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Abstract

Background: It is unclear whether psychotic experiences (PEs) gradually merge into states of clinical psychosis
along a continuum which correspond to a dimensional classification or whether latent classes appear above a
certain severity threshold which correspond better to diagnostic categories of psychosis.

Methods: Annual cross-sectional surveys, 2014-19, among Chinese undergraduates (N =47,004) measured PEs,
depression and etiological risk factors using standardized self-report instruments. We created a psychosis continuum
with five levels and tested linear and extra-linear contrasts in associated etiological risk factors, before and after
adjustment for depression. We carried out latent class analysis.

Results: Categorical expression of psychosis, including hallucinations and delusions, nuclear symptoms, and nuclear
symptoms and depression were found at severe level 5. Etiological risk factors which impacted linearly across the
continuum were more common for depression. Child maltreatment impacted extra-linearly on both psychosis and
depression. Family history of psychosis impacted linearly on psychosis; male sex and urban birth impacted extra-
linearly and were specific for psychosis. Four latent classes were found, but only at level 5. These corresponded to
nuclear schizophrenia symptoms, nuclear schizophrenia and depressive symptoms, severe depression, and an
unclassified category with moderate prevalence of PEs.

Conclusion: Quantitative and qualitative changes in the underlying structure of psychosis were observed at the
most severe level along a psychosis continuum, where four latent classes emerged. These corresponded to existing
categorical classifications but require confirmation with clinical interview. PEs are non-specific and our findings
suggest some are on a continuum with depression, whilst others are on a continuum with non-affective psychosis.
Differing patterns of impact from etiological risk factors across the spectrum of psychopathology determine
outcome at the most severe level of these continua.

Keywords: Psychotic experiences, Psychosis continuum, Extra-linearity, Etiology, Psychosis subtypes

* Correspondence: xuntao26@hotmail.com

fJeremy W. Coid and Yamin Zhang contributed equally to this work.
'Mental Health Center and Psychiatric Laboratory, the State Key Laboratory
of Biotherapy, West China Hospital of Sichuan University, Chengdu, Sichuan,
China

“Hangzhou Seventh People’s Hospital, Affiliated Mental Health Center,
Zhejiang University School of Medicine, Hang zhou, Zhejiang, China

Full list of author information is available at the end of the article

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12888-021-03498-3&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:xuntao26@hotmail.com

Coid et al. BMC Psychiatry (2021) 21:574

Background

Psychotic experiences (PEs) are common in the gen-
eral population and described as an extended pheno-
type of psychosis along a continuum, with clinical
psychosis at the far end of severity [1]. If PEs grad-
ually merge into states of clinical psychosis with no
identifiable point of transition along the psychosis
continuum, then dimensional diagnostic approaches
are appropriate. However, if at a threshold of severity
along the continuum there is both quantitative and
qualitative underlying change in psychotic symptoms
with appearance of latent classes [2, 3], this would
support a categorical diagnostic approach. Binbay and
colleagues [2] showed that increasing levels of severity
along a “spectrum”, from PEs to psychotic symptoms
to clinical psychosis, were influenced by a range of
predictor variables. These included etiological factors
and other non-psychotic psychopathological symp-
toms. Association between a particular predictor vari-
able and position on the psychosis continuum could
increase linearly, with increasing levels of impact of
the predictor variable (continuity). Alternatively, there
could be a disproportional shift up or down above
the level of the predictor variable on the continuum
(discontinuity). If there was a sudden shift upwards,
this was positive extra-linear discontinuity, represent-
ing dramatic sudden increase in impact of the pre-
dictor variable, with wunderlying quantitative and
additional qualitative changes in psychotic symptoms
towards the most severe end of the continuum. If a
sudden downwards trend, negative extra-linear dis-
continuity which indicates declining or absence of im-
pact from the predictor variable towards the end of
the continuum. If there were linear increase, this means
graded increase in risk (continuity) and likely to be the
outcome of additive effects of etiological risk factors
resulting in increasingly severe, but correspondingly lin-
ear, presentation of psychosis. However, extra-linear in-
crease means that threshold effects occur in the form of
sudden increase in risk beyond a certain value discontinu-
ity (see Figure S1 for diagrammatic representation of lin-
earity and extralinearity). Extra-linearity, shown by
dramatic increase in associations between psychotic symp-
toms and etiological factors at the severe end of a con-
tinuum has been described as a “quasi-continuous”
relationship, explained by unmeasured moderators, with
multifactorial etiology, and where multiple factors interact
with each other [2, 4, 5]. Furthermore, there could be
underlying changes in symptoms associated with extra-
linearity which are not simply linear, with the hypothe-
sized appearance of latent classes as distinct categorical
entities. However, an association between both extra-
linearity and appearance of latent classes along a psychosis
continuum has not yet been confirmed.
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Are associations between predictors and PEs confounded
by depression?

