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Abstract

Antipsychotic medication forms a cornerstone in the treatment of schizophrenia and its effect on
positive symptoms and relapse prevention after the first episode has been shown. After the first
episode, the treatment guidelines for schizophrenia recommend the continuation of antipsychotic
medication at a minimum from six months to five years. The long-term and life-span benefits and
harmful side-effects are not fully known. The aim of this naturalistic study was to analyze long-
term use of antipsychotic medication with a special interest in medication tapering and
discontinuation in schizophrenia.

Non-medicated subjects were more often males and in remission, less often on a disability
pension, and had better clinical outcomes when compared to medicated subjects at age 34 years.
No differences were found when comparing relapse rates during the 8.7 years of follow-up after
34 years between non-medicated and medicated subjects. Not having been hospitalized during the
previous 5 years before the follow-up predicted long-term successful antipsychotic
discontinuation without relapse. In the long-term, use of antipsychotic medication became steadier
after the first five years. A favorable outcome was associated with low and steady antipsychotic
medication, and unfavorable with high long-term cumulative use and antipsychotic
polypharmacy. Subjects with antipsychotic medication had non-significantly lower total gray
matter (TGM) volume compared with non-medicated subjects. Time without antipsychotic
medication preceding magnetic resonance imaging was associated with increased TGM and with
increased regional volume in the right precentral gyrus and right middle frontal gyrus.

This study has a unique description of long-term use of antipsychotics. It provides new
information on medication discontinuation and its effect in schizophrenia in the long-term in terms
of relapses and brain morphometry.
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Tiivistelma

Psykoosilddkkeet muodostavat perustan skitsofrenian hoidolle, ja niiden on osoitettu tehoavan
positiivisiin oireisiin ja relapsin (psykoosin uusiutumisen) estoon ensipsykoosin jilkeen. Skitso-
frenian hoitosuosituksissa suositellaan psykoosildédkityksen jatkamista ensipsykoosin jilkeen
vihintddn puolesta vuodesta viiteen vuoteen. Psykoosilddkityksen pitkdaikaiset ja elamidnkestoi-
set hyodyt ja haittavaikutukset eivit ole tdysin tiedossa. Tdmén naturalistisen tutkimuksen
tavoitteena oli analysoida antipsykoottisen lddkityksen pitkdaikaiskdyttod ja erityisesti laakityk-
sen lopettamista skitsofreniassa.

Liadkkeettomat tutkittavat olivat 34-vuotiaina useammin miehié seki remissiossa (elpyméivai-
heessa), harvemmin tyokyvyttomyyseldkkeelld, ja heilld oli parempi toimintakyky verrattuna
laakkeitd kayttaviin. Lidkkeettomien ja ladkkeitd kdyttdvien vililld ei havaittu 8,7 vuoden seu-
rannassa eroa relapsien médrissd 34 ikdvuoden jilkeen. Psykoosilddkkeiden onnistunutta, pitké-
aikaista lopettamista ilman relapsia ennusti seurannassa se, ettei tutkittava ollut ollut sairaalahoi-
dossa seurantaa edeltdvien viiden vuoden aikana. Pitkélla aikavililld psykoosilddkityksen kaytto
tasaantui ensimmaéisten viiden vuoden jilkeen. Suotuisa ennuste liittyi vihdiseen ja jatkuvaan
ladkitykseen. Epdsuotuisa ennuste puolestaan liittyi korkeaan kumulatiiviseen lddkeméérién ja
useamman psykoosildikkeen yhtdaikaiskdyttoon. Ladkkeitd kdyttdvien tutkittavien harmaan
aineen kokonaistilavuus oli ei-merkitsevisti pienempi kuin ladkkeettomien tutkittavien. Psykoo-
sildadkitykseton aika ennen magneettikuvausta oli yhteydessi suurempaan harmaan aineen koko-
naistilavuuteen seké paikallisesti suurempaan tilavuuteen oikeassa etukeskipoimussa ja keskiot-
sapoimussa.

Tamai tutkimus kuvaa ainutlaatuisesti pitkdaikaista psykoosilddkkeiden kidyttod. Se tarjoaa
uutta tietoa ladkityksen lopettamisesta ja sen pitkédn aikavilin vaikutuksista relapseihin ja aivojen
rakenteeseen skitsofreniassa.

Asiasanat: aivomorfometria, ennuste, psykoosildéke, skitsofrenia
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Main definitions

Adherence
Antipsychotic polypharmacy
Antipsychotics

Antipsychotic withdrawal
Atypical antipsychotics

Chlorpromazine equivalent
Compliance

Daily dose

Dose tapering

Dose-years

Long-term

Maintenance treatment

Non-medication
Outcome

The extent to which a patient's behavior matches
a prescriber’s recommendations agreed by both
the patient and prescriber.

The use of more than one antipsychotic.

A class of drugs used to treat psychotic symptoms
in patients with psychotic disorders.

Gradual discontinuation of antipsychotics.
Antipsychotic agents with serotonin-dopamine
antagonism, having a clinical profile of equal
positive symptom antipsychotic actions but low
extra pyramidal symptoms and less
hyperprolactinemia compared to typical cases.
Dose that equals 100 mg of chlorpromazine.
The extent to which a patient's behavior matches
a prescriber’s recommendations.

A dose used each day.

A gradual discontinuation or reduction of a
therapeutic dose of a particular drug required by a
patient over prolonged period of time.

A cumulative value of antipsychotic use in the
form of (chlorpromazine equivalent in mg) x
(time on dose measured in years).

At least two years of follow-up of antipsychotic
use; within this study the follow-up was longer
(mainly at least ten years).

Within this study meaning long-term treatment
with antipsychotics.

Not using antipsychotics.

The measure of a patient’s status as defined by
symptomatology and functioning. When
assessing outcomes within this study, remission
status, number of psychiatric treatments, and
assessment scales were used.

11



Remission

Typical antipsychotics

12

The period of time when the severity of core
symptoms is mostly mild. Within this study, the
remission criteria of Andreasen et al. (2005) were
used, with the exception that the duration of
remission criterion of six months was not applied.
Antipsychotic agents sharing the property of
dopamine, antagonism, which besides
antipsychotic effects causes many side effects,
presumably by blocking the same number of
dopamine, receptors in all brain areas.
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1 Introduction

Schizophrenic psychoses present a major public health problem affecting about
1% of the population. They cause a heavy burden on an individual level as well as
on a societal level, and the costs of psychotic disorders are high. Schizophrenic
psychoses have been ranked between fourth and sixth among the leading causes
of disability. Schizophrenia is third in all causes of disability-adjusted life-years in
the world among people aged 10-24 years (Gore et al. 2011). Schizophrenia
associates with excess somatic and psychiatric comorbidity and mortality, and has
extensive negative social and personal consequences.

The treatment of schizophrenia consists of several factors, but the mainstay
treatment is antipsychotic medication, which may last for decades. Antipsychotic
drugs relieve symptoms and prevent relapses, but have limited -efficacy
particularly on negative and cognitive symptoms, and they have various
neurological and metabolic side-effects.

Long-term antipsychotic treatment brings up at least some of the challenges
brought up by, for instance, long-term treatment of diabetes mellitus and
cardiovascular diseases. For example, Hamid et al. (2014) report medicine-related
problems being a major health threat in adult patients with diabetes mellitus
and/or cardiovascular diseases in their review of contributory factors leading to
medicine-related problems. In their review, factors such as non-adherence and
polypharmacy came up, both of which are commonly seen when observing long-
term use of antipsychotics, and these are also referred to within this study.

Another challenge concerning long-term treatment with antipsychotics is the
efficacy of treatment. In the short run, the advantages of antipsychotics in the
treatment of positive symptoms have been shown (Leuch et al. 2012, 2013). In
the long term, it has even been suggested that antipsychotics are an iatrogenic
cause of poor outcomes, even chronicity in schizophrenia (Whitaker 2004, 2010).
Sohler et al. (2015) aimed to test that hypothesis in a systematic review. They
stated that the data were inadequate to conclusively evaluate whether long-term
antipsychotic medication treatment results in better outcomes on average, and
concluded that new data may be needed to understand the benefits and risks of
long-term treatment with antipsychotics in schizophrenia (Sohler et al. 2015).

This study focuses on the use and non-use of antipsychotic medication in
schizophrenia and the effects of antipsychotic medication several years, even
decades, after the onset of illness. The main purpose was to find new information
on the long-term use of antipsychotics and on the effects of discontinuation of

17



antipsychotics treatment in terms of clinical and functional outcome and brain
morphometry.

18



2 Schizophrenia

2.1 Definition of schizophrenia

Eugen Bleuler (1911) was the first to use the term schizophrenia, in 1911. The
basis of his definition of schizophrenia came from Emil Kraepelin’s (1919)
definition of dementia praecox, of which the main characteristics were
hallucinations, delusions, stereotypes, thought disorder, negativism, and blunted
affect. The term schizophrenia was chosen to express the presence of schisms
between thought, emotion, and behavior in patients with the disorder. The
symptoms included associational disturbances of thought, especially looseness,
affective disturbances, autism, and ambivalence. Secondary symptoms were
hallucinations and delusions. One major difference compared with Kraepelin’s
concept of dementia praecox was that schizophrenia does not need to have a
deteriorating course.

During many decades, there have been suggestions about whether the term
schizophrenia should be removed because of its connotation with hopeless
chronic brain disease (e.g. van Os 2016). The criticism against it has partly arisen
from comparison with other psychotic disorders, which tend to be ignored and are
not referred to as brain disorders, even though these disorders form the majority
of all psychotic disorders (van Os 2016).

2.2 Diagnosis of schizophrenia

The diagnoses of the subjects within this study are validated based on the
Diagnostic and Statistical Manual of Mental Disorders, Third edition, Revised
version (DSM-III-R, APA 1987) (I, III), which has been updated to DSM-IV in
1994 and to DSM-5 in 2013, or using information obtained from the Care
Register for Health Care (Terveyden ja Hyvinvoinnin Laitos 2012) (formerly
known as the Finnish Hospital Discharge Register) (II), in which diagnoses are
based on the International Classification of Diseases, Revision 10 (ICD-10; WHO
1992). DSM-III-R and ICD-10 diagnostic criteria for schizophrenia are shown in
Table 1.

19
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2.3 Treatment of schizophrenia

Subjects with a schizophrenia diagnosis form a very heterogeneous group,
pointing out that the treatment should be planned individually in co-operation
with the person suffering from schizophrenia. The course of illness can vary from
a single psychotic episode to continuous symptoms (Wiersma et al. 1998), which
means that treatment can last from months to a life-long period.

According to the current evidence-based Finnish guidelines for the treatment
of schizophrenia (2015), treatment should be individually planned and should
integrate different forms of treatment, including psychosocial treatment and
treatment with antipsychotic medication (www.kaypahoito.fi). The main aim is to
remove or relieve symptoms, to prevent relapses, and to improve both
psychosocial functioning and quality of life.

