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Summary

Schizophrenia has traditionally been regarded as a severe mental illness with limited
prospects of full recovery. Research on first-episode schizophrenia (FES) has provided some new
insights, although there is still much to learn regarding the long-term outcomes of FES-patients.
The relationship between cognitive impairments and functional outcomes remains unclear in
FES. The development of individual cognitive domains over time has not yet been fully
examined. The recovery rate in FES is still highly debated, and long-term use of antipsychotics is
common and often regarded as necessary to prevent relapses. This thesis includes three papers
that investigate the longitudinal development in cognition and functional outcomes, as well as
examining the recovery rate in FES using consensus-based criteria of full recovery. This study
has a prospective longitudinal multi-assessment design with a total of 12 assessments over ten

years. Here, we present data up to the eight-year follow-up.

The first paper aimed to examine the developmental trajectories of functional outcome in
patients with different levels of baseline cognition. The patient sample was divided into three
groups based on neurocognitive scores, and their developments in role and social functioning
were compared to each other. Results indicated steady improvements in role and social
functioning over a four-year period. The rate of change in social outcome varied among the
patients depending on their baseline level of attention and verbal working memory, with the
lowest scoring subgroup showing the least improvement. This indicated that cognitive deficits
that were present at the onset of the disorder were associated with limited gains in social

functioning over a period of four years.

The aim of the second paper was to compare the cognitive trajectories of FES-patients to
the cognitive trajectories of a pairwise matched healthy control group. Unlike paper 1, which
focused on cognition at illness onset, paper 2 examined the development of different cognitive
domains over six years. The results showed an overall trend in the cognitive trajectories that
indicated a similar cognitive change in both groups. The patient group’s improvement in
reasoning/ problem solving was significantly larger than the control group, while improvement in
working memory was smaller. This indicated that there existed different developmental
trajectories for different cognitive domains and measuring cognition with a single global measure

may not be sufficient.



The third paper aimed to examine the development in cognition, work, and social
functioning in a group of fully recovered FES-patients across six to eight years. Additionally, we
wanted to inspect whether changes in outcomes were similar when individuals were off
medication as when they were on medication. The results showed steady improvements in
cognition, social, and role functioning for all patients, but the changes in processing speed and
work functioning were significantly larger when individuals were off antipsychotic medications
than on medications. Unmedicated participants were not healthier than medicated participants at
baseline. This indicated that long-term continuous medication treatment was not necessary for

maintaining low levels of symptoms and good functioning over time.

The findings from the three papers are important as they enhance our understanding of
FES. However, the results need to be replicated with studies of larger sample sizes. The results
from the current thesis provide new knowledge about the long-term development in FES by
providing yearly assessments over multiple years. We showed that the FES-population is highly

heterogeneous and dividing the patient group into subgroups in research is feasible and useful.
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1. Introduction

For over a century, the definition of schizophrenia has continually changed as our
understanding of the condition has increased. First introduced as dementia praccox by Kraepelin
as a progressive neurodegenerative disease, it was later renamed to schizophrenia by Bleuler in
his attempt to reintroduce “the psyche” into the concept of schizophrenia (Hoenig, 1983). The
works of Bleuler and Schneider laid the important theoretical foundations for diagnosing
schizophrenia reliably. The modern thinking on schizophrenia has moved beyond the simple
listing of positive (delusions, hallucinations, disorganized speech and behavior) and negative
symptoms (apathy, affect flattening, social withdrawal). The research on schizophrenia spans
from genomic studies to pathophysiological studies to studies of cognitive, familial, and societal
factors, among others. Still, our understanding of schizophrenia is far from complete. The clinical
manifestations of schizophrenia are very diverse. The boundaries around the condition remain

elusive, and the diagnosis is likely a conglomerate of multiple disorders (Tandon et al., 2013).

With the current thesis, we seek to further enhance the understanding of schizophrenia by
examining longitudinally some variables associated with outcome. It includes a comprehension
of the global cognitive impairments associated with schizophrenia. It includes an awareness of
how a disrupted mind may have vast negative impact on a person’s ability to lead a normal daily

life. It includes an understanding of what recovery in schizophrenia entails.

1.1 Research on first-episode schizophrenia (FES)

Schizophrenia spectrum disorders are traditionally viewed as life-long disorders requiring
substantial care, with a lifetime prevalence of about 1 % (Mueser & McGurk, 2014). Poor
prognosis in schizophrenia was generally agreed upon based on studies showing chronic illness
courses for a majority of patients (Breier, Schreiber, Dyer & Pickar, 1991; McGlashan, 1984;
Tsuang, Woolson & Fleming, 1979). Still, it has long been acknowledged that outcome in
schizophrenia is highly variable with a subgroup of patients showing favorable long-term
outcomes (Engelhardt, Rosen, Feldman, Engelhardt & Cohen, 1982; Harding, Brooks, Ashikaga,
Strauss & Breier, 1987; Strauss & Carpenter, 1972). Many of the earlier follow-up studies were
done with patients that were chronically ill with repeated hospitalizations (McGlashan, 1984).

The outlook may seem especially negative as 25-50 percent of patients with schizophrenia were
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not represented in these studies (Tsuang et al., 1979). Chronically ill patients are characterized by
poor outcome, severe negative symptoms, and worsening of cognitive function (Hulsfoff Pol &
Kahn, 2008). The use of FES-patients in research was an effort to homogenize variability among
patients caused by differences in chronicity and varying stages of treatment (Keshavan &
Schooler, 1992). Over the past 20 years there has been an increased focus on FES in research,

shedding some new light on the chances of recovery from schizophrenia.

1.2 Definition of full recovery

A major challenge for outcome studies is the lack of consensus in the definition of the
term full recovery. Full recovery from schizophrenia is a complex process, and we have yet to
operationalize a clear definition that incorporates the many areas that may be afflicted when

individuals experience symptoms of schizophrenia.

Symptomatic remission is perhaps the most commonly used outcome measure in research
as it is clearly defined and relatively easy to measure. The criteria of remission, as defined by the
Remission in Schizophrenia Working Group (Andreasen et al., 2005), map three major
dimensions of psychopathology in schizophrenia: psychoticism (reality distortion),
disorganization, and negative symptoms (psychomotor poverty). These groups of symptoms must
be scored mild or lower. Additionally, the criteria require a minimum maintenance period of six
months. However, symptomatic remission is not enough to be considered fully recovered from
schizophrenia, as a lowered symptom level does not necessarily equal improved psychosocial
functioning. Yet, the criteria of remission provide an important foundation to further develop a
definition of full recovery. The maintenance criteria of six months especially emphasized the
episodic course of schizophrenia, as it is characterized by relapses and periods of stabilization. A
definition of full recovery must distinguish between recovery from the disorder itself and
recovery from an illness episode (Liberman & Kopelowicz, 2005). Thus, patients have to
demonstrate symptom remission and adequate functioning for a sufficiently long period of time

to be considered fully recovered.

Full recovery has been conceptualized in many ways that are not mutually exclusive

(Barber, 2012). Unlike past decades where outcome was defined as symptom improvements and
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prevention of relapses, symptom remission and functional improvements are now identified as
achievable treatment goals (Leucht & Lasser, 2006). With ties to medical models of recovery, full
recovery from schizophrenia can similarly be conceptualized as an objective outcome, a
subjective process and/ or as illness management. An objective measure of full recovery is
sometimes equated with cure or clinical recovery, where patients are free of symptoms, function
well in work and social relationships, and do not receive medication or other treatments.
However, this view is generally considered outdated. Similar to persons who suffer from chronic
illnesses such as hypertension and diabetes, people with schizophrenia may live a rich and
meaningful life by taking on a healthy lifestyle and following an effective treatment program,
despite some level of symptoms. This view of full recovery is referred to as illness management
where efforts are made to minimize exacerbations of the illness (Barber, 2012). A defining
feature is that it does not equate recovery with cure, nor is cure the end state that patients should
strive to obtain (Torgalsbeen, 2005). This definition of full recovery does not require total
symptom remission. Recovery from schizophrenia is a process that is characterized by back and
forth movement in illness severity, with gradual improvement over time. Thus, patients do not
have to wait to be cured before reclaiming their lives and autonomy. This highlights the
possibility of living an active and meaningful life despite varying degrees of symptoms
(Davidson, Schmutte, Dinzeo & Andres-Hyman, 2008). As such, the modern thinking of full
recovery often requires symptomatic remission, but many definitions also include elements of

functional outcomes, such as being employed and having satisfying relationships.

Full recovery is more commonly defined as either an objective outcome or a subjective
process. As an objective outcome, full recovery relies heavily on clinicians having accurate
appraisals of patient’s recovery status (Leonhardt et al., 2017). As a process, recovery points to
the subjective indicators of recovery such as hope, feelings of control and agency, feeling capable
of growth, and attaining new abilities (Resnick, Rosenheck & Lehman, 2004). These subjective
indicators are sensitive to treatment and may ultimately mediate the process leading towards full
symptomatic and functional recovery (Torgalsbeen, 2005). Past research has shown that patients
and clinicians may disagree on the clients’ quality of life (Hasson-Ohayon, Roe, Kravetz, Levy-
Frank & Meir, 2011; Kravetz, Faust & Dasberg, 2002), which may negatively affect patients’
satisfaction with treatment (Roe, Lereya & Fennig, 2001). More importantly, it reflects the fact

that patients and clinicians may have different opinions on what defines a meaningful life. It was
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suggested that disagreements may result from patients’ lack of insight. This has not been
consistently found in research, and it has been suggested that an apparent lack of insight might
rather be a defense mechanism against stigma (Hasson-Ohayon et al., 2011), as internalized
stigma may have negative effects on recovery (Yanos, Roe, Markus & Lysaker, 2008). Fervaha et
al. (2015) reported in their study that patients with chronic courses of schizophrenia can
experience a high sense of well-being and life satisfaction despite prominent clinical and
functional impairments. Using an objective definition of full recovery, this group of patients may
be considered ill and their prospective chances of recovery as poor. However, from a consumer
perspective, this group of people may be considered improved as they have come to terms with
their illness, found a way to live with the symptoms, and report being satisfied with their lives.
Thus, in defining full recovery as simply symptom remission or the number of rehospitalizations,
we may fail to see the individuals that are coping with their mental illness in ways that they
themselves experience as effective. Personal subjective recovery is complementary to objective
measures of full recovery as it helps evaluate a person’s progress along the multidimensional

course of illness and recovery (Roe, Mashiach-Eizenberg & Lysaker, 2011).

From a practical point of view, full recovery must be defined in ways that promote
replicable research and facilitate clinical work for patients and clinicians alike. Past research has
defined full recovery inconsistently (Silverstein & Bellack, 2008). Earlier studies may use the
terms recovered or improved without defining the concepts. Thus, outcome measures may simply
be defined as hospitalized or discharged (Shapiro & Shader, 1979). Researchers also varied in
their opinions on whether positive outcomes such as mild symptoms, no disability, and no
treatment, represent full recovery or simply significant improvements in the illness (Hegarty,

Baldessarini, Tohen, Waternaux & Oepen, 1994; Mason et al., 1995).

Attempts towards a consensus outcome-oriented definition of full recovery have been
made based on criteria commonly used in the field (Liberman, Kopelowicz, Ventura & Gutkind,
2002). Many incorporate the criteria of remission as defined by the Remission in Schizophrenia
Working Group (Andreasen et al., 2005). We have yet to agree on one set of criteria for defining
recovery, but the majority of studies operationalize recovery from two groups of criteria: clinical
and functional. It was proposed that symptoms and functioning should be separate criteria, as

symptoms and functioning have been found to be independent domains (Carpenter & Strauss,
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1991; Green, 1996), although less so for negative symptoms than for positive symptoms
(Ventura, Hellemann, Thames, Koellner & Nuechterlein, 2009). Functioning has traditionally
been measured with the Global assessment of functioning scale (GAF) (Hall, 1995), but recently
more specific measures of functioning have been proposed to replace the GAF, as GAF may be
too nonspecific to track developmental patterns of major functional domains (e.g. work and social
function) (Cornblatt et al., 2007). Another criterion concerns the duration of symptomatic and
functional stability. A period of two years is most widely used and is generally thought to be

enough time for clinical and functional improvements to be solidified (Liberman et al., 2002).

Consensus definitions facilitate research in providing standard, operational definitions,
but are limited as they are not empirically based (Bellack, 2006). The level of functioning is
especially hard to determine because unlike criteria for residual symptom levels and duration,
which lend themselves to be objectively evaluated, level of functioning is a multifaceted
construct that is not easily measured. What level of work performance is classified as good
outcome? How much support can an individual receive and still be considered fully recovered?
How often should one meet up with friends, and does the requirement differ with changes in

family status?

As discussed earlier, it is debated whether a definition of full recovery should include a
consumer perspective as well, as the personal experience of recovery may differ from the
operational measures of recovery (Bellack, 2006). Although consumer perspectives may add
additional important information, consumer-oriented definitions are hard to operationalize. It is
challenging to disentangle the positive experiences that may appear as part of the process of
recovering from the experiences that ultimately defines good outcome (Liberman & Kopelowicz,
2002). Silverstein and Bellack (2008) note that some of the widely cited consumer definitions are
created by professionals with mental illness histories. It is unclear whether these people represent
a good outcome subgroup, and thus their experiences may not be generalized to the broader
population of people with schizophrenia. As such, consumer-oriented definitions are not yet
widely used. However, there is a growing awareness of the importance of narratives as a tool for
both patients and researchers to process and understand the severe mental illness that is

schizophrenia (Lysaker, Ringer, Maxwell, McGuire & Lecomte, 2010; Saavedra, Cubero &
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Crawford, 2009). As Roe and Davidson (2005) commented in their article — objective measures

and manuals simply cannot replace the narratives that speak to the person’s own experiences.

1.3. FES and outcome

It is well-established that many individuals with FES show symptom remission within the
first year of illness (Gupta et al., 1997; Ho, Andreasen, Flaum, Nopoulos & Pharm, 2000; Malla
et al., 2002). However, the relapse rate is high. An increase in relapse risk is associated with poor
premorbid functioning and medication discontinuation within the first two years of illness
(Robinson et al., 1999, Ucok, Polat, Cakir & Genc, 2006). Further, early symptom remission was
not paralleled by improvement in functioning (Gupta et al., 1997).

Before a consensus definition of full recovery was proposed, research studies varied in the
definitions used. A systematic review by Menezes, Arenovich and Zipursky (2006) on outcome
rates in FES found that the most common way to report outcome was to categorize patients in
groups, defined as good, intermediate and poor outcomes. Good outcome was found in 42 % of
the population and poor outcome in 27 %. However, as studies applied various definitions, actual

comparisons were difficult, and the recovery rates remained unclear.

Jaaskeldinen et al. (2012) utilized the consensus definition of full recovery described
earlier and reported in their meta-analytic review a recovery percentage of 16.6 among first-
episode samples. The interquartile range was 9.0 — 20.4 %, indicating large variations among
studies. However, the studies that were included in the review consisted of both patients with
FES and multiple episodes, and the average follow-up period was not reported. The findings from
this review contrasts with a more recent meta-analytic review by Lally et al. (2017), who found a
full recovery rate of 38 % in FES. Contrary to earlier beliefs, over one third of the FES
population achieved full recovery, with an even higher rate of individuals meeting the criteria of
remission (57.9 %). Over a mean follow-up period of seven years, the full recovery rate became
stable after the first two years. The authors concluded that patients with worse outcomes may be
identified already in the earlier stages of illness. However, as this was a meta-analytic review, it
was not apparent whether the individuals that achieved full recovery early on maintained their

recovery status over time. The Danish OPUS trial is one of the few longitudinal studies of
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recovery in FES with a follow-up period of up to ten years. The research group reported an
approximately similar full recovery rate at 2- and 5-year follow-ups (15.7 %), but the patients that
were fully recovered at the 2-year follow-up were not the same individuals that were fully
recovered at the 5-year follow-up (Albert et al., 2011). Thus, Albert et al. (2011) viewed recovery
as a fairly changeable state, and it is hard to predict from the beginning who will recover from the

illness.

No consensus has yet been reached on methods measuring functional outcomes (Emsley,
Chiliza, Asmal & Lehloenya, 2011). Several studies use outcome measures that include some
global measures of vocational and social adjustment, for instance the Global social adjustment
scale, Global assessment scale (Malla & Payne, 2005), and the GAF (Jadskeldinen et al., 2012).
These tests show the proportions of patients that meet the standards of good global outcome (e.g.
a GAF score > 61), but the information provided is still incomplete, and the study results will
vary based on how stringent the applied criteria are. Liberman et al. (2002) proposed that
functional outcomes should be assessed in separate dimensions of vocational functioning,
independent living, and social relationships. With these assessment measures implemented,
Robinson, Woerner, McMeniman, Mendelowitz and Bilder (2004) reported that after five years
25 % of a total of 118 patients met the criteria for vocational and social outcome, and 13.7 % met
the criteria of full recovery. Wunderink, Sytema, Nienhuis and Wiersma (2009) reported that 19.2
% met the criteria of full recovery after a 2-year follow-up period. Sterling et al. (2003) reported
from a 10-year follow-up study that 82 % lived independently for at least five years, and 22 %

had been working for at least three years.

1.4 Neurocognitive functioning in schizophrenia

Although not a criterion for the diagnosis of schizophrenia, cognitive impairments are a
defining characteristic of the illness. Patients with schizophrenia consistently score lower on
cognitive tests than healthy controls (Fioravanti, Carlone, Vitale, Cinti & Clare, 2005; Fioravanti,
Bianchi & Cinti, 2012). This also holds true for patients with FES (Mesholam-Gately, Giuliano,
Goff, Faraone & Seidman, 2009), who also show larger cognitive impairments than patients with
bipolar psychoses or depression (Mesholam-Gately et al., 2009; Seidman et al., 2002). Cognitive

deficits in patients with schizophrenia have been clinically observed and labelled from the early
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1900s, but the excitement that characterized the research on cognition did not happen until the
latter part of the 20" century (Green & Harvey, 2014). With the subsequent research into
predictors of positive outcomes, research on cognition boomed. Cognitive impairments are
consistently associated with functioning in schizophrenia (Green, Kern, Braff & Mintz, 2000;
Green, Kern & Heaton, 2004), even more so than positive and negative symptoms (Harvey et al.,
1998; Velligan et al., 1997). Rehabilitation programs focused on cognitive remediation also show
significant effects on improving psychosocial functioning (McGurk, Twamley, Sitzer, McHugo
& Mueser, 2007; Wykes, Huddy, Cellard, McGurk, Czobor, 2011). The questions asked by
researchers are no longer whether cognition affects functioning in schizophrenia, but rather: a)
which cognitive domains predict good functional outcome and b) how cognition affects
functioning. Some promising variables suggested to mediate the relationship between cognition
and functional outcomes include social cognition (Schmidt, Mueller & Roder, 2011) and negative

symptoms (Ventura et al., 2009).

Although research show consistent evidence for an association between cognition and
functional outcomes, there remain some issues that are still debated. Here we present a selective
review of some of the ongoing debates that create the backdrop for understanding our own

research.

