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Abstract

Background. Rapid progression from the first identifiable symptom to the onset of first-epi-
sode psychosis (FEP) allows less time for early intervention. The aim of this study was to
examine the association between the first identifiable symptom and the subsequent speed
of illness progression.
Methods. Data were available for 390 patients attending a catchment-based early intervention
service for FEP. Exposure to non-psychotic and subthreshold psychotic symptoms was retro-
spectively recorded using semi-structured interviews. Outcomes following the onset of the first
identifiable symptom were (1) time to onset of FEP and (2) symptom incidence rate (i.e. num-
ber of symptoms emerging per person-year until FEP onset). These outcomes were respect-
ively analyzed with Cox proportional hazards and negative binomial regressions.
Results. After Bonferroni correction, having a subthreshold psychotic (v. non-psychotic)
symptom as the first symptom was not associated with time to FEP onset [hazard ratio
(HR) = 1.39; 95% CI 0.94–2.04] but was associated with higher symptom incidence [incidence
rate ratio (IRR) = 1.92; 95% CI 1.10–3.48]. A first symptom of suspiciousness was associated
with shorter time to FEP onset (HR = 2.37; 95% CI 1.38–4.08) and higher symptom incidence
rate (IRR = 3.20; 95% CI 1.55–7.28) compared to other first symptoms. In contrast, a first
symptom of self-harm was associated with lower symptom incidence rate (IRR = 0.06; 95%
CI 0.01–0.73) compared to other first symptoms. Several associations between symptoms
and illness progression were moderated by the age at symptom onset.
Conclusions. Appreciating the content and timing of early symptoms can identify windows
and treatment targets for early interventions in psychosis.

Introduction

The first episode of psychosis (FEP) is typically preceded by a period of variable but identifi-
able, emerging symptoms (Cupo et al., 2021; Yung & McGorry, 1996). These early symptoms
can include non-psychotic and subthreshold or attenuated psychotic symptoms. Early inter-
ventions aimed at preventing, delaying, or mitigating the transition to psychosis generally tar-
get the interval between the first identifiable symptom and FEP onset (Fusar-Poli et al., 2020).
This period of early symptoms can unfold slowly over several years, or abruptly over weeks or
months. More insidious progression to FEP has been associated with poorer outcomes after
psychosis onset (Clarke et al., 2006; Harris et al., 2005), but more rapid progression leaves
less time for preventing FEP. Hence, better understanding the speed of illness progression
prior to FEP onset could inform and guide actionable early intervention strategies.

Features of the first identifiable symptom, including its content and age at onset, may also
assist in predicting the subsequent speed of illness progression for two reasons. First, the pres-
ence of subthreshold psychotic symptoms is associated with higher risk of later psychosis in
the general population (Guloksuz et al., 2020). In studies conducted in populations experien-
cing homelessness and with schizophrenia respectively, suspiciousness tended to precede the
emergence of other subthreshold psychotic and non-psychotic symptoms (Jones et al., 2021a;
Messias, Kirkpatrick, Ram, & Tien, 2001). Together, this suggests that the emergence of sub-
threshold psychotic symptoms in general and suspiciousness in particular may be associated
with more rapid illness progression. Second, since the incidence of anxiety, mood, and psych-
otic disorders peaks at different ages (Jones et al., 2021b), and given hierarchical models of
illness development leading to psychosis (de Jong, Giel, Lindeboom, Slooff, & Wiersma,
1984; Docherty, Van Kammen, Siris, & Marder, 1978), the various types of symptoms preced-
ing FEP are likely to have different ages at onset. Earlier or later age at onset of a given symp-
tom may in turn influence its prognostic implications; for example, younger age at first
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presentation for self-harm has been associated with higher risk of
psychosis (Bolhuis et al., 2021), and earlier onset of psychotic
symptoms has been associated with poorer clinical outcomes
after FEP (Clarke et al., 2006).

