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Abstract
Psychotic-like experiences (PLEs) have been associated with poor sleep quality and increased suicide risk. However, the 
association between PLEs, insomnia and suicide risk has not been thoroughly investigated in prior studies. In this study, 
we aimed to explore as to whether insomnia moderates the association between PLEs and suicidal ideation. The study was 
performed in 4203 young adults (aged 18–35 years, 63.8% females). Data were collected using self-reports. Moderation 
analysis demonstrated that PLEs are associated with higher levels of the current suicidal ideation only in participants with 
greater severity of insomnia (B = 0.003, p < 0.001). This analysis included age, gender, education, occupation and depressive 
symptoms as covariates. Moreover, the network analysis demonstrated that nodes representing PLEs are connected to the 
node of current suicidal ideation only in participants with greater severity of insomnia. The nodes of PLEs connected to the 
current suicidal ideation node captured PLEs representing deja vu experiences, auditory hallucination-like experiences and 
paranoia (edge weights between 0.011 and 0.083). Furthermore, nodes representing PLEs were the three most central nodes 
in the network analysis of individuals with higher levels of insomnia (strength centrality between 0.96 and 1.10). In turn, 
the three most central nodes were represented by depressive symptoms in the network analysis of individuals with lower 
levels of insomnia (strength centrality between 0.67 and 0.79). Findings from this study indicate that insomnia might be an 
important risk factor of suicide in people with PLEs, especially those reporting deja vu experiences, auditory hallucination-
like experiences and paranoia.
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Introduction

Psychotic-like experiences (PLEs) capture a range of sub-
clinical phenomena that cannot be the basis for diagnosing 
mental disorders due to insufficient severity or impact on 
general functioning. The lifetime prevalence of PLEs has 
been estimated at 5.8% of the general population; how-
ever, it might be higher in younger people [1, 2]. It has 
been shown that PLEs do not form a discrete categorical 
construct but are distributed dimensionally in non-clini-
cal populations and high-risk individuals [3, 4]. Notably, 
PLEs are not the predictors specific for the development 
of psychosis, but are associated with a variety of men-
tal health outcomes [5]. Therefore, investigating PLEs, 
as substrates of subclinical psychopathology, might be 
informative for interventions targeting preclinical stages 
of mental disorders.
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It is important to note that PLEs cover a range of delu-
sion-like and hallucination-like phenomena that are known 
to predict the development of various mental disorders that 
fall beyond the psychosis spectrum [5–7]. Factor analyses 
of tools that record the presence of PLEs also show that 
they do not form a homogenous construct [8]. In this regard, 
the approach based on the assumption that a common latent 
disorder or mechanism underlies the development and con-
sequences of PLEs might be insufficient. A novel approach, 
i.e., the network analysis assumes that psychopathology cov-
ers the systems of causally associated symptoms rather than 
the effects of a latent disorder or mechanism [9–11]. The 
network analysis has already been applied by studies that 
aimed to understand the phenomenology of PLEs and their 
associations with risk and protective factors as well as other 
domains of psychopathology. For instance, it has been found 
that PLEs are associated with a variety of social and behav-
ioral problems, suicidal behavior, and depressive symptoms 
in adolescents [12]. Another study demonstrated the impor-
tance of social contexts in understanding the consequences 
of PLEs [13]. The authors of this study found that PLEs are 
significantly less interconnected and show weaker associa-
tions with the level of distress in populations representing 
low- and middle-income countries compared to those from 
high-income countries.

Although PLEs are subclinical phenomena, it has been 
shown that these experiences are significantly associ-
ated with the risk of suicidal thoughts, plans and attempts 
[14–16]. However, specific PLEs might be differentially 
associated with a risk of suicidal ideation and behaviors 
with particularly strong associations reported for thought 
control, auditory hallucinations, suspiciousness, and nihil-
istic thinking/dissociative experiences [17]. Moreover, lit-
tle is known about processes that moderate the association 
between PLEs and suicide risk. For instance, it has been 
found that greater impulsivity and emotion dysregulation 
make individuals with PLEs more prone to develop suicidal 
ideation and behaviors [18].