1.4.1 The cognitive course in schizophrenia

The main debate regarding the cognitive course in schizophrenia is about whether it
follows a neurodevelopmental or neurodegenerative course (Bora & Murray, 2014, Rund, 2018).
The former states that cognitive impairments are the end state of abnormal neurodevelopmental
processes that are present before the illness onset (Rapoport, Giedd & Gogtay, 2012), while the

latter indicates further decline in the years after illness onset (Rund, 2009).

The neurodegenerative model has got some support from longitudinal studies on elderly
patients with schizophrenia. In general, studies with one or two-year follow-up periods have
failed to find significant cognitive changes in elderly (Harvey et al.,1996) and out-clinic
populations (Heaton et al., 2001). However, studies with longer follow-up periods have shown

further cognitive worsening in a group of elderly chronically ill patients (Friedman et al., 2001;
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Harvey, 2001). In comparison, a group of younger patients with good prognosis did not show the
same development over time (Heaton et al., 2001). The cognitive decline seen in the patients with
poor outcomes is different from deficits seen in Alzheimer’s disease, which indicates that poor
outcome may be a risk factor for subsequent cognitive decline in late life (Harvey, 2001). Other
support for the neurodegenerative model originates from brain imaging studies. Patients with
schizophrenia show progressive changes in the frontal lobes, medial temporal lobes, and

neocortex temporal lobe and enlarged ventricles (Shenton, Dickey, Frumin & McCarley, 2001).

Research in favor of the neurodevelopmental model shows no indication of further
cognitive decline after illness onset (Carrion et al., 2018; Keefe et al., 2006). It seems that
cognitive deficits are established before the prodromal phase (Becker et al, 2010; Bora & Murray,
2014; Jahshan, Heaton, Golshan & Cadenhead, 2010). Prospective longitudinal studies of FES
are especially valuable, as the cognitive function of chronically ill patients may be affected by
other factors, e.g. long-term antipsychotic treatment and under-stimulation from the environment
(Rund, 2009). Reviews of studies with FES-populations conclude that cognitive impairments do
not progressively worsen in the first years after illness onset (Rund, 2009). However, most of the
studies that include a FES-population have follow-up periods of only one or two years (Bora &
Murray, 2014). Albus et al. (2006) assessed a group of FES-patients at baseline and after five
years and found no cognitive deterioration. Barder et al. (2013a) reported mostly stable cognitive
functioning during a follow-up period of five years, except for motor speed which declined. Only
four studies of FES reported a follow-up length of ten years. Barder et al. (2013b), Hoff, Svetina,
Shields, Stewart and Delisi (2005), and Rund et al. (2016) found stability in cognitive functioning

over time, while Sterling et al. (2003) found deterioration in three visuospatial tasks.

A limitation with many of the current studies is the lack of healthy control groups. This
especially applies to studies with follow-up periods beyond three years. These studies either did
not have a healthy control group or the control group was not matched to the patient group.
Without a control group, cognitive improvements may be falsely attributed to true changes in
cognition, whereas some or all of the improvements may be due to practice effects (Szoke et al.,

2008).
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1.4.2 Generalized or specific cognitive impairments in schizophrenia

Another debate concerns whether cognitive impairments in schizophrenia are generalized
or specific. Generalized cognitive deficits imply that all areas of cognition show deficits, thus
most or all variance in cognitive performance is shared (Green, Horan & Sugar, 2013). In their
review of the literature, Schaefer, Giangrande, Weinberger and Dickinson (2013) concluded that
the evidence for generalized cognitive deficits in schizophrenia is pervasive. People with
schizophrenia showed cognitive impairments relative to healthy controls across all
neurocognitive measures. The impairments seem also to be consistent despite geographic and
cultural variations, as well as differences in cognitive instruments and diagnostic criteria.
However, Green et al. (2013) argued that the view about generalized deficits becomes
problematic in instances when findings of specific cognitive deficits are interpreted as
generalized deficits, and specific deficits are instead downplayed as concerns about the

psychometrics of measures.

Patients with schizophrenia have demonstrated intact attention for emotionally significant
stimuli (Horan, Foti, Hajcak, Wynn & Green, 2012) and intact context processing for facial
emotion identification (Lee et al., 2013). Gold, Hahn, Strauss and Waltz (2009) reported evidence
of preserved emotional processing, aspects of gradual learning, speed of attention shifting and
selective attention for working memory storage. These findings do not support the view of
generalized deficits in schizophrenia. Furthermore, patients that demonstrate preserved cognitive
functioning range from 10 to 55 % (Palmer et al., 1997; Rund et al., 2006). Patients demonstrate
varying degrees of cognitive impairments, with some cognitive domains showing more
impairments than others, and it has been suggested that cognitive functioning may be understood

along a continuum in schizophrenia (Rund et al., 2006).

Although cognitive constructs may have some variance that is shared, it does not mean
that the individual constructs no longer have unique explanatory power, as shown with mediation
associations (Green et al., 2013). Similarly, when considering the association between cognitive
functioning and functional outcomes, it is important to identify the cognitive components that

have unique predictive power, above and beyond shared variance.
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1.4.3 Specific cognitive domains associated with functional outcomes

Consistent associations have been found between cognition and functional outcomes, but
most of the findings are from cross-sectional studies (Green et al., 2000) or studies on chronic
schizophrenia (Green et al., 2004). In comparison, the longitudinal effects of cognition on
functional outcomes in FES are not as well-established (Nuechterlein et al., 2011). There are
several reasons for this. Firstly, there are few longitudinal studies that include cohorts of FES-
patients (Milev, Ho, Arndt & Andreasen, 2005). Secondly, before the Measurement and
Treatment Research to Improve Cognition in Schizophrenia (MATRICS) Consensus Cognitive
Battery (MCCB) was developed (Nuechterlein et al., 2008), there existed no standard for the
number of cognitive domains to include in the optimal assessment of cognition. As such, Allott,
Liu, Proffitt and Killackey (2011) found no two studies that examined the exact same number of
cognitive domains in their meta-analytic review of the literature. Furthermore, methodological
heterogeneity made it even more difficult to make direct comparisons across studies. Thirdly,
when considering the scientific evidence of each cognitive domain separately, there are more null
relationships between cognition and functional outcome than there are significant relationships
(Allott et al., 2011). This is again largely due to heterogeneous measurements of cognition and
functional outcome, as well as other specific features of the individual studies (Nuechterlein et
al., 2011). Lastly, as previously mentioned, many longitudinal studies on cognition have follow-
up periods of one to two years. Some studies have longer follow-up periods, but include only two
measurement occasions. Multi-follow-up studies provide a more comprehensive examination of
the course of cognition and functional outcome. As the number of follow-up points increases, the

better the estimates of the rates of change/growth over time become.

Despite the current methodological limitations and the lack of a firm conclusion regarding
the association between cognition and functional outcomes in FES, several cognitive domains
have repeatedly been reported to predict later functioning. These include verbal memory,
processing speed, attention, and working memory (Milev et al., 2015; Nuechterlein et al., 2011;

Tandberg et al., 2011, Torgalsbeen, Mohn, Czajkowski & Rund, 2015).
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1.4.4 Antipsychotic medication, cognition, and functional outcomes

In almost all episodes of acute psychosis patients with schizophrenia are treated with
antipsychotic medication. Medication treatment are recommended to be initiated as soon as is
clinically feasible, as acute psychosis is associated with emotional distress, disruption to the
patient’s life and substantial risk of dangerous behaviors (Lehman et al., 2004). Once
stabilization has been achieved, the treatment plan should address whether continued treatment
with medication is necessary for minimizing relapse and address possible residual symptoms.
Treatment guidelines for FES recommend at least one year of antipsychotic treatment following

remission (Lehman et al., 2004).

The effectiveness of antipsychotic medication in reducing relapses needs to be evaluated
against the risks of harmful effects associated with long-term use of antipsychotics. At present,
there are limited guidelines to guide the choice of type of antipsychotic treatment for optimal
response, and the choice of antipsychotics is still based on a trial-and-error strategy (Lally &
MacCabe, 2015). Old habits seem hard to break as well, as the age of the prescribing psychiatrist
was found to predict the prescription of first-generation antipsychotics over second-generation
antipsychotics despite the guidelines that recommend the latter. Patient variables, however, did
not significantly influence treatment decisions (Hamann, Langer, Leucht, Busch & Kissling,
2004). A more user-centered approach has been recommended that focuses on a collaborative
model where patients are encouraged to take part in the decision-making and make their own
informed treatment choices (Alvarez-Jimenez et al., 2016; Morrison, Hutton, Shiers &
Turkington, 2012). For instance, Gaebel et al. (2002) reported that FES-patients showed better
treatment compliance if the medication intervention was intermittent and prodrome-based
compared to maintenance treatment. In Norway, mental health care services seek to provide
patients with the choice of medication free treatment if this is deemed justifiable for the
individual patient. As such, the need for personalized treatment is emphasized, as medication
treatment is a collaborative decision between clinicians and patients, and patients should be
offered evidence-based alternative treatment if so desired. Opponents of medication free
treatment in schizophrenia often point to studies that show seemingly worse outcomes in FES-
patients that discontinue medication treatment in terms of higher relapse rates and an increased

treatment response time if medications are restarted (Emsley, Chiliza, Asmal & Harvey, 2013;
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Wyatt, Damiani & Henter, 1998; Zipursky, Menezes & Streiner, 2014). However, whether
antipsychotic treatment has a long-term effect on cognition and functional outcomes is still

broadly debated.

Treatment with antipsychotics has consistently shown an effect in improving positive
symptoms (Leucht, Arbter, Engel, Kissling & Davis, 2009; Leucht et al., 2013). Regarding its
effect on cognition, the outlook seemed promising at first (Harvey & Keefe, 2001), but the effects
of antipsychotics on cognitive function have since been found to be modest (Keefe, Bilder et al.,
2007; Keefe, Sweeney et al, 2007), irrespective of the type of antipsychotic used (first- vs
second-generation antipsychotics) (Keefe, Bilder et al., 2007). In contrast, Woodward, Purdon,
Meltzer and Zald (2004) found that second-generation antipsychotics were superior to first-
generation antipsychotics in improving functioning in several cognitive domains. Regarding FES,
Goldberg et al. (2007) found improvement in 9 out of 16 cognitive domains, but some of the
cognitive improvements might have been due to practice effects, as the magnitude was

comparable to the improvements seen in healthy controls.

Since antipsychotics are associated with symptom improvements, but not improvement in
cognition, and cognition is associated with functional outcomes, Green and Harvey (2014) argued
that it is unsurprising that antipsychotics have made little difference in improving overall
recovery rates. This contrasts with the common perception of the importance of antipsychotics in
the treatment of schizophrenia. Studies on FES have shown an increased risk of relapse following
medication discontinuation (Emsley et al., 2013), with a meta-analytic review reporting a
recurrence rate of 77 % within a year following antipsychotics discontinuation (Zipursky et al.,
2014). If antipsychotics were successful in preventing relapses, one would expect an increase in
remission rates over time. However, as recent studies demonstrate, maintenance treatment with
antipsychotics seems not to prevent relapses, but only postpone them (Wunderink, Niebor,
Wiersma, Sytema & Nienhuis, 2013). Similar to longitudinal studies on cognition, most studies
on the long-term effects of antipsychotics have follow-up periods of one to two years (Harrow &
Jobe, 2013). There is some evidence pointing towards antipsychotics losing their effectiveness
over time (Leucht et al., 2012; Wunderink et al., 2013), but currently there are very few studies
that have follow-up points from three years onward. As of now, it is simply difficult to tell

whether long-term antipsychotic medication treatment results in better or poorer outcome than
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treatment with no medication (Sohler et al., 2016). In recent years, there have accumulated quite
a few studies that show subgroups of patients that demonstrate good long-term functioning
without use of antipsychotics (Harrow, Jobe & Faull, 2014, Moilanen et al., 2013; Torgalsbeen,
2012; Torgalsbeen & Rund, 2010; Wils et al., 2017). Still, it is unclear if this subgroup represents
a unique sample that is healthier to begin with, and thus their recovery may not be directly related

to medication discontinuation.

Even though the long-term association between medication treatment and functional
outcome is still unclear, antipsychotic treatment may have benefits from a consumer perspective.
In their qualitative study of patient’s experiences of recovery, Jenkins and Carpenter-Song (2005)
found that many patients did not believe that medication could be relied on by itself in promoting
recovery. Rather, antipsychotics provided them with the means to control their illness and regain
autonomy of their lives. Similarly, some patients with chronic schizophrenia reported small

improvements in quality of life following medication treatment (Swartz et al., 2007).

The relationship between antipsychotics and functional outcome is further complicated by
other factors. For instance, the selective dropout of patients with poor outcome from longitudinal
studies is a well-known issue. Non-adherence with antipsychotic medication is another problem.
Non-adherence is common and predictive of poor outcome, including relapses, suicide attempts,
and poor long-term functioning (Novick et al., 2010). It may be especially challenging to assess
non-adherence in longitudinal studies if follow-up points are many years apart. Moreover, as
antipsychotics may affect cognition, so can cognition affect medication adherence and then again
affect functional outcomes. Jeste et al. (2003) reported in their study that cognitive functions
were stronger patient-related predictors of medication adherence than symptom severity in a

group of middle-aged outpatients.

1.5 Unanswered questions

We have come a long way in understanding schizophrenia since the condition was first
defined by Kraepelin, but we still have much to learn. We seek to define schizophrenia at its core,
but are instead met with the possibility of its heterogeneity. The precipitating factors may be

organic or idiopathic. The course of the illness is diverse with differences in its clinical features
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and prognosis. We may still be unable to give conclusive answers to some of the debates

reviewed earlier, but we are gradually learning, applying developments in scientific methodology
as we move along. The questions below are not a complete list of all the unanswered questions in
the field of recovery and outcome in FES, but rather questions that are especially relevant for this

thesis.

The use of longitudinal designs has provided valuable information about the course of
schizophrenia, especially for the first two years after psychosis onset. Since there are few studies
that have examined FES beyond the first two years, many questions remain about the long-term
course of illness. Does the cognitive course remain stable after the first two years of illness? Do
different cognitive domains develop differently, and if so are there different rates of growth? Put
another way, do assessment batteries that assess separate cognitive domains convey more
information than cognitive tests that measure global cognition? How is the long-term cognitive

course in FES compared to the course of healthy controls?

The research on the potential benefits of medication treatment in FES is as well limited by
longitudinal studies with short follow-up periods. Specifically, we wonder whether continuous
long-term medication treatment is necessary to remain symptom free and show good functional
outcomes, which is common practice in many healthcare systems. Of course, there are other
important questions as well, for instance: what are the long-term effects of antipsychotics? How

does long-term treatment of antipsychotics affect cognitive functioning?

Amidst the evidence of heterogeneity in schizophrenia, we now recognize the existence of
subgroups. However, few studies have examined the long-term course of different subgroups. If
poor outcome is predictive of further cognitive and functional decline later in life, then it is

important to identify factors that may predict poor prognosis as early as possible.
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2. Main research aims

The main purpose of this thesis is to investigate the longitudinal courses of cognitive functioning,
work-, and social functioning in FES. We also want to determine the recovery rate in FES using
consensus-based criteria of full recovery. In addition to using objective outcome measures, we
also interviewed the participants to examine their subjective experiences of recovering from

schizophrenia.

The field of recovery and the factors that contribute to good outcomes are simply too
many to be included in three focused research articles. Thus, we focus our studies on cognition,
functional outcomes and recovery. These are key concepts in the research on schizophrenia, with
research spanning over several decades. While it has been established that impaired cognition is a
core feature of schizophrenia, research has yet to conclude on its long-term course. The three
papers that comprise this thesis will investigate cognition and outcome from different
perspectives, and answer different aspects of the main research aim with their own delineated

objectives:

Objective of paper 1: The relationship between level of cognitive impairments and

functional outcome trajectories in first-episode schizophrenia.

In our first paper, the objective was to investigate whether baseline cognition can predict later
work- and social functioning. Further, since cognition is associated with functional outcomes, we
wondered whether different levels of cognitive impairments will impact functioning differently
over the years. We therefore divided the patient sample into three groups based on their cognitive
levels at baseline. Some cognitive domains are found to be more consistent associated with
functioning than others, thus we investigated the cognitive domains separately. Due to
heterogeneity in outcome in schizophrenia, it is likely that patients follow different pathways on
their road to recovery. If so, it is of special interest to recognize patients with poor outcomes as
early as possible, as well as giving a clearer picture of the group with good outcomes beyond just

stating that such a subgroup exists.

Objective of paper 2: Cognitive improvement in first-episode schizophrenia and healthy

controls: a 6-year multi-assessment follow-up study.
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Since we only examined baseline cognition in our first paper, it is natural to ask ourselves next
how cognition develops over the years. Research has shown that better cognitive functioning is
associated with good prognosis. However, as cognitive improvements are suggested to be due to
practice effects, we wanted to compare the cognitive scores of the patient group to a healthy
control group to examine whether there are any developmental differences between the two
groups. We do not expect either one of the groups to show larger practice effects than the other,

so significant differences in change in any cognitive domains are of special interest.

Objective of paper 3: Cognitive, work- and social outcomes in fully recovered first-

episode schizophrenia patients: on and off antipsychotic medication.

Our objective in the third paper is to examine whether changes in outcome seen after medication
discontinuation are similar to the changes seen while under medication treatment. Based on the
patient’s recovery status on the 8th follow-up (approximately 6-8 years after illness onset),
participants that fulfilled the criteria for full recovery were selected for analysis (n = 10).
Unremitted patients are still on medication treatment, and thus unsuitable for answering our
paper’s objective. Since this study is ongoing, participants are at various follow-up points ranging
from 8 to 11 assessments, the eighth follow-up was chosen because complete data was collected
from all 28 participants. We wondered specifically whether the common perception of increased
relapse risk and subsequent fall in functioning following medication discontinuation also holds
true beyond the first two years of illness. We also examined whether change in medication status
resulted in changes in cognitive functioning as medication treatment is commonly found to not

affect cognition.
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3. Methods
3.1 Oslo Schizophrenia Recovery Study

The Oslo Schizophrenia Recovery Study is a prospective longitudinal multi-follow up
study of FES-patients. The main goal of the study is to examine the long-term course of
schizophrenia and investigate predictors of prognosis. The study has yearly assessment points
over 10 years. It is ongoing, and as of now complete data has been collected through the seventh
year. The main variables are cognition, resilience, hope, self-efficacy, metacognition, and
recovery. Participants were recruited over a period of four years (2007-2011) from mental health
service institutions in Oslo and nearby areas. Participants for the healthy control group were
recruited through inquiries at junior and senior high schools in the Oslo metropolitan region, and
through electronic advertisements on the Vestre Viken Hospital Trust (VVHF) homepage. The
VVHF provides state funded healthcare to the south-eastern part of Norway which consists of

rural areas and cities.

In this section, we will only present methods and variables that are relevant for this thesis.

