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A significant minority of unspecified psychosis presentations progress to schizophrenia. Clinical risk factors can
inform targeted referral to specialized treatment programs, but few population studies have examined this. In
this study, we used health administrative data for a population-based cohort from Manitoba, Canada to char-
acterize the risk and identify vulnerable subgroups for a future diagnosis of schizophrenia after a diagnosis of
unspecified psychotic disorder. Individuals aged 13-60 years with an inpatient or outpatient diagnosis of un-
specified psychotic disorder between April 1, 2007 and March 31, 2012, and without any prior diagnosis of
schizophrenia or related disorder, were identified (N = 3, 289). The primary outcome was a diagnosis of schi-
zophrenia recorded after the index diagnosis of unspecified psychotic disorder and before March 31, 2015.
Adjusted hazard ratios were computed controlling for age, sex, urbanicity, income, prior diagnosis of unspecified
psychotic disorder, provider making the diagnosis, prior 12-month psychiatric hospitalization, and prior 12-
month diagnoses of mood, anxiety, substance use, or personality disorders, and substance-induced psychosis. A
classification tree identified vulnerable subgroups. The cumulative risk of a future diagnosis of schizophrenia
was 26% during the follow-up period (mean 4.5 years), with a mean time to diagnosis of 2.0 years. The most
vulnerable subgroup was diagnosed by a psychiatrist, younger than 27 years, without a mood or anxiety dis-
order, male, and residing in a low-income neighborhood; the rate of a subsequent schizophrenia diagnosis was
61.2%. These results support that identification of specific sociodemographic and clinical factors can help
clinicians counsel and intervene with those at highest risk.

1. Introduction

The conceptualization and identification of what constitutes a
clinical presentation of early psychosis at high risk for progression to a
primary psychotic disorder, including schizophrenia, is evolving
(Gaebel et al., 2012; Fusar-Poli et al., 2013; Cannon et al., 2016).
Current iterations of the International Classification of Diseases, 10th
revision (ICD-10) and the Diagnostic and Statistical Manual, 5th edition
(DSM-5) contain several diagnoses for clinicians to consider when
classifying psychosis. Where a presentation is not clearly consistent
with time and/or symptom criteria for schizophrenia spectrum dis-
orders, delusional disorder, affective psychosis or substance/medical

illness-related psychosis, clinicians using the ICD-10 may diagnose
acute and transient psychotic disorder (ATPD) or non-organic psychosis
(World Health Organization, 1992), while those using the DSM-5 would
likely diagnose unspecified schizophrenia spectrum and other psychotic
disorder (hereafter referred to as unspecified psychotic disorder; pre-
viously psychotic disorder not otherwise specified (NOS) in earlier
versions of the DSM) (American Psychiatric Association, 2013). Con-
cordance between these diagnostic categories is high, although the 3-
month time criterion for ATPD may be more inclusive than what is
captured with the DSM category (Pillmann et al., 2002).
Identification of which individuals presenting with unspecified or
transient psychosis will go on to develop schizophrenia has been a
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particular focus of study given the prognostic significance, including
increased mortality, health care and social needs, and the corre-
sponding opportunities for early intervention (Fusar-Poli et al., 2013,
2017a). A recent meta-analysis of articles reporting on diagnostic sta-
bility after a first diagnosis of psychosis (Fusar-Poli et al., 2016), con-
cluded that, on average, diagnosis changed from ATPD or brief psy-
chotic disorder to schizophrenia 21% of the time, and psychotic
disorder NOS to schizophrenia 30% of the time. Between 30 and 60% of
patients retained the same diagnoses out to an average of 4.5 years of
follow-up, with conversion to an affective disorder occurring about
10% of the time. Among the included studies, however, only two used
population-level data from Scotland and Denmark (Castagnini and
Foldager, 2014; Queirazza et al., 2014), the former accessing hospita-
lization records only, and the second using a National registry that
exclusively captures psychiatric department contacts (Mors et al.,
2011). Another recently published population study also used sec-
ondary mental health care data from the National Health Service Trust
in the United Kingdom in a validation study against findings from the
Danish cohort (Rutigliano et al., 2018). The remainder of studies on this
topic have relied on smaller samples recruited from inpatient units or
specialized first episode psychosis programs, which represent popula-
tions already at a higher risk (Fusar-Poli et al., 2012; Cannon et al.,
2016), and which may be more prone to loss to follow-up. A range of
sociodemographic and clinical risk factors have been examined in re-
lation to any diagnostic change over time, with no clear moderating
effect of age, sex, baseline functioning, or substance use found in meta-
analysis (Fusar-Poli et al., 2016), although some studies have identified
younger age and male sex as associated with progression specificially to
schizophrenia (Fusar-Poli et al., 2017b; Queirazza et al., 2014). A
number of environmental factors, including parental factors and eth-
nicity are positively associated with onset of schizophrenia in at risk
populations (Fusar-Poli et al., 2017a).