In the current study, we aimed to examine the association
between the content of the first identifiable symptom (grouped
as subthreshold psychotic v. non-psychotic in aggregate, and indi-
vidual symptoms within these categories) and the rapidity of pro-
gression en route to an FEP. Beginning with the first symptom
experienced prior to psychosis, we indexed illness progression
in two ways: time to onset of FEP and symptom incidence rate
prior to FEP. We also aimed to explore how the associations
between the first identifiable symptom and illness progression
would change according to the symptom’s age at onset.

Methods

Setting

This study was conducted at the Prevention and Early Intervention
Program for Psychosis (PEPP-Montreal) within the Douglas
Mental Health University Institute. PEPP-Montreal is publicly
funded and is the only early intervention service in a catchment area
of over 300 000 individuals in the southwest of Montreal, Canada.
The current study was part of a broader investigation of early inter-
vention in FEP approved by the Douglas Research Centre’s research
ethics board.

Participants

The patient sample for this study was derived from FEP patients
admitted to the program between 2003 and 2017. Inclusion cri-
teria for both the service and the study were: (1) meeting diagnos-
tic criteria for a nonaffective or affective psychotic disorder based
on the SCID-IV (First, Spitzer, Gibbon, & Williams, 2002), con-
firmed by a senior psychiatrist (RJ, AKM, or JLS), and not attrib-
utable to substance use alone; (2) having received <30 days of
antipsychotic medication; (3) IQ ⩾70; (4) no organic mental dis-
order, such as epilepsy; and (5) age between 14 and 35 years.
Research participants provided written informed consent/assent.
Data were available for 626 individuals who consented to partici-
pate in the research program.

Measures

The Circumstances of Onset and Relapse Schedule and
Topography of Psychotic Episode were applied systematically to
retrospectively evaluate the occurrence and timing of 27 signs
or symptoms preceding FEP onset, as well as the date of onset
of FEP (Norman & Malla, 2002). Onset of FEP was defined as
the date when psychotic symptoms reached threshold-level sever-
ity. Data were collected through semi-structured interviews with
patients and family members within 3 months of intake in the
clinic. Interviews were complemented by a detailed review of all
available health and social records.

To conduct the interviews, research assistants were trained by
rating videotapes, role-playing, and interviewing under direct
supervision of a senior psychiatrist and an experienced research
coordinator. Anchor points were used to elicit the timing of
symptoms (e.g. ‘your 16th birthday’ or ‘during 8th grade’) and
to ensure consistent assignment of age in these scenarios.
Twelve randomly selected cases were independently evaluated

by 3–8 raters for variables including the length of treatment delays
and the number of help-seeking contacts; interrater reliability was
good to excellent (intraclass correlation coefficients: 0.81–0.98).
Data were recorded after a consensus meeting chaired by a senior
psychiatrist (RJ, AKM, or JLS).

Of 27 signs/symptoms measured with the Topography of
Psychotic Episode, nine were previously classified as ‘attenuated
positive symptoms or subthreshold psychotic symptoms’ (sub-
threshold psychotic symptoms) by an international panel of
experts (Table 1) (Shah et al., 2017). The remaining 18 signs/
symptoms were classified as non-psychotic ones. Below we refer
to signs/symptoms as ‘symptoms’ for simplicity.

The exposure variable was the content of the first identifiable
symptom: either subthreshold psychotic or non-psychotic, and
specific symptoms within these categories (Table 1). To limit
identifiability of individual participants, symptoms were exam-
ined separately only if reported as firsts by ⩾5 participants.
However, symptoms with <5 cases were still included in the over-
all subthreshold psychotic/non-psychotic categories.

Outcomes were (1) time to onset of FEP, calculated as the inter-
val in years between onset of the first identifiable symptom and
onset of FEP, and (2) symptom incidence rate. Symptom incidence
rate was defined as the count of new symptoms per person-year
between onset of the first identifiable symptom and onset of FEP.
This particular choice of outcome is consistent with the notion
that the count of symptoms, in the pre-onset phase of FEP, can
serve as a transdiagnostic index of syndrome complexity (van Os,
Schaub, & Carpenter, 2021). In a population-based cohort study,
it was recently shown that the total burden of undifferentiated
symptoms in young adults is associated with functional impair-
ment in a stepwise fashion (Crouse et al., 2021). Here, we extend
this line of research by looking at the speed at which the total
symptom count grows as a marker of illness progression.

