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Abstract

Background. Evidence suggests that cannabis use, childhood adversity, and urbanicity, in
interaction with proxy measures of genetic risk, may facilitate onset of psychosis in the
sense of early affective dysregulation becoming ‘complicated’ by, first, attenuated psychosis
and, eventually, full-blown psychotic symptoms.
Methods. Data were derived from three waves of the second Netherlands Mental Health
Survey and Incidence Study (NEMESIS-2). The impact of environmental risk factors (canna-
bis use, childhood adversity, and urbanicity) was analyzed across severity levels of psychopath-
ology defined by the degree to which affective dysregulation was ‘complicated’ by low-grade
psychotic experiences (‘attenuated psychosis’ – moderately severe) and, overt psychotic symp-
toms leading to help-seeking (‘clinical psychosis’ – most severe). Familial and non-familial
strata were defined based on family history of (mostly) affective disorder and used as a
proxy for genetic risk in models of family history × environmental risk interaction.
Results. In proxy gene–environment interaction analysis, childhood adversity and cannabis
use, and to a lesser extent urbanicity, displayed greater-than-additive risk if there was also evi-
dence of familial affective liability. In addition, the interaction contrast ratio grew progressively
greater across severity levels of psychosis admixture (none, attenuated psychosis, clinical
psychosis) complicating affective dysregulation.
Conclusion. Known environmental risks interact with familial evidence of affective liability in
driving the level of psychosis admixture in states of early affective dysregulation in the general
population, constituting an affective pathway to psychosis. There is interest in decomposing
family history of affective liability into the environmental and genetic components that under-
lie the interactions as shown here.

Introduction

The conceptualization of psychosis as an extended phenotype encompasses both psychosis
spectrum disorder (any psychotic disorder) and subthreshold psychotic symptoms that are
experienced by individuals in the general population (van Os, 2016). About 7% of the general
population may experience subthreshold psychotic experiences (Linscott and van Os, 2013).
Subthreshold psychotic experiences are transitory in around 80%, persistent in around 20%
and evolve into a psychotic disorder in 7%, with an annual transition rate of 0.5–1%
(Linscott and van Os, 2013).

The pathway leading to psychotic disorder remains unknown. It is likely to involve a com-
plex dynamic interaction between familial genetic risk, non-genetic factors such as exposure to
environmental risks and interactions within and between symptoms themselves (Smeets et al.,
2012; van Os, 2013). There is accumulating evidence that the earliest pathway to psychosis
involves an interaction between ‘affective dysregulation’ (Myin-Germeys and van Os, 2007;
Kramer et al., 2014) and ‘aberrant salience’ (Reininghaus et al., 2016). Studies suggest that
psychosis in a group of patients begins when, first, affective dysregulation, under the influence
of genetic and environmental risk factors, becomes ‘complicated’ by aberrant salience, which
in turn, under the influence of the same genetic and environmental risk factors, may progress
to full-blown psychotic symptoms (Hafner et al., 1999; Guloksuz et al., 2015, 2016; van Os and
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Reininghaus, 2016). Genetic and environmental risk factors thus
may operate by impacting the degree of psychosis admixture
(none, attenuated psychosis, overt psychotic symptoms) in ini-
tially simple states of affective dysregulation.

The role of affective dysregulation in the onset of psychosis
derives from experimental and observational studies (Garety
et al., 2001; Hanssen et al., 2005; Freeman et al., 2013a, 2013b;
Bird et al., 2017), as well as experience sampling studies that
found that a primary increase in stress-reactivity was associated
with subsequent increase in psychotic experiences (Myin-
Germeys and van Os, 2007; Kramer et al., 2014; Klippel et al.,
2017). In a recent experience sampling study, increased negative
affect was found to result in later paranoia over the subsequent
180 min (Kramer et al., 2014). A network analysis of psychopath-
ology similarly found that affective symptoms were likely to be on
the pathway between environmental exposure (childhood adver-
sity and cannabis use) and clinical psychosis (Isvoranu et al.,
2016a, 2016b). Affective dysregulation has also been found to
mediate the association between childhood adversity and psych-
osis (van Nierop et al., 2014) and, conversely, childhood adversity
is associated with greater stress-reactivity in individuals at risk of
psychosis (Veling et al., 2016; Klippel et al., 2017).

