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Abstract
Candidate: Håkon Solbu Roalsø
Title: Neurocognition as Predictor for Social and Role Functioning in First-Episode
Schizophrenia During Eight Years of Follow-Ups
Supervisor: Professor, dr. psychol. Anne-Kari Torgalsbøen
Schizophrenia is a debilitating mental illness with severe consequences for patients and
society. However, a large degree of heterogeneity is apparent. Research on First-Episode
Schizophrenia (FES) shows better outcome than previous research on older cohorts. A wide
spectrum of functioning is observed, and neurocognition has emerged as a potential predictor.
We investigate if neurocognitive domains predict functioning throughout eight years in FES
patients, and whether the neurocognitive predictors in short-term functional change are equal
to those for late-term. The candidate was provided with data from the Oslo Schizophrenia
Recovery Study (OSR). Methods: Neurocognitive domains of 28 FES patients recruited for
the OSR were assessed using the MATRICS Consensus Cognitive Battery. Functioning was
assessed with the global functioning: social and role measures. Assessments were done at
baseline, six months, 12 months, and annually thereafter. The cut-off between short- and
long-term was somewhat arbitrarily set at four years. The candidate performed all statistical
analysis, with growth curve modelling as the main procedure. Results: Social and role
functioning improved as an effect of time with substantial variance at baselines and for the
slopes. The effect of time was greater on role functioning. Several neurocognitive domains
predicted both functioning measures at the intercept. No significant interaction effects with
time emerged throughout the eight years. A significant interaction effect with time on social
functioning emerged for attention in short-term. Conclusion: FES patients seem to
substantially improve in functioning, especially for role functioning and in the first years of
illness. However, there is great heterogeneity in this improvement, where a few patients are
predicted to functionally worsen with time. It seems that neurocognition predicts functioning,
but not functional change throughout eight years. Attention seems to affect change in social
functioning throughout the first four years. Our findings can be used to facilitate hope and
optimism and to tailor treatment for FES patients. Future research ought to investigate the
mechanisms behind our findings and how neurocognition beyond baseline is associated with
functioning.
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1. Introduction
Schizophrenia is a mental disorder causing major personal suffering in those afflicted.
Although schizophrenia is a heterogeneous disorder, it usually involves a high degree of
emotional distress (e.g. Ensum & Morrison, 2003; Freeman, Garety, & Kuipers, 2001).
Persons afflicted tend to have reduced quality of life (Bengtsson-Tops & Hansson, 1999;
Ponizovsky, Grinshpoon, Levav, & Ritsner, 2003) especially in the early course of illness
(Gardsjord et al., 2016). There is a high rate of suicide and suicide attempts in this patient
group. Palmer, Pankratz, and Bostwick (2005) found that 4,9 % of those diagnosed with
schizophrenia commit suicide. Additionally, between 25 % and 50 % make at least one
suicide attempt (Meltzer in Johannessen, 2011).
Schizophrenia also influences daily life functioning (Green, Kern, & Heaton, 2004). Patients
experience a higher rate of unemployment (Hanisch, Wrynne, & Weigl, 2017) and divorce
(Walid & Zaytseva, 2011), and they have fewer close friends and intimate relationships
(Walid & Zaytseva, 2011) compared to other patient groups.
The economic burden on society at large is substantial. Rund and Ruud (1999) estimated that
164 million US dollars were used on this patient group every year in Norway. The costs were
especially evident in low-functioning patient groups. In addition, schizophrenia is a condition
mainly afflicting young adults (Bresnahan et al., 2000). Therefore, the monetary loss has the
potential of accumulating through the patients’ entire adult lifespan.
Taken together, the personal suffering in afflicted individuals and the economic burden on
society makes it imperative that we discover, and carry out, effective treatments so that we
can help people to live meaningful and good lives, and at the same time decrease the toll on
health care systems.
In schizophrenia research during previous centuries, the main focus was on chronic and
hospitalized schizophrenia patients. This focus has shifted to First-Episode Schizophrenia
(FES) and at-risk individuals (Seidman & Mirsky, 2017), with an increased interest in early
intervention for FES groups over the last 20 years (Craig et al., 2004; Hegelstad et al., 2012;
Lally et al., 2017). The former group of chronic patients is not representative for the two latter
groups (Harvey, Loewenstein, & Czaja, 2013). Therefore, it is crucial to continue research on
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FES patients, so that treatment intended for the early course of illness can be developed and
implemented.
One promising way of implementing these treatments, is by route of neurocognition. Several
lines of research have shown neurocognitive deficits in schizophrenia patients (Berman, Zec,
& Weinberger, 1986; Goldberg, Weinberger, Berman, Pliskin, & Podd, 1987; Green, 1996;
Green, Kern, Braff, & Mintz, 2000; Green, Satz, Ganzell, & Vaclav, 1992; Johnstone, Frith,
Crow, Husband, & Kreel, 1976; Mayerhoff et al., 1994), and these deficits have been evident
for several decades (Fish, 1977; Klonoff, Fibiger, & Hutton, 1970; Mason, 1956).
Schizophrenia patients as a group scores one standard deviation below that of healthy controls
across several neurocognitive domains (Mesholam-Gately, Giuliano, Goff, Faraone, &
Seidman, 2009).

1.1. History of Schizophrenia
In the late 19th century, Kraepelin observed several patients longitudinally. He identified a
pattern of symptoms and course that he believed ultimately led to an inevitable decline in both
cognition and behaviour (Jablensky, 2010), he claimed that the cause was brain dysfunction
(Seidman & Mirsky, 2017). He coined the term dementia praecox in 1883 in the fourth
edition of his textbook in psychiatry under a group heading of “psychic degenerative
processes” (Adityanjee, Aderibigbe, Theodoridis, & Vieweg, 1999), and later classified it as a
singular disease. Kraepelin’s main emphasis was on what he coined as “fundamental
symptoms”, which generally corresponds to what we today classify as “negative symptoms”
(Andreasen, 1997).
15 years after Kraepelin’s introduction of the dementia praecox concept, in 1908, Eugene
Bleuler renamed the disease to schizophrenia (Adityanjee et al., 1999; Andreasen, 1997), or
more precisely the group of schizophrenias (Andreasen, 1997). Thus, he acknowledged the
heterogeneity in the disorder. His observations did not converge with those of Kraepelin. He
found that the symptoms did not necessarily debut in adolescence, and the decline was not
inevitable (Adityanjee et al., 1999). Bleuler grouped schizophrenia symptoms into two broad
categories, fundamental and accessory (Andreasen, 1997). He identified at least four
fundamental symptoms, known as the four A’s: Loss of associations, affective flattening,
autism and ambivalence (Adityanjee et al., 1999), thus also focusing mainly on negative
symptoms.
2

Kraepelin had great influence on the field of schizophrenia throughout the 20th century (Rund,
1990). An influence which is evident in clinical practice and the diagnostic manuals. The third
edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-III) states that “a
complete return to premorbid functioning is unusual – so rare, in fact, that some clinicians
would question the diagnosis” (American Psychiatric Association, 1980, p. 185), a statement
which is clearly in line with the Kraepelinian tradition. This overly pessimistic view in the
DSM-III is somewhat revised with the fourth edition of the manual. DSM-IV acknowledges
heterogeneity in the course of the illness to a larger extent, but still claims that full recovery
probably is not common (American Psychiatric Association, 1994). It was not until the fifth
edition of the DSM acknowledged that a significant proportion of patients has a favourable
outcome (American Psychiatric Association, 2013) that Kraepelin’s pessimistic views started
to yield in the diagnostic manuals.
The DSM-V states that “The course appears to be favourable in 20 % of those with
schizophrenia, and a small number of individuals are reported to recover completely”
(American Psychiatric Association, 2013, p. 102). Even though this number probably still is
an underestimation of the rate of recovery in schizophrenia patients today (e.g. Lally et al.,
2017), the manual has come a long way from the dominating pessimistic view of Kraepelin
evident in the third edition.
In the modern conceptualization of schizophrenia there is a widespread agreement that both
remission and full recovery are both possible and more common than previously assumed
(Lally et al., 2017; Zipursky, Reilly, & Murray, 2013). The question is no longer if remission
and full recovery is possible, but for whom and how it happens. Today, we also know that
hope and optimism are important for recovery in schizophrenia (Bonfils et al., 2016; Bonney
& Stickley, 2008; Ho, Chiu, Lo, & Yiu, 2010). Thus it is crucial that schizophrenia
researchers, clinicians and – to some extent – the general public are aware of the possibility of
recovery and are well-informed on how to best improve patients’ chances of a meaningful
life.

1.2. Heterogeneity in Schizophrenia
If schizophrenia were a completely homogenous disorder, the vast majority of academic
publications on predictors of recovery would be meaningless, the present thesis included, as
nothing would be able to predict recovery.
3

Regarding symptomatology, two patients with schizophrenia diagnosed with the DSM-V
could technically have no overlapping symptoms. DSM-V requires the presence of two of five
broad symptom categories (American Psychiatric Association, 2013). Thus, patient A could
be suffering from delusions and negative symptoms, and patient B could be suffering from
hallucinations and disorganized speech. Both would still receive a schizophrenia diagnosis
despite no overlapping symptomatology.

