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Persistent negative symptoms (PNS) defined as negative symptoms that persist for at least six months in the ab-
sence of high levels of positive, depressive and extrapyramidal symptoms, are evident early in the course of
schizophrenia from the first episode of psychosis. However, their presence even earlier in the illness, in those
atUltraHigh Risk of psychosis, has not been investigated. In this study,we examined the prevalence, baseline cor-
relates and outcome of PNS in 363 Ultra High Risk individuals. Assessments were conducted at baseline and
2–14 years later (mean follow up time 7.4 years). Baseline assessments included demographic, clinical and
neurocognitive measures, which were repeated at follow up. The prevalence of PNS in the UHR group was
6.1%. Poor premorbid social adjustment, deficits in verbal fluency and childhoodmaltreatment, specifically emo-
tional neglect, were evident at baseline in the PNS group compared to the group without PNS. PNS were associ-
ated with poor psychosocial functioning and deficits in processing speed at follow up. Our findings suggest that
PNS can be detected early, allowing for the identification of a subset of Ultra High Risk patients who are likely to
have poor outcome. These individuals could be the target for specific intervention. Further research is needed
into the pathophysiology of these PNS to develop specific interventions.
© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Negative symptoms of schizophrenia have long been described
(Bleuler, 1911; Jackson, 1885; Kraepelin, 1919) and are thought of as
being fundamental to the illness (Bleuler, 1911; Strauss et al., 1974).
They occur early in the illness, including in the prodromal phase preced-
ing a first episode of psychosis (Piskulic et al., 2012). Negative symp-
toms are generally not responsive to antipsychotic medication
(Aleman et al., 2017; Millan et al., 2014) and are associated with poor
functional outcome (Lin et al., 2011; Yung et al., 2015). Although they
are correlated with neurocognitive impairments (McDowd et al.,
2011), their neurobiological basis remains unknown (Galderisi et al.,
2015) and may be multifactorial and dependent on their nature
(e.g., diminished expression versus amotivation) and chronicity
(Marder and Galderisi, 2017).
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Prominent negative symptoms are a central feature of the Deficit
Syndrome in schizophrenia. This syndrome,first described by Carpenter
and colleagues in 1988 (Carpenter et al., 1988) requires the presence of
primary negative symptoms (i.e. not secondary to factors such as de-
pression, positive symptoms or extrapyramidal features) that endure
for least 12 months in the context of a diagnosis of schizophrenia.
While Deficit Syndrome is a valid and useful concept, it is difficult to
apply in early psychosis populations due to its requirement for a schizo-
phrenia diagnosis and 12-month time frame.

Recently, the concept of Persistent Negative Symptoms (PNS) has
been defined and acknowledged as a legitimate treatment target
(Buchanan, 2007). According to the National Institute of Mental
Health-MATRICS consensus report, PNS criteria require the presence
of prominent negative symptoms of at least moderate severity that
have not responded to the usual treatments, cause functional impair-
ment, are present during periods of clinical stability and persist for at
least six months (Buchanan, 2007; Kirkpatrick et al., 2006). The most
frequent andmeasurable causes of secondary negative symptoms (pos-
itive, depressive and extrapyramidal symptoms) should be absent or at
a low level (Buchanan, 2007; Mucci et al., 2017). Thus PNS is a useful
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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construct in early psychosis due to its shorter time frame and absence of
the requirement for a schizophrenia diagnosis (Galderisi et al., 2013).

The prevalence of PNS in first episode psychosis samples ranges
from about 7% to 31%, depending on the exact PNS criteria used, length
of follow up and proportion of individuals with schizophrenia included
in the sample. PNS are associated with poor functional outcome in first
episode psychosis (Galderisi et al., 2013) and with poor premorbid ad-
justment, especially in the social domain (Chang et al., 2011; Üçok and
Ergül, 2014).