Although PEs are considered specific risk factors for
transition to psychotic disorders such as schizophrenia,
they are also non-specific, with risks for both psychotic
and non-psychotic disorders [6, 7]. In the latter, PEs
show no clear demarcation from symptoms of affective
disorders [8—10] and can modify clinical and functional
severity of depression (and other common mental disor-
ders) resulting in poorer clinical course and functional
outcome [11-13]. It has been argued that individuals
with PEs are more likely to develop common mental dis-
orders, including mood disorders, than psychotic dis-
order [7, 8]. PEs and affective symptoms could therefore
show different quantitative and qualitative associations
at different levels across a continuum. For example, a
general population psychosis continuum showed dose-
response linear relationships with both Manic and De-
pressive symptoms [2]. However, at the most severe level
which included clinical cases of schizophrenia, linearity
was no longer observed and associations with affective
symptoms were considerably weaker [2]. This suggests
there could be two different subtypes of psychosis: first,
an extended psychosis phenotype associated with other
non-psychotic conditions, primarily depression, where
PEs and psychotic symptoms are closely associated with
depressive symptoms across a continuum. Second,
psychotic symptoms along a continuum with schizo-
phrenia [14]. Associations between key risk factors and
the latter subtype would only emerge following statistical
adjustment for depressive symptoms because the associ-
ations would at first be confounded by the depressive
symptoms.

Our aims were firstly, to describe the extended psych-
osis phenotype in our sample and model its relationship
with depressive symptoms. Secondly, investigate associa-
tions between categorical constructs of psychosis, other
non-psychotic psychopathology and 5 levels of severity
of PEs across the continuum, before and after adjusting
for depression. Thirdly, investigate linear and extra-
linear associations between demography, categorical
constructs of psychosis and depression, and putative
etiological risk factors by identifying linearity and extra-
linearity across the continuum, both before and after
adjusting for depression. We finally aimed to identify
whether latent classes of psychosis exist, independent
from depression, at what level of psychosis symptom se-
verity these emerge, and whether they corresponded to
current classifications of psychosis to support existing
categorical subtypes.

Methods
We used a method previously pioneered by Binbay and
colleagues [2] to investigate the full continuum of
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subclinical psychosis in a population of university stu-
dents. We measured associations between continuous
and categorical measures of PEs, other phenotypical ex-
pression of psychosis, and etiological risk factors. We
further tested whether underlying latent categorical
structures were identifiable across the continuum [2,
15]. Latent Class Analysis (LCA) classifies population
heterogeneity into categorical groups of homogeneous
individuals with implications for classification. In LCA, a
group of people who are homogeneous in their symptom
profile should present as a single latent class. More than
one latent class would suggest multiple groups of indi-
viduals who are distinguishable based on their symptom
profile and would be consistent with the need for differ-
ent diagnostic categories to reflect these different symp-
tom typologies [16]. We additionally tested whether our
findings had been confounded by depressive symptoms
associated with PEs.

Participants

The Sichuan University Students Study is an ongoing in-
vestigation into mental health problems associated with
student life, risk factors preceding university entry, and
their impact on academic performance and mental
health. All freshmen are invited annually to complete a
questionnaire on-line, with a follow-up subsample at 1
year. The first year cross-sectional study sample was
used for this investigation and included male and female
respondents, 2014—2018. Students were asked to partici-
pate 1-3 months after university entry. After excluding
those who gave incomplete information, 47,004 were in-
cluded, an 83.9% response rate. More details can be
found in our previous publications [17, 18].

Measures

PEs

The Symptom Checklist-90-Revised (SCL-90-R) [19]
assessed PEs in the past year. It has shown reliability
among the Chinese general population [20] and univer-
sity students [21]. The 16 variables were all moderately
to strongly correlated with each other (Pearson’s correl-
ation coefficient 0.24-0.57) and principal component
analysis revealed a single component with eigenvalue
greater than unity (6.47) explaining 40.4% of the vari-
ance. The variables were therefore combined into a sin-
gle scale, 15 consisting of the sum score of the items,
with good internal consistency (Crohnbachs alpha: .90).
Two symptom dimensions relevant to psychosis include
10 items in the psychoticism and 6 items in the paranoia
subscales. These were combined into a 16-item continu-
ous measure of PEs as primary outcome. Scores ranged
from 0 “not at all” to 4 “extremely” on a 5 point Likert
scale. We created a psychosis continuum by dividing the
population into 5 levels of PE severity. Since SCL-90-R
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scores followed half-normal distribution, a fold at the
mean of an ordinary normal distribution with mean
zero, we complemented the ordinary normal distribution
by adding minus SCL-90-R score of all subjects. We cre-
ated a continuum of PEs by setting scores of 0 (mean of
the normal distribution dataset) as reference, then in-
cluded one, two, three, and more than three standard
deviations (SDs) which is 7.42 from 0 to create levels 2,
3, 4, and 5 respectively (see Supplementary materials).

We created two dummy variables, “Schizophrenia Nu-
clear Symptoms” and “Hallucinations and delusions” by
including a selected number of items from the Psychoti-
cism and Paranoid ideation sub-scales. To obtain these
categorical psychosis measures of psychosis, we re-coded
SCL-R-90 items as symptoms, present when scoring 2
(moderate) or above: (i) A categorical measure of
Schizophrenia Nuclear Symptoms was created based on
a previously developed SCL-R-90 sub-scale [8, 22]: >3 of
4 items rated =2 by Rossler and colleagues; (ii) Following
the method of Binbay et al. [2], we created a dichotom-
ous variable reflecting the combination of a hallucination
with at least 1 delusion. “Hallucinations and Delusions”
were present when Hearing Voices and two of four per-
secutory items in the Paranoid Ideation sub-scale were
rated >2. More details of individual items used to create
these dummy variables can be found in Supplementary
materials.