2.4 Schizophrenia and outcome

Since Kraepelin’s definition of dementia praecox in 1909, perceptions concerning
the outcome of schizophrenia have changed. The term outcome includes both of
the terms recovery and remission. Recovery is used when normal levels of social
and vocational functioning are achieved and the subject is also in remission from
psychiatric symptoms (Liberman et al. 2002, Robinson et al. 2004). For
remission, the standardized criteria of Andreasen et al. (2005) have been widely
used in schizophrenia research. In these criteria, remission is defined by the
severity of core symptoms in schizophrenia being mostly mild, and the duration
criterion being at least six months.

Recent meta-analysis by Jaiskelédinen et al. (2013) showed a recovery rate of
13.5% in subjects with schizophrenia, comprising recovery both clinically and
socially. Depending on the population in question and its characteristics, the
remission criteria are fulfilled by 22-66% of subjects with schizophrenia (Emsley
et al. 2011, Haro et al. 2011, ten Velden Hegelstad er al. 2013). Altogether,
approximately 40% of subjects with schizophrenia have been reported to have a
good outcome (Hegarty et al. 1994, Menezes et al. 2006).
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2.5 Schizophrenia and brain morphometry

In schizophrenia, morphological changes in the brain structures have been widely
reported. In the meta-analysis by Honea et al. (2005), the most consistent findings
were deficits in the left superior temporal gyrus and in the left medial temporal
lobe. Longitudinally, there is evidence of volume change in the gray matter of the
anterior cingulate, frontal and temporal lobes, hippocampus/amygdala, thalamus,
and insula (Shepherd et al. 2012, Torres et al. 2013), and of changes in both gray
and white matter (Olabi et al. 2008).
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3 Antipsychotic medication

Antipsychotic medication forms a cornerstone in the treatment of schizophrenia.
The effect of antipsychotics on positive symptoms and relapse prevention has
been shown (Tandon et al. 2008, Leucht et al. 2012, Bruijnzeel et al. 2014), but
antipsychotics also have a lot of harmful side-effects (Tandon et al. 2008, Young
et al. 2014), which have to be carefully considered at an individual level when
planning treatment. The effectiveness of antipsychotics in the long term is not
fully known (Sohler ef al. 2014).

3.1 Background information on antipsychotics

Below is a brief description of the history of antipsychotics, the proposed
mechanism behind their antipsychotic actions, and the harmful adverse effects
that have been recognized over time.

3.1.1 History

Chlorpromazine was introduced in 1952 and it heralded a pharmacological
revolution in psychiatry (Pichot 1996, Shen 1999). It is the first of the so-called
typical antipsychotics. After evidence of efficacy of chlorpromazine was
established (Lehmann and Hanrahan 1954), numerous other antipsychotic agents,
all sharing chlorpromazine’s dopamine, (D) receptor-blocking activity, were
synthesized and tested. The last typical antipsychotic agent approved by the U.S.
Food and Drug Administration was molindone in 1975.

After multicenter trials of antipsychotic medications found that the
medications were substantially and significantly better than the placebo in
alleviation of acute psychotic symptoms and relapse prevention (Cole et al.
1964), antipsychotic medication became the standard somatic treatment for
schizophrenia. Over time, the adverse effects of antipsychotic medication began
to be recognized as more difficult, which led to a search for better tolerated
agents, atypical antipsychotics. Simply described, an atypical antipsychotic is one
that produces minimal extrapyramidal symptoms (EPS) at clinically effective
doses (Meltzer 2000). The classification into typical and atypical antipsychotics
has been challenged, because the groups are derived from several different classes
of compounds (Bonham and Abbot 2008).
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The very first of the atypical antipsychotics, clozapine, was first synthesized
in 1958. Studies with it began in the late 1960s, and showed decreases in
symptoms of psychosis without causing movement disorder side-effects.
Clozapine was partially withdrawn due to concerns over agranulosytosis in the
1970s (first reported in Finland), but was later reintroduced and has a position as
the “golden standard” therapy for treatment resistance schizophrenia (Hippius
1999).

Clozapine was to be followed by other so-called atypical compounds in the
1990s, of which risperidone was approved in 1994, olanzapine in 1996, sertindole
in 1997, and quetiapine in 1997 (Shen 1999). Several others have been introduced
since then, and the classification of one of the latest atypical antipsychotic agents,
named aripipratsole, has been suggested to be a third-generation antipsychotic
(Mailman and Murthy 2010).

3.1.2 Mechanisms

After the discovery of antipsychotic medications, clinicians observed a Parkinson-
like syndrome of tremor, akinesia, and rigidity among patients taking
antipsychotics (Haase and Janssen 1965). Because it was known that Parkinson’s
disease is a disecase of insufficient dopamine neurotransmission, and the
observations of antipsychotic drug-induced parkinsonism suggested that
antipsychotics interfered with dopamine pathways in the brain, the dopamine
hypothesis of psychosis and antipsychotic drug action was born (Van Rossum
1967, Meltzer and Stahl 1976).

Although the dopamine hypothesis has since been questioned (Moncrieff
2009), it is known that all clinically effective antipsychotic agents have a property
to block dopamine D, receptors, and the mechanism of action of antipsychotics is
based on a hypothesis that schizophrenia involves a dysregulation of
neurotransmission in brain dopaminergic circuits with excess dopaminergic
activity in the mesolimbic pathway and reduced dopaminergic signaling in the
mesocortical pathway (Kane ef a/ 1991, Miyamoto et al. 2012). D, receptors are
thought to mediate the positive symptoms of psychosis in the mesolimbic
dopamine system and, by blocking them, the positive symptoms can be relieved
(Seeman 1992, Miyamoto et al. 2012). In contrast, the hypoactivity of
mesocortical dopaminergic projections to the prefrontal cortex is thought to
produce negative and cognitive symptoms (Hensler et al. 2013).
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After the dopamine hypothesis, other hypotheses such as the glutamate
hypothesis, including the N-methyl-D-aspartate (NMDA) receptor hypofunction
hypothesis, have been suggested, which has led to the development of newer
types of antipsychotic agents affecting the NMDA receptors (Javitt et al. 2012,
Citrome 2014). Although not yet firmly established, clinical trials in subjects with
schizophrenia suggest that enhancing NMDA receptor function by increasing the
availability of co-agonists with glycine, d-serine, or sarcosine has some efficacy
(Tsai and Lin 2010, Javitt ef al. 2012). Agents affecting metabotropic receptors of
glutamate have also been studied but, for example, after the promising initial
efficacy study with a selective agonist for mGluR2/3 (Schoepp 2006), further
studies have failed to replicate the results (Patil ef al. 2007, Kinon 2011).

Studies concerning agents affecting ionotrophic glutamate receptors other
than NMDA have shown no effect, except for topiramate as an augmentation for
those with insufficient response to clozapine: Goff ef al. (2008) studied the effect
of ampakine (Ampa receptor) with no advantages for cognition or other
symptoms; Muscatello et al. (2011) studied topiramate (Kainate receptor)
augmentation with a result of cognitive dulling, although they pointed out that
topiramate may have some effect on those who have had an incomplete clinical
response to clozapine. The results of a review by Sommer et al. (2012) were also
in line with that. The basis of the glutamate hypothesis comes from glutamate’s
role as a regulator of dopamine activity either directly (excitatory) or indirectly
(inhibitory) via the gamma-aminobutyric acid interneuron (Citrome 2011). In
addition, the positive effects of lamotrigine as augmentation therapy are
hypothesized to come from the inhibition of glutamate release (Sommer et al.
2005).

3.1.3 Harmful effects

As mentioned above, awareness of the adverse effects of typical antipsychotics
grew over time and led to the development of better tolerated agents (Meltzer
2000). Nowadays, atypical antipsychotics have been in use for a reasonably long
time and their adverse effects, such as weight gain, hyperprolactinemia, metabolic
syndrome, dyslipidemia, and cardiovascular effects, have been recognized and
frequently observed (Young et al. 2015). The risks of these adverse effects
typically increase over time (Caroff ef al. 2011).

The possible effects of antipsychotics on suicidal ideation, mortality, and
cognition have also been studied in schizophrenia (Rissanen et al. 2012, Husa et
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al. 2014, Torniainen et al. 2015). No association between antipsychotics and
suicidal ideation was found in schizophrenia (Rissanen et al. 2012), and moderate
antipsychotics exposure was associated with the lowest mortality, while the
highest mortality was associated with non-medication (Torniainen et al. 2015).
When studying the use of antipsychotics and cognition in schizophrenia, Husa et
al. (2014) concluded that the use of high doses of antipsychotics may be
associated with a decrease in verbal learning and memory in schizophrenia, years
after illness onset. Faber er al. (2012) suggested a negative role for second-
generation antipsychotics, specifically in the domain of speed of processing.

When observing the long-term effects of antipsychotics, Whitaker (2004,
2010) has even concluded that antipsychotics are an iatrogenic cause of chronicity
of schizophrenia. Based on that, Sohler et al. (2015) conducted a systematic
review to test the hypothesis that long-term treatment with antipsychotics is less
beneficial than treatment without antipsychotics for patients with schizophrenia.
Their study did not support the conclusion that long-term treatment with
antipsychotics is harmful. Because of the lack of available data, they were not
able to test the research question properly (Sohler et al. 2015).

3.2 Treatment guidelines for schizophrenia

The treatment of schizophrenia should be individually planned. It usually consists
of several factors, including, for example, medication, specific psychological
therapies, psychoeducation, and co-operation with the family. Gaebel ef al. (2005)
have made a wide comparison between national schizophrenia guidelines from
different countries. They included altogether 24 guidelines from 18 countries. The
recommendations had similarities. For example, clozapine was recommended in
all guidelines for treatment-resistant schizophrenia; at least one to two years’
duration of antipsychotic treatment after first-episode psychosis was mostly
recommended; and pharmacological treatment with antidepressants was
recommended as first-line treatment for depressive symptoms. Differences were
found in the fields of management of side-effects, dosage recommendations (most
recommended dosages were between 300 mg to 900 mg in chlorpromazine
equivalents for typical antipsychotics for acute care), and antipsychotic
polypharmacy.

To get an overview of some guidelines in treatment of schizophrenia, I have,
in the following chapter, referred to the guidelines of the American Psychiatric
Association (APA), the guidelines of the National Institute for Health and Care
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Excellence (NICE), and current evidence-based Finnish guidelines. According to
the APA guidelines, treatment planning has three goals: 1) to reduce or eliminate
symptoms, 2) to maximize quality of life and adaptive functioning, and 3) to
promote and maintain recovery from the debilitating effects of illness to the
maximum extent possible. These goals are quite consistent with the goals
mentioned in the current evidence-based Finnish guidelines for treatment of
schizophrenia (www.kaypahoito.fi).