Aberrant salience, or the attribution of salience to typically
non-salient stimuli, is a concept rooted in the dopaminergic
hypothesis of psychosis (Kapur et al., 2005; Winton-Brown
et al., 2014). The concept suggests that a primary dopaminergic
dysfunction results in attention and action-selection being redir-
ected to irrelevant internal or external stimuli or being directed
diffusely, leading to sensory overload. This state of aberrant sali-
ence leads to delusion formation, in an attempt by the individual
to make sense of the experience (Winton-Brown et al., 2014).
Experience of aberrant salience was found to be associated with
greater risk of psychotic experiences in at-risk individuals
(Reininghaus et al., 2016). Psychotic experiences or attenuated
psychosis has been shown to predict conversion to psychotic dis-
order (Brucato et al., 2017; Crump et al., 2017), suggesting that
they lie on a spectrum of increasing psychopathology.

Among the environmental risk factors, childhood adversity
(Varese et al., 2012), urbanicity (Vassos et al., 2012; Heinz
et al., 2013), and regular cannabis use (D’Souza et al., 2016;
Marconi et al., 2016) have been shown to increase the risk of
developing psychotic experiences, persistent psychotic symptoms,
and psychotic disorders in epidemiological studies. There is also
emerging evidence that some environmental risk factors have
stronger effects if there is also evidence of (proxy) genetic risk
(van Os et al., 2010). In the current study, we wished to examine
the role of environmental risk factors in relation to the earliest
ontogenesis of psychosis, defined as the degree of psychosis
admixture ‘complicating’ an early state of affective dysregulation.

We wished to test the hypothesis that the association with
known environmental risk factors (cannabis use, childhood
adversity, and urbanicity) would grow progressively stronger
across higher levels of psychosis admixture occurring across
more severe affective states, in interaction with evidence of
proxy genetic risk. In this analysis, we used evidence of familial
affective dysregulation as a proxy for genetic liability, given earlier
evidence that (i) molecular genetic risk for schizophrenia can be
modeled through affective dysregulation in the relatives (van Os
et al., 2017); (ii) evidence indicating overlap in genetic risk for
affective and psychotic disorder (Cardno et al., 1999;
Cross-Disorder Group of the Psychiatric Genomics Consortium
et al., 2013); and (iii) evidence that family history of affective

dysregulation is an indicator of more severe illness (Milne et al.,
2009). Thus, in this analysis, we sought to examine whether child-
hood adversity, urbanicity, and cannabis use (i) impacted, in a
dose–response fashion, the level of psychosis admixture (from
none to attenuated psychosis to overt psychotic symptoms) across
different severity states of affective dysregulation, (ii) interacted
with proxy genetic risk, showing, for a given level of psychosis
admixture, greater effect size in the familial stratum compared
with the non-familial stratum.

Method

Sample

Data were derived from three waves of the second Netherlands
Mental Health Survey and Incidence Study (NEMESIS-2), a
longitudinal study of the prevalence, incidence, course, and con-
sequences of psychiatric disorders in the Dutch general popula-
tion. The study was approved by the standing medical ethics
committee. Participants were selected based on a multistage ran-
dom sampling procedure, resulting in a sample that was represen-
tative of the Dutch adult population in terms of age, region, and
population density. Participants were included between the ages
of 18 and 65; insufficient fluency in Dutch was an exclusion cri-
terion. The participants were interviewed at home by trained
interviewers, who were not clinicians, with the Composite
International Diagnostic Interview (CIDI) version 3.0 (Alonso
et al., 2004; de Graaf et al., 2008) and additional questionnaires.
A more detailed description of NEMESIS-2 methodology is pre-
sented elsewhere (de Graaf et al., 2010, 2012).

