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Cannabis and tobacco use are highly prevalent among people with psychosis
and are associated with medical comorbidities and poor prognosis.
Concurrent use of cannabis and tobacco (‘co-use’) is rising in the general
population, but has not been studied in psychosis. Given the devastating
consequences of cannabis and tobacco use, it is critical to understand

how their co-use affects psychiatric symptoms and the development of
psychosis. Here we used the North American Prodrome Longitudinal
Study-2, amultisite prospective study of individuals at clinical high risk

for psychosis (CHR), and healthy controls to examine baseline differences

in psychiatric symptoms and conversion to psychosis across substance
groups: (1) CHR tobacco use, (2) CHR cannabis use, (3) CHR co-use, (4) CHR
non-tobacco or cannabis use, (5) CHR without substance use and (6) healthy
controls. Among 1,012 participants (734 CHR, 278 controls), more frequent
cannabis and tobacco use was linked to greater psychiatric symptom
severity. In survival analyses, heavy cannabis and light tobacco co-use

(HR =2.93,95% confidence interval (CI) [1.23-6.97], P= 0.015) was associated
with higher risk of conversion than no use of either substance. Co-use

of tobacco and cannabis was not associated with psychiatric symptom
severity but did predict higher risk of conversion to psychosis. These results
highlight the need for strategies that address co-use in CHR populations to
mitigate potential long-term psychiatric consequences.

Cannabis and tobacco use are highly prevalent among people with
psychosis'. Up to 62% of people with schizophrenia use tobacco—a
prevalence three times that of the general population® Cannabis use
is also common, especially among individuals with first episode psy-
chosis (FEP)*. Across schizophreniaspectrum disorders, cannabis use
disorders are presentin 26.2% of individuals, with prevalence rising to
36% among those with FEP**,

Tobacco and cannabis use are associated with substantial medical
and psychiatric comorbidities in people with psychosis. Tobacco use

is the leading preventable cause of early mortality in schizophrenia,
leading to a20-year decreased life expectancy comparedto the general
population®®’. Individuals with psychosis smoke more heavily, are more
nicotine-dependent, and are less likely to quit smoking than people
without a psychotic disorder>®’.

Cannabis use is associated with psychotic symptom exacerba-
tion, psychotic relapse, treatment nonadherence and poorer overall
functioning'® . Lifetime cannabis use is associated with a 1.4-fold
increase in the risk of developing psychotic illness, with cannabis
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dependence conferring a 3.4-fold increase'®. Higher frequency of
cannabis useis also associated with higher psychosisrisk, especially in
adolescence'". Cannabis use is involved in roughly half of psychotic
disorder cases, and regular use is a predictor of heightened schizo-
phreniarisk'?°. Cannabis use is known to cause positive symptoms of
psychosis, including paranoia and hallucinations***, as well as anhe-
doniaand amotivation™*,

Substance use generally beginsin adolescence, prior to the onset
of psychosis. Individuals who use tobacco are atincreased risk of devel-
oping psychosis®, and individuals at clinical high risk for psychosis
(CHR) are more likely to smoke cigarettes compared to controls*”.
Individuals who use cannabis have onset of schizophreniatwo to three
years earlier than those who do not use cannabis™.

Existing literature has studied the effects of single substances
(thatis, tobacco or cannabis use) on psychiatric symptoms and treat-
ment outcomes in the psychosis prodrome. Tobacco and cannabis
use are consistently reported at higher rates in the CHR population,
although findings are mixed regarding their association with risk of
conversion to psychosis®*°. However, the real world is not a con-
trolled trial of tobacco or cannabis use alone, as many individuals use
both substances.

Concurrent use of tobacco and cannabis, defined as ‘co-use’, has
become increasingly prevalent in the general population. Co-use
includes using substances at the same time, on the same occasion, or
within a defined timeframe where their effects may overlap. Co-use of
tobacco and cannabis can occur simultaneously, such as spliffs, which
are joints that include cannabis and loose-leaf tobacco, or asynchro-
nously, where the individual uses both substances at different times
(for example, using tobacco in the morning and cannabis at night)'.
In2018, amongindividuals aged 18-25 yearsin the United States, 48%
of tobacco users report cannabis use in the past month®. In 2021, US
adolescents reported co-use at rates similar to tobacco use alone and
higher than cannabis use alone™. Co-use of tobacco and cannabis is
associated with higher rates of psychiatric conditions, worse substance
use outcomes and poorer physical health'®*, Individuals in their first
episode of psychosis who co-use tobacco and cannabis have an earlier
age of onset and more severe symptom profile than those who use
tobacco or cannabis alone®?*,