An association between PNS and both male gender (Chang et al.,
2011) and long duration of untreated psychosis (Malla et al., 2004)
has been described in first episode samples. They are more common
in first episode patients with early as opposed to adult onset of illness
(Puig et al., 2017). PNS have also been found to be associated with
neurocognitive impairments in first episode psychosis, although find-
ings are inconsistent across studies. One study found an association
with verbal memory only (Hovington et al., 2013), another with pro-
cessing speed only (Chang et al., 2016), while others have shown def-
icits in executive function (Puig et al., 2017; Üçok and Ergül, 2014) and
attention (Üçok and Ergül, 2014). Puig et al. (2017) also found deficits
in global cognition, executive functions, and verbal memory in individ-
uals with PNS with onset of illness before age 17 compared to their
counterparts with PNS but with later onset of psychosis. Taken to-
gether, these findings are consistent with PNS in early psychosis
being conceptually similar to the Deficit Syndrome in schizophrenia,
and suggest that PNS may be a manifestation of a neurodevelopmental
process.

As PNS are evident early in the course of psychotic disorder, we
aimed to determine if they could be detected even before the first psy-
chotic episode, in individuals at Ultra High Risk (UHR) for psychosis.We
hypothesised that PNS: i) could be identified in the UHR group; ii)
would be associated with features typically described as
‘neurodevelopmental risk factors’ for schizophrenia: male gender, long
duration of illness, poor premorbid adjustment and neurocognitive ab-
normalities (Murray and Lewis, 1987;Weinberger, 1987); and that con-
versely PNS would not be associated with the ‘psychological risk factor’
(Bentall et al., 2014; Lardinois et al., 2011) of childhood maltreatment.
We further hypothesised that iii) PNS would be associated with transi-
tion to psychosis; and iv) PNSwould be associatedwith other long-term
poor outcomes at follow up such as poor functioning, low quality of life
and neurocognitive dysfunction.
2. Method

2.1. Setting and patients

The PACE (Personal Assessment and Clinical Evaluation) Clinic is a
specialist clinic for young people at UHR for psychosis located in Mel-
bourne, Australia. The current data are part of a longitudinal study
that aimed to reassess all individuals who took part in research at
PACE between 1993 and 2006 (N = 416). At baseline, patients were
aged 15 to 30 years and met UHR criteria rated on the Comprehensive
Assessment of At-Risk Mental States (CAARMS) (Yung et al., 2005). Ex-
clusion criteria were a previous psychotic episode (treated or un-
treated), organic cause for presentation or past anti-psychotic
exposure equivalent to a total haloperidol dose of N50 mg. The opera-
tionalized criteria have previously been described (Yung et al., 2003;
Yung et al., 2004).

A previously developed tracking system was used to relocate pa-
tients (Henry et al., 2007). The study was approved by the local Re-
search and Ethics Committee. All patients provided written informed
consent. Follow-up interviews took place between 2007 and 2009.
Three hundred and sixty-three individuals had sufficient data at both
baseline and follow up to enable the PNS definition to be applied. For
a full description of the sample, see Nelson et al. (2013).
2.2. Assessments

In addition to the CAARMS (Yung et al., 2005), the following clinical
measures were used:

Negative symptoms were assessed with the Schedule for Assess-
ment of Negative Symptoms (SANS) (Andreasen, 1982) and general
psychopathology was assessed using the Brief Psychiatric Rating Scale
(BPRS) (Overall and Gorham, 1962) at baseline and follow up.
Premorbid functioning was measured with the Premorbid Adjustment
Scale (PAS) (Cannon-Spoor et al., 1982)(higher scores indicate lower
functioning) at baseline. As in previous studies (Allen et al., 2013;
Chang et al., 2016) premorbid adjustment was sub-divided into social
and academic functional domains. Functioning and quality of life at fol-
low upwere assessed with the Social and Occupational Functioning As-
sessment Scale (SOFAS) (Goldman et al., 1992) and Quality of Life Scale
(QLS) (Heinrichs et al., 1984) respectively.