In the first wave (T0), a total of 6646 persons aged 18–64 years
were included. Participants were approached for two follow-up
surveys, respectively, 3 years (T1) and 6 years (T2) after baseline.
At T1, 5303 persons were interviewed again (response rate 80.4%;
excluding those who deceased). At T2, 4618 persons were inter-
viewed (response rate 87.8%). Attrition (T0–T1 and T1–T2) was
not associated with any of the 12-month mental disorders at T0
(controlled for sociodemographic factors), except for alcohol
and drug dependence at T1, which was significantly associated
with attrition at T2 (de Graaf et al., 2013, 2015). The mean period
between the baseline interview and second follow-up interview
was 6 years and 6 days. A more comprehensive description of
the design can be found elsewhere (van Nierop et al., 2015).

Assessment of psychopathology

Affective dysregulation

Depressive, manic, and anxiety symptoms were assessed with
CIDI 3.0 (de Graaf et al., 2008). As described elsewhere (van
Nierop et al., 2015), affective dysregulation was coded as a binary
variable [i.e. considered present if participants experienced at least
one of the CIDI 3.0 core symptoms of depressive episode, panic
disorder, social phobia, generalized anxiety disorder, and manic
episode, assessed at baseline (assessing lifetime occurrence) and
each follow-up visit (assessing interval occurrence)].

Psychosis

Presence of psychotic experiences was assessed using a question-
naire based on CIDI 1.1 specifically developed for the purpose of
assessing psychotic symptoms, since studies on earlier CIDI ver-
sions concluded that the instrument did not adequately measure
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psychotic symptoms (Andrews and Peters, 1998). Participants
were asked at baseline and each follow-up whether they had
experienced any of a list of 20 positive psychotic symptoms
(van Nierop et al., 2015). For each symptom category, symptoms
were considered present when participants endorsed at least one
symptom. All symptoms were assessed using ‘yes’ or ‘no’ ques-
tions, and sum scores were obtained by adding reported psychotic
symptoms. If symptoms were endorsed, subjects were asked
whether they had sought help for these symptoms.

Family history of affective disorders

Family history was assessed as a person-level characteristic in two
stages. First, the following psychiatric diagnoses were assessed by
self-report in participants who had screened positive for affective
dysregulation: depression, mania, and anxiety disorders (panic
disorder, social phobia, agoraphobia, generalized anxiety dis-
order). A total of 44% of the sample thus screened positive at
any of the three interview waves. Second, at the first follow-up,
self-reported parental history of ‘severe anxiety or phobias’,
‘severe depression’, and ‘delusions or hallucinations’ were assessed
in the entire sample: an additional 20% thus screened positive,
bringing the total screening positive for family history at 64%
(hereafter called ‘FH’). Using these two sources of information,
the proportion of the sample in which family history could be
assessed was 94%.

Strata of psychopathology

Level of psychopathology was defined based on the degree of
admixture of affective and psychotic symptom dimensions and
the severity of psychotic experiences: 0 = no symptoms, 1 = any
psychotic experience but no affective dysregulation, 2 = affective
dysregulation but no psychotic experience, 3 = affective dysregula-
tion and one or two psychotic experiences that did not require
help-seeking for psychotic experiences (hereafter: ‘attenuated
psychosis’), 4 = affective dysregulation and psychotic experience
in more than two domains that did not require help-seeking for
psychotic experiences or affective dysregulation and any psychotic
experience that required help-seeking for psychotic experiences
(hereafter: ‘clinical psychosis’).

Each of these five levels of psychopathology was combined
with FH to construct 10 vulnerability strata.

Exposure to environmental risks

Childhood adversity
Childhood adversity was assessed using a questionnaire based on
the NEMESIS-1 trauma questionnaire (de Graaf et al., 2010).
Whenever a subject reported having experienced one of five
types of childhood adversity [two times or more emotional neg-
lect (not listened to, ignored, or unsupported), physical abuse
(kicked, hit, bitten, or hurt with object or hot water), psycho-
logical abuse (yelled at, insulted, unjustly punished/treated, threa-
tened, belittled, or blackmailed), peer victimization (bullying),
and one time or more sexual abuse (any unwanted sexual experi-
ence) before the age of 16], they were asked to state how often it
had occurred. The item ‘sexual abuse’ was rated on a scale of 1
(once) to 5 (very often), while all other items (namely, emotional
neglect, physical abuse, psychological abuse, and peer victimiza-
tion or bullying) were rated and on a scale of 1 (sometimes) to
5 (very often). Conforming with previous work in this area, the

childhood adversity score was dichotomized at the 80th percentile
(van Dam et al., 2015).