3.2 Inclusion

31 FES-patients were referred to the study by their treating clinicians at mental health
service institutions. Before entry into the study, potential participants were screened using the

following inclusion criteria:

e Age> 18 years

e First episode of mental illness was within the spectrum of schizophrenia and psychosis
according to DSM-IV (American Psychiatric Association, 1994)

e 1IQ>70

e No evidence of affective disorders, head trauma, and primary diagnosis of substance
abuse

e Referred to the study within five months of their first contact with mental health service

institutions (hospital or out-patient clinic)
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A total of 28 FES-patients fulfilled the inclusion criteria and were admitted to the study. Based on
their gender, age, and education level (+/- one year), healthy controls were matched pairwise to

the patients. Exclusion criteria for the healthy control group were:

e A history of schizophrenia or other severe mental disorder

e Mental retardation (IQ < 70)

e A history of neurological disease, head injury and/ or loss of consciousness for more than
10 minutes

e Current psychotropic medication or narcotic drug for pain

e Chronic somatic illness inducing significant fatigue or pain

e A history of alcohol and substance abuse

e Dyslexia or other significant learning difficulties

Only participants who understand spoken and written Norwegian fluently were entered into the

study. The table below shows the demographic and clinical characteristics of the participants at

study entry.
Patients (n=28) Controls (7=28)
Age in years 21.0 (SD 2.6) 21.1(SD 2.7)
Gender 17 (60.7%) men, 11 17 (60.7%) men, 11
women women
Level of education
Elementary school n=11 (39.3 %) n=9 (32.1 %)
High school n=8 (28.6 %) n=16 (57.1 %)
Some college n=7 (25.0 %) n=2 (7.1 %)
BA degree or higher n=2 (7.1 %) n=1 (3.6 %)
Diagnoses
Schizophrenia 21 (75.0 %)
Schizoaffective disorder 6 (21.4 %)
Psychotic disorder NOS 1 (3.6 %)
Substance abuse earlier 18 (64.3 %)
Substance abuse at baseline 1 (3.6 %)
Treatment status
Hospitalized 16 (57.0 %)
Outpatient 12 (43 %)
Duration of untreated psychosis 15.9 (SD 15.4)
(months)
Drug-naive at baseline 2 (7.1 %)
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3.3 Procedures

Patients were tested at baseline, then six months later and thereafter once a year. On every
assessment, patients completed a semi-structured interview with questions about their lives and
status on their relationships, medication, treatment etc. Neurocognitive testing was completed on
every assessment through the fourth year; thereafter the patients will be tested cognitively every
other year. The complete assessment lasts between 1 % - 2 2 hours, and 30 minutes to an hour
without neurocognitive testing. Once in the follow-up period, patients will be interviewed with
the IPII by the study’s principal investigator. This interview is audiotaped and later transcribed by

graduate students of clinical psychology trained in neuropsychological assessments.

Healthy controls complete neurocognitive testing on four occasions: at baseline, after two

years, six years and ten years.

All patients were retained during the first three assessments, while three participants left
the study during the 2-year follow-up and an additional three dropped out during the 3-year
follow-up. Anxiety, a lack of insight into having mental illness, not finding participation in
research useful, and non-response at contact were reasons for participants dropping out of the
study. Regarding the healthy control group, three participants were unable to participate on the 6-
year follow-up. These three were replaced by pairwise matched participants (age, gender and
education level) that were picked from a pool of potential healthy controls that were tested on
baseline, but until now not matched to the patient population. Thus, for these three participants
we do not have data from the 2-year follow-up, but we have full data from baseline and 6-year

follow-up.

3.4 Clinical and functional instruments

Diagnoses. The Structural Clinical Interview for DSM-IV (SCID-I), modules A-D, was
used to establish diagnoses. Diagnoses were first set by the treating clinicians, then separately

confirmed by an experienced clinical psychologist at study entry.

Criteria for remission and full recovery. The criteria for remission (Andreasen et al.,
2005) in schizophrenia are based on an evaluation of 8§ symptoms: P1 (delusions), P2 (conceptual
disorganization), P3 (hallucinatory behavior), N1 (blunted affect), N4 (social and emotional
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withdrawal), N6 (lack of spontaneity), G5 (mannerisms and posturing), and G9 (unusual thought
content). Symptom level is measured by The Positive and Negative Syndrome Scale (PANSS)
(Kay, Fiszbein & Opler, 1987). Each item is scored on a scale from 1-7, and each item must be

scored 3 or less (mild) for at least six months to fulfill the criteria for remission.

The criteria for full recovery are based on the same set of symptoms as mentioned above.
The full recovery definition used is a combination of Andreasen et al.’s (2005) criteria for
remission and the operational recovery criteria developed by Liberman et al. (2002). Each item
on PANNS must be scored 3 or less (mild) over a period of at least two years. Additionally, the

following criteria must also be fulfilled:

e Full- or part-time engagement in an instrumental role activity (e.g. worker, student,
volunteer) that is constructive and appropriate for culture and age.

e Living unsupervised by family or other care-givers, with the individual being
responsible for her/his own day-to-day needs (e.g. self-administration of medication,
money management).

e At least once a week, participating in active friendship and/or peer social relations or
otherwise involved in recreational activities that are age-appropriate and independent of

professional supervision.

Semi-structured interviews. A semi-structured interview was used to gather information on
the following topics, amongst others: current employment status, relationship status,
psychopathology, treatment status, medications, free time activities, and subjective well-being.
Based on the answers from this interview, a score ranging from 1-10 is given according to the
Global Functioning: Social (GF: Social) and the Global Functioning: Role (GF: Role) (Cornblatt
et al., 2007). A higher score indicates better functioning. The social scale measures quantity and
quality of peer relationships, level of peer conflict, age appropriate intimate relationships, and
involvement with family members. The role scale assesses performances either in school, work or

as a homemaker.

Based on the information gathered and the functioning scores we rate the participants as
either non-remitted, in remission, partially recovered or fully recovered. Fully recovered
corresponds to the criteria of full recovery by Liberman et al. (2002), while partially recovered

means that symptomatic remission has been achieved, but not all of the additional criteria (work,
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independent housing, social activities) have been successfully reached. Partial recovery allows
minor impairments in either housing, work or intimate relationships if these do not lead to

significant impairments in social and role functioning. Not all people without mental disorders
would meet both criteria for good functioning as measured by GF: Social and GF: Role, thus it
makes sense to define the participants that meet this level of functioning as partially recovered

(Torgalsbaen, Fu, Czajkowski, 2018).

Another semi-structured interview, the Indiana Psychiatry Illness Interview (IPII) (Lysaker,
Clements, Plascak-Hallberg, Knipscheer & Wright, 2002) was used to sample the patient’s illness

narratives. In this interview the participants are asked:

e To tell the story of their life

e  Whether they think they have a mental illness

e How this condition has/ has not affected different facets of their lives
e How they control and are controlled by their condition

e How their condition affects and is affected by others

e What they expect in their future

Medicine. Calculated daily dose of medication (CDD) has been reported in a separate
research article (Torgalsbeen, Mohn & Rund, 2014). Pearson’s correlation analyses on the
relationship between CDD and neurocognitive scores did not yield any statistically significant

associations.

3.5 Neurocognitive test-battery

Cognitive functioning was measured with the MCCB (Nuechterlein et al., 2008),
translated into Norwegian. Norwegian reference data have been collected, and the study
concluded that US norms can be employed for the Norwegian population (Mohn, Sundet &
Rund, 2012). The MCCB was developed from the National Institute of Mental Health’s
Measurement and Treatment Research to Improve Cognition in Schizophrenia (MATRICS)
initiative. The goal was to create a consensus cognitive battery for use in clinical trials in
schizophrenia, emphasizing characteristics such as test-retest reliability; utility as a repeated

measure; relationship to functional status; potential changeability in response to pharmacological
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agents; and practicality for clinical trials and tolerability for patients (Nuechterlein et al., 2008).
Since its development, the MCCB has shown excellent psychometric properties, for instance high
test-retest reliability and modest practice effects, as well as sensitivity to improvement from

interventions (Green, Harris & Nuechterlein, 2014).

The MCCB consists of 10 tests assessing seven cognitive domains. The seven cognitive

domains with their corresponding tests are:
Speed of processing.

Intact attention is a necessary precondition of both concentration and mental tracking activities.
Conceptual tracking can be prevented or interrupted by slowed processing speed which is the
pace information is taken in, processed and responded upon. Thus, slowed processing speed often

underlies attentional deficits (Lezak, Howieson, Loring, Hannay & Fischer, 2004).

Category Fluency: Animal Naming — Verbal test where respondents are asked to name as many

animals as possible in one minute;

Brief Assessment of Cognition in Schizophrenia (BACS): Symbol Coding — Timed paper-and-

pencil test where respondents use a key to write digits that correspond to nonsense symbols;

Trail Making Test: Part A — Timed paper-and-pencil test where respondents connect
consecutively numbered circles placed irregularly on a sheet of paper by drawing a continuous

line.
Attention/ Vigilance.

Deficits in vigilance may reflect an attentional problem as vigilance is the sustained, focused
attention that is required in daily tasks that involves concentration or tracking over time, and

ignoring distractors (Lezak et al., 2004).

Continuous Performance Test — Identical Pairs (CPT-IP) — Computer-administered test that lasts
10 minutes where respondents press a response button only when two consecutive matching

numbers show up on the screen.
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Nonverbal working memory and Verbal working memory.

Working memory is associated with attention and short-term memory. Its short-term limited
capacity reflects the basic dimensions of attention. Working memory taps into how much
information the attentional system can process at once. The manipulation of temporarily stored

information taps into short-term memory capacity (Lezak et al., 2004).

Wechsler Memory Scale — 3" ed. (WMS-I11): Spatial Span — Using a board on which 10 cubes are

irregularly spaced, respondents tap cubes in same (or reverse) sequence as test administrator.

Letter-Number Span — Verbally administered test where respondents mentally reorder and repeat

a string of random number and letters.
Verbal learning and Visual learning.

Memory is the ability to acquire, store, and retrieve information. Normally, testing memory
requires three different procedures: immediate recall, an interference period to prevent rehearsal,
and a delayed recall (Lezak et al., 2004). As none of the revised tests in the MCCB have a
delayed recall condition, caution must be taken when considering the results as they only tap into

the subject’s ability of immediate recall.

Hopkin’s Verbal Learning Test — Revised (HVLT-R) — Verbally administered test where
respondents recall a list of 12 words to their best ability. There are three trials, where the same 12

words are read aloud for the respondents. Alternate forms are available.

Brief Visuospatial Memory Test — Revised (BVMT-R) — A sheet of paper with six geometric
figures are shown to the respondents for 10 seconds. Upon removal of the sheet of paper,

respondents are asked to reproduce the figures from memory. Alternate forms are available.
Reasoning and problem-solving.

Reasoning is thinking with a conscious intent to reach a conclusion. It requires the collaboration
of different cognitive domains to be performed successfully. Executive functions contribute to
purposeful problem solving: planning, purposive action, monitoring, and effective performance

(Lezak et al., 2004).
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Neuropsychological Assessment Battery (NAB): Mazes — Seven timed paper-and-pencil mazes of

increasing difficulty.
Social Cognition.

Social cognition is the ability to process social information, including identifying emotions,
interpreting other people’s thoughts and feelings, and creating and maintaining social connections
(Green, 2016). Mentalizing and emotion regulation are part of this social processing system

(Green, 2016).

Mayer-Salovey-Caruso Emotional Intelligence Test (MSCEIT): Managing Emotions — Multiple-
choice test where respondents are presented with short stories and asked how effective the main
characters’ solutions to their problems were. All stories are about characters managing their

emotions.

3.6 Characteristics of papers 1-3

The table below shows characteristics of paper 1-3 (number of participants, lengths of follow-up

and test instruments).

Paper 1 Paper 2 Paper 3

Number of participants 28 patients 28 patients 10 patients
28 controls

Follow-up length 4 years 6 years 6-8 years
Clinical and test
instruments MCCB MCCB MCCB
PANSS PANSS
GF: social GF: social
GF: role GF: role
Semi-structured interviews and
IPII
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3.7 Analyses

Analyses with multilevel modelling (MLM) were performed in all three papers. Our study
has a longitudinal design with repeated measures. We have chosen to analyze our data with MLM
as it is a well-suited method to analyze nested data structures. In the case of our data that are
collected on multiple occasions over time, the measurement occasions are nested within

individuals. Measurement occasions represent level 1 and individuals represent level 2.

A major benefit of using multilevel modelling rather than linear regression analysis is
MLM’s ability to handle violations of the independence assumption. Traditional analysis models
require that observations are independent of each other, if not they can produce excessive Type |
errors and biased parameter estimates (Peugh, 2010). Dependent observations occur in studies
with repeated measures as each participant provides multiple observations, and these are usually
correlated. Similarly, the residuals in level 1 will also be correlated and thus violating the
assumption of independent errors. MLM lets the users handle these violations by allowing them
to include random intercepts and slopes instead of treating these as fixed constants. Additionally,

the user may specify a covariance model (Garson, 2013).

Another benefit with multilevel modelling is its ability to handle missing data. Missing
cases is almost impossible to prevent in longitudinal studies. Typical approaches for dealing with
missing data like listwise deletion or mean imputation are not optimal solutions. In multilevel
models, missing cases are estimated based on available data points, thus there is no need to
remove participants with incomplete data (Peugh & Enders, 2004). However, one important

assumption is that data are missing at random or missing completely at random.

In all our analyses, we set up a series of growth models, starting with a simple model and
then increasing the complexity while evaluating which model best fitted the observed data. All
models were fitted using maximum likelihood and with an unstructured covariance structure for
the random effects. The best fitting model was chosen based on the lowest Akaike information
criterion (AIC) (Akaike, 1974). AIC is a goodness-of-fit measure that is corrected for the number

of parameters that are estimated.

34



3.8 Ethics

The study was approved by the Regional Committee for Research Ethics for Health
Region South-East (REC South-East). After receiving verbal and written information about the

study and the procedures involved, written informed consent were obtained from all participants.

An ethical consideration regarding our study is the choice to recruit participants within
five months upon their first contact with mental health services. It is likely that the patients were
in a vulnerable state and experienced some levels of psychotic symptoms. Thus, it is relevant to
ask whether our group of patients had the capacity or competence to consent to participate in a
longitudinal study with annual measurements over ten years. Psychotic symptoms and impaired
cognitive functions may influence patients’ ability to fully understand the aims of a research
study (Dunn, Candilis & Roberts, 2006). Yet, other studies have shown that, collectively, people
with schizophrenia do not necessarily have reduced competence to consent compared to healthy
controls (Dunn et al., 2006). Instead, researchers should take measures to ensure that participants
with reduced decisional capacity get a more intensive educational intervention as part of the

informed consent process (Carpenter et al., 2000).

We are aware that our participants may change their minds regarding their participation in
our study. Thus, consistent with Norwegian ethical guidelines for health research, our participants
may withdraw their consent for participation whenever they want. Before every assessment,
participants are reminded of the aims of the study to ensure that they fully understand their roles

as research participants and that their continued participation in the study is voluntary.
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4. Summary of findings from papers 1-3

4.1 Paper 1

The relationship between level of cognitive impairments and functional outcome trajectories in

first-episode schizophrenia.

In this study, we fitted a series of multilevel models to examine whether baseline
cognition is associated with later social- and work outcome. The first model (model 1) showed a
significant increase in both social- and role functioning over the four-year follow-up period.
Cognitive functioning at baseline predicted later functional outcome. Social functioning was
predicted by attention, verbal learning and verbal working memory. Role functioning was
predicted by attention, verbal working memory and reasoning/ problem solving. In model 2 and
3, the patient group was divided into three approximately equally large groups based on baseline
cognition T-scores to explore whether a stratification of the group would further improve the
models. There were some significant differences between the subgroups. The subgroup that
scored the lowest on attention and verbal working memory at baseline displayed a significantly
smaller rate of change in social functioning than the other two groups. No differences were found
between the medium- and high scoring groups. Nor were there any significant differences in
development between the three groups in role functioning. Of all the models, model 3 had the

best fit to the observed data.

The results from this study showed that a majority of FES-patients experienced
improvements in social relationships and work performance over time. However, one subgroup
that is characterized by poorer cognitive performance at illness onset showed limited
improvements. Compared to the higher scoring groups, these patients are more socially secluded
and have fewer steady friendships and intimate relationships. Their social relationships are
marked by larger conflicts with peers and less involvement with family members. Interestingly,
their work performances were not negatively affected, which may indicate difficulties with
maintaining balance in their daily life; being able to master work, but struggling with personal
relationships. Less functional improvements may also indicate that this subgroup of patients
responded less effectively to rehabilitation. Thus, it may be possible to identify a subgroup of
patients with personalized rehabilitation needs already within five months after first contact with

mental health services.
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4.2 Paper 2

Cognitive improvement in first-episode schizophrenia and healthy controls.: a 6-year multi-

assessment follow-up study.

Based on neurocognitive data gathered over six years, we estimated the cognitive
development in FES, and compared the cognitive domain trajectories to those of healthy controls.
Model 1 was performed with all participants, both patients and healthy controls, and formed the
basis of comparison for subsequent models. It showed a significant linear increase in all cognitive
domains. Compared to healthy controls, FES-patients scored lower on all cognitive domains at
baseline except for social cognition (model 2). When considering cognitive development over
time, the differences in development between the two groups were insignificant for most
cognitive domains (model 3). However, the patient group showed a significantly lower increase
in working memory than the control group. Meanwhile, the increase in reasoning/ problem
solving was significantly larger for the patient group than the control group. For working memory

and reasoning/ problem solving, model 3 had the best fit to the observed data.

The present study had some interesting findings. Firstly, the cognitive development
seemed to be of comparable magnitude in the two groups. Some of the cognitive improvements
may be explained by practice effects, although it seems unlikely that any cognitive deterioration
in our FES-sample had been masked by practice effects. Secondly, there seemed to be different
trajectories for different cognitive domains. A larger increase in reasoning/ problem solving in
the patient group compared to the healthy control group suggests that patients are able to use
more flexible problem-solving techniques when symptoms subside. On the other hand, the patient
group showed a lower increase in working memory which indicates that the gap in performance
between the two groups will only grow larger over time. This may speak in favor of a targeted
rehabilitation of working memory. Thirdly, when examining our figures, the trajectory of social
cognition seemed to stabilize, reaching the same level as healthy controls after one year. It
remains to be determined whether this improvement in test scores will yield similar gains in real

life social cognitive functioning.
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4.3 Paper 3

Cognitive, work- and social outcomes in fully recovered first-episode schizophrenia patients: on

and off antipsychotic medication.

In the present paper, we examined the course and outcome of fully recovered FES-
patients. Table 1 shows the results from the analyses. Model 1 showed significant increases in
social functioning, role functioning, and global cognition over time. Model 2 showed larger
increases when patients were off medication compared to when they were on. The estimates were
significant for role functioning, but not for social functioning and global cognition. However,
processing speed might be more sensitive to the effects of medication, as the estimates were
significant for processing speed when we analyzed the cognitive domains separately. The results
showed that larger increases in processing speed were seen when patient were off medication
than when they were on. Model 1 and model 2 had similar model fit to the data, so there was no
clear indication for which model was better. Nevertheless, the two models showed changes that
were similar in size and direction, indicating that it is possible to maintain low levels of

symptoms and good functioning without long-term medication treatment.