1.2.1. Heterogeneity in recovery and remission
The definitions of recovery and remission seen in schizophrenia research have varied greatly
(Andreasen et al., 2005; Liberman & Kopelowicz, 2005), making it difficult to compare
studies and combining results in a meaningful and beneficial way. To address this caveat,
initiatives were launched (e.g. the Remission in Schizophrenia Working Group) to reach
consensus on how to define these concepts (Andreasen et al., 2005; Liberman & Kopelowicz,
2005). The major advantage of these consensus-based definitions is that they include criteria
that experts widely agree upon, and enable researches to compare results from different
projects.
Torgalsbøen (2005) argues that recovery can be conceptualized as both an objective outcome
and a subjective process. Subjective processes can be difficult to operationalize as the divide
between the processes that result in subjective recovery and the processes that lead to
objective recovery is difficult to make. However, it might not be fruitful to differentiate
between the two as they are in constant interaction with each other (Liberman & Kopelowicz,
2005).
The possibility of recovery in schizophrenia has been evident for decades (Harding, Brooks,
Ashikaga, Strauss, & Breier, 1987a, 1987b). Liberman, Kopelowicz, Ventura, and Gutkind
(2002) refer to several studies (e.g. Edwards, Maude, McGorry, Harrigan, & Cocks, 1998;
Loebel et al., 1992; Whitehorn, Lazier, & Kopala, 1998) reporting both high recovery and
high remission rates. In the same publication, they list 10 factors linked to recovery:
adherence to treatment; supportive and collaborative therapeutic alliance; comprehensive,
continuous, coordinated consumer-oriented services; good initial response to antipsychotics;
family support; good neurocognition; good premorbid adjustment; few negative symptoms;
absence of substance abuse and brief duration of untreated psychosis. If recovery and
remission were an impossibility in schizophrenia, no such factors could emerge in research.
Additionally, these factors are by and large malleable, and can therefore be an important
4

foundation for hope and optimism in relation to remission and recovery in schizophrenia for
clinicians and patients alike.
Several lines of research have demonstrated that persons diagnosed with schizophrenia, can
have a wide variety in outcomes (e.g. Álvarez-Jiménez et al., 2012; Amminger, Resch,
Mutschlechner, Friedrich, & Ernst, 1997; Cornblatt et al., 2007; Eaton, Thara, Federman, &
Tien, 1998; Harrow & Jobe, 2010), including the sample this study is based upon. A large
proportion of the participants in the Oslo Schizophrenia Recovery Study are in remission, and
a large portion is recovered (respectively 29 % and 55 % at the four-year follow-up reported
by Torgalsbøen, Fu, & Czajkowski, 2018). Recovery in our sample is possible both with and
without continuous medication (Fu, Czajkowski, & Torgalsbøen, 2019), but a substantial
proportion seems to struggle reaching remission in the early phase (39 % at six-month followup reported by Torgalsbøen, Mohn, & Rund, 2014).

1.2.2. Heterogeneity in Functional outcome
Another aspect of heterogeneity in schizophrenia concerns functional outcome. Schizophrenia
often have debilitating effects on the life of people suffering from schizophrenia, this does not
hold true for everyone. There is a large variance in the functioning of patients (Cornblatt et
al., 2007; Jiménez-López et al., 2019).
Additionally, there is heterogeneity in how to assess functioning. Examples are employment
rates (Hanisch et al., 2017), divorce rates (Walid & Zaytseva, 2011) and number of close
friends/intimate relationships (Walid & Zaytseva, 2011). One of the most popular ways of
assessing functioning is the Global Assessment of Functioning (GAF) scale (Cornblatt et al.,
2007; Hall, 1995). This scale have several issues, especially psychometric weaknesses and the
potential of confounding with psychiatric symptoms (Cornblatt et al., 2007). Differing
outcome measures across studies can make them difficult to compare (Hegelstad et al., 2012).
Therefore, Cornblatt et al. (2007) introduced two new scales: The Global Functioning: Social
(GF: Social) and the Global Functioning: Role (GF: Role).
The Kraepelinian views of schizophrenia is, by and large, imprecise. Patients as a group
improves during the illness (Harding et al., 1987a), especially in the early course (Green et al.,
2004; Mezquida et al., 2017). Although some patients deteriorates and get a bad outcome (e.g.
suicide, vocational disability, increasing symptomatology), many patients do not
(Torgalsbøen et al., 2018).
5

Previous studies from the Oslo schizophrenia recovery study have found that the patients as a
group have an increased functioning with time (Fu, Czajkowski, Rund, & Torgalsbøen, 2017;
Fu, Czajkowski, & Torgalsbøen, 2018). In addition to the passing of time, several
neurocognitive domains were predictive of both social and role functioning at four-year
follow-up (Fu et al., 2017). The relationship between neurocognition and functional outcome
in schizophrenia are thoroughly documented (Carrion et al., 2013; Green, 1996; Green et al.,
2004). Additionally, a strong therapeutic alliance seems to predict good functioning in a
recent review (Browne, Nagendra, Kurtz, Berry, & Penn, 2019), and a declining symptom
severity during the course of illness seems to be predictive of social functioning (Kebede et
al., 2019). Another recent review also found a correlation between quality of life and global
functioning (Nevarez-Flores et al., 2019).
Although several predictors of functioning have been identified, and although those suffering
from schizophrenia have an increasing level of functioning during the early course of illness,
few predictors of functioning have been found that consistently interact with time, especially
in long-term outcome. In other words, there is a lack of knowledge concerning what predicts
the rate of change in functioning, and not just functioning per se.

1.3. The Significance of Studying FES Patients
Traditionally, schizophrenia research was conducted on chronically ill schizophrenia patients
(Chang et al., 2012; Lally et al., 2017; Seidman & Mirsky, 2017; Zipursky et al., 2013). This
contributed to the pessimism regarding the diagnosis as this patient group has a much worse
outcome than young patients with recent onset (Harvey et al., 2013). In later years, interest in
patients in the early course of schizophrenia (e.g. First-Episode Schizophrenia; FES) has
increased (Álvarez-Jiménez et al., 2012; Seidman & Mirsky, 2017). This increased interest
has enabled us to identify predictors of remission, recovery and functioning in the early
course of illness, and subsequently target these specifically for intervention.
By shifting focus to FES patients, several predictors of recovery have been identified.
Cognition and avolition seem to predict recovery one year later (Chang, Hui, Chan, Lee, &
Chen, 2016). Symptomatic remission seems to predict short-term recovery, but not long-term
recovery (Álvarez-Jiménez et al., 2012). Poor functional outcome is predicted by the presence
of negative symptoms and deficits in sustained attention (González-Blanch et al., 2010), and
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work history, education and the absence of public support seem to predict vocational outcome
(Tsang, Leung, Chung, Bell, & Cheung, 2010).

1.3.1. Duration of Untreated Psychosis and early intervention
Duration of Untreated Psychosis (DUP) is defined as the time from the manifestation of the
first psychotic symptom to the initiation of treatment. DUP is an important area of
schizophrenia research as it is one of the few predictors of remission and recovery on which
we can intervene (Birnbaum, Wan, Broussard, & Compton, 2015; Hegelstad et al., 2012;
Penttilä, Jääskeläinen, Hirvonen, Isohanni, & Miettunen, 2014).
If one were to accept the neurotoxicity hypothesis postulated by Wyatt (1991), it is imperative
to begin intervention as shortly after a psychotic outbreak as possible. Although evidence
concerning this hypothesis is inconsistent (Bora, Yalincetin, Akdede, & Alptekin, 2018;
Rund, 2014), evidence concerning the importance of DUP is substantial (e.g. Birnbaum et al.,
2015; Chang et al., 2012; Hegelstad et al., 2012; Marshall et al., 2005; Penttilä et al., 2014).
Early intervention has been a target of research for decades. Wyatt (1991) examined whether
early intervention with antipsychotic medication affects the long-term course. He found that,
although some patients recover without the help of medication, early intervention with
neuroleptics decreased the number of relapses and hospitalizations. Later studies have also
found that the length of DUP predicts severity of symptomatology (Birnbaum et al., 2015;
Marshall et al., 2005), remission (Chang et al., 2012; Marshall et al., 2005) and recovery
(Chang et al., 2012). However, the vast majority of these studies are correlational, making it
difficult to draw conclusions concerning causality.
In an attempt to overcome the caveat that most DUP research is correlational, Norwegian
researchers (in the TIPS study) tried to manipulate the DUP by implementing an extensive
campaign in one geographical area (Early Detection-Area; ED-area) and not in another (Usual
Detection-area; UD-area). They were successful in reducing DUP (Melle et al., 2004), and
being from the ED-area significantly predicted recovery at 10-year follow-up (Hegelstad et
al., 2012). The authors concluded that early detection (and thus short DUP) was a significant
predictor of recovery from first-episode psychosis. In addition, more patients with highsymptom pressure dropped out from the UD-area, an issue which, if anything, possibly further
strengthens the authors’ conclusion. In addition to the TIPS study, there have been conducted
several early implementation programs across the world (Lee, Ahn, Park, & Chung, 2012;
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Malla, Norman, McLean, Scholten, & Townsend, 2003; Power et al., 2007), including the
OPUS project in Denmark (Albert et al., 2017).
Related to the increased effort in understanding first-episode schizophrenia and duration of
untreated psychosis, there has also been an increased interest in early intervention. Early
intervention has been shown to reduce the total number of days in hospital as a result of both
fewer admissions and fewer readmissions (Dodgson et al., 2008), which in turn gives large
societal economic gains.
In sum, FES research has given us more comprehensive knowledge on schizophrenia, its
course and its correlates. DUP research has shown us that shortening DUP is both possible
and beneficial for people afflicted with schizophrenia. Taken together, knowledge on earlyphase and first-episode schizophrenia can aid us in developing helpful interventions made for
the early phases of schizophrenia, which in turn facilitates the fulfilment of meaningful lives.
This thesis has the potential of contributing to this body of knowledge, more specifically
knowledge on the long-term effects of neurocognition.