Depression

The Patient Health Questionnaire-9 (PHQ-9) Depression
module of the Prime-MD diagnostic instrument for com-
mon mental disorders measured Depressive symptoms
over the past 2 weeks [23] with a categorical measure of
probable Depressive disorder at 15 and above [24].

Psychiatric diagnosis

Participants were asked if they had ever consulted a
medical practitioner and received a diagnosis of psych-
otic or non-psychotic mental disorder.

Etiological risk factors

Family income was rated at five levels ranging from <
5000 to > 100,000 RMB. Low family income was defined
as below 10,000 Yuan annually. A total of 42,227 (89.8%)
students were majority Han Chinese, with 840 (1.8%)
Tujia, 440 (0.9%), Hui, 424 (0.9%) Miao, 370 (0.6%) Yi,
324 (0.7%) Man, 301 (0.6%) Tibetan, and 1812 (3.9%)
from other ethnic minorities.

Participants were asked if first degree relatives had
been diagnosed with severe (psychotic or non-psychotic)
mental disorder. Birth place defined under China’s
household registration was rated on six-levels from rural
(countryside) to municipal city directly under the
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Central Government [25]. Urban birth was rated at pro-
vincial capital city level 5 and municipal city 6.
Participants self-reported childhood adversities using
Childhood Section of the Chinese World Mental Health
Initiative Composite International Diagnostic Interview
[26, 27], including loss of parent through divorce or death,
experience of physical, sexual abuse, or neglect before 16.

Statistical analysis

The relationship between PEs and depressive symptoms
was investigated using Spearman correlation across the
entire continuum and five levels.

Associations between 5 levels of continuum and other
variables were expressed as {3 derived from linear regres-
sion for continuous variables or OR derived from logistic
regression for dichotomous variables. Our reference level
1 was no PE scores on SCL-90-R. Continuum was mod-
elled as independent variable. It should not make any
difference whether continuum is the dependent or inde-
pendent variables because this is a cross-sectional study.

The layout of the results in the tables is as follows. For
each psychopathological (Table 2), or putative etiological
(Table 3) variable, results were depicted in the corre-
sponding table row, showing (1) the OR for association
with the 5 groups of the spectrum variable (with absence
or lowest level of PEs as the reference group, i.e. OR =
1), (2) whether or not the association deviated from lin-
earity and, if so, deviation was positive or negative

(Fig. 1), and (3) the test for significance for deviation
from linearity.
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To identify homogeneous subgroups, LCA were
carried out using items in SCL-R-90 and PHQ-9 in
the total sample and at different levels for subsam-
ples. LCA is often used to identify subgroups that
have a given probability of occurrence and are
characterized by a specific and predictable combin-
ation of the analysed features. It derives classes using
a formal probabilistic approach. The optimal number
of classes is one that minimizes the degree of
relationship among cases belonging to different clas-
ses [28].

Models with 2 to 6 classes were compared for each
dataset first then a model with more classes was fit-
ted if necessary. We used maximum likelihood as the
estimator and all LCA models were estimated with 50
random starts at the initial stage and 5 optimisations
at the final stage; if the log-likelihood could not be
replicated (an indication of local maxima), we in-
creased the parameters to 2000 and 200 respectively.
The best solution is the solution with the largest log-
likelihood.

Selection of optimal number of latent classes was
based on information criteria, Lo-Mendell-Rubin (LMR)
test, and entropy. More details can be found in the sup-
plementary materials. We finally drew a plot of model
probabilities of response for each item, where y axis is
the probability that people within LC endorse a specific
item (score>2). To characterize the relationship be-
tween each class and psychopathological, etiological vari-

ables, logistic regression was used with classes as
independent variable.

Probability
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Table 1 Correlation of Psychotic Experiences and Depression for level of outcome across five levels (n = 47,004)

PEs level1 PEs level2 PEs level3 PEs level4 PEs level5

N=13,978 N =23,567 (50-1%) N =6402 (13-6%) N=2118 (4-5%) N =939 (2:0%)

(29:7%)

Mean B Mean B (95%ClI) Mean (SD) B Mean (SD) B Mean (SD) B

(SD) (SD) (95%Cl) (95%Cl) (95%Cl)
Psychotic Experiences 0(0) 000  329(1:92) 3:29% 1031 (1:94) 1031%%%°  17.55 (2.15) 17:55¥%*°  29.75 (7.26) 29.75%**°
(SCL90-R) (Ref) (3-25-3-33) (10-25- (17-46- (29-62-
4-44 (SD 5-95) 10:37) 17-64) 29-87)
Depressive Symptoms 092 (1-83) 0:00  2:97 (2:52) 1-88***° 552 (342) 461%*° 777 (423) 686**° 1111 (566) 10-19%**°
(PHQ 9) (Ref) (1-82-1-93) (4-53- (6:73— (1001-
3:00 (SD 3-42) 4-69) 6-98) 1037)
Rho (95%CI)° - 0-35%@ (034, 0-20%@ 0-10* 0-25*

0-36) (018, (0-06, 019,
0-23) 0-15) 0-31)

2Spearman correlation was performed, where rho is the correlation coefficient and Cl is the confidence interval

*p < 0:05, **p < 001, **p < 0-001
$,

: significance after correction for regressions of 21 variables using Bonferroni’s correction and the new threshold is 0.05/21 = 0.0024

@ significance after correction for 4 correlations using Bonferroni's correction and the new threshold is 0.05/21=0.0125

LCA analyses were carried out in Mplus 7.4. All other
analyses were carried out using R3.3.2. Bonferroni’s cor-
rection was applied to correct multiple comparisons.

