk factors modulate biological process-
es that are tightly related to synaptic ion
channel activity, calcium signaling, gluta-
mate signaling, and regulation of cell
morphogenesis’. Interestingly, the CA4/
DG region was again most affected, which
corresponds to our post-mortem findings
in schizophrenia®. We hypothesize that a
high polygenic risk may negatively influ-
ence neuroplastic processes during aero-
bic exercise in schizophrenia, indicating a
gene x environment interaction.

Besides the need to replicate these
findings in independent samples, future

it in the criterion A for the diagnosis of
schizophrenia.

The first reason is that, contrary to the
symptoms/signs included in that criteri-
on, which can be elicited and/or observed
during a diagnostic interview, cognitive
assessment requires the administration
of a battery of psychometric tests. This is
time consuming and requires specific
training and skills that are common in re-
search settings but difficult to apply in
daily clinical practice. Moreover, since
cognitive impairment in schizophrenia
is pervasive rather than test-specific, it
is difficult to establish what pattern of
dysfunction and what degree of severity
should be present to fulfill the criterion.
Finally, a cognitive impairment of the
magnitude typically manifested in schiz-
ophrenia is too common in other mental

studies are needed to identify those pa-
tients who benefit from aerobic exercise
interventions and to assess the effects
of individual genetic and environmental
factors on treatment-induced improve-
ments in cognitive abilities. This would
contribute to the development of a per-
sonalized approach to improve cognition
in schizophrenia.
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as a diagnostic criterion and treatment target

disorders as well as in the general popula-
tion to constitute a useful diagnostic cri-
terion per se.

Despite these reservations, it is pos-
sible that in the next edition of the ICD,
and perhaps also the DSM, cognitive im-
pairment will become a criterion rather
than an associated feature in the schizo-
phrenia diagnostic category. Indeed, as
Green et al point out, knowing something
about the level of cognition in a patient
would help clinicians and families to an-
ticipate the degree of problems and suc-
cess in work, school, social functioning, or
rehabilitation.

Since cognitive impairment is present
in several mental disorders?, it will cer-
tainly appear as a central dimension in
systems such as the Research Domain Cri-
teria (RDoC). It is possible that cognitive
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dysfunction represents the distal mani-
festation of a variety of brain disorders,
from head trauma to brain degenerative
diseases to schizophrenia. It may then be
similar to pain, nausea and dyspnea, which
represent the distal manifestation of many
somatic disorders. This brings forward
the question of cognitive impairment as a
treatment target.

Over the last four decades, many inves-
tigators and pharmaceutical companies
have conducted trials in patients with a di-
agnosis of schizophrenia using constructs
of cognitive functioning as the main out-
come®, Initially, it was believed that sec-
ond-generation antipsychotics would be
able to ameliorate cognitive impairment
but, when it became clear that this was
not the case, almost every known neuro-
transmitter was targeted. Basic science
and some clinical data pointed out that
dopaminergic, nicotinic and NMDA re-
ceptors”” might all be a target for pro-
cognitive drugs.

The basic design of the trials testing
pro-cognitive compounds involved the
recruitment of symptomatically stable
schizophrenia patients and the adminis-
tration of the pro-cognitive experimental
drug or placebo added to an antipsychotic
drug for several weeks to a few months.
The add-on design was employed because
of the belief that psychosis is the primary
abnormality in schizophrenia and/or
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because of concerns that, in the absence of
maintenance treatment with antipsychot-
ics, patients would be destabilized, which
in turn would worsen their cognitive per-
formance. A few projects produced posi-
tive results in the proof of concept phases
but negative results in confirmatory trials.

A range of methodological limitations
has been discussed in an attempt to ex-
plain the failure of such trials. Selection
of specific outcome measures, length of
trial, comorbidities, poor patient’s co-
operation with testing procedures, large
placebo effects, overlap with negative
symptoms, were only some of these limi-
tations. It could also be hypothesized that,
in the add-on design, dopamine blocking
antipsychotics impair performance on cog-
nitive tests®, so that no cognitive improve-
ment can be elicited.

Furthermore, if in many individuals
cognitive performance is, in fact, inde-
pendent of psychosis, this may have im-
portant ramifications for study design.
The most important implication is that the
trials should preferably not include dopa-
mine blocking drugs. Moreover, if indeed
psychosis is only coincidentally superim-
posed on cognitive impairment, then the
pharmacological intervention should be
effective in patients without schizophre-
nia and in non-mentally ill individuals
with low cognitive performance. Hence,
new pharmacological agents should be

first tried in these individuals, to avoid the
confounding effects of other schizophren-
ic symptoms and of antipsychotic drugs.
In sum, until a better understanding
emerges, although the future editions of
the main diagnostic systems will likely in-
clude cognitive impairment as a criterion
for the diagnosis of schizophrenia, the pos-
sibility that the schizophrenia syndrome
represents the coincidental manifestation
of several distinct mental abnormalities
should not be ignored, with the relevant
implications for diagnostic systems as
well as for pharmacological and non-
pharmacological treatments.
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(World Psychiatry 2019;18:173-182)

Schizophrenia is a complex phenotype characterized by re-
ality distortion, cognitive alteration and negative symptoms.
Although the prevalence of schizophrenia spectrum disorders
is relatively low - approximately 0.47% for schizophrenia (the
poor outcome fraction) and 3.0% for other clinical diagnoses
of psychotic disorders' - they account for a tremendous per-
sonal, economic and societal burden, with 218 disability ad-
justed life years (DALYs) per 100,000%, making schizophrenia
the fifth leading cause of DALYs in the age group of 15-44
years. These figures indicate that there is an urgent need for
breakthroughs in prevention, diagnosis and management of
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schizophrenia and related disorders, which can be achieved
by increased understanding of etiopathology.

Decades of work consistently yielding high heritability esti-
mates document the role of genetic background in the etiopa-
thology of these disorders>*. In agreement with findings from
early family-based studies, recent results from the Danish na-
tionwide registers confirm that the heritability estimates range
from 73% for schizophrenia spectrum disorders to 79% for nar-
row schizophrenia diagnosis’.

Based on these findings from the field of quantitative genet-
ic epidemiology, molecular genetics has emerged as arguably
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the most popular area of investigation in research targeting
schizophrenia spectrum disorders. Easy and low-cost access to
high-throughput techniques has increased genetic resolution.
The Psychiatric Genomics Consortium® was founded to achieve
the power required to detect small effect sizes in a genome-
wide association (GWA) analysis. The Schizophrenia Working
Group of the Consortium identified 108 genome-wide sig-
nificant loci’, and the number of novel genetic variants keeps
growing as a function of sample size®. GWA findings, in line
with the half-century-old polygenic theory of schizophrenia®,
established that a large fraction of the genetic risk is explained
by many common genetic variants with very small effects
sizes.

However, the proportion of the genetic liability accounted
for by single nucleotide polymorphisms (SNPs) detected in
current GWA arrays represents only a fraction of the effect that
was suggested by heritability estimates from twin studies. In
other terms, there is a large “heritability gap” between twin
and molecular genetics studies'’. The most likely explana-
tion for this gap is that part of the genetic effect documented
by twin studies is contingent on environmental factors shared
by individuals growing up in the same family'’. The etiology of
psychosis spectrum disorder is likely to involve genetic under-
pinnings that act by making individuals more sensitive to the
effects of environmental exposures or by driving individuals to
higher exposure rates''.

In parallel to the growing knowledge base in genetics, envi-
ronmental research into schizophrenia has produced consist-
ent findings over years. Observational studies have identified
various exposures associated with risk of psychosis spectrum
disorder at different levels of evidence, with varying magni-
tude of the effect size estimates. These environmental risk fac-
tors include cannabis use, childhood adversities (e.g., sexual
abuse, emotional neglect), peer-bullying, urban environment,
proxies of social exclusion (e.g., ethnic minority, immigration,
and hearing impairment), season of birth, and obstetric and
pregnancy complications'*"3,

Although findings from empirical investigations relying on
surrogates of genetic risk (i.e., familial history of schizophre-
nia) argue for a strong influence of environment in moderating
genetic vulnerability'!, operationalizing and translating these
findings by using molecular candidate-gene approaches have
been challenging tasks"*.

The utilization of polygenic risk score (PRS) as a single met-
ric of molecular genetic risk has considerably increased the
power to detect associations with phenotypes as well as gene-
environment interactions. Currently, the PRS for schizophre-
nia (PRS-SCZ) of a subject can be estimated by summing the
log odds ratios of individual SNPs multiplied by the number
of risk alleles present at the corresponding loci'®. PRS-SCZ has
been shown to explain up to 7% of variation on the liability
scale to schizophrenia, at least when using the latest release
of the Psychiatric Genomics Consortium in patients with more
chronic forms’.
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We recently discussed the challenges of evaluating the role
of environmental exposures in psychiatry and the need to use
exposure-wide systematic approaches to separate genuine
strong signals from selective reporting'®. Guided by this, we
aimed to analyze the main and joint associations of environ-
mental exposures and PRS-SCZ in a cross-sectional sample
that was specifically collected to test for gene-environment in-
teractions in schizophrenia.

METHODS
Study population

This case-control gene-environment interaction study
used data from the Work-package 6 (WP6) of the European
Network of National Networks studying Gene-Environment
Interactions in Schizophrenia (EUGEI)'” and the Genetic
Risk and Outcome of Psychosis (GROUP) study within the
EUGEI'®, Data were collected between 2010 and 2015 in the
Netherlands, Turkey, Spain and Serbia.

Patients were diagnosed with schizophrenia spectrum dis-
orders according to the DSM-IV-TR (average duration of ill-
ness since age of first contact with mental health services = 9.9
years). The diagnosis was later confirmed by the Operational
Criteria Checklist for Psychotic and Affective Illness'® in the
EUGEI WP6, and the Schedules for Clinical Assessment in
Neuropsychiatry®® or the Comprehensive Assessment of Symp-
toms and History*' in the GROUP. Unrelated controls with no
lifetime psychotic disorder were recruited from the same popu-
lation as the cases. Exclusion criteria for all participants were a
diagnosis of psychotic disorder due to another medical condi-
tion, a history of head injury with loss of consciousness, and an
intelligence quotient <70.

A total of 1,866 patients and 1,583 healthy participants
with genotype data available were included. As the predictive
power of PRS-SCZ has not been established in people of non-
white ethnic origin®, the present analyses were restricted to
participants of Caucasian white ethnic origin. The final sample
included 1,699 patients and 1,542 unrelated controls.

The projects were approved by the medical ethics commit-
tees of all participating sites and conducted in accordance with
the Declaration of Helsinki. All respondents provided written
informed consent. Participants below the age of 18 signed an
assent; parent(s) also signed an informed consent.

To achieve high quality and homogeneity in clinical, experi-
mental and environmental assessments, standardized instru-
ments were administered by psychiatrists, psychologists or
trained research assistants who completed mandatory on-site
training sessions and online training modules, including in-
teractive interview videos and self-assessment tools'”'®, Both
on-site and online training sessions were repeated annually to
maintain high inter-rater reliability throughout the study en-
rollment period.
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Environmental exposures

Within the limits of data availability, we sought to examine
all the environmental exposures that have previously been as-
sociated with schizophrenia spectrum disorders.

Childhood adversity was assessed using the Childhood
Trauma Questionnaire Short Form (CTQ)*. This consists of 28
items, rated on a 5-point Likert scale, measuring five domains
of maltreatment (emotional and physical neglect; emotional,
physical and sexual abuse). The psychometric characteristics
of the translated versions (Spanish, Turkish, Dutch and Serbi-
an) of the CTQ have been comprehensively studied**%. To di-
chotomize each childhood adversity domain (0="absent” and
1=“present”), consistent with previous work in the EUGEI?’,
we used the following cut-off scores for each domain: =9 for
emotional abuse; =8 for physical abuse; >6 for sexual abuse;
>10 for emotional neglect; and >8 for physical neglect.

Cannabis use was assessed by a modified version of the
Cannabis Experiences Questionnaire® in the EUGEI WP6
(0="none”; 1="only once or twice”; 2="a few times a year”; 3="a
few times a month”; 4="once or more a week”; 5="everyday”),
and by the L section of the Composite International Diagnos-
tic Interview (CIDI)*® in the GROUP (0=“none”; 1="less than
weekly”; 2="“weekly”; 3="“daily”). Consistent with previous
work®*?, a binary regular cannabis use variable was con-
structed by using the cut-off value of once or more per week
during the lifetime period of most frequent use.

In accordance with previous studies investigating the as-
sociation between season of birth and schizophrenia in the
Northern hemisphere sites®, the high-risk birth period was
defined based on the winter solstice (December-March), and
a binary winter-birth exposure was constructed.

Hearing impairment was defined based on self-reported
hearing impairment in the last 12 months (0="absent” and 1=
“present”).

The history of bullying by peers (emotional, psychological
or physical violence) before 17 years of age was assessed using
the short version of the Retrospective Bullying Questionnaire
(RBQ)***, that measures the severity of the bullying experi-
ence: 0="none”; 1="some (no physical injuries)”; 2=“moderate
(minor injuries or transient emotional reactions)”; 3="“marked
(severe and frequent physical or psychological harm)” Expo-
sure to childhood bullying was dichotomized using =1 as the
cut-off point (0="absent” and >1="present”).

Genetic data processing

Samples of all individuals were genotyped at Cardiff Univer-
sity Institute of Psychological Medicine and Clinical Neurol-
ogy, using custom Illumina HumanCoreExome-24 BeadChip
genotyping arrays containing probes for 570038 genetic vari-
ants (Illumina, San Diego, CA). Genotype data were called us-
ing the GenomeStudio package and transferred into PLINK
format for further analysis.
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Quality control was conducted in PLINK v1.07°° or with cus-
tom Perl scripts. Variants with call rate <98% were excluded
from the dataset. Hardy-Weinberg equilibrium p-value was cal-
culated separately in Turkish, Northern European and Southern
European samples. Variants with Hardy-Weinberg equilibrium
p-value <le-6 in any of these three regions were excluded from
the dataset. After quality control, 559505 variants remained.

Samples with call rate <98% were excluded from the dataset.
A linkage disequilibrium (LD) pruned set of variants was cal-
culated using the --indep-pairwise command in PLINK (maxi-
mum r?=0.25, window size=500 SNPs, window step size=50
SNPs) and used for further analyses. Homozygosity F values
were calculated using the --het command in PLINK, and out-
lier samples (F<-0.11 or F>0.15) were excluded. The genotypic
sex of samples was calculated from X chromosome data using
the --check-sex command in PLINK, and samples with differ-
ent genotypic sex to their database sex were excluded.

Identity-by-descent values were calculated for the sample
in PLINK. Samples with one or more siblings among the gen-
otyped samples according to the database but no identified
genotypic siblings (defined as PI-HAT >0.35 and <0.65) were ex-
cluded. After these were removed from consideration, samples
with two or more siblings in the database that were not sup-
ported by the genotypic data were also excluded.

After visually observing clustering of errors by genotyping chip,
we decided to exclude chips with a high proportion of errors. All
samples on chips with five or more sample exclusions due to het-
erozygosity or call rate (out of 12 possible samples) were exclud-
ed. All samples on chips with four or more sample exclusions due
to sex or relative checks were also excluded, unless their identity
was corroborated by concordance between database and geno-
type relatedness data with a sample on another chip.

Principal components were calculated in PLINK using LD
pruned variants after combining the dataset with the Thousand
Genomes reference. Due to the inherently multi-population
nature of the dataset and the variety of possible analyses, no
exclusions were made to the whole dataset based on this anal-
ysis. Population effects were corrected for separately in indi-
vidual analyses.

After quality control, genotypes were imputed on the Michi-
gan Imputation Server using the Haplotype Reference Consor-
tium reference panel (version 1.1) and the programs Eagle for
haplotype phasing and Minimac3 for imputation®”*®, After
imputation, variants with an imputation r*>0.6, minor al-
lele frequency (MAF) >0.1% and call rate >99% were retained
(8277535 variants). Best-guess genotypes were generated from
genotype probabilities using PLINK.

PRS-SCZ was constructed using summary statistics from
the Psychiatric Genomics Consortium genome-wide associa-
tion study, excluding samples present in the GROUP data’.
Clumping was performed in imputed best-guess genotypes
for each dataset using PLINK (maximum r?=0.2, window
size=500kb, minimum MAF=10%, minimum imputation in-
formation (INFO) score=0.7), and variants within regions of
long-range LD around the genome (including the human ma-

175



jor histocompatibility complex) were excluded®. PRS-SCZ was
then constructed from best-guess genotypes using PLINK at
ten different p-value thresholds (1, 0.5, 0.3, 0.2, 0.1, 0.05, 0.01,
1x107%, 1x107°, 5><10'8). Consistent with previous research in
the field**3, we used p=0.05 for our primary analysis, as this
threshold explained most variation in the phenotype in the
Psychiatric Genomics Consortium analysis’.

To be able to compare our estimates from the current sample
with the previously reported estimates of the proportion of vari-
ance explained by PRS-SCZ, a logistic regression model was ap-
plied to test the association of PRS-SCZ with case-control status
(adjusted for ancestry using the first ten principal components),
and Nagelkerke’s R* was calculated. PRS-SCZ discriminated cas-
es from controls (odds ratio, OR=1.30; 95% CI: 1.25-1.34; p<0.001;
Nagelkerke’s R®=0.15), after also controlling for age, sex and coun-
try (OR=1.30; 95% CI: 1.26-1.35; p<0.001; Nagelkerke’s R?=0.20).

PRS-SCZ was dichotomized using the quartile cut-off points
based on the control distribution of PRS-SCZ within each
country (to account for differences in PRS-SCZ between coun-
tries that may arise due to ethnic variation). The highest quar-
tile (PRS-SCZ > 75% of the controls) was considered the binary
genetic risk state for schizophrenia (hereafter: PRS-SCZ5).

Statistical analyses

All analyses were carried out using the STATA version 15.0*.
Random intercept multilevel logistic regression models, tak-
ing into account clustering of participants within countries,
were applied to test the univariate associations of exposures
and PRS-SCZ,5; with case status. For each exposure, gene-
environment correlation was tested using multilevel logistic
regression models in the control sample. To test gene-envi-
ronment interaction, additive models were chosen over mul-
tiplicative models prior to data collection (EUGEI consortium
meeting, December 14, 2013), because they provide supe-
rior representation of biological synergy*® and inform public
health decisions within the sufficient cause framework*®*".

To test the joint effects of environmental exposures and genetic
score, we entered the four states occasioned by the combination
of each exposure and binary PRS-SCZ risk state (PRS-SCZ;s5) as
independent variables (three dummy variables with no-risk state
as the reference category), and case status as the dependent vari-
able, in multilevel logistic regression models.

We tested for departure from additivity using the interaction
contrast ratio, also called the relative excess risk due to interac-
tion (RERI). The RERI is considered the standard measure for in-
teraction on the additive scale in case-control studies*®. The RERI
was estimated as (ORexposure&PRS-SCZ75 - ORexposure - ORPRS-SCZ75 +
1)*. A RERI greater than zero was defined as a positive deviation
from additivity, and considered significant when the 95% CI did
not contain zero. Using the ORs derived from each model, the
RERIs for each model were calculated using the delta method.

As a sensitivity measure, the alternative bootstrap percentile
method® (N=1,000 bootstrap replications) was applied to esti-
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mate the bootstrapped 95% CI for the RERI. All models were
controlled for a priori covariates (age and sex), while models
including PRS-SCZ,5; were additionally adjusted for ances-
try, using the first ten principal components accommodating
to the general recommendations. Following the extension to
the STrengthening the Reporting of OBservational studies in
Epidemiology (STROBE) reporting guidelines®®, the interac-
tion analyses were reported using a single reference category
including the separate and joint effects of PRS-SCZ;5 and each
exposure in strata of exposure and PRS-SCZ5.

The analyses were also conducted on imputed data, given
missing observations in environmental exposure assessments.
Under the assumption of missing at random, the multiple im-
putation chained equation model® with 20 imputations restrict-
ed to in-range values was applied (relative efficiency ranging
between 97% to 99%). Imputed data were similar to observed
values in the original dataset. All analyses were run on multiply
imputed data, and estimates were pooled using Rubin’s rules™.

To test the robustness of our findings, sensitivity analyses of
binary genetic risk thresholds were conducted using the PRS-
SCZ cut points at 50% and 25% of the controls. The nominal
significance threshold was set at p=0.05.

RESULTS

Data concerning age, sex and environmental exposures in
cases and controls are reported in Table 1.

All exposures except winter birth were associated with case
status, also after adjusting for age and sex. Table 2 presents the
unadjusted and adjusted ORs for PRS-SCZ;5 and each of the
exposures associated with case status.

Except for physical abuse, there was no evidence for gene-
environment correlation, as PRS-SCZ;; was not associated
strongly or significantly with exposures in the control group
(Table 3). Physical abuse was associated with PRS-SCZ;5 (ad-
justed OR=1.84; 95% CI: 1.19-2.84; p=0.006).

Table 4 reports the interactive effects of PRS-SCZ;5 and
the exposures on the case status. There was evidence for ad-
ditive interaction between PRS-SCZ;5; and regular canna-
bis use (RERI=5.60; 95% CI: 0.88-10.33; p=0.020), childhood
bullying (RERI=2.76; 95% CI: 0.29-5.23; p=0.028), emotional
abuse (RERI=5.52; 95% CI: 2.29-8.75; p<0.001), sexual abuse
(RERI=7.61; 95% CI: 2.05-13.17; p=0.007), and emotional ne-
glect (RERI=2.46; 95% CI: 0.98-3.94; p=0.001), respectively.
Figure 1 visualizes the significant interaction effects on an
additive scale. No evidence was found for significant additive
interaction effects between PRS-SCZ;5 and physical abuse,
physical neglect, hearing impairment, and winter birth.