Given the devastating medical and psychiatric consequences of
use of these substances, itis critical to understand the effects of co-use
on psychiatric symptoms and risk of developing a psychotic disorder.
Because substance use often begins before the onset of psychosis,
we investigated tobacco and cannabis co-use during the CHR period,
atime prior to the onset of psychosis when individuals experience
attenuated psychotic symptoms, alterations in mood and anxiety,
and changes in social functioning®>°. We compared baseline symptom
severity among CHR with current co-use, tobacco use only or cannabis
use only, other substance use, and no substance use from the North
American Prodrome Longitudinal Study (NAPLS2), a multisite pro-
spective study of individuals at risk for psychosis and healthy controls
who underwent neuroimaging and clinical characterization then were
followed for two years for development of a psychotic disorder (that s,
conversion to psychosis). We also assessed whether baseline tobacco
and cannabis co-use was associated with conversion to psychosis. We
hypothesized that CHR with co-use would have (1) more severe psychi-
atric symptoms and (2) a higher rate of conversion to psychosis than
CHR using only tobacco or cannabis.

Results

There were 1,012 participants with data for analysis. Healthy controls
(n=278) were older than CHR individuals (19.75 versus 18.48 years,
t(458.3) =3.91, P< 0.001, n = 734). CHR substance use groups dif-
fered significantly in age (F(4,729) =36.74, P< 0.001), with the
Non-Substance Use group being younger than all other CHR groups
(all Bonferroni-corrected pairwise P < 0.001; Table 1). Groups also

differed in sex distribution (y*(5) =16.04, P=0.007), with the co-use
group being more male than the Non-Substance Use, Non-TC Use,
and Healthy Control groups. There were no significant differences
inrace or socioeconomic status between CHR substance use groups
(Tableland Supplementary Fig.1). The Non-Substance Use group was
more Hispanic than the Co-Use group (Fisher’s exact test, P=0.002;
Table1).

Individuals with co-use and single substance use have
comparable frequency of use

Therewereno differencesin cannabis use frequency between the Canna-
bis Use and Co-Use groups (H(1) = 0.77, P= 0.38; Supplementary Fig. 2a)
nor in tobacco use frequency between the Tobacco Use and Co-Use
groups (H(1) =1.92, P=0.17; Supplementary Fig. 2b). Alcohol use did
notdiffer between the Tobacco Use, Cannabis Use and Co-Use groups
(H(2) =0.38, P=0.83; Supplementary Fig. 3).

Greater tobacco and cannabis use are associated with greater
psychiatric symptom severity

Symptom severity was assessed across seven domains: Scale of
Psychosis-Risk Symptoms (SOPS) Positive, Negative, General and Dis-
organization; Calgary Depression Scale for Schizophrenia (CDSS),
Self-Rating Anxiety Scale (SAS) and Social Interaction Anxiety Scale
(SIAS). In the combined study population (that is, CHR and healthy
controls), more frequent cannabis use was associated with greater
psychiatric symptom severity on all domains (Bonferroni-corrected
P=0.05/seven symptom domains = 0.007, P < 0.001; Fig.1). More fre-
quent tobacco use was similarly associated with greater symptom sever-
ity across six of seven domains (all P < 0.001); however, the association
with social anxiety did not survive Bonferroni correction (p = 0.08,
P=0.015; Fig. 1). See the Supplementary Information for details and
analyses for the CHR group alone (Supplementary Fig. 6). In linear
regression models, diagnosis and sex predicted psychiatric symptom
severity, and diagnosis and tobacco or cannabis use predicted use of
the other substance (Supplementary Results).

Psychosis, depression and anxiety symptoms do not differ
among CHR substance use groups

We then categorized CHR individuals based on their past 30-day sub-
stance use: (1) tobacco only; (2) cannabis only; (3) tobacco and cannabis
co-use; (4) substance use, but neither tobacco nor cannabis (Non-TC
use); or (5) no substance use). We observed that healthy controls had
lower symptoms thanall CHR substance use groups (all P < 0.001, Sup-
plementary Information). There were no differences in symptoms
(Fig.2a-d, P> 0.05, Supplementary Fig. 8) among the CHR substance
use groups.

Survival analyses

We then tested whether the substance use patternwas associated with
risk of conversion to psychosis. A total of 734 CHR participants pro-
vided data for survival analyses. Tobacco use frequency at baseline
was not associated with risk of conversion to psychosis (hazard ratio
(HR) =1.12,95% CI1[0.90-1.40], P= 0.32; Supplementary Fig. 9). Details
are provided in the Supplementary Information.