Results

Modelling PEs and depressive symptoms across the
continuum

Mean age of the student population was 18.12 years (SD
0.91), 49.9% were male, most Han Chinese (89.8%), with
family backgrounds having high or medium level earn-
ings (85.1%). Table 1 shows distribution of PEs and De-
pressive symptoms across the continuum. Depressive
symptoms showed a dose-response linear relationship
with increasing severity of PEs across each level. Fig. S2
shows this linear relationship but also that the mean
score of PEs was not entirely linear following
standardization, with increase in levels 4 and 5. Al-
though PEs and Depressive symptoms were highly corre-
lated across the entire continuum, p = 0.64 (0.63-0.65)
using Spearman rho, Table 1 and Fig. S2 show non-
linear, U-shaped, underlying patterns of correlation
across levels of severity. Correlations declined linearly
from level 1 to 4, followed by a rise in correlation at
level 5.

Categorical measures of psychosis, depression, and non-
psychotic psychopathology

Table 2 shows distribution of categorical measures of
psychosis phenotypes, depression, and clinical diagnoses
across the continuum. Hallucinations and Delusions,
Nuclear symptoms, and Nuclear symptoms and depres-
sion could not be tested for extra-linearity but showed
substantial increase in odds of association at level 5.
There was no attenuation following adjustment for de-
pression which resulted in increased odds of association

between level and each of these three phenotypes. Clin-
ical diagnoses of Schizophrenia and non-psychotic dis-
order showed a dose-response linear relationship,
together with positive extra-linear associations across
the continuum. Adjustment for depression measured
using the PHQ-9 resulted in attenuation. Positive extra-
linearity was also found for depressive disorder across
the continuum.

Etiology and psychosis continuity

Table 3 shows distribution of etiological and demo-
graphic variables. Younger age showed dose-response as-
sociations across the continuum which increased after
adjustment. However, adjustment resulted in extra-
linearity in association with age being no longer being
significant. A dose-response association between psych-
osis and male sex emerged after adjustment, with
positive extra-linear association. A dose-response rela-
tionship between ethnic minority status was observed
until level 4. Linearity was no longer observed following
adjustment. Similarly, low family income initially showed
a dose-response relationship and positive extra-linearity,
but neither relationship was observed following
adjustment.

There was a dose-response association with Family
History of psychosis across the continuum. This
remained following adjustment, but with attenuation.
There was a dose-response relationship between family
history of non-psychotic disorder until level 4, but this
association was not significant at level 5. This pattern
remained, with attenuation, after adjustment.

There was a dose-response relationship with urban
birth until level 4 but with negative odds of associ-
ation across the continuum. Following adjustment,
these odds of association were increased positively
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Table 4 Goodness of fit for latent class models (n =47,004)
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Number of Log Number of AIC BIC AdjBIC LMRT P-  Entropy BLRTP-  No. classes with n<5%
classes Likelihood parameters value value study sample
Level 1-5

2 - 156,499 51 313,100 313,547 313,385 0.33 0.94 0.00 0

3 —151,298 77 302,751 303,425 303,180 0.00 0.90 0.00 1

4 —-148,819 103 297,844 298,746 298419 0.00 091 0.00 1

5 - 147,881 129 296,016 297,146 296,736 0.68 0.90 0.00 2

6 -147,078 155 294,467 295,824 295332 0.00 0.89 0.00 4
Level 1-4

2 —-133,617 51 267,337 267,783 267,620 0.00 0.90 0.00 0

3 -130,798 77 261,750 262423 262,178 0.00 0.89 0.00 1

4 —129473 103 259,153 260,053 259,726 0.00 0.88 0.00 2

5 —129,004 129 258,267 259,394 258984 068 0.85 0.00 3

6 - 128,604 155 257,519 258874 258381 0.10 0.86 0.00 5
Level 5

2 —-13,929 51 27960 28208 28046 0.00 0.83 0.000 0

3 —13,748 77 27,651 28024 27,780 0.0004 0.85 0.000 0

4 -13,579 103 27365 27864 27537 0.001 0.87 0.000 0

5 -13,456 129 27170 27,795 27386 0.11 0.83 0.000 0

6 -13,389 155 27,088 27839 27347 072 0.78 0.000 1

For binary responses, SCL-90-R (cutoff = 2); PHQ9 (cutoff = 2)
LMRT Lo-Mendell-Rubin test

BLRT Bootstrap Likelihood Ratio Test

Numbers in bold are indicative when selecting the best model

rather than attenuated. This association across the
continuum showed positive extra-linearity which
showed increase after adjustment for depression.

Loss of parent through divorce showed a dose-
response association with attenuation after adjust-
ment. Loss of parent through death showed a linear
relationship until level 4 which was attenuated fol-
lowing adjustment. For adverse childhood experi-
ences of physical and sexual abuse and neglect,
dose-response linear relationships remained, together
with positive extra-linear associations following ad-
justment, although each showed some reduction in
extra-linearity following adjustment.