Neurocognitive assessments were performed at baseline and follow
up.Memorywas assessed by Logical memory I and Visual Reproduction
I from the Wechsler Memory Scale-Revised. The Verbal Memory Index
was calculated from Logical memory I and Verbal Paired Associates I.
The Trail Making Test Parts A and B (Reitan and Wolfson, 1985) were
used. Trails A indexes psychomotor speed, while Trails B measures
set-shifting. The total words generated from the letters F, A, and S on
the COWAT (Benton and Hamsher, 1983) provided a measure of verbal
fluency at baseline only.

History of childhood maltreatment was assessed using the brief
Childhood Trauma Questionnaire (CTQ) (Bernstein et al., 2003), a 28-
item self-report instrument that assesses childhood experiences of
physical abuse and neglect, sexual abuse and emotional abuse and ne-
glect and provides a total score for all trauma.

2.3. Definition of persistent negative symptoms

Consistent with the Buchanan criteria (Buchanan, 2007), PNS were
defined as presence of at least one SANS global subscale score ≥3 at
baseline and at follow up, a combined total score of 6 or less on the
BPRS subscales of depression, guilt and suicidality (corresponding to
an average of “very mild” or less on each item), and a combined total
score of 16 or less on the BPRS psychotic subscales of conceptual
disorganisation, hallucinations, suspiciousness and unusual thought
content (corresponding to an average of “moderate” or less on each
item). No measure of extrapyramidal symptoms was used. However,
UHR individuals in the study group were not treatedwith antipsychotic
medication at baseline.

2.4. Analyses

We compared those with PNS (“PNS”) and those without PNS
(“noPNS”). Categorical variables were compared using chi-squared
tests. Continuous independent variables were checked for normality
using visual inspection of the histograms and Q-Q plots and
Kolmogorov-Smirnov test with Lilliefors correction (Peat and Barton,
2008). Skewed variables were log-transformed. Independent t-tests
were then used to compare means. An alpha level of 0.05 was used for
all statistical tests, with the Benjamini & Hochberg False Discovery
Rate (B-H FDR) used to correct for multiple comparisons (Benjamini
and Hochberg, 1995; Benjamini and Yekutieli, 2001). B-H FDRwas cho-
sen as, unlike the Bonferroni procedure, it does not assume that all tests
are independent. (In this case, for example, SOFAS and QLS are highly
correlated, and Trails A and Trails B are highly correlated with each
other at baseline and follow up).

3. Results

Three hundred and sixty-three participants had data at both baseline
and follow up that enabled the above definition of PNS to be applied.



Table 2
Post-hoc comparison of subtypes of childhoodmaltreatment in individualswith andwith-
out PNS.

PNS
N = 228

No PNS
N = 17

t p Cohen's d

CTQ emotional abusea 12.81 (1.54) 10.49 (1.62) −1.750 0.082 0.44
CTQ emotional neglecta 15.09 (1.50) 10.57 (1.58) −3.296 0.001 0.83
CTQ physical abusea 9.17 (1.81) 7.44 (1.57) −1.493 0.151 0.38
CTQ physical neglecta 8.53 (1.51) 7.26 (1.43) −1.502 0.134 0.38
CTQ sexual abusea 7.01 (1.76) 6.40 (1.62) −0.776 0.438 0.20

Abbreviations: CTQ = Childhood Trauma Questionnaire.
a Natural log back transformed.
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Mean followup timewas 7.4 years for the noPNS group and 7.8 years for
the PNS group (t = −0.524, p = 0.601). Of the 363 participants, 22
(6.1%) had PNS and 341 (93.9%) did not. Mean age did not differ be-
tween the groups (baseline mean age noPNS = 18.7, SD 3.3; PNS =
18.7, SD 3.1). Proportion of males in each group did not differ signifi-
cantly (PNS: 54.5% male, noPNS: 42.2%, χ2 (1) = 1.251, p = 0.263, ad-
justed p = 0.4653).