1.4. Neurocognition and functional outcome in
schizophrenia
Evidence for cognitive dysfunction in schizophrenia has existed for decades (Fish, 1977;
Klonoff et al., 1970; Mason, 1956), being a further complication of the lives of those
suffering from FES. Neurocognitive abilities in schizophrenia are at a level significantly
below that of healthy controls, and this holds true for most, if not all, neurocognitive domains.
As reviewed above, Mesholam-Gately et al. (2009) found an average impairment of one
standard deviation across the following 10 domains: immediate verbal memory, attention,
nonverbal memory, general cognitive ability, language functions, visuospatial abilities,
delayed verbal memory and learning strategies, executive functioning, social cognition and
motor skills.
In later years, researchers have begun to recognize neurocognition as a core component in
schizophrenia (Seidman & Mirsky, 2017). Kahn and Keefe (2013) even go as far as to claim
that schizophrenia is not a psychotic illness at all, but primarily a cognitive illness with
secondary, psychotic symptoms. Thus, it goes without saying that understanding
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neurocognition and how it interacts with schizophrenia in the long term is an important aspect
of schizophrenia research.
Neurocognition is one of the major predictors of functioning in schizophrenia (Fu et al., 2017;
Green et al., 2004). The effect of impaired neurocognition on reduced daily life functioning
even seems to be greater than that of positive symptoms (Carrion et al., 2013). Further
increasing our knowledge of the relation between neurocognition and functioning in
schizophrenia will enable us to develop treatments where the relation between neurocognition
and outcome is accounted for.
Green et al. (2004) concluded in their literature review that “the evidence for longitudinal
relationships between cognition and community outcome [i.e. social outcome, vocational
outcome and independent living] is impressive” (Green et al., 2004, p. 47). The basis of this
conclusion was 18 studies, with 14 of them showing a positive effect of neurocognition on
community outcome. Only 2 of the studies found the opposite effect. A major drawback of
this review is that of the 16 prospective studies, 13 of them had a follow-up period of two
years or less. Although the authors claim these follow-up periods are long, in a lifetime
perspective they are not. Our knowledge on the long-term effect of neurocognition in
schizophrenia still seems to be limited, and we must thus increase our efforts in understanding
this association.
However, the notion that neurocognition predicts functioning, does not necessarily mean that
it predicts functional improvement. Studies examining this association between
neurocognition and functioning seem to be somewhat rarer than those examining concurrent
predictive ability or those without an estimate of functional improvement. Minor et al. (2015)
did not find any effects of baseline neurocognition on later functional change, although it
seems that this effect is usually evident (Green, 1996).
The finding that baseline neurocognition is a strong predictor of later functioning, facilitated
an increased interest in research on cognitive remediation (Bechi et al., 2019; Eack, PogueGeile, Greenwald, Hogarty, & Keshavan, 2011; Peña et al., 2018). Even if the effects on
functioning are somewhat uncertain (Reser, Slikboer, & Rossell, 2019), such studies have in
addition to potentially improving future treatment of schizophrenia, made it possible to
examine the relation between neurocognitive improvement and functioning with experimental
designs. Peña et al. (2018) found that the effect of cognitive rehabilitation was mediated by
improvement in processing speed and verbal memory, and Eack et al. (2011) found that
9

improvement in executive functioning and social cognition mediated the effect of cognitive
remediation on functioning in FES patients. One study also found that a subset of
schizophrenia patients who had an increase in neurocognitive ability over twelve months,
experienced a functional improvement 350 % greater than a subset who did not improve in
neurocognition (Brekke, Hoe, & Green, 2009). These studies have thus identified potential
targets of clinical intervention.
In sum, although the effect of neurocognition on functional outcome in schizophrenia has
been clearly demonstrated, it seems that most of these studies use a relatively short follow-up
period with few (down to only one) follow-ups. The lack of well-designed longitudinal
studies is a major caveat in schizophrenia research, and more prospective longitudinal multifollow-up research is needed before firm conclusions can be drawn.

1.4.1. The MATRICS initiative and the MATRICS Consensus
Cognitive Battery
Although neurocognition in schizophrenia became a large field of research, there were for a
long time no consensus on how to properly assess neurocognition in patients with
schizophrenia. This has been a major obstacle in evaluating different cognition-enhancing
treatments (Nuechterlein et al., 2008). This issue was addressed by the American National
Institute of Mental Health (NIMH) when they launched the Measurements and Treatment
Research to Improve Cognition in Schizophrenia Research (MATRICS) initiative
(Nuechterlein et al., 2008). The main goal of the MATRICS initiative was to develop
consensus on how to assess cognition in schizophrenia.
The MATRICS Initiative resulted in the MATRICS Consensus Cognitive Battery (MCCB)
after an impressive amount of work through several different phases. Initially, 68 different
experts mainly drawn from an academic population (although test publishers, the
pharmaceutical industry and the American health government (NIMH) were also represented)
participated in a survey to establish desirable characteristics and selection-criteria of tests
evaluated for inclusion into the final battery (Kern, Green, Nuechterlein, & Deng, 2004).
Criteria that emerged from this survey were test-retest reliability, utility as a repeated
measure, relationship to functional outcome, potential changeability in response to
pharmacological agents, practicality (as assessed by the test-administrator) and tolerability (as
assessed by the test-taker). After this initial survey, the process of selecting the final tests was
10

continued. This continuation was thorough, and consisted of several sequential procedures,
which are described by Nuechterlein et al. (2008).
After the final battery was established, an issue was that it consisted of tests independently
owned and developed. Therefore, the normative references could not be directly compared.
Additionally, there were no knowledge as to how the battery behaved as a whole. As a result,
a co-norming and standardization process was required, initiated and completed (Kern et al.,
2008).
It is also of importance that there has been conducted a Norwegian standardization of the
MCCB (Mohn, Sundet, & Rund, 2012) where the authors conclude that the Norwegian results
approach the American norm group to such an extent that American norm reference is
applicable to Norwegian samples.
A major strength of the MCCB is that consensus aspect is apparent in the extensive and
thorough process of developing it. Further details on the creation of the MCCB is beyond the
scope of this thesis, and can be found elsewhere (Green & Nuechterlein, 2004; Kern et al.,
2004; Kern et al., 2008; Nuechterlein et al., 2008).

1.5. Aims of the field of research and purpose of
this study
Studying cognition in First-Episode Schizophrenia has several purposes. Firstly, the resulting
knowledge can possibly be applied in preventing the development of schizophrenia by
targeting specific predictors (Carrión et al., 2018). Secondly, the knowledge can be applied in
identifying with greater accuracy whom among those already diagnosed will require more
resources for sufficient treatment. Thirdly, we can potentially be able to tailor treatment so
that it can be more effective, thus reducing both the personal suffering in afflicted individuals
and the monetary toll on health care systems (Rund & Ruud, 1999). Fourthly, identifying
cognitive predictors of later functional outcome might enable us to develop cognitive
remediation programmes and treatments (Reser et al., 2019; Vidarsdottir et al., 2019), thus
countering potential detrimental effects of neurocognitive deficits on functioning. This is not
meant to be an extensive list of purposes for this kind of research, but they represent some of
the major potential in the field.
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We know that neurocognition is a major predictor for functional outcome (Green et al., 2004).
However, we know little of the long-term outcome in these patients. It seems the follow-up
periods are rarely more than two years (Green et al., 2004). Studies with significantly longer
time-spans, tend to have few follow-ups (e.g. Fujii & Wylie, 2003; Fujii, Wylie, & Nathan,
2004; Robinson, Woerner, McMeniman, Mendelowitz, & Bilder, 2004; Stirling et al., 2003)
and/or are part of non-prospective study designs (e.g. Fujii & Wylie, 2003; Fujii et al., 2004).
This makes it difficult to assess in detail how these patients develop over time, and how this
development is associated with neurocognition. In addition, there is a wide variety in which
measures of functioning and cognition are used (Cornblatt et al., 2007; Nuechterlein et al.,
2008), making it difficult to compare between different studies.
The uniqueness of the Oslo Schizophrenia Recovery Study lies in its lengthy and
comprehensive prospective longitudinal design. This addresses some of the major caveats in
current schizophrenia research concerning few follow-ups, short time-spans and
retrospectivity. The annual assessments enable us to investigate functional trajectories with
good precision, and by using a comprehensive neurocognitive test battery (Nuechterlein et al.,
2008) we can assess the specific effect of different neurocognitive domains. We ensure
validity in our neurocognitive assessments and functional measures by using consensusdefined criteria, thus strengthening the plausibility in the interpretations of our results. The
study is ongoing, and here we report on data up until the eight-year follow-up, of a total of ten
years upon completion.
The research questions for this thesis are as follows:
-

Which neurocognitive domains at baseline predict functional outcome through 8 years
of follow-ups in FES patients?

-

Is it the same neurocognitive domains that predict short- and long-term functional
improvement in FES?
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2.

Methods

2.1. Design
The project this thesis is a part of is the Oslo Schizophrenia Recovery Study. This project has
a prospective longitudinal design. Participants were recruited and assessed at baseline, 6
months and 12 months, and annually thereafter. The assessments were both clinical and
neuropsychological.