Cannabis use
Cannabis use was assessed in the section Illegal Substance Use of
the CIDI 3.0. Conforming with previous work, the cut-off of use
of once per week or more in the period of most frequent use was
used to define a binary variable for regular cannabis use (van
Winkel et al., 2011).

Urbanicity
The extent of the exposure to urban environment until age 16
years was constructed at five levels based on the Dutch classifica-
tion or population density: (1) countryside (distances to amenities
is larger), (2) village (<25 000 inhabitants), (3) small city (25 000–
50 000 inhabitants), (4) medium city (50 000–100 000 inhabi-
tants), (5) large city (>100 000 inhabitants). Consistent with
previous work, the cut-off of >50 000 inhabitants was used to
define the binary variable of urban area (Guloksuz et al., 2015).

Statistical analysis

All analyses were performed using STATA, version 14. The level
of significance (α) was set at 0.05. In line with previous analyses
in this sample (Guloksuz et al., 2015), cross-sectional data ana-
lysis was performed using the ‘long format’ [each individual con-
tributing three observations (T0, T1, and T2)], adding precision
to the estimates. Consistent with previous work in this area
(Morgan et al., 2014; Guloksuz et al., 2015), the five psychopath-
ology outcomes were modeled as a function of the joint effects of
FH and each environmental risk factor (regular cannabis use,
childhood adversity, urbanicity) under a model of additive inter-
action, expressed as the interaction contrast ratio (ICR), calculated
with the NLCOM option in Stata. The ICR is the excess risk due
to interaction relative to the risk without exposure. The ICR
method as suggested by Knol et al. (2007) allows use of odds
ratios (ORs) derived from logistic models to estimate the relative
excess risk as a result of synergy for combinations of dichotom-
ous, ordinal, and continuous exposures (i.e. ICR = OR (exposure
A and exposure B) – OR (exposure A only) – OR (exposure B
only) + 1. An ICR greater than zero is defined as a positive devi-
ation from additivity.

To test our hypotheses on synergism, the combination of each
environmental factor (childhood trauma, urbanicity, cannabis
use) and family history of affective dysregulation were included
as independent variables (three dummy variables with non-
exposed state as the reference category), and strata of psychopath-
ology was included as the dependent variable in logistic models
(Knol et al., 2007). Using the ORs derived from these models,
ICRs (e.g. ICR = OR (childhood trauma and psychosis expression)
– OR (childhood trauma) – OR (psychosis expression) + 1) for
each model were calculated using the Stata NLCOM command.

All analyses were corrected for sex, age, education [(1) primary
school, (2) lower secondary education, (3) higher secondary edu-
cation, (4) higher professional education), and first-generation
minority status (dichotomized as born in the Netherlands v.
other).

Results

The sample size for the analysis was 16 140 observations from
surveys of 6646 participants at three time points (T0, T1, and
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T2) [n = 6646 in the first wave (T0), n = 5303 in second wave (T1),
and n = 4618 in third wave (T3)]. The demographics of the
NEMESIS-2 sample has been published elsewhere (de Graaf
et al., 2010, 2012). Pertinent to this paper, the descriptive data
in the different strata with respect to age, sex, minority status,
and education are detailed in Table 1. Figure 1a–c shows the
rates of regular cannabis use, childhood adversity, and urbanicity
across strata of five increasing levels of psychopathology compli-
cating affective dysregulation and two levels of family history.
The figures show that (i) for each environmental risk and for
each of the five outcome levels, the exposure rate is higher in
the familial history stratum as compared with the non-familial
history stratum; and (ii) for childhood adversity and cannabis
use, but not urbanicity, exposure rate is progressively higher
with higher levels of psychosis admixture complicating affective
dysregulation.

Family history–environment interaction analysis

The FH × environment interaction analyses revealed that, consist-
ent with the results displayed in Fig. 1, the risk associated with
environmental exposure was significantly greater if there was
also evidence of familial affective liability (Fig. 2). In addition,
the greater-than-additive effect of environmental risk in combin-
ation with familial affective liability grew progressively greater as
psychopathology outcomes were more severe in the sense of
more psychosis admixture complicating affective dysregulation
(Table 2).