There is accumulating evidence that PLEs are associated 
with poor sleep quality [19–21]. Studies based on longitu-
dinal designs and experience sampling methodology sug-
gest that there might be a bidirectional association between 
poor sleep quality and PLEs [19, 22, 23]. It has also been 
demonstrated that cognitive-behavioral therapy of insom-
nia might reduce the level of paranoia and hallucinations 
in university students [24]. Moreover, experimental studies 
show that sleep deprivation initiates the onset of PLEs, and 
that PLEs are reduced after restoring sleep schedules [25, 
26]. Taken together, these observations suggest a vicious 
cycle conceptualization in which sleep disturbance gives rise 
to PLEs that might in turn contribute to increased distress 

further enhancing poor sleep quality [27]. Importantly, there 
is evidence that sleep disturbance and PLEs might share 
overlapping neural mechanisms represented by a reduction 
in volumes of the left thalamus as recently reported [28].

As similar to PLEs, sleep disturbance might be associated 
with increased risk of suicide. For instance, a recent meta-
analysis of cohort studies revealed that sleep disturbance is 
associated with over threefold higher incident risk of suicide 
attempt and almost twofold higher incident risk of completed 
suicide [29]. Another meta-analysis of sleep measures dem-
onstrated that decreased total sleep time is related to current 
suicidal behaviors [30]. However, little is known about the 
interaction between sleep disturbance and PLEs in impact-
ing suicide risk. To date, only one study tested this effect 
in help-seeking individuals [31]. The authors observed that 
PLEs are associated with suicidal ideation only at higher 
levels of sleep difficulties. Nevertheless, this study did not 
investigate which specific PLEs contribute to suicidal idea-
tion at higher levels of sleep disturbance. In this regard, we 
aimed to extend these findings over a larger sample of non-
clinical young adults. Specifically, the aim of our study was 
to test the moderating effect of insomnia on the association 
between PLEs and the current suicidal ideation. Addition-
ally, we explored which PLEs are related to the current sui-
cidal ideation at various levels of insomnia in the network 
analysis.

Methods

Participants

Participants were enrolled by means of the snowball sam-
pling method administered in social media and surveying 
websites. They were assessed through the computer assisted 
web interview (CAWI) implemented between April and 
October, 2022. All of them were informed about anonymous 
character and confidentiality of the survey. Inclusion criteria 
were as follows: age between 18 and 35 years and a nega-
tive history of psychiatric treatment. Participants assessed 
in the present study were individuals screened for PLEs in 
the first part of a bigger project examining epigenetic mecha-
nisms of psychosis proneness. The study received approval 
of the Ethics Committees at the Institute of Psychology 
(Polish Academy of Sciences in Warsaw, Poland, approval 
number: 16/VII/2022), Wroclaw Medical University (Wro-
claw, Poland, approval number: 129/2022) and Pomeranian 
Medical University (Szczecin, Poland, approval number: 
KB-006/25/2022).
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Assessments

PLEs

Assessment of PLEs was based on a 16-item questionnaire 
(the content of specific items is provided in Supplementary 
Table 1). It was developed to record the presence of PLEs 
during the preceding month. All items were based on a 
four-point scale (1—“never”; 2—“sometimes”; 3—“often” 
and 4—“almost always”), and participants were asked to 
score experiences that cannot be attributed to substance 
use. The items were obtained from the following question-
naires: (1) the Revised Hallucination Scale (RHS) [32–34] 
(3 items); (2) the Revised Green et al. Paranoid Thoughts 
Scale (GPTS) [35] (4 items) and 3) the Prodromal Question-
naire–16 (PQ–16) [36] (9 items). It has been shown that the 
PQ–16 is a valid tool in screening for psychosis risk states 
[36]. Also, there is evidence that the GPTS has good psycho-
metric properties, including test–retest reliability, convergent 
and construct validity, and sensitivity to change [37–39]. 
The revised GPTS is a more precise measure with excellent 
psychometric properties [35]. Similarly, it has been shown 
that the RHS is characterized by good psychometric proper-
ties in terms of test–retest reliability as well as convergent 
and construct validity [34]. We decided to combine items 
from different questionnaires as available tools often meas-
ure the occurrence of heterogenous experiences, including 
delusion-like experiences, hallucination-like experiences, 
negative, and depressive symptoms [40]. The total score of 
the questionnaire ranges between 16 and 64 points (higher 
scores represent higher level of PLEs). In the present study, 
the Cronbach’s alpha and the McDonald’s omega were 0.811 
and 0.810, respectively.