Latent classes
Table 4 shows results of fitting LC models with different
numbers of classes to binary SCL90-R symptoms. No LC
solution could be found for either the entire sample or
between levels 1-4. However, in level 5 a 4-class solu-
tion can be selected (Fig. 1). LMRT and entropy sug-
gested a 4-class model. Although BIC suggested a 5-
class model, adjusted BIC kept decreasing as the number
of classes increasing. Therefore, a 4-class solution was
selected.

Figure 1 shows the four latent classes found at level 5.
Class 1 was the largest (N=490, 52.2%) and

characterized by moderately high prevalence of SCL-R-
90 items but low prevalence of PHQ-9 depressive symp-
toms and was classified as a High Risk state for psych-
osis along a spectrum with schizophrenia but not
meeting criteria for the latter in terms of level of severity
of psychosis. Class 2 (N =337, 35.9%) was characterized
by both moderately high SCL-R-90 items and depressive
symptoms and was classified as moderate-severe Clinical
depression. Class 3 (N =51, 54%) by high SCL-90-R
items and lowest prevalence of depressive symptoms and
was classified as showing prototypical symptoms and
clusters of symptoms of Schizophrenia. Class 4 (N =61
6.5%) by both high prevalence of SCL-R-90 items and
depressive symptoms and was classified as Schizophre-
nia/Depression showing features that could be consid-
ered indicative of schizoaffective disorder or alternatively
schizophrenia with co-morbid depressive episode. Table
S1 further discriminates between the four classes by
comparing prevalence of SCL-R-90 items and depressive
symptoms with Class 1 as reference. Higher prevalence
of most depressive symptoms were found for classes 2
and 4, and SCL-90-R items for classes 3 and 4, also
shown in Fig. 1. However, when comparing classes 1 and
2, Class 1 showed higher prevalence for hearing voices,
believing others aware of thoughts, being watched or
talked about, and people taking advantage,
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Table 5 Comparison of SCL-90-R score, psychosis phenotype, and clinical diagnosis between Classes (n = 939)

Class 1 Class 2 Class 3 Class 4 Class 1 Class 2  Class 3 Class 4 Class 4
(High (Depression) (Prototypical (Schizophrenia/  B(95%Cl)  B(95%Cl) B(95%Cl) B(95%Cl) vs.3
Risk) N=337 Scizophrenia) Depression) B(95%Cl)
N =490 (35.9%) N=51 N=61
(52.2%) (5.4%) (6.5%)
Psychotic Experiences 27.40+ 2930+545 3967 +10.35 4280+ 10.17 0 (ref) 1.07%%%5 1226%%5  1542%5 93
(SCL-90-R) 445 (1.11- (10.6- (13.88- (-0.9-
272) 13.93) 16.97) 6.76)
Paranoid ideation 11.00 + 11.12+339 1518+4.15 16.15+4.18 0 (ref) 0.10 4189 51305 (gg
subscale 2.96 (-0.35- (3.23- (4.25- (—=0.70-
0.56) 5.12) 6.00) 2.39)
Psychoticism 1640 + 1818+423  2449+648 26.66+6.70 0 (ref) 18717055 g Ogrexd 1029 208
subscale 3.56 (1.22— (6.86— (9.16— (- 0.39-
2.40) 9.32) 11.43) 4.56)
Class 1 Class 2 Class 3 Class 4 Class 4
OR(95%CI) OR OR OR vs.3
(95%Cl) (95%Cl) (95%Cl) OR
(95%Cl)
Hallucinations and 115 38 (11.3%) 27 (52.9%) 34 (55.7%) 1 (ref) 0.40%%*° 377w 3.93w0x8 1.07
Delusions (23.5%) (0.27- (2.05- (2.26— (0.50-
0.60) 6.72) 6.85) 2.27)
Schizophrenia 131 66 (19.6%) 50 (98.0%) 55 (90.2%) 1 (ref) 0.65* 1441755 2635%5 ()]
nuclear symptoms (26.7%) (047- (19.68— (11.03- (0.02-
0.92) 1056.25) 62.96) 1.84)
Nuclear symptoms 0 (0%) 37 (11%) 0 (0%) 45 (73.8%) 1 (ref) na. na. na. na.
and Depression
Depression (cutoff) 0 (0%) 195 (57.9%) 0 (0%) 51 (83.6%) 1 (ref) n.a. n.a. n.a. n.a.
Diagnosed 4 (0.8) 7(2.1) 1(2.0) 2 (3.3) 1 (ref) 257 2.14 3.13 1.38
Schizophrenia (0.74— (0.23- (0.53- 0.11-
8.92) 19.97) 18.53 17.44)
Diagnosed Non- 90 (18.4) 99 (29.4) 11 (21.6) 20 (32.8) 1 (ref) 1.84%%%5 1.21 2.09% 1.72
Psychotic Disorder (1.33- (0.60- (1.17- 0.71-
2.56) 245) 3.75) 4.16)

Adjusted for age and sex

%: significance after correction for regressions of 21 variables using Bonferroni's correction and the new threshold is 0.05/21 = 0.0024

corresponding to a high risk state on a spectrum with
schizophrenia. Class 2 showed lower prevalence for
lonely even with people, something wrong with body,
never feeling close to another person, and something
wrong with their mind, corresponding to Depressive
disorder.