2.2. Participants
Initially, 31 patients were referred to the study from mental health service institutions in
southeastern Norway. 28 of the patients fulfilled the inclusion criteria used; They suffered
from a first episode of psychosis within the disorders of the schizophrenia spectrum according
to the DSM-IV (American Psychiatric Association, 1994), they were at least 18 years old,
they were referred to the study within 5 months of first contact with a mental health service
institution, they could read and write Norwegian fluently. Written informed consent was
obtained from all participants. Exclusion criteria were having affective disorder(s), history of
head trauma, and having an IQ below 70.
All participants were retained during the three first follow-ups. Three participants dropped out
during the two-year follow-up, and an additional three participants dropped out during the
three-year follow-up. This adds up to six participants dropping out of the study, of the initial
28, which gives a retention rate of 78.6 %.
During the follow-up period, patients were treated at local mental health service institutions
with psychoeducation, psychotherapy, medication and case-management.
The project is approved by the Regional Committee for Research Ethics (REK).
Table 1 contains selected demographic and clinical variables at baseline. Partially missing
data is included in the analyses, so baseline data provided is not restricted to remaining
participants at 8-year follow-up. This thesis only report on the patient group, and
characteristics of the control group are thus omitted.
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Table 1
Demographic and clinical variables at baseline
Patients (N=28)
21.0 (SD 2.6)
17 men (60.7 %) and 11 women
19.7 (SD 5.7)
21.2 (SD 4.8)

Age in years
Gender
PANSS: Positive subscale
PANSS: Negative subscale
Level of education
Elementary school
11 (39.3 %)
High school
9 (32.1 %)
Some college
6 (21.4 %)
BA degree or higher
2 (7.2 %)
Diagnosis
Schizophrenia
21 (75.0 %)
Schizopaffective disorder
6 (21.4 %)
Psychotic disorder NOS
1 (3.6 %)
Previous substance abuse
18 (64.3 %)
Substance abuse at baseline*
1 (3.7 %)
Abbreviations: PANSS = Positive And Negative Syndrome Scale, SD = Standard Deviation
*Data for one patient is missing
Table 2 contains baseline information regarding global functioning, neurocognition and
duration of untreated psychosis.
Table 2
Baseline Global Functioning, baseline neurocognition (T-scores) and Duration of
Untreated Psychosis (DUP)
Mean
Standard Deviation
Global Functioning: Social
6.071
1.152
Global Functioning: Role
4.107
1.873
Processing Speed
Attention
Verbal working memory
Non-verbal working memory
Verbal learning
Visual learning
Reasoning and problem solving
Social cognition
Composite score

34.7
33.8
37.4
47.8
41.9
37.8
40.7
39.8
32.5

9.7
8.5
8.1
11.6
7.2
10.3
9.5
12
9.4

DUP (months)

15.9

11.5
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2.3. Clinical instruments
Interviews and assessments were done by an experienced clinical psychologist within the first
five months of admission to mental health service institution. Diagnosis was established using
the Structural Clinical Interview for DSM-IV Axis 1 disorders (SCID-I), modules A-D. A
semi-structured interview were used to establish global functioning using the Global
Functioning: Social (GF: Social) and Global Functioning: Role (GF: Role) scales as
introduced by Cornblatt et al. (2007).
Global Functioning: Social (GF: Social) is a measure of the quality and quantity of peer
relationships and conflicts, age-appropriate intimate relationship and involvement with family
members (Cornblatt et al., 2007). Global Functioning: Role (GF: Role) is a measure of
performance in school, work, or as a homemaker, depending on age (Cornblatt et al., 2007).
Both scales are scored on a scale 1-10, where a higher number refer to better functioning.
For GF: Social, extreme social isolation (One criteria being no social contact at all) results in
a score of 1, and superior social and interpersonal functioning results in a score of 10 (one
criteria being multiple satisfying interpersonal relationship). One of the requirements to reach
the remission criteria used by Oslo Schizophrenia Recovery Study (Andreasen et al., 2005) is
a score of at least 6 (moderate impairment; one criteria being few close friends). One of the
requirements to reach the full recovery criteria used by the Oslo Schizophrenia Recovery
Study is score of at least 8 (Good social/interpersonal functioning; one criteria being having
some meaningful interpersonal relationships with peers).
For GF: Role, extreme role dysfunction (One criteria being fewer than 5 hours a week in
structured role-related activities) results in a score of 1, and superior role functioning results
in a score of 10 (one criteria being all A’s in mainstream school). One of the requirements to
reach the remission criteria used by the Oslo Schizophrenia Recovery Study (Andreasen et al.,
2005) is a score of at least 6 (moderate impairment; one criteria being only occasional F’s in
mainstream school). One of the requirements to reach the full recovery criteria used by the
Oslo Schizophrenia Recovery Study is a score of at least 8 (Good role functioning; one
criteria being grades C or above in mainstream school).
For a full description of what each score represents in both global functioning measures, see
Cornblatt et al. (2007).
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The GF scales have sound psychometric properties (Cornblatt et al., 2007) and is superior to
the Global assessment of Functioning (GAF) scale (Hall, 1995) in that it takes ageappropriateness into account, making it more applicable across different age cohorts.

2.4. Neuropsychological instruments
Neurocognition was assessed using the Norwegian version of the MATRICS Consensus
Cognitive Battery (MCCB) and with the American norm reference, as deemed applicable on a
Norwegian population (Mohn et al., 2012). Testing was performed by graduate students of
clinical psychology trained in neurocognitive assessment.
Table 3
Neurocognitive domains and associated tests in the MCCB
Neurocognitive domain
Neurocognitive tests in the MCCB
Processing speed
Trail Making Test A (TMT-A)
Symbol Coding (from the Brief Assessment of Cognition in
Schizophrenia; BACS)
Category Fluency
Attention/Vigilance
Continous Perfomance Test - Identical Pairs (CPT-IP)
Working Memory
Spatial Span (from Wechsler Memory Scale; WMS-III)
University of Maryland Letter Number Span test (LNS)
Verbal Learning
The Revised Hopkins Verbal Learning Test (HVLT-R)
Visual Learning
The revised Brief Visuospatial Memory Test (BVMT-R)
Reasoning/Problem Solving Neuropsychological Assessment Battery (NAB), Mazes
subtest
Social Cognition
The Managing Emotions branch of the Mayer-SaloveyCaruso Emotional Intelligence Test (MSCEIT)

Below follows a description of the different cognitive domains and their associated tests,
which are listed in table 3. For several of the tests, both age and education are found to be of
significance for test performance (Keefe et al., 2008; Lezak, Howieson, Bigler, & Tranel,
2012).

2.4.1. Processing speed
Sufficient processing speed is required to complete mental operations successfully within
reasonable time (Salthouse, 1996).
In the MCCB, Trail making test, Part A (TMT-A), Brief assessment of Cognition in
Schizophrenia, symbol coding subset (BACS: Symbol coding) and the Category Fluency
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Test: Animal Naming (MATRICS Assessment Incorporated, n.d.) are used to assess
processing speed.
TMT-A is a timed pencil-and-paper task in which the participant is instructed to connect
irregularly placed, numbered circles in the correct order.
BACS: Symbol Coding is a timed pencil-and-paper task in which the participant is instructed
to write digits corresponding to nonsense symbols using a key.
In the Category Fluency Test: Animal Naming, the participant is instructed to orally name as
many animals as possible within one minute.

2.4.2. Attention/Vigilance
Vigilance is the ability to focus, and sustain attention over time (Lezak et al., 2012).
In the MCCB, the Continous Perfomance Test – Identical Pairs (CPT-IP) is used to assess
attention/vigilance (MATRICS Assessment Incorporated, n.d.).
CPT-IP is a computerized measure in which the participant is instructed to press a button after
seeing matching numbers consecutively on the screen.

2.4.3. Working memory
Working memory refers to the ability to store information and simultaneously manipulate that
information through cognitive operations (Lezak et al., 2012). This cognitive domain is
further divided into verbal and non-verbal working memory. In the former, the relevant
information to be stored and manipulated is of verbal character; in the latter, the relevant
information is of non-verbal character (e.g. visual). They are measured using the LetterNumber Span test (LNS test) and the Wechsler Memory Scale – 3rd edition: Spatial Span
(WMS-III: Spatial Span), respectively (MATRICS Assessment Incorporated, n.d.).
In the LNS test the administrator reads a series of number and letters. The participant is
instructed to reorder them, and repeat them to the administrator.
In WMS-III: Spatial span, the participant is instructed to repeat to tap 10 irregularly spaced
cubes in the same, or reverse, order as the administrator.
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2.4.4. Verbal learning
Verbal learning can be defined as the ability to acquire, store, and retrieve verbal information
over short and/or long periods of time (Green, 2016).
In the MCCB, the Hopkins Verbal Learning Test-Revised (HVLT-R) is used to assess verbal
learning (MATRICS Assessment Incorporated, n.d.).
Hopkins Verbal Learning Test-Revised (HVLT-R) is an orally administered test in which the
participant is instructed to learn a list of words, and later recall them. The words are organized
in three different categories.

2.4.5. Visual learning
Visual learning can be defined identically as verbal learning, except that the relevant
information is of visuospatial character: visual learning is the ability to acquire, store, and
retrieve visual information over short and/or long periods of time.
The Brief Visuospatial Memory Test – Revised (BVMT-R), is the test of choice in the MCCB
to assess visual learning (MATRICS Assessment Incorporated, n.d.).
The BVMT-R required the participant to reproduce geometric figures.

2.4.6. Reasoning and problem solving
Reasoning is a form of thinking with a conscious intent to draw a conclusion (Lezak et al.,
2012). Problem solving requires both thinking (including reasoning) and executive
functioning, as it requires a person to first identify a problem, and then come up with a
solution to solve it (Lezak et al., 2012).
To assess reasoning and problem solving in the MCCB, the Neuropsychological Assessment
Battery, Mazes subtest (NAB: Mazes subtest) is used (MATRICS Assessment Incorporated,
n.d.).
In the NAB: Mazes subtest the participant is required to solve seven increasingly difficult
mazes using paper-and-pencil. Such a test requires both foresight and planning.
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2.4.7. Social cognition
Social cognition can be understood as the ability to identify and interpret social cues (Green,
2016).
In the MCCB, The Mayer-Salovey-Caruso Emotional Intelligence Test, Managing Emotions
Branch (MSCEIT: Managing Emotions) is used to assess this domain (MATRICS
Assessment Incorporated, n.d.).
In the MSCEIT: Managing Emotions, the administrator reads descriptions of different
situations, and the participant is required to find the most appropriate response from given
alternatives. This test is meant to capture the abilities of the participants to regulate moods
and emotions in oneself and others (Brackett & Salovey, 2006).

2.5. Statistical analysis
All statistical analyses were performed by the candidate using IBM’s SPSS, Version 25.
Growth curve analysis was chosen to investigate the research questions. Growth curve
analysis is a type of multilevel modelling (Hoffman, 2015) where our data is organised in two
hierarchical levels. Time (measurement waves) represents level 1, and is nested within
individuals, representing level 2. Such multilevel modelling can handle partially missing data
well (Quené & van den Bergh, 2004), and all available data is therefore included in the
analysis.