Analyses using the alternative bootstrap percentile meth-
od for estimating additive interactions yielded similar results
(data not shown). The sensitivity analyses replacing the a
priori set PRS-SCZ;5 as the genetic risk in the models with the
alternative cut-points of PRS-SCZ (50% and 25%) confirmed
that additive interaction was evident for regular cannabis use,
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Table 1 Demographic variables and environmental exposures in cases
and controls

Table 2 Main effects of environmental and genetic risk on case-con-
trol status

Missing
Total Controls Cases rates
Age (years, 32.419.8 33.4%10.6 31.5£9.0
mean+SD)
Sex
Male 1,951 (60.2%) 762 (49.4%) 1,189 (70.0%)
Female 1,290 (39.8%)  780(50.6%) 510 (30.0%)
Cannabis use
No 2,390 (78.6%) 1,366 (91.2%) 1,024 (66.5%) 202 (6.2%)
Yes 649 (21.4%) 132 (8.8%) 517 (33.5%)
Bullying
No 1,947 (72.3%) 1,101 (83.7%) 846 (61.4%) 547 (16.9%)
Yes 747 (27.7%)  215(16.3%)  532(38.6%)
Emotional abuse
No 2,019 (73.0%) 1,230 (84.8%) 789 (60.0%) 475 (14.7%)
Yes 747 (27.0%) 221 (15.2%) 526 (40.0%)
Physical abuse
No 2,477 (88.7%) 1,362 (93.0%) 1,115 (84.0%) 450 (13.9%)
Yes 314 (11.3%) 102 (7.0%) 212 (16.0%)

Sexual abuse

No 2,269 (81.5%) 1,309 (90.1%) 960 (72.1%) 456 (14.1%)
Yes 516 (18.5%) 144 (9.9%) 372 (27.9%)

Emotional neglect
No 1,254 (45.3%) 789 (54.3%) 465 (35.4%) 473 (14.6%)
Yes 1,514 (54.7%) 664 (45.7%) 850 (64.6%)

Physical neglect
No 1,804 (64.8%) 1039 (71.3%) 765 (57.7%) 457 (14.1%)
Yes 980 (35.2%)  419(28.7%) 561 (42.3%)

Winter birth
No 1,989 (63.2%) 951 (63.0%) 1,038 (63.4%) 94 (2.9%)
Yes 1,158 (36.8%) 559 (37.0%) 599 (36.6%)

Hearing impairment
2,869 (92.5%)
231 (7.5%)

No 1,437 (95.6%)

66 (4.4%)

1,432 (89.7%)
165 (10.3%)

141 (4.4%)
Yes

childhood bullying, emotional abuse, sexual abuse, and emo-
tional neglect across all PRS-SCZ cut-points (data not shown).
The results from the analyses performed in the imputed data
were similar (Table 5).

DISCUSSION
In this study examining the main and joint associations of

environmental exposures and genetic liability with schizo-
phrenia spectrum disorder, evidence emerged for a positive
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Unadjusted main effects Adjusted main effects®

Odds ratio Odds ratio
(95% CI) P (95% CI) P
Cannabis use 4.85(3.89-6.05) <0.001 3.96(3.16-4.97) <0.001
Bullying 3.01(2.48-3.65) <0.001 3.06(2.50-3.74) <0.001
Emotional abuse 3.51(2.93-4.22) <0.001 3.77(3.12-4.56) <0.001
Physical abuse 2.70 (2.10-3.48) <0.001 2.83(2.18-3.67) <0.001
Sexual abuse 3.66 (2.96-4.53) <0.001 4.11(3.30-5.13) <0.001
Emotional neglect ~ 2.52(2.14-2.96) <0.001 2.65(2.24-3.13) <0.001
Physical neglect 2.32(1.96-2.75) <0.001 2.33(1.96-2.78) <0.001
Winter birth 1.06 (0.92-1.23)  0.423  1.05(0.91-1.23)  0.495
Hearing impairment  2.46 (1.82-3.31) <0.001 2.67 (1.96-3.62) <0.001
PRS-SCZ75b 2.91(2.48-3.40) <0.001 2.85(2.43-3.35) <0.001

PRS-SCZ,; - polygenic risk score for schizophrenia (75% cut-point)
%adjusted for sex and age, badjusted for ten principal components

additive interaction of genetic liability with regular cannabis
use and childhood adversity domains (sexual abuse, emotion-
al abuse, emotional neglect, and childhood bullying).

To the best of our knowledge, our study is the first to report
that the sensitivity to adverse life events during childhood and
exposure to cannabis is moderated by genetic risk state for
schizophrenia (PRS-SCZ;5). Put simply, the positive additive
interaction between genetic liability and environmental expo-
sure indicates synergy between gene and environment; that is,
the combined influence of genetic liability and environmental

exposure is larger than the sum of individual effects of each.
In line with previous findings, PRS-SCZ,5 discriminated

cases from controls and all environmental exposures (except

for winter birth) were associated with case status. However,

Table 3 Gene-environment correlation between PRS-SCZ., and envi-
ronmental exposures

Unadjusted effects Adjusted effects®
Odds ratio Odds ratio
(95% CI) P (95% CI) P
Cannabis use 0.98 (0.61-1.59) 0.949  0.93(0.57-1.52)  0.771
Bullying 1.27(0.86-1.86) 0.228  1.28(0.87-1.89)  0.210
Emotional abuse 1.13(0.80-1.58) 0.493  1.13(0.81-1.59)  0.476
Physical abuse 1.82(1.18-2.81) 0.007  1.84(1.19-2.84)  0.006
Sexual abuse 0.79 (0.51-1.22) 0.287  0.79(0.51-1.23)  0.292
Emotional neglect 1.18(0.91-1.52) 0.212  1.16(0.90-1.50)  0.258
Physical neglect 1.18(0.89-1.56) 0.246  1.19(0.90-1.58)  0.219
Winter birth 1.13(0.88-1.45) 0.338  1.13(0.88-1.45)  0.332
Hearing impairment  1.13 (0.63-2.02) 0.693  1.18(0.65-2.13)  0.592

PRS-SCZ,, — polygenic risk score for schizophrenia (75% cut-point)
%adjusted for sex, age and ten principal components
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Table 4 Interaction of environmental exposures and PRS-SCZ.; on case-control status

PRS-SCZ, =0 PRS-SCZ, =1
RERI (95% CI)
N cases/controls Odds ratio (95% CI) N cases/controls Odds ratio (95% CI)
Cannabis use = 0 556/1042 1.0 468/324 2.84 (2.36-3.40) 5.60
p<0.001 (0.88-10.33)
Cannabis use = 1 296/102 4.10 (3.13-5.36) 221/30 11.54 (7.60-17.51) p=0.020
p<0.001 p<0.001
Bullying = 0 454/842 1.0 392/259 2.84(2.31-3.47) 2.76
p<0.001 (0.29-5.23)
Bullying = 1 296/163 2.97 (2.34-3.76) 236/52 7.56 (5.41-10.56) p=0.028
<0.001 p<0.001
Emotional abuse = 0 464/939 1.0 325/291 2.39 (1.95-2.94) 5.52
<0.001 (2.29-8.75)
Emotional abuse = 1 273/166 3.26 (2.58-4.12) 253/55 10.17 (7.33-14.10) p<0.001
p<0.001 p<0.001
Physical abuse = 0 632/1049 1.0 483/313 2.71 (2.25-3.26) 1.64
p<0.001 (-1.07 to 4.34)
Physical abuse = 1 107/65 2.97 2.11-4.17) 105/37 6.31 (4.19-9.52) p=0.235
p<0.001 <0.001
Sexual abuse = 0 536/993 1.0 424/316 2.68 (2.21-3.25) 7.61
p<0.001 (2.05-13.17)
Sexual abuse = 1 208/114 3.89 (2.99-5.08) 164/30 13.19 (8.60-20.22) p=0.007
p<0.001 <0.001
Emotional neglect = 0 273/610 1.0 192/179 2.64 (2.03-3.44) 2.46
<0.001 (0.98-3.94)
Emotional neglect = 1 464/495 258 (2.10-3.17) 386/169 6.69 (5.20-8.59) p=0.001
p<0.001 p<0.001
Physical neglect = 0 438/804 1.0 327/235 2.81 (2.26-3.50) 151
p<0.001 (0.00-3.03)
Physical neglect =1 308/306 2.42 (195 t0 3.01) 253/113 5.75 (4.36-7.58) p=0.051
p<0.001 <0.001
Winter birth = 0 562/733 1.0 476/218 3.11 (2.53-3.82) 0.55
p<0.001 (-1.36 10 0.27)
Winter birth = 1 333/414 1.16 (0.96 to 1.41) 266/145 2.72 (2.14-3.48) p=0.186
p=0.123 <0.001
Hearing impairment = 0 767/1098 1.0 665/339 2.97 (2.51-3.52) 1.04
p<0.001 (-2.65 to 4.74)
Hearing impairment = 1 107/50 3.11 (2.16 to 4.48) 58/16 6.13 (3.43-10.95) p=0.579
p<0.001 <0.001

PRS-SCZ,, - polygenic risk score for schizophrenia (75% cut-point), RERI — relative excess risk due to interaction

Data adjusted for sex, age and ten principal components

no evidence for an additive interaction with PRS-SCZ,; was
observed for physical abuse, physical neglect, hearing impair-
ment, or winter birth.

The proportion of variance explained by PRS-SCZ in our sam-
ple was comparable to previously reported estimates® and the
most recent findings from the Psychiatric Genomics Consor-
tium’. In this dataset, we strictly conformed to previous defi-
nitions of environmental exposures to improve reproducibility
and allow comparability. In agreement with previous reports,
our univariate analysis demonstrated that the exposures we
tested were associated with case status to varying degrees, that
were similar to meta-analytical estimates'*",
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By taking advantage of direct molecular measures of genetic
risk, we provided further support for the putative role of gene-
environment interaction in schizophrenia spectrum disorder
that was observed in previous studies applying indirect genetic
liability estimates derived from family-based (e.g., twin, rela-
tive) samples®*. Our findings were corroborated by the results
obtained from regression models using different genetic liabil-
ity thresholds (PRS-SCZ cut-offs at 50% and 25%) and analyses
ran in imputed data.

The RERIs and 95% ClIs for emotional and sexual abuse were
above 2, thereby suggesting a “mechanistic” interaction®, i.e.,
that there are individuals who would develop schizophrenia
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Figure 1 Additive effects of cannabis use, emotional abuse, sexual abuse, emotional neglect and bullying on the association between the poly-
genicrisk score for schizophrenia, 75% cut-point (PRS) and case-control status, adjusted for sex, age and ten principal components; RERI - relative

excess risk due to interaction

only when both genetic liability and environmental exposure
(emotional or sexual abuse) are present, but would not devel-
op schizophrenia when either genetic liability or environmen-
tal exposure is present alone.

PRS-based approaches have recently gained traction in
detecting gene-environment interaction. Previously, studies
investigated the possible interaction between some genetic
polymorphisms possibly linked to the putative biological
mechanisms underlying psychosis and cannabis use or child-
hood adversity. Although SNPs (in various genes) for genetic
moderation (e.g., AKT1, COMT, BDNF) were identified, these
findings were inconsistent across samples® and became sec-
ondary once the genome-wide approach took over the scene.

To date, alimited number of studies tested gene-environment
interaction across the psychosis spectrum using PRS-SCZ. A pi-
lot study of 80 patients with first-episode psychotic disorders
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and 110 controls investigating whether PRS-SCZ moderates
the association between childhood adversities and psychosis,
although yielding main effects of both PRS-SCZ and childhood
adversities, was considerably underpowered to detect gene-
environment interaction®®. A recent study demonstrated that
intra-uterine environment moderates the association between
PRS-SCZ and schizophrenia, and further revealed in the path-
way analysis that genes involved in cellular stress response
were the main drivers of the gene-environment interaction®’. In
our recent study of a general population twin cohort, we found
evidence for positive interaction effects between PRS-SCZ and
exposure to childhood adversities to pleiotropically influence
momentary emotional regulation and psychosis proneness®®
Further, a multimodal study combining genetics and imaging
techniques reported that the association between PRS-SCZ
and cortical maturation in young male adults is moderated by
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Table 5 Additive interaction effects of PRS-SCZ._, and the environ-

mental exposures on case-control status in the imputed data

Main effects® Interaction®
Odds ratio RERI
(95% CI) P (95% CI) P

Cannabis use 3.94(3.15-4.93) <0.001 5.18 (0.62-9.74) 0.026
Bullying 2.88(2.36-3.51) <0.001 2.88(0.63-5.13) 0.012
Emotional abuse  3.49 (2.88-4.24) <0.001 5.11(2.10-8.13) 0.001
Physical abuse 2.65(2.06-3.40) <0.001 1.40(-1.10t03.90) 0.272
Sexual abuse 3.74 (3.00-4.66) <0.001 6.84 (1.77-11.92) 0.008
Emotional 2.51(2.14-2.95) <0.001 2.37(0.90-3.84) 0.002

neglect
Physical neglect 2.14(1.79-2.57) <0.001 1.42(-0.05t02.88) 0.058
Winter birth 1.06 (0.91-1.23) 0485 -0.53(-1.36t0 0.30) 0.209
Hearing 2.68(1.97-3.66) <0.001 1.24(-2.51t05.00) 0.516

impairment

PRS-SCZ., — polygenic risk score for schizophrenia (75% cut-point), RERT —
relative excess risk due to interaction
%adjusted for sex and age, badjusted for sex, age and ten principal components

early-life exposure to cannabis™. Taken together, while the area
of gene-environment research is progressing rapidly toward a
more replicable path informed by the use of GWA data, conclu-
sive evidence has yet to emerge.

There are various ways in which our findings can move for-
ward gene-environment interaction research in the GWA era.
First, they are useful in providing direction for future pre-regis-
tered confirmatory studies. Second, they may open up promis-
ing research lines for further exploration of gene-environment
interactions in the biological context, such as using biologically-
informative pathway scores instead of an aggregate genetic risk
score for disease phenotype. These studies may help us inves-
tigate both hypotheses for biologically plausible pathways im-
pacted by distinct exposures (e.g., hypoxia-ischemia pathway x
obstetric complications and childhood adversities x hypotha-
lamic-pituitary-adrenal axis)®*®, and putative common final
pathways, such as the broad inflammatory pathway which may
be influenced by many exposures cumulatively®.

However, there are important caveats: pathway scores may
be less powerful than the overall polygenic scores for pheno-
types, and there are almost endless options for selecting and
constructing “putative” pathways. Therefore, gene-sets for
pathways should be a priori defined and frozen at a central
repository to avoid data-dredging. Further, study protocols for
hypothesis-driven selective exposure and pathway analyses
(e.g., regular cannabis use and endocannabinoid pathway)
should ideally be either registered or, if this is not possible, ag-
nostic data analyses should be followed through.

In our study, data were collected through extensive inter-
views by trained psychiatrists, psychologists and research
assistants to specifically test the role of gene-environment
interaction in schizophrenia. Further, our culturally and geo-
graphically diverse sample provided us with the advantage of
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observing variations in environmental exposures, which in-
creases the power to detect interaction effects®.

However, some limitations should be acknowledged. First,
the cross-sectional design informs only on temporal associa-
tion and not causality. Nevertheless, cross-sectional analyses
arguably remain an essential first step for identifying risk fac-
tors and pave the way for future longitudinal studies to investi-
gate gene-environment interaction in evolutionary trajectories.
Second, given the sample size and explorative nature of the
study, we focused on main and interaction associations of pre-
viously established environmental factors and PRS-SCZ. How-
ever, the reality is much more complex than current statistical
models can accommodate, involving dynamic interactions,
causal and non-causal associations within the exposome (e.g.,
dense correlation matrix of environmental factors influenced
by the timing, duration, severity and extent of repeated expo-
sures over time)16'64; the genome (e.g., epistasis, redundancy
and pleiotropy)®’; and the phenome (multidimensional syn-
dromal diversity)®. Third, instead of the commonly-exercised
selective reporting of one exposure at a time, we embraced a
quasi-systematic approach to provide an overall picture of
the gene-environment interactions findings from this dataset.
However, we could not test some other known exposures (e.g.,
obstetric and pregnancy complications).

In conclusion, by using a molecular genetic risk measure, we
have provided further evidence for the role of gene-environment
interaction in schizophrenia. Our findings warrant further vali-
dation in pre-registered confirmatory research.

APPENDIX

GROUP investigators in EUGEI included: Behrooz Z. Alizadeh, Therese van
Amelsvoort, Nico J. van Beveren, Richard Bruggeman, Wiepke Cahn, Lieuwe
de Haan, Philippe Delespaul, Jurjen J. Luykx, Inez Myin-Germeys, Ruud van
Winkel and Jim van Os.
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A recent individual patient data meta-analysis showed that antidepressant medication is slightly more efficacious than cognitive behavioral
therapy (CBT) in reducing overall depression severity in patients with a DSM-defined depressive disorder. We used an update of that dataset,
based on seventeen randomized clinical trials, to examine the comparative efficacy of antidepressant medication vs. CBT in more detail by
focusing on individual depressive symptoms as assessed with the 17-item Hamilton Rating Scale for Depression. Five symptoms (i.e., “depressed
mood”, “feelings of guilt”, “suicidal thoughts”, “psychic anxiety” and ‘general somatic symptoms”) showed larger improvements in the medica-
tion compared to the CBT condition (effect sizes ranging from .13 to .16), whereas no differences were found for the twelve other symptoms. In
addition, network estimation techniques revealed that all effects, except that on “depressed mood”, were direct and could not be explained by
any of the other direct or indirect treatment effects. Exploratory analyses showed that information about the symptom-specific efficacy could help
in identifying those patients who, based on their pre-treatment symptomatology, are likely to benefit more from antidepressant medication than
Jfrom CBT (effect size of .30) versus those for whom both treatments are likely to be equally efficacious. Overall, our symptom-oriented approach
results in a more thorough evaluation of the efficacy of antidepressant medication over CBT and shows potential in “precision psychiatry”.
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(World Psychiatry 2019;18:183-191)

Previous studies have consistently shown that both antide-
pressant medication and cognitive behavioral therapy (CBT)
are effective acute phase treatments for depression' . Con-
ventional meta-analyses indicated that their efficacy is com-
parable’, while a recent individual patient data meta-analysis
(IPDMA) showed that antidepressant medication is slightly
more efficacious than CBT®.

IPDMA is a relatively new technique in the field of men-
tal health, that has the advantage to use raw data rather than
pooling outcomes as in conventional meta-analyses®. This re-
sults in higher statistical power and provides the opportunity
to not only detect relatively small treatment effects but also to
assess treatment efficacy in more detail.

Randomized clinical trials (RCTs) on the comparative effi-
cacy of antidepressant medication vs. CBT have primarily fo-
cused on changes in overall depression severity, and related
outcomes such as response and remission rates. Scales for
assessing depression severity are often multifactorial’'°, and
some RCTs have shown that these subscales differ in their re-
sponse to antidepressant medication vs. CBT" .

World Psychiatry 18:2 - June 2019

Fried et al'’ reported, however, that the multifactorial struc-
ture of several commonly used depression scales is not stable
over time and, consequently, scale or subscale scores may be
inappropriate as outcome measures. It would therefore be
valuable to use data of an IPDMA, with its substantial statisti-
cal power, to assess the comparative efficacy of antidepressant
medication vs. CBT in more detail; namely, by focusing on in-
dividual symptoms"' 3.

An additional advantage of a focus on individual symptoms
is that it could help in generating hypotheses regarding the dif-
ferential working mechanisms of treatment. Our group was
the first to apply network estimation techniques in research
on treatment efficacy, reporting that adjunctive antidepres-
sant medication, relative to psychotherapy alone, was directly
related to larger improvements in five specific symptoms (i.e.,
direct treatment effects), which were subsequently related
to larger improvements in two other symptoms (i.e., indirect
treatment effects)'®. Adjunctive medication had no effects, nei-
ther directly nor indirectly, on nine other symptoms. As net-
work estimation techniques can identify the complex patterns
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in which symptom improvements are related, they have great
potential in shedding light on the processes taking place dur-
ing treatment.

A detailed assessment of the symptom-specific comparative
efficacy of antidepressant medication vs. CBT would be im-
portant, as it could inform clinicians more precisely about the
preferred treatment option for depressed patients in general.
This is especially valuable as symptoms differ in their clinical
relevance; for example, an effect on “suicidal thoughts” would
be more relevant than an effect on “loss of weight”

The findings might also help in identifying patients who,
based on their pre-treatment symptomatology, would benefit
the most from one treatment relative to the other. That is, pa-
tients primarily suffering from symptoms that are affected by
one treatment would probably benefit more from that treat-
ment than patients primarily suffering from other symptoms.
A focus on individual symptoms may therefore also be an im-
portant step in “precision psychiatry’.

To our knowledge, this is the first IPDMA that focused on in-
dividual symptoms in a more detailed assessment of the com-
parative efficacy of antidepressant medication vs. CBT in the
treatment of depression. In a second step, we used network es-
timation techniques to test whether the identified effects were
direct or indirect. Thirdly, we wanted to explore whether infor-
mation about the symptom-specific effects of antidepressant
medication vs. CBT could help in identifying patients who,
based on their pre-treatment symptomatology, are likely to
benefit more from one treatment relative to the other.

METHODS
Sample

Our starting point was a recent IPDMA including data of
individual patients who participated in RCTs directly compar-
ing antidepressant medication vs. CBT®. Only studies includ-
ing outpatients with a primary diagnosis of a DSM-II, DSM-III
or DSM-1V depressive disorder (major depressive disorder or
dysthymia), as established by a standardized diagnostic inter-
view, were included. In addition, CBT was required to be man-
ualized and use cognitive restructuring as the main treatment
component. Studies focusing on remitted patients or including
patients younger than 18 years were excluded. Studies enroll-
ing patients with comorbid general medical disorders were not
excluded, and no language restrictions were applied.

Twenty-four studies were identified for the IPDMA. Au-
thors were invited via email to provide original data from their
trial. If the authors did not respond to the request after one
month, a reminder email was sent and efforts to contact co-
authors were made. Authors of four studies were unreachable
and authors of another four studies no longer had access to
the data. Of the remaining sixteen studies, fourteen'*?” used
the Hamilton Depression Rating Scale (HAM-D) to assess de-
pressive symptoms and were included in the current analyses
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(responsible for 1,472 patients). Three studies®>° were added

(responsible for 384 patients) as an update of the dataset.

Of the 1,856 included patients, 843 (45.4%) were randomly
assigned to CBT and 1,013 (54.6%) to antidepressant medica-
tion (i.e., several studies had double-sized medication condi-
tions). In total, 1,513 (81.5%) had complete pre-treatment data
on all individual depressive symptoms, with no difference be-
tween antidepressant medication and CBT (82.0% versus 80.9%,
p=0.53). Of the patients with complete pre-treatment data, 1,070
(70.7%) had complete post-treatment data on all individual
items and comprised the sample for our analyses. Slightly more
patients had incomplete post-treatment data in the medication
relative to the CBT condition (31.4% versus 26.7%, p=0.04).