3.2.1 Antipsychotic treatment recommendations

Treatment of schizophrenia can be thought of according to the phase of illness.
Within the guidelines referred to here, the recommendations concern the acute
phase of illness, the stabilization phase of illness, the maintenance phase, and a
possible relapse. Table 2 summarizes the recommendations for antipsychotic
treatment in the different phases, excluding the stabilization phase, because in this
phase changes in antipsychotic treatment are not recommended.

Table 2. Antipsychotic treatment recommendations by Finnish, NICE, and APA
guidelines

Phase of illness Finnish  NICE? Guidelines (2014) APA3 Guidelines (2010)
Guidelines'
(2015)
Dose* (mg)
Acute 100 - 300  Slow titration upward 160-1000°. The dose titration as quickly as
within dose range. tolerated to the target therapeutic dose.
Maintenance 150 -400 - Continuation of antipsychotic treatment with

doses mentioned above for six months after
adequate response. Then dose reduction
strategy (included).

Relapsed 300-600 Same as acute phase First episode patients often require a lower
dose than patients with chronic

schizophrenia.

"The current evidence-based Finnish guidelines (www.kaypahoito.fi).

2 National Institute for Health and Care Excellence.

3 American Psychiatric Association.

“Dose is expressed as Chlorpromazine equivalents if clearly mentioned in the guidelines.
5Chlorpromazine equivalents are only given for typical antipsychotics
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3.2.2 Long-term use, withdrawal, and dose reduction

Long-term use or maintenance treatment with antipsychotics is recommended in
schizophrenia (Baandrup et al. 2015, Sampson et al. 2013). Nevertheless, studies
point out the commonness of medication withdrawal. For example, Tiithonen et al.
(2011) reported in their study that only 45.7% of subjects with schizophrenia
continued their initial treatment with antipsychotics for 30 days or longer after
discharge from the first hospitalization. In the multinational incident cohorts of
the World Health Organization (WHO), an average of 25.5% of patients with
schizophrenic psychosis had been without antipsychotic medication for the last
two years of the 15-year follow-up period (Hopper et al. 2007).

Knowing the commonness of medication withdrawal makes it rational to
study its risks and benefits. It has been suggested that not all schizophrenia
subjects need continuous antipsychotic medication for a prolonged period
(Harrow and Jobe 2013). Wunderink et al. (2013) stated in their study that an
early dose reduction or a discontinuation of antipsychotics in remitted first-
episode psychosis shows superior long-term functioning after 7 years compared
with maintenance treatment; these patients were at higher relapse risk during the
first 2 years but not after the 7-year follow-up. In addition, Harrow and Jobe
(2007) and Harrow et al (2012, 2014) reported in their 20-year longitudinal
naturalistic study that non-medicated subjects with schizophrenia had favorable
outcomes compared to medicated ones.

There are also contrary findings questioning the discontinuation of
antipsychotic medication (Zipursky et al. 2014), although these findings concern
mainly the recurrence of symptoms in the early stage of illness. An earlier review
by Gilbert et al. (1995) studied the withdrawal of antipsychotics mainly within
multi-episode schizophrenia subjects. They stated that the relapse proportion was
53% among those who were withdrawn from antipsychotic medication and 16%
among those who continued antipsychotic treatment.

The current evidence-based Finnish guidelines (www.kaypahoito.fi) for the
treatment of schizophrenia suggest that antipsychotic medication should be
continued from two to five years after the remission of first episode psychosis.
The National Institute for Health and Care Excellence (NICE) warns of a high
risk of relapse if medication is stopped within one to two years after the acute
period, and recommends monitoring for signs and symptoms of relapse for at
least two years if antipsychotic medication is withdrawn. The recommendation of
the American Psychiatric Association (APA) is continuation of antipsychotic
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treatment for at least six months after first episode psychosis, although
antipsychotic treatment is also strongly recommended in the stable phase of
illness. Indefinite use of antipsychotic medication is recommended for subjects
with schizophrenia who have had multiple prior episodes or two episodes within
five years.

Some treatment models have intended to individualize or minimize the use of
antipsychotics and reduce their harm. For example, in Finland, the need-adopted
model (Bola et al. 2006) was aimed at individualized use of antipsychotics.
However, exact mediation data and responses are not given. The therapeutic
community model, popular from 1970 to the 1990s, aimed at minimization of
antipsychotic medication; in the Soteria Project in the USA (Bola et al. 2003),
half of schizophrenia patients survived well without antipsychotic medication;
and in Finland, maximal use of psychosocial interventions reduced the dose of
antipsychotics in the acute psychosis ward from 370 mg/day as chlorpromazine
equivalents to 160 mg/day (Isohanni 1983). Clinically significant side-effects
were reduced from 70% to 20% but remission rates were similar.

3.2.3 Polypharmacy

Treatment guidelines recommend monotherapy with antipsychotics, but
antipsychotic polypharmacy (APP) is common and it has been used for decades in
the treatment of schizophrenia (Gallego et al. 2012, Suokas et al. 2013). Evidence
of the effectiveness of APP is lacking, and it is associated with greater prevalence
of adverse effects and increased health costs (Lochmaan van Bennekom et al
2013). No association between APP and increased mortality was found by
Tiihonen et al. (2012). There is, however, some evidence of the effectiveness of
APP in certain circumstances compared to monotherapy with antipsychotics
(Correll et al. 2009, Fleischacker et al. 2014, lasevoli et al. 2014).

3.3 Antipsychotic medication and outcome in schizophrenia

Antipsychotics are a core treatment in schizophrenia and their effect on positive
symptoms has been persuasively shown (Tandon et al. 2008, Bruijnzeel et al.
2014), but after the first years of illness onset, the effects of antipsychotic
medication compared to a placebo are not known (Leucht et al. 2012).
Furthermore, it has been suggested that antipsychotics lose their effectiveness
over time (Leucht ef al. 2012), which is a common phenomenon in the treatment
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of many somatic disorders like cancer, asthma, or infections. Whitaker (2004,
2010) has even concluded that long-term use of antipsychotics is an iatrogenic
cause of chronicity of schizophrenia and may lead to deterioration of patients’
health and well-being, which was not supported by the systematic review by
Sohler et al. (2015). Studies concerning long-term treatment with antipsychotics
and outcome are rare. New data may be needed to establish sufficient evidence to
understand the benefits and risks of long-term treatment with antipsychotics
(Sohler et al. 2015). The criticism against the long-term effectiveness of
antipsychotics arises partly from the recovery studies, and Jéaédskeldinen et al.
(2013) stated that the proportion of recoveries has not increased during last few
decades despite the intervention of antipsychotics and their development.

3.4 Antipsychotic medication and brain morphometry in
schizophrenia

It has been suggested that antipsychotics may have an effect on brain
morphometry, and that antipsychotic treatments act regionally rather than globally
on the brain (Torres et al. 2013, Navari and Dazzan 2009, Moncrieff and Leo
2020, Leung et al. 2011, Haijma et al. 2013, Fusar-Poli et al. 2013). Haijma et al.
(2013) state that the main part of brain volume reduction in schizophrenia is
present before treatment is initiated. Leung et al. (2011) reported major deficits in
the frontal, superior temporal, insular, and parahippocampal regions of
neuroleptic-treated compared with neuroleptic-naive first-episode schizophrenia
patients in their cross-sectional meta-analysis. In a cross-sectional meta-analysis
by Haijma et al. (2013), decreased volumes in intracranial, total brain and total
gray matter volumes were found in antipsychotic-naive subjects, although the
decrease was somewhat less pronounced than that observed in medicated
subjects. Longitudinally, Fusar-Poli et al. (2013) stated in their systematic review
that antipsychotics may reduce the gray matter volume and increase lateral
ventricles.

In all cases, the differences in brain morphometry found between the use of
typical and atypical antipsychotics have been inconclusive (Shepherd ef al. 2012).
Some previous reviews (Lieberman et al. 2005, Navari and Dazzan 2009, Vita et
al. 2012) have suggested that typical antipsychotics may have a greater effect on
brain morphometry than atypical antipsychotics. In the study by Scherk and
Falkai (2006), switching from typical to atypical antipsychotics had the effect of
decreasing the pathologically increased basal ganglia volume to the same level as

32



in healthy controls. In their longitudinal study, Ho et al. (2011) reported brain
morphometrical changes in different regions, depending on the type of
antipsychotic in use (typical, atypical, clozapine).
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4 Aims of the study

The purpose of this study was to analyze the associations of the use and non-use
of antipsychotic medication with outcome and brain morphometry, and long-term
use of antipsychotic medication in schizophrenia. The specific aims were:

I To determine the prevalence of non-medication in schizophrenia in the
Northern Finland Birth Cohort 1966 (NFBC 1966) and to find predictors of
successful withdrawal of antipsychotic medication

I To study the long-term use of antipsychotics and its association with outcome

III To clarify the possible association between antipsychotic use and brain
morphometry
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5 Material and methods

5.1 The Northern Finland Birth Cohort 1966

This study is based on the Northern Finland Birth Cohort 1966 (NFBC 1966),
which is an unselected, general population birth cohort identified during mid-
pregnancy. It is based on 12,058 children born in the provinces of Lapland and
Oulu (Rantakallio et al. 1969). The formations of the study samples (I-III) are
shown in Figure 1.

5.2 Psychiatric follow-up studies in the NFBC 1966

5.2.1 Psychiatric follow-up study at age 34 years

The original studies I and III are based on the 34-year follow-up conducted in
1999-2001. The Care Register for Health Care, previously known as the Finnish
Hospital Discharge Register (FHDR), was used to detect cohort members with a
psychotic episode by the end of the year 1997. During the follow-up assessment,
subjects went through structural magnetic resonance imaging (MRI) of the brain
(GE Signa 1.5T scanner), measures of cognitive functioning, psychiatric
interviews, and questions relating to, for example, use of antipsychotic
medication, social background, and substance use. Altogether, 90 subjects with a
psychotic disorder (61 with schizophrenia) participated and provided written
informed consent (Haapea et al. 2007, Haapea et al. 2011).

5.2.2 Psychiatric follow-up study at age 43 years

The original study II is based on the 43-year follow-up conducted in 2008-2010.
In addition to those invited to participate in the 34-year follow-up, those who
were later detected to have developed a psychosis were invited to participate,
based on the following information: those who had developed a psychosis by
2008 according to the Care Register for Health Care (between 1998-2008); who
had indications of a psychosis in the register data of the Social Insurance
Institution of Finland (i.e. sick leave (data until 1999) or disability pension (until
2000) due to psychosis, or the right to reimbursement for psychoactive
medication (until 2005)); or who reported having a psychosis or current high-dose
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antipsychotic use (over 300mg chlorpromazine equivalents) at 31 years of age in
the questionnaire. The procedure was extended from the 34-year follow-up with
functional MRI and additional measures of cognitive functioning. Altogether, 99
subjects with a psychotic disorder (54 with schizophrenia) participated and
provided written informed consent. Fifty-four subjects with a psychotic disorder
(40 with schizophrenia) participated both at ages 34 and 43 years (Haapea et al.
2013).