Statistical analysis

Analyses were conducted in R, version 3.6.2, between January and
August 2021. Participants were excluded from analyses if they had
not completed the Circumstances of Onset and Relapse Schedule
and Topography of Psychotic Episode. Characteristics of partici-
pants included v. excluded from the analytic sample were compared,
but in accordance with the STROBE statement (Vandenbroucke
et al., 2007), inferential statistics (i.e. p values) were not computed
for descriptive analyses.

Given the focus of this study, each analytical model was con-
ducted in three stages to account for age effects in the associations
between first identifiable symptom and the rapidity of progression
to FEP: (1) unadjusted models, which indicate what information
each first symptom, on its own, provides about the rapidity of ill-
ness progression; (2) models adjusted for age at onset of the first
symptom, which clarify whether that symptom is associated with
progression only because it typically manifests at ages earlier or
later than the mean age of FEP onset; and (3) interaction between
the first symptom and its age at onset, to identify whether the
association of each specific symptom with illness progression var-
ies according to age at symptom onset. Age was treated as a con-
tinuous variable throughout the analyses.

Using Cox proportional hazards models, we examined the asso-
ciation between each specific type of first identifiable symptom and
time to onset of FEP. This included having had any subthreshold
psychotic symptom as the first identifiable symptom (dichotomous
variable; Yes/No) as a predictor of time to onset of FEP, followed by
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considering each symptom (e.g. Depression as first symptom: Yes/
No; Suspiciousness as first symptom: Yes/No, etc.) separately as a
predictor of time to onset of FEP. From these models, we estimated
the hazard ratios (HR) for onset of FEP associated with having each
first symptom compared to having any other first symptom.
Assumptions of proportional hazards were confirmed by visual
inspection of Schoenfeld residuals and log[−log(Survival)] plots
(Kassambara, Kosinski, Biecek, & Fabian, 2021). Ties were handled
using Efron’s method (Efron, 1977).

To examine the association between the first identifiable symp-
tom and symptom incidence rate, we used negative binomial

regressions. Symptom count was regressed on having had any
subthreshold psychotic symptom as the first identifiable symp-
tom, with time to onset of FEP as the time scale. Next, each
first symptom was examined separately using the same method.
Regression coefficients were exponentiated to obtain incidence
rate ratios (IRRs), corresponding to the ratios of symptom inci-
dence rates in participants who experienced a given symptom
as the first symptom compared to those who did not.

We compared findings before and after Bonferroni corrections
for multiple testing, applied to 95% confidence levels across first
identifiable symptoms. Estimates were considered statistically

Table 1. Description of the 27 early symptoms and their timing relative to first-episode psychosis when identified as first symptoms

Symptom

When identified as the first symptom:

n
Age at onset of symptom,

median, years (IQR)
Age at onset of FEP,
median, years (IQR)

Time to onset of FEP,
median, years (IQR)

Any subthreshold psychotic symptom 72 19.00 (8.63) 22.12 (6.82) 1.61 (4.49)

Delusions <5 – – –

Disorganized speech or odd speech, not
able to think clearly

<5 – – –

Hallucinations 10 11.54 (5.80) 19.15 (4.13) 6.50 (5.32)

Inappropriate affect <5 – – –

Odd/bizarre ideas (e.g. claiming special
powers, superstitiousness)

15 17.54 (4.32) 21.94 (5.64) 1.09 (4.43)

Odd/eccentric behaviors 8 19.00 (3.86) 20.20 (2.08) 1.35 (3.65)

Passivity experiences <5 – – –

Suspiciousness 34 22.88 (10.10) 25.29 (7.69) 0.77 (2.37)

Unusual perceptual experiences <5 – – –

Any non-psychotic symptom 318 16.56 (5.97) 22.08 (6.41) 4.52 (7.30)

Anxiety 51 15.60 (7.15) 22.98 (6.40) 5.10 (9.38)