Insomnia

Four items from the Insomnia Severity Index (ISI) were 
administered to record insomnia [41]. Three items were 
used to assess difficulty in falling asleep, difficulty staying 
asleep and problems with waking too early (a 5-point scale 
scored from 0—“none” to 4—“very severe). The fourth item 
is about the level of satisfaction/dissatisfaction from current 
sleep (a 5-point scale scored from 0—“very satisfied” to 
4—“very dissatisfied”). The total score of this questionnaire 
ranges between 0 and 16 (higher scores are indicative of 
higher insomnia severity). It has been shown that the ISI is 
a valid and reliable instrument to quantify perceived severity 
of insomnia [42]. The Cronbach’s alpha and the McDonald’s 
omega of the insomnia questionnaire were 0.721 and 0.723, 
respectively.

Depressive symptoms and the current suicidal ideation

To assess the occurrence of depressive symptoms and sui-
cidal ideation, we used the Patient Health Questionnaire-9 
(PHQ-9). It consists of nine items that measure the pres-
ence of depressive symptoms over the preceding 2 weeks 
(a four-point scale with responses from 0—“not at all” to 
3—“nearly every day”). The last PHQ-9 item (“thoughts that 
you would be better off dead, or of hurting yourself in some 
way?”) was used to assess the current suicidal ideation. It 
has been demonstrated that the PHQ-9 is a valid and reliable 
tool to screen for depression in various populations [43]. In 
the present study, the Cronbach’s alpha and the McDonald’s 
omega of the PHQ-9 were 0.810 (the same value for both 
coefficients).

Data analysis

Only complete data were analyzed (n = 4200). Correlations 
between continuous variables (scores of PLEs, depressive 
symptoms and insomnia) were analyzed using the Spearman 
rank correlation coefficients. Moderation was tested in the 
PROCESS macro (Model 1) [44]. The scores of PLEs were 
included as a predictor (X variable), while suicidal ideation 
(the PHQ-9 item 9 score) was included as the outcome vari-
able (Y variables). The total score of insomnia was included 
as a moderator (moderator variable W). Age, gender, edu-
cational level, occupation and depressive symptoms (total 
scores from PHQ-9 items 1–8) were added as covariates. 
The Johnson-Neyman technique was used to identify the 
range of insomnia scores for which the interaction effect 
is significant. Results were interpreted as significant if the 
p-value was lower than 0.05.

We divided participants into two groups based on the 
level of insomnia indicated according to the Johnson-Ney-
man technique. Subsequently, a separate network analyses 
were carried out in both groups using the R software. We 
used the same variables as those included in the moderation 
analysis. The Mixed Graphical Models, implemented in the 
mgm package [45], were used as binary (gender, education, 
and occupation) and continuous variables were included 
(depressive symptoms and PLEs). To improve prediction 
accuracy and interpretability of results, the L1-penalized 
regression (LASSO) was implemented. The LASSO reduces 
the number of estimated parameters to avoid spurious asso-
ciations by shrinking partial correlation coefficients. The 
penalty parameter was selected by the Extended Bayesian 
Information Criterion (EBIC) using the tuning parameter λ 
that controls the level of sparsity [46]. The λ parameter was 
set at 0.5 in the current study [47].
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The network included sociodemographic characteristics, 
PLEs and depressive symptoms (nodes) that are connected 
with edges. The edge thickness indicates the strength of the 
association between nodes (i.e. thicker nodes reflect stronger 
associations). The centrality of nodes was analyzed by calcu-
lating the node strength. The node strength is the most com-
monly used indicator of centrality and reflects the sum of all 
edge weights connected to the node [47–49]. Moreover, the 
node predictability was calculated. The node predictability 
can be defined as the proportion of variance explained by 
nodes directly connected to a specific node. The visualiza-
tion of results was performed using the qgraph package [50].

Finally, the network accuracy and stability were ana-
lyzed in the bootnet package [47]. The bootstrapping was 
carried out with 1000 iterations in order to analyze the 
stability of the node strength. The stability of the node 
strength was visualized and calculated using the correla-
tion stability coefficient (CS-C) that needs to be higher 
than 0.25. Moreover, the 95% confidence interval (CI) 
of edge weights was analyzed using the non-parametric 
bootstrapping with 1000 iterations. A greater 95%CI 
corresponds to lower precision in the estimation of edge 
weights.