A recent review on the topic of first episode psychosis suggests that
the majority of high-risk individuals are not connected to appropriate
services for monitoring and intervention (Fusar-Poli et al., 2017a),
despite emerging evidence that early intervention can affect the tra-
jectory of the illness (Breitborde et al., 2015; Malla et al., 2017;
Anderson et al., 2018a). Clinical risk calculators have been developed
by Cannon et al. (2016) in individuals showing baseline high risk or
prodromal features, and Fusar-Poli et al. (2017b) for individuals pre-
senting to secondary mental health settings with baseline diagnoses of
non-organic and non-psychotic disorders. The applicability of these
tools is limited, however, by the criteria used to derive them. For ex-
ample, Cannon et al.‘s tool relies on a positive screen on the Structured
Interview for Psychosis Risk Syndromes (Cannon et al., 2016), and
Fusar-Poli et al.‘s tool requires an ICD-10 diagnosis made in a secondary
mental health setting (Fusar-Poli et al., 2017b). The former is largely
restricted to research settings and the latter is not as applicable in North
America where clinicians are trained to use the DSM, or in non-spe-
cialized clinical settings such as primary care. Of note, a longitudinal
study of a clinical sample in the United Kingdom demonstrated some
variability in diagnostic stability and predictors of change when using
respective versions of the ICD versus the DSM (Heslin et al., 2015).
Moreover, to the best of our knowledge, there hasn't yet been a pub-
lished study using population-level data in North America or across all
healthcare settings.

This population-based study examines the rate of and time to a di-
agnosis of schizophrenia after an index diagnosis of unspecified psy-
chotic disorder made in outpatient or inpatient settings by psychiatrists
and other providers. Sociodemographic and clinical factors including
the presence of pre-morbid psychiatric diagnoses are evaluated as
moderators of that risk, with a classification tree providing a clinical
assessment algorithm to help identify high-risk individuals.
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2. Material and methods
2.1. Data sources

The data in this study were obtained from the Manitoba Population
Research Data Repository at the Manitoba Centre for Health Policy, an
affiliate of the University of Manitoba in Manitoba, Canada (Jutte et al.,
2011) under Health Information Privacy Committee (HIPC) Project
Number 2015/2016-65. Datasets for this study included medical
claims, hospitalizations, health registry, vital statistics and area-level
census data from Statistics Canada. These databases contain individual-
level administrative data for all residents of Manitoba excluding a small
number of military personnel, RCMP, and prison inmates (Roos et al.,
2005). De-identified data are linked by an encrypted personal health
information number with > 95% linkage accuracy (Roos et al., 2005).
Sociodemographic characteristics were extracted from the population
health registry. Diagnoses were extracted from outpatient medical
claims and hospitalization records for admitted individuals. Outpatient
claims also capture diagnoses generated in emergency department visits
that involve a specialist consultation. In Canada, clinicians are trained
to use the DSM to diagnose mental disorders, which is subsequently
captured in administrative data for outpatient diagnoses using the ICD,
9th revision, Clinical Modification (ICD-9-CM) system (truncated to 3
digits). Inpatient diagnoses are recorded in health administrative da-
tabases by trained coders using the complete ICD-10-Canada (ICD-10-
CA) system. See Appendix A for details of data sources and the codes
used to define diagnostic categories.