Blunted or flat affect <5 – – –

Catatonia <5 – – –

Change in weight or appetite <5 – – –

Decreased energy and initiative 10 17.12 (2.16) 20.21 (3.73) 3.02 (3.05)

Depression 144 16.56 (6.17) 22.82 (6.03) 5.02 (7.63)

Elated mood 9 19.07 (5.34) 24.83 (5.18) 2.27 (5.35)

Extrapyramidal symptoms <5 – – –

Impaired concentration 8 18.91 (3.84) 21.78 (1.83) 4.86 (5.23)

Impaired role functioning 28 16.42 (2.59) 19.51 (4.17) 3.00 (4.96)

Irritability or aggressiveness 24 15.18 (4.08) 19.95 (5.98) 4.28 (6.45)

Memory problems <5 – – –

Obsessive/compulsive symptoms <5 – – –

Poor grooming or hygiene <5 – – –

Restlessness <5 – – –

Self-harm 5 12.18 (2.83) 22.86 (6.08) 10.03 (4.73)

Sleep disturbance 8 15.15 (5.53) 20.08 (8.09) 4.07 (7.55)

Social withdrawal 27 17.33 (5.80) 21.15 (4.22) 2.33 (7.40)

FEP, first-episode psychosis; IQR, interquartile range.
Signs/symptoms are referred to as ‘symptoms’ for concision. Ages at and time to onset are only reported if n⩾ 5 cases. In italics: abbreviated symptom designation used in the text and
figures.
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significant if their confidence intervals did not overlap with the
null value. As a sensitivity analysis, we tested models adjusted for
gender, visible minority status and socio-economic status
(Hollingshead Index; Hollingshead, 1975). For exploratory pur-
poses, interaction terms were considered statistically significant if
p < 0.05 (two-sided) uncorrected for multiple testing. We used the
emmeans package (Lenth, 2020) to estimate effect sizes from signifi-
cant interactions across different values of age of symptom onset.
To allow a dynamic visualization of interaction effects (or absence
thereof), interactions were probed by estimating slopes for first
symptom according to different values of age at onset of first symp-
tom [range: mean age at onset in years ± 2 standard deviations
(S.D.)]; an online, interactive data visualization is provided for
these results (https://vincepaquin.shinyapps.io/Symptom_to_FEP/).

Results

Sample characteristics

Among 626 participants who consented to participate in research,
390 (62%) completed required assessments regarding signs/symp-
toms experienced prior to FEP, and this group constitutes the
analytic sample of the current study. Between participants
included v. excluded from the current study, gender, visible
minority status, age at onset of first identifiable symptom, age
at FEP onset, and diagnoses at intake were similar (Table 2).
There was a slightly higher proportion of high school completers
in those for whom complete data were available (52.8% v. 44.6%).
In the included (analytic) sample, the median time to onset of
FEP after onset of the first identifiable symptom was 3.83 years
[interquartile range (IQR) = 7.34 years] and the symptom inci-
dence rate following the first symptom was 1.46 (95% CI 1.41–
1.51) symptoms per person-year until FEP onset.

Time to onset of first-episode psychosis

Table 1 presents median time to onset of FEP for each of the pos-
sible first identifiable symptoms. Below, we report hazard ratios
for onset of FEP associated with each first symptom compared
to having any other first symptom.

Figure 1 presents hazard ratios before Bonferroni corrections.
In participants who experienced any subthreshold psychotic
symptom as the first symptom (compared to those who did
not), time to onset of FEP was shorter after the onset of the
first symptom. Within the subthreshold psychotic and non-
psychotic categories, specific symptoms displayed distinct associa-
tions with time to onset of FEP. Of subthreshold psychotic symp-
toms, suspiciousness was associated with shorter time to onset of
FEP compared to other subthreshold psychotic and non-
psychotic symptoms. Of non-psychotic symptoms, anxiety and
self-harm were associated with longer time to onset compared
to other symptoms, while elated mood and impaired role func-
tioning were associated with shorter time to onset.