Table 5 shows higher mean scores for SCL-90-R items
in Classes 2, 3 and 4 than Classl, with highest scores in
Class 4. Hallucinations and delusions and nuclear symp-
toms were less prevalent in Class 2 than 1 and more
prevalent in Classes 3 and 4. Nuclear symptoms and de-
pression was mainly found in Class 4. There were no
cases in either Class 1 or 3 that met the threshold for a
diagnosis of depression using PHQ-9. There were no dif-
ferences between classes in prevalence of a clinical diag-
nosis of schizophrenia, although classes 2 and 4 showed
higher prevalence of clinical diagnosis of non-psychotic
disorder.

Table 6 shows discriminating demographic and etio-
logical risk factors. Classes 2 and 4 were more likely
from an ethnic minority. Class 4 was more likely to have

low family income, to be older, and report sexual abuse
in childhood. Classes 2 and 4 were more likely to have
experienced physical abuse and neglect.

When comparing Classes 3 and 4, these were differen-
tiated by associations with depressive symptoms (Table
S1) and by urban birth (Table 6).

Discussion

The underlying structure of psychosis demonstrated
marked quantitative and qualitative change at level 5
along a continuum of psychosis. Psychotic symptoms
initially showed a pattern of increase resembling a sim-
ple dimension (continuity). However, with increasing se-
verity towards a threshold at which hallucinations and
delusions, nuclear symptoms, and clinical schizophrenia
were observed, there was both extra-linearity in associ-
ated symptoms of depression and the impact from cer-
tain etiological risk factors (discontinuity). Once this
level was reached, natural boundaries began to emerge
between symptom clusters, and finally four LCs were ob-
served. These underlying changes are further
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Table 6 Comparison of Demography and putative Etiological Risk Factor between Classes (n = 939)

Class 1 Class 2 Class 3 Class 4 Class1 Class2 Class3 Class4 Class 4
(High Risk) (Depression) (Prototypical (Schizophrenia/ OR OR OR OR vs.3
N =490 N=337 Schizophrenia) Depression) (95%Cl) (95%Cl) (95%Cl) (95%Cl) OR
(52.2%) (35.9%) N=51 (5.4%) N=61 (6.5%) (95%Cl)
Male 252 (51.4%) 157 (46.6%) 28 (54.9%) 32 (52.5%) 1 (ref) 0.82 1.15 1.04 091
(0.62- (0.64- 061- (043-
1.09) 2.05) 1.78) 1.91)
Ethnic minority 56 (11.4%) 38 (11.3%) 4 (7.8%) 5 (8.2%) 1 (ref) 35.59%% 156 83.76™*° 084
(2351-  (063- (36.7— (031-
53.87) 3.90) 191.16)  2.31)
Low family income 83 (16.9%) 70 (20.8%) 13 (25.5%) 18 (29.5%) 1 (ref) 1.29 1.68 2.05% 1.22
(0.90- (0.86- (1.13- (0.53-
1.83) 3.29) 3.74) 2.82)
Family History 6 (1.2%) 7 (2.1%) 1 (2.0%) 2 (3.3%) 1 (ref) 165 1.66 3.06 1.74
(psychosis) (0.55- (0.19- (0.60— (0.15—
4.99) 14.12) 15.68) 20.52)
Family History (non- 3 (0.6%) 7 (2.1%) 0 (0%) 0 (0%) 1 (ref) 337 0 (0-Inf) 0 (O-Inf) 1 (O-Inf)
psychosis) (0.86-
13.17)
Urban birth 72 (14.7%) 39 (11.6%) 10 (19.6%) 4 (6.6%) 1 (ref) 0.76 143 042 0.28%
(0.50- (0.69- (0.15- (0.08-
1.15) 2.99) 1.19) 0.97)
Loss of parent 31 (6.3%) 24 (7.1%) 2 (3.9%) 4 (6.6%) 1 (ref) 1.13 0.59 097 1.75
(divorce) (0.65- (0.14- (0.33- 0.3-
1.97) 2.54) 2.87) 10.01)
Loss of parent 12 (2.4%) 7 (2.1%) 1 (2.0%) 1 (1.6%) 1 (ref) 0.83 0.79 0.60 0.89
(death) (0.32- (0.10- (0.08- (0.05—
2.14) 6.22) 4.79) 15.71)
Physical abuse 262 (53.5%) 204 (60.5%) 30 (58.8%) 43 (70.5%) 1 (ref) 1.36% 1.22 2.04% 1.75
(1.03- (0.68- (1.14- (0.79-
1.81) 2.20) 3.66) 3.90)
Sexual abuse 26 (5.3%) 27 (8.0%) 6 (11.8%) 14 (23.0%) 1 (ref) 1.53 241 509%%° 217
(0.87- (0.94- 247- (0.76—
2.67) 6.18) 10.49) 6.21)
Neglect 279 (56.9%) 244 (72.4%) 31 (60.8%) 44 (72.1%) 1 (ref) 19975 116 191* 1.72
(1.47- (0.64- (1.06— (0.77-
2.68) 2.10) 3.44) 3.84)
Class 1 Class 2 Class 3 Class 4
B B
(95%Cl) (95%Cl) (95%Cl) (95%Cl)
Age 18.14 + 18.18 +0.81 18.20 +0.80 18.38+1.05 0 (ref) 0.04 0.06 0.24* 0.18
0.81) (-007- (-0.18- (0.02- (=0.17-
0.16) 0.30) 0.46) 0.53)

Adjusted for age and sex

5, significance after correction for regressions of 21 variables using Bonferroni’s correction and the new threshold is 0.05/21 = 0.0024

demonstrated in correlations observed between SCL-90-
R and PHQ-9 items at each level, with progressive de-
cline followed by dramatic reversal at level 5. Depressive
symptoms showed dose-response increases with each
level of increasing PE severity, initially suggesting no
clear demarcation from PEs, and corresponding to previ-
ous studies [8—13, 29-31]. However, these findings con-
cealed more complex underlying patterns and inter-
relationships between PEs and Depression across the
continuum. These demonstrated that whilst both
showed a linear increase, their inter-relationship across
the continuum was in fact non-linear.