2.2. Participants

The cohort consisted of all individuals between the ages of 13 and
60 with a diagnosis of unspecified psychotic disorder received during a
hospitalization or outpatient visit between April 1, 2007 and March 31,
2012 (the observation period). The term ‘unspecified psychotic dis-
order’ reflects the DSM-IV (psychotic disorder NOS) and DSM-5 (un-
specified schizophrenia spectrum and other psychotic disorder) lan-
guage used by practitioners. Unspecified psychotic disorder was defined
as an ICD-9-CM code of 298 in an outpatient medical claim or any in-
patient ICD-10-CA codes of F23, F28 or F29. These definitions were
chosen based on prior literature and frequency of code use in our ad-
ministrative data files (see Appendix A). The age range was based on
previous literature and data distribution for unspecified psychosis and
first schizophrenia diagnoses. We capped the age range at 60 to mini-
mize cases of very late onset schizophrenia (> age 65) which likely
represent a different pathophysiology (Folsom et al., 2006). In addition,
to focus on individuals who did not have a pre-existing major psychotic
disorder, an 8-year lookback period from the index diagnosis was ex-
amined for each participant to identify any previous diagnosis of
schizophrenia, schizoaffective disorder, or delusional disorder. In-
dividuals who had a prior diagnosis of unspecified psychotic disorder
during the lookback period were not excluded, with the first diagnosis
identified during the observation period taken as the index diagnosis.

2.3. Sociodemographic characteristics and prior psychiatric diagnoses

Sociodemographic and clinical factors for the study were chosen
based on the published literature, as well as ability to define them in the
available data. For all individuals in the cohort, we extracted age, sex,
urbanicity, and area-level income. Urbanicity was defined as living in a
city with population > 60,000. Area level income is a measure of
household income in each Manitoba dissemination area which is de-
fined based on geography and population density. For the study, area
level income was divided into quintiles and then categorized as lower
income (grouping the two lowest income quintiles) and higher income
(grouping the three highest). The provider making the index diagnosis
of unspecified psychosis was categorized as a psychiatrist or other
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(other primary care or specialist physician or nurse practitioner). We
extracted whether or not the individual had a prior 12-month psy-
chiatric hospitalization (including being hospitalized at the time of the
index diagnosis). We also extracted inpatient or outpatient diagnoses of
substance use disorders, mood or anxiety disorders, personality dis-
orders, and substance-induced psychosis made in the 12 months prior to
the index diagnosis, as well as any prior unspecified psychotic disorder.

2.4. Primary outcome

The primary outcome was a diagnosis of schizophrenia as an in-
patient or outpatient after the index diagnosis of unspecified psychotic
disorder. Use of administrative data to define schizophrenia is accurate
(Kurdyak et al., 2015), and comparison of algorithms supports a last
diagnosis approach (Sara et al., 2014). The diagnosis, once made, is
highly stable over time (Fusar-Poli et al., 2016). For this cohort, an
additional 3-year follow-up period was added after the observation
period, extending the follow-up period until March 31, 2015. Because
individuals may have entered the cohort at any time in the 5 years of
observation, individual follow-up periods ranged from 3 to 8 years.