Assessment of depressive symptomatology

Individual depressive symptoms were assessed by separate
items of the 17-item HAM-D®', both before and after treat-
ment (i.e., 8-20 weeks after the pre-treatment assessment).
The HAM-D includes seventeen items, which are scored from
0 to 4 (items 1-3, 7-11,15-16) or 0 to 2 (items 4-6, 12-14, 17).
We chose the HAM-D for the assessment of individual depres-
sive symptoms, as this was the most often used instrument in
studies on the comparative efficacy of antidepressants vs. CBT.
Overall depression severity was calculated by the sum of all
HAM-D items.

Statistical analyses

All non-network analyses were performed using SPSS (ver-
sion 24). First, baseline characteristics were compared be-
tween patients in the medication vs. CBT condition using X*
statistics for categorical variables (i.e., gender and recruit-
ment setting) and independent samples t-tests for continu-
ous variables (i.e., age, timing of post-treatment assessment,
overall depression severity and individual depressive symp-
tom scores). Then, paired t-tests were performed to compare
post-treatment to pre-treatment symptom scores for medica-
tion and CBT separately. Independent samples t-tests were
performed to determine whether change scores of individual
symptoms differed between the two treatment conditions.

As a sensitivity analysis, we repeated the above tests in a
dataset (N=1,513) in which change scores of patients with
missing post-treatment symptom scores were imputed using
multiple imputation with baseline symptom scores and socio-
demographics as predictor variables.

In a next step, statistical software R (version 3.3.3) was used
to estimate a network including treatment condition (medica-
tion vs. CBT) and changes in individual depressive symptoms.
As this combines a dichotomous variable (treatment condi-
tion) with continuous variables (change scores), the network
was estimated with package mgm®* using a mixed graphical
model. This package uses the glmnet package® to fit penal-
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ized generalized linear models to perform neighborhood se-
lection®*. Package qgraph®® was used to visualize the network.

In this network, a direct connection between treatment
condition and a change in a particular symptom indicates a
direct symptom-specific effect, which is independent of the
symptom-specific effects on other symptoms. If treatment
condition is connected to a particular symptom via one or
more changes in other symptoms, it may be interpreted as an
indirect symptom-specific effect.

As a sensitivity analysis, we estimated networks including
changes in individual symptoms for antidepressant medica-
tion and CBT separately. The package network comparison
test*® was used to test whether the networks differed.

Lastly, we explored whether it was possible to identify those
patients who are likely to benefit more from one treatment rela-
tive to the other. We expected that patients primarily suffering
from symptoms that were affected by one treatment would
benefit more from that treatment than patients primarily suf-
fering from other symptoms. To test this, two specific severity
measures were calculated, based on the simple sum of scores
on those pre-treatment symptoms that: a) were significantly
impacted by one treatment relative to the other; and b) were the
least impacted by one treatment condition relative to the other.
We expected that the effect of treatment condition on overall
depression severity would be larger in patients with higher
scores on the first specific severity measure, but not in patients
with higher scores on the second specific severity measure.

RESULTS
Baseline characteristics

Of the 1,070 included patients, 500 received CBT and 570
received antidepressant medication. Patients in the two condi-
tions did not differ in any of the socio-demographic and study
characteristics, except for recruitment setting. In addition, no
significant differences were found with respect to baseline
overall depression severity or any of the individual depressive
symptoms (see Table 1).

Symptom-specific comparative efficacy of antidepressant
medication vs. CBT

Although overall depression severity improved significantly
in both treatment conditions (both p<0.001), this improvement
was slightly but significantly larger for antidepressant medica-
tion than for CBT (Cohen’s d=.15) (see Table 2). All individual
symptoms also showed significant improvements in both con-
ditions (all p values <0.01 for CBT and <0.04 for antidepressant
medication), but significant differences between the two con-
ditions were found only for the symptoms “depressed mood’,
“feelings of guilt’, “suicidal thoughts’, “psychic anxiety” and

“general somatic symptoms”. These symptoms showed larger
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improvements for medication than for CBT, although effect
sizes were small (Cohen’s d ranging from .13 to .16). No sig-
nificant effects of treatment condition were found for the other
twelve symptoms.

The results of the sensitivity analysis based on the imputed
dataset were similar; p values differed somewhat, but improve-
ments between conditions remained comparable.

Direct and indirect symptom-specific effects of
antidepressant medication vs. CBT

To provide more information about the direct and indirect
symptom-specific effects of antidepressant medication vs. CBT, a
network was estimated including treatment condition and chang-
es in individual symptoms (Figure 1). The previously identified
symptom-specific effects on “feelings of guilt’, “suicidal thoughts’,
“psychic anxiety” and “general somatic symptoms” were, at least
partly, direct, indicating that the larger improvements for anti-
depressants relative to CBT could not be fully explained by any
of the other direct or indirect symptom-specific effects.

The previously identified symptom-specific effect on “de-
pressed mood” was fully indirect, suggesting that improve-
ments in the four symptoms that were directly affected by
medication relative to CBT resulted, both directly and indi-
rectly, in a larger improvement in “depressed mood”.

Sensitivity analyses showed that the two networks including
changes in all seventeen individual symptoms did not differ
for antidepressant medication vs. CBT (p=0.77 for global con-
nectivity, and Holm-Bonferroni corrected p values all 20.95 for
individual connections).

Identifying patients who benefit more from
antidepressant medication relative to CBT

Lastly, we explored whether it was possible to identify pa-
tients, based on their pre-treatment symptomatology, who
would benefit more from antidepressant medication than
from CBT. A specific pre-treatment severity measure was cal-
culated based on the five symptoms that were significantly
affected by medication over CBT. As expected, only those pa-
tients with the highest scores on this measure improved sig-
nificantly more from antidepressants than from CBT (Cohen’s
d=.30, see Figure 2).

As a comparison, another specific severity measure was cal-
culated based on the five symptoms that responded the least
to antidepressant medication relative to CBT (i.e., “agitation’,
“somatic anxiety’, “genital symptoms’, “loss of weight’, and
“insight”; all non-significant effects), which was only weakly
correlated with the first severity measure (r=.23). As expected,
patients with the highest scores on this measure did not show
significantly larger improvements for antidepressant medica-
tion relative to CBT, but, interestingly, patients with the lowest
scores did (Cohen’s d=.33, see Figure 3).
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Table 1 Sample characteristics

ADM condition CBT condition
(N=570) (N=500) P
Gender (% female) 67.0 68.8 0.53
Age at baseline (years, mean+SD) 39.8+12.7 40.0£12.6 0.85
Recruitment setting (%) <0.001
Community 29.1 18.6
Clinical 51.2 59.2
Both 19.6 22.2
Timing of post-treatment assessment (weeks, mean+SD) 13.243.1 13.3%£3.1 0.44
Overall depression severity (HAM-D total score, mean+SD) 18.6+4.8 18.3+4.5 0.30
HAM-D scores for individual symptoms (mean+SD)
Depressed mood 2.2+0.8 2.2+0.8 0.64
Feelings of guilt 1.6£0.9 1.6£0.9 0.25
Suicidal thoughts 0.8%1.0 0.7£0.9 0.14
Early night insomnia 1.0£0.9 1.0£0.9 0.36
Middle night insomnia 1.1+0.8 1.1£0.8 0.57
Early morning insomnia 0.8+0.8 0.7+£0.8 0.34
Work and activities 2.410.9 2.310.9 0.15
Retardation 0.5+0.7 0.6+0.7 0.38
Agitation 0.7£0.9 0.7£1.0 0.22
Psychic anxiety 1.7£0.9 1.7£0.9 0.65
Somatic anxiety 1.6+0.9 1.6£0.9 0.73
Gastrointestinal symptoms 0.6+£0.7 0.5+0.7 0.18
General somatic symptoms 1.4+0.6 1.5£0.6 0.38
Genital symptoms 1.2+0.8 1.1£0.8 0.31
Hypochondriasis 0.6+0.8 0.7+£0.8 0.16
Loss of weight 0.3+£0.6 0.3£0.6 0.26
Insight 0.1+0.4 0.1+0.3 0.33

ADM - antidepressant medication, CBT — cognitive behavioral therapy, HAM-D — Hamilton Depression Rating Scale

DISCUSSION
Principal findings

To our knowledge, this study is the first IPDMA that consid-
ered individual depressive symptoms in the comparison of the ef-
ficacy of antidepressant medication vs. CBT. Five symptoms (i.e.,
“depressed mood’, “feelings of guilt’ “suicidal thoughts’ “psychic
anxiety” and “general somatic symptoms”) showed larger im-
provements in the medication relative to CBT condition, whereas
no differences were found for the twelve other symptoms. Net-
work estimation techniques revealed that all effects were direct,
except for the indirect effect on “depressed mood” Our findings
further suggest that information about the symptom-specific ef-
ficacy could help in identifying those patients, based on their pre-
treatment symptomatology, who are likely to benefit more from
antidepressant medication than from CBT.
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Symptom-specific efficacy of antidepressant medication
vs. CBT

Weitz et al’ recently demonstrated that antidepressant medi-
cation was slightly more efficacious in improving overall depres-
sion severity than CBT. This conclusion was not only confirmed
by our updated IPDMA, but also extended by providing detailed
information about the symptom-specific efficacy. As the effect
on overall depression severity was small (effect size of .15), it is
not surprising that the five identified symptom-specific effects
were also small (effect sizes ranging from .13 to .16).

Small effects are, however, not uncommon in studies on
the comparative efficacy of treatments. Given the robustness
of the findings as well as the clinical relevance of the identi-
fied symptom-specific effects (especially the effect on “suicidal
thoughts”), we believe that it would be unwise to ignore the
beneficial effects of antidepressant medication over CBT.
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Table 2 Improvements in depressive symptomatology in the ADM versus CBT condition

ADM condition CBT condition
(N=570) (N=500) P Cohen’s d
Overall depression severity (HAM-D total score, mean+SD) 10.49+6.84 9.43+6.87 0.01 15
HAM-D scores for individual symptoms (meantSD)
Depressed mood 1.43%1.11 1.28%1.19 0.03 13
Feelings of guilt 0.99+1.14 0.82+1.05 0.02 .16
Suicidal thoughts 0.60£1.04 0.44%0.97 0.007 .16
Early night insomnia 0.52+0.95 0.49£1.00 0.56 .03
Middle night insomnia 0.50%£1.02 0.45%+0.95 0.39 .05
Early morning insomnia 0.38+0.98 0.2940.96 0.13 .09
‘Work and activities 1.53%£1.29 1.39£1.33 0.08 A1
Retardation 0.40£0.67 0.36%0.76 0.32 .06
Agitation 0.35+0.97 0.37£0.97 0.68 -.02
Psychic anxiety 1.00£1.09 0.85+1.17 0.03 13
Somatic anxiety 0.68%1.10 0.69%1.16 0.88 -.01
Gastrointestinal symptoms 0.324+0.78 0.2940.71 0.47 .04
General somatic symptoms 0.75%£0.92 0.64+0.83 0.05 13
Genital symptoms 0.551£0.94 0.57£0.98 0.77 -.02
Hypochondriasis 0.29+0.84 0.32+0.94 0.67 -.03
Loss of weight 0.15%0.69 0.15%0.66 0.91 -.00
Insight 0.04£0.40 0.04%0.40 0.78 -.00

ADM - antidepressant medication, CBT — cognitive behavioral therapy, HAM-D — Hamilton Depression Rating Scale

To our knowledge, no previous RCTs have examined a broad
spectrum of individual depressive symptoms in comparing the
efficacy of antidepressant medication vs. CBT, but some have
considered subscales based on combinations of symptoms’™.
None of these studies have found differences in the efficacy on
cognitive and affective symptoms”?, although two identified
short-term effects that disappeared at a later stage’™®.

An explanation for the identified symptom-specific effects
in our study could lie in the use of IPDMA, which, with its sub-
stantial statistical power, makes it possible to detect relatively
small effects. In addition, the strategy of combining symptoms
into subscale scores may have obscured differential responses
at the level of individual symptoms. Fournier et al® found, for
example, no differences between cognitive therapy and anti-
depressants on the “mood” subscale, which incorporates both
symptoms that did (i.e., “depressed mood”) and did not (i.e.,
“work and activities” and “retardation”) differ between treat-
ment conditions in our study. This combination of findings un-
derlines the importance of sufficient statistical power as well
as a focus on individual symptoms in research on treatment
efficacy.

Although Fournier et al did not find any differences in sub-
scales of cognitive and affective symptoms, they did find that
cognitive therapy was more efficacious than medication in
improving atypical-vegetative symptoms’. Additional analyses
showed that this effect was only present for hypersomnia, but
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not increased appetite. It is important to note that these two
atypical-vegetative symptoms are not included in the 17-item
HAM-D and, thus, are not considered as outcomes in our study.
We believe that it would be important for future studies to
also consider atypical-vegetative symptoms as well as other
clinically relevant symptomatology (e.g., anxiety symptoms
or alcohol problems). In addition, it would be interesting to
consider other outcomes that are clinically relevant, such as
various aspects of quality of life or daily functioning, in order
to provide a more thorough evaluation of treatment options.

Direct and indirect symptom-specific effects of
antidepressant medication vs. CBT

Our study used network estimation techniques to shed light
on the mechanisms of change during treatment. These analy-
ses revealed that four of the five symptom-specific effects were
direct (i.e., “feelings of guilt’, “suicidal thoughts’, “psychic anxi-
ety” and “general somatic symptoms”) and, thus, were inde-
pendent of any of the other direct or indirect symptom-specific
effects of antidepressant medication over CBT. The effect on
“depressed mood” was indirect, indicating that the larger im-
provement was only present in patients who also experienced
larger improvements in other symptoms in the medication
relative to CBT condition. It is, however, important to note that
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pan psychic anxiety
sui  suicidal thoughts
gui  feelings of guilt
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wei loss of weight
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Figure 1 Direct and indirect symptom-specific effects of antidepressant medication (ADM) vs. cognitive behavioral therapy (CBT). Treatment
type is represented by the square (TR), and individual symptoms as circles. Black lines indicate direct connections between treatment condition
and improvements in individual symptoms (i.e., direct treatment effects), whereas grey lines indicate connections between improvements in
individual symptoms (i.e., potential indirect treatment effects). Thicker lines represent stronger connections. Darker circles represent stronger

effects of ADM over CBT. The network is presented at y=0.25.

network estimations employ regularization techniques which
set weak connections to zero and, thus, conservatively identify
the most relevant connections. This implies that, in reality, an-
tidepressant medication may have a weak direct effect on “de-
pressed mood” and, thus, this effect would not be fully indirect.
The same might be true for other connections in the network.
Network estimations are, therefore, not intended to formally
test for mediation, but do provide insights into the patterns in
which symptom improvements are related and can be used in
generating hypotheses.

The network further revealed that improvements in symp-
toms were related in very complex patterns, with connections
that were often intuitively plausible. It is, for example, easy
to imagine that patients reporting less depressed mood after
treatment often also reported fewer problems with work and
activities, whereas patients reporting fewer gastrointestinal
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symptoms often reported less loss of weight. Interestingly,
the networks were similar for the two treatment conditions,
indicating that, regardless of the treatment, patients tend to
report the same simultaneous symptom improvements. The
only difference between the treatment conditions, thus, lies in
the magnitude of improvement of the five symptoms that were
specifically affected by antidepressant medication over CBT.
Although our findings demonstrate potential in generat-
ing hypotheses regarding the mechanisms of change during
treatment, it is important to remark that changes in symptoms
were assessed simultaneously and, consequently, the tempo-
ral relationships between them remain unknown. To examine
the actual dynamics of symptoms over time, it would be more
appropriate to use experience sampling method data, includ-
ing multiple assessments with short time intervals®’. For such
research, it would be valuable to also consider other clinically
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Figure 2 Stratification based on increasing scores on a specific pre-treatment severity indicator calculated by summing the five symptoms that
responded the most to antidepressant medication (ADM) relative to cognitive behavioral therapy (CBT). * Cohen’s d=.30.

relevant outcomes, as well as factors that are hypothesized to
play a role in the working mechanisms of treatment, such as
therapeutic alliance or social support.

Identifying patients who benefit more from
antidepressant medication relative to CBT

Our findings showed that, in general, antidepressant medi-
cation was more efficacious than CBT in improving “depressed
mood’, “feelings of guilt’) “suicidal thoughts’, “psychic anxiety’,

and “general somatic symptoms” (effect sizes ranging from
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.13 to .16). This suggests that patients primarily suffering from
these five symptoms would benefit more from antidepressant
medication than from CBT, which was supported by our ex-
ploratory analyses. Only patients with the highest scores on
these five symptoms showed significantly and substantially
larger improvements in overall depression severity after medi-
cation relative to CBT (effect size of .30). In contrast, antide-
pressants and CBT were equally efficacious for patients with
lower scores on these symptoms. Our findings, thus, may be
an important step in “precision psychiatry’, as they can inform
clinicians more precisely about the preferred treatment option
based on the pre-treatment symptomatology of a patient.

1st quartile 2nd quartile

3rd quartile 4th quartile

Figure 3 Stratification based on increasing scores on a specific pre-treatment severity indicator calculated by summing the five symptoms that
responded the least to antidepressant medication (ADM) relative to cognitive behavioral therapy (CBT). * Cohen’s d=.33.
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Strengths and limitations

Strengths of the current study were that we used data from
an updated IPDMA, which enabled us to assess treatment ef-
ficacy in more detail by focusing on individual symptoms. Al-
though several studies have used network analysis techniques
to examine the relations between depressive symptoms at a
single time point®®*!, we were the first to use these techniques
on changes in symptoms over time in order to distinguish di-
rect and indirect treatment effects'”.

However, a focus on symptoms also brings challenges. For
example, some studies have shown that the inter-rater reliabil-
ity of several HAM-D items was poor*’, whereas others were
more positive43 . Therefore, more research is needed on the reli-
ability and validity of assessing individual symptoms, especially
as a measure of treatment efficacy. In addition, the number of
response categories on the HAM-D differs across symptoms.
Sensitivity to detect changes in symptom severity may be high-
er for symptoms with more response categories and this could
explain the fact that, in general, the largest symptom-specific
effects in our study, as well as in the study of Hieronymus et al'?,
were observed for symptoms with more response categories.

The HAM-D items comprise a relatively narrow scope of
possible outcomes and, therefore, it would be valuable to also
consider other outcomes that are clinically relevant. It would
also be interesting to consider other treatment options and to
differentiate between antidepressant medication types, which
are known to have different side effects*.

CONCLUSIONS

Our study showed that antidepressant medication was more
efficacious than CBT in improving five, but not twelve other,
depressive symptoms. Although the five symptom-specific ef-
fects were small (effect sizes of .13 to .16), the specific symp-
toms, such as “suicidal thoughts’, were all clinically relevant
and, therefore, it would be unwise to ignore them. In addition,
exploratory analyses suggested that this information could be
helpful in “precision psychiatry”: based on the pre-treatment
symptomatology of patients, it was possible to identify those
who were likely to benefit more from antidepressant medica-
tion than from CBT (effect size of .30) and those for whom both
treatments were equally efficacious.

We think that such a symptom-oriented approach will be a
step forward in research on treatment efficacy and we strongly
encourage other researchers to adopt this approach in studies
on other treatment options and/or to consider other outcomes.
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Transdiagnostic psychiatry: a systematic review
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The usefulness of current psychiatric classification, which is based on ICD/DSM categorical diagnoses, remains questionable. A promising alterna-
tive has been put forward as the “transdiagnostic” approach. This is expected to cut across existing categorical diagnoses and go beyond them,
to improve the way we classify and treat mental disorders. This systematic review explores whether self-defining transdiagnostic research meets
such high expectations. A multi-step Web of Science literature search was performed according to an a priori protocol, to identify all studies
that used the word “transdiagnostic” in their title, up to May 5, 2018. Empirical variables which indexed core characteristics were extracted,
complemented by a bibliometric and conceptual analysis. A total of 111 studies were included. Most studies were investigating interventions,
followed by cognition and psychological processes, and neuroscientific topics. Their samples ranged from 15 to 91,199 (median 148) participants,
with a mean age from 10 to more than 60 (median 33) years. There were several methodological inconsistencies relating to the definition of the
gold standard (DSM/ICD diagnoses), of the outcome measures and of the transdiagnostic approach. The quality of the studies was generally
low and only a few findings were externally replicated. The majority of studies tested transdiagnostic features cutting across different diagnoses,
and only a few tested new classification systems beyond the existing diagnoses. About one fifth of the studies were not transdiagnostic at all,
because they investigated symptoms and not disorders, a single disorder, or because there was no diagnostic information. The bibliometric
analysis revealed that transdiagnostic research largely restricted its focus to anxiety and depressive disorders. The conceptual analysis showed
that transdiagnostic research is grounded more on rediscoveries than on true innovations, and that it is affected by some conceptual biases.
To date, transdiagnostic approaches have not delivered a credible paradigm shift that can impact classification and clinical care. Practical
“TRANSD”iagnostic recommendations are proposed here to guide future research in this field.

Keywords: Transdiagnostic, diagnosis, classification, bibliometric analysis, conceptual analysis, anxiety, depression, psychosis, recommendations

(World Psychiatry 2019;18:192-207)

Diagnosis, which is the medical application of the process
of classification, ubiquitous in science, has been the corner-
stone of modern clinical knowledge and practice’. Diagnosis
in psychiatry started in Europe in the late 17th century, in-
formed by systems that classified animal and plant species
as part of other natural sciences’. Psychiatric nosology, tradi-
tionally represented by the ICD and DSM (gold standard), is
based on categorical diagnoses that are intertwined with the
key clinical dichotomies that characterize the realm of clinical
medicine (e.g., to treat or not to treat)>*,

Since its inception, psychiatric nosology has always been
under fire. This is documented by several lines of evidence, in-
cluding two recent issues of this journal®°, Although current di-
agnostic categories have demonstrated moderate to almost per-
fect reliability®, their usefulness has remained questionable’.