38



= NFBC 1966 members with a psychosis by the end of year 1997,
g according to the Care Register for Health Care, N=159
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Fig. 1. Formation of the study samples in original publications |, I, and lIl.
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5.3 Data on antipsychotic medication

5.3.1 Questionnaire (1, lll) and register data (1, Ii, 1)

The use of antipsychotic medication was examined in a follow-up interview at 34
years of age by asking about subjects’ antipsychotic medication history during the
previous three months (I). Based on that information, the subjects were divided
into non-medicated and medicated groups in the original study I. The subjects
were also asked about the use of antipsychotic medication during the previous
year (III). This information was used together with the information derived from
the medical records when dividing the subjects into non-medicated and medicated
groups in the original study III. The register of the Finnish Social Insurance
Institution on psychoactive medications consumed during 1997 was used to check
which medication subjects bought during the year 1997. This information was
used to support other medication data (I-IIT).

5.3.2 Medical records (i, 1)

The data on the subjects’ life-time antipsychotic medication use was collected
using all the available medical records (hospital and out-patient care case notes).
The medical records were obtained based on the information on subjects’
treatment facilities, which was received from the Care Register. If a subject had
no information in the Care Register, the medical records were requested from the
outpatient facilities of the subject’s area of residence. Subjects in this study had
given their permission to collect medical records and signed the written informed
consent. Permission to collect the data was given by the Ministry of Social Affairs
and Health. All medical records were reviewed to record the antipsychotic agent,
dose, and time period during which the medication had been used.

5.3.3 Chlorpromazine equivalents

Chlorpromazine equivalents were used to make the different antipsychotics
comparable with each other. Chlorpromazine equivalents are a standardized
quantitative method for comparing dosages of different antipsychotics (Andreasen
et al. 2010). All the antipsychotics used by the subjects within this study, used
chlorpromazine equivalents, and sources for chlorpromazine equivalents are seen
in Table 3.
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Table 3. Chlorpromazine equivalents of the antipsychotics used by the subjects within

this study (modified from Supplementary Appendix in original study Ill)

Antipsychotic ATC Finnish Administration' Equivalent?® Reference

agent trade name

Aripiprazole NO5AX12 Abilify PO /inj. 7.5 Kroken et al. 2009

Asenapine NO5AHO05 Asenapiini PO 5 www.scottwilliamwoods.com

Chlorpromazine  NO5AAO01 Klorproman, PO 100 Kroken et al. 2009
Largactil

Chlorpromazine  NO5AA01 Klorproman Inj. 100 Kroken et al. 2009

Chlorprothixene ~ NO5AFO03 Truxal, PO 50 Kroken et al. 2009
Cloxan

Clozapine NO5AHO02 Leponex, PO 100 Kroken et al. 2009
Froidir

Flupentixol NO5AFO01 Fluanxol PO 2 Kroken et al. 2009

Fluphenazine NO5AB02 Siqualone Inj. 1.07 Bazire 2003

Fluphenazine NO5ABO02 Pacinol PO 2 Bazire 2003

Haloperidol NO5ADO1 Haloperin, PO 3 Kroken et al. 2009
Serenase

Haloperidol NO5ADO1 Haloperin Inj. 2 Kroken et al. 2009

Levomepromazine NOSAAQ02 Levozin, PO 100 Kroken et al. 2009
Nozinan

Melperone NO5ADO03 Melpax PO 100 Janssen et al. 2004

Molindone NO5AEO02 Moban PO 10 Ahuja 1999

Olanzapine NO5AHO03 Zyprexa PO 5 Kroken et al. 2009

Periciazine NO5ACO01 Neulactil, PO 24 Bazire 2003
Neuperil

Perphenazine NO5AB03 Peratsin, PO 8 Kroken et al. 2009
Pertriptyl

Perphenazine NO5SABO3 Peratsin Inj. 1.9 Kroken et al. 2009

Pimozide NO5AGO02 Orap PO 2 Bazire 2003

Pipotiazine NO5SACO04 Piportyl Inj. 1.43 Semple and Smyth

Promazine NO5AA03 Sparine PO 100 Bazire 2003

Quetiapine NO5AHO04 Ketipinor, PO 75 Kroken et al. 2009
Seroquel

Remoxipride NO5AL04 Roxiam PO 75 Bazire 2003

Risperidone NO5AX08 Risperdal PO 15 Kroken et al. 2009
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Antipsychotic ATC Finnish Administration' Equivalent?® Reference

agent trade name

Risperidone NO5AX08 Risperdal Inj. 1 Kroken et al. 2009
Consta

Sertindole NO5AEO03 Serdolect PO 5.33 Kroken et al. 2009

Sulpiride NO5ALO1 Suprium PO 200 Bazire 2003

Thioproperazine  NO5AB08 Majeptil PO 10 Ahuja 1999

Thioridazine NO5ACO02 Orsanil, PO 100 Kroken et al. 2009
Tioridil

Ziprasidone NO5AE04 Zeldox PO 60 Kroken et al. 2009

Zuclopenthixol NO5AFO05 Cisordinol PO 25 Kroken et al. 2009

Zuclopenthixol NO5AFO05 Cisordinol Inj. 14 Kroken et al. 2009

Zuclopenthixol NO5AF05 Cisordinol Inj. 14 Kroken et al. 2009
Acutard

ATC = code in the Anatomical Therapeutic Chemical classification system (www.whocc.no)
PO = per oral, inj. = injection
2Dose (mg) equal to 100 mg of chlorpromazine.

5.3.4 Medication variables

Long-term cumulative antipsychotic use. The data on medication was used to
calculate the long-term cumulative antipsychotic use during the whole follow-up
period, expressed as dose-years of a daily dose of 100 mg chlorpromazine (11, I1I).
The concept of dose-years has been developed to measure lifetime exposure to
medication. The quantitative measure of lifetime exposure to antipsychotics using
dose-years has been found to be reliable (Miller et al. 1995, Andreasen et al.
2010).

Proportion of time with medication since onset of treatment. The subjects
were divided into three groups based on the regularity of daily antipsychotic use
(less than 50%, from 50 to 95%, and over 95% of the time). The cut-offs were
selected based on the distribution of the data. Due to the interest in studying the
proportion of antipsychotic use in different phases of illness, the above-mentioned
division was done for the periods of the first two years, two to five years, and five
to ten years after onset of illness, as well as for the whole follow-up period (II).

Average dose when medicated. The average daily dose in chlorpromazine
equivalents when using antipsychotics was categorized as low (<300 mg) or high
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(=300 mg) (Taylor et al. 2009). The cut-off dose of 300 mg has been used in
previous studies (Sohler et al. 2003, Sim et al. 2009) (11).

Drug-free periods. Drug-free periods, meaning periods when a subject was
not using antipsychotics, lasting for at least 30 days during the follow-up time
(yes/no) (II).

Antipsychotic polypharmacy. Subjects were divided into three classes based
on the proportion of time on APP, when using antipsychotic medication: less than
5%, 5 to 40%, and over 40%. The cut-offs were selected based on the distribution
of the data (II).

Continuous time without antipsychotics was calculated using the exact dates
obtained from the medical records (I1I).

The information on #ype of antipsychotics used during the lifetime (mostly
typical vs. atypical) and currently (typical, atypical, or both) was obtained from
medical records (I11).

5.4 Data on outcome

Service utilization. The cumulative number of hospital treatment days and
episodes due to any psychiatric disorder until the 34-year (I, III) or 43-year (II)
follow-ups were evaluated using the Care Register. Treatments received before
and at the time of the interviews were evaluated separately for non-medicated and
medicated subjects (I, III). It was ascertained whether subjects had been treated in
hospital during the previous five years and two years before the interview,
whether they were in hospital or outpatient care at the time of the interview, and
whether they were hospitalized due to a psychosis during the follow-up after the
interview (I). Information on current hospital and outpatient treatments (I) was
obtained in the interview. The proportions of time spent in a psychiatric hospital
due to a psychosis after the interview up to the end of 2008 and 2013 were
calculated. The Care Register was used as a source of information on
hospitalizations.

Symptomatology and remission. Symptoms were measured at the follow-up
interviews using the Positive and Negative Syndrome Scale (PANSS) (Kay et al.
1987), which measures the number and extent of psychopathological symptoms,
especially psychotic ones, during the preceding week. Each PANSS item
measures the severity of the symptoms on a scale of 1 to 7, with higher scores
reflecting more severe symptoms. The total score (I-III), sums of positive and
negative symptoms (I), and the subscales of positive, negative, disorganization,
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excitement, and emotional (III) symptoms (van der Gaag et al. 2006) were used in
the analyses.

Non-medicated and medicated subjects were divided into remission groups
based on the criteria of Andreasen et al. (2005), with the exception that, as the
symptoms had been assessed only once (for the previous week), the duration of
remission criterion of six months was not applied (I-III). The symptom criteria for
remission are: maximum scores of 3 (i.e. mild symptoms) in the PANSS items
measuring the positive symptoms: delusions (P1), conceptual disorganization
(P2), hallucinatory behavior (P3); negative symptoms: blunted affect (N1),
passive/apathetic social withdrawal (N4), lack of spontaneity and flow of
conversation (N6); and general symptoms: mannerisms and posturing (G5),
unusual thought content (G9).

Functioning and clinical outcome. The Social and Occupational Functioning
Assessment Scale (SOFAS) (Spitzer et al. 2000) measures patients’ social and
occupational functioning on a scale of 0-100, with higher scores reflecting better
functioning. The Clinical Global Impression (CGI) (Guy 1976) describes the
severity of illness on a scale from 1 to 7, where 1 = healthy and 7 = very ill. These
scores were used as continuous variables (I, III) and as categorized into two
groups (II) in the analyses. In Study II, in SOFAS, 0-60 points meant
impairments and over 60 points relatively good functioning; and in CGI, 4-7
points meant at least moderately ill (poor clinical outcome) and 1-3 points at
most mildly ill (good clinical outcome).

5.5 Data on brain morphometry (lll)

A GE Signa system (General Electric, Milwaukee, WI) operating at 1.5T was
used to get structural MRI data from participants. T1-weighted SPGR images of
the whole brain were collected with a slice thickness of 1.5mm and in plane voxel
size 0.94x0.94mm, TR=35ms, TE=5ms, Flip Angle =35°. The images were
quality controlled by radiological screening. The same MRI methods have been
used in other NFBC 1966 brain-imaging studies (Ridler et al. 2006, Tanskanen et
al. 2010).