The rate of full recovery in our sample at the 8" follow-up is 35.7%. Out of the fully
recovered sample of 10 participants, six were unmedicated. Compared to the unmedicated
individuals, the medicated participants experienced relapses and became fully recovered at a later
point in time. Interestingly, the unmedicated participants had the largest impairments in role
functioning and the highest symptom level at baseline. Both medicated and unmedicated
participants reported work performance limitations, but the medicated participants also reported
problems with balancing work and social activities. Negative side effects was the most common
reason for medication discontinuation in our sample. Instead, most of the participants highlighted
the use of other active coping strategies, such as mindful thinking and symptom awareness, when

discussing the factors that contributed positively to their recovery.
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Table 1. Results from paper 3.

Social functionin

Model 1 Model 2

Estimate

Fixed effects Estimate (SE) | p (SE) p
6.211

Intercept 6.249 (0.246) <0.001 (0.315) <0.001

Time 0.022 (0.003) | <0.001
0.008

Time On (0.005) 0.101
0.027

Time Off (0.004) <0.001

Random effects
0.367

Residual 0.362 (0.062) <0.001 (0.065) <0.001
0.842

Intercept 0.460 (0.000) (0.441) 0.056
0.000

Slope 0.000 (0.000) (0,000)

Model fit

AIC 197.649 190.529

Role functioning

Model 1 Model 2

Estimate

Fixed effects Estimate (SE) | p (SE) p
4.288

Intercept 4.032 (0.441) <0.001 (0.462) <0.001

Time 0.056 (0.006) | <0.001
0.035

Time On (0.013) 0.049
0.060

Time Off (0.007) <0.001

Random effects
1.273

Residual 1.230(0.221) <0.001 (0.231) <0.001
1.594

Intercept 1.865 (1.066) 0.080 (0.947) 0.092
0.001

Slope 0.002 (0.001) 0.164 (0.001) 0.301

Model fit

AIC 288.881 289.212
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Processing speed

Model 1 Model 2
Fixed effects Estimate (SE) p Estimate (SE) | p
36.914
Intercept 37.505 (2.506) <0.001 (2.568) <0.001
Time 0.189 (0.032) <0.001
Time On 0.126 (0.054) | 0.022
Time Off 0.221 (0.042) | <0.001
Random
effects
41.285
Residual 41.178 (7.770) <0.001 (7.801) <0.001
49.017 48.471
Intercept (29.051) 0.092 (29.806) 0.104
Slope 0.007 (0.000) 0.004 (0.000)
Model fit
AIC 496.200 496.457
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5. Discussion

In order to discuss our findings in a larger context, we will revisit some of the ongoing
debates reviewed in the introduction section. Of course, these debates will hardly be settled just
yet, as more research is needed. Yet, with a longitudinal multi-assessment design and
sophisticated analytic methods, we hope to contribute to the ongoing debates with research

findings from a recovery perspective.

5.1 Full recovery in FES

The rate of full recovery in our sample with a follow-up period of 6-8 years is 35.7 %.
This is very close to the recovery rate of 38 % reported by Lally et al. (2017) in their meta-
analytic review with a mean follow-up period of 7.2 years. However, due to large variability in
methods and the definition of full recovery amongst studies, it is not possible to make direct
comparisons between our findings and results from other studies. Out of the 35 studies reported
by Lally et al. (2017), only 16 studies included criteria of both clinical and social dimensions, and
only nine studies had a duration criterion of >2 years. When narrower criteria of recovery were

applied, the imputed recovery rate was 23.3 %.

Compared to other studies of FES (Austin et al., 2013; Faber et al., 2011; Shrivastava,
Shah, Johnston, Stitt & Thakar, 2010; Verma, Subramaniam, Abdin, Poon & Chong, 2012) where
the age range varies with many years, our sample is relatively young with a mean age of 21 years.
Younger age has been associated with higher rates of recovery (Austin et al., 2013, Shrivastava et
al., 2010; Verna et al., 2012), although a non-significant age effect between recovered and non-
recovered patients has also been reported (Faber et al., 2011). The age effect seems only to exist
in adult onset schizophrenia though, as patients with early onset schizophrenia (EOS) are
generally considered to have a particularly poor prognosis (Clemmensen, Vernal & Steinhausen,
2012). Younger age is suggested to impact recovery because it helps people maintain links with

school and friends and maintain more support in achieving developmental milestones (Amminger

etal., 2011; Verma et al., 2012).

Another possible explanation for our relatively high recovery rate is that 61 % of our

participants have attained higher education (education beyond high school). Completed high

41



school has been found to be associated with recovery and has been suggested to be an indicator of
the achievement of several social, educational, and vocational milestones before becoming
mentally ill (Austin et al., 2013). Thus, when symptom levels subside, the patients have better

foundations for regaining their previous levels of functioning.

Another possible reason for the increased recovery rate in our sample is that we managed
to retain the fully recovered participants in our study, who often drop out of longitudinal studies

once they are no longer in treatment (Torgalsbeen et al., 2018).

The recovery rate in FES does not seem to vary based on the length of the follow-up
period. Studies that include either one or both functional criteria of recovery and have follow-up
periods of two years (Faber et al., 2012; Torgalsbeen et al., 2015; Verma et al., 2012; Wunderink
et al., 2009) report recovery rates that are quite similar to studies with longer follow-up periods
(Albert et al., 2011; Austin et al., 2013; Robinson et al., 2004). This contrasts with earlier
findings that indicate decreased rates of good outcomes when follow-up duration increases
(Hegarty et al., 1994; Menezes et al., 2006). Like the more recent studies, we did not find any
decline in favorable outcomes over time. Rather, the recovery rate in our sample increased over
time. The recovery rate on our two-year follow-up was 16 % (Torgalsbeen et al., 2015), while we
found a full recovery rate of 35.7 % by the 8™ follow-up (6 — 8 years). A low relapse rate in our
sample of fully recovered patients may be a possible reason for why we found an increase in
recovery rate. It seemed that once patients became fully recovered in our sample, they often
maintained good functioning and low symptom levels. Results from the four-year follow-up
showed that 55 % of the patients sustained their status as partly or fully recovered for up to four
years (Torgalsbeen et al., 2018). The apparent stable recovery rate found by Lally et al. (2017)
does not necessarily imply that no more patients attain full recovery after the first two years of
illness. Rather, new patients may become fully recovered while already recovered patients
experience relapses. It has been reported that approximately 30-40 % of FES-patients achieved
recovery at least once over the follow-up period (Austin et al., 2013; Harrow, Grossman, Jobe &

Herbener, 2005). Thus, the challenge may lay in helping patients to maintain their recovery.
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5.2 Long-term medication treatment in FES

A debated method for maintaining recovery and preventing relapses is the long-term use
of antipsychotics. Like earlier findings (Gaebel et al., 2016; Harrow et al., 2014; Moilanen et al.,
2013; Wils et al., 2017; Wunderink et al., 2013), we found a subgroup of patients that showed
good functional outcomes without long-term medication treatment. Studies have reported that
around 20 % (Wunderink et al., 2007; Wyatt et al., 1998) to 40 % (McGorry, Alvarez-Jimenez,
Killackey, 2013) of FES-patients may recover without use of antipsychotics. However,
Wunderink et al. (2007) argued that if the length of time between their two follow-ups had been
longer, they would expect the percentage to decrease due to an increased probability of relapses
over time. This observation is in line with the common perception that has dominated the field
until recently: medication discontinuation is associated with an increased risk of relapse. Recent
studies have shown that the increased relapse risk is only temporary (Wunderink et al., 2013).
Supporting these findings, we found no decrease in social and role functioning following
medication discontinuation. Only one participant experienced relapse, and subsequently started
on medication treatment again. The others did not experience any adverse effects from
discontinuing. In fact, it seemed that medication discontinuation was followed by larger positive
changes in functioning compared to patients that were still on medication. However, due to the
small sample size we have to be cautious when drawing conclusions since we were unable to test

for group differences based on medication status.

It has been reported that antipsychotics may have reduced effects on preventing relapses
over time (Wunderink et al., 2013). In line with this, we noticed that our medicated participants
had relapses that occurred after the first two years of illness onset. However, once the acute
symptoms had passed, the medicated patients once again showed increased levels of functioning.
This contrasts with the hypothesis that antipsychotic medications produce poor long-term
outcomes like medicine-induced chronicity (Whitaker, 2004). Yet, it is possible that our fully
recovered sample may be less affected by the negative long-term effects of antipsychotics
compared to a poor functioning group. Our findings need to be replicated by studies with larger
sample sizes. As of now, available research has failed to address whether long-term
antipsychotic treatment results in better or worse outcomes than treatment with no medication

due to large heterogeneity in methodology among studies (Sohler et al., 2016).
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We analyzed fully recovered patients’ functioning level at baseline, and we found no
apparent differences between individuals that were on or off medication. In fact, the individuals
that later discontinued medication showed some of the largest impairments at baseline. This is
interesting, as it is natural to assume that patients who show good outcomes without use of
medications might be a healthier group. This is especially true for studies that compare functional
outcomes in medicated and unmedicated samples, but do not divide the patient group based on
recovery status. Our findings do not totally discount the assumption of a healthier group, as acute
psychoses may bring an abrupt fall in functioning that is only temporary, and unmedicated
patients may have inner resources that helped promote a speedier recovery. However, at least in
our sample, it was not evident at the time of hospitalization or early after illness onset who had
favorable characteristics and would be candidates for medication discontinuation. Since
medication treatment may cause adverse effects (Artaloytia et al., 2006; Manu et al., 2015),
efforts should be made to personalize treatment and detect patients that may recover with
psychosocial interventions alone (McGorry et al., 2013). Current studies have failed to identify
common predictors though, as no positive predictors have been found to predict successful
discontinuation in more than one study. For instance, education level, sustained remission at two
years, and clinician-rated good prognosis at baseline (Bowtell, Ratheesh, McGorry, Killackey &
O’Donoghue, 2017)

The effects of antipsychotics on cognitive functioning remain unclear. The fully
recovered patients showed improved cognition over time, but most of the cognitive domains
showed no significant developmental changes as patients changed in medication status. This may
indicate a limited effect of antipsychotics on cognition which is in line with the findings of other
studies (Goldberg et al., 2007; Keefe, Bilder et al., 2007; Keefe, Sweeney et al., 2007). On the
other hand, a significant difference in change was found for processing speed. It seems being off
medications is associated with larger increases than being on medications. These results must be
replicated with larger samples, but it may indicate that antipsychotics have a specific effect on
processing speed. Alternatively, this effect may be indirect. For instance, antipsychotics may
produce adverse effects like drowsiness and affect flattening, which in turn affects processing

speed.
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5.3 Full recovery in FES as a subjective process

If long-term use of medications may possibly have limited effects on relapse and
recovery, what other factors may help patients achieve and maintain full recovery? Subjective
accounts of what the patients themselves considered as effective strategies may eventually point

us towards some possible answers.

Although medications are commonly considered the cornerstone of schizophrenia
treatment by health-care professionals, the patients’ view about medications are rather divided in
our study. Out of the ten fully recovered patients in our sample, four have discontinued
antipsychotic medications and two never started on any medication treatment. Adverse effects
were the most reported reason for discontinuing antipsychotic medications. The patients
experienced weight gain, slowed thinking and drowsiness from medications. However, four fully

recovered patients have continuously been on antipsychotics, and report limited adverse effects.

When discussing other factors that contributed to their recovery, most patients mentioned
the use of active coping strategies such as symptom awareness, regulation of activity and mindful
thinking. Psychotherapy was also mentioned, but as the participants became fully recovered most

of them were no longer in need of therapy on a regular basis.

The majority of the fully recovered patients still experienced work performance
limitations. They reported feeling tired after work, underachieving in their current job, and
having problems balancing work and social activities. Yet, these patients do consider themselves
as fully recovered because they have not had any relapses in recent years. They feel in charge of
their lives despite some minor impairments. They are open about their mental illnesses and accept
that they have some limitations in their daily lives. Interestingly, many participants reported
feeling stronger because of the mental illness. They have gained experiences that they think will
be useful in life, and they report knowing themselves better. Many feel closer to their family

members, and report having a supportive family as a factor in becoming fully recovered.

5.4 Long-term cognitive course in FES

Like earlier findings in favor of the neurodevelopmental model (Becker et al., 2010; Bora
& Murray; 2014; Carrion et al. 2018; Keefe et al., 2006), we found no cognitive decline in the
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patient group from five months after illness onset and onwards. A follow-up period of six years is
relatively substantial, and we found cognitive improvements throughout the period. This is in
contrast with other studies that have follow-up periods longer than five years, which mostly
found stability in cognitive functioning (Barder et al., 2013b; Hoff et al., 2005; Rund et al.,
2016). Studies with shorter follow-up periods that vary from one to five years, also report overall
cognitive stability, but these studies differ in their results when examining specific cognitive
domains. For instance, Barder et al. (2013a) reported improvements in impulsivity and working
memory the first two years, while motor speed decreased. Torgalsbeen et al. (2015) found
improvements in reasoning/ problem solving and social cognition and decline in verbal learning.
Crespo-Facorro et al. (2009) found improved visual memory and executive functioning, and
Rodriguez-Sanchez et al. (2008) reported decline in verbal learning. The seemingly disparate
findings are largely due to methodological differences between studies. Yet, despite these
limitations, cognition seems to remain stable over time with the possible exceptions of verbal

memory and executive functioning (Bozikas & Andreou, 2011).

There are some possible explanations as to why long-term follow-up studies do not find
specific developmental trajectories for different cognitive domains. Firstly, there are simply too
few of such studies. Rund et al. (2016) only included a measure of global cognitive functioning,
while Hoff et al. (2005) had a small sample size. Secondly, conflicting results may be due to lack
of a healthy control group to take into account the influences of age, education and gender (Albus
et al., 1997). Thirdly, it is possible that improvements in symptoms have a greater effect on
cognitive functioning earlier in the illness (Hoff et al., 1999) and with diminishing effects over
time (Hoff et al. 2005). For instance, Barder et al. (2013b) found no change in the subsequent
years following the initial improvements seen in impulsivity and working memory. Interestingly,
when we compared our current findings with the results from the two-year follow-up that
examined the same patient sample (Torgalsbeen et al., 2015), we also found some diminishing

effects on cognitive development over time.

On the two-year follow-up, the patient group showed significant improvements in
reasoning/ problem solving and social cognition and decline in verbal learning compared to
healthy controls (Torgalsbeen et al., 2015). At the current six-year follow-up, however, FES-

patients no longer showed the same effects on social cognition and verbal learning. This indicates
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that the changes seen in social cognition and verbal learning were only temporary. It seems that
the patients’ performance in social cognition gradually increased to the same level as healthy
controls and then stabilized. However, Holmén, Juuhl-Langseth, Thormodsen, Melle and Rund
(2010) also found no differences in social cognition between patients and controls with the
MCCB and suggested that patients with schizophrenia may have no problems with knowing how
to act in social situations, but still have problems with performing them in real life. In the MCCB,
social cognition is measured as a skill in managing emotions and identifying effective ways to
deal with problems. When social cognition was measured with tests of emotion perception
(identify expressed emotions, discern emotional messages), social cognition was found to

mediate the relationship between cognition and functional outcome (Vaskinn et al., 2008).

It is interesting that we did not find a decline in verbal learning in patients compared to
healthy controls, as impairment in verbal memory has consistently been observed in
schizophrenia and considered to be among the most impaired cognitive domains (Cirillo &
Seidman, 2003; Kern, Hartzell, [zaguirre & Hamilton, 2010). However, impairments in verbal
memory have been reported to be the greatest in the early phase of the illness (Mesholam-Gately
et al., 2009), which may explain why verbal impairments were more apparent on the two-year
follow-up in our patient sample. The indication that improvements in some cognitive domains in
FES seem to be characterized by pronounced improvements following the acute phase and then
followed by gradual stabilization (Bonner-Jackson, Grossman, Harrow & Rosen, 2010;
Mesholam-Gately et al., 2009) points to the importance of having longitudinal studies that assess

cognitive functioning over many years.

The cognitive improvements seen in our sample may be partly explained by practice
effects. Unlike earlier studies, the patient group is matched to a healthy control group. Compared
to controls, the patient group scored significantly worse on all cognitive domains except for
social cognition, which supports the findings of earlier studies (Holmén et al., 2010). It has
consistently been shown that patients with schizophrenia score 1-2 standard deviations below
healthy controls in cognitive functioning (Fioravanti et al., 2005; Fioravanti et al., 2012). More
importantly, our results showed no differences in degree of change between patients and controls

in most cognitive domains. In other words, the cognitive improvements seen in the patient group
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were not significantly different from the control groups’ developments. Thus, we argue that no

deteriorations in cognitive functioning have been masked by practice effects.

Our results showed specific cognitive trajectories for working memory and reasoning/
problem solving that differed from the developments seen in healthy controls, which supports the
findings of earlier studies about specific changes in different cognitive domains. Specifically, we
found that increase in working memory is smaller in patients compared to healthy controls. A
smaller increase compared to the other cognitive domains may simply indicate that working
memory is less affected by practice effects. Yet, working memory as a system for storing and
manipulating information is crucial for thought, planning and action (Baddeley, 2003). A limited
working memory capacity may underlie the low scores seen in other cognitive domains, as it has
been suggested that impaired working memory may limit the performance of other cognitive

operations (Silver, Feldman, Bilker & Gur, 2003).

The patient group showed a larger increase than healthy controls in reasoning/ problem
solving. Reasoning/ problem solving may be categorized under executive functions, although
such a categorization is not without problems as executive functions comprise of a variety of
separate cognitive skills like inhibition, attention, and working memory. In fact, the long-term
development of executive functions has been somewhat hard to conclude due to inconsistent
definitions and measuring methods (Bozikas & Andreou, 2011). Nevertheless, a larger
improvement in reasoning/ problem solving may indicate that patients were able to use more

flexible problem-solving techniques as their symptoms improved.

Overall, our findings do not support a neurodegenerative model. At least in the case of
FES, there seems to be no evidence of cognitive deterioration in the first six years after illness
onset. Schizophrenia is a heterogenous illness, and it is possible that different groups of patients
have different developmental courses. For instance, cognitive worsening has been found in a
group of elderly chronically ill patients (Friedman et al., 2001; Harvey, 2001; Harvey et al.,
1999). Gie, Sundet and Rund (2008) found significant deterioration in cognitive performance in
EOS-patients over 13 years, although maturational processes in adolescence may have had a
positive effect on cognitive functioning (Juuhl-Langseth, Holmén, Thormodsen, @ie & Rund,
2014). Alternatively, it has been suggested that early neurodevelopmental lesions render the brain

vulnerable to developmental arrest before individuals transition to active psychoses (Pantelis et
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al., 2005). There is simply no room for further cognitive deterioration with further brain tissue
reductions (Bozikas & Andreou, 2010). Yet another possible explanation is that brain volume
reductions are not expressed as cognitive impairments because patients may use other cognitive
strategies than what is expected from healthy controls (Hazlett et al., 2000). As such, we cannot
disregard the possibility of a neurodegenerative component in schizophrenia, although this does

not seem to apply to FES.