A promising avenue has been put forward by the so-called
transdiagnostic approach. The prefix “trans” comes from Latin
and it can either mean across/through (e.g., transatlantic) or
beyond (e.g., transcend)®. Therefore, a transdiagnostic approach
in psychiatry is expected to cut across existing categorical diag-
noses and go beyond them, to produce a better classification
system, compared to the existing gold standard.

Transdiagnostic approaches originated from cognitive be-
havioral theories and treatments for eating disorders™'’, which
were then extended to anxiety'' " and depressive disorders'*.
The initial transdiagnostic rationale leveraged two core points:
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a) these disorders share common etiological and maintenance
processes”''¥!° as well as cognitive-affective, interpersonal,
and behavioral features”'”'® (e.g., the general psychopathol-
ogy latent factor - p factor'®), and b) the ever-growing number
of disorder-specific treatment manuals is a barrier to the im-
plementation of cognitive behavioral treatments'”'*"°,

The rationale for extending the transdiagnostic paradigm to
anxiety and depressive disorders included an additional point
that was not originally acknowledged'’: c) disorder-specific
interventions rely on heterogeneous diagnostic categories and
pay relatively limited attention to comorbidity, which is high'®.

Transdiagnostic research aims at tackling these limitations
to introduce a novel approach that could improve the way we
classify, formulate, treat, and prevent15 mental disorders. Mov-
ing away from a single-diagnosis approach towards a transdi-
agnostic conceptualization and treatment of mental disorders
would thus be a significant paradigm shift'®. Recently, transdi-
agnostic approaches have been endorsed by other paradigms
that cut across different mental disorders, such as the Research
Domain Criteria (RDoC) initiative'” and the clinical staging
model®®, At present, however, it is unclear whether transdiag-
nostic research meets such high expectations for delivering a
radical paradigm shift that impacts classification and clinical care.

To address this issue, we present here a broad systematic
review of transdiagnostic research in psychiatry. We system-
atically assess the transdiagnostic literature against several
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empirical variables which index core characteristics as well as
potential pitfalls. A bibliometric and conceptual analysis com-
plements the empirical findings, along with practical recom-
mendations to guide future research in this field.

METHODS

The PRISMA compliant" protocol for this study was regis-
tered on PROSPERO (CRD42018108613).

Search strategy, selection criteria and data extraction

A multi-step literature search was performed. First, system-
atic searches were conducted in the Web of Science (which in-
cludes Web of Science Core Collection, BIOSIS Citation Index,
KCI - Korean Journal Database, MEDLINE, Russian Science Ci-
tation Index, and SciELO Citation Index), until May 5, 2018, with
no restrictions on language or publication date. The keyword
“transdiagnostic” was used, filtering for the category “psychia-
try” through the Web of Science categories function. Second, we
searched the reference lists of retrieved articles. Third, abstracts
identified by this process were then screened and full-text arti-
cles were inspected against the inclusion and exclusion criteria.

The literature search, study selection and data extraction were
conducted by two authors (MS, NB) independently. During
all stages, in the case of disagreement, consensus was reached
through discussion with a third author (PFP).

Studies were eligible for inclusion when the following criteria
were fulfilled: a) original individual articles, with no restriction
on study design (including interventional and observational
studies) or topic; b) a clear and primary focus on a transdiag-
nostic approach, demonstrated by using the word “transdiag-
nostic” in the title.

The exclusion criteria were: a) reviews, meta-analyses, study
protocols, abstracts and any other non-original data; b) lack-
ing a clear primary focus on transdiagnostic approaches, de-
fined as above; and c) studies with less than ten participants.

Descriptive variables

For each study, we extracted descriptive variables relating
to: a) general information, b) definition of gold standard diag-
nostic criteria, ¢) outcome measures, d) definition of the trans-
diagnostic approach, and e) quality assessment.

General information variables included: first author and
year of publication; study domain (classification, treatment,
clinical prediction, neuroscience, cognition and psychological
processes); study design (observational, uncontrolled inter-
ventional, controlled interventional); type of design (cross-
sectional, longitudinal, unrandomized, randomized); total
sample size (total pool of participants recruited at baseline,
including non-clinical samples); and mean age (or age range).
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Variables relating to the definition of the gold standard diag-
nostic criteria included: whether the study explicitly acknowl-
edged the type of gold standard used (DSM or ICD, any ver-
sion); the specific type of primary diagnoses of mental dis-
orders and their specific ICD or DSM codes; the presence of
any other clinical condition as defined by each individual study;
the presence of a non-clinical sample (e.g., healthy controls); the
total number of ICD/DSM mental disorders investigated by the
study; the total number of diagnostic spectra (defined accord-
ing to the ICD-10 diagnostic blocks: organic, including symp-
tomatic mental disorders; mental and behavioral disorders
due to psychoactive substance use; schizophrenia, schizotypal
and delusional disorders; mood (affective) disorders; neurotic,
stress-related and somatoform disorders; behavioral syndromes
associated with physiological disturbances and physical factors;
disorders of adult personality and behavior; mental retarda-
tion; disorders of psychological development; behavioral and
emotional disorders with onset usually occurring in childhood
and adolescence; unspecified mental disorders); and the type of
psychometric instrument employed to define the gold standard.

Variables relating to the outcomes included: whether the
primary outcome of the study was clearly acknowledged in the
manuscript; the specific type of instruments employed to de-
fine it; and the total number of primary outcomes.

Variables relating to the transdiagnostic approach included:
the exact definition of the transdiagnostic construct as provided
by each study; the number of transdiagnostic constructs (sin-
gle or multiple)*'; whether the transdiagnostic construct was
descriptive (a construct which is present in multiple disorders,
without regard to how or why**) or mechanistic (a construct that
may reflect an underlying physiological, neurobiological or func-
tional mechanismzz) ; whether the construct was causally associ-
ated with the outcome (to rule out the possibility that a construct
may just be epiphenomenal®'); whether the transdiagnostic con-
struct was present in all clinical conditions and spectra (univer-
sal transdiagnostic process) and in how many of them. We also
extracted the type of statistical analysis used to probe the transdi-
agnostic construct; whether there was a formal statistical assess-
ment of the impact of the transdiagnostic approach compared to
the specific-diagnostic approach; and the results of such a test.

Quality assessment was performed by recording if an a priori
protocol had been made available, if funding was provided by
industry, and if the core findings had been externally replicated
in an independent sample.

Analysis

The descriptive variables were used to perform different
types of analyses.

First, descriptive summary data and statistics (i.e., frequen-
cies, means/medians, ranges) of the above variables were nar-
ratively presented in the text and in informative tables.

Second, each study was assessed against the criteria intro-
duced by Mansell et al*' to define transdiagnostic approaches
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in psychiatry: a) presence of a clinical population, b) presence
of at least four different mental disorders, c) presence of a non-
clinical sample, and d) demonstration of the transdiagnostic
construct in all mental disorders investigated.

Third, the conceptual definition of the transdiagnostic ap-
proach was empirically deconstructed. The main aim was to
explore the extent to which each transdiagnostic approach re-
lated to the existing diagnostic categorical system. As indicated
in Figure 1, the simplest transdiagnostic approach - defined as
“across-diagnoses” - was to compare different ICD/DSM cat-
egorical diagnoses against each other, to test their diagnostic
boundaries and cross-cutting features. The across-diagnoses
model could include one diagnostic spectrum, multiple spec-
tra and/or non-clinical samples, including also healthy indi-
viduals. A more elaborated approach involved the definition
of new diagnostic-like constructs, for example based on bio-
types or clinical types, and then testing the relatedness of these
newly defined constructs against the gold standard. These ap-
proaches were termed “beyond-diagnoses”, because they em-
ployed standard ICD/DSM diagnostic information but went
beyond it, to test new diagnostic constructs. When studies did
not fit within any of the above two categories, the specific ap-
proach was described.

Fourth, we conducted a bibliometric analysis using the list
of specific ICD/DSM mental disorders that were analyzed by
each study (when available). These data were then loaded into
R software and cleaned with the Bibliometrix and TM packag-
es. The processed data were then loaded into Gephi software
to generate the network map of the specific ICD/DSM men-
tal disorders investigated by transdiagnostic research. Each
node indicated a specific mental disorder, with the node’s size
reflecting how many different connections (frequency) with
other nodes were present. The thickness of the edges reflected
the number of connections between a pair of nodes/mental
disorders. For graphical purposes, nodes that had frequen-
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cy <6 and number of co-occurrent connections <3 were fil-
tered out.

RESULTS
Studies identified

The literature search identified 627 potential records that
were screened on the basis of title and abstract reading. Of
these, 239 were considered eligible for full screening. At this
stage, 128 studies were further excluded, leaving a sample of
111 studies, which represented the final database for the cur-
rent systematic review (Figure 2).

Characteristics of transdiagnostic studies in psychiatry
General information

The first study, published in 2004 by Norton et al'!, ad-
dressed the effects of a transdiagnostic psychological interven-
tion for different types of anxiety disorders. Since then, there
was one study published in 2006, six in 2008, four in 2009, six
in 2012, six in 2013, thirteen in 2014, eleven in 2015, eighteen
in 2016, thirty-four in 2017, and eleven up to May 2018.

Most studies (45%) were investigating interventions (of
which 50% were controlled, 48% uncontrolled®™%, and 2%
unclear®”). Less than half (46%)""*3*8-% of the interventional
studies were randomized. All interventional studies focused
on neurotic, stress-related and somatoform disorders or mood
(affective) disorders, while other mental disorders were rarely
investigated (Table 1).

Cognition and psychological processes was the second
most frequent topic (28%), followed by neuroscientific topics

Across diagnoses, across two diagnostic spectra_

Across diagnoses, across several diagnostic spectra

A

Across diagnoses, across several diagnostic spectra and non-clinical samples

A

Figure 1 Conceptual classification of transdiagnostic approaches most widely employed in psychiatry, with some prototypical diagnostic examples
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Records identified through database searching

(N=627)
A 4
Records screened on the Records excluded (N=388)
basis of title and abstract R N .
. * Not primarily focusing on
reading ’ .
transdiagnostic
(N=627)
approaches
Full-text articles assessed Full-text articles excluded
for eligibility > (N=128)
(N=239) « Not original articles
(N=121)
 Original articles with less
than 10 participants
(N=6)
* Article in French (N=1)

Articles included in the
systematic review (N=111)

Figure 2 Study identification and selection (PRISMA flow chart)

(13%). Classification and prediction studies were more infre-
quent (4% and 10% respectively) (Table 1).

The vast majority of non-interventional studies (79%) were
cross-sectional, and only 21%%®! longitudinal. There was a
large variability in study sample size, ranging from 15 partici-
pants in the smallest study® to 91,199 in the largest™ (median:
148 participants). The mean age of individuals (when avail-
able) ranged from 10** to more than 60* (median: 33 years).

Definition of gold standard diagnostic criteria

A substantial proportion (27%) of studies?*2%3640.48:49,6469-71,73,
880829 did not acknowledge using any psychometric inter-
view to establish their gold standard diagnoses. Several studies
(16%)29,34,54,70,71,78,82,83,85»88,92,93,95,97,99,100 dld not refer toa gold stan-
dard diagnostic manual, but speculated on comparative benefits
of the transdiagnostic approach over specific diagnoses™"".

Some studies reported non-existent (e.g., DSM-IV-TR bipo-
lar II disorder with psychotic features®) or incorrect diagno-
ses (e.g., suicidality®*, marijuana abuse/dependence’®'"!, late
onset schizophrenia-like psychosis'®, social anxiety disorder
and social phobia as two distinct DSM-1V disorders'’"). Other
studies included health anxiety within mental disorders, con-
fusingly defined either as not relating to a specific diagnosis®,
as hypocondriasis®, or as “health-based anxiety predomi-
nant in individuals with illness anxiety disorders and somatic
symptom disorders”®.

One interventional study stated that the participants were
not diagnosed at all®®. The study addressed this issue by sim-
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ply noting that “it would have been informative to know client
diagnoses”®, raising concerns about unnecessary or excessive
treatments in this sample'*%,

Some studies used comorbid (as opposed to primary) diag-
noses to validate the transdiagnostic construct™”*>°6°9-639%103 5y
about one third of studies (28%)34,36,54,69,70,72,74,75,82,85,87,89,104-107’
the boundaries between primary and secondary diagnoses were
not completely clear.

There was also some confusion between the measurement
of symptoms as opposed to categorical disorders. This was
mainly due to the use of continuous measurements that were
not translated into ICD/DSM diagnostic categories through the
use of a priori cut-offs®. Three studies measured DSM-related
items in non-clinical samples without applying cut-offs to es-
tablish the intake of specific diagnostic categories®**"%', The
results were there interpreted in the context of the disorder-
oriented literature®!, arguing that findings were related to
specific categorical diagnoses®*®’. These studies concurrently
acknowledged a transdiagnostic approach in their title - as for
any other study included in the current review - and “the lack
of diagnostic measures” in the study itself”'.

An interventional study which did not use cut-offs to define
post-traumatic stress disorder concluded that treating distress
was better than treating the categorical disorder®. Another
interventional study which measured symptoms but not dis-
orders tautologically concluded that the potential advan-
tage of transdiagnostic interventions was a reduced need for
disorder-based assessments®®. Some studies did apply cut-offs
but eventually did not use them for their main analyses*®%*.

Frequently, studies did not specify the exact ICD/DSM types
of mental disorders that were investigated, but only referred to
the general domains of psychotic disorders®*'*, substance in-
duced disorders?341% anxiety disorders?>?548893104 1) 650d dis-
orders®>28:1849,546488.93 " 1. 11350d and anxiety disorders®*®. The
specific ICD/DSM diagnostic codes were hardly ever reported.

The number of primary mental disorders investigated by
each study was highly variable and overall relatively low, rang-
ing from no evidence of mental disorders at all (13% of stud-
ies)?42970.78,82,85-88,90-929597 apd one mental disorder (8% of
studies)®*?96396:109.110 155 t9 353 mental disorders”™ (median:
four mental disorders per study). Similarly, the number of ICD-
defined diagnostic spectra was heterogeneous, ranging from
zero (12% of studies ) 7788285-88.90-9295,97 1 ten™ (median: one
spectrum) per study. The largest transdiagnostic study published
to date leveraged an electronic case register to include 353 men-
tal disorders clustered across ten spectra, representing all ICD-
10 mental disorders except organic mental disorders”. About
one third of the studies (35%)29,40,70,74,76,78,81,82,85—87,90-92,94-98,

100,101,103,105-107,111-124 3y 0]y ded at least one non-clinical sample.

Outcome measures
Only a minority (35%)23—25,32,34-36,40,48,49,51—53,56—62,64,66-68,73,74,

83,84,85,100,103, 1L 112, 115,125-128 ¢ oty1dies explicitly acknowledged
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Table 1 Studies included in the systematic review

Baseline Mean Mansell
Study Year Domain N age Gold standard Transdiagnostic construct Transdiagnostic type criteria
Van Dijk et al*® 2018 Treatment 53and 64 >60 DSM-IV-TR Psychotherapeutic day Across diagnoses, across No
treatment and activating spectra
day treatment
Samtani et al'®’ 2018 Prediction 183 23 DSM-IV Repetitive negative thinking ~ Within the same diagnosis No
Pellizzer et al® 2018 Prediction 78 27 DSM-5 Body image flexibility Across diagnoses, within No
spectrum
Nota & Coles'® 2018 Neuroscience 52 36 DSM-IV-TR Repetitive negative thinking  Across diagnoses, across No
spectra
McEvoy et al®? 2018 Prediction 2,088 20 NA Repetitive negative thinking  A-diagnostic No
Grisanzio et al'!! 2018 Classification 420 40 DSM-1V Subtypes based on neuro- Beyond diagnoses No
cognition, brain activation
and functional capacity
Goldschmidt et al'® 2018 Classification 636 15 DSM-5 Eating disorders symptoms  Across diagnoses, within No
network spectrum
Dear et al** 2018 Treatment 28 41 DSM-IV Cognitive behavioral Across physical and mental No
therapy health diagnoses
Curzio et al'® 2018 C&P processes 419 15 DSM-IV-TR Binge eating, dietary Across diagnoses, within No
restrain, affective, spectrum
interpersonal problems
and perfectionism
Ciaramidaro etal'® 2018 Neuroscience 78 22 ICD-10 Facial recognition Across diagnoses, across No
spectra and non-clinical
samples
Capobianco et al*® 2018 Treatment 40 28 DSM-IV Metacognitive and Across diagnoses, across No
mindfulness meditation spectra
therapies
Zwerenz et al*’ 2017 Treatment 82 40 ICD-10 Psychodynamic web-based Across diagnoses, across No
self-help intervention spectra
Zemestani et al* 2017 Treatment 43 23 DSM-IV Cognitive behavioral Within the same diagnosis No
therapy
Wigman et al” 2017 C&P processes 293 19 NA Interconnectedness of A-diagnostic No
psychotic and affective
experiences
Talkovsky et al*® 2017 Treatment 129 33 DSM-IV-TR Group cognitive behavioral ~ Across diagnoses, within No
therapy spectrum
Talkovsky et al?® 2017 Treatment 120 33 DSM-IV-TR Group cognitive behavioral ~ Across diagnoses, within No
therapy spectrum
Smith et al?’ 2017 Treatment 49 33 DSM-1V Anxiety symptoms Across diagnoses, within No
questionnaire spectrum
Shinn et al”! 2017 Classification 91 21 NA Clinical service Across diagnoses, across No
spectra
Sheffield et al''? 2017 Neuroscience 576 35 DSM-1V Functional brain network Across diagnoses, across No
integrity spectra and non-clinical
samples
Sharma et al’! 2017 Treatment 63 14 ICD-10 Group cognitive behavioral ~ Across physical and mental No
therapy health diagnoses
Schroder et al* 2017 Treatment 179 37 DSM-1V Internet intervention Across diagnoses, within No
spectrum
Riccardi et al*® 2017 Treatment 28 29 DSM-IV False safety behavior Across diagnoses, within No
elimination therapy spectrum
Platt et al” 2017 Prediction 4,925 13-18 DSM-1V Timing of menarche and Across diagnoses, across No
internalizing factors spectra
Pitman et al*® 2017 Treatment 73 29 DSM-IV Short-term psychodynamic ~ Across diagnoses, across No
psychotherapy spectra
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Table 1 Studies included in the systematic review (continued)

Baseline Mean Mansell
Study Year Domain N age Gold standard Transdiagnostic construct Transdiagnostic type criteria
Newby et al®3 2017 Treatment 2,109 40 DSM-IV Internet-based cognitive Across diagnoses, across No
behavioral therapy spectra
Maia et al** 2017 Treatment 67 >18 DSM-IV,ICD-10 Cognitive behavioral Across diagnoses, across No
therapy spectra
MacNamara et al''? 2017 Neuroscience 199 26 DSM-IV Affective face processing Across diagnoses, across No
spectra and non-clinical
samples
Lee et al®* 2017 Prediction 163 20 DSM-IV-TR Neuropsychological Across diagnoses, across No
functioning spectra
LeBouthillier & 2017 Treatment 48 33 DSM-5 Aerobic exercise and Across diagnoses, within No
Asmundson® resistance training spectrum
Keil et a]'!* 2017 C&P processes 108 12 DSM-5 Emotions regulation Across diagnoses, across No
spectra and non-clinical
samples
Jauhar et al''® 2017 Neuroscience 60 24 DSM-1V Dopamine synthesis capacity ~ Across diagnoses, across No
spectra and non-clinical
samples
Hankin et al® 2017 C&P processes 1,125 11 NA Temperamental and A-diagnostic No
psychopathology factors
Hamblen et al* 2017 Treatment 342 57 NA Cognitive behavioral Across symptoms No
therapy
Gros et al*® 2017 Treatment 16 47 DSM-5 Cognitive behavioral Across diagnoses, across No
therapy spectra
Gong et al'' 2017 Neuroscience 272 34 DSM-1V Intra/inter-network Across diagnoses, across No
connectivity spectra and non-clinical
samples
Gibson et al* 2017 C&P processes 2,342 21 NA Exposure to traumatic life Across symptoms No
events
Fusar-Poli et al” 2017 Prediction 91,199 33 CAARMS, Risk model of transition to Across diagnoses, across No
ICD-10 psychosis spectra
Forbush et al'?® 2017 Classification 207 25 DSM-5 Distress and fear-avoidance ~ Beyond diagnoses No
internalizing factors
Feldker et al''’ 2017 Neuroscience 134 28 DSM-1V Brain response to visual Across diagnoses, within Yes
threat spectrum and non-clinical
samples
Espejo et al’! 2017 Treatment 48 45 DSM-1V Group cognitive behavioral ~ Across diagnoses, within No
therapy spectrum
Ellard et al*® 2017 Treatment 29 44 DSM-1V Cognitive behavioral Across diagnoses, within No
therapy spectrum
Chen et al'™® 2017 Neuroscience 60 41 DSM-IV Functional connectivity Across diagnoses, across No
density spectra and non-clinical
samples
Chasson et al®’ 2017 C&P processes 3,094 15 NA Emotional vulnerabilities A-diagnostic No
Berger et al’’ 2017 Treatment 139 42 DSM-1V Internet-based cognitive Across diagnoses, within No
behavioral therapy spectrum
Barlow et al® 2017 Treatment 233 31 DSM-1V, DSM-5 Cognitive behavioral Across diagnoses, within No
therapy spectrum
Talkovsky & 2016 Treatment 151 33 DSM-1V Group cognitive behavioral ~ Across diagnoses, within No
Norton*? therapy spectrum
Sunderland et al''’ 2016 C&P processes 8,871 16-85 DSM-1V Two factor internalizing-sub-  Across diagnoses, across spec- No
stance dependence model tra and non-clinical samples
Stanton et al'% 2016 C&P processes 299 47 DSM-5 Emotion regulation and Across diagnoses, across No
basic personality spectra and non-clinical
dimensions samples
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Table 1 Studies included in the systematic review (continued)