Online Supplementary Fig. S1 presents hazard ratios after
Bonferroni corrections (k = 16). Suspiciousness remained asso-
ciated with time to onset of FEP [HR = 2.37 (95% CI 1.38–
4.08)], while other associations were no longer significant.

These findings were stable after adjusting for gender, visible
minority status and socioeconomic status (online Supplementary
Fig. S2). After adjusting for age at symptom onset (online
Supplementary Fig. S3), none of the Bonferroni-corrected associa-
tions were significant.

Symptom-by-age interaction coefficients are presented in
online Supplementary Table S1. Age at symptom onset interacted
with odd/eccentric behaviors [coefficient = 0.22 (95% CI 0.02–
0.43); p = 0.033], impaired role functioning [coefficient =−0.09
(95% CI −0.18 to −0.01); p = 0.026], and social withdrawal [coef-
ficient = 0.11 (95% CI 0.00–0.22); p = 0.046]. Other interactions
were not significant.

Symptom-by-age interactions of significant models are sum-
marized in online Supplementary Fig. S4, and an interactive visu-
alization of hazard ratios in the function of symptom-by-age
combinations is available at https://vincepaquin.shinyapps.io/
Symptom_to_FEP/. Compared to other symptoms, odd/eccentric
behaviors and social withdrawal were associated with shorter time
to onset of FEP when emerging at older ages (⩾17 and ⩾18 years,
respectively); conversely, at <17 and <18 years, their associations
with time to onset were not significant. Impaired role functioning
was associated with shorter time to onset of FEP when emerging
at ⩽19 years, while at >19 years, the association was not signifi-
cant. For anxiety, there was no threshold of significance between
ages 7 and 27 years; the association with time to onset was not
significant throughout.

Symptom incidence rate

Symptom incidence rates according to the first identifiable symp-
tom are presented in online Supplementary Table S2. Below, we

Table 2. Sociodemographic and baseline clinical characteristics of participants
included v. excluded from the analytic sample

Included
participants

Excluded
participants

N = 390 N = 235

Gender, N (%)

Female 123 (31.5%) 66 (28.1%)

Male 266 (68.2%) 168 (71.5%)

Visible minority status (i.e.
non-Caucasian), N (%)

No 239 (63.4%) 127 (60.5%)

Yes 138 (36.6%) 83 (39.5%)

Educational attainment, N (%)

Less than high school 178 (47.2%) 118 (55.4%)

High school or higher 199 (52.8%) 95 (44.6%)

Age at first identifiable
symptom, median, years (IQR)

17.0 (6.20) 17.5 (8.60)

Age at onset of first episode of
psychosis, median, years (IQR)

22.1 (6.6) 21.5 (6.8)

Primary diagnosis for first
episode of psychosis, N (%)

Affective psychosis 109 (28.2%) 68 (30.9%)

Non-affective psychosis 277 (71.8%) 152 (69.1%)

Secondary diagnosis of
substance use disorder, N (%)

Yes 200 (53.6%) 101 (51.5%)

No 173 (46.4%) 95 (48.5%)

IQR, interquartile range.
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report IRRs following each type of first identifiable symptom
compared to other first symptoms.

Figure 2 presents IRRs before Bonferroni corrections.
Compared to non-psychotic symptoms, having had a subthres-
hold psychotic symptom as the first identifiable symptom was
associated with a higher rate of new symptoms developed per
person-year between first symptom and FEP onset. However,
these associations were again heterogeneous within the subthres-
hold psychotic and non-psychotic symptom categories. Of
subthreshold psychotic symptoms, and compared to other sub-
threshold psychotic/non-psychotic symptoms, suspiciousness
was associated with a higher symptom incidence rate, while hal-
lucinations were associated with a lower symptom incidence
rate. Of non-psychotic symptoms, and compared to any other
subthreshold psychotic/non-psychotic symptom, elevated mood
and sleep disturbance were associated with higher symptom inci-
dence rates, while anxiety, depression, irritability, and self-harm
were associated with lower symptom incidence rates.