3.1. Premorbid and baseline correlates of PNS

Duration of illness prior to presentation to the PACE Clinic (variable
log-transformed) was longer in the PNS group compared to the noPNS
group, but not significantly after adjusting for multiple comparisons
(see Table 1). Premorbid social adjustment was significantly worse in
the PNS group compared to the noPNS group. This was evident across
the premorbid developmental periods of early adolescence (aged
12–15) and late adolescence (aged 16–18). Although there was no sig-
nificant difference in childhood social functioning, the effect size of
premorbid social adjustment differences between the PNS and noPNS
groups was consistently large across the developmental ages from
childhood to late adolescence (see Table 1). The only significant differ-
ence between the groups in academic adjustment was in late adoles-
cence, with no differences in childhood or early adolescence.

Baseline verbal fluency (COWAT score) was significantly poorer in
the PNS group compared to the noPNS group. Therewere no differences
between the groups in Trails A, Trails B, Logical Memory, Visual Repro-
duction or Verbal Memory Index at baseline (see Table 1). The number
of participants with baseline neurocognitive data was small and insuffi-
cient to analyse the transitioned and non-transitioned groups sepa-
rately. It was not possible to conduct a logistic regression to examine
predictors due to the large amount of missing data. Very few UHR indi-
viduals had both PAS and neurocognitive data available.

Participants in the PNS group had a significantly higher CTQ score (log
transformed) compared to those without PNS (Table 1). Post-hoc testing
to examine the sub-type of childhood maltreatment revealed that the
higher CTQ scores in the PNS groupwere due to higher emotional neglect
in this group compared to thenoPNSgroup. Therewerenodifferences be-
tween the groups in the other CTQ subscales (see Table 2).

3.2. Outcomes of participants with PNS compared to those without PNS

Ten of the 22 participants in the PNS group developed psycho-
sis (42.9%) compared to 89 of 341 in the noPNS group (26.3%), a
Table 1
Baseline associations for individuals with and without PNS.

PNS na No P

M (95% CI) M (9

Duration of illness, daysc 384.8 (203.8; 726.4) 17 206.3
CTQ totalc 55.47 (46.44; 66.24) 20 43.91

PNS na No P

M (SD) M (S

PAS childhood -social 2.75 (1.67) 8 1.45
PAS childhood - academic 1.75 (1.29) 8 1.52
PAS early adolescence – social 3.05 (1.39) 8 1.74
PAS early adolescence – academic 2.17 (1.60) 8 2.13
PAS late adolescence – social 3.39 (2.33) 7 1.74
PAS late adolescence – academic 3.38 (1.80) 7 1.60
Logical memoryd −0.172 (0.98) 4 0.010
Visual reproductiond −0.195 (1.09) 4 0.034
Verbal memory indexd −0.029 (1.07) 4 0.005
Verbal fluencyd −1.188 (0.369) 4 0.069
Trails A time(seconds) 50.00 (45.07) 4 27.65
Trails B time(seconds) 119.00 (45.07) 4 75.69

Abbreviations: PNS = persistent negative symptoms, na = number with PNS, nb = number w
cnatural log back transformed; dreported as z scores.
non-significant difference after adjusting for multiple comparisons
(χ2 (1) = 3.903, unadjusted p = 0.046, adjusted p = 0.0962).

PNS were associated with poor psychosocial functioning at follow-
up, with mean SOFAS and QLS scores both significantly different be-
tween the groups with large effects sizes (see Table 3). In post-hoc test-
ing to compare participants that transitioned to psychosis and those
that did not, functioning and quality of life at follow upwas significantly
worse in those with PNS compared to those without PNS in both
transitioned and non-transitioned groups (Table 4).