Baseline Mean Mansell
Study Year Domain N age Gold standard Transdiagnostic construct Transdiagnostic type criteria
Sabharwal et al'®® 2016 Neuroscience 82 45 DSM-IV Behavioral and neural Across diagnoses, across No
measures of emotion- spectra
related working memory
Reininghaus et al'*’ 2016 Classification 1,168 42 RDoC Bifactor model with general ~ Beyond diagnoses No
and specific psychosis
dimensions
Philip et al™ 2016 Prediction/ 46 39 DSM-IV-TR Thalamic connectivity in Across diagnoses, across No
neuroscience early life stress spectra and non-clinical
samples
Morris et al®® 2016 Treatment 108 41 NA Group based psychological ~ Across symptoms No
intervention
Mclntosh et al*® 2016 Treatment 112 35 DSM-1V Cognitive behavioral Within the same diagnosis No
therapy
McEvoy & Erceg- 2016 Treatment 256 34 DSM-IV Intolerance of uncertainty Across diagnoses, across No
Hurn® spectra
Kristjansdottir et al’* 2015 Treatment 287 39 DSM-IV, ICD-10  Group cognitive behavioral ~ Across diagnoses, across No
therapy spectra
Ito et al®® 2016 Treatment 28 35 DSM-IV Cognitive behavioral Across diagnoses, across No
therapy spectra
Holliday et al® 2016 C&P processes 783 29 DSM-5 Distress tolerance Across diagnoses, across No
spectra
Hadjistavropoulos 2016 Treatment 458 39 DSM-1V Internet-based cognitive Across diagnoses, across No
et al* behavioral therapy spectra
Fogliati et al® 2016 Treatment 145 41 DSM-IV Cognitive behavioral Within the same diagnosis No
therapy
Dear et al®! 2016 Treatment 233 42 DSM-IV Cognitive behavioral Within the same diagnosis No
therapy
Conway et al” 2016 C&P processes 815 15 DSM-1V Internalizing and Transdiagnostic outcome No
externalizing factors
mediating appraisal biases
Conway et al'”’ 2016 Prediction 700 20 DSM-1V Latent model of personality — Across diagnoses, across No
disorder spectra and non-clinical
samples
Asnaani et al*’ 2016 Treatment 107 33 DSM-5 Anxiety sensitivity, Across diagnoses, within No
depression, rumination as spectrum
moderators of cognitive
behavioral therapy
Titov et al*? 2015 Treatment 290 44 DSM-IV Cognitive behavioral Within the same diagnosis No
therapy
Thibodeau et al*’ 2015 C&P processes 1,255 22 DSM-IV-TR Intolerance of uncertainty Across symptoms No
Tang-Smith et al’! 2015 C&P processes 612 21 DSM-III Dominance behavioral Across symptoms No
system
Rodriguez-Seijas 2015 C&P processes 5,191 NA DSM-1V Internalizing and Across diagnoses, across No
et al'”’ externalizing factors spectra
Pietrzak et al'!® 2015 C&P processes 267 54 DSM-1V Loss symptoms, threat Within the same diagnosis No
symptoms and somatic
symptoms
Maia et al” 2015 Treatment 48 18-58 DSM-IV, ICD-10 Cognitive behavioral Across diagnoses, across No
therapy spectra
Latack et al”® 2015 C&P processes 34,653 >18 DSM-IV Internalizing and Across diagnoses, across No
externalizing factors spectra and non-clinical
samples
Hsu et al'! 2015 C&P processes 51 33 DSM-IV Self-reported attentional Across diagnoses, across No
control and rumination spectra
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Table 1 Studies included in the systematic review (continued)

Baseline Mean Mansell
Study Year Domain N age Gold standard Transdiagnostic construct Transdiagnostic type criteria
Dear et al® 2015 Treatment 366 44 DSM-IV Cognitive behavioral Within the same diagnosis No
therapy
Corral-Frias et al'®! 2015 Neuroscience 906 20 DSM-1V Ventral striatal reactivity to ~ Across diagnoses, across No
reward spectra and non-clinical
samples
Bedwell et al'? 2015 Neuroscience 48 36 DSM-1V Visual evoked potentials Across diagnoses, across No
spectra and non-clinical
samples
Vann et al'?® 2014 C&P processes 27 26 DSM-IV-TR Metacognitions Across diagnoses, within No
spectrum
Talkovsky & 2014 Treatment 256 33 DSM-1V Negative affectivity, anxiety — Across diagnoses, within No
Norton® sensitivity, intolerance spectrum
uncertainty
Starr et al”’ 2014 Prediction 1,630 28 DSM-1V Latent internalizing factors ~ Transdiagnostic outcome No
for psychopathology
Spielberg et al'*! 2014 Neuroscience 179 27 DSM-IV Dimensions of anxiety and  Across diagnoses, across No
depression spectra and non-clinical
samples
Queen et al* 2014 Treatment 59 15 DSM-IV Cognitive behavioral Across diagnoses, across No
therapy spectra
Pietrzak et al'® 2014 Neuroscience 35 29 DSM-IV-TR Threat and loss symptoms Across diagnoses, across No
spectra and non-clinical
samples
Newby et al* 2014 Treatment 707 40 DSM-IV Internet-based cognitive Across diagnoses, across No
behavioral therapy spectra and non-clinical
samples
McLaughlin et al’® 2014 Prediction 1,065 12 NA Rumination A-diagnostic No
McEvoy et al'* 2014 C&P processes 786 28 DSM-IV Repetitive negative thinking  Across diagnoses, across No
spectra and non-clinical
samples
Gros*! 2014 Treatment 29 50 DSM-IV Cognitive behavioral Across diagnoses, across No
therapy spectra
Cameron et al® 2014 C&P processes 41 28 NA Emotion perception and A-diagnostic No
semantic memory
Bullis et al*? 2014 Treatment 15 32 DSM-1V Cognitive behavioral Across diagnoses, within No
therapy spectrum
Bohnke et al”® 2014 C&P processes 11,939 38 DSM-1V Negative affectivity Across diagnoses, across No
spectra
Norton et al*’ 2013 Treatment 79 33 DSM-IV Cognitive behavioral Across diagnoses, within No
therapy spectrum
McEvoy et al'* 2013 C&P processes 513 37 DSM-1V Repetitive negative thinking  Across diagnoses, across No
spectra
McEvoy & 2013 C&P processes 99 NA DSM-1V Intolerance of uncertainty Across diagnoses, within No
Mahoney'*? and negative metacognitive spectrum
beliefs
Johnson et al* 2013 C&P processes 334 19 DSM-IV Impulsive responses to Across diagnoses, across No
emotion spectra and non-clinical
samples
Ebert et al* 2013 Treatment 400 45 ICD-10 Internet-based maintenance  Across diagnoses, across No
treatment spectra
Boswell et al*? 2013 Treatment 54 30 DSM-IV Cognitive behavioral Across diagnoses, within No
therapy spectrum
Norton & Barrera® 2012 Treatment 46 31 DSM-1V Cognitive behavioral Across diagnoses, within No
therapy spectrum
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Table 1 Studies included in the systematic review (continued)

Baseline Mean Mansell
Study Year Domain N age Gold standard Transdiagnostic construct Transdiagnostic type criteria
Norton® 2012 Treatment 87 33 DSM-IV Cognitive behavioral Across diagnoses, within No
therapy spectrum
Hoiles et al®® 2012 C&P processes 224 31 NA Cognitive model for eating A-diagnostic No
disorder
Farchione et al®’ 2012 Treatment 37 29 DSM-IV Cognitive behavioral Across diagnoses, within No
therapy spectrum
Conway et al” 2012 C&P processes 815 15 DSM-IV Internalizing and Across diagnoses, across No
externalizing factors spectra
Bilek & Ehrenreich- 2012 Treatment 22 10 DSM-1V Group cognitive behavioral ~ Across diagnoses, within No
May* therapy spectrum
Innis et al”® 2009 Neuroscience 135 28 DSM-IV Homocysteine Within the same diagnosis No
remethylation
Hagenaars et al'? 2009 C&P processes 252 29 DSM-IV Trauma and panic memories Across diagnoses, within No
spectrum and non-clinical
samples
Fairburn et al®® 2009 Treatment 154 26 DSM-IV Cognitive behavioral Across diagnoses, within No
therapy spectrum
Bentall et al'® 2009 C&P processes 237 53 DSM-IV, ICD-10 Paranoia, cognitive Across diagnoses, across Yes
performance and spectra and non-clinical
depressive style samples
Norton et al* 2008 Treatment 54 32 DSM-IV Group cognitive behavioral ~ Across diagnoses, within No
therapy spectrum
Norton® 2008 Treatment 52 33 DSM-IV Group cognitive behavioral ~ Across diagnoses, within No
therapy spectrum
McFarlane et al® 2008 Prediction 58 30 DSM-1V Predictors of relapse Across diagnoses, within No
spectrum
Corcoran et al'?* 2008 C&P processes 148 38 DSM-1V Theory of mind and Across diagnoses, across No
jumping to conclusions spectra and non-clinical
samples
Brown et al”’ 2008 C&P processes 38 20 NA Measure of mundane A-diagnostic No
meaning
Bentall et al”® 2008 C&P processes 148 38 DSM-IV Negative self-esteem and Across diagnoses, across Yes
negative expectations spectra and non-clinical
samples
Wade et al®! 2006 C&P processes 1,002 35 DSM-1V Dimensional model of Across diagnoses, across No
eating disorders spectra and non-clinical
samples
Norton et al'! 2004 treatment 23 >19 DSM-IV Cognitive behavioral Across diagnoses, within No

therapy

spectrum

C&P processes — cognition and psychological processes, CAARMS — Comprehensive Assessment of At Risk Mental State, RDoC — Research Domain Criteria,

NA - not available

their primary outcome measure, which may be suggestive of
suboptimal study quality. There was also a high variability in
the number of primary outcome measures, ranging from one*®
to thirteen®' (median: two measures) per study.

Definition of the transdiagnostic approach
The exact definition of the transdiagnostic construct per

study is provided in Table 1. Only a minority of constructs
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(36%) involved multiple processes®®3738485559,70,72,75-77,

79,80,85,87,91,92,96,98,100,103,106,110,111,113,114,116,119-121,123-132 p 1o o0
ies (81%) were descriptive in nature. Mechanistic constructs
were more infrequent (19%)253%3848,50-53,56,70,83,103,112-118,131,133
and causal transdiagnostic constructs were hardly ever report-
ed (7%)*»*8°0-338115 and only during the most recent years
(2017-2018).

The transdiagnostic construct was demonstrated across all

clinical conditions investigated only in a minority (34%) of
studies2h27,30,32,38,42,43,45,47,50,52,53,57,58,60-63,65,71,80,83,89,96,98,109-
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13,115, 17,118,123,128-130,133 1t \was demonstrated in a median of
three conditions and one spectrum. Several studies did not
clarify at all whether the construct was present in the condi-
tions investigated. Overall, no clear universal transdiagnostic
construct that could be valid across all mental disorders and
diagnostic spectra was identified.

The statistical methods used to test the impact of the trans-
diagnostic construct encompassed analysis of variance/co-
variance, correlations, regressions and general linear models,
mixed effect models, moderation and mediation analysis,
principal component analysis, structural equation modelling,
network analysis, and machine learning.

Less than half (44%) of the studies®”3%38°8,60,61,6572-75,
77,79-81,83,84,89,93,98,100,101,103,105,107-109,111-121,123-133 performed a
statistical comparative assessment of the transdiagnostic ap-
proach versus a specific-diagnostic approach. This problem
was particularly relevant for interventional studies, half of
which lacked a comparative specific-diagnostic group. Overall,
only 16% of them?"33335860.61.6583 herformed a statistical com-
parative assessment. Some of these studies acknowledged that
reliable conclusions regarding the diagnostic specificity of the
findings could not be drawn®*%!, However, other interventional
studies lacking both a control group and statistical compara-
tive assessment eventually (over)stated that the transdiagnos-
tic cognitive behavioral treatment was effective in improving
outcomes’ or that it was more effective than the specific-diag-
nostic approach®. When comparative analyses were available,
they generally indicated similar effects of the transdiagnostic
vs. the specific-diagnostic intervention®®°%%#3,

The qualitative appraisal of the transdiagnostic vs. specific-
diagnostic effects - when available - revealed further incon-
sistencies. For example, some predictive modelling studies
indicated that the transdiagnostic approach was only able to
explain an additional 1% of the variance'®. Other studies ac-
knowledged that the observed transdiagnostic effects were
small in magnitude, but at the same time suggested develop-
ing transdiagnostic clinical interventions''.

In general, neuroscientific studies provided better descrip-
tions of these effects. For example, one of them concluded that
the transdiagnostic biotypes identified specific, coherent as-
sociations between symptoms, behavior, brain function, and
real-world function that cut across DSM-IV defined diagno-
ses''!. Other neuroscientific studies demonstrated shared
neurobiological mechanisms across current categories of
mental disorders'®!'>113115117 o1 hoth specific and transdiag-
nostic effects across mental disorders”''%%°,

Quality assessment
A substantial proportion of studies (40%)>*28-30:37,40,47.67,69-
71,73,75,78,80,82-88,93,96-98,100,104-109,113-118,120,124,126,128,130 314 1ot ac-

knowledge an a priori protocol. There were very few studies
reporting industry involvement (4%)°>°"!%11%1! Transdi-
agnostic findings were hardly ever externally replicated, with
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the exception of four studies (4%)">*>**!", Other methodolog-
ical weaknesses involved the use of clinical prediction meth-
ods (i.e., stepwise selection methods) that produce biased
models'®?? in particular in small databases'*"'12*% The use
of small samples® also led to underpowered analyses across
diagnostic subgroups'®.

Some studies interpreted overfitted and not externally rep-
licated models to favor transdiagnostic over disorder-specific
approaches™. Other studies conducted a large number of com-
parative analyses without controlling for multiple compari-
sons'®. One study stated that participants were randomized,
but eventually allocated them to a single treatment arm™®. An-
other study re-analyzed data from three previously published
interventional studies that adopted different designs, without
clarifying how the final database was amalgamated®’.

Literature analysis
Mansell’s transdiagnostic criteria

Only three studies (3%)°*'°''" met Mansell’s transdiagnos-
tic criteria. The most frequently unmet requirement was the
demonstration of the transdiagnostic construct across all con-
ditions investigated by the study.

Type of transdiagnostic approach

The majority of studies (82 out of 111, 74%) (Table 1) en-
dorsed an across-diagnoses approach. Of them, 33 (40%) were
conducted within the same diagnostic spectrum (three of
which also included a non-clinical sample) and 49 (60%) were
across different diagnostic spectra (22 of which also included a
non-clinical sample) (Table 1). Only three studies (3%)"""!2%!%
endorsed a beyond-diagnoses approach. They were also the
most methodologically sophisticated.

For most of these across/beyond-diagnoses studies, the trans-
diagnostic approach was intertwined in the baseline recruit-
ment of participants with different diagnoses. However, two
studies (2%) defined their transdiagnostic approach through
the inclusion of different diagnostic outcomes, as opposed to
different patient groups at baseline (these studies were termed
“transdiagnostic outcomes”)””". Two other studies (2%)**°!
defined their transdiagnostic approach as the overlap between
physical (gastrointestinal, headache) and mental health (anxi-
ety and depression) symptoms (these studies were termed
“across physical and mental health diagnoses”).

Despite their self-proclaimed transdiagnostic status, the re-
maining 22 studies (20%) were actually not transdiagnostic at all.

Eight studies (7%)"7%%*8>87929597 did not consider any ICD/
DSM diagnostic information as gold standard nor defined any
new diagnostic construct. These were usually population-based
studies which adopted a continuum rather than a categorical
measurement of psychopathology, the results of which were
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completely unrelatable to any existing ICD/DSM category.
Therefore, these studies were termed as being “a-diagnostic”
rather than transdiagnostic.

Five studies (5%)>%*%*! confounded symptoms and disor-
ders. These studies explored only DSM or ICD-related symptoms
without any clear reference to diagnostic categories of mental
disorders, and were therefore defined as “across symptoms”.

Nine studies (8%)°%*96396109110 \yere defined as “within the
same diagnosis”. Six of them investigated comorbid disorders
in addition to a single primary disorder: comorbid depres-
sion, generalized anxiety disorder and social anxiety disorder
in addition to panic disorder®; comorbid depression, gener-
alized anxiety disorder and panic disorder in addition to so-
cial anxiety disorder®’; comorbid generalized anxiety disorder,
panic disorder and social anxiety disorder in addition to major
depressive disorder®?; comorbid major depressive disorder,
social anxiety disorder and panic disorder in addition to gen-
eralized anxiety disorder®®; comorbid panic disorder, social
anxiety disorder and generalized anxiety disorder in addition
to major depression®’; and multiple mental disorders in addi-
tion to binge eating disorder™. Another study investigated co-
morbid depressive and anxiety symptoms (but not disorders)
in patients with post-traumatic stress disorder'°.

Two further studies used the investigated different subtypes
(restricting type and binge eating type) of the same disorder
(DSM-1V anorexia nervosa)® or different clinical states of the
same disorder (never depressed, past depression, current de-
pression)'®.

Bibliometric analysis

Figure 3 illustrates the network of specific mental disor-
ders that have been investigated by transdiagnostic research
to date. A predominant focus on anxiety and depressive disor-
dersis evident.

DISCUSSION

To the best of our knowledge, this is the most comprehensive
review systematically appraising transdiagnostic research in
psychiatry. The empirical analysis revealed that the transdiag-
nostic literature is heterogeneous and intrinsically incoherent.
The bibliometric analysis showed that, to date, transdiagnostic
research has focused on a limited number of mental disorders.
The conceptual analysis leveraged these findings to demon-
strate that, at present, transdiagnostic research does not repre-
sent a credible paradigm shift that can impact the classification
of or clinical care for mental disorders.

This systematic review provides several lines of evidence
showing that transdiagnostic approaches in psychiatry are het-
erogeneous. For example, only three studies out of 111 quali-
fied as being truly transdiagnostic, according to established
criteria®'. This empirical test demonstrates that the transdi-
agnostic designation is applied in a loose and unstandardized
way, encompassing a number of different and often conflicting
conceptualizations.

conduct®iisorder

o, anxiety disorder ng

oppositional défiant disorder

/ "\ |
psychotic disorder n8t otherwis

schizoaffec

otherwise specified

bulimia®ervosa

binger eatifilg disorder

delusiond disorder
ve disorder

Figure 3 Network map of specific mental disorders analyzed by transdiagnostic research in psychiatry to date. Each node indicates a specitic
mental disorder, with the node’s size reflecting how many different connections with other nodes were present. The thickness of the edges re-
flects the number of connections between a pair of nodes/mental disorders.
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Paradoxically, some of these approaches were intrinsically
incoherent and incompatible with a transdiagnostic framework,
because they investigated symptoms and not disorders (across-
symptoms), a single disorder (within-disorder) or, to the ex-
treme, reported no diagnostic information at all (a-diagnostic).

Furthermore, transdiagnostic studies were often character-
ized by methodological weaknesses. For example, the exact ICD/
DSM types of mental disorders were frequently poorly defined,
raising the question of how the researchers could legitimately
challenge the boundaries of mental disorders, if these were
not even accurately determined. In addition, the boundaries
between primary and comorbid disorders in transdiagnostic
literature have often been blurred. Arguably, transdiagnostic ap-
proaches have been more heterogeneous, incoherent and paid
less attention to the problem of comorbidities than the DSM/
ICD diagnoses that were criticized for the very same problems.

The other key methodological caveat was that transdiag-
nostic studies often tested several outcomes, enhancing the
likelihood of type I error from data fishing expeditions. This
problem was amplified by the use of arbitrary cut-offs to mea-
sure symptom severity'**, a general lack of external replication
studies, and by overenthusiastic interpretations of the results.
In line with these arguments, there were only a few methodo-
logically sound studies which have been able to identify robust
mechanistic transdiagnostic constructs that were causally re-
lated with the outcome of interest.

Consistent with the above limitations, most transdiagnostic
studies (excluding those not properly transdiagnostic, as noted
above) limited their analyses to the search for shared features
across a certain set of mental disorders (across-diagnoses).
However, the bibliometric analysis revealed that these studies
remained almost entirely confined within the restricted origi-
nal area of interest of transdiagnostic research: anxiety and de-
pressive disorders.

No universal transdiagnostic process has been identified,
and the extent to which transdiagnostic approaches could
pragmatically benefit other mental disorders and diagnostic
spectra is undetermined. In fact, only a few transdiagnostic
studies have eventually tested new classification systems, be-
yond the existing gold standard (beyond-diagnoses).

To date, the contribution of transdiagnostic literature to the
development and validation of an alternative classification
system, which has genuine clinical value - and which is not a

Table 2 “TRANSD”iagnostic research recommendations in psychiatry

“fudge”"® - has been negligible. Notably, transdiagnostic ap-

proaches have not replaced classification systems in any other
branches of clinical medicine. On the contrary, continuous
(transdiagnostic) and categorical (specific-diagnostic) dimen-
sions frequently co-exist in organic medicine (e.g., vascular
surgery)'®, as well as in psychiatry (e.g., the new DSM-5 di-
mensional approach to personality disorders'®’). In reality,
transdiagnostic studies have also produced evidence to sup-
port the existence of diagnostic categories'*',

It is thus apparent that future extensive research in this field
is greatly needed, in particular beyond-diagnoses studies that
include several diagnostic spectra. However, a key prerequisite
would be to overcome the empirical weaknesses of current
transdiagnostic research. To facilitate this outcome, we pro-
pose in Table 2 some pragmatic “TRANSD”iagnostic guide-
lines. We hope these guidelines will improve the consistency
and quality of the next generation of transdiagnostic research.

Transdiagnostic research is also affected by some significant
conceptual weaknesses. First, it is less innovative than it often
proclaims. The fundamental argument for transdiagnostic ap-
proaches is that diagnostic categories (mostly anxiety, depres-
sive and eating disorders) are not discrete entities, because there
are shared features cutting across them. However, twenty-four
years ago, when the DSM-IV was released, an official disclaimer
was added to its forefront: “there is no assumption that each
category of mental disorder is a completely discrete entity with
absolute boundaries dividing it from other mental disorders”'*.

It has to be considered that current polythetic (i.e., based on
a list of symptoms and signs believed to be characteristic'*’)
diagnostic categories originate in prototypical descriptions con-
taining a core structure (gestalt) of the disorder and its poly-
symptomatic manifestations. Accordingly, the boundaries of
mental disorders, as illustrated in Figure 1, are dotted, not solid.
Unfortunately, psychiatric knowledge has overlooked these is-
sues and, over the ensuing two decades, the abstract (rather
than physical) nature of DSM-IV categories'*' has been reified to
the point that they are often seen as real ontological entities, dis-
crete and demarcated from each other by distinct boundaries.