2.5.1. Establishing model of best fit
A series of multilevel growth curve models were carried out with the two global functioning
measures (i.e. GF: Social and GF: Role) as outcome variables, and two different variables of
time as input variables. The first time variable was an ordinary variable of time, measured in
full years since baseline. The other time variable was a logarithmic variable of time, in which
time was computed using the following formula:
𝐿𝑜𝑔𝑎𝑟𝑖𝑡ℎ𝑚𝑖𝑐 𝑡𝑖𝑚𝑒 = 𝐿𝑁 (𝑡𝑖𝑚𝑒 𝑖𝑛 𝑓𝑢𝑙𝑙 𝑦𝑒𝑎𝑟𝑠 𝑠𝑖𝑛𝑐𝑒 𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 + 1)
The reason we used logarithmic time as a separate time variable, was to avoid quadratic
effects of time. This would have resulted in a statistical artefact were patients were predicted
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to have a slight decrease in functioning after an initial improvement. This would not have
been convergent with the actual observations.
We started with a random intercept model (i.e. a grand mean model with an added random
intercept allowing for individual variation), then added a fixed effect of linear ordinary time.
We compared this last model with a model were the fixed effect of linear ordinary time was
replaced with a fixed effect of linear logarithmic time. We continued with the time variable in
the best fitting model. Lastly, we allowed for individual variations over time by adding a
random effect of linear time (were the most fitting time variable was used as assessed in the
previous stage).
For significant random effects at the intercept and random effects of time, so-called random
effects 95 % Confidence Intervals (CI; Hoffman, 2015) were computed. This was done to
ease the interpretation of the variance.
Akaike Information Criterion (AIC) and Likelihood ratio tests using maximum likelihood was
used to determine the best fitting models. An unstructured covariance structure was used.

2.5.2. Identifying predictor variables for the entire follow-up
interval
After the most fitting model according to the preceding procedure was established, we carried
out separate analysis for each neurocognitive domain. This was done by first assessing
whether baseline cognition had an effect on the intercept of the model, and subsequently
whether baseline cognition had an interaction effect with time.
Sex, age at baseline and education at baseline were subsequently added as covariates.
Cognition was centred on T-score = 50. The control variable education at baseline was
centred at 13 years, as its grand mean was 12.9 years. The control variable age at baseline was
grand mean-centred at 21 years. This was done to ease interpretation of the results.

2.5.3. Establishing and identifying predictor variables for shortand long-term
Finally, the first four years were defined as short-term, and the last four years were defined as
long-term. This distinction was made somewhat arbitrarily.
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We split the logarithmic time variables into these two phases with the following procedure.
Short-term time was equal to the ordinary logarithmic time variable, except that all values
after the first four years were set to LN 5, matching the value of time at the four-year followup. The first four years in the long-term variable were set to 0, and from year 5 and outwards
time was defined by the following formula
𝐿𝑜𝑛𝑔-𝑡𝑒𝑟𝑚 𝑡𝑖𝑚𝑒 = 𝐿𝑜𝑔𝑎𝑟𝑖𝑡ℎ𝑚𝑖𝑐 𝑡𝑖𝑚𝑒 − 𝐿𝑁 5
where logarithmic time is as defined above. LN 5 is equal to the time variable at the four-year
follow-up. This was done to keep the increases in time between the standard logarithmic time
variable and the long-term time variable equivalent.
After the different time variables were established, analyses were carried out sequentially for
each neurocognitive domain. These were done with the simple effect of both time variables,
the simple effect of baseline neurocognition, the interaction effect between baseline
neurocognition and short-term time, and the interaction effect between baseline
neurocognition and long-term time. The two interactions represented the effects of interest.
Once again; sex, age at baseline and education at baseline were subsequently added as
covariates.
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3.

Results

3.1. Social and Role Functioning Trajectories
The best fitting models according to both the likelihood ratio test using maximum likelihood
and the AIC included a fixed intercept, a fixed linear logarithmic time effect, a random
intercept and a random linear logarithmic time effect. This holds true for both GF: Social and
GF: Role. The fixed effects of the final models are provided in table 4. These fixed effects are
illustrated in figures 1 and 2.
Table 4
Fixed effects of time estimates for Global Functioning (GF) in the final models
GF: Social
GF: Role
Parameter
Estimate (SE) P-value
Estimate (SE) P-value
Intercept
6.074 (0.225)
4.090 (0.322)
Logarithmic time
0.434 (0.128) 0.003
1.383 (0.231) <0.001

Figure 1. Predicted social functioning over time. The predicted score in social functioning in
FES as an effect of time in the final model. The effect of linear logarithmic time with the
logarithmic time variable on the x-axis (left) and how it transposes to regularly spaced time
points (right) are both included.
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Figure 2. Predicted role functioning over time. The predicted scores in role functioning in
FES as an effect of time in the final model. The effect of linear logarithmic time with the
logarithmic time variable on the x-axis (left) and how it transposes to regularly spaced time
points (right) are both included.
As stated above, the inclusion of random effects significantly improved model fit for both
functional outcomes. All of the variance parameters in the final models are significant at the
0.05 level as seen in tables 5 and 6. In addition, there was a significant negative covariance
effect between the intercept and slope for GF: Role as evident in table 6. The same trend
emerged for GF: Social as evident in table 5.
Table 5
Random effects of time estimates for GF: Social in the final model
Paramter
Estimate
Residual
0.41
Variance for the intercept
1.22
Variance for the slope
0.31
Covariance between intercept and slope
-0.28
Table 6
Random effects of time estimates for GF: Role in the final model
Paramter
Estimate
Residual
0.93
Variance for the intercept
2.47
Variance for the slope
1.17
Covariance between intercept and slope
-1.33

P-value
0.001
0.018
0.133

P-value
0.002
0.003
0.008

This variance, in combination with the fixed effects reported above can be used to calculate
so-called random effects 95 % confidence intervals (CI), which conveys an interval in which
95 % of the population are predicted to fall (Hoffman, 2015). The random effects 95 % CIs
for social and role functioning are reported in Table 7.
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Table 7
Random effects 95 % CI for GF: Social and GF: Role in the final models
Intercept
Slope
Lower limit
Upper limit
Lower limit
Upper limit
GF: Social
3.908
8.240
-0.655
1.524
GF: Role
1.012
7.167
-0.734
3.500

3.2. The effect of baseline cognition on
functioning
3.2.1. Neurocognitive effects on social functioning
Neurocognitive predictors had several significant positive effects on the predicted intercept of
the social functioning model. The predictors that were able to affect social functioning was
attention (β = .087, p < .001), verbal working memory (β = 0.076, p < .001), non-verbal
working memory (β = .045, p = .004) and verbal learning (β = .064, p = .015), as well as the
composite score (β = .048, p = .016). All effect sizes (β) is the effect of neurocognitive Tscores, so that an increased T-score by 10 results in an increase tenfold the effect size in
predicted social functioning.
When controlling for education at sex, age at baseline and education at baseline all effects
remained significant.
When time × baseline neurocognition interactions was added, no significant effects was found
for social functioning.

3.2.2. Neurocognitive effects on role functioning
Neurocognitive predictors had several significant positive effects on the predicted intercept on
the role functioning model. The domains that significantly predicted role functioning was
attention (β = .082, p < .001), verbal working memory (β = .081, p < .001), non-verbal
working memory (β = .037, p = .035), verbal learning (β = .067, p = .018), visual learning (β
= .039, p = .043) and reasoning and problem solving (β = .045, p = .031), as well as the
composite score (β = .045, p = .031). Once again, all effect sizes (β) is the effect of
neurocognitive T-scores, so that an increased T-score by 10 results in an increase tenfold the
effect size in predicted role functioning.
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When controlling for sex, age at baseline and education at baseline, non-verbal working
memory (β = .031, p = .059), verbal learning (β = .052, p = .062) and visual learning (β =
.036, p = .056) was no longer significant at the .05 level.
When time × baseline neurocognition interactions was added, no significant effects was found
for role functioning.

3.2.3. Neurocognitive effects in short- and long-term functional
change
Social Functioning
When time was divided into short- and long-term, and interaction effects between these time
variables and baseline cognition was added, several significant effects emerged for social
functioning. As seen in table 7, attention predicted a steeper slope in the short term.
Reasoning and problem solving, as well as the composite score predicted a more negative
slope in the long term.
Table 7
Fixed effects of neurocognition in short- and long-term GF: Social
Attention
RAP
Composite
Estimate P-value
Estimate P-value
Estimate P-value
Intercept
6.944
6.210
0
6.681
Early
1.185
0.003
0.745
0.006
0.752
0.062
Late
-1.393
0.12
-0.644
0.253
-1.527
0.08
Cognition
0.056
0.03
0.016
0.503
0.035
0.137
Early × cognition 0.0427
0.039
0.027
0.163
0.015
0.773
Late × cognition
-0.102
0.055
-0.098
0.03
-0.106
0.025
Education*
0.206
0.022
0.176
0.045
Abbreviations: RAP = Reasoning And Problem solving, Early = Short-term time,
Late = Long-term time
*Education was not significant for attention
Role Functioning
When time was divided into short- and long-term, and interactions between these time
variables and baseline cognition was added, no significant interaction effects emerged for role
functioning.
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3.2.4. Summarizing the neurocognitive effects on functioning
In sum, attention, verbal working memory, non-verbal working memory and verbal learning,
as well as the composite score, were the neurocognitive domains that predicted both social
and role functioning at the intercept. In addition, visual learning and reasoning and problem
solving predicted social functioning on the intercept.
Processing speed and social cognition did not predict functioning of ether kind. In addition,
none of the neurocognitive predictors predicted rate of change in ether functioning measure
through the entire eight-year period.
After dividing the time variable, attention predicted steeper short-term slope in social
functioning. Reasoning and problem solving, as well as the composite score predicted a more
negative long-term slope.
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4.

Discussion

This study has two purposes. Primarily, we wished to identify which neurocognitive domains
were predictive of improvement in two different functional domains (i.e. social and role
functioning) in patients with First-Episode Schizophrenia (FES) over 8 years. The second
purpose was to examine if neurocognitive domains predicted functional change over shortand long-term differently in these patients.