Results

Participants

The sample characteristics are shown in Table 1. A total 
of 4203 participants were enrolled (aged 25.3 ± 5.7 years, 
63.8% females). Most of them were students (50.7%) and 
individuals with a high level of education (40.6%).

Moderation analyses

All measures tested in the present study were significantly 
and positively correlated (Table 2). Results of moderation 
analysis are reported in Table 3. There were significant posi-
tive associations of insomnia, the insomnia × PLEs interac-
tion, depressive symptoms, education and occupation with 
the current suicidal ideation. The model explained 27.1% 
of variance in the current suicidal ideation (R2 = 0.271). 
Adding the interaction term to the model was associated 
with a significant R2 change (R2 change = 0.006, F = 37.274, 
p < 0.001). The insomnia score defining the Johnson-Ney-
man region of significance was 2.926 (% of non-significant 
correlations below the cut-off = 20.114 and % of significant 
correlations above the cut-off = 79.886). Conditional effects 
of the focal predictor (scores of PLEs) at values of the mod-
erator (insomnia scores) are shown in Fig. 1. Regression 
lines were plotted for the following levels of insomnia: (1) 

low level = 2.0 (B = 0.004, SE = 0.004, t = 1.065, p = 0.287, 
95%CI − 0.004–0.012); (2) moderate level = 5.0 (B = 0.013, 
SE = 0.003, t = 4.562, p < 0.001, 95%CI 0.008–0.019) and (3) 
high level = 10.0 (B = 0.029, SE = 0.003, t = 4.562, p < 0.001, 
95%CI 0.023–0.034).

Network analyses

Network structure

The networks analyzed in the present study are shown in 
Fig. 2. The network shown in Fig. 2A refers to participants 

Table 1  Descriptive characteristics of the sample

PLEs psychotic-like experiences
a One case with missing data
b Two cases with missing data

Mean ± SD or n (%)

Age, years 25.3 ± 5.7
Gender, females 2680 (63.8)
Education
 Primary 142 (3.5)
 Vocational 64 (1.5)
 Secondary 1271 (30.2)
 Incomplete higher 1018 (24.2)
 Higher 1708 (40.6)

Occupation
 Unemployed 169 (4.0)
 Student 2129 (50.7)
 Employed 1864 (44.3)
 Rent 41 (1.0)

Family history of schizophrenia 229 (5.4)
Family history of depression and bipolar 

disorder
928 (22.1)

PLEs 22.4 ± 5.1a

Depressive symptoms 9.5 ± 5.6b

Insomnia 5.7 ± 3.7
Suicidal ideation 0.4 ± 0.8a

Suicidal ideation, yes 1214 (28.9)a

Table 2  Bivariate correlations

PLEs psychotic-like experiences
p < 0.001 for all correlations

1 2 3

1. PLEs –
2. Depressive symptoms r = 0.479 –
3. Insomnia r = 0.384 r = 0.480 –
4. Suicidal ideation r = 0.326 r = 0.478 r = 0.313
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with the ISI scores higher than 2 (here and after referred to 
as individuals with insomnia, n = 3352), while Fig. 2B refers 
to participants with the ISI scores lower than 3 (here and 
after referred to as individuals without insomnia, n = 848). 
The cut-off was established based on the Johnson-Neyman 
region. No negative nodes were found. In the network of 
participants with insomnia, all nodes appeared to be well 
connected, while in the network of participants without 
insomnia some nodes were isolated (i.e., the nodes of soci-
odemographic characteristics, P1–“thought echo”, and 
P14–“deja vu experiences”.

Edge weights are shown in Supplementary Tables 2, 3. 
The following nodes of PLEs (in the descending order of 
edge weights) were connected to the node of suicidal idea-
tion (D9) in participants with insomnia: “deja vu experi-
ences” (P14, edge weight = 0.083), “conspiracy about 

Fig. 1  Correlations of the scores of PLEs with the suicidal ideation 
score at various levels of insomnia