Online Supplementary Fig. S5 presents IRRs after Bonferroni
corrections (k = 16). Subthreshold psychotic symptoms were
associated with a higher symptom incidence rate compared to
non-psychotic symptoms: IRR = 1.92 (95% CI 1.10–3.48).
Suspiciousness was associated with a higher symptom incidence
rate compared to other subthreshold psychotic and non-psychotic
symptoms: IRR = 3.20 (95% CI 1.55–7.28). Depression and self-
harm were associated with lower symptom incidence rates: IRR
= 0.24 (95% CI 0.27–0.68) and IRR = 0.06 (95% CI 0.01–0.73),
respectively. Other associations were no longer significant.

Results were similar after adjusting for gender, visible minority
status and socioeconomic status (online Supplementary Fig. S6).
When adjusting for age at onset of the first identifiable symptom
(online Supplementary Fig. S7), associations of subthreshold
psychotic symptoms [IRR = 1.27 (95% CI 0.79–2.11)], suspicious-
ness [IRR = 1.21 (95% CI 0.60–2.62)], and self-harm [IRR = 0.43
(95% CI 0.11–3.16)] were no longer significant. Depression
remained a significant predictor: IRR = 0.57 (95% CI 0.39–0.85).
Anxiety was associated with lower symptom incidence rate
[IRR = 0.55 (95% CI 0.32–0.98)], and sleep disturbance was asso-
ciated with higher symptom incidence rate [IRR = 4.26 (95% CI
1.19–20.11)].

Symptom-by-age interaction coefficients are presented in
online Supplementary Table S3. Age at symptom onset interacted
with subthreshold psychotic symptoms [coefficient =−0.07 (95%
CI −0.13 to −0.01); p = 0.003; reference: non-psychotic symp-
toms]. Age at onset also interacted with odd/bizarre ideas [coeffi-
cient = −0.12 (95% CI −0.31 to 0.03); p = 0.042], suspiciousness
[coefficient = −0.11 (95% CI −0.20 to −0.03); p = 0.001], impaired
role functioning [coefficient = −0.25 (95% CI −0.41 to −0.06); p
< 0.001], and social withdrawal [coefficient = 0.14 (95% CI 0.00–
0.27); p = 0.03]. Other interactions were not significant.

Symptom-by-age interactions in significant models are sum-
marized in online Supplementary Fig. S4, and an interactive visu-
alization of symptom IRRs according to any symptom-by-age
combination is available at https://vincepaquin.shinyapps.io/
Symptom_to_FEP/. Compared to other symptoms emerging at
the same age, subthreshold psychotic symptoms, odd/bizarre
ideas, suspiciousness, and impaired role functioning were asso-
ciated with faster symptom incidence after emerging at younger
ages (⩽17, ⩽10, ⩽19, and ⩽14 years, respectively). They were
not associated with symptom incidence after emerging at older
ages, except impaired role functioning which was associated
with slower symptom incidence compared to any other symptom

when emerging at ⩾19 years. Compared to other symptoms,
social withdrawal was associated with slower symptom incidence
when emerging at ⩽15 years; it was not associated with symptom
incidence when emerging at >15 years.

Discussion

In a catchment-based sample of individuals with FEP, we found
that the nature and timing of the first identifiable symptom,
years before the onset of psychosis, was variably associated with
two measures of illness progression speed: time to onset of psych-
osis and the rate at which symptoms emerge prior to FEP.