During this process, the symptoms shared by two or several
mental disorders tended to be omitted from the diagnostic
lists, in order to strengthen the clinical distinctiveness of the
categories'*’. Therefore, transdiagnostic research represents
more of a rediscovery of what has been forgotten from proto-

Transparent definition of the gold standard (ICD, DSM, other), including specific diagnostic types, official codes, primary vs. secondary

diagnoses, diagnostic assessment interviews.

Report the primary outcome of the study, the study design and the definition of the transdiagnostic construct in the abstract and main text.

Appraise the conceptual framework/approach of the transdiagnostic approach: across-diagnoses, beyond-diagnoses, other (explain).

Numerate the diagnostic categories, spectra and non-clinical samples in which the transdiagnostic construct is being tested and then validated.

Show the degree of improvement of the transdiagnostic approach against the specific diagnostic approach through specific comparative analyses.

Demonstrate the generalizability of the transdiagnostic construct through external validation studies.
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typical descriptions as well as the consequence of the diagnos-
tic reification. In fact, it would make no sense to challenge the
diagnostic boundaries without assuming that these do exist on
some ontological level.

Second, transdiagnostic approaches are largely based on
an epistemological error, which triggers an illusion of continu-
ity"*2. The devaluation'* and simplification of psychopatho-
logical phenomena - introduced by recent versions of the
DSM and ICD - to brief, ordinary, non-technical lay language
descriptions, has converted complex symptoms and psychic
phenomena into phenomenological primitives or homogene-
ous elementals'’. For example, there is only one kind of de-
pressive state, one kind of anxiety, one kind of delusion, and it
is assumed that all of these states share the same phenomeno-
logical structure when they are observed in different mental
disorders'®°. Consequently, mental disorders, solely constitut-
ed by aggregates of such elementals, lose their characteristic
salience, and their clinical boundaries become blurred'*’.

An illustrative example is provided by the use of self-report
psychometric scales that - not surprisingly - are frequently
adopted in transdiagnostic research in order to reduce psy-
chopathology to elementals. Some studies measured the
severity of “a specific symptom of depression””® in children
through self-reported lay statements such as “I am sad once in
a while”, “I am sad many times” and “I am sad all the time”"®.
The trivialization of the contextual significance of these state-
ments'** (there are potentially infinite reasons why one could
feel sad), is associated with the deprivation of any phenom-
enological framework (e.g., subjective appraisal of sadness,
level of insight, presence of existential despair, perception of
time)'*>!, Such a simplification process transforms these
statements into self-contained atomic symptomsm, which be-
come highly blurred and aspecific, in contrast with the claim
of the authors that they are specific symptoms. This point is
empirically confirmed by the fact that transdiagnostic litera-
ture frequently confounded the measurement of psychometric
items in non-clinical samples with clinical symptoms and/or
established mental disorders.

Third, the highest interest and biggest clinical contribution
of transdiagnostic research has been in the development of
emotion-focused cognitive behavioral therapy (CBT) proto-
cols (e.g., the Unified Protocol®®) for anxiety disorders. A recent
meta-analysis indicated that these transdiagnostic treatments
lack clinical superiority compared to diagnostic-specific treat-
ments'*®,

Although these results and the Unified Protocol are present-
ed as a breakthrough, they are again more like a rediscovery. In
fact, psychotherapy was broadly transdiagnostic, driven by a
psychoanalytical focus on core emotional issues (termed neu-
rotic conflicts) until 1980, when the DSM-IIT initiated a gradual
splitting of psychopathology into psychiatric categories'*.
This led to an outpouring of CBT diagnosis-specific proto-
cols, which have allowed CBT to balkanize and dominate the
psychotherapeutic landscape for over two decades'*. In this
context, some authors have interpreted the Unified Protocol as
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the end of the CBT-centric dominion and as the resurgence of
psychodynamic psychotherapies'*.

This review has some limitations. Because of the intrinsic
heterogeneity in the design, methodology and topic covered,
we were unable to perform quantitative analyses. However,
our main aim was to provide an extensive, detailed snapshot
of transdiagnostic research and not to produce summary es-
timates. Furthermore, there are most probably other studies
that have implicitly employed transdiagnostic approaches
which have not been included in this review. However, to de-
construct the core characteristics of transdiagnostic research,
we selectively focused on those studies that have explicitly ac-
knowledged transdiagnostic approaches as their core distinc-
tive features in their titles.

In conclusion, transdiagnostic research in psychiatry has,
to date, been overenthusiastic and undercritical, heterogene-
ous, intrinsically incoherent and predominantly focused on a
limited subset of mental disorders. It is grounded more in re-
discoveries than true innovations, and it is demonstrably af-
fected by conceptual biases. Medicine has always worked by a
gradual evolutionary evidence-based process and, before re-
jecting time-tested and progressively refined concepts that are
rooted in clinical tradition®!%?, a reliable and valid alternative
is needed".

To date, transdiagnostic approaches have not delivered the
substantial empirical clinical “meat”**® required for them to
represent a credible paradigm shift’. The risk of an acritical en-
dorsement of transdiagnostic approaches would be to throw
the baby out with the bathwater'' and be lost in a controver-
sial'®* mare magnum of diagnostic uncertainty that may be
deleterious for patients and clinicians’.

Transdiagnostic research has promised (too) much to psy-
chiatry. It is hoped that this review will guide the next genera-
tion of transdiagnostic research to complement, refine and
improve - less likely to replace®' - the way we currently clas-
sify and treat mental disorders.
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Long-term effectiveness of oral second-generation antipsychotics in
patients with schizophrenia and related disorders: a systematic review
and meta-analysis of direct head-to-head comparisons
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Second-generation antipsychotics (SGAs) are recommended for maintenance treatment in schizophrenia. However, comparative long-term ef-
fectiveness among SGAs is unclear. Here we provide a systematic review and meta-analysis of randomized trials lasting >6 months comparing
SGAs head-to-head in schizophrenia and related disorders. The primary outcome was all-cause discontinuation. Secondary outcomes included
efficacy and tolerability, i.e., psychopathology, inefficacy-related and intolerability-related discontinuation, relapse, hospitalization, remission,
Junctioning, quality of life, and adverse events. Pooled risk ratio and standardized mean difference were calculated using random-effects models.
Across 59 studies (N=45,787), lasting 47.4+32.1 weeks (range 24-186), no consistent superiority of any SGA emerged across efficacy and tolerability
outcomes. Regarding all-cause discontinuation, clozapine, olanzapine and risperidone were significantly (p<0.05) superior to several other SGAs,
while quetiapine was inferior to several other SGAs. As to psychopathology, clozapine and olanzapine were superior to several other SGAs, while
quetiapine and ziprasidone were inferior to several other SGAs. Data for other efficacy outcomes were sparse. Regarding intolerability-related
discontinuation, risperidone was superior and clozapine was inferior to several other SGAs. Concerning weight gain, olanzapine was worse than
all other compared non-clozapine SGAs, and risperidone was significantly worse than several other SGAs. As to prolactin increase, risperidone
and amisulpride were significantly worse than several other SGAs. Regarding parkinsonism, olanzapine was superior to risperidone, without
significant differences pertaining to akathisia. Concerning sedation and somnolence, clozapine and quetiapine were significantly worse than
some other SGAs. In summary, different long-term SGA efficacy and tolerability patterns emerged. The long-term risk-benefit profiles of specific
SGAs need to be tailored to individual patients to optimize maintenance treatment outcomes.

Key words: Second-generation antipsychotics, maintenance treatment, randomized controlled trials, treatment discontinuation, efficacy,

tolerability, clozapine, olanzapine, risperidone

(World Psychiatry 2019;18:208-224)

Schizophrenia is a mental disorder whose course is general-
ly characterized by repeated relapses as well as a worsening of
psychopathology and social functioning, thus requiring main-
tenance treatment' >, Antipsychotics are efficacious for relapse
prevention in chronic and first-episode patients*’, reducing
relapse risk by 2-6-fold versus no antipsychotic treatment>*°.

A previous meta-analysis by our group, comparing second-
generation antipsychotics (SGAs) with first-generation antipsy-
chotics (FGAs), found that the former as a class were superior
to the latter regarding relapse prevention, all-cause discontinu-
ation and other relapse-related outcomes®.

Despite the importance of long-term treatment in schizo-
phrenia, in which the magnitude of benefits and risks of medi-
cations may be different from acute phase treatment, no com-
prehensive meta-analysis of the comparative long-term effec-
tiveness, efficacy and safety among oral SGAs currently exists’.

Although one meta-analysis targeted maintenance trials that
compared antipsychotics with placebo?, indirect comparisons
using placebo as the common comparator are not conclusive®.
Further, a multiple treatment meta-analysis, which includes
indirect comparisons, is not necessarily ideal, especially when
the number of trials comparing antipsychotics directly is lim-
ited and when homogeneity of these trials cannot be assured’.

Knowledge about the comparative effectiveness, efficacy and
tolerability of SGAs in the long-term treatment of schizophre-
nia is important’. Specifically, differences in side effect risk”’,
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some of which may increase with time, need to be weighed
against potential differences in long-term effectiveness and
efficacy.

Here we report the results of the first comprehensive meta-
analysis of head-to-head randomized controlled trials compar-
ing two or more SGAs in the long-term treatment of schizophre-
nia, aiming to assess the comparative effectiveness, efficacy and
safety of these medications.

METHODS

The meta-analysis was performed following PRISMA guide-
lines'.

Search and inclusion criteria

We conducted an electronic search withoutlanguage restric-
tions using MEDLINE/PubMed, the Cochrane library, ISI Web
of Science, PsycINFO, CINAHL and the US National Institutes
of Health clinical trials registry (http://www.clinicaltrials.gov).
The following search terms were used: antipsychotic(s); neu-
roleptic(s); individual names of SGAs; schizophrenia; random,
randomly, randomized; and maintenance, relapse, discontin-
uation or long-term. The last search was done on October 29,
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2018. The electronic search was supplemented by a hand
search of reference lists of relevant studies and reviews. Au-
thors and companies were contacted to provide missing infor-
mation and unpublished data.

We included randomized, head-to-head comparisons of oral
SGAs in adults with schizophrenia or schizoaffective disorder
which reported on treatment discontinuation, whether ran-
domization occurred during the acute or maintenance phase. As
we aimed to focus on the comparative long-term effectiveness of
SGAs, we only included head-to-head studies lasting 26 months.

We excluded studies with >20% of non-schizophrenia/schizo-
affective disorder patients. As long-acting injectable formula-
tion enhances the adherence and therefore has a significant
impact on long-term outcome''*, we excluded studies on long-
acting antipsychotics.

The search, selection of the literature, and data extraction were
conducted independently by >2 reviewers (KH, MN, TK, CC).
Disagreements were resolved by consensus.

Outcomes

The primary outcome was all-cause discontinuation at study
endpoint.

Secondary outcomes included: a) psychopathology score
change, measured by the Positive and Negative Syndrome Scale
(PANSS), the Brief Psychiatric Rating Scale (BPRS) or the Clini-
cal Global Impression - Severity (CGI-S) score (mixed models or
last-observation-carried-forward was prioritized over observed
cases analysis); b) inefficacy-related discontinuation (as report-
ed by the original study authors); ) intolerability-related discon-
tinuation (as reported by the original study authors); d) relapse
(as reported by the original study authors); ) hospitalization; f)
remission (as reported by the original study authors); g) func-
tioning score; h) quality of life (QOL); and i) adverse events.

Adverse events included: weight gain (as change from base-
line or proportion of patients with clinically significant increase);
prolactin increase (as change from baseline or proportion of pa-
tients with hyperprolactinemia); neuromotor adverse effects,
including parkinsonism assessed with the Simpson-Angus Rat-
ing Scale or use of anticholinergics, akathisia and dyskinesia;
and sedation and/or somnolence.

Data analysis

SGAs were compared individually for each outcome. We
applied a “once-randomized-analyzed” intent-to-treat (ITT)
endpoint analysis. In studies that followed patients even after
they were switched off the originally allocated medication dur-
ing the study period, we analyzed the primary outcome based
only on the first medication but, for secondary outcomes, we
extracted and analyzed the data as reported in the ITT sample.

Pooled risk ratio (RR) and standardized mean difference
(SMD) with 95% confidence intervals (CIs) were calculated using
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random-effects models". RR values <1 indicate superiority of
the first SGA for negative outcomes (such as all-cause discon-
tinuation, relapse, inefficacy-related and intolerability-related
discontinuation), while RR values >1 indicate superiority for the
only positive outcome, remission. For simplicity we adjusted ef-
fect sizes, so that SMDs <0 indicate superiority of the first SGA,
independent of whether a lower value (e.g., psychopathology) or
higher value (e.g., functioning, QOL) is a positive outcome.

Number-needed-to-treat (NNT) was calculated when cat-
egorical outcome differences were significant. Heterogeneity
was only inspected when 22 studies were analyzed, using the
chi-square test (p<0.1 indicating significant heterogeneity)'®
and the I” statistic (I>>50% indicating significant heterogene-
ity)'”. For study quality assessment, we used the Jadad scale'®,
that provides a sum score for sensitivity analyses.

In addition, a priori-defined subgroup analyses of the
primary outcome were conducted (where >2 studies existed),
seeking to identify potential moderators, methodological bi-
ases, and whether findings extended to clinically relevant sub-
populations or treatment groups. Subgroup analyses included:
a) randomization time point (acute vs. maintenance phase);
b) sponsorship (medication-specific sponsor vs. academia);
c) study quality (high vs. low Jadad score)'?; d) concealment
(open or single-blinded vs. double-blinded); e) location (inter-
national/USA/Europe/Asia); f) dosing (fixed vs. flexible), and
g) first episode vs. chronically ill.

Comprehensive Meta-Analysis, version 3 (Biostat, NJ, USA)
was used for all two-tailed analyses, with alpha=0.05, without
adjustments for multiple comparisons. Publication bias was
assessed with the funnel plot, Egger’s regression test'® and the
“trim and fill” method?® for the primary outcome, whenever >3
studies were analyzed.

RESULTS
Search and study characteristics

A total of 8,611 references were identified (Figure 1). After
removing 152 duplicates, we excluded 7,823 of the remaining
8,459 references based on title/abstract inspection. Of 113 refer-
ences subjected to full-text inspection, 54 articles were dropped
because of: inappropriate participants (N=17), review/editorial
(N=11), no usable data (N=10), inappropriate medication (N=6),
short-term study (N=4), no/inadequate randomization (N=3),
and meeting abstracts of already included studies (N=3).

Altogether, we included 63 reportsm'83 (59 randomized stud-
ies) with 45,787 participants (median: 255 participants/study,
range: from 12 to 18,154) (Table 1). The mean age of the popula-
tion was 37.6+7.0 years; 62.1+13.3% were male and 61.1+28.8%
were white. The mean study duration was 47.4+32.1 weeks
(range: 24-186).

Forty-six studies included multiple-episode patients, eight
included exclusively first-episode patients, four included ex-
clusively treatment-resistant patients (all clozapine studies),
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Records identified
through database searching
(N=8,611)

v

Records excluded because they
were clearly not relevant or
duplicates (N=7,975)

for eligibility (N=113)

v
Records screened N
(N=636) "|  Records excluded (N=523)
* No available data (N=427)
* Review (N=96)
v
Full-text articles assessed R Full-text articles excluded (N=54)

Inappropriate participants (N=17)

No original data (N=11)

No usable data (N=10)

No appropriate drug group (N=6)

Short duration of study (N=4)

No or inadequate randomization (N=3)
Meeting abstract of included articles (N=3)

A 4

Studies included in
meta-analysis (N=59)

Figure 1 PRISMA flow chart

and one did not report the number of episodes of included pa-
tients”. Thirty-four studies were double-blind, 20 were open-
label, and five had masked raters. Forty studies were sponsored
by pharmaceutical companies, 18 were publicly funded, and
funding was uncertain in one study’’.

The number of studies with each individual SGA were: 43 for
olanzapine, 27 for risperidone, 15 for quetiapine, 12 for ziprasi-
done, 12 for aripiprazole, eight for clozapine, four for amisulpride,
four for asenapine, two for lurasidone, two for paliperidone,
one for blonanserin, one for cariprazine, and one for sertindole.

Thirty-nine studies (66.1%) randomized patients in the acute
phase, eighteen (30.5%) in the maintenance phase, while the ran-
domization time point was uncertain for two studies (3.4%)***". Two
studies®"® utilized an enriched design, in that patients stabilized
on drug A were randomized to continued treatment or switch to
drug B. Two studies’”" had a “naturalistic” follow-up design,
in that switches off the originally assigned drugs were allowed.

Eleven studies reported on relapse, and six on remission.
The definition of relapse varied, with only two studies using
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the same criteria®*’. Three®*"*” out of six studies reporting on

remission used Andreasen et al’s criteria®.

Primary outcome measure: all-cause discontinuation

Across 59 studies, the pooled effect sizes of individual SGA
pairs concerning all-cause discontinuation are shown in Figure 2.

Clozapine had a significantly lower all-cause discontinuation
as compared with quetiapine (one study, N=64, RR=0.59, 95%
CI: 0.42-0.83, p=0.002) and risperidone (four studies, N=216,
RR=0.74, 95% CI: 0.57-0.95, p=0.020, IZ=5.1%). Olanzapine had
a significantly lower all-cause discontinuation as compared with
paliperidone (one study, N=459, RR=0.64, 95% CI: 0.46-0.90,
p=0.010), quetiapine (eight studies, N=1,942, RR=0.79, 95% CI:
0.71-0.89, p<0.001, ’=55.8%), risperidone (16 studies, N=3,131,
RR=0.88, 95% CI: 0.83-0.93, p<0.001, IZ=O.O%), and ziprasidone
(eight studies, N=20,225, RR=0.82, 95% CI: 0.77-0.87, p<0.001,
1°=37.0%). Risperidone had a significantly lower all-cause dis-
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95% Cl

1st SGA M-H RR and 95% CI Comparison n N M-HRR —mMm————————— P
Lower limit Upper limit
—— AMI vs. OLZ 3 796 1.074 0.909 1.268 0.400
S — AMI vs. QTP 1 208 0.627 0.443 0.889 0.009
AMI — AMI vs. RIS 1 310 0.814 0.616 1.074 0.145
—_— AMI vs. ZIP 1 186 0.814 0.545 1.214 0.313
—_— 00— APZvs. BLO 1 44 1.267 0.910 1.762 0.161
—0— APZvs. OLZ 8 2117 1.167 1.046 1.301 0.006
APZ O APZ vs. PAL 1 171 0.950 0.537 1.681 0.860
O APZvs. QTP 2 522 0.745 0.384 1.445 0.384
O APZ vs. ZIP 2 313 0.860 0.452 1.633 0.644
ASN L 4 ASN vs. OLZ 4 1478 1.210 0.354 4.138 0.761
BLO —H— BLO vs. APZ 1 a4 0.789 0.567 1.098 0.161
CAR — CAR vs. RIS 1 461 1.004 0.716 1.409 0.980
—0— CLO vs. OLZ 4 1202 1.006 0.856 1.182 0.943
—O0— CLO vs. QTP 1 64 0.589 0.420 0.826 0.002
45 00— CLO vs. RIS 4 216 0.737 0.569 0.954 0.020
O CLO vs. ZIP 1 30 1.143 0.638 2.046 0.653
—— LUR vs. QTP 1 236 0.790 0.624 1.001 0.051
LUR —— LUR vs. RIS 1 629 1.172 1.019 1.349 0.027
—0— OLZ vs. AMI 3 796 0.931 0.788 1.100 0.400
—O0— OLZ vs. APZ 8 2117 0.857 0.769 0.956 0.006
O OLZ vs. ASN 4 1478 0.826 0.242 2.824 0.761
—O0— OLZ vs. CLO 4 1202 0.994 0.846 1.168 0.943
ol —O0—— OLZ vs. PAL 1 459 0.643 0.460 0.898 0.010
—0— OLZ vs. QTP 8 1942 0.791 0.707 0.886 <0.001
O OLZ vs. RIS 16 3131 0.879 0.830 0.931 <0.001
o OLZ vs. ZIP 8 20225 0.817 0.766 0.872 <0.001
L 3 PAL vs. APZ 1 171 1.053 0.595 1.862 0.860
PAL —@ > PALvs.OLZ 1 459 1.556 1.113 2175 0.010
L PAL vs. ZIP 1 164 1.317 0.703 2.468 0.389
—O——> QTPvs. AMI 1 208 1.594 1.125 2.258 0.009
O QTP vs. APZ 2 522 1.342 0.692 2.601 0.384
—O—> QTPvs.CLO 1 64 1.699 1.211 2.383 0.002
QTP —O0— QTP vs. LUR 1 236 1.265 0.999 1.603 0.051
—O0— QTP vs. OLZ 8 1942 1.264 1.129 1.415 <0.001
—O0— QTP vs. RIS 8 3227 1.073 0.977 1.178 0.139
—0— QTP vs. ZIP 4 1064 1.124 1.011 1.250 0.031
—  — RIS vs. AMI 1 310 1.229 0.931 1.623 0.145
— RIS vs. CAR 1 461 0.996 0.710 1.396 0.980
—_—— RIS vs. CLO 4 216 1.358 1.049 1.758 0.020
—— RIS vs. LUR 1 629 0.853 0.741 0.982 0.027
RIS - RIS vs. OLZ 16 3131 1.138 1.074 1.205 <0.001
—— RIS vs. QTP 8 3227 0.932 0.849 1.023 0.139
[ J RIS vs. SER 1 9809 0.828 0.801 0.857 <0.001
- RIS vs. ZIP 3 906 0.901 0.831 0.978 0.012
SER (o] SER vs. RIS 1 9809 1.207 1.167 1.249 <0.001
—_————— ZIP vs. AMI 1 186 1.229 0.823 1.833 0.313
@ ZIP vs. APZ 2 313 1.163 0.612 2.210 0.644
@ ZIP vs. CLO 1 30 0.875 0.489 1.567 0.653
ZIP - ZIP vs. OLZ 8 20225 1.224 1.147 1.305 <0.001
L g ZIP vs. PAL 1 164 0.759 0.405 1.422 0.389
—— ZIP vs. QTP 4 1064 0.890 0.800 0.989 0.031
—— ZIP vs. RIS 3 906 1.109 1.023 1.203 0.012
0.5 1 2
Favours Favours
1st SGA comparator

Figure 2 Results of comparisons of all-cause discontinuation in meta-analysis of second-generation antipsychotics (SGAs). The first drug is the
one written on the left side of the graph, and the comparator is written in the row of comparison. AMI - amisulpride, APZ - aripiprazole, ASN -
asenapine, BLO - blonanserin, CAR - cariprazine, CLO - clozapine, LUR - lurasidone, OLZ - olanzapine, PAL - paliperidone, QTP - quetiapine,
RIS - risperidone, SER - sertindole, ZIP - ziprasidone, M-H RR - Mantel-Haenszel risk ratio.
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continuation as compared with sertindole (one study, N=9,809,
RR=0.83, 95% CI: 0.80-0.86, p<0.001) and ziprasidone (three
studies, N=906, RR=0.90, 95% CI: 0.83-0.98, p=0.012, 1=0.0%).
Other significant differences included the following: signifi-
cantly lower all-cause discontinuation for amisulpride vs. que-
tiapine (one study, N=208, RR=0.63, 95% CI: 0.44-0.89, p=0.009);
significantly higher all-cause discontinuation for aripiprazole vs.
olanzapine (eight studies, N=2,117, RR=1.17, 95% CI: 1.05-1.30,
p=0.006, ’=28.8%); significantly higher all-cause discontinua-
tion for lurasidone vs. risperidone (one study, N=629, RR=1.17,
95% CI: 1.02-1.35, p=0.027); and significantly higher all-cause
discontinuation for quetiapine vs. ziprasidone (four studies,
N=1,064, RR=1.12, 95% CI: 1.01-1.25, p=0.031, ’=47.0%).