5.5 Cognitive functioning and functional outcome

Overall, we found a significant change in both social- and role functioning for our patient
group. Baseline levels of attention and verbal working memory predicted both social- and role
functioning. Further, baseline verbal learning predicted social functioning and baseline reasoning/
problem solving predicted role functioning. Earlier studies could not conclude on the long-term
relationship between cognition and functional outcome due to methodological differences
between studies and the lack of a standard for which cognitive domains to include. A review of
the available research produced a large amount of null relationships (Allott et al., 2011). Here, we
wanted to examine the relationships with a consensus-based cognitive battery, consensus-based
definitions of good functioning, and with repeated measurements over a longer follow-up period
than earlier studies. Our results are consistent with previous findings (Gonzéalez-Blanch et al.,
2010; Mesholam-Gately et al., 2009; Milev et al., 2005; Nuechterlein et al., 2011; Tandberg et
al., 2011), confirming the association between functional outcome and cognition, in cognitive
domains that are regarded as key areas of impairment (attention, verbal learning, working

memory, executive functioning).

If the cognitive domains associated with functional outcome are identified, is it then
necessary to divide the patient group into subgroups to examine the relationships further? We
believe so. Subdividing the patient group in schizophrenia research is quite common considering
the heterogeneous nature of the illness. The categorization of chronic schizophrenia, early-onset
schizophrenia and first-episode schizophrenia have revealed different processes and illness
progressions for different groups of patients. Regarding research on FES, the patient group has
been further subdivided in the attempt to identify factors that may predict improvement or further

deterioration in cognition. For instance, recognizing findings that show cognitive stabilization in
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FES as a group effect that may mask substantial heterogeneity across individuals, Barder et al.
(2013a) divided the patient group based on the presence of relapses. Psychotic relapses early in
the illness was a potent predictor of cognitive deterioration over time, while patients with no
relapses did not experience decline. Similarly, Rund et al. (2016) found that patients with stable
remission in the first year had better cognitive trajectories than patients that experienced unstable
remission or who remained continuously psychotic after the first year. Although cognitive
functioning varies between individuals and has been consistently associated with functional
outcome (Green et al., 2004; Green & Harvey; 2014), few if any have examined whether

different levels of baseline cognition predicts later functional outcomes.

When we subdivided our patient group based on baseline levels of cognitive functioning,
we found that individual heterogeneity had indeed been masked when we examined the patient
sample as one group. We found functional improvements in subgroups with intermediate and
high levels of cognition, but the subgroup that demonstrated the largest cognitive impairments at
baseline showed limited improvements over four years. Specifically, low levels of baseline
attention and verbal working memory were associated with poor social functioning and limited
improvements over time. Compared to the other groups, this subgroup consisted of patients that
had limited peer- and intimate relationships, and their relationships were marked by more
conflicts. This has important clinical implications. The treatment of schizophrenia consists of a
collection of various interventions like medication, psychosocial intervention, familial education,
and social skill and work training. Cognitive rehabilitation is much more rarely provided. Yet,
cognitive impairments may affect many facets of everyday life. A limited ability to concentrate
on what other people are saying and problems with thinking flexibly may cause solitude.

Similarly, poor cognitive functioning may affect how well patients respond to rehabilitation.

The hypothesis of a critical period in schizophrenia states that the early phase of
psychosis is characterized by rapid deterioration, which eventually slows down and stabilizes or
improves. The level of functioning by the end of the critical period sustains into the long-term
(Birchwood, Todd & Jackson, 1998). Crumlish et al. (2009) have shown that further symptomatic
improvements are possible between four and eight years after illness onset, and our own findings
showed continued improvements in functional outcomes over time, but the question remains

whether this also applies to the poorest functioning group.
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5.6 Generalized vs specific cognitive impairments

Given the past and present findings on the existence of specific cognitive impairments in
schizophrenia, it may seem tempting to conclude that the cognitive impairments seen in
schizophrenia are specific impairments rather than generalized impairments. Yet, due to
methodological heterogeneity between studies we still have to be cautious when discussing
selective deficits. Although some cognitive domains seem to be more consistently impaired than
others, there are also many studies that show null relationships between these cognitive domains
and functional outcome (Allott et al., 2011). Differences in the reliability between tests can
mimic specific cognitive deficits. That is, when tests differ in sensitivity and difficulty, the tests
with the higher reliability will yield greater performance deficits for the less able participants
(Chapman & Chapman, 1973; Miller, Chapman, Chapman & Collins, 1995). Further, cognitive
tests are seldom, if ever, only tapping one cognitive domain, as many functions require the
coordination of various cognitive domains. When tests tap into different cognitive domains, albeit
some more than others, they are not diagnostic as to which specific domain is impaired (Jonides

& Nee, 2005).

It is striking that patients with FES score 1-2 standard deviations below healthy controls
on most cognitive domains, which can be viewed as a generalized cognitive impairment
(Dickinson & Harvey, 2009; Schaefer et al., 2013). Further, the broad deficit is supported by
evidence of biological abnormalities (Dickinson & Harvey, 2009). Factor analytic studies have
found that a single factor accounted for the common variance in cognitive functioning among
patients with chronic schizophrenia, as well as in a mixed sample of schizophrenia and bipolar
patients, while cognitive performance in schizophrenia was best accounted for by multiple
independent cognitive domains (Nuechterlein et al., 2004). Thus, it is important that we are
precise in our definitions and use the same standard of tests to measure cognitive performances.
The creation of the MCCB was an important step towards the use of a consensus-based test
battery, where cognitive domains are identified through factor analytic analysis, and tests
included for their sensitivity of cognitive change (Nuechterlein et al., 2004). In the same vein,
efforts have been made in identifying a set of consensus-based measures for real-world functional

outcomes (Leifker, Patterson, Heaton & Harvey, 2009) similar to the MATRICS initiative.
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5.7 Methodological considerations

As all relevant methods for this thesis have been presented, we will discuss some
methodological considerations related to the participants, choice of study design, interpretation of

results, and limitations of the study design.

Study design. This study has a longitudinal multi-assessment design. Longitudinal studies
are important for understanding pathways and developmental changes (Masten, 2006). Repeated
year-by-year measurements are better than studies with one or two assessments that are many
years apart as this is more sensitive to changes that occur in-between assessment points
(Torgalsbeen et al., 2018). Moreover, since we have a small sample size, the multi-assessment
design will benefit the data analyzing process, as growth curve models produce estimates that are

more reliable with increasing number of assessment waves (Quené & van den Bergh, 2004).

In most of our analyses, we estimated cognitive changes with a linear slope. We are aware
that not all functions change linearly over time, and while we have enough measurement points to
estimate non-linear patterns of change, our sample size is too small to allow for the inclusion of a
large number of parameters without affecting the statistical power of the models. By examining
the plots of our outcome variables, we saw that our variables mainly had linear developments

over time. Thus, the linear slope was used for estimating longitudinal change in our data.

Practice effects. A drawback with repeated measurements is the increased probability of
practice effects. While some studies have shown improved or stable cognitive functioning over
time in FES, others have argued that practice effects alone may account for the improvement and
further, mask deterioration in some cognitive domains (Goldberg et al., 2007; Szoke et al., 2008).
We have taken some pre-emptive measures to help us interpret practice effects in our results.
Firstly, we have included a healthy control group. Any improvement or deterioration in FES
cannot be correctly interpreted without a comparison group. Secondly, cognitive functioning is
assessed with MCCB. Alternate forms were used when provided by the MCCB. The MCCB is
considered the gold standard of neurocognitive evaluation in severe mental illness. This cognitive
battery has shown good sensitivity to the cognitive impairments observed in schizophrenia
(August, Kiwanuka, McMahon & Gold, 2012). It has shown small practice effects in validation
studies (Buchanan et al., 2011; Keefe et al., 2011; Nuechterlein et al., 2008), although it may still

be vulnerable (Lees et al., 2015). However, most studies that report practice effects have short
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time intervals between test and retest, ranging between a few weeks to some months (Goldberg,
Keefe, Goldman, Robinson & Harvey, 2010; Lees et al., 2015; Szoke et al., 2008). In our study,
except for the first year where cognition was assessed every six months, cognition was measured
once a year and then every other year from the seventh follow-up onwards. Nevertheless, we

have to show increased awareness of practice effects as a potential source for cognitive change.

Another consideration regarding our sample is that the number of assessments differs
between the patient and the control group. The patient group will be assessed neurocognitively
eight times during the ten-year period, whereas the control group will be assessed four times.
Given that there are practice effects when repeating cognitive tasks, it may introduce bias by
overestimating a patient group’s improvement in cognitive performance relative to controls.
However, studies show that practice effects are largest between the initial and second
assessments, with smaller increases with subsequent follow-ups (Goldberg et al., 2010), which
seem also to be the case for most of the cognitive domains measured in the MCCB (Lees et al.,

2015).

Psychometrics. The MCCB, PANSS, IPII, and GF: Role and GF: Social were chosen for
their good psychometric properties. The MCCB consists of neurocognitive tests that were
especially chosen for their good reliability and validity. High test-retest reliability, utility as a
repeated measure, practicality and tolerability were considered as some of the most important
features of the test battery (Nuechterlein et al., 2008). Since its creation, the MCCB has been
extensively evaluated and has demonstrated impressive psychometrics, among others high test-
retest reliability, data completeness, modest practice effects, as well as sensitivity to improvement

from interventions (Green et al., 2014).

The psychometric properties of the PANSS are well-documented (Kay et al., 1987;
Peralta & Cuesta, 1994), and it is currently the most widely used scale to assess symptoms level
in patients with schizophrenia. The first construction of the PANSS divided the symptoms into
three groups: positive symptoms, negative symptoms and general psychopathology. This three-
factor division has later been thought of as an oversimplification, for instance Peralta and Cuesta
found that the original positive subscale was composed of positive and disorganized symptoms
(1994). Nowadays a five-factor model of PANSS is most commonly reported, but studies still fail

to confirm the fit of the Pentagonal model with confirmatory factor analysis (Fitzgerald et al.,
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2003; van der Gaag et al., 2006). In our study, we group our symptoms according to a three-
factor model. As our study aims are not concerned with modelling the symptoms of
schizophrenia, but rather using the symptom levels as an indication of recovery status, we find

using a three-factor model when scoring unproblematic.

While the IPII is often used to assess aspects of metacognitive skills in schizophrenia
(Lysaker, Damaggio, Buck, Carcione & Nicolo, 2007), we found this semi-structured interview
to supply us with additional information compared to our regular interviews that are done yearly
and have specific questions regarding medication, work, social relationships etc. The IPII
contains a few very widely defined questions, and the interviewer is not instructed to introduce
content. As a result, we get to know the patients’ personal illness narratives and recovery
processes without us introducing any objective measures of recovery. However, this approach has
some limitations as well. First, we cannot control how detailed the individual narratives are. A
seemingly scant narrative does not necessarily mean that the person has limited thoughts
regarding his recovery. Secondly, when used to assess metacognitive skills, the answers are
scored against four different scales of metacognition. There are no readily available scales for
scoring IPII against definitions of full recovery. Since we have a small sample size though, we
decided to only describe the factors that the patients reported as important on their road towards

full recovery.

Both GF: role and GF: social have shown high interrater reliability and acceptable
construct validity (Cornblatt et al., 2007). Based on information gathered from the interview, role
and social functioning scores were rated by either the principal investigator who did the interview
or the PhD-fellow. If the information from the interview was unclear, the PhD-fellow discussed

the final scores with the principal investigator.

For establishing the accuracy of recovery status (remission, partly recovered and fully
recovered) according to the full recovery criteria, we performed an inter-rater reliability
assessment. 36 clinical protocols were rated by an independent rater, three for each patient
fulfilling the criteria for either full or partial recovery at the four-year follow-up. The results
showed an inter-rater reliability of 0.60 (Cohen’s kappa), which indicates good inter-rater

agreement.
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Sample size. One major limitation of the study is the small sample size which only
consists of 28 patients. Although we recruited patients from one of Norway’s largest health trusts,
it only delivers health services to about 490 000 individuals which is a relatively small amount of
people compared to countries with larger populations. The incidence rate of first-episode
schizophrenia is relatively small. Simon et al. (2017) reported an incidence rate of 86 per 100 000
per year in the US, but this rate included all patients with new onset symptoms which might later
be determined to have other disorders rather than schizophrenia-spectrum disorders. Furthermore,
it may have been hard for young people that were in a vulnerable state to commit to a research
study that would last over ten years. We also recruited from hospitals in the capital to increase the
number of participants. Taking this into consideration, we managed to recruit quite a few
individuals from the catchment area. There will always be some amount of sampling bias in
research, which may be especially problematic in smaller samples as some members of the
population are less likely to be included than others. However, in our study, due to the small
amount of people that fulfilled the inclusion criteria in the first place, we argue that all potential

participants have had the same chances of being included in the sample.

Since we already have a small sample size, it seems natural to question our choice of
dividing the sample into even smaller groups, as we did in paper 1 and 3. In the case of the
subgroup with fully recovered FES-patients (paper 3), there are simply no other study that have
yearly prospectively gathered data on this group of patients. Due to the low recovery rate in
schizophrenia and an increased chance of drop out in longitudinal studies, the sample size of fully
recovered patients will be low. Still, we have to be aware of the limitations. Low statistical power
is inevitable, and the small sample size may limit the kind of analyses that can be performed. The
results must be interpreted carefully due to the possibility of both type I and type II errors. For
instance, a non-significant result may simply be a false negative due to the study being
underpowered. Low statistical power may also produce significant results that have overrated
effect sizes. Thus, when discussing our results, we try to be careful to not draw any firm
conclusions but rather state the overall patterns of development in our sample. As this is such a
unique subgroup that may contribute information to a relatively new field within schizophrenia

research, we found an explorative approach to be suitable.
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The existence of subgroups in schizophrenia has given rise to studies that question
whether poor and good prognosis may be predicted from early illness stages. Rund et al. (2016)
compared the cognitive trajectories of three subgroups of FES-patients. They found improved
cognition in stable remitted patients compared to patients who experienced relapses or were in
continuous psychosis. Studies on cognitive remediation have suggested that the relationship
between baseline cognition and response to cognitive remediation might be nonlinear; that a
predictor of good response in a low cognitively functioning group might be a predictor of poor
response in a high functioning group (Green, Llerena & Kern, 2015). Such a pattern would not
have been found if studies kept examining the patient sample as a whole instead of accounting for
the diversity in the population. Thus, we divided the sample into three approximately equal sizes

based on baseline level of cognition to examine the effects on functional outcomes (paper 1).

Generalizability of research findings. Small sample sizes decrease the generalizability of
research findings. There are also other considerations about our sample that may affect
generalizability that should be pointed out. An earlier article from this project reported a
remission rate of 80 % and a recovery rate of 16 % amongst FES-patients on the two-year follow-
up (Torgalsbgen et al., 2015), and the rates have since increased even more. Although high
remission and recovery rates are not unique to our study (Lally et al., 2017), part of the good
prognosis in our sample may still be attributed to the Norwegian health care system. The
Norwegian health care system provides universal coverage and equal access to mental illness
treatment for all regardless of socioeconomic status, ethnicity, and area of residence. Hospital
treatment is provided free of charge, and outpatients services require copayments that are
relatively inexpensive. The treatment can be given in specialized mental health services,
municipal services that coordinate with services in the local community, and by home treatment
teams that deliver acute mental health care in the community. The majority (64 %) of our
participants are recruited from early intervention wards. Other studies that also focus on early-
detection and recruit their patients from a similar area to ours have similarly reported a relatively
high recovery rate (30 %), although the criteria for full recovery were not as strict as ours
(Hegelstad et al., 2012). Recovery rates seem to be higher in North America compared to other
regions, Norway included, but any service-level confounds have yet to be investigated (Lally et
al., 2017). Until then, we have to be cautious when interpreting the generalizability of our

findings as there is some uncertainty related to differences in the intensity and modes of treatment
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provided to patients across studies. Still, the high recovery rate reported from several studies is

uplifting and speaks to the potential of recovery in FES.

Another consideration related to the generalizability of our results is the multi-assessment
design of our study. As time passed, the patients in our sample varied greatly in how often and
what kind of treatment they received, if any. For those who have stopped receiving clinical
treatments, the yearly assessments in our study was the only follow-up care they had. For some
patients, this contact with an academic institution felt meaningful. It is also possible that the
frequent assessments gave patients an increased sense of purpose. Although not necessarily a
confounding variable, it is worth noting the ways our sample may differ from the general

population of patients with first-episode schizophrenia.

5.8 Clinical implications

The main goal of the present thesis is to examine recovery in FES through investigating

the longitudinal course of cognitive functioning, work- and social functioning.

Our current findings show that full recovery in schizophrenia is possible even with narrow
criteria that require symptom remission, good social- and role functioning, and a duration
requirement of at least 2 years (Liberman et al., 2002). There is only a subgroup of patients that
meets these criteria, but it seems that the proportion of people that do is larger than what we
earlier believed. If recovery is maintained, the recovery rate will increase. Maintaining recovery
requires a strong tie between patients and clinicians that continues beyond the stabilization phase
and into the stable phase. With continued contact with an outpatient clinic, there will be greater
chances to notice any occurrence of life stressors and resurgence of symptoms that may increase

the risk of relapse (Lehman et al., 2004).

Medication treatment is effective in diminishing psychotic symptoms. Yet, the long-term
effectiveness of antipsychotics is debated, and the presence of side effects may be debilitating on
its own. We cannot yet predict which patients are likely to discontinue medication successfully,
but no patient that shows promising progress should be denied the opportunity of dose-reduction

or discontinuing if they wish to do so (Wunderink, 2018). Our findings showed that not all
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patients that are fully recovered need long-term maintenance treatment in order to maintain good

functioning.

We found that baseline cognitive functioning is predictive of later functional outcome.
Baseline attention and working memory are especially predictive of stable or improved
functioning scores. It is important to detect early the subgroup that will have limited
improvements in functioning, and a cognitive screening may be the solution. This subgroup of
patients will have need of personalized treatment that takes into account the specific cognitive
deficits the patients experience. While most patients experience some degree of cognitive
impairments in FES, the poorest performing subgroup should be receiving appropriate treatment,
including cognitive rehabilitation, as soon as possible as cognition shows limited change over
time. The exception may be reasoning/ problem solving as we found improvement that are

greater for FES-patients than healthy controls over time.

58



6. Revisiting the unanswered questions and concluding remarks

In this thesis, we wanted to examine some questions about recovery and outcome in FES
that are yet to be answered. Even though we are unable to give definite answers due to
methodological limitations, we sought to approach these questions in scientific ways that are

considered novel in the field of schizophrenia research.

Our results confirm that cognitive deficits are common and a core symptom of FES.
Patients seem to score lower cognitively than healthy controls, and the size of the cognitive gaps
seem to remain stable over time for most cognitive domains. No further decline in cognitive
functioning was found among the patients. There may even be some improvements in cognition
beyond the effects of repeated assessments. A single global cognitive measure may be too
limiting as different cognitive domains seem to change at different rates. Developments in
reasoning/ problem solving, working memory, and social cognition may be particularly

interesting areas for further research.