2.5. Data analysis

Baseline sociodemographic characteristics and prior 12-month
psychiatric diagnoses were compared between those who did and did
not receive a diagnosis of schizophrenia with independent t-tests and
chi-squared tests. Time to, and factors associated with a diagnosis
converting to schizophrenia during the follow-up period were examined
with Cox proportional hazard ratios, adjusted for all study variables
including sociodemographics, provider making the diagnosis, prior
hospitalization, and prior 12-month psychiatric diagnoses. We con-
ducted a classification tree analysis to identify subpopulations of our
study cohort that are most at risk of developing schizophrenia after an
unspecified psychotic disorder diagnosis. Classification tree analysis is a
non-parametric recursive partitioning data mining approach used in
identifying mutually exclusive and exhaustive subgroups of a study
population when the response (target) variable is binary (Lemon et al.,
2003). This method is particularly helpful in assessing and interpreting
higher order interaction relationships among dependent variables and
also in identifying vulnerable sub-groups that would otherwise be dif-
ficult to identify using traditional regression methods such as Cox
proportional hazards. Covariates used in the classification tree were the
same as those used in the survival analysis. Tests of proportionality
assumptions were done using Schoenfeld's residuals and covariates in-
teraction with log of time. SAS version 9.4 and SAS Enterprise Miner
13.2 were used for all statistical analyses.

3. Results

From April 1, 2007 and March 31, 2012, 4889 individuals had a
diagnosis of unspecified psychotic disorder in their health adminis-
trative data. Of these, 1600 (32.7%) had a previous diagnosis of a
primary psychotic disorder in the 8 years preceding the unspecified
psychotic disorder diagnosis and were excluded, leaving 3289 in-
dividuals in the cohort (Fig. 1). This represented 0.41% of the eligible
population of Manitoba age 13-60 (N = 802,047). The characteristics
of the cohort are summarized in Table 1. Individuals with unspecified
psychotic disorder were more often male (n = 1,746, 53.1%), and
living in urban areas (n = 2202 66.9%). A higher proportion of in-
dividuals were living in low income areas (n = 1,817, 55.2%). Diag-
noses of unspecified psychotic disorders were made 46.3% (n = 1522)
of the time by psychiatrists, and 35.2% (n = 1159) had a psychiatric
hospitalization in the prior 12-months, with over 80% of these occur-
ring within 2 days of the index diagnosis, suggesting that these in-
dividuals were likely hospitalized during the same episode of care. In
the 12 months prior to the index diagnosis of unspecified psychotic
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Population of Manitoba
age 13-60
(N=802,047)

Diagnosis of unspecified psychotic
disorder between April 1, 2007
and March 31, 2012
(N= 4,889)
Excluded:
Prior diagnosis of primary
l/ psychotic disorder

Index diagnosis of

(n=1,600)

unspecified psychotic
disorder
(N=3,289)

Fig. 1. Creation of the cohort.

Table 1
Baseline characteristics for all individuals with an index diagnosis of un-
specified psychotic disorder, N = 3289.

Variable No. (%) or mean (SD)
Age, mean (SD) 36.3 (15.2)
Sex, No. (%)

Male 1746 (53.1)

Female 1543 (46.9)
Region, No. (%)

Rural 1087 (33.1)

Urban 2202 (67.0)
Area level income”, No. (%)

Low 1817 (55.2)

High 1472 (44.8)
Prior 12-month hospitalization®, No. (%)

Yes 1159 (35.2)

No 2130 (64.8)
Prior diagnosis of unspecified psychotic disorder, No. (%)

Yes 346 (10.5)

No 2943 (89.5)
Prior 12-month substance use disorder diagnosis, No. (%)

Yes 458 (13.9)

No 2831 (86.1)
Prior 12-month personality disorder diagnosis, No. (%)

Yes 151 (4.6)

No 3138 (95.4)
Prior 12-month mood or anxiety disorder diagnosis, No. (%)

Yes 1633 (49.6)

No 1656 (50.4)
Prior 12-month substance-induced psychosis diagnosis, No. (%)

Yes 53 (1.6)

No 3236 (98.4)
Provider making index diagnosis, No. (%)

Psychiatrist 1522 (46.3)

Family physician 1397 (42.4)

Non-psychiatrist specialist physician 361 (11.0)

Nurse practitioner 9 (0.3)

@ Low income refers to the lowest 2 quintiles based on neighborhood income,
while high income is the remaining 3 quintiles.
> Includes index date.

disorder, 13.9% (n = 458) had a diagnosis of a substance use disorder
and half (n = 1,633, 49.6%) were diagnosed with a mood or anxiety
disorder. Personality disorders and substance-induced psychosis were
less frequent diagnoses in 4.6% (n = 151) and 1.6% (n = 53), respec-
tively. A prior diagnosis of unspecified psychotic disorder was present
in 10.5% (n = 346) of the cohort.
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Fig. 2. Survival analysis with censoring illustrating the proportion of individuals who remain “nonconverted” (i.e. do not receive a future diagnosis of schizophrenia).