4.1. Functional outcome
We found that our participants had generally low functioning at baseline. The predicted mean
level of functioning at baseline was approximately 6 for social functioning (i.e. moderate
impairment in social functioning, Cornblatt et al., 2007) and approximately 4 for role
functioning (i.e. major impairment in role functioning, Cornblatt et al., 2007). These predicted
mean levels are near identical to the actual observations as reported in table 2.
Another important aspect of our finding concerning baseline functioning is the large variance
in our sample. As evident in table 7, 95 % of patients are predicted to have a baseline social
functioning between 3.91 and 8.24. Given that the scale goes from 1-10 covering a wide range
of functioning; this is a high degree of heterogeneity. It is even more striking in role
functioning, where 95 % of patients are predicted to fall between 1.01 and 7.17. Obviously,
with such a small sample, these numbers must be interpreted with care, but these intervals are
so large that they are worth noting.
In line with previous research (e.g. Fu et al., 2017; Harding et al., 1987a; Valencia et al.,
2015), we confirm that patients suffering from first-episode schizophrenia (FES) have a
substantial improvement in both social and role functioning after the acute phase. In the
current sample of FES patients, time since baseline (and therefore also time since the acute
phase) is a significant predictor of both social and role functioning. This improvement, also in
line with the current understanding of the illness (e.g. Fu et al., 2017; Green et al., 2004;
Mezquida et al., 2017), seems to be most prominent in the early course after diagnosis as the
logarithmic linear time variable fitted the data better than the ordinary linear time variable.
Our results add to the knowledge that gives cause for hope and optimism concerning
functional improvement with time. Within the first three years, the population-wide score on
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the GF: Role scale is predicted to increase from approximately four, to approximately six.
This represents a substantial increase from for example all F’s in mainstream school to only
occasional F’s in mainstream schools (Cornblatt et al., 2007). The corresponding increase in
social functioning is from approximately 6 (moderate impairment) to just short of 7 (6.7;
Some persistent mild difficulty in social functioning).
Although our data confirms that functioning in schizophrenia patients improves over time,
there is a high degree of heterogeneity. This heterogeneity is not only evident at the baseline
level, but also in the development over time. This variance is consistent with previous
research (Cornblatt et al., 2007; Jiménez-López et al., 2019). The fact that both random
effects 95 % confidence intervals for the slopes reported in table 7 overlap with zero implies
that a substantial proportion of FES patients are estimated to have no effect, or even a
detrimental effect of time. In other words, some FES patients are predicted to have no
increase, or even a decrease in functioning over time.
It is also important to point out that the random effect on the intercept is negatively correlated
with the random effect on the slope for role functioning. Although not significant, the same
trend emerges for social functioning. This means that a lower predicted intercept, results in a
steeper predicted slope, or vice versa. This is actually great news for low-functioning FES
patients; they are expected to improve more than their higher-functioning counterparts. It is
important to not overstate this association as high-functioning individuals have lesser room
for improvement. Additionally, the GF: Social and GF: Role measures will quickly reach a
ceiling effect as their upper limits of ten are approached early on. Thus, these negative
correlations between the random effects might be statistical artefacts. The finding that this
effect is non-significant in social functioning, in combination with it being higher at baseline
and with less variance supports this view.
The negative correlations between the intercepts and the slopes might be a real effect,
statistical artefacts, or a combination of the two. Future research should investigate these
relationships further as it is a potential important factor for functional prognosis.
Our findings so far are not surprising given previous results from the Oslo Schizophrenia
Recovery. Improvement in social and role functioning was evident already at the 6-month
follow-up (Torgalsbøen et al., 2014). In addition, the stagnation in functional improvement
evident in our study had already begun to emerge at the four-year follow-up, where a
quadratic effect of time was significant for role functioning (Fu et al., 2017). Our findings are
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also consistent with previous research, where a substantial improvement in functioning,
especially in early course, is well documented for schizophrenia patients (Green et al., 2004;
Harding et al., 1987a; Mezquida et al., 2017).
Given our results, in combination with the consistent research mentioned above, it is likely
not controversial to assume that schizophrenia patients, and their significant others, can
expect functional improvement after the initial diagnosis. It is important that clinicians are
aware of this, so that they can facilitate hope and optimism, an important predictor of
remission and recovery (e.g. Bonney & Stickley, 2008; Ho et al., 2010; Lally et al., 2017;
Liberman et al., 2002).

4.1.1. Discrepancy between social functioning and role
functioning
Another interesting aspect of our findings is the strikingly different trajectories between social
functioning and role functioning, as evident between figures 1 and 2. This difference should
be interpreted with caution as it is two conceptually non-overlapping constructs, and it would
therefore make little sense to test this difference statistically. However, it is so readily
apparent it is worth discussing. Role functioning has a much lower intercept, and a much
steeper slope than social functioning. In other words, role functioning seems to be worse at
baseline, but improves more over time.
One simple explanation for the above-mentioned discrepancy could be that acute psychosis
has more detrimental effect on role functioning than on social functioning. This would explain
why the predicted baseline mean is lower and why the slope is steeper; when the acute phase
is over and the effect of treatment is starting to take place, role functioning improves
substantially. Indeed, Cornblatt et al. (2007) found that social functioning is a more stable
trait and that role functioning is more responsive to treatment. However, both social and role
functioning have been found to improve as a result of treatment (Minor et al., 2015).
Ceiling effects and differences in room for improvement is also applicable in explaining the
discrepancy between the trajectories of social and role functioning. The finding that role
functioning is worse at baseline, gives more room for improvement before ceiling effects are
reached on this scale than on the one for social functioning. Thus a possible explanation is
that the higher rate of improvement in role functioning is due to its lower starting point.
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It is also worth noting that FES patients in the acute stage is a relatively young patient cohort
(Bresnahan et al., 2000), and this holds true for our sample (Torgalsbøen et al., 2014). With a
baseline age averaging at 21 years, a large proportion of our sample was likely in a phase of
transition (e.g. from school to university or from school to employment). It is not unlikely that
this transition affects role functioning to a larger extent than social functioning (e.g. huge
alteration in the role from pupil to employee, but the social network remains stable). One
might speculate if this partly explains the discrepancy between social and role functioning
seen at baseline. This reasoning does not converge with the observation that both socialcognitive deficits (Lincoln, Norkett, Frost, Gonzalez-Heydrich, & D’Angelo, 2017) and
impaired social life (Häfner, Löffler, Maurer, Hambrecht, & Heiden, 1999) is evident for FES
patients years before psychotic outbreak. However, it is still possible that this pre-morbid
decline in social functioning is somewhat less pronounced than the possible abrupt decline in
role functioning during acute first-episode psychosis.

4.2. Neurocognition as predictor for functioning
In growth curve analyses, predictor variables can predict both the fixed intercept, and fixed
effects of time. For our data, this means that the neurocognitive domains in our study can
affect both the predicted mean level at baseline (the fixed intercept) and the predicted rate of
improvement (the fixed effect of time; the linear slope). It is worth noting, however, that a
significant effect solely on the intercept will elevate the entire growth curve, since the rate of
change will remain unaffected.
A significant positive interaction effect of neurocognition by time would imply that
neurocognition affects the steepness of the curves: Baseline neurocognition would affect how
much (or little) one changes as time passes. In other words, such an effect would mean that
baseline neurocognition was able to predict change (or improvement) from baseline
functioning.

4.2.1. Neurocognition as predictor at the intercept
As reviewed in the introduction, neurocognition is one of the strongest predictors for
functioning in schizophrenia patients (Carrion et al., 2013; Fu et al., 2017; Green, 1996;
Green et al., 2004). This is also evident in our results. Several neurocognitive domains, as
well as the composite score, predict functioning at the intercept in our sample. The domains
that predict higher functioning in both measures are attention, verbal working memory, non30