Cognitive impairments are associated with functional outcomes. In fact, our results
indicate that there exists a subgroup of patients with poor cognitive functioning that shows
limited improvements in social functioning over time. Thus, large cognitive impairments may be
an early predictor of later recovery. This group of patients may have different rehabilitation needs
and should get personalized treatment that takes into account their cognitive strengths and

limitations.

On the other end of the recovery spectrum, a subgroup of fully recovered patients was
identified. While it seems hard to predict candidates for medication discontinuation early on after
illness onset, patients should not be discouraged to stop taking antipsychotics if they are showing
good recovery from schizophrenia. In fact, in our subsample of only fully recovered patients,
discontinuing medications is followed by larger increases in functioning and development in
processing speed compared to continuous medication treatment. It seems that long-term
medication treatment is not necessary for good functional outcomes. In fact, for those patients
that are becoming better but are experiencing adverse effects from antipsychotics, a continued

medication treatment may impede their recovery process.
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Our findings support the notion that schizophrenia is a heterogeneous disease. There
seems to be several possible routes towards good long-term outcomes. It is especially important
to provide personalized treatment from an early phase as to enable positive developments as soon
as possible, since cognitive impairments that are apparent from illness onset appear to predict
later functioning. Further longitudinal research with larger samples is needed to allow for more

final conclusions.
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Although cognitive impairments are consistently linked to functional outcome in chronic schizophrenia, the
relationship remains unclear for patients with first-episode schizophrenia. The objective of this present study
was to determine whether there are distinct developmental trajectories for functional outcome in patients
with different levels of baseline cognition. The present study has a multi-follow-up design, and includes data
from six follow-ups over four years. Assessments were conducted yearly, apart from the first year where assess-
ments were conducted every six months. A total of 28 patients with first-episode schizophrenia participated in

{Sﬁ%&rsﬁ the study, with 79% of patients retained at the 4-year follow-up. Cognition was assessed with MATRICS Consen-
Longitudinal sus Cognitive Battery. Functional outcomes were obtained through Global functioning: Social and Global func-
Cognition tioning: Role. Data were analyzed with linear multilevel models. Results suggest steady improvements in
Functional outcome social and role functioning among the patients across the four year period. Baseline attention, verbal learning,
Recovery and verbal working memory were significantly associated with social outcome. Role functioning was significantly

associated with attention, verbal working memory, and reasoning/problem solving. Furthermore, the rate of
change in social outcome varies among patients depending on their baseline level of attention and verbal
working memory, with the lowest scoring group showing the least improvement over the years. The subgroup
of patients with the largest cognitive impairments at the onset of the disorder shows limited improvements in
social functioning compared to higher functioning groups.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Impaired cognition is considered a fundamental deficit in patients
with schizophrenia (Kahn and Keefe, 2013). A number of studies have
found cognition to be one of the most robust predictors of functional
outcome (Green and Harvey, 2014). There is a growing interest in ex-
amining the relationship between cognition and functional outcome,
as cognitive rehabilitation is recognized as a possible target in the treat-
ment of the disorder. With the emerging knowledge of the existence of
subgroups of schizophrenia patients, recent reports emphasize the
importance of personalized schizophrenia treatment. An important
goal is to understand the unique characteristics of a patient and how
this affects individual risk of illness onset and treatment response
(Insel, 2010; Ozomaro et al., 2013), thereby providing interventions
that increase the chances of recovery.
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In recent years, a large number of studies have examined the
relationship between cognition and functional outcomes. For instance,
better global cognition at stabilization is associated with full recovery,
indicating symptom remission and adequate social and vocational func-
tioning (Robinson et al., 2004). In a review of cross-sectional studies,
Green et al. (2000) identified attention, along with executive functions
and verbal memory, as promising neurocognitive domains that are con-
sistently associated with functional outcome. When considering longi-
tudinal studies, Green et al. (2004) concluded that there is convincing
evidence for an association between cognition and functional outcome
in chronic schizophrenia. However, when considering first-episode
schizophrenia (FES), the longitudinal effects of cognition on functional
outcome are not as well-established (Nuectherlein et al., 2011), even
though the cognitive deficits in chronic patients and FES-patients are
found to be comparable in magnitude and pattern (Mesholam-Gately
et al.,, 2009). One reason is the scarcity of longitudinal studies which
include cohorts of FES-patients (Milev et al., 2005). Furthermore, it is
difficult to make direct comparisons across studies due to large differ-
ences in methodology (Allott et al., 2011).

Regarding the relationship between cognition and functional
outcomes in FES, several longitudinal studies have attempted to identify
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specificity by exploring how various cognitive domains are differently
linked to or predictive of outcome. For instance, Milev et al. (2005)
found that attention and processing speed were related to the degree
of work impairment in an average follow-up period of seven years. On
the other hand, only verbal memory predicted the degree of relation-
ship impairment. A study by Nuectherlein et al. (2011) found that
three cognitive factors (attention and perceptual processing; working
memory; verbal memory and processing speed), accounted for 52% of
the variance in the rate of returning to work within a 9-month period.
Another studies found that attention at baseline predicted work out-
come at 2 year follow-up (Tandberg et al., 2011). When considering
predictive factors of social outcome, studies have consistently found
an association between attention and social outcome (Torgalsbgen et
al., 2015), which is in accordance with findings on chronic schizophre-
nia (Addington and Addington, 2000; Velligan et al., 2000). However,
a review by Allott et al. (2011) reported a predominance of negative
findings in previous studies of FES, partially due to heterogeneous mea-
surements of cognition and functional outcome. It has been suggested
that these negative findings might not be attributable to FES, but instead
to specific features of the individual studies (Nuectherlein et al., 2011).

Longitudinal studies on neurocognition in schizophrenia are rare,
and many include only two measurement occasions. Multi-follow-up
studies provide opportunities to discover long-term changes in
neurocognition and fluctuations in illness trajectories. A recent multi-
follow-up study of processing speed showed impairment in patients
with schizophrenia compared to other diagnostic groups. Impairment
in processing speed was most pronounced following the acute psychot-
ic phase, and with the patients subsequently demonstrating improve-
ments followed by stability (Bonner-Jackson et al., 2010). The current
literature lacks studies that include both measures of neurocognitive
variables and functional outcome, which is unfortunate given the
value of long term multi-follow-up studies. Moreover, current multi-
follow-up studies include assessment points many years apart, thereby
being less sensitive to changes that occur in between the assessment
points. Another issue pertaining to current studies is that they often ex-
amine the patient sample as a single group. However, since patients
with schizophrenia experience varying degrees of neurocognitive defi-
cits, it seems likely that the recovery processes will differ for different
subgroups of patients. A recent multi-follow-up study by Rund et al.
(2016) compared the cognitive trajectories of three subgroups of pa-
tients over 10 years. They found that patients with stable remissions
in the first year improved in cognition compared to patients who expe-
rienced relapses and patients in continuous psychosis. Still, this study
did not include measures of functional outcome.

In the Oslo schizophrenia recovery study, FES-patients are assessed
annually over ten years with measures of cognition and functional
outcomes. This procedure enables us to study the recovery process in
greater detail than previous studies.

The present study addresses two research questions: Which
cognitive domains at baseline predict later functional outcome? Are
there distinct developmental trajectories for functional outcome in
patients with different levels of baseline cognition?

2. Methods
2.1. Participants

A total of 28 patients with first-episode schizophrenia were recruit-
ed from mental health service institutions in the Oslo area. The patients
were referred to the study by their treating clinicians, and were
screened using the following inclusion criteria: age > 18 years; the
first episode of mental illness was within the spectrum of schizophrenia
and psychosis according to DSM-IV (American Psychiatric Association,
1994); 1Q > 70; presented no evidence of affective disorders, head trau-
ma, and primary diagnosis of substance abuse; and referred to the study
within five months of their first contact with mental health service

institutions. Demographic and clinical characteristics of the participants
are presented in Table 1.

In the follow-up period, patients were provided treatment by their
local mental health service institutions, through medication,
psychoeducation and case management. All patients could read and
write Norwegian fluently, and written informed consent was obtained
from all participants. The study was approved by the Regional Committee
for Research Ethics (REK).

Here we present data from six follow-ups over four years: baseline,
after six months and after a year. Thereafter, they were measured
every year for three consecutive years. All patients were retained during
the first three follow-ups, while three participants left the study during
the 2-year follow-up and an additional three dropped out during the
3-year follow-up. On every measurement occasion, the patients
completed all the assessments as described below.

2.2. Clinical instruments

The clinical interviews and tests of the participants were conducted
within the first five months of their admission to a hospital or out-
patient clinic, and were carried out by an experienced clinical psycholo-
gist. Diagnoses were established using the Structural Clinical Instrument
of Diagnosis for DSM-1V Axis [ disorders (SCID-I), modules A-D. Further-
more, a semi-structured interview was used, and based on this informa-
tion a score of social and role functioning was given according to the
Global Functioning: Social (GF:Social) and the Global Functioning:
Role (GF: Role) (Cornblatt et al., 2007). A score ranging 1-10 was
given. A higher score indicates better functioning.

2.3. Neurocognitive measures

Cognition was measured with the MATRICS Consensus Cognitive
Battery (MCCB), which is a standardized test battery for use with adults
with schizophrenia and related disorders (Nuechterlein and Green,
2006). The assessments were carried out by graduate students of clinical
psychology trained in neuropsychological assessments, using the
Norwegian version of MCCB. Norwegian reference data has been collect-
ed and reported (Mohn et al., 2012).

This battery consists of 10 tests measuring 7 different cognitive
domains: Speed of processing: Trail Making Test A (TMT-A), Symbol
Coding (Brief Assessment of Cognition in Schizophrenia, BACS), Category
Fluency; Attention/Vigilance: Continuous Performance Test - Identical
Pairs (CPT-IP); Working memory: Spatial Span (Wechsler Memory Scale,
SS-WMS), University of Maryland Letter Number Span test (LNS); Verbal
learning: The revised Hopkins Verbal Learning Test (HVLT-R); Visual learn-
ing: The revised Brief Visuospatial Memory Test (BVMT-R); Reasoning/
Problem solving: Reasoning and Problem Solving (Neuropsychological

Table 1
Demographic variables of the participants.

Patients (n = 28)

Age in years 21.0 (SD 2.6)
Gender 17 (60.7%) men, 11 women
Level of education

Elementary school n = 11(39.3%)

High school n = 8(28.6%)

Some college n = 7(25.0%)

BA degree or higher n=2(7.2%)
Diagnoses

Schizophrenia 21 (75.0%)

Schizoaffective disorder 6 (21.4%)

Psychotic disorder NOS 1(3.6%)
Substance abuse earlier 18 (64.3%)
Substance abuse at baseline 1(3.6%)
Treatment status

Hospitalized 16 (57.0%)

Outpatient 12 (43%)
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Assessment Battery, NAB); and Social Cognition: The Managing Emotions
part of the Mayer-Salovey-Caruso Emotional Intelligence Test (MSCEIT).
The tests were scored using American norms (Mohn et al., 2012).

24. Data analyses

IBM SPSS Statistics version 22.0 was used for all statistical analyses.
The data consist of two hierarchical levels: time (measurement waves)
represents level 1, and are nested within individuals (level 2). Since
multilevel models can handle missing data flexibly (Quené and van
den Bergh, 2004), all available data are included in the analyses.

A series of multilevel growth curve models were fitted for social
functioning and role functioning to estimate initial level and changes
in functioning over time. We started with a growth model with a ran-
dom intercept, then allowed for variations in both individuals' initial
level of functioning (the intercept) and change in functioning over
time (the slope). Lastly, a quadratic effect of time was added to the
model.

Next, we conducted separate analyses for each cognitive domain,
for which an interaction between baseline T-scores and time was intro-
duced into the existing model. Lastly, in order to examine whether a
stratification of the patients group would further improve our model,
the participants were divided into three approximately equally large
groups based on T-scores at baseline for each of the significant cogni-
tive domains in the last model, e.g. low attention, medium attention,
and high attention. Multilevel analyses were conducted for social func-
tioning and role functioning to examine group-by-time interactions.

All models were fitted using maximum likelihood and an unstruc-
tured covariance structure. Sex and level of education at baseline
were entered as covariates in the various multilevel models in forward
stepping procedures. The covariates were removed from the final
model if they were not significant. Education and cognition scores
were grand-mean centered to facilitate the interpretation of the re-
sults. AIC was used to determine the best fitting models (Akaike,
1974), as well as the likelihood ratio test using maximum likelihood.

3. Results
3.1. Trajectories of social functioning and role functioning

The best fitting model included a fixed linear time effect, a random
intercept, and a random slope. For social functioning the mean value at
baseline was 3 = 6.11 (SE = 0.22), and the increase in the expected
score per year was 3 = 0.20 (SE = 0.08) (Table 2 (Model 1)). For
role functioning the mean value at baseline was p = 4.11 (SE =
0.31) (Table 3 (Model 1)), and the increase in the expected score was
3 = 0.75 (SE = 0.13). A quadratic effect of time was not significant
for social functioning, F(1, 96.09) = 1.22, p = 0.27, but it was signifi-
cant for role functioning, F(1, 102.79.) = 8.13, p = 0.01. These results
indicate that there was a significant constant linear increase in the pre-
dicted mean level of social functioning, and a significant quadratic ef-
fect of time in the predicted mean level of role functioning over the
six measurement waves.

3.2. Association between baseline cognition and social functioning and role
functioning

When a time x baseline interaction was included into the existing
model, social functioning was significantly predicted by attention
(P = 0.03, p £0.001), verbal learning (3 = 0.02, p = 0.03), and verbal
working memory (3 = 0.03, p = 0.003). Role functioning was signifi-
cantly predicted by attention (3 = 0.03, p = 0.001), verbal working
memory (3 =0.03, p = 0.001), and reasoning/problem solving (3 =
0.02, p = 0.01). The other cognitive domains did not significantly pre-
dict functional outcome. Of the other demographic covariates added to
the model, only education level at baseline was significantly associated

Table 2

The best fitting models (model 1-3) for social functioning.

Model 3

Model 2

Model 1

Verbal learning

Verbal working memory

Attention

Verbal learning

Verbal working memory

Attention

p

Estimate (SE)

p

Estimate (SE)

p

Estimate (SE)

p

Estimate (SE)

Estimate (SE)

p

Estimate (SE)

p

Estimate (SE)

Fixed effects
Intercept

Time
Low

6.217 (0.370) <0.001

<0.001

6.294 (0.367)

<0.001

6.479 (0.338)

<0.001

6.417 (0.342)
0.202 (0.082)

<0.001

0.015

6.568 (0.328)
0.216 (0.081)

<0.001
0.012

<0.001  6.804 (0.293)

0.021

6.111 (0.215)
0.202 (0.080)

0212 (0.077)

0.385
0.807
0.246
0.239

0.524)
0.509)
0.202)
0.189)

—0.462
—0.126
—0.242
—0.230

0317

0512)
0.505)
0.173)
0.165)

0.960

0.020

0.826

—0.528
—0.025
—0.440
—0.037

0.041

0.466)
0.478)
0.156)
0.159)

0.935

0.022

0.437

—0.998
—0.039
—0.394
—0.126

0.110

0.711

—0.763 (0.461)
—0.168 (0.448)

0.004
0.817

—1.322 (0.414)
—0.094 (0.404)

<0.001
0.436

—1.694 (0.355)
—0.287 (0.363)

Moderate

Low = time

Moderate * time

Random effects
Residual
Intercept
Slope

<0.001
0.001

0.264 (0.039) 0.001 0.260 (. 038)

<0.001
0.001

0.271 (0.041)
0.907 (0.278)
0.079 (0.038)

<0.001
0.001

0.260 (0.038)

<0.001
0.001

0.260 (0.038)

<0.001
0.001

0.263 (0.039)
1.021 (0.318)
0.125 (0.048)

<0.001
0.001

0.261 (0.039)
1.169 (0.348)
0.135 (0.054)

0001  1.114(0.334)
0.133 (0.054)

1.087 (0.327)
0.092 (0.042)

1.129 (0.344)
0.141 (0.057)

1.239 (0.388)
0.144 (0.056)

0.014

0.028

0.035

0.013

0.011

0.010

0.012

Model fit*

350.696
370.696

339.924
359.924

333.199

352.596
368.596

346.834

355.313 338.456
354.456

-2 log likelihood

AIC

353.199

362.834

367.313

low baseline group, Moderate = moderate baseline group.
¢ The model fit index presented here is the -2 log likelihood and AIC.

Abbreviations: Low



Table 3

The best fitting models (model 1-3) for role functioning.

Model 3

Model 2

Model 1

Reasoning/

Verbal working memory

Attention

Reasoning/

Verbal working memory

Attention

problemsoving

problemsoving

Estimate (SE)

p

Estimate (SE)

p

Estimate (SE)

p

Estimate (SE)

p

Estimate (SE)

p

Estimate (SE)

p

Estimate (SE)

Fixed effects
Intercept
Time

<0.001
0.001

4.692 (0.485)

<0.001
<0.001
0.003

3.969 (0.558)

<0.001
<0.001
0.005

3.721 (0.560)
1.507 (0.282)
-0.146 (0.050)
-0.239 (0.766)
0.721 (0.782)
-0.421 (0.280)
-0.175 (0.285)
0.261 (0.089)

<.001
<.001
0.005

4.670 (0.378)

<0.001
<0.001
0.003
0.001

4.407 (0.403)
1.326 (0.230)
-0.151 (0.050)
-1.470 (0.399)
-0.198 (0.379)

<0.001
<0.001
0.005

<0.001 4.205 (0.410)

<0.001
0.005

3.866 (0.317)

1.295 (0.274)
-0.147 (0.051)
-0.830 (0.694)
1734 (0.694)
-0.286 (0.282)
0.299 (0.278)
0.213 (0.082)

1.529 (0.290)
-0.154 (0.050)
-0.519 (0.780)
0.171 (0.760)

1.296 (0.230)
-0.146 (0.050)
1378 (0.392)
1118 (0.384)

1.297 (0.229)
-0.144 (0.050)
-1.203 (0.408)

0.287 (0.418)

1.302 (0.232)
-0.145 (0.051)

0.004
0.242
0.019

Time*time
Low

0.511

0.758

0.002

0.007

0.007

0.824
0.167
0.577
0.006

0.364
0.145
0.544
0.007

0.606

0.498

Moderate

0.319

-0.431 (0.304)
-0.165 (0.291)
0.239 (0.081)

Low*time

0.292
0.015

Moderate*time
Education

0.009 0.242 (0.081) 0.006 0.227 (0.082) 0.010

0.251 (0.089)

Random effects
Residual

<0.001
0.003
0.006

0.852 (0.122)

<0.001
0.002

0.845 (0.120)
2.348 (0.750)
0.309 (0.109)

<0.001 0.852 (0.122) <0.001
0.003 0.002
0.004 0.006

0.846 (0.120)

<0.001 0.851 (0.121) <0.001 0.844 (0.120) <0.001
0.002 0.002

0.001

0.849 (0.122)
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1.893 (0.634)
0.272 (0.099)

2.258 (0.730)
0.275 (0.099)

2.142 (0.720)
0.330 (0.114)

2.500 (0.802)
0.339 (0.117)

2.401 (0.781)

2215 (0.698)
0.344 (0.122)

Intercept
Slope

0.004

0.004

0.309 (0.107) 0.004

0.005

Model fit*

482.235 482.688 483.051 480.077 480.713 479.390

499.874

-2 log likelihood

AIC

503.390

504.713

504.077

503.051

502.688

502.235

513.874

low baseline group, Moderate = moderate baseline group.
¢ The model fit index presented here is the -2 log likelihood and AIC.