Table 2
Association between baseline characteristics and a future diagnosis of schizophrenia.
Variable No schizophrenia (n = 2501) Schizophrenia (n = 788) Adjusted HR® 95% CI P Value
Age, mean (SD) 38.5 (15.0) 29.4 (13.6) 0.978 0.972, 0.983 <.001
Sex, No. (%)
Male 1246 (49.8) 500 (63.5) 1.402 1.209, 1.625 <.001
Female 1255 (50.2) 288 (36.6) 1.000
Region, No. (%)
Urban 1643 (65.7) 559 (70.9) 1.142 0.975, 1.337 .10
Rural 858 (34.3) 229 (29.1) 1.000
Area level income, No. (%)
Low 1356 (54.2) 461 (58.5) 1.094 0.949, 1.262 .22
High 1145 (45.8) 327 (41.5) 1.000
Prior 12-month psychiatric hospitalization, No. (%)
Yes 754 (30.2) 405 (51.4) 1.274 1.083, 1.499 <.01
No 1747 (69.8) 383 (48.6) 1.000
Prior diagnosis of unspecified psychotic disorder, No. (%)
Yes 252 (10.1) 94 (11.9) 1.038 0.833, 1.293 74
No 2249 (89.9) 694 (88.1) 1.000
Prior 12-month substance use disorder diagnosis, No. (%)
Yes 350 (14.0) 108 (13.7) 0.872 0.698, 1.089 .23
No 2151 (86.0) 680 (86.2) 1.000
Prior 12-month mood or anxiety disorder diagnosis, No. (%)
Yes 1243 (49.7) 390 (49.5) 0.819 0.706, 0.949 <.01
No 1258 (50.3) 398 (50.5) 1.000
Prior 12-month personality disorder diagnosis, No. (%)
Yes 100 (4.0) 51 (6.5) 1.218 0.913, 1.624 .18
No 2401 (96.0) 737 (93.5) 1.000
Prior 12-month substance-induced psychosis
Yes 36 (1.4) 17 (2.2) 0.839 0.498, 1.414 .51
No 2465 (98.6) 771 (97.8) 1.000
Provider making index diagnosis, No. (%)
Psychiatrist" 941 (37.6) 581 (73.7) 2.655 2.216, 3.180 < .001
Other? 1560 (62.4) 207 (26.3) 1.000

@ Low refers to the lowest 2 quintiles; high is the top 3 quintiles.
Y Includes family physicians, nurse practitioners and other non-psychiatrist specialist physicians.
¢ Hazard ratios (HR) for diagnostic change over time are adjusted for all variables listed.

The mean length of follow-up for the cohort was 4.5 years. The
cumulative incidence of a future diagnosis of schizophrenia after the
index diagnosis of unspecified psychotic disorder was 26% (n = 788),
with a mean time to diagnosis of 2.0 years. The survival curve is
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illustrated in Fig. 2. Of note, the cumulative incidence of schizophrenia
was 13% after the first year, and 26% by year 8. During the follow-up,
12.0% (n = 396) of the cohort was censored due to death, and 6.7%
(n = 220) due to migration. Those who were diagnosed with



J.M. Hensel, et al.