Discussion

Findings

This study investigated the association between the level of psych-
osis admixture in affective dysregulation and environmental risks,
and to what degree these risks were conditional on affective famil-
ial liability. The main findings were: (i) for a given stratum of
psychosis admixture, the association with environmental risk
factors was greater-than-additive if there was also evidence of
familial affective liability; (ii) the ICR grew progressively greater

over the five psychopathology levels indicative of greater severity
due to greater psychosis admixture complicating affective
dysregulation.

Affective pathway to psychosis

There is growing evidence that affective dysregulation is an early
sign of psychosis, representing the mildest form along the severity
dimension of psychosis (Kelleher et al., 2012; Wigman et al.,
2012). Among the so-called clinical high-risk populations, affect-
ive dysregulation is more prevalent in the group with high risk of
‘conversion’ to psychotic disorder (Addington et al., 2007), i.e. the
most severe psychopathological state. The association between
affective dysregulation and psychosis has long been demonstrated
in studies across the psychosis spectrum including among patients
with psychotic disorders (McMillan et al., 2009), those with sub-
threshold psychotic experiences (van Rossum et al., 2011;
Wigman et al., 2012; Stochl et al., 2015), clinical high-risk popu-
lations (Fusar-Poli et al., 2014), and prodromal samples (Hafner
et al., 1999). In agreement with the current analyses, previous
work suggests that early states of affective dysregulation may pro-
gress to more severe states characterized by psychotic symptoms
following exposure to environmental risk factors (van Os and
Reininghaus, 2016). Additionally, recent studies suggest that the
relationship between affective dysregulation and psychosis is not
dependent on any particular mood state, i.e. anxiety, depression,
or mania (Krabbendam et al., 2005; van Rossum et al., 2011;
Armando et al., 2013). In one study, Armando et al. (2013) exam-
ined anxiety and depressive symptoms and found that they both
correlated with psychosis risk (anxiety correlated with increased
CAPE positive symptom score, and depressive symptoms corre-
lated with CAPE negative symptom score). van Rossum et al.
(2011) measured depressive symptoms and hypomanic symptoms
and found that they were both associated with greater risk of
psychotic experiences, i.e. there was no differential effect of a
particular affective state on risk of psychotic experiences.
Krabbendam et al. (2005) showed that in people with hallucin-
atory experience, depressive symptoms increase the risk of devel-
opment of a psychotic disorder, in agreement with the idea that

Table 1. Descriptive data per strata

N (%)
Age

(mean ± S.D.)
Female
n (%)

Minority
status n (%)

Educationa

(mean ± S.D.)

No symptoms 4363 (27.03%) 49.34 ± 12.90 2044 (46.85%) 294 (6.74%) 3.04 ± 0.90

No symptoms + FH 2624 (16.26%) 49.00 ± 12.49 1457 (55.33) 117 (4.46%) 3.10 ± 0.89

Psychosis expression 128 (0.79%) 47.88 ± 13.53 69 (53.91%) 9 (7.03%) 2.85 ± 0.85

Psychosis expression + FH 137 (0.85%) 46.54 ± 12.31 84 (61.31) 7 (5.11%) 2.95 ± 0.90

Affective dysregulation 2125 (13.17%) 47.13 ± 12.20 1093 (51.44%) 163 (7.67%) 3.03 ± 0.89

Affective dysregulation + FH 5252 (32.54%) 45.61 ± 12.35 3251 (61.90%) 398 (7.58%) 3.02 ± 0.90

Affective dysregulation + attenuated psychosis 191 (1.18%) 45.85 ± 13.35 106 (55.50%) 25 (13.09%) 2.81 ± 0.90

Affective dysregulation + attenuated psychosis + FH 844 (5.23%) 44.52 ± 12.36 349 (65.05%) 76 (9.00%) 2.84 ± 0.90

Affective dysregulation + psychosis expression 51 (0.32%) 42.92 ± 12.78 23 (45.10%) 9 (17.65%) 2.82 ± 0.91