Table 3  Results of the 
moderation analysis

Significant association (p < 0.05) are marked in bold

B SE t p 95%CI

PLEs − 0.002 0.005 − 0.414 0.679 − 0.001 to 0.007
Insomnia 0.051 0.012 4.319  < 0.001 0.028 to 0.074
PLEs × insomnia 0.003 0.001 6.105  < 0.001 0.002 to 0.004
Depressive symptoms 0.062 0.003 23.431  < 0.001 0.057 to 0.067
Age 0.001 0.002 0.143 0.886 − 0.004 to 0.004
Gender − 0.014 0.023 − 0.601 0.548 − 0.058 to 0.031
Education − 0.050 0.023 − 2.137 0.033 − 0.096 to − 0.004
Occupation − 0.140 0.050 − 2.786 0.005 − 0.239 to − 0.042

Fig. 2  The networks analyzed in the present study. A refers to the network analysis of participants with insomnia, while B shows the network 
analysis in participants without insomnia
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me” (P6, edge weight = 0.045), “thought echo” (P1, edge 
weight = 0.042), “people want to threaten me so they stare 
at me” (P5, edge weight = 0.030), “others have it in for me” 
(P9, edge weight = 0.024), and “hearing people calling 
my name” (P15, edge weight = 0.011). The P14–D9 edge 
weight was significantly higher than the P5–D9, P9–D9 and 
P15–D9 edge weights (Supplementary Figs. 1, 2). Impor-
tantly, there were no direct connections between nodes of 
PLEs and the D9 node in participants without insomnia.

Central nodes

Strength centrality values and their comparison are plot-
ted in Supplementary Figs. 3, 4. The three most central 
nodes in participants with insomnia included “conspiracy 
about me” (P6, strength = 1.10), “deja vu experiences” 
(P14, strength = 1.00), and “others have it in for me” (P9, 
strength = 0.96). In turn, in participants without insomnia 
these nodes were represented by “feeling bad about your-
self” (D6, strength = 0.79), “little interest/pleasure in doing 
things” (D1, strength = 0.70), and “feeling down/depressed/
hopeless” (D2, strength = 0.67).

Node predictability

The mean predictability of the network was 0.241 (i.e., 
the mean variance of each node explained by nodes 
directly connected to it was 24.1%) in the analysis of par-
ticipants with insomnia and 0.165 (i.e., the mean vari-
ance of each node explained by nodes directly connected 
to it was 16.5%) in the analysis of participants without 
insomnia (Supplementary Table 4). In the analysis of 
participants with insomnia, the mean predictability of 
specific groups of nodes was 0.248 for PLEs and 0.319 
for depressive symptoms. In turn, in the analysis of par-
ticipants without insomnia, the mean predictability of 
specific groups of nodes was 0.159 for PLEs and 0.242 
for depressive symptoms. In participants with insomnia, 
the node with the highest predictability was “conspiracy 
about me” (P6, predictability = 0.452) while the node 
with the lowest predictability was “hearing people calling 
my name” (P15, predictability = 0.126). In participants 
without insomnia, the node with the highest predictabil-
ity was represented by “feeling bad about yourself” (D6, 
predictability = 0.387), while the node with the lowest 
predictability was “thought echo” (P1, predictability = 0).

Network stability and accuracy

The node-specific strength appeared to be stable when 
dropping various proportions of data (Supplementary 
Fig. 5). The CS-C value was 0.75 (the same values for 

edges and strength values) in the analysis of participants 
with insomnia. In turn, in the analysis of participants 
without insomnia, the CS-C values were 0.59 (for edges) 
and 0.36 (for strength values). These estimates indicate 
that the network models were robust. The majority of 
bootstrapped 95%CI ranges of edge weights were rela-
tively narrow indicating sufficient accuracy (Supplemen-
tary Fig. 6).

Discussion

Findings from our study indicate that PLEs are associated 
with the current suicide risk only in subjects with insomnia 
after controlling for the effects of sociodemographic char-
acteristics and depressive symptoms. These findings are in 
agreement with those obtained by Thompson et al. [31], who 
also found a moderating effect of sleep quality on the asso-
ciation between PLEs and suicidal ideation in help-seeking 
individuals. Our findings extend these observations over the 
non-clinical sample of individuals with less severe psycho-
pathological symptoms. Moreover, a recent study performed 
in college students demonstrated that previous suicidal idea-
tion and low subjective quality of sleep are the most robust 
predictors of the current suicidal ideation [51]. Other factors 
associated with higher risk of the current suicidal ideation in 
this sample included paranoid thoughts, internet addiction, 
poor self-rated physical health, poor self-rated overall health, 
emotional abuse, low average annual household income per 
person and heavy study pressure.