Clinical tools for estimating psychosis risk have generally
aggregated subthreshold psychotic symptoms into a homogenous
risk factor for FEP (Shah et al., 2017; Yung et al., 2005).
Consistent with this, our group previously demonstrated that
experiencing subthreshold psychotic symptoms prior to FEP pre-
dicted poorer longitudinal outcomes (Rosengard et al., 2019) and
altered cortical organization (Rosengard et al., 2020) after psych-
osis onset. However, in the present study, having any subthreshold
psychotic v. non-psychotic symptom as the first symptom was not
associated with significant differences in time to onset of FEP,
suggesting that a more granular approach examining specific
symptom types may be a more informative strategy to under-
standing trajectories. As such, suspiciousness (one of the most
common subthreshold psychotic symptoms to precede psychosis
onset: Shah et al., 2017; Yung & McGorry, 1996) was a significant
precursor of shorter time to onset of FEP and higher symptom
incidence rate when emerging as the first symptom prior to
FEP, whereas other subthreshold psychotic symptoms such as hal-
lucinations did not display similar associations. This may reflect
the fact that low-intensity or intermittent perceptual disturbances
are relatively frequent in the general population, and often benign
in the absence of other psychotic symptoms (De Loore et al.,
2011; Ohayon, 2000). In contrast, suspiciousness implies a cogni-
tive interpretation of the environment as hostile, which may make
a stronger building block for illness progression, potentially
through the emergence of anxiety, delusions, and greater fear
from hallucinations (De Loore et al., 2011; Jones et al., 2021a;
Winton-Brown & Kapur, 2020). Thus, one interpretation of our
findings is that the attributional bias underlying suspiciousness
is responsible for faster illness progression compared to other
early symptoms.

Early non-psychotic symptoms also have prognostic implica-
tions based on our findings. In the age-unadjusted model, self-
harm was associated with a subsequent lower symptom incidence
rate, while in age-adjusted models, such associations were found
after first symptoms of depression and anxiety. This should not
be taken to imply that these non-psychotic symptoms are less
important than other symptoms en route to an FEP. Since slower
illness progression is a potential risk factor for poorer outcomes
after FEP onset (Clarke et al., 2006; Harris et al., 2005), future
work could examine whether non-psychotic symptoms such as
self-harm or affective dysregulation are associated with unfavorable
prognosis, conditional on or independently of the age at first symp-
tom manifestation (Bolhuis et al., 2021). We also found that sleep
disturbance was associated with a higher symptom incidence rate
after controlling for age. Sleep disturbance has been shown to be
a general risk factor for psychopathology (Barton, Kyle, Varese,
Jones, & Haddock, 2018; Carpenter et al., 2021; Freeman et al.,
2017), including for FEP in at-risk individuals (Lindgren, Kuvaja,
Jokela, & Therman, 2021; Ruhrmann et al., 2010). With a sizeable
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minority of individuals never experiencing identifiable subthres-
hold psychotic symptoms prior to psychosis onset (Cupo et al.,
2021; Schultze-Lutter et al., 2015), our results support the import-
ance of capturing multiple symptom domains, such as sleep dis-
turbance and self-harm alongside subthreshold psychotic
symptoms, to improve risk assessments (McGorry, Hartmann,
Spooner, & Nelson, 2018; Shah et al., 2020).

It is noteworthy that the first identifiable symptom had variable
prognostic implications based on its age at onset. When added as a
covariate, age at onset appeared to largely explain the associations
between first symptoms and subsequent illness progression. But the
relationship between symptom content, age at symptom onset, and
subsequent illness trajectories may be more complex, given the
interactions observed between specific symptoms and their age at
onset. To our knowledge, this symptom-by-age interplay has
never been examined relative to the rapidity of illness progression,
but is consistent with developmental factors shaping the expression
of psychosis (Keshavan, Giedd, Lau, Lewis, & Paus, 2014; Paquin,
Lapierre, Veru, & King, 2021). Between childhood and adulthood,
extensive changes in brain functioning and morphology take place
(Nadig et al., 2021; Petanjek et al., 2011), paralleled by shifting
demands in social, academic, and familial environments. Age at

onset of a given symptom may reveal, or contribute to, a mismatch
between the individual’s functioning and age-related external
demands. For example, we found that younger age at onset of sus-
piciousness was associated with a higher symptom incidence rate:
suspiciousness emerging before adolescence could be a stronger
risk factor for poorer social adjustment (e.g. bullying, aggression)
(Shakoor et al., 2015; Wong, Freeman, & Hughes, 2014), contribut-
ing to feedback loops where attributional bias, maladaptive beha-
viors, and environmental stress reinforce each other until they
crystallize into later-life psychopathology (Healy, Coughlan,
Clarke, Kelleher, & Cannon, 2020). However, this and the other
interactions identified here were exploratory and should be inter-
preted as proofs-of-concept: interaction models, contrary to the
other analyses, were not corrected for multiple comparisons and
require replication.