Affective dysregulation + psychosis expression + FH 425 (2.63%) 43.42 ± 12.80 271 (63.76%) 56 (13.18%) 2.76 ± 0.88

Total 16 140 47.27 ± 12.67 8947 (55.43%) 1154 (7.15%) 3.02 ± 0.90

Data from surveys of 6646 participants at three time points (T0, T1, and T2), yielding a total of 16 140 observations for analysis in the ‘long’ format.
aFour-level education: (1) primary school, (2) lower secondary education, (3) higher secondary education, (4) higher professional education, university; FH, family history of affective disorders.
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affective dysregulation increases risk along the dimension of
increasing psychopathology.

Environmental risk factors such as cannabis use, childhood
adversity, and urbanicity have been shown to increase the risk
of psychosis admixture among those with affective disorders
(Guloksuz et al., 2015, 2016); childhood adversity has been
associated with an increased risk of admixture of psychotic and
non-psychotic psychopathology (van Nierop et al., 2015); and
environmental risk factors were shown to act additively in
increasing the risk of psychosis (Cougnard et al., 2007).

Although the current analysis does not inform on temporal
order, the findings are compatible with the view that progression

from an early state of affective dysregulation to more severe states
characterized by admixture with, first, attenuated psychosis
and, subsequently, clinical psychosis is associated with progres-
sively greater level of exposure to some environmental risks.
The current study suggests a complex relationship between affect-
ive dysregulation, cannabis use and childhood adversity, and clin-
ical psychosis.

The finding that cannabis use and childhood adversity, and
to a lesser degree urbanicity, are associated with increased risk
of clinical psychosis in those with affective dysregulation, in
interaction with the concomitant presence of familial affective
liability, suggests some testable hypotheses. First, it is

Fig. 1. (a) Depicts rates of regular cannabis use across
strata of increasing levels of psycho-
pathology complicating affective dysregulation. Rates
of regular cannabis use is greater with increasing levels
of psychopathology. (b) Depicts rates of childhood
adversity across strata of increasing levels of psycho-
pathology complicating affective dysregulation. Rates
of childhood adversity is greater with increasing levels
of psychopathology. (c) Depicts rates of urbanicity
across strata of increasing levels of psychopathology
complicating affective dysregulation. Rates of urbani-
city did not increase with increasing levels of
psychopathology.
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noteworthy that childhood adversity, cannabis use, and urban
environment affect individuals at distinct neurodevelopmental
stages, namely during childhood (adversity) and adolescence
(cannabis use), or both (urban environment) (Pedersen and
Mortensen, 2001; van Os et al., 2010). Yet, they all appear to
be associated with increased risk across all strata of psychosis
admixture, particularly childhood adversity and cannabis use.
This raises the question whether cannabis use and childhood
adversity mediate risk via a final common neurobiological path-
way, or if they are both environmental risk factors that are
mediated by a common latent risk variable. Second, while child-
hood adversity has been shown to increase stress-reactivity and

cannabis use has been shown to be associated with greater
affective dysregulation (Dorard et al., 2008), the direction of
causality remains an open question. Novel analytic techniques
such as machine learning, deep phenotyping, and ecological
momentary assessment strategies may help answer these ques-
tions. Third, the dimensional relationship between affective dys-
regulation and psychosis risk warrants further study. While
psychosis and affective dysregulation are traditionally considered
orthogonal, our results show that affective dysregulation is able
to increase psychosis risk irrespective of their dimensional rela-
tionship, as also noted in other studies (Krabbendam et al.,
2005).