Unspecified Psychotic
Disorder Diagnosis

Journal of Psychiatric Research 114 (2019) 105-112

No Prior ( \
12-Month Hospitalization
P =26.4% Personality Disorder
Diagnosis in Past 12

Months
P =52.4%
Prior .
12-Month Hospitalization R
P =34.6%

No Personality
Disorder Diagnosis
P=324%

Mood and Anxief

Diagnosis in past 12 Low Income

P=612%

—

No Mood and Anxiety

Diagnosis High Income
P =542% P =56.1%
Females
P=42.0%
No Prior 12-Month
Hospitalization
P=247%
Males
P=29.1%
Prior 12-Month
Hospitalization
P = 46.8%
Females
P=12.9%

Fig. 3. Classification tree showing the probability of a future schizophrenia diagnosis after an index diagnosis of unspecified psychotic disorder.
P - indicates the proportion of people with unspecified psychotic disorder who receive a future diagnosis of schizophrenia.

schizophrenia were significantly younger on average compared to those
who weren't, and more likely to be male, from an urban area, and re-
siding in a low-income neighborhood (Table 2). Those who had a di-
agnosis of schizophrenia recorded in the follow-up period were also
significantly more likely to have received the index unspecified psy-
chotic disorder diagnosis from a psychiatrist, and to have had a prior
12-month psychiatric hospitalization (Table 2).

Hazard ratios (HR), adjusted for all study variables, are displayed in
Table 2. The risk of a future schizophrenia diagnosis was increased for
younger individuals (HR = 0.98, 95% CI 0.97-0.98), males
(HR = 1.40, 95% CI 1.21-1.62), those assessed by a psychiatrist
(HR = 2.65, 95% CI 2.22-3.18), and those with a prior 12-month
psychiatric hospitalization (HR = 1.27, 95% CI 1.08-1.50). Those with
a prior 12-month diagnosis of a mood or anxiety disorder had a lower
risk of converting to a diagnosis of schizophrenia (HR = 0.82, 95% CI
0.71-0.95).

The classification tree achieved a good model fit with a mis-
classification rate of 0.22. Fig. 3 illustrates 9 homogenous vulnerable
sub-groups of the population. Each branch that leads to a terminal node
is considered a homogenous sub-group. When the diagnosis is made by
a non-psychiatrist, in a female, the risk associated with a future schi-
zophrenia diagnosis is 8.5%. By comparison, when a psychiatrist makes
the diagnosis in a male, under age 27, with no mood or anxiety dis-
order, and who resides in a low-income neighborhood, the risk is
61.2%.

4. Discussion

To our knowledge, this is the first study to examine transition from a
diagnosis of unspecified psychotic disorder to schizophrenia using
North American population-level data for both inpatient and outpatient
contacts with psychiatrist and non-psychiatrist health care providers. In
a 5-year period, 3289 individuals (0.41% of the population of Manitoba
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aged 13-60) were identified as receiving a diagnosis of unspecified
psychotic disorder in inpatient or outpatient settings; more than 1 in 4
of whom went on to receive a subsequent diagnosis of schizophrenia
after a mean of 2 years. The highest risk of a future diagnosis of schi-
zophrenia was found among males with the combination of a diagnosis
made by a psychiatrist, before age 27, with no diagnosed mood or
anxiety disorder in the prior 12-months, and residence in a low-income
neighborhood.

Our cumulative rate of conversion from unspecified psychotic dis-
order to schizophrenia during the follow-up period is within the 95%
confidence interval (0.21-0.39 for psychosis NOS) reported in the meta-
analysis by Fusar-Poli et al. (2016). While that analysis included many
high risk populations such as those attending early intervention pro-
grams, our rate is also very similar to the Danish and United Kingdom
studies that used population-level data for secondary mental health
contacts (Castagnini and Foldager, 2014; Rutigliano et al., 2018). As
might be expected, we found a slightly lower total rate of conversion to
schizophrenia over time compared to the Danish and United Kingdom
studies (26% vs 34% and 36%, respectively). This can be explained by
our inclusion of all provider diagnoses compared to psychiatric contacts
only, and Canadian data based on clinicians' use of the DSM's criteria
for unspecified psychotic disorder which may not be as inclusive as the
ICD classification for ATPD used elsewhere (Pillmann et al., 2002). As
an example, a study comparing these diagnostic categories found that a
proportion of individuals diagnosed with ATPD according to ICD-10
were classified as schizophreniform disorder when DSM-IV criteria
were applied (Jorgensen et al., 1996). As such, in our study, schizo-
phreniform disorder was excluded from the definition of unspecified
psychotic disorder based on administrative data codes.