Another important observation from this study is that deja 
vu experiences, auditory hallucination-like experiences and 
paranoia might be most closely related to suicidal ideation 
in subjects with PLEs reporting insomnia. No connections 
between nodes of PLEs and the node of current suicidal ide-
ation were found in participants without insomnia. Further, 
nodes representing paranoia and deja vu experiences repre-
sented the three most central nodes in the network analysis 
of participants with insomnia. Also, the item that captured 
paranoia (“conspiracy about me”) had the highest predict-
ability in participants with insomnia. In turn, depressive 
symptoms were the three most central nodes in the network 
analysis of participants without insomnia. The PHQ-9 item 6 
(“feeling bad about yourself”) had the highest predictability 
in this subgroup of participants. The connection between 
deja vu experiences and the current suicidal ideation had 
the largest edge weight among connections between PLEs 
and the current suicidal ideation. The phenomenological 
position of deja vu experiences remains unclear. However, 
some authors classify deja vu experiences among disso-
ciation symptoms [52]. It has been found that dissociation 
might be a transdiagnostic risk factor of suicide [53]. In 
general, our findings are also similar to those obtained by 
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Jay et al. [17], who demonstrated that thought control, audi-
tory hallucinations, suspiciousness, and nihilistic thinking/
dissociative experiences represent PLEs that are the most 
strongly associated with suicidal ideation among children 
with PLEs. Moreover, paranoia has been repeatedly associ-
ated with higher risk of suicide in clinical and non-clinical 
samples [54–56].

Our findings should be interpreted with caution due to 
certain limitations. We did not use any standardized tools to 
assess psychiatric diagnosis in participants. Therefore, trans-
lation of findings into clinical practice should be approached 
cautiously. However, there is evidence that PLEs represent a 
transdiagnostic risk factor of mental disorders [6, 7]. Moreo-
ver, self-reported PLEs have been found to predict the devel-
opment of psychosis in epidemiological studies of non-help-
seeking individuals [57]. Also, self-reported PLEs that have 
been found to represent false positive findings in standard-
ized clinical assessment might predict the development of 
psychosis, mood and anxiety disorders as well as low social 
functioning [58, 59]. Another limitation is that the use of 
a snowball sampling methodology might be characterized 
by limited accuracy and low representativeness of partici-
pants [60]. Indeed, we were not able to record the number 
and data of participants who declined to participate in the 
survey. Moreover, causal associations cannot be indicated 
as the cross-sectional design was used. However, according 
to existing evidence in the field, bidirectional associations 
between PLEs and sleep disturbance are most likely to occur 
[19, 22, 23]. Also, all assessments were performed using 
self-reports with selected items derived from specific tools. 
Among them, suicidal ideation was assessed using only one 
item from the PHQ-9 (item 9). This item might also capture 
the current intent of non-suicidal self-injuries and does not 
cover all aspects of suicidality (e.g. lifetime occurrence of 
suicide attempts, ideations and plans). However, in the pre-
sent study, we focused on the current psychopathology. Also, 
it has been shown that the PHQ-9 item 9 might hold useful-
ness in stratifying the risk of suicide [61–63]. At this point, it 
is also important to highlight the lack of objective measures 
for insomnia. Finally, it needs to be pointed out that results 
of the network analysis might depend on the inclusion of 
specific variables. In this regard, it should be noted that the 
association between PLEs and the current suicidal ideation 
reported in the present study might simply reflect shared cor-
relates of PLEs and suicidality (e.g. childhood trauma, sub-
stance use, and other dimensions of psychopathology) [64].

In sum, observations from the present study provide cer-
tain translational perspectives that might be of importance 
in clinical practice. Specifically, our findings indicate that 
insomnia might be an important aspect in subjects with 
PLEs increasing the occurrence of suicidal ideation. From 
the phenomenological point of view, deja vu experiences, 
hallucination-like experiences and paranoia might be more 

closely related to suicidal ideation in subjects with PLEs 
who also report insomnia. Targeting sleep quality might be 
important for suicide prevention among individuals with 
PLEs. However, additional studies in clinical samples are 
needed to develop specific recommendations.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00406- 023- 01653-3.
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