At the most severe level 5, heterogeneity was ob-
served. Some participants at level 5 showed high
levels of PEs but low levels of Depression (Classes 1
and 3). Declining correlations between PEs and De-
pressive items until level 4 suggested they were be-
coming increasingly independent of each other until
level 5 where this process showed some reversal. The
most likely explanation was that two latent classes
had emerged at level 5 in which psychotic symptoms
and depressive symptoms were still closely associated
(Classes 2 and 4), and corresponding to the extended
psychosis phenotype associated with depression. The
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other classes (1 and 3) included psychotic symptoms
and few depressive symptoms, possibly along a con-
tinuum with schizophrenia, but not depression.

A further key finding was that LCs could not be found
when using either the entire sample or if LCA was re-
stricted to participants with lower levels of psychosis.
LCs were only found at level 5. These LCs were robust
and largely corresponded to diagnostic categories in pre-
existing glossaries, including prototypical features of
schizophrenia (Class 3) and schizoaffective disorder-
depressed type, or schizophrenia with a co-morbid de-
pressive episode (Class 4). For Classes 3 and 4, the high
prevalence of nuclear symptoms in each was the stron-
gest feature supporting this classification in the absence
of clinical interviews. Class 2 corresponded to a diagno-
sis of depressive disorder. The moderate level of associ-
ated PEs in this class would correspond to previous
observations of close association of depression with PEs
which increases with increasing depression severity [6—
13]. Class 1 showed fewer characteristics that matched
an existing diagnostic category but could be considered
a sub-group with multiple PEs, possibly at risk for tran-
sition to non-affective psychosis. Alternatively, a more
stable subgroup unlikely to transition and corresponding
to schizotypy. This would require confirmation from
longitudinal study.

Etiological factors, linearity and extra-linearity
We investigated a range of etiological risk factors and
their independent associations with PEs across the con-
tinuum. Extra-linearity, with increased association with
etiological factors at the severe end of the continuum,
has been described as a “quasicontinuous” relationship,
explained by unmeasured moderators and multifactorial
etiology where multiple factors interact with each other
[1, 2, 4, 5]. Although linear increase in risk is thought as-
sociated with common mental disorder and extra-linear
with psychosis [2], we found both could occur with de-
pression and psychosis in this sample. Our findings also
indicated that certain risk factors had impact on severity
of both PEs and depressive symptoms across the con-
tinuum. By adjusting associations with psychosis for de-
pression, we were able to differentiate between certain
risk factors whilst showing commonality of others.
Younger age and low family income both showed posi-
tive extra-linearity but were no longer present after ad-
justment, suggesting the impact at the most severe end
of the continuum was on depression and not psychosis.
In contrast, the extra-linear association between PEs and
male sex remained after adjustment, corresponding to
findings that non-affective psychosis is explained by
underlying differences in neurodevelopmental alterations
which are more common in men [32]. Adjustment re-
vealed associations with ethnic minority status were with
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depression and not PEs. Environmental impact of ethni-
city on expression of psychosis may be less in China
than in the USA and Europe [33, 34] but increases risk
of depression.

The dose response relationships between family his-
tory of psychotic and non-psychotic disorder remained
following adjustment, suggesting these proxy genetic fac-
tors impacted linearly and similarly on both depression
and psychosis. It is well established that psychotic and
non-psychotic disorder are genetically correlated and the
effect of genetic risk factors on these disorders are non-
specific [35].

Adverse childhood experiences of physical and sexual
abuse and neglect each showed positive extra-linear as-
sociations which remained after adjustment for depres-
sion. Meta-analysis and systematic review suggests these
factors may be a common cause of both psychotic disor-
ders [36] and depression [37].

Urban birth showed positive extra-linearity in associ-
ation with PEs, with reversal of odds of association after
adjustment. Extra-linearity corresponded to a Chinese
general population study where urban birth was associ-
ated with high, but not lower, PE severity, particularly
among those living in urban environments [38]. Taken
together, these findings suggest early, sustained urban
environmental exposures are specifically associated with
more severe psychosis subtypes.