Abbreviations: Low

with role functioning.

AIC showed that compared to Model 1, this model provided a better
fit for social functioning and role functioning when a baseline x time
interaction was included.

3.3. Social functioning and role functioning for groups with varying baseline
cognition

In the subsequent set of analyses the sample was divided into three
different groups for each of the cognitive domains that were significant
in the previous models.

For social functioning, a time x baseline attention interaction was
found to be significant (Table 2 (Model 3)). All groups showed an in-
crease in social functioning over time. However, the gain in social func-
tioning was significantly lower for the low attention group compared to
the high attention group (» = —0.39, SE = 0.16, p < 0.05). There were
no differences in social functioning score between the medium atten-
tion and high attention groups (3 = —0.13, SE = 0.16, p > 0.05). A
time x baseline verbal working memory was also found significant.
The gain in social functioning over time was again significantly lower
for the low working memory group compared to the high working
memory group (p = —0.44, SE = 0.17, p<0.05). A time x baseline ver-
bal learning interaction was not significant. The other covariates, sex
and education level, did not significantly predict social functioning.
Fig. 1 shows the mean levels of social functioning across the six
measurement waves for the three groups.

For role functioning, analyses based on a stratification of the patient
group did not provide any significant results (Table 3 (Model 3)).

Compared to the two previous models (Table 2 (Model 1-2)), model
3 provided a better fit for social functioning with AIC comparison.

4. Discussion

The purpose of the present study was to identify cognitive predictors
of functional outcome. Differences in social functioning were seen
among the patients. A subgroup of patients who scored the lowest on
baseline cognitive measures of attention and verbal working memory,
displayed a significantly smaller rate of change in social functioning
compared to patients with a higher cognitive level. Although the patient
group as a whole displayed a steady improvement in social and role
functioning, a subgroup of patients only had a limited improvement in
functional outcomes over three years. When examining their social
functioning score, this patient group is more socially secluded, and has
fewer steady friendships and intimate relationships compared to other
patients. Their social relationships are characterized by more conflicts
with peers and less involvement with family members. Our statistical
models were indeed enhanced when we divided the patient group
into subgroups, supporting the idea of schizophrenia being a heteroge-
neous disorder with many possible trajectories to recovery. Although
functional outcome is a major focus in schizophrenia research, specific
predictors of different outcome domains have not yet been established
(Greenetal,, 2015). In this study, attention and verbal working memory
predicted social functioning.

We found an association between cognition and role functioning
which is consistent with previous studies. The differences in role func-
tioning within the patient group were not significant. One possible ex-
planation for the lack of differences may be explained by the extensive
support Norwegian health institutions provide to patients, in order for
them to get back to work after mental illness. Probably this subgroup
of patients experiences more difficulties with simultaneously maintain-
ing a satisfying work and social life; being able to master work, but
struggling in the personal arena.

Cognitive impairments may influence everyday functioning directly,
but also indirectly influence how well a person responds to rehabilita-
tion. It has been suggested that the relationship between cognition
and function is not just a matter of cause and effect. Consistent with
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Fig. 1. Mean levels of social functioning across six measurement waves. Values are raw

scores. The participants are divided into three groups based on attention and verbal
memory baseline T-scores.

this view, earlier studies of cognitive rehabilitation in schizophrenia
have shown limited effects of cognitive training on clinical measures
(Benedict et al., 1994; Pilling et al., 2002). By examining studies that
provided cognitive remediation in conjunction with other psychiatric
rehabilitation, some studies have found a stronger positive association
between cognitive remediation and functional outcome (McGurk et
al,, 2007; Wykes et al., 2011). We argue that the group with the lowest
score on baseline cognition in the current study represents a more se-
verely ill group with the least resources in daily life, thus responding
less effectively to rehabilitation. Since these differences between sub-
groups of patients increase with time, it is important to identify patients
with poorer outcomes as early as possible and provide suitable inter-
ventions. Our findings indicate that with FES, it is possible to identify
this subgroup of patients within the first five months of hospitalization.
This may have important implications for clinical practice.

Previous findings are conflicting concerning which cognitive do-
mains predict functional outcome in FES (Allott et al,, 2011). Neverthe-
less, the majority of recent studies have found significant relationships
between cognition and functional outcome, thereby strengthening the
importance of cognition in the recovery from schizophrenia. Consistent
with previous findings (Gonzalez-Blanch et al., 2010; Mesholam-Gately
et al., 2009; Nuectherlein et al., 2011), baseline levels of attention and
verbal working memory predicted functional outcome.

By including multiple assessments and stratifying the patient group
in our analyses, we identified a poor outcome group early in the course
of illness, as well as fluctuations and stability in functioning over time.
Our findings support the notion that schizophrenia is a heterogeneous
disease with different recovery processes, and that the subgroup of
patients with the largest cognitive impairments at the onset of the
disorder may have special rehabilitation needs in order to recover and
improve their quality of life.

So far many research groups have studied cognition as a continuous
predictor of functional outcome, and some consistent findings have
emerged. By creating subgroups we have been able to explore this rela-
tionship even further. We are aware that there are a small number of
patients in each group, but even so we were able to discover a signifi-
cant effect of cognition on social functioning trajectory. Future studies
with larger sample sizes may apply more sophisticated methods to
create subgroups.

The study's strengths are the high retention rate, yearly measure-
ment occasions, and the inclusion of the same assessment instruments
in each follow-up, making it possible to examine the trajectory of social
and role functioning over time. The main limitation is the small sample
size. Yet, a large sample may be hard to attain for longitudinal studies
with many repeated measurements. It has been suggested that more re-
liable estimates of growth models can be obtained by increasing the
number of measurement waves (Quené and van den Bergh, 2004).
Moreover, the aim of this study is exploratory in nature and replication
is therefore needed with larger sample sizes. Another potential limita-
tion is the possibility of medication effects on cognition. However, we
did not find any significant correlations between daily doses of medica-
tion and cognitive scores (Torgalsbgen et al., 2015; Torgalsbgen et al.,
2014). Therefore, we argue that there is no direct relationship between
medication dose and test performance.
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ARTICLE INFO ABSTRACT

Keywords: The development of individual cognitive domains over time is not yet fully examined in first-episode schizo-
Psychosis phrenia (FES). This study's objective was to explore the cognitive trajectories of FES-patients (n = 28) and
Longitudinal compare them to a pairwise matched healthy control group (n = 28, total n = 56). This study has a multi-
Cognition

assessment design, and includes patient data from seven assessments over six years. Healthy controls were
assessed at baseline, after two years and after six years. Cognition was assessed with the MATRICS Consensus
Cognitive Battery. Data were analyzed with linear multilevel models. FES-patients scored significantly lower
than the control group across all cognitive domains at baseline. Over six years, improvements were seen in
attention, verbal learning, processing speed, reasoning/ problem solving, working memory and social cognition.
The overall trend points toward a similar cognitive change in both groups. The patient group's improvement in
reasoning/ problem solving was significantly larger that the control group, but improvement in working memory
was smaller. Cognitive improvements were seen under and after the initial psychosis episode and throughout the
recovery process with 45.5% of the patients fully recovered by 6-year follow-up. Cognitive improvements were

Full recovery

seen in almost every cognitive domain that is consistently impaired in FES.

1. Introduction

Cognitive impairment is a core deficit in schizophrenia. Compared
to healthy individuals, patients with schizophrenia show impaired
cognitive functioning across a broad array of cognitive domains in-
cluding attention, executive functioning, processing speed and verbal
learning (Schaefer et al., 2013). These findings are consistent both in
first-episode schizophrenia (FES) (Mesholam-Gately et al., 2009) and in
individuals with prolonged illness (Heinrichs and Zakzanis, 1998).

Less is known about the longitudinal development of cognition over
the course of illness. Studies of psychosis prodrome showed that cog-
nitive impairments are already present in at-risk individuals
(Niendam et al., 2006), although to a lesser degree than in FES
(Keefe et al., 2006). The cognitive performance of at-risk individuals
who later progress to psychosis show no further cognitive decline from
pre- to post-psychosis onset (Carrion et al., 2018; Keefe et al., 2006),
suggesting that cognitive deficits are established before the prodromal
phase (Becker et al., 2010; Bora and Murray, 2014). After psychosis
onset the cognitive composite performance in FES-patients remains
stable over time (Rund et al., 2016), which is in line with the idea that

schizophrenia is a static encephalopathy disorder (Rund, 1998).

There is a knowledge gap regarding the changes in individual cog-
nitive domains over the course of illness. In their meta-analysis
Bora and Murray (2014) found significant improvements in all cogni-
tive domains except from working memory. Bozikas and
Andreou (2011) also found stability in most cognitive domains with the
possible exceptions of verbal learning and executive functioning, where
the evidence of change remains inconclusive. Most of the reported
studies have follow-up intervals of two to five years. Three studies of
FES-patients reported a follow-up length of ten years (Hoff et al., 2005;
Rund et al., 2016; Sterling et al., 2003), but these either did not include
a healthy control group or the control group was not matched to the
patient group. Barder et al. (2013) reported stability in most cognitive
domains apart from motor speed which declined in a follow-up period
of five years, but again this study did not include healthy controls. The
lack of a healthy control group renders it difficult to conclude that the
cognitive changes were genuine improvements (Szoke et al., 2008). A
recent meta-analytic review report that the degree of overall cognitive
change can be expected to be similar in FES and controls (Bora and
Murray, 2014), but yet again the follow-up intervals were mostly two
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years or less. As described by Bozikas and Andreou (2011), the current
literature has a few limitations that affect the interpretability of results:
lack of control group or different attrition rates in healthy and control
groups; differences in how patients are recruited; differences in the
timing of baseline cognition assessments; differences in cognitive
measurements and various durations between follow-ups.

Studies of cognitive development in FES are important because
cognition seems to be related to functional outcomes. For instance,
stability or improvement in cognition are respectively associated with
stability/decline or improvement in social functioning (Niendam et al.,
2007). While the relationship between symptoms and global cognitive
dysfunction has been debated, recent findings by Rund et al. (2016)
showed an association between improved cognitive trajectories and
symptom remission during the first year of illness.

In the Oslo schizophrenia recovery study, we seek to further clarify
the cognitive trajectories in FES while remedying some of the limita-
tions mentioned above. FES-patients were assessed annually over six
years with the MATRICS Consensus Cognitive Battery (MCCB), which is
considered to be the gold standard for the assessment of cognition in
schizophrenia clinical trials (Buchanan et al., 2011). This cognitive
battery covers the seven cognitive domains that are found to be per-
sistently impaired in schizophrenia (Neuchterlein et al., 2004). Earlier
longitudinal studies varied in the number of cognitive domains that
were assessed, and there was no clear consensus in how to measure
these cognitive domains (Mesholam-Gately et al., 2009). Cognitive
domains were hence assessed with a vast array of different cognitive
measures, hampering the comparableness of studies. So far few studies
have investigated the longitudinal development of different cognitive
domains using the MCCB with multiple yearly assessments. Juuhl-
Langseth et al. (2014) found cognitive improvements in most cognitive
domains assessed with the MCCB, but the follow-up period was only
two years and the patient group consisted of individuals with early
onset schizophrenia (EOS).

Earlier longitudinal studies have mostly included two or three as-
sessment points, but by including yearly cognitive assessments we are
able to examine the cognitive trajectories more closely. Bonner-
Jackson et al. (2010) assessed individuals with schizophrenia seven
times over a time span of 20 years. They found that processing speed
and verbal knowledge were most impaired during the acute phase,
followed by improvements at 2-year follow-up and stability throughout
the 20-year time period. However, their study did not include any other
cognitive domains, nor did they include a healthy control group. In one
of our previous papers that reported data from the 2-year follow-up, we
saw a statistically significant decline in verbal learning and improve-
ments in reasoning/problem solving and social cognition in FES com-
pared to healthy controls (Torgalsbgen et al., 2015), indicating differ-
entiated trajectories for different cognitive domains. Yet, two years is a
short amount of time in the clinical course of schizophrenia, and these
cognitive trajectories need to be reexamined in order to determine the
cognitive development beyond the first episode of schizophrenia.

To our knowledge this is the first study where the patient group is
matched pairwise with a healthy control group to examine the differ-
ences in cognitive development over time using the MCCB. The two
groups remain matched over the current research period of six years.

The present study addresses the following research question:

Do the cognitive domains develop similarly in FES and healthy
controls over a six year interval?

2. Methods
2.1. Participants

A total of 31 patients with first-episode schizophrenia were referred
to the study from mental health service institutions in the Oslo area by

their treating clinicians. The patients were screened using the following
inclusion criteria: age = 18 years; the first episode of mental illness was
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within the spectrum of schizophrenia and psychosis according to DSM-
IV (American Psychiatric Association, 1994); IQ > 70; presented no
evidence of affective disorders, head trauma, and primary diagnosis of
substance abuse; and referred to the study within five months of their
first contact with mental health service institutions. 28 patients fulfilled
the criteria and were included in the study. In the follow-up period, the
patient group were provided treatment by their local mental health
service institutions, through medication, psychoeducation and case
management.

A healthy control group with 28 participants was matched pairwise
with the patient group on gender, age and education level ( = one
year). The youngest participants in the control group were recruited
through inquiries at junior and senior high schools in and around the
Oslo metropolitan area. The older participants were recruited through
electronic advertisements on the Vestre Viken Hospital Trust (VVHF)
homepage. The VVHF provides state funded healthcare to the south-
eastern part of Norway and consists of rural areas as well as city centers.
Exclusion criteria were a history of schizophrenia or other severe
mental disorders; mental retardation; a history of neurological disease;
head injury and/or loss of consciousness for more than 10 minutes;
current psychotropic medication; chronic somatic illness inducing sig-
nificant fatigue or pain; current narcotics for pain; a history of alcohol
or substance abuse; dyslexia or other significant learning difficulties;
inability to understand spoken and written Norwegian sufficiently to
comprehend testing instructions. Demographic and clinical character-
istics of the participants are presented in Table 1.

All participants could read and write Norwegian fluently, and
written informed consent was obtained from all participants. The study
was approved by the Regional Committee for Research Ethics (REK).

Here we present data from seven assessment points over six years.
The patient group was assessed on baseline, after six months and after a
year. Thereafter, they were assessed every year for four consecutive
years. Beginning from the 5-year follow-up the patient group was as-
sessed every other year. All patients were retained during the first three
assessments, while three participants left the study during the 2-year
follow-up and an additional three dropped out during the 3-year follow-
up. The healthy control group was assessed on baseline, after two years
and after six years. Three participants were unable to participate on the

2-year follow-up only. On every measurement occasion, the
Table 1
Demographic and clinical characteristics of the participants at baseline.
Patients (n = 28) Controls (n = 28)
Age in years 21.0 (SD 2.6) 21.1 (SD 2.7)
Gender 17 (60.7%) men, 11 17 (60.7%) men, 11
‘women women

Level of education
Elementary school
High school

n =11 (39.3%)
n = 8 (28.6%)

n =9 (32.1%)
n =16 (57.1%)

Some college n =7 (25.0%) n=2(7.1%)

BA degree or higher n=2(7.1%) n=1(3.6%)
Diagnoses

Schizophrenia 21 (75.0%)

Schizoaffective disorder 6 (21.4%)

Psychotic disorder NOS 1 (3.6%)

Substance abuse earlier 18 (64.3%)

Substance abuse at baseline 1 (3.6%)

Treatment status
Hospitalized
Outpatient

16 (57.0%)

12 (43%)

Duration of untreated psychosis 15.9 (SD 15.4)
(months)

Drug-naive at baseline

Fully recovered on year 6

2 (7.1%)
10 (45.5%)
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participants completed the neurocognitive test battery as described
below.

2.2. Clinical instruments

The clinical interviews and tests of the patients were conducted
within the first five months of their admission to a hospital or out-pa-
tient clinic, and were carried out by an experienced clinical psycholo-
gist. Diagnoses were established using the Structural Clinical
Instrument of Diagnosis for DSM-IV Axis I disorders (SCID-I), modules
A-D.

2.3. Neurocognitive measures

Cognition was measured with the MCCB, which is a standardized
test battery for use with adults with schizophrenia and related disorders
(Nuechterlein and Green, 2006). The assessments were carried out by
graduate students of clinical psychology trained in neuropsychological
assessments, using the Norwegian version of MCCB. Norwegian re-
ference data has been collected and reported, and it concludes that US
norms may be employed for the Norwegian population (Mohn et al.,
2012).

This battery consists of 10 tests measuring 7 different cognitive
domains: Speed of processing: Trail Making Test A (TMT-A), Symbol
Coding (Brief Assessment of Cognition in Schizophrenia, BACS), Category
Fluency; Attention/Vigilance: Continuous Performance Test — Identical
Pairs (CPT-IP); Working memory: Spatial Span (Wechsler Memory Scale,
SS-WMS), 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: Reasoning and Problem Solving
(Neuropsychological Assessment Battery, NAB); and Social Cognition: The
Managing Emotions part of the Mayer-Salovey-Caruso Emotional
Intelligence Test (MSCEIT). The tests were scored using American norms.

2.4. Data analyses

IBM SPSS Statistics version 22.0 was used for all statistical analyses.
The data consist of two hierarchical levels: measurement waves re-
presents level 1, and are nested within individuals (level 2). Since
multilevel models can handle missing data flexibly (Quené and van den
Bergh, 2004), all available data are included in the analyses.

A series of multilevel growth curve models were fitted for each
neurocognitive domain to estimate initial level and changes in cognitive
functions over time. We started with a random intercept model, then
allowed for variations in both individuals’ baseline cognition (the in-
tercept) and change in cognition over time (the slope).

Next, in order to further improve our base models, we introduced
group effect as a parameter. Lastly, an interaction between baseline T-
scores and time was introduced into the existing model to examine
group-by-time interactions.

All models were fitted using maximum likelihood and an un-
structured covariance structure. Sex and level of education at baseline
were entered as covariates one at a time to test for inclusion in the
models. The covariates were removed from the final model if they were
not significant. Akaike information criterion (AIC) was used to de-
termine the best fitting models (Akaike, 1974).