Processing speed (Trails A) at follow up was significantly slower in
the PNS group compared to the noPNS group. Logical Memory, Visual
Memory and Verbal Memory Index and Trails B did not differ signifi-
cantly between the groups. In those who transitioned to psychosis,
Trails Awas also significantly slower at follow up in the PNS group com-
pared to the noPNS group. There were no other differences in
neurocognitive functioning between the PNS and noPNS in those who
transitioned to psychosis. There were no significant differences in
neurocognitive performance at follow up between the PNS and noPNS
groups in thosewhodid not transition to psychosis (see Tables 3 and 4).
4. Discussion

4.1. Summary of findings

In this study, we showed that PNS begin even before the onset of the
first psychotic episode, in the group at UHR for psychosis, with a preva-
lence of 6.1%. This is lower than rates found infirst episode samples. This
is to be expected, as not all UHR patients will develop a psychotic disor-
der and some may never have been truly at risk (Yung et al., 1996).
NS nb

5% CI) t Adjusted p Cohen's d

(174.5; 242.5) 228 −2.001 0.106 0.51
(41.08; 46.12) 208 −2.468 0.040 0.65

NS nb

D) t Adjusted p Cohen's d

(1.42) 70 −2.123 0.095 0.84
(1.14) 70 −0.468 0.819 0.19
(1.36) 70 −2.505 0.046 0.95
(1.50) 70 −0.051 0.999 0.03
(1.32) 55 −2.670 0.046 0.87
(1.19) 55 −2.771 0.046 1.09
(1.00) 68 0.353 0.878 0.18
(1.00) 68 0.936 0.537 0.22
(1.00) 68 0.037 0.971 0.03
(0.982) 68 2.536 0.049 1.32
(8.84) 68 −0.990 0.534 0.69
(33.96) 68 −1.083 0.512 1.09

ith noPNS, PAS = Premorbid Adjustment Scale, CTQ = Childhood Trauma Questionnaire;



Table 3
Outcomes at long-term follow-up for individuals with and without PNS.

PNS
N = 22

No PNS
N = 245

t Adjusted p Cohen's d

M (SD) M (SD)

SOFAS 48.32 (11.02) 69.35
(15.50)

6.221 b0.001 1.56

QLS 61.36 (20.73) 99.72 (22.27) 8.44 b0.001 1.78
Logical memorya,b 0.04 (1.01) 0.02 (1.00) −0.191 0.976 0.02
Visual reproductiona,b −0.20 (1.09) 0.02 (0.98) 0.946 0.575 0.21
Verbal memory indexa,b −0.02 (0.66) 0.01 (1.00) 0.252 0.967 0.04
Trails A time (seconds)b 36.40 (11.03) 28.37 (12.10) −2.867 0.038 0.69
Trails B time (seconds)b 73.74 (24.86) 64.37 (21.22) −1.825 0.132 0.41

Abbreviations: PNS = persistent negative symptoms; SOFAS = Social and Occupational Functioning Assessment Scale; QLS = Quality of Life Scale.
noPNS = 234, PNS = 20.

a Reported as z-score.
b Numbers for neurocognitive testing.
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We found that individuals with PNS showed poor premorbid adjust-
ment. This is consistentwith evidence showing that peoplewith schizo-
phrenia frequently have poor premorbid adjustment before illness
onset (e.g. see (Schmael et al., 2007) for a review) and that poor
premorbid adjustment is associated with negative symptoms and poor
outcome, including in first episode psychosis samples (Chang et al.,
2016; Jeppesen et al., 2008; Jordan et al., 2018). Our PNS group had
poor premorbid social but not academic functioning compared to the
noPNS group. This is consistent with studies in first episode psychosis
(Chang et al., 2016; Chang et al., 2013; Jeppesen et al., 2008), and with
the finding that poor social functioning is more stable than poor role
functioning in the UHR group (Cornblatt et al., 2012). The finding of re-
duced academic aswell as social functioning in late adolescencemay re-
flect that the UHR state was already manifest.