verbal working memory and verbal learning. In addition, visual learning and reasoning and
problem-solving predicted role functioning. When adding sex, age at baseline and education
at baseline, the effect on role functioning of non-verbal working memory, verbal learning and
visual learning was barely no longer significant. It is also noteworthy that the domains of
processing speed and social cognition had no significant effects on either of the two
functioning measures, although this must be interpreted with caution as the combination of a
small sample size and high heterogeneity in outcome reduces power.
Our findings converge with results from previous follow-ups of this sample. Baseline
attention significantly predicted both social and role functioning, and working memory
predicted social functioning at the 6-months follow-up (Torgalsbøen et al., 2014).
Additionally, baseline attention, verbal working memory and verbal learning predicted social
functioning at four-year follow-up (Fu et al., 2017), and baseline attention, verbal working
memory and reasoning/problem solving predicted role functioning at the four-year follow-up.
Compared to the four-year follow-up, non-verbal working memory is at the eight-year followup predictive of both social and role functioning, and visual learning is predictive of role
functioning.
Neurocognitive deficits are not unusual in schizophrenia (Green, 1996; Green et al., 2000;
Green & Nuechterlein, 2004; Mayerhoff et al., 1994; Mesholam-Gately et al., 2009),
including in our sample (Torgalsbøen et al., 2014). Our findings of which neurocognitive
domains predict functioning are not surprising given previous research. Sustained attention
have been found to predict functional outcome (González-Blanch et al., 2010). Green (1996)
found in his review that attention is related to the acquisition of social skills, which is closely
linked to social functioning.
Intact attention is necessary for almost all mental abilities (Lezak et al., 2012). It is possible to
explain the effect of attention on social function. A certain degree of attention span is possibly
required to follow, and participate in, conversations with others and groups of others. The
same reasoning could be used to explain the effect on role functioning; attentional deficits
might make it difficult to understand instructions provided by an employer or tutor, thus
having a disabling effect on role functioning. Other mechanisms could also affect this
association. However, one must be careful in providing such post hoc explanations in
exploratory study designs. Our study design is able to uncover statistical associations, but not
provide explanations for the mechanisms they resulted from.
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One possible interpretation of our findings showing that neurocognitive domains and the
composite score predicts functioning at the intercept, is that neurocognitive effects on
functioning already have taken place at the time of diagnosis. As our design is correlational
more research is needed to support such interpretations. However, if correctly interpreted our
findings can be used towards policy-makers in attenuating the already established importance
of the duration of untreated psychosis and early intervention (Birnbaum et al., 2015; Dodgson
et al., 2008; Hegelstad et al., 2012; Penttilä et al., 2014; Wyatt, 1991). Additionally, our
findings can, in combination with the potential societal economic gains in reducing later
treatment costs (Rund & Ruud, 1999), be used to as an argue to increase the recourses
distributed to early-detection programmes (Albert et al., 2017; Hegelstad et al., 2012),.
Carrion et al. (2013) found in their prospective longitudinal study on treatment-seeking
individuals with a clinical high-risk for psychosis that poor processing speed predicted poor
social outcome, a finding replicated recently (Haining et al., 2019). This is not converging
with our results as we found no significant effects of processing speed on either functioning
measure. Role outcome in the study of Carrion et al. (2013) was predicted by verbal memory,
thus converging with our results as we found verbal working memory to be predictive of role
functioning. Although the variables used are not equal, the terms are closely related.
However, the caveat of sample-size must again be emphasized as both of the abovementioned studies had a 3-digit number of participants (Carrion et al., 2013; Haining et al.,
2019), substantially higher than our 28.
That our findings are both consistent and conflicting with previous research is paradoxically
not surprising. There is agreement that neurocognition is a strong predictor of functioning
(Green et al., 2004), and our findings generally support the view of neurocognition as a core
component in schizophrenia (Kahn & Keefe, 2013; Seidman & Mirsky, 2017). However,
reaching consensus on which neurocognitive domains are most important for functioning has
been difficult as domain-specific evidence in early psychosis are often conflicting, as
demonstrated in a systematic review by Allott, Liu, Proffitt, and Killackey (2011).
The lack of convergence between different studies, including ours, can have several possible
explanations. Firstly, as the authors of the above-mentioned review points out (Allott et al.,
2011), there are several methodological concerns. Studies vary widely concerning selection of
neurocognitive predictors, measures of functional outcome, sample sizes, retention rates and
length of follow-up periods. This makes it difficult to draw any firm conclusions, and
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attenuates the importance of the developed consensus criteria for assessing variables relevant
for schizophrenia (Andreasen et al., 2005; Nuechterlein et al., 2008). A second possible
explanation for the lack of convergence across studies is that the heterogeneity evident in
almost all aspects of schizophrenia (e.g. Álvarez-Jiménez et al., 2012; Amminger et al., 1997;
Liberman et al., 2002; Nevarez-Flores et al., 2019) makes it difficult to find systematic
associations. A wider use of consensus-based criteria might be key in investigating these
speculations, as it would minimize the effect of methodological inconsistencies.
The finding that social cognition had no significant effect is somewhat surprising for several
reasons. Firstly, one ought to believe that social cognition was a prerequisite to high social
functioning. Secondly, it is a finding that does not converge with current research. Fett et al.
(2011) found in a meta-analysis that social cognition explained a larger proportion of the
variance in community outcome compared to non-social cognition, and Schmidt, Mueller, and
Roder (2011) even found in a systematic review that social cognition mediated the effect of
neurocognition. Although the measures, clinical instruments and patient samples in different
studies are not equal, this lack of convergence with our findings is somewhat unexpected. It
could potentially be explained by the fact that our participants had, or had recently had, an
acute psychosis, and that this reduced their social cognition, a deficit which was not present in
the pre-morbid or prodromal stages of the illness. Such a sudden drop in cognition might not
have had time to affect the social functioning of our patients, and thus no significant effect
could emerge. This view is supported by our finding showing that the baseline deficit in social
functioning seems to be milder than that in role functioning. However, this view is also
contradicted by our findings: Social cognition does not have an effect on social functioning
over time. It is also possible that the high-quality Norwegian well-fare system acts as a buffer
to detrimental effects of social cognition (e.g. Social networks could learn about
schizophrenia through psychoeducation). These plausible effects could all contribute to our
observations.
In addition to the above-mentioned potential explanations for the lack of social-cognitive
effects on social functioning, there exist several potential sources of error. Firstly, the
managing emotions branch of the MSCEIT is a narrow measure of social cognition (Shamsi et
al., 2011; Torgalsbøen, Mohn, Czajkowski, & Rund, 2015), and schizophrenia patients does
not necessarily perform poorly on the test relative to healthy populations (Holmén, JuuhlLangseth, Thormodsen, Melle, & Rund, 2009). Despite these concerns, some authors have
found effects of social cognition on social functioning using the MCCB (Shamsi et al., 2011).
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A second source of potential error that must be emphasized comes from the combination of
low sample size and a wide heterogeneity in outcome. This combination makes it very
difficult to draw firm conclusion, especially concerning absence of effects. The associations
between social functioning, social cognition and neurocognition remains somewhat uncertain.
It is important to note that although we confirm previous research finding neurocognition to
be an important predictor of functioning, neurocognition is not the only predictor of
functioning. A substantial amount of variance in functioning is left unexplained by cognition
(Allott et al., 2011; Fett et al., 2011), which is not contradicted by our findings. This is in line
with research finding several important predictor variables for several important outcomes in
FES (e.g. Álvarez-Jiménez et al., 2012; González-Blanch et al., 2010; Tsang et al., 2010).
Although neurocognition is an important target, schizophrenia research must continue with a
wide approach to capture the complexity of the illness.
In sum, neurocognition, and several neurocognitive domains, predicted functioning at
baseline in our sample. However, this is only a part of the potential predictive ability of
neurocognition. It is also possible that neurocognition is able to predict improvement in, and
not just overall level of, functioning.

4.2.2. Neurocognition as predictor for improvement in functioning
Although neurocognition is not always found to be indicative of functional improvement
(Minor et al., 2015), it seems that this association is usually evident (Fu et al., 2017; Green,
1996). We found that none of our neurocognitive variables predicted functional improvement
over the course of eight years. However, attention did predict improvement in social
functioning in the first four years, but not the four last.
It is important to note that although neurocognition does not seem to predict functional
change over eight years, this does not imply that neurocognition is irrelevant for long-term
functioning. On the contrary, the effect of neurocognitive domains on the intercept is still
relevant after eight years. Effects on the intercept elevates the entire growth curve, even if the
rate of change itself remains unaffected. Therefore, it would be erroneous to conclude, on the
basis of our findings, that baseline neurocognition does not matter for long-term functioning.
The finding that neurocognition did not predict functional improvement throughout eight
years must be interpreted with caution. A limitation of our study is the sample size. The
statistical power of the design might be too small to detect any real effects of neurocognition.
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However, if these effects are substantial, they ought to have emerged even in our sample.
Therefore, a possible interpretation of our findings is that they indicate that any such effects
probably are not of clinical or practical significance for FES patients in Norway, but this must
be replicated in studies with larger samples and more statistical power. Such an interpretation
does not mean that neurocognition is unimportant. The amount of research concerning the
importance of neurocognition (e.g. Green, 1996; Green et al., 2004; Kahn & Keefe, 2013;
Seidman & Mirsky, 2017) opposes such unwarranted conclusions. Rather, it implies that
baseline neurocognition are not able to identify those who will later functionally improve and
those who will remain at the same level, or even deteriorate in functioning.
The assumption that the effect of neurocognition on functional improvement is of less clinical
significance is plausible, but it may be imprecise and misleading. Fu et al. (2017) found that a
stratification of the patients into three groups based on level of neurocognition at baseline
enabled the authors to identify an effect of neurocognition on functional improvement at the
four-year follow-up. They found that patients with a low score on the attention and verbal
working memory domains did not improve in social functioning and that the patients with a
moderate and high score did. There were no significant differences between the two latter
subgroups. These findings imply that a certain degree of baseline neurocognitive abilities is
required to improve in social functioning over the early phase of FES, but that abilities further
above this threshold does not seem to have an impact for the rate of change in social
functioning.
It is worth mentioning, though, that the methodology used by Fu et al. (2017) differed
somewhat from ours. They used a linear time variable (as opposed to a logarithmic one)
which resulted in a quadratic trend in the role functioning growth curve. It is possible that the
differences in results are due to such statistical considerations. If this is the case, the
differences are technically due to statistical artefacts. Additionally, they had a follow-up
period of four years, substantially shorter than our eight. Possible discrepancies between the
importance of baseline neurocognition in short vs. long-term functional improvement are
discussed further in the next section.
In cognitive remediation studies, it has been found that later functioning is predicted by
processing speed and verbal memory (Peña et al., 2018), as well as executive functioning and
social cognition (Eack et al., 2011). That we were unable to replicate these findings might be
due to sample size. It is also worth noting that our design is naturalistic long-term as opposed
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to the above-mentioned studies that examined neurocognition and functional outcome as
response to treatment with follow-ups of one week (Peña et al., 2018) and two years (Eack et
al., 2011).
One aspect of our design requires attention. There are high remission and recovery rates in
our sample (Torgalsbøen et al., 2018). Although this is obviously a positive finding for our
patients, it might cause a problem concerning the representativeness of our sample. Although
schizophrenia patients gets better with time, the remission and recovery rates we report are
substantially higher than those generally reported by others (e.g. Lally et al., 2017). This
might be caused by the high quality of the Norwegian well-fare system. If so, it is likely that
the Norwegian mental health care system enables to maximize FES patients’ functioning
despite neurocognitive deficits. The hypothesis that the high remission and recovery rates in
our sample is due to the country-specific variables is an empirical question. It can be
examined in future studies cross-culturally by attempting to identify any country × baseline
neurocognition interaction effects on functioning.
Even with the potential caveats of study design, good outcomes and potential countryspecificity in mind, we postulate that our findings are scientifically and clinically useful,
especially concerning Norwegian FES patients.