FSL-VBM (http://www.fmrib.ox.ac.uk/fsl/fslvbm/index.html) was used for
gray matter volume maps constructions. This is a voxel-based morphometry style
analysis (Ashburner and Friston 2000, Good et al. 2001) carried out with FSL
tools (Smith et al. 2004). BET (Smith 2002) was used first for brain-extraction.
After that, FAST4 was used for tissue-type segmentation (Zhang et al. 2001). This
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resulted in gray-matter partial volume images, which were then aligned to the
MNI152 standard space with the affine registration tool FLIRT (Jenkinson and
Smith 2001, Jenkinson et al. 2002). After that, FNIRT (Andersson et al. 2007)
was used for nonlinear registration. This uses a b-spline representation of the
registration warp field (Rueckert ef al. 1999). After that, images were averaged
for the creation of a study-specific template, to which the native gray matter
images were then non-linearly re-registered. The registered partial volume images
were then modulated (to correct for local expansion or contraction) by dividing by
the Jacobian of the warp field. An isotropic Gaussian kernel was used to
smoothen the modulated segmented images with a full-width-half-maximum of
4mm to minimize slight mis-registration errors, resulting in smoothed voxel-wise
maps of gray-matter volume. When all that was done, voxel-wise GLM was
applied using permutation-based non-parametric testing, correcting for multiple
comparisons across space.

5.6 Covariates

Sex. Males versus females (I-111).

Onset age (I-11I). In this birth cohort design, onset age corresponds with
duration of illness. Onset age was ascertained from the medical records, utilizing
additional information from health registers, and defined as the age when the first
evident psychotic symptoms appeared.

Previous alcohol use disorder (1, III). The information on life-time alcohol
use disorder was gathered from the case records and from the diagnostic interview
in the 34-year follow-up study.

Parental psychosis (1, II). Information on parents’ psychosis diagnosis during
19722012 was obtained from the Care Register (I, II). In addition, all the
participants went through a Family Interview for Genetic Studies (FIGS) during
the 34-year follow-up study (I). In FIGS, subjects and their mothers, or if the
mother was not willing or able to participate, father or sibling, were asked
whether any first-degree relatives have experienced psychotic symptoms.

Duration of follow-up (1, II). Duration of follow-up was calculated from the
34-year follow-up study up to the end of 2008 (I), and from the onset of illness to
the 43-year follow-up study (II).

Level of education (1, II). Level of education was categorized as basic (9
years or less), secondary (10-12 years) or tertiary (over 12 years) using
information from Statistics Finland (I). Non-vocational education (comprehensive
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school, 9 years; or general upper secondary school, 12 years with matriculation
examination) and vocational education (lower level: none, course or school (up to
3 years) in a vocational institution, currently a student; or higher level:
polytechnic or university) were combined as follows: low = comprehensive
school with lower level of vocational education; middle = comprehensive school
with higher level of vocational education, or upper-secondary school with lower
level of vocational education; and high = upper-secondary school with higher
level of vocational education (II). Information was taken from the questionnaires
in the 34-year (for the summary part of this thesis) and 43-year (II) follow-up
assessments.

Marital status (1, 1I). Married or cohabiting versus others at the time of
follow-up assessment. Information was taken from the questionnaires in the 34-
year (I) or 43-year (II) follow-up assessments.

Employment status (1). Employed, unemployed, or on a disability pension at
the time of the follow-up. Information was taken from the questionnaire in the 34-
year follow-up assessment.

Psychiatric comorbidities. Substance use disorder or any other non-psychotic
disorder (depressive, bipolar, anxiety, eating, or other disorder) until the end of
follow-up. Information was taken from the Care Register for Health Care and
from the register data of the Social Insurance Institution of Finland (II).

Somatic comorbidities included pulmonary diseases, cardiovascular diseases,
endocrinological diseases, and others. Information was taken from the
questionnaire in the 43-year follow-up assessment.

5.7 Statistical analyses

The illness-related background variables were compared between groups using an
independent samples t-test, Chi-square test, Mann-Whitney’s U test, Kruskal-
Wallis H test, or the one-way analysis of variance (I-III). The Chi-square test or
Mann-Whitney’s U test were used to study the effect of medication variables on
outcome variables (II). A Benjamini-Hochberg procedure was used to correct for
multiple comparisons (II). If the association remained significant, a logistic
regression analysis was used to control for selected confounding factors, such as
for psychiatric hospital days and length of follow-up, which were used as proxy
variables for the severity of illness. Long-term dose years were used to control for
total antipsychotic exposure. The logarithmic transformations of the hospital
treatment days and the dose years were used (II). Analysis of covariance was used
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to study the effect of 1) antipsychotic medication use on TGM, and 2) type of
current and lifetime antipsychotics on TGM (III). P-values less than 0.05 were
considered to be statistically significant. Cohen’s d (Cohen 1992) was used to
describe the magnitude of differences in TGM between medicated and non-
medicated subjects (III). Linear regression analysis was used to study the
association between dose-years and TGM, and time without antipsychotics and
TGM (III). Standardized beta coefficients were used and can be interpreted as:
small (>0.10), moderate (>0.30), and large (>0.50) effect, whereas in Cohen’s d
0.2 indicates small, 0.5 moderate, and 0.8 large effect (Cohen 1992). IBM SPSS
Statistics 18.0 (I), 21.0 (II), and 22.0 (IT) were used to perform the analyses.
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6 Ethical considerations and personal
involvement

6.1 Ethical considerations

Approval for data gathering for the entire NFBC 1966 was obtained from the
Ministry of Social Welfare and Health Affairs in 1993. The Ethical Committee of
the Northern Ostrobothnia Hospital district has approved the study and keeps its
study design under review. The research plans for the 34-year follow-up of the
NFBC 1966 were accepted by the Ethical Committee of Oulu University, Faculty
of Medicine, on March 30" 1998; and for the 43-year follow on February 18®
2008 by the Ethical Committee of the Northern Ostrobothnia Hospital district.
Data protection has been scrutinized by the Privacy Protection Agency. Informed
consent to the use of data has been obtained from each cohort member, and
written informed consent has been obtained from each participant during the
baseline and follow-up studies. Participants have been assigned an ID number and
their identities will not be revealed. All the members of the cohort have the right
to decline the use of the data concerning themselves at any time.

6.2 Personal involvement

I have planned my doctoral thesis in collaboration with my supervisors Professor
(emeritus) Matti Isohanni, Professor Jouko Miettunen, and Professor Hannu
Koponen. I have been part of the NFBC 1966 research group since 2007, and 1
have participated in collecting the neuroimaging and epidemiological data in the
follow-up study in 2008-2011. Partly outside of this thesis, I have been a co-
writer as an expert in antipsychotics in four other publications from the NFBC
1966 (Guo et al. 2015, Husa et al. 2014, Nykénen et al. 2016, Veijola et al. 2014).

I recorded the medication data obtained from the interviews and calculated
the chlorpromazine equivalents (I, II). I collected, recorded, and analyzed the
medication data from the medical records (II, III). I evaluated personally all
medical records between 2008 and 2012 to collect all the data (antipsychotic
agent, dose, and time period in use) needed to get detailed information on
subjects’ antipsychotic use.

I planned the original studies I, II, and III under the supervision of my
supervisors, did the statistical analyses with the co-author PhD statistician
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Marianne Haapea, interpreted the results, and wrote the first and final drafts of the
manuscripts. I am the corresponding author in all three original studies, and I
organized the rewriting, correction, and resubmission of all manuscripts.
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7 Results

7.1 Sample characteristics (I, II, lll)

The characteristics and sizes of the study samples are shown in Table 4. The slight

differences concerning characteristics come from the differences between study

samples, which are described above. Duration of follow-up means different things

in original studies I and II, meaning the actual follow-up after the 34-year follow-

up study in the first one, and the time from illness onset to the 43-year follow-up

study in the second one.

Table 4. Characteristics of the samples in original studies I, Il, and Ill.
Background and clinical variables Study I, n=70 Study Il, n=53 Study I, n=63
Sex, n (%)
Male 38 (54%) 30 (57%) 34 (54%)
Female 32 (46%) 23 (43%) 29 (46%)
Education’?, n (%)
Low 39 (56%) 30 (58%) 35 (56%)
Middle 19 (27%) 11 (21%) 15 (24%)
High 12 (17%) 11 (21%) 11 (18%)
Marital status?, n (%)
Married or in cohabitation 23 (33%) 17 (32%) 22 (35%)
Unmarried, divorced, or widowed 47 (67%) 36 (68%) 39 (62%)
Diagnosis?, n (%)
Schizophrenia 58 (83%) 46 (87%) 53 (84%)
Schizophrenia spectrum disorder 12 (17%) 7 (13%) 10 (16%)
Onset age, mean (SD) 23.7 (4.0) 24.0 (4.9) 23.6 (4.1)
Duration of follow-up*, mean (SD) 8.7 (0.6) 19.0 (4.8) 10.4 (3.7)

SD = standard deviation

"Vocational education from the questionnaire at 34 years (I, ) and at 43 years (ll).

2 Information from the questionnaire at 34 years (1, Ill) and at 43 years (lI).

3 Validated diagnosis at 34 years (I, Ill) and diagnosis based on all possible information (11).

4From the 34-year study until the end of 2008 (1), or from the onset of illness until the 43-year study (l1),

or until the 34-year study (lll).
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7.2 Clinical characteristics of subjects with and without
antipsychotic medication at age 34 years (l)

The age at onset did not differ between medicated and non-medicated subjects;
neither did the prevalence of previous alcohol use disorder. Non-medicated
subjects were more often without treatment contact compared to medicated ones,
when observing the treatment received in hospital or outpatient care at the time of
the follow-up study. There were 16 (67%) non-medicated subjects compared to 3
(6%) medicated subjects receiving neither outpatient nor hospital care at the time
of the interview. Non-medicated subjects spent less time in psychiatric hospital
care preceding the follow-up, and they scored better in CGI, SOFAS, and PANSS
(Table 5).

Table 5. lliness-related variables for the NFBC 1966 subjects with a schizophrenia
spectrum disorder at age of 34 years (modified from Table 2 in original study I).

lliness-related variables Medicated Non-medicated P
(n=46) (n=24)
Age at onset (years), median (range) 23.5 (16-31) 25.5 (19-30) 0.37"1
Outpatient care, n (%) 40 (87%) 7 (29%) <0.0012
Hospital care, n (%) 3 (7%) 1(4%) >0.992
Alcohol use disorder, n (%) 9 (20%) 3 (12.5%) 0.532
Psychiatric hospitalization, median (range)
Treatment times 7 (0-31) 2 (1-17) 0.003"
Treatment days 277 (0-4627) 56 (11-1195) 0.011"
CGl, mean (SD) 5.00 (1.19) 3.62 (1.66) <0.001 3
SOFAS, mean (SD) 46.0 (13.6) 60.5 (14.5) <0.001 3
PANSS, mean (SD)
Total symptom score 56.9 (21.4) 43.3 (14.9) 0.007 3
Positive symptoms 13.4 (4.67) 11.5 (5.69) 0.153
Negative symptoms 17.9 (10.9) 10.0 (5.47) 0.0013
Hospitalization, mean (SD)
Previous 2 years 0.48 (0.51) 0.22 (0.42) 0.0393
Previous 5 years 0.73 (0.45) 0.39 (0.50) 0.007 3

SD = standard deviation. CGI = Clinical Global Impression. SOFAS = Social and Occupational
Functioning Scale. PANSS = Positive and Negative Syndrome Scale.