Secondary outcomes

Across 23 SGA comparisons concerning psychopathology,
based on 32 studies, the following nine significant differences
emerged: aripiprazole was superior to quetiapine and ziprasi-
done; clozapine was superior to quetiapine and risperidone;
lurasidone was superior to quetiapine; olanzapine was supe-
rior to paliperidone and risperidone; and paliperidone was su-
perior to aripiprazole and ziprasidone (Figure 3).

Across 26 comparisons concerning intolerability-related
discontinuation, based on 50 studies, the following significant
differences emerged: quetiapine was superior to amisulpride;
risperidone was superior to clozapine, quetiapine and sertin-
dole; and ziprasidone was superior to clozapine (Figure 4).

Across 20 comparisons concerning inefficacy-related dis-
continuation, based on 47 studies, the following significant
differences emerged: aripiprazole was superior to quetiapine;
clozapine was superior to risperidone; lurasidone was superi-
or to quetiapine; and olanzapine was superior to aripiprazole,
quetiapine and ziprasidone (Figure 5).

Across 11 comparisons concerning relapse, only one signifi-
cant difference emerged: the superiority of olanzapine over ris-
peridone. Across 13 comparisons concerning hospitalization,
clozapine was superior to olanzapine, and lurasidone and ris-
peridone were superior to quetiapine. Across six comparisons
concerning remission, lurasidone was superior to quetiapine,
and quetiapine was superior to risperidone. Across 12 compari-
sons concerning functioning, aripiprazole was superior to que-
tiapine, cariprazine was superior to risperidone, and clozapine
was superior to olanzapine. Across 11 comparisons concerning
QOL, there were no significant SGA-pair differences.

Twenty-five comparisons based on 46 studies were meta-
analyzed for weight gain. Amisulpride, aripiprazole, quetiapine,
risperidone, paliperidone and ziprasidone were superior to
olanzapine; amisulpride, cariprazine, lurasidone and ziprasi-
done were superior to risperidone; paliperidone was superior to
aripiprazole; and ziprasidone was superior to paliperidone and
quetiapine (Table 2).

Prolactin increase was meta-analyzed in 16 comparisons
based on 21 studies. Clozapine, lurasidone, olanzapine, que-

World Psychiatry 18:2 - June 2019

tiapine and ziprasidone were superior to risperidone; ari-
piprazole and quetiapine were superior to olanzapine; olanza-
pine, quetiapine and ziprasidone were superior to amisulpride
(Table 2).

Parkinsonism was meta-analyzed in 20 comparisons based
on 28 studies: olanzapine was superior to risperidone. Dys-
kinesia was meta-analyzed in 11 comparisons based on 13
studies: ziprasidone was superior to quetiapine. Akathisia was
meta-analyzed in 11 comparisons based on 9 studies: no sig-
nificant differences emerged. Sedation and/or somnolence
were meta-analyzed in 17 comparisons based on 27 studies:
olanzapine and paliperidone were superior to clozapine, and
risperidone was superior to quetiapine.

Subgroup analyses for primary outcome

In subgroup analyses, the significance of the primary results
was altered in 49/267 (18.4%) analyses, but most subgroups
were very small both in number of studies and patients. Com-
parative effectiveness patterns were mostly consistent in high-
quality studies and double-blind trials.

Regarding industry sponsorship, results showing a spe-
cific drug’s inferiority were neutralized when three of 43
medication-specific manufacturer-sponsored studies were in-
cluded. In contrast, one outcome showing superiority of olan-
zapine was neutralized when one manufacturer-funded study
was included.

Regarding blinding, some results changed when we restrict-
ed the analyses to open label or blinded studies. Restricting
the analyses to only blinded studies, 5/39 results that showed
statistical significance became non-significant. Restricting the
analyses to only open label studies, 1/39 non-significant re-
sults became statistically significant.

None of the other potential effect-moderators addressed
in subgroup analyses revealed a clear pattern of effect. There
were no subgroup analyses in which the direction of the re-
sults was reversed.

Publication bias

Publication bias for all-cause discontinuation was assessed
by funnel plot. In nine of eleven comparisons with 23 studies,
the funnel plot was asymmetrical. Subsequently, we applied
the trim-and-fill method to adjust for potential publication
bias, and found that the effect sizes were similar after adjust-
ment, and that the significance for RRs did not change, except
for two comparisons. Quetiapine was not different in observed
values but became inferior to risperidone in adjusted values
(original RR=1.07, 95% CI: 0.98-1.18; adjusted RR=1.11, 95% CI:
1.00-1.24). Quetiapine was significantly inferior in observed
values, but became not different from ziprasidone in adjusted
values (original RR=1.12, 95% CI: 1.01-1.25; adjusted RR=1.08,
95% CI: 0.98-1.19).
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95% Cl

1st SGA SMD and 95% Cl Comparison n N SMD
Lower limit Upper limit
AMI vs. OLZ 3 791 0.077 -0.064 0.219 0.285
AMI vs. QTP 1 208 0.241 -0.032 0.514 0.084
AMI AMI vs. RIS 1 244 -0.037 -0.288 0.214 0.774
AMI vs. ZIP 1 186 0.049 -0.240 0.339 0.739
— 00— APZ vs. BLO 1 41 0.309 -0.308 0.927 0.326
o APZ vs. OLZ 2 628 0.143 -0.014 0.299 0.074
APZ —O0— APZ vs. PAL 1 134 1.108 0.743 1.472 <0.001
—O— APZvs. QTP 2 488 -0.259 -0.497 -0.020 0.034
—-O— APZ vs. ZIP 2 264 -0.309 -0.552 -0.066 0.013
ASN K 2 ASN vs. OLZ 3 974 0.105 -0.024 0.233 0.110
BLO —— BLO vs. APZ 1 41 -0.309 -0.927 0.308 0.326
CAR @ CAR vs. RIS 1 456 -0.173 -0.357 0.011 0.066
—O0— CLO vs. OLZ 3 191 -0.081 -0.464 0.302 0.678
CLO —O0— CLO vs. QTP 1 41 -0.900 -1.696 -0.103 0.027
—0— CLO vs. RIS 3 121 -0.739 -1.476 -0.003 0.049
—— LUR vs. QTP 1 204 -0.401 -0.691 -0.111 0.007
LUR LUR vs. RIS 1 608 0.105 -0.065 0.274 0.227
OLZ vs. AMI 3 791 -0.077 -0.219 0.064 0.285
OLZ vs. APZ 2 628 -0.143 -0.299 0.014 0.074
OLZ vs. ASN 3 974 -0.105 -0.233 0.024 0.110
OLZ vs. CLO 3 191 0.081 -0.302 0.464 0.678
oLz
-@- OLZ vs. PAL 1 459 -0.200 -0.384 -0.017 0.032
OLZ vs. QTP 5 661 -0.086 -0.326 0.154 0.482
OLZ vs. RIS 9 1144 -0.168 -0.329 -0.007 0.041
OLZ vs. ZIP 2 716 -0.194 -0.544 0.157 0.279
—0— PAL vs. APZ 1 134 -1.108 -1.472 -0.743 <0.001
PAL @ PAL vs. OLZ 1 459 0.200 0.017 0.384 0.032
—— PAL vs. ZIP 1 132 -1.331 -1.709 -0.954 <0.001
QTP vs. AMI 1 208 -0.241 -0.514 0.032 0.084
-0 QTP vs. APZ 2 488 0.259 0.02 0.497 0.034
—O0— QTP vs. CLO 1 41 0.900 0.103 1.696 0.027
QTP —— QTP vs. LUR 1 204 0.401 0.111 0.691 0.007
QTP vs. OLZ 5 661 0.086 -0.154 0.326 0.482
QTP vs. RIS 6 1563 -0.029 -0.258 0.200 0.804
QTP vs. ZIP 2 293 -0.164 -0.395 0.066 0.162
RIS vs. AMI 1 244 0.037 -0.214 0.288 0.774
RIS vs. CAR 1 456 0.173 -0.011 0.357 0.066
—— RIS vs. CLO 3 121 0.739 0.003 1.476 0.049
RIS RIS vs. LUR 1 608 -0.105 -0.274 0.065 0.227
@ RIS vs. OLZ 9 1144 0.168 0.007 0.329 0.041
RIS vs. QTP 6 1563 0.029 -0.200 0.258 0.804
ZIP vs. AMI 1 186 -0.049 -0.339 0.240 0.739
—O— ZIP vs. APZ 2 264 0.309 0.066 0.552 0.013
ZIP ZIP vs. OLZ 2 716 0.194 -0.157 0.544 0.279
—O0— ZIP vs. PAL 1 132 1.331 0.954 1.709 <0.001
ZIP vs. QTP 2 293 0.164 -0.066 0.395 0.162
-2.00 -1.00 0.00 1.00 2.00
Favours Favours
1st SGA comparator

Figure 3 Results of comparisons of psychopathology scores in meta-analysis of second-generation antipsychotics (SGAs). The first drug is the
one written on the left side of the graph, and the comparator is written in the row of comparison. AMI - amisulpride, APZ - aripiprazole, ASN -
asenapine, BLO - blonanserin, CAR - cariprazine, CLO - clozapine, LUR - lurasidone, OLZ - olanzapine, PAL - paliperidone, QTP - quetiapine,
RIS - risperidone, SER - sertindole, ZIP - ziprasidone, SMD - standardized mean difference.
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95% CI

1st SGA M-H RR and 95% CI Comparison n N M-HRR —m———————
Lower limit  Upper limit
AMIvs. OLZ 3 796 1.396 0.811 2.403 0.228
—@—> AMIvs. QTP 1 208 6.000 1.377 26.15 0.017
AMI AMI vs. RIS 1 310 1.091 0.617 1.931 0.764
—_— AMIvs. ZIP 1 186 1.352 0.557 3.279 0.505
ro——— APZvs. BLO 1 44 1.250 0.386 4.046 0.710
-0 APZvs. OLZ 7 2105 1.131 0.901 1.420 0.289
APZ _ O APZ vs. PAL 1 171 0.900 0.302 2.680 0.850
—_ APZvs. QTP 2 522 0.877 0.369 2.086 0.767
O APZvs. ZIP 2 313 0.879 0.117 6.627 0.900
ASN —— ASN vs. OLZ 4 1478 1.601 0.904 2.833 0.106
BLO R O BLO vs. APZ 1 44 0.800 0.247 2.589 0.710
CAR —— CARVvs. RIS 1 461 0.884 0.513 1.521 0.656
—O0— CLOvs. OLZ 3 1162 1.225 0.821 1.828 0.320
— CLOvs. QTP 1 64 0.510 0.138 1.890 0314
ke —————@> CLOvs.RIS 2 172 7.567 1.016 56.38 0.048
———————@—— Clovs.zIP 1 30 5.143 1.328 19.92 0.018
—_——.———— LUR vs. QTP 1 236 1.407 0.455 4.351 0.553
LUR —— LUR vs. RIS 1 629 1.481 0.955 2.296 0.079
—— OLZ vs. AMI 3 796 0.716 0.416 1.232 0.228
—OJ-_ OLZ vs. APZ 7 2105 0.884 0.704 1.110 0.289
—— OLZ vs. ASN 4 1478 0.625 0.353 1.106 0.106
—0— OLZ vs. CLO 3 1162 0.816 0.547 1.218 0.320
ez —_—— OLZ vs. PAL 1 459 0.494 0.174 1.399 0.184
0Lz vs. QTP 8 1942 0.925 0.582 1.469 0.741
OLZ vs. RIS 14 2610 1.080 0.811 1.439 0.597
—O oLz vs. ZIP 6 1945 0.827 0.573 1.194 0311
R, e — PALvs. APZ 1 171 1.111 0.373 3.308 0.850
PAL —_——. PALvs. OLZ 1 459 2.025 0.715 5.736 0.184
\ 4 PALvs. ZIP 1 164 3.074 0.639 14.79 0.161
e QTP vs. AMI 1 208 0.167 0.038 0.726 0.017
— QTP vs. APZ 2 522 1.140 0.479 2.712 0.767
s QTP vs. CLO 1 64 1.960 0.529 7.259 0.314
QTP —_—O— QTP vs. LUR 1 236 0.711 0.230 2.197 0.553
—0— QTP vs. OLZ 8 1942 1.081 0.681 1.717 0.741
. 2 QTP vs. RIS 7 3147 1.265 1.064 1.505 0.008
—O0— QTP vs. ZIP 4 1064 0.717 0.381 1.352 0.304
- RIS vs. AMI 1 310 0.916 0.518 1.621 0.764
—— RIS vs. CAR 1 461 1.131 0.657 1.948 0.656
g RIS vs. CLO 2 172 0.132 0.018 0.985 0.048
— RIS vs. LUR 1 629 0.675 0.436 1.047 0.079
RIS
- RIS vs. OLZ 14 2610 0.926 0.695 1.232 0.597
R 3 RIS vs. QTP 7 3147 0.790 0.665 0.940 0.008
R 3 RIS vs. SER 1 9809 0.496 0.428 0.575 <0.001
—0— RIS vs. ZIP 3 906 0.704 0.489 1.013 0.059
SER s 4 SER vs. RIS 1 9809 2.016 1.738 2.338 <0.001
— ZIP vs. AMI 1 186 0.740 0.305 1.795 0.505
L 4 ZIP vs. APZ 2 313 1.138 0.151 8.577 0.900
@ ZIP vs. CLO 1 30 0.194 0.050 0.753 0.018
ZIP —o— ZIP vs. OLZ 6 1945 1.209 0.838 1.746 0311
° ZIP vs. PAL 1 164 0.325 0.068 1.565 0.161
T ZIP vs. QTP 4 1064 1.394 0.740 2.628 0.304
—0— ZIP vs. RIS 3 906 1.420 0.987 2.044 0.059
0.1 0.2 05 1 2 5 10
Favours Favours
1st SGA comparator

Figure 4 Results of comparisons of intolerability-related discontinuation in meta-analysis of second-generation antipsychotics (SGAs). The
first drug is the one written on the left side of the graph, and the comparator is written in the row of comparison. AMI - amisulpride, APZ - ari-
piprazole, ASN - asenapine, BLO - blonanserin, CAR - cariprazine, CLO - clozapine, LUR - lurasidone, OLZ - olanzapine, PAL - paliperidone,
QTP - quetiapine, RIS - risperidone, SER - sertindole, ZIP - ziprasidone, M-H RR - Mantel-Haenszel risk ratio.
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95% Cl

1st SGA M-H RR and 95% ClI Comparison n N M-H RR
Lower limit Upper limit

—— AMI vs. OLZ 3 796 1.092 0.695 1.714 0.703
e —— AMI vs. RIS 1 310 0.635 0.310 1.300 0.214
—_— APZvs. BLO 1 44 0.429 0.127 1.447 0.172
-@- APZvs. OLZ 7 2055 1.774 1.369 2.298 <0.001
AbZ © APZ vs. PAL 1 171 1.500 0.370 6.080 0.570
—0— APZ vs. QTP 2 522 0.294 0.152 0.572 <0.001
ASN —— ASN vs. OLZ 4 1478 1.242 0.559 2.761 0.594
BLO —1O0— BLO vs. APZ 1 44 2.333 0.691 7.876 0.172
CAR L 4 CARvs. RIS 1 461 1.004 0.143 7.069 0.997
—0 CLOvs. OLZ 3 1162 0.758 0.232 2.475 0.647
CLO = CLO vs. RIS 1 107 0.395 0.191 0.816 0.012
CLOvs. ZIP 1 30 0.076 0.005 1.215 0.068
—— LUR vs. QTP 1 236 0.438 0.230 0.835 0.012

LUR
—— LUR vs. RIS 1 629 1.164 0.625 2.170 0.632
OLZ vs. AMI 3 796 0.916 0.583 1.438 0.703
-@- OLZ vs. APZ 7 2055 0.564 0.435 0.730 <0.001
—@— OLZ vs. ASN 4 1478 0.805 0.362 1.789 0.594
—_—T OLZ vs. CLO 3 1162 1.318 0.404 4.302 0.647
otz —— OLZ vs. PAL 1 459 0.435 0.172 1.100 0.079
O oLz vs. QTP 7 1596 0.553 0.441 0.692 <0.001
O OLZ vs. RIS 7 1049 1.020 0.742 1.402 0.903
@ OLZ vs. ZIP 6 1945 0.620 0.506 0.760 <0.001
L 3 PALvs. APZ 1 171 0.667 0.164 2.702 0.570
PAL —— PAL vs. OLZ 1 459 2.301 0.909 5.826 0.079
—— QTP vs. APZ 2 522 3.396 1.750 6.592 <0.001
—— QTP vs. LUR 1 236 2.284 1.197 4.357 0.012
ol @- QTP vs. OLZ 7 1596 1.809 1.445 2.266 <0.001
— = QTP vs. RIS 2 1896 0.999 0.615 1.623 0.997
I RIS vs. AMI 1 310 1.574 0.769 3.222 0.214
® RIS vs. CAR 1 461 0.996 0.141 7.008 0.997
—— RIS vs. CLO 1 107 2.533 1.226 5.235 0.012
RIS vs. LUR 1 629 0.859 0.461 1.600 0.632
RS RIS vs. OLZ 7 1049 0.980 0.713 1.348 0.903
RISvs. QTP 2 1896 1.001 0.616 1.626 0.997
RIS vs. SER 1 9809 0.969 0.846 1.111 0.654
—— RIS vs. ZIP 1 139 0.755 0.406 1.403 0.374
SER o SERvs. RIS 1 9809 1.032 0.900 1.182 0.654
ZIP vs. CLO 1 30 13.235 0.823 212.8 0.068
ZIP -®- ZIPvs. OLZ 6 1945 1.612 1.315 1.975 <0.001
—1— ZIP vs. RIS 1 139 1.325 0.713 2.462 0.374

0.1 0.2 05 1 2 5 10
Favours Favours
1st SGA comparator

Figure 5 Results of comparisons of inefficacy-related discontinuation in meta-analysis of second-generation antipsychotics (SGAs). The first
drug is the one written on the left side of the graph, and the comparator is written in the row of comparison. AMI - amisulpride, APZ - aripipra-
zole, ASN - asenapine, BLO - blonanserin, CAR - cariprazine, CLO - clozapine, LUR - lurasidone, OLZ - olanzapine, PAL - paliperidone, QTP -
quetiapine, RIS - risperidone, SER - sertindole, ZIP - ziprasidone, M-H RR - Mantel-Haenszel risk ratio.
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Table 2 Results of meta-analysis for adverse events

95% CI
Outcome Comparison n N RR/SMD Lower limit Upper limit P 2 (%)
Akathisia ASN vs. OLZ 1 89 -0.21 -2.00 1.58 0.818 -
CAR vs. RIS 1 460 0.15 -0.18 0.49 0.361 -
CLO vs. OLZ 1 58 0.44 -1.26 2.14 0.614 -
CLO vs. QTP 1 54 -0.97 -2.03 0.08 0.071 -
CLO vs. RIS 1 54 0.30 -1.41 2.00 0.735 -
LUR vs. RIS 1 608 0.13 -0.04 0.30 0.131 -
OLZ vs. QTP 2 201 -0.46 -1.66 0.75 0.459 51.2
OLZ vs. RIS 3 548 -0.08 -0.32 0.17 0.552 17.2
OLZ vs. ZIP 2 725 -0.11 -0.28 0.05 0.184 0.0
QTP vs. RIS 3 1277 0.16 -0.56 0.89 0.657 65.4
QTP vs. ZIP 1 190 0.26 -0.42 0.93 0.458 -
RIS vs. ZIP 1 193 -0.17 -0.97 0.64 0.683 -
Dyskinesia AMI vs. OLZ 1 356 -0.11 -0.32 0.09 0.281 -
AMI vs. RIS 1 310 0.02 -0.21 0.24 0.886 -
ASN vs. OLZ 1 89 -1.46 -3.25 0.33 0.109 -
CLO vs. OLZ 2 88 -0.21 -0.71 0.29 0.416 0.0
CLO vs. QTP 1 44 0.47 -0.76 1.69 0.456 -
CLO vs. RIS 1 45 1.01 -0.61 2.64 0.222 -
OLZ vs. QTP 3 234 -0.35 -0.76 0.07 0.099 0.0
OLZ vs. RIS 7 698 -0.02 -0.19 0.15 0.790 0.0
OLZ vs. ZIP 2 701 -0.03 -0.19 0.13 0.726 0.0
QTP vs. RIS 4 1,301 0.23 -0.28 0.74 0.375 58.8
QTP vs. ZIP 1 165 0.52 0.05 0.99 0.030 -
RIS vs. ZIP 1 156 0.10 -0.44 0.65 0.709 -
Parkinsonism AMI vs. OLZ 2 562 0.26 —0.34 0.86 0.399 77.6
AMI vs. QTP 1 179 0.30 -0.18 0.79 0.219 -
AMI vs. RIS 1 310 0.07 -0.15 0.29 0.539 -
AMI vs. ZIP 1 162 0.03 -0.43 0.50 0.887 -
APZ vs. BLO 1 44 -0.41 -1.74 0.92 0.546 -
APZvs. OLZ 3 1,483 0.06 -0.27 0.38 0.737 76.5
APZ vs. QTP 2 497 -0.10 -0.45 0.25 0.585 26.6
APZ vs. ZIP 1 124 -0.07 -0.57 0.43 0.776 -
ASN vs. OLZ 2 529 0.08 -0.90 1.06 0.867 16.0
CAR vs. RIS 1 460 -0.23 -0.61 0.15 0.233 -
CLO vs. OLZ 3 201 0.13 -0.18 0.45 0.402 0.0
CLO vs. QTP 1 53 -0.75 -1.90 0.40 0.200 -
CLO vs. RIS 1 54 0.30 -1.41 2.00 0.735 -
LUR vs. RIS 1 621 -0.19 -0.46 0.08 0.169 -
OLZ vs. QTP 5 1,126 -0.08 -0.51 0.36 0.725 51.7
OLZ vs. RIS 9 1,934 -0.28 -0.44 -0.12 0.001 28.3
OLZ vs. ZIP 5 1,808 -0.10 -0.23 0.03 0.129 0.0
QTP vs. RIS 4 1,953 -0.26 -0.60 0.08 0.133 60.5
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Table 2 Results of meta-analysis for adverse events (continued)