Fig. 2. (a) Depicts individual and joint effects of FH and
cannabis use on risk across levels of psychopathology.
The risk with both FH + cannabis use is greater than the
individual risks with FH alone and cannabis use alone.
(b) Depicts individual and joint effects of FH and child-
hood adversity use on risk across levels of psychopath-
ology. The risk with both FH + childhood adversity is
greater than the individual risks with FH alone and
childhood adversity alone. (c) Depicts individual and
joint effects of FH and urbanicity on risk across levels
of psychopathology. The risk with both FH + urbanicity
use is greater than the individual risks with FH alone
and urbanicity alone.
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Gene–environment interplay

While earlier studies have shown that affective dysregulation is
associated with expression of psychosis in a bidirectional, dose–
response fashion (van Rossum et al., 2011), the present study
extends this association to familial affective liability as well.
Research suggests that risk for psychosis is pleiotropically distrib-
uted across currently defined diagnostic boundaries (Cardno
et al., 1999; Cross-Disorder Group of the Psychiatric Genomics
Consortium et al., 2013). A recent study from the GROUP cohort
shows that the polygenic risk score for psychosis was associated
with affective dysregulation in both controls and the relatives of
patients with a psychotic disorder, supporting this premise (van
Os et al., 2017). Another recent study showed that non-psychotic
mental health complaints, particularly depression, in a general
population twin sample were associated with polygenic risk for
schizophrenia (Nivard et al., 2017).

The results indicate that the effect sizes of cannabis use and
childhood adversity, and to a lesser extent urban environment,
on the level of psychosis admixture were strongly moderated by
the presence of familial affective liability. These findings are in
agreement with earlier work showing moderation of cannabis
use and urban environment by variables indexing familial loading
of psychosis (van Os et al., 2010; Genetic Risk and Outcome in
Psychosis Investigators, 2011). As the terms making up the inter-
action (FH × cannabis use, FH × childhood adversity, and FH ×
urbanicity) were all significantly associated with each other, two
explanations can be invoked to explain this finding. First, familial
affective liability may reflect pleiotropic genetic risk which may
render individuals more sensitive to environmental risks under
a model of gene–environment interaction. Second, familial affect-
ive liability may reflect a high-risk environment associated with
greater probability of cannabis use and childhood adversity
under a model of gene–environment correlation. It is not possible
to distinguish between the two in the current data set but both
would be clinically relevant and both may apply to a degree
(Van Os and Sham, 2003).

Gene–environment interplay in the affective pathway to
psychosis

Another important finding of this study is that among those with
affective dysregulation, gene–environment interplay is more
prominent at the more severe level of psychosis admixture, i.e.
clinical psychosis, but less at lower levels of severity such as atte-
nuated psychosis. In the formal gene × environment ICR analysis,
cannabis use and childhood adversity, and to a lesser extent urba-
nicity, was associated with a greater-than-additive risk at the level
of clinical psychosis. This pattern of simple additivity at lower
levels of psychopathology, and greater-than-additive risk at higher
level of psychopathology (namely, clinical psychosis) is interest-
ing, as it suggests that clinical relevance occurs when there is
more-than-additivity. This points to the relevance of the quality
and intensity of the factors associated with environmental and
genetic risk, and not merely their presence.

Strengths and limitations

These findings should be interpreted in the light of several
strengths and limitations. In terms of strengths, the present
study has the advantage of a large number of participants, repre-
sentative of the Dutch population, with direct questioning of
reported psychotic experiences by trained interviewers, which is
especially important in general population studies (Linscott and
van Os, 2010; van Nierop et al., 2012). The study incorporates
symptom assessments across diagnostic boundaries, providing
an opportunity to examine multiple strata of increasing psycho-
pathology and familial risk as is present in the general population.

The most obvious limitation of the current analysis is its cross-
sectional nature, precluding conclusions of causality. Another
limitation, although difficult to avoid, is the retrospective nature
of the information on childhood adversity, which may have
resulted in increased random error. Previous work has found
that recall of childhood adversity is reliable, including in indivi-
duals with psychotic disorders (Fisher et al., 2011). Similarly,

Fig. 2. (Continued).
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Table 2. Greater-than-addtive risk of family history of affective dysregulation and environmental exposure across strata of increasing psychopathology

Levels of psychopathology

Exposure to risk

Psychotic experience Affective dysregulation Attenuated psychosis Psychosis expression

OR 95% CI p value OR 95% CI p value OR 95% CI p value OR 95% CI p value

Cannabis use

Unexposed 0.10 0.05–0.21 <0.001 1.24 0.97–1.59 0.08 0.27 0.16–0.44 <0.001 0.12 0.06–0.24 <0.001