In our adjusted model, the index diagnosis made by a psychiatrist
was the strongest predictor of a future schizophrenia diagnosis, likely
reflecting severity of symptoms and potentially time course since spe-
cialist consultations typically require a hospital presentation or referral
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from another provider. Consistent with other work, we found younger
age and male gender to be significant risk factors for diagnostic change
to schizophrenia over time (Queirazza et al., 2014; Fusar-Poli et al.,
2017b). Similar to our findings, studies examining the co-occurrence of
other diagnoses have reported high rates of personality disorders
(Jorgensen et al., 1996), mood and especially anxiety disorders in first
episode psychosis samples (Pope et al., 2013). Other studies have also
found that the presence of affective symptoms at the time of the index
psychosis presentation is more often associated with resolution or
conversion to affective spectrum disorders (eg. bipolar disorder)
(Salvatore et al., 2009), in keeping with our finding that a prior mood
or anxiety diagnosis was protective against a future schizophrenia di-
agnosis. Data on the association between substance use and diagnostic
change has been mixed (Fusar-Poli et al., 2016).

We also observed a notable mortality rate in our sample. This rate is
comparable to rates reported among individuals diagnosed with ATPD
in data from Denmark, particularly young males (Castagnini and
Bertelsen, 2011). A high rate of unnatural cause of death including
accidents and suicides was observed among those with ATPD. We did
not examine cause of death in our study.

4.1. Strengths and limitations

This population-based study afforded longitudinal linkage of health
administrative data from inpatient and outpatient settings served by all
providers for all residents of Manitoba, Canada. We restricted our co-
hort to individuals between 13 and 60 years of age, and results may not
be generalizable to cases of very late onset schizophrenia (onset > age
65), which accounts for a minority of cases and experts feel likely re-
presents a different pathophysiology (Folsom et al., 2006). Some lim-
itations were present with the diagnostic codes, particularly with the
use of the truncated ICD-9 coding system, that may have resulted in
inclusion of a small number of outcomes that may not have represented
true schizophrenia. However, diagnoses such as schizoaffective disorder
have been shown to be more unstable, and often a later diagnosis of
schizophrenia is made at some point (Sara et al., 2014).

The diagnoses used in this study relied on health service use cap-
tured in the administrative databases. There may be disparities in who
accesses health care for psychotic illness, with the possibility that some
factors (eg. male sex) may be associated with more service use and
symptoms that are more likely to be identified and diagnosed
(Anderson et al., 2018b). All outpatient and inpatient data were cap-
tured, with the exception of emergency room visits where diagnoses are
not captured unless a specialist consultation is performed, meaning that
less severe or more transient unspecified psychotic presentations that
resolved in the emergency room and did not require assessment by a
psychiatrist were not captured. Similarly, it is possible that some in-
dividuals with an index diagnosis of unspecified psychotic disorder
progressed in their illness but did not come into subsequent contact
with health services during the study follow-up period and a future
diagnosis of schizophrenia was not recorded. These issues would tend to
over and underestimate, respectively, rates of future schizophrenia.
While we controlled for many factors, some variables that have been
previously associated with schizophrenia such as family history of
psychosis (Chang et al., 2009), lower pre-morbid functioning, duration

Appendix A. Details of data sources and codes
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of untreated symptoms (Fusar-Poli et al., 2016), and use of anti-
psychotics (Wang et al., 2018) were not included in favour of factors
that could be reliably extracted from the administrative data and would
likely be known at the time of index diagnosis. Ethnicity and migration
history also appear to be important factors in risk for psychosis
(Kirkbride et al., 2008; Anderson et al., 2015), which unfortunately
could not be reliably defined in the datasets used for this study.