Of note is that the large effect size for all social PAS scores was con-
sistent across childhood, early adolescence and late adolescence, imply-
ing chronic social impairment from an early age, consistent with a
neurodevelopmental disorder. The finding of a baseline neurocognitive
decrement in verbal fluency further supports this hypothesis. Against
this hypothesis was the finding of no association between PNS and
male gender or with long duration of illness, and that only one domain
of neurocognitive functionwas lower in the PNS group. It is also possible
that negative symptoms may influence premorbid adjustment, espe-
cially if negative symptoms have an early onset. However, we were un-
able to investigate the direction of causality in this study as premorbid
adjustment and baseline negative symptoms were both assessed at
study entry.

Further, while childhood trauma is a risk factor for psychotic ill-
nesses including schizophrenia (Varese et al., 2012), we hypothesised
that there would be no difference in rates of this between the PNS and
noPNS groups. This was based on speculation that there are two
Table 4
Post-hoc comparison of outcomes for individuals with and without PNS in the group that tran

No transition to psychosis

PNS
N = 11

No PNS
N = 177

t

M (SD) M (SD)

SOFAS 51.00 (10.85) 72.14 (13.23) 5.410
QLS 55.83 (19.70) 103.63 (17.61) 9.037
Logical memorya,b 0.148 (0.83) 0.071 (1.00) −0.252
Visual reproductiona,b −0.256 (1.07) 0.108 (0.90) 1.283
Verbal memory indexa,b 0.205 (0.68) 0.071 (0.97) −0.449
Trails A time (seconds)b 33.64 (6.19) 27.94 (12.50) −4.197
Trails B time (seconds)b 67.10 (12.83) 62.79 (20.27) 9.49

Abbreviations: PNS = persistent negative symptoms; SOFAS = Social and Occupational Functi
noPNS = 234, PNS = 20.

a Reported as z-score.
b Numbers for neurocognitive testing.
pathways to developing schizophrenia, “neurodevelopmental”
(Murray and Lewis, 1987; Weinberger, 1987) and “psychological”
(Bentall et al., 2014; Lardinois et al., 2011), with PNS being amanifesta-
tion of the ‘neurodevelopmental’ pathway. However, we found higher
rates of childhood maltreatment in the PNS group compared to the
noPNS group. Thus dividing psychotic disorders into
“neurodevelopmental” and “psychological” may be a false dichotomy.
Indeed, recent thinking around the neurodevelopmental hypothesis of
schizophrenia posits that genetic liability, early adverse experiences
(including childhood abuse) and later stressors interact in a “Develop-
mental Risk FactorModel of Psychosis” (Murray et al., 2017). Childhood
traumamay act as a risk factor through several differentmechanisms. It
is thought to sensitise vulnerable individuals to stress possibly through
alterations in the hypothalamic-pituitary-adrenal (HPA) axis (Ciufolini
et al., 2018; Lardinois et al., 2011). Psychological reactions to history
of abuse, such as enhanced threat anticipation, external attributional
biases and heightened interpersonal sensitivity, can create increased
stress and a vicious cycle (Reininghaus et al., 2016). Further, the detri-
mental effects of childhood maltreatment on the developing brain
may contribute to the cognitive impairments found in psychotic disor-
ders (Aas et al., 2012; Sheffield et al., 2013). Recently it has been sug-
gested that childhood trauma increases proneness to psychosis
through its effect on self-disturbances (anomalies in the subjective ex-
perience of the self) (Gawęda et al., 2018).

However, while there is increasing evidence about potential mecha-
nisms by which childhood trauma increases risk of positive symptoms
and cognitive dysfunction in psychotic disorders, there is a paucity of re-
search linking childhood abuse and negative symptoms. The current
study found higher rates of childhood emotional neglect, but not other
forms of abuse, in the PNS group compared to the noPNS group. We
could speculate that children with delayed development and unusual
sitioned and the group that did not transition.