' Significance from the Mann-Whitney U test.

2 Significance from the Fisher's exact test.

3 Significance from the independent samples t-test.
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Non-medicated subjects spent less time in psychiatric hospital due to psychosis
during the follow-up compared to medicated subjects. The difference was not
statistically significant among subjects in remission. In addition, the relapses were
more frequent among medicated subjects, although the difference was not
statistically significant (Table 6).

Table 6. Proportion of time spent in psychiatric treatment due to psychosis from the
interview at 34 years until the end of 2008 and 2013 (modified from Table 3 in original
study I).

Remission status Psychiatric hospitalization (%)

Until 2008 Until 2013
N n (%)’ Median? P n (%)’ Median? P
(IQ range) (I1Q range)
Remission 0.79 0.32
Medicated 9 5(55.6) 0.15(0.0-4.8) 7 (77.8) 0.33(0.03-4.4)
Non-medicated 15 7 (46.7) <0.01(0.0-1.7) 7 (46.7) <0.01(0.0-2.0)
No remission 0.073 0.024
Medicated 37 23(62.2) 1.82(0.0-5.0) 26 (70.3) 2.37(0.0-7.4)
Non-medicated 9 5(55.6) 0.56 (0.0-1.0) 5(55.6) 0.34(0.0-0.7)

1Q range = interquartile range.

" Number and proportion of subjects who attended a psychiatric hospital due to psychosis.

2 Proportion (%) of the follow-up time after the interview spent in a psychiatric hospital due to psychosis.
3 Significance from the Mann-Whitney’s U test.

Table 7 shows the differences among non-medicated subjects between those who
relapsed and those who did not. The only statistically significant difference was
found between those who had and those who had not been in psychiatric hospital
care during the five years preceding the 34-year follow-up. The difference was
not found when the comparison was made concerning the two years preceding the
follow-up.
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Table 7. lliness-related variables for the NFBC 1966 subjects with a schizophrenia
spectrum disorder at age of 34 years among the subjects in remission' who relapsed
and who did not during the follow-up (modified from Supplement Table 2 in original
study I).

lliness-related variables Relapse? P
Yes (n=7) No (n=8)
Age at onset (years), median (IQ range) 25 (20-29) 26.5 (19-28) 0.68°
Outpatient care, n (%) 2 (29%) 1(13%) 0.574
Hospital care, n (%) 1 (14%) 0 (0%) 0.474
Alcohol use disorder, n (%) 2 (29%) 1 (13%) 0.574
Psychiatric hospitalization, median (range)
Treatment times 3(1-9) 2 (1-5) 0.063°
Treatment days 113 (32-565) 46 (11-123) 0.082%
CGl, mean (SD) 3.14 (1.57) 2.38 (1.30) 0.32%
SOFAS, mean (SD) 62 (10) 71 (16) 0.22%
PANSS, mean (SD)
Total symptom score 36.4 (7.6) 33.1(6.2) 0.37°
Positive symptoms 8.9 (3.3) 7.4(0.7) 0.245
Negative symptoms 9.1 (2.3) 7.3 (0.7) 0.079%
Hospitalization, n (%)
Previous 2 years 2 (29%) 0 (0%) 0.20*
Previous 5 years 4 (57%) 0 (0%) 0.026*

SD = standard deviation. CGI = Clinical Global Impression. SOFAS = Social and Occupational
Functioning Scale. PANSS = Positive and Negative Syndrome Scale.

' Remission criteria: maximum scores of 3 in PANSS items P1, P2, P3, N1, N4, N6, G5, and G9.
2 Relapse: A hospitalization due to a psychosis during the follow-up.

3 Significance from the Mann-Whitney U test.

4 Significance from the Fisher's exact test.

5 Significance from the independent samples t-test.

7.3 Long-term use of antipsychotic medication and outcome at the
age of 43 years (ll)

7.3.1 Descriptive results of long-term use

During the first two years of the follow-up, 22 (42%) subjects had used
antipsychotics less than 50% of the time, between two to five years 17 (32%)
subjects, between five to ten years 14 (26%) subjects, and during the whole
follow-up 13 (25%) subjects. Male subjects had used antipsychotics on average
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69% (median 86%) of the follow-up time and female subjects 77% (median 88%)
of the follow-up time. In total, 44 (83%) subjects had drug-free periods lasting for
at least 30 days during the whole follow-up. During the first two years of the
follow-up, the number of persons having drug-free periods lasting for at least 30
days was 35 (66%), between two to five years 33 (62%), and between five to ten
years 23 (43%).

The long-term cumulative antipsychotic use in dose-years during the whole
follow-up varied from 0 to 252 (mean 53, median 32.2). The mean dose when
using antipsychotics within the whole sample was 319 mg in chlorpromazine
equivalents; in male subjects (n=30) it was 350 mg (median 290 mg; range 0—
1060 mg); and in females (n=23) 281 mg (median 246 mg, range 49-847 mg).
The proportion of antipsychotic use and the mean doses when using medication
during the ten-year follow-up after onset of illness can be seen in Figure 2. The
mean dose increased during the first ten years, from approximately 150 to 250
chlorpromazine equivalents, whereas the proportion of those using antipsychotics
was lowest after six months (approximately 53%) and was relatively stable after
five years (approximately 70%). At some point in the follow-up, clozapine was
used by 14 (26%) subjects.

100%
0%
80%
70%
60%
50%
408
308
2006
105

0%

Mean

- 95%Cl

Proportion

g 1 2 3 4 5 6 7 8 9 10 o 1 2 3 4 5 6 7 B8 9 10
Years Years

Fig. 2. Proportion (%) of antipsychotic use and mean antipsychotic dose (mgs in
chlorpromazine equivalents) during a ten-year follow-up after onset of illness. Lines
are smoothed using 5-month moving averages. (Figure 2 in original study II).
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7.3.2 Long-term use and outcome

Proportion of medication use

Those who used antipsychotics less than 50% of the time had better clinical
outcomes measured by CGI (P=0.022) at the follow-up compared to those who
used antipsychotics more than 50% of the time (Table 8).

Average dose when medicated

Subjects who had used less than 300 mg of antipsychotic medication daily had
better functioning based on SOFAS (P=0.013), were more often in remission
(P=0.026), and had a better clinical outcome (P=0.050) compared to those who
had used 300 mg or more (Table 8). The statistical significance remained in
SOFAS after a Benjamini-Hochberg correction (P=0.039) and after being adjusted
for the treatment days and the length of the follow-up (P=0.041 and P=0.038,
respectively), but not after being adjusted for the total dose years (P=0.20). Figure
3 shows the proportion of those on antipsychotics and the average antipsychotic
dose when medicated during the first ten years of the follow-up by functioning,
remission, and clinical outcome. The average dose was stable among those with a
relatively good level of functioning, those with remission, and those with a good
clinical outcome. The average dose increased during the follow-up among those
with poor outcomes.

Drug-free periods, polypharmacy, and cumulative use

Subjects who had no drug-free periods lasting for at least 30 days had better
functioning based on SOFAS (P=0.048) (Table 8). APP and long-term cumulative
antipsychotic use was associated with less likelihood of remission and with
poorer functioning and clinical outcome (Table 8). Statistical significance
remained when adjusted for the treatment days and the length of the follow-up.
When adjusted for the total dose years, APP remained significantly associated
with SOFAS and CGI, but not with remission (P=0.068).
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Fig. 3. Proportion (%) of antipsychotic use and mean antipsychotic dose (mgs in
chlorpromazine equivalents) during a ten-year follow-up after onset of iliness, divided
by scores in SOFAS (Social and Occupational Functioning Assessment Scale;
relatively good = 60 points or more; impairments = less than 60 points), remission
status, and CGI (Clinical Global Impression scale; good = from 1 to 3; poor = from 4 to
7). Lines are smoothed using 5-month moving averages. (Figure 3 in original study II).
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7.3.3 Psychiatric and somatic comorbidities

Depression had been diagnosed in 12 subjects, bipolar disorder in 4 subjects,
anxiety disorder in 7 subjects, harmful alcohol use or dependence in 9 subjects,
any substance use in 9 subjects, and eating disorder in 1 subject. Somatic
comorbidities were reported by 10 subjects: 3 subjects reported having pulmonary
diseases, 2 subjects reported having cardiovascular diseases, 3 subjects reported
having endocrinological diseases, 1 subject reported having myasthenia gravis,
and 1 subject reported having Crohn’s disease (n=1).

7.4 Brain morphometry of subjects with and without medication at
age 34 years (lll)

Non-medicated subjects had, on trend level, greater TGM compared to medicated
subjects (649 vs. 617 cm?, d=-0.53, P=0.078; Table 9). Adjusted for gender, onset
age, and psychiatric treatment days, there was no difference between these groups
(637 vs. 618 cm?®, d=-0.34, P=0.24). No difference was found between medicated
and non-medicated subjects in the voxel-based analyses. The current type of
antipsychotic (typical (n=24), atypical (n=11), or both (n=10)) in use had no
association with TGM (mean (SD): 620 (67), 611 (55), and 601 (54), respectively;
P=0.72; Table 10), and neither did long-term type of antipsychotics (mostly
typical (n=50) or atypical (n=12); 624 (63) vs. 628 (61), P=0.85). There were no
differences in the voxel-based analyses between the types of antipsychotics in
use. No association was found between cumulative dose of lifetime antipsychotic
medication and TGM (Beta=-0.148; P=0.25; Table 11) or voxel-based gray-matter
volumes.

60



Table 9. Total gray matter of the medicated and non-medicated subjects (Table 2 in
original study lll)

Adjustments Estimated TGM means (SE) Cohen’s P3 P-values® of

adjusting variables

Medicated! = Non-medicated?

n =48 n=15
Crude 617 (8.8) 649 (15.6) -0.53 0.078
Adjusted for
Gender 617 (7.5) 638 (13.6) -0.41 0.17 gender<0.001
Gender and remission 619 (8.4) 638 (13.8) -0.33 0.26 gender<0.001,
remission 0.68
Gender and onset age 617 (7.5) 638 (13.7) -0.40 0.19 gender<0.001,
onset age 0.74
Gender and 616 (7.8) 642 (14.9) -0.48 0.14 gender <0.001,
psychiatric treatment days treatment days 0.53

TGM = Total gray matter.

" Subjects who have used antipsychotic medication during the previous year

2 Subjects who have not used antipsychotic medication during the previous year

3 Significance from analysis of covariance: TGM as a dependent variable, medication as an explanatory
variable, and gender, remission, onset age, or psychiatric treatment days as adjusting variables.

Table 10. Association between types of current antipsychotic medication and total
gray matter.