5. Conclusions

The current findings suggest that more than 1 in 4 individuals di-
agnosed with unspecified psychotic disorder will receive a future di-
agnosis of schizophrenia after an average of 2 years. With growing
evidence for early psychosis programs (Fusar-Poli et al., 2017a;
Anderson et al., 2018a), and guidelines encouraging accessibility of
these services (National Institute for Health and Care Excellence, 2014),
this highlights the need to appropriately monitor and intervene with
individuals at high risk for illness progression. Recently, data from
specialized mental health settings have been used to create clinical risk
tools for progression to schizophrenia over time (Cannon et al., 2016;
Fusar-Poli et al., 2017b). Our work expands on the available risk cal-
culators for clinicians working in North America and outside of sec-
ondary mental health settings or specialized clinics. These tools can
function to supplement clinical assessments and aide clinicians in
counselling patients about risk, determining appropriate intervention
and monitoring, and targeting referral to specialized treatment pro-
grams. As our understanding of the clinical and pathophysiological
attributes of the high-risk psychosis state continues to evolve, what is
often a debilitating trajectory of schizophrenia can hopefully be im-
proved, affording affected individuals a better quality of life.
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Exposure
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Unspecified Ps- Index diagnosis of unspecified psychotic disorder during the

Hospital ad-
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April 1, 2007 to March 31, ICD-10-CA F23, F28, F29

ychotic Di- observation period as well as 12-months prior to the index mission re- 2012 (observation period) ICD-9-CM 298
sorder diagnosis cords April 1, 2006 to March 31,

Outpatient 2011 (prior diagnosis)

medical

claims

Exclusion cri-
teria

Diagnosis of primary psychotic disorder prior to the index
unspecified psychotic disorder diagnosis

Hospital ad-
mission re-

cords
Outpatient
medical
claims

Outcome
Schizophrenia  First diagnosis of schizophrenia after the index unspecified

psychotic disorder diagnosis

Hospital ad-
mission re-

cords
Outpatient
medical
claims

Prior 12-month Psychiatric Diagnoses
Substance use  Inpatient or 2 or more outpatient diagnoses in the 12 months

Hospital ad-

April 1, 1999 to March 31,
2007

ICD-10-CA F20, F22, F24, F25
ICD-9-CM 295, 297

ICD-10-CA F20
ICD-9-CM 295

April 1, 2007 to March 31,
2015

April 1, 2006 to March 31, ICD-10-CA F10-F19 (excluding those codes listed

disorder prior to the index unspecified psychotic disorder diagnosis mission re- 2011 below in substance-induced psychosis), F55, Z50.2,
cords 750.3
Outpatient ICD-9-CM 291, 292, 303, 304, 305
medical
claims

Personality Di-
sorder

1 or more inpatient or outpatient diagnosis in the 12 months
prior to the index unspecified psychotic disorder diagnosis

Hospital ad-
mission re-

cords
Outpatient
medical
claims

Mood or an-
xiety dis-
order

2 or more inpatient or outpatient diagnoses in the 12 months
prior to the index unspecified psychotic disorder diagnosis

Hospital ad-
mission re-
cords

April 1, 2006 to March 31,
2011

ICD-10-CA F21, F60, F61, F62, F69
ICD-9-CM 301

April 1, 2006 to March 31,
2011

ICD-10-CA F30-34, F38, F40, F41.0-41.3, F41.8,
F41.9, F42, F43, F53.0
ICD-9-CM 296, 300, 309, 311

Outpatient
medical
claims

Substance-in-
duced psy-
chosis

1 or more inpatient diagnosis in the 12 months prior to the index
unspecified psychotic disorder diagnosis

Hospital ad-
mission re-
cords

April 1, 2006 to March 31,
2011

ICD-10-CA F11.5, F12.5, F13.5, F14.5, F15.5,
F16.5, F18.5, F19.5

ICD-9-CM: International Classification of Diseases, 9th revision, Clinical Modification.

ICD-10-CA: International Classification of Diseases, 10th revision, Canada.
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