Transition to psychosis

p PNS
N = 9

No PNS
N = 57

t p

b0.001 45.10 (10.89) 61.35 (18.58) 2.683 b0.001
b0.001 68.00 (20.94) 88.49 (29.48) 2.109 0.038
0.801 −0.076 (1.24) −0.210 (1.06) −0.357 0.722
0.201 −0.121 (1.74) −0.248 (1.74) −0.300 0.765
0.654 −0.316 (1.41) −0.199 (1.06) 0.292 0.771
0.136 39.78 (14.76) 29.70 (10.75) −2.479 0.016
0.508 81.11 (33.00) 69.21 (23.43) −1.287 0.203

oning Assessment Scale; QLS = Quality of Life Scale.
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affect may be susceptible to this form of maltreatment, or that emo-
tional neglect may contribute to a withdrawn, isolative state character-
istic of negative symptoms. It may also be that parents with
schizophrenia may be prone to emotionally neglect their children, so
an underlying genetic cause and/or a gene-environment interaction
may be occurring, such that the parent with negative symptoms may
emotionally neglect a child who is genetically vulnerable to negative
symptoms and the neglect also results in negative symptoms. This is
all speculative, and further research in the area of childhood trauma
and negative symptoms is needed.

As hypothesised, compared to participants without PNS, those with
PNS had poorer long-term social functioning and quality of life. This
was evident in both the group that did and did not develop psychosis.
These results are consistentwith findings in first episode psychosis pop-
ulations showing that PNS predict poor functional outcome (Chang
et al., 2016; Galderisi et al., 2013; Hovington et al., 2012; Jordan et al.,
2018; Ventura et al., 2015).

Verbal memory, verbal fluency and processing speed have previ-
ously been found to be associated with negative symptoms and func-
tional disability in schizophrenia (McDowd et al., 2011; Narayanan
et al., 2015; Ojeda et al., 2008). While we did not find anymemory dys-
function in this UHRPNS group compared to the noPNS group, our study
showed that the PNS group had impaired verbal fluency at baseline and
slowed processing speed at follow up, including in the subsample that
developed psychosis. Previous research has suggested that processing
speed is a core factor determining functional capacity in schizophrenia
and mediates the relationship between verbal memory, verbal fluency
and functioning (Ojeda et al., 2008), while others suggest that negative
symptoms explain most of the variance in functioning (Dickinson and
Coursey, 2002; Revheim et al., 2006) and influence the ability to process
information. More recently it has been suggested that premorbid ad-
justment and verbal memory contribute to functional outcomes in
first episode psychosis through both persistent positive and negative
symptoms. In this model, while PNS have a greater andmore prolonged
effect on functioning, persistent positive symptoms significantly reduce
functioning early in the course of illness (Jordan et al., 2018). We were
not able to examine these associations in our study, but our findings in-
dicate that functional disability, slower processing speed, and negative
symptoms occur early in the course of illness. Individuals with these
features may be at risk of non-recovery.

Half of the patients with PNS in this sample did not develop a psy-
chotic disorder at follow up. Nonetheless they were functioning poorly.
It may be that PNS are a marker of poor functional outcome, regardless
of diagnosis. The PNS group that did not transition could be
conceptualised as having negative schizotypy - schizotypal personality
disorder without positive symptoms - or schizotaxia - a non-psychotic
condition on the schizophrenia spectrum characterised by negative
symptoms and neurocognitive impairment (Tsuang et al., 2002). Their
presentation is also consistent with Cornblatt et al.'s “CASIS” syndrome,
a constellation of cognitive deficits, affective disturbances, social isola-
tion, neurocognitive impairment and school failure, that they view as
an early “prodrome” to schizophrenia, occurring before the onset of
positive psychotic experiences (Cornblatt et al., 2003). All of these con-
structs are conceptually similar. It may be that presence of PNS indicates
a subtype of UHR patients who are closer to the neurodevelopmental
type of schizophrenia than those without PNS, even in the absence of
development of full threshold positive psychotic symptoms. The clinical
picture may remain stable and these individuals may continue to func-
tion poorly even in the absence of transition to psychosis (Yung et al.,
2010). Additionally, some of these individuals may continue to be at
risk of developing a psychotic disorder.