Adjustments Estimated TGM means (SE)
Only atypical Only typical Both P?
n=11 n=24 n=10
Crude 611 (17) 620 (14) 601 (17) 0.72
Adjusted for
Gender 620 (16) 612 (11) 617 (18)
Gender and onset age 620 (16) 612 (11) 617 (18)

TGM = Total gray matter. SE = Standard error.
Significance from analysis of covariance

Continuous time without antipsychotic medication preceding the MRI scan was
associated statistically significantly with greater volume of TGM (Beta=0.278;
P=0.028; Table 11) (Figure 4). Statistical significance did not persist when
adjusted for gender, onset age, and remission (Beta=0.189; Table 11). In the
voxel-based analyses, a longer continuous time without medication was
associated with increased regional volume in the right precentral gyrus (P=0.024;
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Talairach coordinates (X,y,z): 46,6,26; cluster size: 127) and right middle frontal

gyrus (P=0.026; Talairach coordinates (X,y,z): 34,22,46; cluster size: 119) when

adjusted for TGM, gender, and onset age (Figure 5). When also adjusted for

remission, these associations did not persist.

Table 11. Associations between cumulative dose of lifetime antipsychotic medication
and total gray matter, and length of continuous time without antipsychotic medication

and total gray matter (Table 3 in original study Ill)

Medication-related variables Coefficients from the P! P-values' of adjusting
linear regression models variables
B (SE) Beta
Dose-years
Crude -7.2(6.2) -0.148 0.247
Adjusted for
Gender -6.3 (5.2) -0.129 0.232 gender<0.001
Gender and onset age -7.1(6.4) -0.145 0.269 gender<0.001,
onset age 0.822
Gender and remission -5.5(6.2) -0.111 0.386 gender<0.001,
remission 0.803
Gender and psychiatric -9.7 (6.6) -0.198 0.148 gender<0.001,
treatment days treatment days 0.405
Time without antipsychotic medication
Crude 5.3 (2.3) 0.278 0.028
Adjusted for
Gender 3.6 (2.0) 0.193 0.075 gender<0.001
Gender and onset age 3.5(2.1) 0.189 0.087 gender<0.001,
onset age 0.824
Gender and remission 3.6 (2.3) 0.189 0.122 gender<0.001,
remission 0.950
Gender and psychiatric 4.4 (2.2) 0.232 0.054 gender<0.001,

treatment days

treatment days 0.439

SE = Standard error.
' Significance from analysis of covariance.
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8 Discussion

8.1 Main findings

Subjects with schizophrenia spectrum disorder using no antipsychotic medication
at the age of 34 years differed from medicated ones. They were more often males,
less often pensioned, had better symptomatic outcome in terms of PANSS, CGI,
and SOFAS scores, spent less time in psychiatric treatment, and had less severe
schizophrenia spectrum diagnoses (I). A longer continuous time without
antipsychotics preceding the MRI scan was associated statistically significantly
with a greater volume of TGM, and in the voxel-based analyses a longer
continuous time without medication was associated with increased regional
volume in the right precentral gyrus and right middle frontal gyrus (III).

Following non-medicated subjects in remission in cases of relapse resulted in
a finding that relapses were equally frequent between non-medicated and
medicated subjects. Not being hospitalized during the five years before the
follow-up differed between those who did not relapse and those who did among
non-medicated subjects in remission (I).

The findings concerning long-term use of antipsychotic medication (mean
18.6 years since illness onset) showed steadier use over time. During the first two
years of the follow-up, 22 (42%) subjects had used antipsychotics less than 50%
of the time, between two to five years the number was 17 (32%), between five to
ten years 14 (26%), and during the whole follow-up 13 (25%). In addition, drug-
free periods became rarer during the follow-up (first two years 35 subjects,
between two to five years of the follow-up 33, and after five years 23 subjects)
(IT). When studying the outcome and previous long-term medication, the main
findings were that those subjects who had had a low antipsychotic dose and those
with no drug-free periods had better outcomes (II).

8.2 Comparison with earlier studies

8.2.1 Non-medication in schizophrenia

At the age of 34, there were altogether 24 subjects without antipsychotics,
accounting for 34.3% of the whole sample (I), of which 20 (28.6%) subjects had
been without antipsychotics for at least a year. As a comparison, Hopper et al.
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(2007) reported an average of 25.5% of patients with schizophrenic psychosis
without antipsychotic medication for the last 2 years of the 15-year follow-up
time in the multinational incident cohorts of the World Health Organization
(WHO). Remission was achieved by 15 out of 24 (62.5%) non-medicated subjects
(D. It is a high number and belongs to the upper end of remission rates when
compared with previous studies, which suggests that remission criteria are
fulfilled by 22-66% of subjects with schizophrenia (not only non-medicated
subjects) (Emsley et al. 2011, Haro et al. 2011, ten Velden Hegelstad et al. 2013).

Non-medicated subjects compared to medicated ones

In this study, on average 10 years after illness onset, non-medicated and
medicated subjects with schizophrenic psychoses differed by sex, employment
status, clinical course, and brain morphometry.

Sociodemographic factors. Among non-medicated subjects, there were more
men than women and fewer subjects on a disability pension. Onset age did not
differ between the non-medicated and medicated groups, indicating
approximately ten years’ duration of illness. It should be noted that in this birth
cohort study, onset age corresponds to duration of illness, which has often been
used as a marker of severity of illness. Sex distribution differs from earlier studies
(Usall et al. 2007, Ciudad et al. 2008, Suokas ef al. 2013).

Outcome. Non-medicated subjects had been in psychiatric hospital care less
than medicated subjects, they had less severe illness, higher social functioning,
and fewer symptoms, compared to medicated subjects. These results are in line
with previous findings concerning severity of illness and severity of psychotic
symptoms (Kroken et al. 2009, Jonsson et al. 2011, Vares et al. 2011). All this
could be thought to refer to a milder illness, which could in turn lead to non-
medication. In another words, confounding by indication cannot be ruled out,
while those with more severe illness could be thought to use medication. In this
study, the reasons behind the non-medication were not known, but as Harrow and
Jobe (2007) suggest, it is a “self-selected group” with better earlier prognostic and
developmental potential, which in turn could support the point of view of milder
disease.
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8.2.2 Long-term use of antipsychotics

There is very little systematic information on long-term use of antipsychotic
medication, although there are studies reporting the use of antipsychotics in the
long term, such as works by Hopper et al. (2007) and Harrow and colleagues
(2007, 2012, 2013, 2014). This study differs from earlier studies in the detailed
daily information on the use of antipsychotics.

While long-term use of antipsychotic medication was investigated, this study
described the proportion of antipsychotic use during the ten-year follow-up after
the onset of illness. The proportion of antipsychotic use comes close to the terms
adherence and compliance, which have been defined as ‘the extent to which a
person's behavior coincides with the medical advice he/she has received’
(Kampman and Lehtinen 1999). In this study, the reasons behind the non-
medication were not known. As known, compliance is not an all-or-nothing
phenomenon, and therefore using the term partial compliance seems to be
preferable (Llorca 2008). Llorca (2008) studied partial compliance in his review
and stated that rates of partial compliance with antipsychotic treatment have been
shown to increase over time with discharge from an in-patient facility. He
presented that at least 50% of patients will be partially or non-compliant within 1
year, and 75% within 2 years of discharge. The follow-up of the current study (II)
was longer, and within this sample it seemed that after the first years of illness,
the proportion of antipsychotic use became higher, and after 5 years it remained at
a higher level, which has not been shown in earlier studies. However, it might be
that subjects with better adherence took part in this study, and this shows in these
results.

When observing the long-term use of antipsychotics, the use of APP also
comes up. In this study, a worse outcome was associated with APP and higher
long-term cumulative antipsychotic use (II). Fleischacker and Uchida (2014)
presented that APP could be used in some clinically difficult conditions and cases
that may cause residual confounding. The results of this study concerning the
association between APP and poorer outcomes could also be thought of in the
way that APP has been used in such circumstances with subjects of this study. As
further discussed in limitations, the association between higher long-term
cumulative antipsychotic use and poorer outcome could also be thought of as
being derived from more severe illness, as increasing the current dose of an
administered antipsychotic drug is one strategy to treat patients with treatment-
resistance (Dold & Leucht 2014). The results of higher long-term antipsychotic
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use and poorer outcome can also be thought of from the pharmacogenetic point of
view, as the responses to antipsychotics differ greatly from one individual to
another, and many subjects do not respond well to antipsychotic treatment
(Arranz et al. 2011, Xu et al. 2013).

8.2.3 Long-term use of antipsychotics versus withdrawal

While studies show a markedly high risk of relapse after medication
discontinuation (Leucht 2012, Zipursky et al. 2013), this study (I) showed
contrary findings, showing the stability of remission in non-medicated subjects to
be as stable as in medicated subjects. This finding is in line with the study by
Wunderink et al. (2013), in which they showed that patients in a
discontinuation/dose reduction group were at higher relapse risk during the first
two years, but not after the seven-year follow-up. In this study, the follow-up
lasted over eight years. The results of this study together with the results of
Wunderink et al. (2013) implicate different effects of antipsychotic
discontinuation in the short term (first years) than in the longer term (several
years).

While observing the long-term use of antipsychotics in this study, the good
outcome was associated with a low dose, with continuous treatment with
antipsychotics, and with a long-term proportion of use of less than half the time.
These results seem to be in conflict with each other, and therefore need to be
discussed a little further. The information on long-term use comes from daily
information, and the proportion of use is an estimation of whether a subject has
used medication each day or not. The association between good outcome and
continuous antipsychotic treatment comes from the information on whether a
subject had drug-free periods lasting at least 30 days or not. Shorter periods of
non-medication lower the total proportion of use, but are not considered drug-free
periods because of the short duration of non-medication. The other aspect is the
heterogeneity of schizophrenia. The etiology of schizophrenia is thought to be
multifactorial (Haller et al. 2014). The clinical course can vary from one
psychotic episode to continuous symptoms (Wiersma ef al. 1998), which shows in
pharmacological treatment and makes causal interpretations in the research field
difficult. Heterogeneity and major interindividual variation of schizophrenia also
show in these results, suggesting that not all subjects with schizophrenia need
permanent long-term antipsychotic medication, but then on the other hand, there
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are subjects who benefit from it. The major problem is how to recognize those
who manage without permanent antipsychotic medication.

Although the above-mentioned results seem to be in conflict with each other,
they are in line with previous findings. Wunderink et al. (2013) reported better
functional outcomes within the medication discontinuation group in their seven-
year follow-up study. In their study, subjects in the discontinuation/dose reduction
group were able to start medication if needed, but their use of an antipsychotic
was lower in total compared to others. That is in line with the results of this study
concerning better outcome among subjects who had used antipsychotics less than
half of the time during the follow-up. The association between better outcomes
and steady medication is in line with the study by Sampson et al. (2012) and De
Hert et al. (2015), in which they reported that continuous antipsychotic therapy is
more effective than intermittent antipsychotic drug treatment, and it ‘remains the
gold standard for good clinical practice’.