3. Results

The best fitting models (model 1-3) all included a fixed linear time
effect, a random intercept, and a random slope. The final models are
shown in Table 2.
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3.1. Cognitive trajectories for all participants (model 1) and baseline
differences between FES- patients and healthy controls (model 2)

Analyses with all participants showed a significant linear increase in
cognition across all cognitive domains over six years (model 1) with the
exception of visual learning. Compared to healthy controls, the FES
patients scored significantly lower on all cognitive domains at baseline
except for social cognition (model 2). Also, AIC comparisons showed
that model 2 had a better fit than model 1 for all cognitive domains
except social cognition. We therefore included all cognitive domains in
the final multilevel model to examine whether an added interaction
parameter would further improve the fit of these models. The effects of
sex and level of education were insignificant and were subsequently
removed from the final models.

3.2. Cognitive trajectories of FES-patients compared to healthy controls
(model 3)

Model 3 included a group*time interaction parameter. Regarding
model 2, where insignificant group effects were shown for social cog-
nition, the added interaction parameter did not improve the model fit
for social cognition according to AIC comparisons. Nor did the model fit
improve for processing speed, verbal learning and visual learning. AIC
comparisons showed that model 3 had a better model fit than model 2
for attention, working memory and reasoning/ problem solving.

There was a significant difference in slope between patients and
healthy controls in working memory and reasoning/ problem solving.
Both groups showed an increase in cognitive scores over time, but the
increase in working memory was significantly lower for the patient
group compared to the control group (8= —0.84, SE = 0.42,
p < 0.05). Meanwhile, the increase in reasoning/ problem solving was
significantly higher for the patient group than the control group
(B = 1.03, SE = 0.41, p < 0.05). For the rest of the cognitive domains,
no significant interaction effects were found. Moreover, the analyses
did not achieve convergence for processing speed, attention and visual
learning. Another set of analyses were therefore performed for these
cognitive domains where time was removed as a random effect in order
to simplify the model and facilitate convergence. The group*time in-
teraction remained insignificant, although the p-value for attention was
close to being significant (3 = 0.56, SE = 0.29, p < 0.051). Fig. 1 shows
the mean levels of different cognitive domains across the 7 measure-
ment waves.

4. Discussion

The purpose of the present study was to examine the cognitive de-
velopment in FES-patients over six years, and compare their cognitive
domain trajectories to those of healthy controls.

Compared to the healthy control group, the patient group per-
formed worse on baseline on all cognitive domains. This was to be
expected given the large amount of evidence indicating generalized
cognitive impairments in schizophrenia compared to healthy controls
(Fioravanti et al., 2012). When compared over time however, some
interesting findings emerged in the present study.

Firstly, the analyses comparing cognitive trajectories between pa-
tients and healthy controls yielded mostly insignificant results. A
comparable improvement in both groups was seen in processing speed.
As for attention, verbal learning and social cognition, the cognitive
trajectories suggested a larger improvement for the patient group than
for the control group over time. However, the difference between the
groups were not statistically significant and remained non-significant
with a simpler model, although attention was significant on a trend
level. There is a possibility that we were unable to discern the differ-
ences due to a small sample size, but another explanation is that the
cognitive change is of comparable magnitude in the two groups. In their
longitudinal study on first-episode schizophrenia, Hoff et al. (1999)



Psychiatry Research 267 (2018) 319-326

S. Fuetal

661'THST SLb'S6LT T9T'86LT 85€°L18T 1488081 L8T'65LT $£5'599T oIV
19 [PPOIN
TET'0 (€85°0) 6£8°0 £95°0 (81+°0) 0¥ZT'0 (000°0) £¥0°0 890°0 (S45°0) 8%0'T 15+°0 (09+°0) LVE'0 (000°0) 145°0 9690 (822°0) 680°0 adorg
1000>  (0€6'81) St¥'€L 100°0> (£68°%1) 189'CS  100°0>  (S8Y°1T) 898°0F 1000 (88S°€D) 8IS'HF  100°0>  (9S6'91) $¥99°'S9  100°0>  (8KO'ET) TZE€0S T1000>  (TEF'OT) L9E'EY 1dadroyuy
1000>  (609°S) 16€6F 100°0> (I81°S) L6V'St  1000>  (L9L%) S60'8F  1000>  (09€'S) TEL9Y 1000>  (LL0°S) STH'vy  100°0> (0¥6°€) 906'SE  100°0> (TTLT) 8TEVT [enpisay
S)O9jJ° wopuey
SLT1°0 (08%°0) 659°0 910°0 (E1+°0) 920°T WT0 (00%°0) S9%°0 TEV'O (98+°0) S8€°0 800  (91+°0) V80— LLLO (¥0Y"0) Y110 €80°0 (962°0) €250 dwmn..dnoin
€010  (€697) 8Sh'v — ¥00°0 (8£€7T) 9€T'L—  1000>  (LOTT) SSS'6— €000 (¥ST'T) €66'9— €100 (6vST) 1959— 1000>  (8vTT) €£°ST— 1000> (€20°C) 9IS0L— dnorp
64270 (SS€°0) L8E'0 810°0 (T1€°0) SSL°0 9860 (LO€'0) 900°0— 914°0 (£S€°0) T6C'0 100°0> (€1€°0) €£1'T  100°0> (662°0) ¥92'T 100°0 (€22°0) ¥ELO sy,
1000>  (€86°D) I€0°8Y 100°0> (694 148'6F 1000>  (€99°'D) 1€5°'6v 1000>  (I89°'D) ¥68'Zy 100°0>  (LL8'T) T96'Ly  100°0> (859'T) €¥6°0S  100°0> (18%'T) O¥6°Sh 1dadreyug
$3O9[J9 paxIq
€ [PPOIN
LSETHST £68°66L1 STH'L6LT 0£6°STST 689'0181 68C°LSLT 2659991 oIV
19 [PPOIN
611°0 (865°0) 0£6°0 £5€°0 (£9¥°0) 0€¥°0 (000°0) 8£0°0 ¥90°0 (185°0) ¥£0'1 1LT°0 (T0S°0) TSS'0 (000°0) €£5°0 1S¥°0 (1€2°0) ¥OT°0 ado[s
1000>  (980°61) 9C¥'EL 1000  (SbE'ST) T8T'ES 100°0>  (609°TT) 62L0F 1000 (Z09°€D) 9vb'vy  100°0>  (I19°Z1) S61'89 100°0>  (8K0'E€T) ¥SE'0S 1000>  (ISH'OL) 9S0°EH 1dooraug
1000>  (2€9'S) 10S°6% 100°0> (0ST'S) SI8'Sk  1000>  (964%) 80v'8y  1000>  (¥9€'S) TvL'9F 100°0>  (860°S) 0S¥y  100°0> (0¥6'€) 806'SE 1000 > (108°2) 60L¥T [enpisoy
$3O9jJ° wopuey
LSTO0  (b9E7T) 90LT— L£0°0 (S21°7) SES¥—  1000>  (8T8'T) €218 — €000 (L007) 68T°9— 1000> (LSTT) SS6'8— 1000>  (0VC'T) LTE'ST— 1000> (#10°T) T61'01— dnop
£00°0 (T¥T'0) SVL'0 100°0> (¥12°0) vEE'T 8L1°0 (L6T°0) L9T'0 S0°0 (€+2°0) 86%°0 T00°0 (912°0) 9140 100°0> (102°0) 92€°T  100°0> (6¥1°0) 820'T sy,
1000>  (6£8°T) 920°Lb 100°0> (1S9°'1) 20og'8y  1000>  (I8¥'1) 6498 1000>  (04S'T) T¢v'Zy  1000>  (9SL'T) 9€€'6% 100°0> (859°1) S¥6'0S  100°0> (0Lb'T) 8€9°SH 1dad1a3u]
wuuw.tw PaxIg
T [PPOIN
€09'TH8T ¥TE 1081 Thi 1181 1497281 786'1281 864'S8L1T 2€6'7891 oIV
1Y [9PON
SIT°0 (+09°0) 156°0 0S€°0 (89+°0) 8EY°0 (000°0) 590°0 590°0 (285°0) ¥£0'T 162°0 (€05°0) TES'0 (000°0) 861°0 0TL0 (622°0) 800°0 adofs
1000>  (618°61) 09S'LL 100°0> (612°L1) 6£T+9 1000>  (9€9°ST) 8TS'19 1000 (246°'ST) 1€S°9S  100°0>  (99T'61) SIS9L 100°0> (9€0°¥T) 10€'80T  100°0>  (€T9'ST) 0ET'69 1dadreyug
1000>  (9€9°S) 9056+ 100°0> (9vT'S) To8'Sk  1000>  (026%) SI6'8y  1000>  (TLE'S) TLL9F 100°0>  (8ST'S) ¥SLvy  100°0> (919°€) €10°SE  T00°0> (858°7) L96+T [enprsoy
$109jJ9 wopuey
£00°0 (ThT'0) LSL'O 100°0> (¥12°0) 0S€'T 981°0 (00Z°0) S9Z°0 ¥€0°0 (€v2°0) 8250 200°0 (£12°0) 0140 100°0> (081°0) 66€°T  100°0> (871°0) 890°T sy,
1000>  (69€°T) 065°Sk 100°0> (892°1) 006°'SY  100°0>  (9ST°'1) 89€v¥ 1000>  (ZIT'T) L8O'b¥ 1000>  (PbE'T) 8S9'by  100°0> (80S°T) €68°Cy  100°0> (812°T) 6€°0F 1dodraug
S)O3fJ9 PIaXI]
I [PPOIN
d (as) arewnsy d (dS) arewnsy d (as) arewnsy d (dS) arewnsy d (dS) arewnsy d (4S) arewmnsy d (as) arewnsy

uonudod [eros

Surajos wojqoid /Suruoseay

Suyureay [ensip

Bururesy [eqIa A

Arowawr SunyIopm

paads Buissad01d

uonuANY

‘surewIop aANIUS0d JY) 10j s[ppowr UMY 1s9q YL,

T ?IqeL

322



S. Fuetal

Verbal learning

60-

e
— —— —
S
g 40- Group
8 -+ Control
[
= -+ Patient
20-
0-
0 1 2 3 4 5 6
Years
Processing speed
60- e s s
e NI
~— T
o e
240 M/—"-__. Group
@ -+ Control
’_I -# Patient
20-
0-
0 1 2 3 4 5 6
Years
Reasoning problem solving
60-
g 40- Group
a + Control
- -+ Patient
20-
o-
0 1 2 3 4 5 6
Years
Working memory
60-
I
e spmtl——— i
g 40- Group
] -# Control
= -* Patient
20-
0-
0 1 2 3 4 5 6

Years

Psychiatry Research 267 (2018) 319-326

Visual learning

60-
N ——— - .
2 40- W Group
3 -+ Control
'_1 -* Patient
20-
0-
0 1 2 3 4 5 6
Years
Attention
60~
- — *
- — =
g 40- Group
@ * Control
'_I ~* Patient
20
0-
L T T
Years
Social cognition
60-
//*;_*,_gb.——é'
g 40- Group
8 -+ Control
b ~* Patient

20-

Fig. 1. Mean levels of cognitive domains across 7 measurement waves. X-axis represents time measured in years. Y-axis is cognitive scores reported as t-scores.

have demonstrated that patients scored below controls on all cognitive
domains on baseline, and although many cognitive domains improved
over time, the cognitive deficits remained 1 to 2 standard deviations
below controls throughout a five-year period. Other studies have re-
ported domain specific differences between patients and controls, but
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the overall trend points toward a similar cognitive change in both
groups with the possible exception of executive functions and verbal
learning (Bozikas and Andreou, 2011).

Studies of patients with EOS have reported a lack of improvement
and even decline in cognition over time (@ie et al., 2011). Many EOS
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and FES-patients are often of similar age when they first receive
treatment. However, the prospect of cognitive improvement seems to
be different for the two groups, as our results show stability or im-
provement in all cognitive domains, supporting the view of EOS being
more severe than first-episode schizophrenia (Raji et al., 2009; Qie
et al., 2011).

When comparing the current results with our paper on the 2-year
follow-up (Torgalsbgen et al., 2015), we made an interesting finding. In
that paper, the patient group showed decline on verbal learning and
improvement on reasoning/ problem solving and social cognition
compared to healthy controls. However, analyses of the six-year follow-
up suggest that these cognitive changes are only temporary. Verbal
learning improves after two years, while social cognition stabilizes.
Only reasoning/ problem solving continues to improve over time. This
points to the importance of assessing cognitive development over many
years with multiple assessments when exploring cognitive impairments
in schizophrenia. It has been reported that the evidences of change in
verbal learning remain inconclusive (Bozikas and Andreou, 2011).
However, this may be due to short follow-up periods, as most of the
earlier studies had only a follow-up period of two years, and the studies
with a longer follow-up period had only two or three assessments in
total (Rund et al., 2016). According to the figures, social cognition
seems to stabilize over time, and the cognitive trajectories of patients
and healthy controls seem to be on the same level after one year. This is
interesting as social cognition is increasingly recognized as a potential
mediator in the relationship between cognition and functioning
(Green et al., 2015). The initial improvement in social cognition may be
due to psychoeducation and/or psychotherapy provided to the patients.
As symptoms decreases and their illnesses stabilizes, the patients may
not attend psychotherapy as frequently anymore, and maybe this is
reflected in a stable social cognition score. Holmén et al. (2010) found
no difference in social cognition between patients with EOS and healthy
controls as measured with the MCCB. They suggested that patients with
schizophrenia may have no problems with knowing how to act in social
situations, but still have problems performing these actions in real life.
They also noted that both patients and controls were younger and
performed poorer than the lowest age group in the American norms,
suggesting that the test may not be suitable for adolescents. Our po-
pulations consisted of older individuals, and neither patients or controls
underperformed on the tests. However, it still remains to be determined
whether the MSCEIT subtest would yield the same results as role-play
tests.

The second interesting finding in our study was that two cognitive
domain trajectories were significantly different between control group
and FES-patients. Compared to the control group, the patient group
showed a larger improvement in reasoning/ problem solving over time,
whereas the improvement in working memory was smaller than the
control group. There is some evidence of domain specific differences
between FES-patients and healthy controls, although the findings re-
main inconclusive due to heterogeneous measurements and study de-
signs. Most studies have a follow-up period of one to two years, and the
comparative groups are seldom matched. These studies have reported
differences in cognitive change between patients and controls, for in-
stance in verbal and non-verbal recall and inhibitory processes
(Hoff et al., 2005); visual memory and executive function (Crespo-
Facorro et al., 2009); verbal fluency and verbal memory (Albus et al.,
2006). Studies regarding verbal memory show varied results indicating
smaller differences, no differences or larger changes in FES-patients
than healthy controls. In the current study where the two groups are
matched, we found no differences in verbal memory development as
discussed earlier. A larger improvement in reasoning/ problem solving
in the patient group was found, suggesting that patients are able to use
more flexible problem solving techniques when symptoms subside. On
the other hand, patients showed smaller improvements in working
memory compared to controls. Working memory is one of the core
cognitive deficits in first-episode schizophrenia, and baseline working
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memory is associated with later social functioning (Fu et al., 2017) and
role functioning (Torgalsbgen et al., 2014). This result indicates that the
gap in performance seen between the two groups on baseline will only
grow larger over time. The current results support our earlier findings
(Torgalsbgen et al., 2015) that there are different trajectories for dif-
ferent cognitive domains. From a clinical perspective, this may speak in
favor of a targeted rehabilitation of different cognitive domains, such as
working memory. Further research into how long-term cognitive de-
velopment affects functioning is needed.

By including annual assessments over six years we aim to elucidate
the cognitive trajectories of patients both under and after the initial
psychosis episode and throughout the recovery process. Since we have
more frequent assessment points in the early stages of illness, we can
see in the figures that improvements are already discernable after 6
months following illness outbreak. Moreover, these improvements
continue up to six years and are seen in almost every cognitive domain
that are consistently impaired in FES. Studies have consistently shown
an association between cognitive functions and functional outcome
(Green et al., 2015; Green and Harvey, 2014). However, full recovery
from schizophrenia is a lengthy process where clinical symptoms may
fluctuate over time. For instance, cognitive improvements have been
found to disappear when symptoms are controlled for, suggesting a
common origin or a moderating effect (Mayoral et al., 2008). In the
present study, most cognitive functions in FES-patients improved in the
same rate as healthy individuals, also when symptoms stabilized and
patients regained their roles in society. One characteristic with the
current study is that 45.5% of the patients are fully recovered by 6-year
follow-up (Table 1), with some patients showing signs of partial re-
covery as early as the first two years. Full recovery is defined as
working or studying, having symptoms that are stably mild or absent
for two years or more, having contact with friends and/or dating,
participating in leisure activities and living independently
(Liberman and Kopelowicz, 2005). This may explain why most of the
cognitive trajectories start to improve within the first year of illness as
seen in the figures. The high recovery rate may also indicate that the
cognitive impairments are less manifested in our patient sample, thus
we see continued improvements over many years. As the rate of fully
recovered patients reported in our study is somewhat higher than what
has been reported in other studies, it might be another reason for why
our results did not match earlier reports that showed stability in cog-
nitive functioning. In a study by Kopelowicz et al. (2005), it was re-
ported that recovered subjects scored significantly better than non-re-
covered subjects on executive function, verbal learning, verbal working
memory and verbal fluency.

The study's strengths are a healthy control group that is matched
pairwise to the patient group, high retention rate in both groups,
complete assessments with the MCCB at each assessment point, and
multiple measurement occasions across 6 years, which is substantial.

The study's main limitations are a small sample size and uneven
assessment points for the two research groups. A small sample size
limits the generalizability of our results. However, the drop-out rates
from both groups were low, and we were able to analyze all available
data with multi-level analyses, thus strengthening our findings. Out of
the 56 participants, 84% completed every assessment over the six-year
period. Regarding practice effects, we are aware that there is un-
certainty regarding whether the changes are due to genuine improve-
ments in cognition or to practice effects, especially when the groups
were assessed a different number of times. It has been argued that in
samples of patients with schizophrenia, improvements in cognition are
mostly accounted for by practice effects (Szoke et al., 2008). However,
these studies did not use a consensus based cognitive battery. MCCB has
shown small practice effects in validation studies with a test-retest
periods as brief as 15 days (Buchanan et al., 2011; Keefe et al., 2011;
Nuechterlein et al., 2008). Goldberg et al. (2010) found that practice
effects are largest between the initial and second assessments, with
smaller increases with subsequent follow-ups. The practice effects are
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also comparable between patients and healthy controls. Although it is
likely that improvements in both groups are partly due to practice ef-
fects, the magnitude of the improvements are comparable in both
groups and we argue that no deterioration in FES-patients has been
masked by practice effects. Since our patient sample consists of many
individuals that are either partially or fully recovered, we also find it
likely that the improvements in cognition reflect the improvements in
clinical status. Another potential limitation is the possibility of medi-
cation effects on cognition. Husa et al. (2014) reported that the cu-
mulative use of antipsychotics affected cognitive functioning nega-
tively, while Takeuchi et al. (2013) found improved cognitive
performances following antipsychotics dose reduction. However, the
populations in these studies were not FES-patients. We did not find any
significant correlations between daily doses of medication and cogni-
tive scores (Torgalsbgen et al., 2014, 2015). Therefore, we argue that
there is no direct relationship between medication dose and test per-
formance in our sample. Finally, we did not examine the effects of IQ,
which may be associated with cognitive performance at baseline and
cognitive change over time.
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