4.2.3. The short-term and long-term effects of baseline
neurocognition
The finding that neurocognition only had an effect on the intercept might be interpreted so
that the baseline neurocognitive effects on social and role functioning have already taken
place at study intake. Such an explanation is in line with research on so-called high-risk
individuals, individuals with a high risk of developing schizophrenia, often defined as the
existence of afflicted first-degree relatives. These studies find that those who later develop
schizophrenia have worse neurocognitive abilities than those who do not and that this
discrepancy is apparent already in childhood, as examined by a recent meta-analysis (Zheng
et al., 2018).
Although it might be tempting to conclude that baseline neurocognition does not affect
functional improvement, such a conclusion is unwarranted. Our results after splitting the time
variable in short-term and long-term indicate that baseline attention is important for social
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functioning both at baseline and at the rate of change. This is in line with the findings of Fu et
al. (2017).
That Fu et al. (2017) was able to identify several predictors of functional change within the
same sample as us, in combination with the partial replication in our study, warrants some
extra attention. It seems that the association between baseline neurocognition and functional
improvement over time weakens after the initial years of illness. The fact that we did not find
a single domain that predicted improvement throughout the first eight years of illness, despite
significant predictions throughout the first four, supports this conclusion. Cognitive
impairments may affect functional change only in the pre-morbid and early phases of FES.
The fact that neurocognitive domains are evident long before the outbreak of psychosis
(Corigliano et al., 2014), in combination with our findings of low functioning at baseline, is in
line with this view.
As evident in table 7, our results show that reasoning and problem solving, as well as the
composite score predicted a decrease in functioning in the last four years in social
functioning, without significant effects in the first four. We are for several reasons not
confident that these results reflect real associations in Norwegian FES patients. Firstly, it
opposes the current body of research showing that there is a positive relationship between
neurocognition and functional outcome (Carrion et al., 2013; Green, 1996; Green et al.,
2004). Secondly, it is difficult to propose plausible mechanisms explaining such associations.
Thirdly, the parsimony of the model after splitting the time variable in short- and long-term
was substantially worsened, making it somewhat difficult to make good interpretations of the
results concerning long-term effects on functional change. We therefore believe it is plausible
that the significant negative associations between baseline neurocognition and long-term
functional change are type-I errors. Such an interpretation must be supported with larger
sample sizes before these results can be debunked with a sufficient degree of certainty.
However, the finding that there were no positive associations between neurocognitive
domains and long-term functional improvement supports the view that baseline
neurocognition has little impact on functional improvement several years after assessment.
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4.2.4. Summarizing the effect of neurocognition on social and
role functioning
In sum, we find that neurocognition is an important predictor of both social and role
functioning. Our study points at working memory and verbal learning as important
neurocognitive domains for functioning, and especially at attention as important for
functioning both in the acute phases of FES and the development in the first four years.
However, evidence from other studies concerning which specific neurocognitive domains are
most important is conflicting. Individual studies are often able to identify domains, but these
studies are not consistent (Allott et al., 2011). However, the relation between overall
neurocognition and functional outcome is quite consistent, and the field of research seems to
agree that neurocognition in schizophrenia is an important target of research.
Based on the results from this study, it seems that baseline neurocognition is not very
important for functional improvement several years after initial assessment. Contrary to the
time intervals used in the vast majority of academic publications (Green et al., 2004), eight
years are a substantial period of a persons’ life, and both positive and negative major life
events can occur in such a long time interval. The accumulated experiences of life in general
may simply confound the effects of neurocognitive abilities from several years before to such
an extent that they are, for all practical purposes, not that important. Such a tentative
explanation does not imply that neurocognition is irrelevant, but that neurocognition has
limited impact for functional improvement several years later. In line with this, it is important
to note that neurocognition is not a completely stable trait. In fact, Fu et al. (2018)
demonstrated that the neurocognitive abilities of the patients in our sample generally
improved in the first six years of illness. This might confound the effect of baseline
neurocognition on functioning by making the baseline measure outdated and would warrant
the use of more recent measures.

4.3. Clinical Implications and Future Research
Our findings have important implications for clinical practice. They imply that neurocognition
is unable to identify which patients will functionally improve over long-term. This is
especially relevant for FES patients who struggle with the potential functional consequences
of neurocognitive deficits: They are still expected to functionally improve. Such knowledge
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can be applied by clinicians in facilitating hope, optimism and, by extension, remission and
recovery (Bonfils et al., 2016; Bonney & Stickley, 2008; Ho et al., 2010).
Our findings can in combination with other research on functioning and neurocognition in
FES be applied in tailoring treatments, both for individual patients and more general treatment
programmes. Verbal working memory, non-verbal working memory, verbal learning, and
especially attention are variables that emerges as potentially important for functional
improvement and thus potential targets for treatment and cognitive remediation. However, it
is worth noting that the effects of such remediation programmes on real-life functioning are
uncertain (Reser et al., 2019). Another a potential major caveat of developing domain-specific
treatments and remediation programmes is the lack of convergence across studies on which
neurocognitive domains matters most for functioning (Allott et al., 2011).
We have provided evidence implying that the effects of baseline neurocognition on functional
improvement seem to diminish over time. Although we have made some speculations, the
present study can only provide evidence that this diminishing exists, and not provide evidence
for why it occurs. Such mechanisms remain a topic for future research.
We have investigated how neurocognition at baseline assessed once predicts subsequent
functioning trajectories. Neurocognition in FES patients is not a completely stable trait (Fu et
al., 2018). Within growth curve analyses, it is possible to use neurocognitive domains as socalled time-variant predictors (Hoffman, 2015), where it is possible to assess how varying
neurocognitive abilities affects functional trajectories. The use of such sophisticated analyses
in future research has the potential to capture neurocognitive effects on functioning that takes
place constantly.

4.4. Strengths and Limitations
One of the most obvious strengths of this study is the high retention rate. Despite the fact that
the participants go through quite extensive neurocognitive and clinical assessment annually,
the attrition rate is very low compared to other longitudinal studies.
Another strength of the study is its naturalistic design, thus following the participants and the
course of development they would likely follow also if they did not participate in the Oslo
Schizophrenia Recovery Study. Even though we are unable to completely rule out the
possibility that participation in our study affected the patients’ development, it seems unlikely
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that an assessment administrated once a year have had major impact on their everyday
functioning.
A relatively unique aspect of our study is the combination of a large number of follow-ups,
and the large time frame in which they have been conducted. This enables us to examine
detailed trajectories long-term. Compared to previous studies (e.g. those referred by Green et
al., 2004) this is a significant strength. In combination with the high retention rate mentioned
above, this constitutes a solid study design.
The most obvious drawback of the study is the small sample size. 28 patients at baseline,
which is reduced to 22 by the second year of follow-ups, warrants careful conclusions. Even
so, we believe that our findings are useful both clinically and scientifically, and they ought to
be replicated with larger samples. This might prove difficult, however, as the design in the
present study is both time consuming and resource demanding.
Although the impressive number of follow-ups combined with the long-time interval are the
greatest strengths of this study, there is a chance that this can cause sampling error. It may be
that only the highest functioning patients are willing to be enrolled, and stay, in such a study.
This suspicion is strengthened by considering the high recovery and remission rates in the
sample (Torgalsbøen et al., 2018). However, the wide variety in functioning observed in this
study implies that the sampling procedures were able to capture lower-functioning
individuals, even if the representativeness of this subgroup remains somewhat uncertain.
Another, rather paradoxical limitation of our study is that the majority of patients included are
by the eight-year follow-up relatively well-functioning. There have been no reports of suicide,
and recovery rates are both high and sustained over time (55 % sustained full or partly
recovered at the four-year follow-up reported by Torgalsbøen et al., 2018). Although such
results rightfully create a foundation for hope and optimism for functional and symptomatic
improvement, they constitute a methodological problem. Such great outcomes are unusual,
even in the modern literature (compared to for example the 38 % recovered in the metaanalysis by Lally et al., 2017). Thus, the generalizability might be reduced as one might argue
that this sample is not representative of FES patients in other developed countries. Our
participants are simply too healthy!

40

4.5. Conclusion
In this thesis, we have reported on results from the eight-year follow-up of the Oslo
Schizophrenia Recovery Study. Generally, both social functioning and role functioning in
those afflicted with schizophrenia improve as time passes. A crucial take-home message is
that functional improvement is expected in first-episode schizophrenia. This improvement
seems to be larger in role functioning. However, role functioning had a lower baseline level,
making the room for improvement greater compared to social functioning. In addition, those
patients with a lower baseline role functioning, have a steeper slope in functioning over time.
The same non-significant trend emerges for social functioning. This is possibly due to real
effects, statistical artefacts or a combination of the two.
There were several neurocognitive domains predictive of higher functioning. Attention, verbal
working memory, non-verbal working memory, verbal learning were all predictors of
functioning in both measures used. The composite score was also predictive of both
functioning measures. These findings confirm previous research indicating that
neurocognition is an important predictor for functioning. However, which specific
neurocognitive domains matter most, remains uncertain due to conflicting findings (Allott et
al., 2011).
Although neurocognition was predictive of higher functioning, the interaction effects between
the time variable and neurocognition were practically non-existent for all neurocognitive
domains and functioning measures throughout the eight years of follow-ups. Thus, it is
possible to draw the conclusion that neurocognition, although predictive of functioning, is not
predictive of improvement in functioning throughout eight years. Neurocognition does not
seem to be the best predictor of functional improvement, potentially due to accumulating
effects of other important life events.
Only attention predicted improvement in functioning in the short-term. We found no other
positive associations between baseline neurocognitive domains and functional improvement
beyond this. It seems that neurocognition does not affect the rate of change in functioning
beyond the initial phases of the illness. However, there is always the possibility that our lack
of findings masks other real effects of neurocognition that our analyses were unable to
uncover due to for example small sample size, differing effects for different FES subgroups or
a long follow-up interval.
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