FH + alone 1.77 1.34–2.33 <0.001 3.88 3.58–4.21 <0.001 7.21 5.92–8.79 <0.001 13.63 9.69–19.19 <0.001

Cannabis use alone 3.32 1.04–10.58 0.04 2.56 1.56–4.20 <0.001 9.23 4.35- 19.58 <0.001 11.94 3.79–33.66 <0.001

Both FH and cannabis use 7.31 2.40–22.27 <0.001 20.22 12.40–32.98 <0.001 61.85 34.64–110.44 <0.001 182.77 93.61–356.84 <0.001

Interaction contrast ratio (ICR) 3.22 −5.60 to 12.05 0.48 14.78 4.86 to 24.71 0.003 46.41 10.70 to 82.12 0.01 158.19 39.12–277.27 0.009

Childhood adversity

Unexposed 0.11 0.05–0.23 <0.001 1.38 1.09–1.75 0.008 0.37 0.23–0.59 <0.001 0.21 0.10–0.43 <0.001

FH + alone 1.50 1.11–2.03 0.008 3.71 3.40–4.05 <0.001 6.11 4.93–7.58 <0.001 10.00 6.83–14.63 <0.001

Childhood adversity alone 1.48 0.84–2.62 0.17 1.97 1.64–2.38 <0.001 2.97 1.95–4.51 <0.001 4.23 2.15–8.34 <0.001

Both FH and childhood adversity 3.47 2.30–5.24 <0.001 7.13 6.23–8.15 <0.001 20.37 15.90–26.10 <0.001 59.57 40.06–88.59 <0.001

Interaction contrast ratio (ICR) 1.49 −0.01 to 2.98 0.05 2.45 1.50 to 3.39 <0.001 12.29 8.12 to 16.46 <0.001 46.34 26.40–66.29 <0.001

Urbanicity

Unexposed 0.11 0.05–0.23 <0.001 1.44 1.13–1.82 0.003 0.40 0.25–0.66 <0.001 0.22 0.11–0.45 <0.001

FH + alone 1.79 1.28–2.50 0.001 4.05 3.65–4.50 <0.001 7.03 5.54–8.91 <0.001 14.29 9.57–21.33 <0.001

Urbanicity alone 0.93 0.63–1.38 0.72 1.22 1.08–1.38 0.002 1.14 0.80–1.61 0.47 1.13 0.61–2.08 0.70

Both FH and urbanicity 1.59 1.06–2.38 0.03 4.68 4.18–5.24 <0.001 8.93 6.98–11.43 <0.001 16.64 10.96–25.26 <0.001

Interaction contrast ratio (ICR) −0.13 −0.90 to 0.63 0.73 0.41 −0.09 to 0.90 0.11 1.77 0.23 to 3.31 0.02 2.22 −1.94 to 6.39 0.30
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the assessment of cannabis use and urbanicity was based on CIDI
questions and might be subject to decreased precision in reporting
of use. Additionally, assessment of familial risk was by different
short instruments where the respondent reported whether parents
had mental health problems, and is hence limited by the respon-
dent’s knowledge of the same. The NEMESIS study did not
include family history of all possible mental disorders since they
are of relatively low prevalence. This however does not limit the
interpretation of our analysis since the primary question in this
paper was focused mainly on the group with affective psychopath-
ology, i.e. whether cannabis use and other risks were associated
with increasing psychopathology in the psychosis dimension in
this group.

Conclusions

In conclusion, the current study provides evidence that exposure
to regular cannabis use and childhood adversity, and to a lesser
extent urban environment, results in increasing levels of psychosis
admixture in early states of affective dysregulation, supporting the
model of an affective pathway to psychosis. In addition, the results
suggest that there is interplay between familial affective liability
and environmental risks, possibly in the direction of synergism.
The findings imply that a multidimensional staging of severity
cutting across traditional diagnostic clusters extended by means
of genetic and environmental risk tiers may provide a suitable
framework to gain insight into early psychopathology that often
emerges as a mixed bag of subtle symptoms and may further pro-
gress to a more distinct and severe clinical syndrome, such as
psychosis spectrum disorder (Guloksuz and van Os, 2017).
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