Strengths and limitations

Our study was conducted in a large catchment-based sample for
which trajectories were consistently and systematically assessed.
These retrospective measures permit the capture of all trajectories
leading to psychosis, including individuals without subthreshold

Fig. 1. Association of the first identifiable symptom with time to onset of first-episode psychosis. Hazard ratio for psychosis onset associated with one first symp-
tom compared to other first symptoms. Only symptoms with ⩾5 cases were examined separately. Bonferroni-corrected confidence intervals are presented in online
Supplementary Material. STPS, subthreshold psychotic symptoms; NPS, non-psychotic symptoms.
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psychotic symptoms who would have presumably been missed in
prospective cohorts focusing solely on clinical high-risk youth
(van Os et al., 2021). It is also noteworthy that sociodemographic
and baseline clinical characteristics of participants who were
excluded due to insufficient data were similar to those of our ana-
lytic sample – suggesting that those included were representative
of the total consenting population.

It should be emphasized that the potential for recall bias is an
important limitation of our study. Previous attempts at evaluating
recall bias in small samples in the context of intense illness experi-
ence or cognitive impairments have found reasonable levels of
convergent validity and agreement between different sources of
information (Fisher et al., 2011; Gayer-Anderson et al., 2020;
Hambrecht, Häfner, & Löffler, 1994). Nonetheless, symptoms
and their timing of onset could have been misreported, including
as a function of insight (e.g. recognizing delusional ideas as such).
Isolating a single first symptom can also be prone to error since in
practice, symptoms often present together. Further, our use of
semi-structured interviews may have introduced a social desirabil-
ity bias. Notwithstanding this, we minimized distortions arising

from recall and social desirability as much as possible by comple-
menting interviews of participants with collateral information
from family members, a detailed review of all available health
and social records that were accessible, and the standardized use
of probes and anchor-points (e.g. birthdays and major life events)
to timestamp symptoms in a consistent manner.

Another limitation is that transition to FEP and symptom
incidence do not capture all aspects of illness progression.
Future studies could take into account additional indices, such
as severity, intensity, or level of distress associated with each
symptom. Also, many first symptoms were reported by few par-
ticipants, limiting our power to detect associations, and some-
times leading to wide confidence intervals (e.g. for self-harm,
sleep disturbance) or exclusion from analyses for anonymity
purposes. Finally, the hazard ratios for the onset of FEP should
not be understood as measures of relative risk of converting to
psychosis. All participants had FEP (this was a condition of
inclusion in the study), and thus, direct comparisons with haz-
ard ratios from prospective cohorts of individuals at risk for
psychosis are not possible.

Fig. 2. Association of the first identifiable symptom with symptom incidence rate. Incidence rate ratio following one first symptom compared to other first symp-
toms. For example, participants with suspiciousness as the first symptom developed 3.20 times more symptoms/year after onset of suspiciousness and until onset
of first-episode psychosis, compared to participants with other first symptoms. Only symptoms with ⩾5 cases were examined separately. Bonferroni-corrected
confidence intervals are presented in online Supplementary Material. STPS: subthreshold psychotic symptoms. NPS: non-psychotic symptoms.
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Future directions

To examine the predictive accuracy of early symptoms as sign-
posts for speed of illness progression, larger cohorts are needed.
Multimodal approaches to risk prediction, exemplified by recent
applications of machine learning (Koutsouleris et al., 2021;
Rosen et al., 2021), can increase prognostic capacity by integrating
clinical, environmental, and biological markers of risk. Ultimately,
prognoses for the rapidity of illness progression could be further
refined by integrating characteristics of the first identifiable symp-
tom with other risk factors such as familial history and polygenic
scores (Pedersen et al., 2021). Until these approaches are implemen-
ted and accessible to all, simple associations between early symp-
toms and the rapidity of illness progression can help tailor the
intensity and timing of early interventions in at-risk individuals.
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