95% CI
Outcome Comparison n N RR/SMD Lower limit Upper limit P 2 (%)
QTP vs. ZIP 4 971 -0.19 -0.55 0.18 0.323 44.1
RIS vs. ZIP 2 725 0.40 -0.23 1.03 0.214 66.6
Body weight AMI vs. OLZ 3 742 -0.40 -0.54 -0.25 <0.001 0.0
gain AMI vs. QTP 1 127 -0.06 -0.41 0.29 0.749 -
AMI vs. RIS 1 195 -0.46 -0.83 -0.10 0.013 -
AMI vs. ZIP 1 115 0.36 -0.02 0.74 0.066 -
APZvs. OLZ 5 1,413 -0.63 -0.81 ~0.44 <0.001 317
APZ vs. PAL 1 134 0.37 0.03 0.71 0.034 -
APZ vs. QTP 2 501 -0.06 -0.47 0.35 0.774 53.5
APZ vs. ZIP 2 264 0.63 -0.07 1.32 0.077 82.3
APZvs. BLO 1 44 0.09 ~0.50 0.68 0.770 -
ASN vs. OLZ 4 1,447 ~0.39 -0.86 0.08 0.107 88.0
CAR vs. RIS 1 431 -0.29 -0.48 -0.10 0.003 -
CLO vs. OLZ 4 1,167 -0.33 -0.80 0.13 0.161 83.0
CLO vs. QTP 1 54 0.02 -0.61 0.64 0.957 -
CLO vs. RIS 3 96 ~0.32 -0.78 0.14 0.172 0.0
LUR vs. QTP 1 111 -0.13 ~0.54 0.28 0.526 -
LUR vs. RIS 1 621 -0.48 -0.65 ~0.31 <0.001 -
OLZ vs. PAL 1 449 0.49 0.31 0.68 <0.001 -
OLZ vs. QTP 8 1,592 0.42 0.21 0.62 <0.001 69.1
OLZ vs. RIS 11 1,646 0.37 0.19 0.55 <0.001 58.5
OLZ vs. ZIP 6 1,509 0.74 0.62 0.85 <0.001 9.6
PAL vs. ZIP 1 132 0.62 0.27 0.97 0.001 -
QTP vs. RIS 8 2,813 0.01 ~0.06 0.09 0.701 0.0
QTP vs. ZIP 4 871 0.24 0.10 0.38 0.001 0.0
RIS vs. SER 1 9,809 -0.61 -2.37 1.16 0.501 -
RIS vs. ZIP 3 800 0.22 0.07 0.37 0.003 0.0
Prolactin AMI vs. OLZ 1 105 0.63 0.24 1.03 0.002 -
increase AMI vs. QTP 1 84 0.62 0.18 1.07 0.006 -
AMI vs. ZIP 1 71 1.05 0.53 1.57 <0.001 -
APZ vs. OLZ 4 1,686 -1.09 -1.63 -0.54 <0.001 84.4
APZvs. QTP 1 382 -0.23 -1.83 1.38 0.783 -
ASN vs. OLZ 1 89 0.07 -0.47 0.61 0.804 -
CLO vs. OLZ 1 55 -0.29 -0.87 0.30 0.333 -
CLO vs. QTP 1 52 0.39 -0.24 1.02 0.229 -
CLO vs. RIS 1 50 -1.62 -2.36 -0.88 <0.001 -
LUR vs. RIS 1 554 -0.56 -0.74 -0.38 <0.001 -
OLZ vs. QTP 6 996 0.13 0.01 0.26 0.040 0.0
OLZ vs. RIS 7 1,225 -1.05 -1.23 -0.87 <0.001 40.7
OLZ vs. ZIP 5 1,510 0.06 -0.16 0.27 0.596 73.1
QTP vs. RIS 8 2,131 -1.24 -1.59 -0.90 <0.001 84.9
QTP vs. ZIP 3 659 0.03 -0.41 0.47 0.890 82.9
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Table 2 Results of meta-analysis for adverse events (continued)

95% CI
Outcome Comparison n N RR/SMD Lower limit Upper limit P 1 (%)
RIS vs. SER 1 9,809 0.00 —0.88 0.88 1.000 -
RIS vs. ZIP 2 596 0.93 0.75 1.10 <0.001 0.0
Sedation and/or  AMI vs. OLZ 1 377 0.99 0.46 2.16 0.989 -
somnolence )\ i1 vs. RIS 1 310 0.69 0.29 1.65 0.407 -
APZ vs. BLO 1 44 0.50 0.05 5.12 0.559 -
APZ vs. OLZ 5 1,802 0.64 0.38 1.09 0.099 68.0
APZ vs. QTP 1 119 1.39 0.60 3.24 0.442 -
APZ vs. ZIP 1 124 1.34 0.60 3.00 0.479 -
ASN vs. OLZ 3 1,038 0.89 0.66 1.22 0.477 0.0
CAR vs. RIS 1 460 0.69 0.30 1.59 0.385 -
CLOvs. OLZ 1 956 1.86 1.54 2.23 <0.001 -
CLO vs. RIS 1 14 5.00 0.77 32.57 0.092 -
LUR vs. RIS 1 621 0.76 0.52 1.12 0.166 -
OLZ vs. PAL 1 459 2.85 1.29 6.31 0.010 -
OLZ vs. QTP 4 1,220 0.95 0.83 1.10 0.531 0.0
OLZ vs. RIS 7 1,656 1.14 0.99 1.32 0.064 0.0
OLZ vs. ZIP 2 766 1.78 0.84 3.75 0.130 79.5
QTP vs. RIS 6 3,095 1.46 1.09 1.96 0.010 78.1
QTP vs. ZIP 3 861 1.49 0.89 2.48 0.129 56.7
RIS vs. ZIP 3 906 1.35 0.94 1.95 0.104 41.4

Significant (p<0.05) results are in bold prints. RR — risk ratio, SMD — standardized mean difference, AMI — amisulpride, APZ — aripiprazole, ASN — asenapine, BLO —
blonanserin, CAR — cariprazine, CLO — clozapine, LUR — lurasidone, OLZ — olanzapine, PAL — paliperidone, QTP — quetiapine, RIS — risperidone, SER — sertindole,
ZIP — ziprasidone. Effect sizes for sedation and/or somnolence are expressed in RR, others in SMD. SMD <0 and RR<1 indicate superiority of the first medication.

DISCUSSION

In this first comprehensive meta-analysis of comparative ef-
fectiveness, efficacy and tolerability of SGAs in the long-term
treatment of schizophrenia, including 59 studies and 45,787
participants, no consistent superiority of any single antipsy-
chotic across multiple outcome domains was observed.

Regarding all-cause discontinuation, clozapine, olanzapine
and risperidone were superior to several other SGAs, whereas
quetiapine was inferior to several other SGAs. Regarding psy-
chopathology, clozapine and olanzapine were superior to sev-
eral other SGAs, while again quetiapine as well as ziprasidone
were inferior to several other SGAs. Regarding functioning,
QOL and remission, data were sparse.

Regarding intolerability-related discontinuation, risperi-
done was superior and clozapine was inferior to several other
SGAs. However, it should be kept in mind that discontinuation
due to adverse events often includes inefficacy-related adverse
events in modern trials and, therefore, this outcome does not
purely reflect tolerability.

When broken down into individual adverse events, superi-
ority/inferiority patterns became clearer in some domains. For
example, olanzapine was associated with more body weight
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gain than all other non-clozapine SGAs, whereas ziprasidone
was less so than other SGAs; and amisulpride and risperidone
raised serum prolactin level more than other SGAs. Further-
more, sedation and/or somnolence were more common dur-
ing long-term treatment with clozapine and quetiapine.

We focused on head-to-head comparisons for the current
meta-analysis. The relative lack of direct head-to-head mainte-
nance comparisons may raise interest in conducting a network
meta-analysis. However, while such methodology using indi-
rect comparisons can create rankings, the very lack of so many
comparisons and the heterogeneity of the studies conducted
in different populations and over several decades are likely to
introduce relevant biases that are not present in meta-analyses
of direct head-to-head trials®.

In fact, comparing our results with those from Zhao et al®®,
who conducted a network meta-analysis of relapse prevention
studies in stable patients with schizophrenia that also included
first-generation and long-acting injectable antipsychotics, some
differences emerge. For example, for relapse prevention, the
only significant result involving an SGA was olanzapine’s supe-
riority over chlorpromazine and haloperidol, whereas we found
olanzapine to be superior to risperidone (although based on one
trial only). Furthermore, regarding all-cause discontinuation, we
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observed a significant superiority of olanzapine over aripipra-
zole, paliperidone, quetiapine, risperidone and ziprasidone in
direct comparisons, while Zhao et al, including indirect com-
parisons, found olanzapine only superior to aripiprazole. Thus,
we believe that restricting the meta-analysis exclusively to ran-
domized head-to-head comparisons yields more precise results.

What are the implications of our findings for the choice of
SGA in the long-term treatment of schizophrenia? First, we
must consider the magnitude of the effect sizes for all-cause
discontinuation. Since these ranged from medium to large, we
believe that they are clinically meaningful, especially during
the important maintenance treatment phase®*”*%, The re-
sults regarding psychopathology roughly matched the findings
for all-cause discontinuation, in that clozapine and olanza-
pine were superior to several other SGAs, whereas quetiapine
seemed inferior, this time together with ziprasidone. However,
the findings of divergent adverse effect outcomes, with par-
ticular disadvantages for clozapine, olanzapine and risperi-
done, highlight the fact that it is crucial to not view efficacy
and effectiveness in isolation of tolerability. For example, clo-
zapine and olanzapine are among the medications with some
of the most problematic adverse effects, including weight gain
and metabolic abnormalities'®?® as well as, in the case of clo-
zapine, blood dyscrasiasSg. Given such inconsistent results
in the different outcome categories, the importance of a bal-
anced medication choice based on each patient’s own situa-
tion should be emphasized.

Regarding the comparative effectiveness of clozapine and
olanzapine, we found similar results in the maintenance treat-
ment of schizophrenia. Even in studies targeting treatment-
refractory patients, the effect sizes were similar. Since a network
meta-analysis of short-term trials in refractory patients did not
find superiority of clozapine vs. olanzapine, risperidone and
ziprasidone®, which may have been driven by use of subop-
timal clozapine doses or inclusion of non-refractory patients,
further high-quality, short- and long-term, head-to-head trials
of clozapine vs. other SGAs are needed.

Several limitations of this study need to be considered.
Most comparisons relied on relatively few head-to-head tri-
als. As many as 139 of all 250 comparisons were based on one
study only, but we only meta-analyzed outcomes for which at
least two head-to-head trials provided data. The number of
patients per trial was also often small, and dose equivalencies
used across studies might not have been balanced or consist-
ent. Furthermore, the limited number of studies reduced the
power of our exploratory subgroup analyses. Additionally,
only six and eleven studies reported remission and relapse as
an outcome, respectively. However, since psychopathology,
treatment response and functioning can worsen with repeated
relapse®”?!, information on comparative remission and re-
lapse risk with individual antipsychotics is important.

The randomization point in the included studies differed,
i.e., some studies randomized patients during the acute phase,
and others during the maintenance phase. Moreover, some
studies included exclusively treatment-refractory patients,
whereas some others included exclusively first-episode pa-
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tients. Relapse and remission definitions varied across studies.
Moreover, two of the included studies had an enriched design,
and two allowed switches after randomization, which could
have affected the results. Such heterogeneity of the study de-
sign as well as patient populations introduces biases. However,
we assessed the impact of patient and study design characteris-
tics as potential moderators by conducting subgroup analyses.

Finally, although the effectiveness of long-acting injectable
antipsychotics (LAIs) in the long-term treatment of schizophre-
nia is clearly importantgz, we excluded LAI studies, as this as-
pect has already been comprehensively meta-analyzed'>'*%,
Including LAIs in this meta-analysis, which are not available
for all SGAs, would have further increased the heterogeneity of
samples and methods, the complexity of the analyses and the
interpretation of the results.

In conclusion, results from this meta-analysis suggest that
there are some significant differences in the effectiveness, ef-
ficacy and tolerability among SGAs in the long-term treatment
of schizophrenia. Clozapine, olanzapine and risperidone seem
to be superior to several other SGAs regarding all-cause dis-
continuation, while quetiapine seems to be inferior. Regarding
psychopathology scores, clozapine and olanzapine seem to be
superior to several other SGAs, while quetiapine and ziprasi-
done seem to be less effective. Regarding discontinuation due
to adverse events, only risperidone was superior and clozapine
was inferior to several other SGAs.

Due to the limited number of head-to-head trials, the com-
parative effectiveness of some SGAs is unclear, and results need
to be interpreted cautiously whenever they were based on few
trials. Thus, a sufficiently larger database involving many SGAs
and including detailed effectiveness and tolerability outcomes
is desirable to further guide the evidence-based long-term
treatment of patients with schizophrenia. In particular, identify-
ing predictors of beneficial outcomes with specific antipsychot-
ics would further enhance the ability to personalize treatments.
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INSIGHTS

The modern unconscious

Psychology, as a scientific enterprise, began by using the
simplest method of all: self-reports. To study the nature of con-
scious experiences, just ask people about those experiences.
But this soon ran into a problem. The methods used to study
conscious thought were unreliable: one subject’s introspec-
tion about a sensory experience was not the same as another
subject’s. Fed up with this lack of replicability, the scientific
establishment in the form of J. Watson' threw out the study of
the conscious mind as unscientific. Instead, he said, the task
of psychology should be to manipulate the external stimulus
environment and objectively measure the subject’s responses,
without recourse to any internal “black box” of mental activity.

Behaviorists thus sacrificed the richness and complexity of
human psychology in return for a greatly simplified version for
which they had reliable methods to study. And, because the
mind no longer mattered, they could study the much more con-
venient rat or pigeon instead of actual humans. But worst of
all, over time, behaviorists came to confuse the lack of avail-
able reliable methods to study human mental life with the lack
of any causal role played by mental life.

It was only with the cognitive revolution of the 1960s that
mental processes once again became a legitimate topic of study
in scientific human psychology. And a major reason for the
cognitive revolution was that technology had developed suffi-
ciently to permit accurate and replicable methods. Now that the
methods existed to study mental processes, mental processes
themselves existed again.

At about the same time as Watson published his Behaviorist
Manifesto, S. Freud was publishing his analyses of the human
unconscious mind. Freud and his contemporary P. Janet were
medical scientists who studied patients with distressing ailments
for which no physical cause could be found. A prevalent view-
point of that era was that these abnormal emotional and behav-
ioral syndromes were supernaturally caused, such as by demonic
possession3. As medical scientists, however, Freud and Janet be-
lieved in physical causes and proposed that a separate uncon-
scious mind was the culprit. In effect, they took the metaphysical
demons and located them inside the patient’s physical head.

Here again, though, a methodological error was made. Al-
though Janet cautioned that the notion of a separate uncon-
scious mind should apply only to those abnormal cases, Freud
insisted that it held for all human beings®. The error was to
generalize from a (small) sample of abnormal functioning to
the normal, everyday mental life of everyone. But, as we know,
Freud’s position won the day.

There was a second problem with Freud’s theory. The issue
was falsifiability. For scientific progress to be made, K. Popper®
argued, a good theory had to be falsifiable - it had to be capa-
ble of generating hypotheses that could be put to the test and
possibly found wrong.

There is a lamentable tendency in scientific practice to dis-
miss a flawed approach as completely wrong - thereby throw-
ing out the worthwhile baby with the worthless bathwater.
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Many today dismiss the very notion of unconscious influences
merely because Freud'’s theory was unfalsifiable and based on
abnormal cases. And cognitive psychology threw out behav-
iorism and with it the idea that the external environment could
cause human choices and behavior®. But of course there is a
third alternative to a theory being either entirely correct or en-
tirely incorrect.

Like the three blind men reporting on the elephant, all three
of the grand psychological theories of the past century con-
tained a profound truth regarding human nature, but none by
itself gave the complete picture. The elegance of the modern
research on unconscious processes is that it combines the best
of these three major psychological theories. What this research
reveals is that many important affective, motivational and be-
havioral phenomena operate without the person’s awareness
or conscious intention (Freud); that they are often triggered by
events, people, situational settings, and other external stimuli
(behaviorism); but that these external stimuli exert their effect
through their automatic activation of internal mental repre-
sentations and processes (cognitive psychology).

This research enterprise has the additional advantage of
overcoming the methodological problems of the earlier work.
It studies the behavior and psychological reactions of average
human beings (not clinical patients, or rats or pigeons) in eve-
ryday situations, with the participants randomly assigned to
experimental conditions, and through the generation and test-
ing of falsifiable hypotheses.

What have we learned from this research? The two main
conclusions are that there are several different sources of un-
conscious influence over choices and behavior, and that they
are generated from the same, single mind that produces con-
scious influences.

The dominant assumption of cognitive psychology in the
1970s was that the higher mental processes were almost en-
tirely under conscious, executive control’. But, as the research
progressed from 1980 onwards, the role of unconscious pro-
cesses in everyday life was revealed to be far greater than any-
one ever suspected.

The behavioral data in social and motivational psychol-
ogy consistently pointed to unconscious processes having the
same signature characteristics and operating features as when
those processes were engaged in consciously. This was con-
firmed by brain imaging studies showing that the same brain
regions - reactive to the presence of reward and incentive, for
example, or involved in computations in complex decision-
making - were active whether the person was aware of the pro-
cess operating or not. There is a single mind, and it can operate
in either conscious or unconscious mode.

The main mechanisms of unconscious influence come from
the past, the present, and the future®. From the past are deep
and primary motivations from our evolutionary heritage, such
as for survival and safety, resource acquisition, reproduction
and social bonding. Recent research has shown how even
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abstract social attitudes, such as conservative vs. liberal ide-
ologies, and attitudes towards immigration, are influenced by
these deeply rooted motivations.

But one’s own personal past - namely, early childhood expe-
riences of which one has no memory as an adult - also exerts
its unconscious influence. Longitudinal studies of infants
whose degree of attachment and bonding to the mother were
measured when they were 1 year old show that this measure
predicted how many friends they had in high school, and how
often their close romantic relationships broke up in their 20s.

In the present, the behavior and emotions of those around us
are contagious to us. This effect is now even more pronounced
thanks to social media and electronic social networks. People
we don’t even know affect us in important ways, such as in con-
tributing to the development of obesity and depression.

And how can the future affect us unconsciously if it hasn’t
happened yet? Because our minds are capable of time travel,
and spend a good deal of time in the future. Our current goals
for future outcomes color how we see the present - without re-
alizing it, what is good for the goal becomes what we consider
good for us, even if it runs against our core values and identity.
On the more positive side, our important goals are capable of
operating in the background while our conscious mind is else-

where, a phenomenon which many famous writers and scien-
tists have noted was a boon to their creativity and insights.

Psychology may be a young science, but it has already been
blessed with the lifelong efforts of some very deep thinkers. In
hindsight, none of them were entirely right, but neither were
they entirely wrong. It is by combining their collective wisdom
that we can reach a more complete and accurate account of
the human mind, including the sophisticated and adaptive
ways it operates unconsciously.

John A. Bargh
Department of Psychology, Yale University, New Haven, CT, USA
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Acceptance and commitment therapy: towards a unified model of

behavior change

Well-established research programs should be evaluated
relative to progress toward their stated purposes. The 35-year
old program of development of acceptance and commitment
therapy (ACT; said as a word, not initials) has followed an unu-
sually lengthy strategy that was dictated by its ambitious goal:
the creation of a unified process-based model of how to alle-
viate human psychological problems and promote behavioral
effectiveness'.

Instead of generating and refining a technologically-defined
protocol for the treatment of specific syndromes, ACT research
has from the beginning been based on an alternative vision
more characteristic of its roots in behavior analysis and early
behavior therapy: namely, the aspiration to identify change
processes that facilitate psychological development based on
principles that have high precision and scope of application,
and depth across levels of analysis.

The resulting body of work now spans more than 2,000
studies, including research on ACT outcomes; research on the
psychological flexibility model that underlies ACT (and its pri-
mary psychological change processes of acceptance, cognitive
defusion, flexible attention to the now, a transcendent sense
of self, values, and committed action); and work on relational
frame theory (the analysis of human cognition that adds need-
ed symbolic learning principles to the existing behavioral and
evolution science principles on which this entire “contextual
behavioral science” program stands').
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There are currently over 280 randomized controlled trials of
ACT, involving nearly 33,000 participants (see bit.ly/ACTRCTs),
in virtually every major area of mental and behavioral health,
and many social and recreational areas as well?; over 60 me-
diational studies; scores of component studies®; assessment de-
vices ranging f