8.2.4 Antipsychotics and brain morphometry

There are several studies reporting the effect of antipsychotics on brain
morphometry (Navari and Dazzan 2009, Moncrieff and Leo 2010, Leung ef al.
2011, Fusar-Poli et al. 2013, Haijma et al. 2013, Torres et al. 2013). Fusar-Poli et
al. (2013) reported, in their meta-analysis comprising longitudinal studies, that
antipsychotics may reduce the gray matter volume and increase lateral ventricles.
In this study, non-medicated subjects had, on a trend level, greater TGM
compared to medicated subjects (I11).

One focus in this study was to clarify whether the time without antipsychotics
has an effect on brain morphometry, which has not previously been studied.
Continuous time without antipsychotics was associated with increased TGM
volume and with increased regional volume in the right precentral gyrus and right
middle frontal gyrus in the voxel-based analyses.

Ho et al. (2011) reported the effect of all types (typical, non-clozapine
atypical, and clozapine) of antipsychotics on brain morphometrical changes,
while the earlier study by Lieberman et al. (2005) found significant reductions in
gray matter volume within haloperidol-treated patients, but not within olanzapine-
treated patients. In this study, we found no association between the type of
antipsychotics and brain morphometry.
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8.3 Comparison with treatment guidelines

Treatment guidelines for schizophrenia include recommendations concerning
antipsychotics treatment in general (e.g. individually planned in co-operation with
the patient and their family) and more specifically in different phases of illness.
The subjects of this study have had a schizophrenia diagnosis for years, and that
is why this comparison is made from the view of long-term treatment of
schizophrenia.

8.3.1 Long-term use of antipsychotics, withdrawal, and dose

Treatment guidelines do not actually recommend discontinuation; they
recommend continuation on antipsychotics at least for a certain time period, and
after that period guided discontinuation is possible while monitoring for possible
symptom recurrence. The duration of this time period in recommendations may
vary from half a year to five years.

Long-term use of antipsychotics. Although there are guidelines for guided
discontinuation of antipsychotics after first episode psychosis, maintenance
treatment is also strongly recommended in the stable phase of illness. Results
from the long-term use of antipsychotics in this study could be thought to be near
the guideline recommendations, while a good outcome was observed among those
who had had no drug-free periods (II).

Withdrawal. In this study, most of the non-medicated subjects in remission
were first-episode patients, which makes comparison to the guidelines possible
(D). Only five (33%) of the non-medicated subjects who were in remission had
had two or more episodes of psychiatric treatment, while the remaining 10 (67%)
fulfilled the criteria for the guided discontinuation of antipsychotic medication as
laid down in the guidelines (I). The current evidence-based Finnish guidelines
(www.kaypahoito.fi) for the treatment of schizophrenia suggest that when a
patient who is on antipsychotic medication has had a symptom-free period lasting
at least 2 to 5 years after the first episode of psychosis, the medication can be
cautiously discontinued. On the basis of this study, 5 years without hospital
treatment is better than 2 years, when comparing the successful withdrawal of
antipsychotics in terms of relapses (I). However, caution should be used when
interpreting this finding, as it is based on a small sample size and one study.

When the association between long-term antipsychotic use and outcome was
studied, the results also showed that good outcome was associated with a

70



proportion of antipsychotic use of less than half the time (III). Within this sample,
it is, however, impossible to say whether those subjects with a good outcome and
a proportion of antipsychotic use of less than half the time fulfill the criteria of
guided discontinuation as laid down in the guidelines.

Dose. In all phases of illness, the lowest dose needed is recommended in the
guidelines, as well as monotherapy with antipsychotics. The results of this study
could be thought to support that, while good outcome was associated with low
dose, and poor outcome with high long-term cumulative use of antipsychotics and
APP. However, it should be mentioned that direct causal interpretations in this
kind of observational study may be impossible to make (Kundi 2006) and, for
example, more severe illness could explain the association between higher dose
and poorer outcome, as increasing the dose of antipsychotics is one strategy in
treating treatment-resistance (Dold & Leucht 2014).

8.4 Clinical implications

This study focused on the use and non-use of antipsychotics mainly in the long
term, and their effect on outcome and brain morphometry. The findings in this
study support following the recommendations laid down in the guidelines; in
addition, the discontinuation of antipsychotics is possible at least for some
subjects with schizophrenia. A study by Thompson et al. (2015) suggests that
current practice is different from that advised by the available guidelines. They
conclude that the views of clinicians in England and Wales regarding prophylactic
antipsychotic medication after remission from first episode psychosis are much
less conservative than those in the current guidelines. The median answer was 6-
12 months when the length of continuation on antipsychotics after remission was
asked.

In addition, the results concerning time without antipsychotics and brain
morphometry could be thought to support discontinuation, even though the
clinical meaning behind this is still somewhat unclear. Andreasen et al. (2011)
found association between frontal tissue loss and poorer performance in tests of
verbal learning, attention, and working memory.

In all, in clinical decision-making, it is challenging to detect those who could
be successfully withdrawn from antipsychotics. Treatment guidelines suggest a
continuation of antipsychotics at least for a certain time period, which varies
between the guidelines. Based on the results of this study, even though the sample
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was rather small, the 5-year period of time without hospitalization could be used
for that.

8.5 Methods: validity of medical data

The medication data in this study differs from previous long-term studies. In this
study, three sources were used to gather a detailed and reliable estimation of
subjects’ antipsychotic use: 1. Interviews during the follow-ups were performed.
In the interviews, subjects were asked about their antipsychotic use during the
previous three months, during the previous year, and for as long as they could
remember (I, III). 2. The Register of Finnish Social Insurance Institution on
psychoactive medications consumed during 1997 was used (I-III). Unfortunately,
we did not have register data on other years. 3. The most important and widest
data were the medical records (II, III). All available medical records were gone
through to find every antipsychotic agent, dose, and period of use during subjects’
lifetimes. In the estimation, all the recordings concerning adherence were taken
into account when formulating the subjects’ daily data on lifetime antipsychotic
use.

8.6 Strength and limitations

Detailed and extensive data on antipsychotics are a considerable strength of this
study. All the available hospital and outpatient care medical records have been
gone through, the subjects’ antipsychotic medication history was asked about in
the interview, and register data was also used.

A strength of this study is also the epidemiologically sound, population-based
sample of mostly outpatients and some people without psychiatric treatment
contact, which may reflect less severe illness than in many clinical settings and
may make the results less prone to selection bias and more generalizable to the
real-world schizophrenia population. The study population was in midlife, as
most schizophrenia individuals are. In addition, attrition was analyzed carefully
(Haapea et al. 2007). To decrease the risk of residual confounding in a naturalistic
setting with a long follow-up, the most important confounders related to duration
and severity of illness were available and taken into account. However, subjects
with more severe illness or treatment-resistant schizophrenia may receive higher
doses of antipsychotic medication, making higher doses a marker of a more
serious illness course rather than a cause of decline. /llness severity is also one
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potential confounding factor between antipsychotics and brain volume loss, as it
is conceivable that the subjects with the most severe illness lose more brain
volume over time and also use antipsychotics with high doses and for long
periods. The severity of a lifetime illness is difficult to assess. In this birth cohort
study, we used onset age, which corresponds to duration of illness, which in turn
has often been used as a marker of severity of illness. Psychiatric treatment days
and measures of remission status (remission criteria of Andreasen et al. (2005),
with the exception that, as the symptoms had been assessed only once (for the
previous week), the duration of remission criterion of six months was not applied)
were also used to assess the severity of illness.

There are also /imitations in the data on medication. A lack of information on
the use of other medications, such as anxiolytics or mood stabilizers, is an
unfortunate limitation. Although different approaches were used to get the best
estimation of subjects’ antipsychotic use and to evaluate adherence, it is always
possible that the estimation of this data differs from reality. No blood tests were
taken to control the drug concentrations. The limitations of the study also include
the small sample sizes and that subjects were in different phases of the illness.
The causalities between antipsychotic use, outcome, and brain morphometry were
difficult to detect and interpret, because in this study there was only one follow-
up assessment of outcomes, and only one MRI scan was performed.

73



74



9 Conclusions

9.1 Main conclusions

Schizophrenia is a heterogeneous condition, which also shows in antipsychotics
treatment and its responses. The results of this study show that there are subjects
with schizophrenia with and without antipsychotic medication who achieve good
outcomes. Clinically, it is a challenge to detect these different drug response
groups, including those managing with low doses, tolerating pauses, or even
discontinuation. The main factor predicting the successful discontinuation of
antipsychotics was previous treatment history: subjects who had not been
hospitalized during the previous five years had a statistically lower risk of a
relapse.

The observations on effects of antipsychotic discontinuation on brain
morphometry led to a novel finding of positive correlation between time without
antipsychotics and total gray matter. These results, together with the results of
non-medication and good outcome in the long term, indicate that the possible
effect of medication discontinuation on brain morphometry and functioning in
schizophrenia requires further investigation.

9.2 Future research

Despite the fact that the course of schizophrenia, and simultaneously the
recommended treatment with antipsychotics, can often be long, the long-term
effect of antipsychotic treatment is not fully known (Sohler ez al. 2015). Long-
term studies are needed to clarify this and also the harmful effects of
antipsychotics in the long term. Lowering the dose is one way to deal with
adverse effects; studies concerning the effects of dose reduction and individual
medication tapering in the long term are also needed. Personalized medication is
recommended in the guidelines, and this has resulted, together with other
personalized treatments, in improvements in clinical and functional outcomes
(Kane et al. 2015).

Another hot topic in the field is antipsychotic withdrawal. Thompson et al.
(2015) studied the views of clinicians on this topic, stating that the views of
clinicians are less conservative than the current guidelines. It is a difficult topic,
not only because of the lack of practical predictors for successful withdrawal of
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antipsychotics, but also because of possible relapse if the withdrawal fails: the
consequences of relapse can sometimes be devastating. Further studies of guided
discontinuation/withdrawal of antipsychotics and investigations on predicators for
successful withdrawal are needed.

Even though there are findings concerning the association between
antipsychotics and brain morphometry, the clinical meaning of these findings and
the mechanism behind them are somewhat unclear. Andreasen ef al. (2011) found
an association between frontal tissue loss and poorer performance in tests of
verbal learning, attention, and working memory; and lowering of astrocyte and
oligodendrocyte numbers in antipsychotic-exposed monkeys compared to non-
exposed has been found (Konopaske ef al. 2008). Understanding the effects of
antipsychotics on brain morphometry requires further studies.

The finding concerning the association between continuous time without
antipsychotics and greater volume of TGM raises the question of whether the
possible effect of antipsychotic medication on brain morphometry is reversible. In
this study, there was only one MRI scan used, and that kind of interpretation is
not possible to make based on the results of this study. In the future, it would be
interesting to include brain morphometrical studies in studies concerning
antipsychotic withdrawal.
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