4.2. Clinical implications

Our study has potential clinical implications. Currently individuals
meeting UHR criteria are offered cognitive behavioural therapy and
monitoring of mental state, regardless of presentation (National
Institute of Clinical Excellence, 2014, 2015). Finding that PNS begin
and are identifiable in the UHR group means that it may be possible to
stratify UHR patients and target the PNS group for specific treatment,
such as exercise (Firth et al., 2015; Firth et al., 2017), cognitive remedi-
ation (Bellucci et al., 2003; Javitt, 2014), and other psychosocial treat-
ments (Lutgens et al., 2017), and for development and trialling of new
interventions (Davis et al., 2014; Goff, 2017; Javitt, 2014). It also
means that first episode psychosis patients should have their negative
symptoms carefully assessed, as PNS may be identifiable in these indi-
viduals soon after service entry if they had a history of primary negative
symptoms in the prodromal period or even prior to this. This suggests
the possibility for early stratification of care pathways for these patients
as well. The above treatments could be used along with early consider-
ation of clozapine therapy – currently underused in early psychosis
(Thien et al., 2018).

4.3. Limitations

PNS in this UHR study group were defined as presence of negative
symptoms at baseline and follow up. The follow up period varied be-
tween 2.4 and 14.9 years. Although all had negative symptoms for at
least 6 months, as specified in Buchanan's definition (Buchanan,
2007), the duration varied. Additionally, we do not know if there was
any period of remission of negative symptoms between follow up
points. To exclude secondary negative symptoms due to depression,
we used the BPRS subscales of depression, guilt and suicidality but not
anxiety. The rationale for this was that recent research applying the
polygenic risk score for schizophrenia to a community sample of
young people suggests that genetic risk for schizophrenia manifests it-
self in adolescence as negative symptoms and anxiety but not depres-
sion (Jones et al., 2016). Thus including anxiety may mask a genetic
vulnerability to schizophrenia.We note also that the Calgary Depression
Scale for Schizophrenia (Addington et al., 1993), which does not include
any anxiety items, is recommended by Buchanan (2007), and was used
by Hovington et al. (2012), to exclude depressive symptoms from the
definition of PNS.

A further limitation was that there were few individuals with PNS,
and the number of PNS participants in the post-hoc analysis of
transitioned versus non-transitioned samples was small (n = 9 and
11 respectively). Missing data was also a problem. Because few partici-
pants had neurocognitive, childhood trauma and premorbid adjustment
assessments, we were unable to conduct a logistic regression to exam-
ine predictors of PNS in more detail to investigate the amount of vari-
ance explained by each potential factor. Further, some of the poor
functional outcome in the PNS group that developed psychosis could
be due to issues other than the PNS, such as positive symptoms, sub-
stance abuse and other factors known to impact on functional outcome
in early psychosis (Bertelsen et al., 2009; Jordan et al., 2018;Wade et al.,
2007; White et al., 2009).

4.4. Conclusion

Our study indicates that PNS are identifiable early in the course of
psychotic illness. Negative symptoms should be assessed and moni-
tored in the UHR group. Further research using larger samples would
be valuable. This may enable the examination of separate diminished
expression and avolition-apathy PNS subtypes and could investigate
the pathophysiology of PNS and their association with neurocognition,
premorbid adjustment and childhood trauma. This could lead to
hypothesis-driven intervention trials in early psychosis directed to-
wards this important unmet therapeutic target.
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