A key finding was the stronger association between en-
vironmental risk factors, mainly child abuse and social
adversity, with the Classes experiencing higher depres-
sive symptoms. This is also aligned with findings on the
linear and extra-linear effects of the different putative
etiological risk factors. Childhood trauma has been ro-
bustly associated with a number of mental disorders, in-
cluding schizophrenia, depression, anxiety and bipolar
disorder [39] and it has been asserted that childhood
trauma does not show a stronger association with
schizophrenia than depression [40]. An underlying com-
mon mechanism is thought to be increased risk of
stress-related disorders due to changes in the
hypothalamic-pituitary-adrenal axis (Matheson et al
2012). Van Nierop and colleagues [39] have suggested
that childhood trauma increases likelihood of a specific
admixture of affective, anxiety, and psychotic symptoms
which cut across traditional diagnostic boundaries. A re-
lated hypothesis is that childhood trauma initially gives
rise to affective symptoms and only later to psychotic
symptoms, described as an “affective pathway” [41]. Our
findings partly support this but show that these associa-
tions across the spectrum with PEs were partly attenu-
ated when we adjusted for depression. However, it was
of importance that we additionally found that the associ-
ations with childhood adversity and disadvantage did not
characterize either classes 1 (High risk) or 3 (Protypical
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Schizophrenia), which only emerged in our highest level
5 across the spectrum. The “admixture” of symptoms
due to childhood trauma [39] would therefore be sup-
ported across the first four levels in our sample. But our
findings differ from previous studies in showing that
when four latent classes appear at level 5, there are spe-
cific associations between child abuse and adversity and
classes 2 (Depression) and 4 (Schizophrenia/Depression)
but not with the other two classes, suggesting these pu-
tative etiological factors are specific for clinical categor-
ies characterized substantially by depressive symptoms.

Strengths and limitations

Our large sample with low refusal rate allowed us to test
associations with risk factors that were relatively rare.
However, a high-functioning sample of university stu-
dents meant we excluded important risk factors associ-
ated with poor premorbid adjustment, more likely to
result in negative and disorganization symptoms and ex-
pression of non-affective psychosis [7]. Nevertheless, we
still found categorical, phenotypical expression of psych-
osis in our sample.

Other limitations include use of self-report instru-
ments. We did not interview participants to confirm
whether those with categorical representations of psych-
osis actually presented with clinical psychosis. Further to
this limitation, our study did not have the advantage of
the survey conducted in Izmir, Turkey by Binbay and
colleagues which used a clinical operationalization of the
psychosis continuum [2]. Furthermore, it is probable
that our most severe level 5 largely overlapped with level
4 (high impact psychotic symptoms) in the Izmir study,
with few participants receiving a clinical diagnosis of
psychosis.

Sample size is quite different across the 5-level PEs
continuum, which may lower our statistical power be-
cause power is based on the smallest sample size in re-
gression model. In Table 5, Classes 3 and 4 were fairly
small despite the sample size with some cell sizes under
5 in some regression analyses.

Sample effects could explain lack of association be-
tween PEs and family history of severe mental disorder
observed in representative community samples. In
addition, we did not have information on drug misuse.

An important limitation is use of SCL-90-R to meas-
ure psychosis. Most current research defines PEs as
‘positive’ symptoms of hallucinations, delusions and
thought disturbances, whereas PEs measured using SCL-
90-R are mainly based on what might be classified as
schizotypy. Furthermore, several items can be regarded
as relational aspects of depression, such as poor self-
confidence and somatization/neuroticism. Naming of
the LCA classes is a subjective process and the identified
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classes correspond to the proposed clinical diagnoses
needs to be confirmed by a clinical interview.

Conclusions

Our study suggests that a threshold, or tipping point, ex-
ists along a spectrum of psychosis and that once a cer-
tain level of severity is reached, the nature of both
psychotic and depressive symptoms and their associa-
tions with each other rapidly change their state. In this
study, these changes began to manifest at level 5 and
were not present at a lower levels on the continuum we
had created using PEs. Clear boundaries began to
emerge between PEs and depressive symptom clusters at
this level of severity along a psychosis continuum but
clustering of both PEs and depressive symptoms also oc-
curred and diagnostic categories were then confirmed
using LCA. We found four LCs: two LCs emerged where
depressive symptoms were largely absent: Class 1 (High
Risk) with moderately high PE prevalence, Class 3 with
prototypic features of schizophrenia. Two additional LCs
showed closely associated PEs and depressive symptoms:
Class 2 with similarity to clinical depression, Class 4
with similarity to prototypical Schizoaffective disorder-
Depressed type (or Schizophrenia with co-occurring de-
pression). Etiological risk factors and their pattern of im-
pact partly determined whether PEs were differentiated
according to those on a continuum with depression or
with non-affective psychosis. These factors impacted ac-
cording to two differing patterns: firstly, linear impact,
either across the entire continuum or until a certain
level of symptom severity, representing a dimensional ef-
fect; secondly, those showing dramatic increase and dis-
proportionate impact at the severest level. Some
etiological risk factors were specific for PEs, others for
depression, but most impacted on both. The pattern of
results was that for PEs, proxy variables of genetic im-
pact and loss of parent in childhood impacted mostly
linearly, whereas male sex, urban birth, and child mal-
treatment impacted in a positive extra-linear fashion.
For depression, low family income, and factors com-
mon to PEs (family history, loss of parent) impacted
linearly, whereas younger age and child maltreatment
(common to PEs) impacted in a positive extra-linear
fashion. The extra-linear impacts of male sex and
urban birth were specific to PEs and the dose-
response pattern of their associations across the con-
tinuum had been obscured until adjustment for de-
pression. Further longitudinal investigation should
incorporate neuropathological measures and genetic
markers together with factors we measured to further
differentiate between PEs associated with depression
and affective psychosis and those along a continuum
with non-affective psychosis [38].
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