Frequency of cannabis use alone is associated with higher risk
of conversion

In Cox proportional hazard models adjusted for age and sex, a higher
frequency of cannabis use at baseline was associated with higher risk
of conversion to psychosis (HR =1.17, 95% CI [1.02-1.34], P=0.029;
Fig. 3). The E-value for the point estimate was 1.61, and for the lower
confidence interval limit was 1.14, indicating modest robustness to
potential unmeasured confounding. Neither age nor sex was associated
with conversion (HR,. = 0.97,95% C1[0.91-1.02], P= 0.216; HR, = 0.79,
95% C1[0.50-1.24], P=0.298).
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Table 1| Demographics by substance use group

Clinical high risk (n=734) Healthy
Co-Use (n=97) Tobacco Cannabis No Tobacco or No Substance 3::‘;;;;
Use (n=78) Use (n=79) Cannabis Use Use (n=375)
(n=105)

Age, yr(s.d.)? 19.3(3.0) 20.3(4.2) 19.6 (3.8) 21.2(4.7) 16.9(3.7) 19.7 (4.7)
Sex, female (%)° 28 (28.9) 29 (37.2) 33(41.8) 53 (50.5) 168 (44.8) 138 (49.6)
Sex, male (%)° 69 (71.1) 49 (62.8) 46 (58.2) 52 (49.5) 207(55.2) 140 (50.4)
Race (%)
First Nations 2(21) 0(0.0) 1(1.3) 0(0.0) 10(2.7) 4(1.4)
East Asian 1(1.0) 1(1.3) 4(5.) 1(1.0) 12(3.2) 15 (5.4)
Southeast Asian 0(0.0) 2(2.6) 0(0.0) 0(0.0) 13(3.5) 7(2.5)
South Asian 1(1.0) 2(2.6) 1(1.3) 2(2.0) 13(3.5) 8(2.9)
Black 13(13.4) 9(11.5) 12(15.2) 17(16.2) 58 (15.5) 48 (17.3)
Central/South American 1(1.0) 4(5.) 2(2.5) 4(3.8) 21(5.6) 13 (4.7)
West/Central Asia and Middle East  1(1.0) 2(2.6) 0(0.0) 0(0.0) 3(0.8) 2(0.7)
White 70(72.2) 49(62.8) 52 (65.8) 64 (61.0) 191(51.1) 151(54.3)
Native Hawaiian or Pacific Islander 0 (0.0) 0(0.0) 0(0.0) 0(0.0) 2(0.5) 1(0.4)
Interracial 8(8.3) 9(11.5) 7(8.9) 17(16.2) 51(13.6) 29 (10.4)
Hispanic (%)° 9(9.3) 8(10.3) 12(15.2) 22(21.0) 87(23.2) 49 (17.6)
Taking antipsychotic (%) 10.3 5.1 6.3 6.7 8.5 -
CPZ equivalent dose* 2231(144.2) 218.0 (210.1) 238.3(174.9) 1251 (114.3) 1911 (150.1) -
SOPS (s.d.)
Positive 12.56 (3.9) 1.74(4.1) 12.49 (4.) 1.7 (3.6) 11.53(3.7) 1.05° (1.7)
Negative 11.62(5.7) 11.78 (5.8) 12.0 (5.4) 11.62 (6.6) 12.05 (6.2) 1.44°(2.2)
Disorganization 5.46 (3.1) 512(2.9) 516 (3.1) 4.56 (3.3) 5.26 (3.2) 0.65°(1.2)
General 9.99 (4.3) 9.49 (4.6) 9.34(3.9) 9.29 (4.5) 8.82(4.2) 1.30°(2.1)
SAS (s.d.) 3917(10.7) 40.51(1.4) 37.85(11.3) 38.4(11.0) 36.94(10.5) 22.99°(3.6)
SIAS (s.d.) 28.64 (17.2) 30.36 (16.2) 33.41(16.2) 32.0(17.0) 30.76 (18.0) 9.04°(8.7)
CDSS (s.d.) 6.35(5.2) 6.32(47) 6.55 (4.8) 6.57 (5.0) 5.26 (4.5) 0.57°(1.4)

CDSS, Calgary Depression Scale for Schizophrenia; CPZ, chlorpromazine equivalent; SAS, Self-Rating Anxiety Scale; SIAS, Social Interaction Anxiety Scale; SOPS, Scale of Psychosis-Risk
Symptoms. Group differences were assessed using a two-sample Welch t-test for age, one-way analysis of variance (ANOVA) with Bonferroni-corrected pairwise t-tests for symptom severity,
and Pearson x2 or Fisher’s exact tests for categorical variables (sex, race, ethnicity and antipsychotic use). All tests were two-sided (n=1,012). 2Age differed significantly across CHR substance

use groups (F(4,729)=36.74, P<0.001); the Non-Substance Use group was younger than all other CHR groups (all Bonferroni-corrected pairwise P<0.001). Healthy controls were also
significantly older compared to all CHR individuals (t(458.3)=3.91, P<0.001). °Co-Use group was more male than the Non-TC Use, Non-Substance Use and Healthy Control groups (x*(5)=16.04,
P=0.007; all Bonferroni-corrected pairwise P<0.010). °The Non-Substance Use group was more Hispanic than the Co-Use group (Fisher’s exact test,odds ratio=2.96, 95% Cl [1.41,6.96],
P=0.002). “If taking antipsychotic medication. °The Healthy Control group had lower symptom severity on all scales compared to all CHR groups (P<0.001).

Cannabis use frequency is not associated with higher risk of
conversion when controlling for tobacco use

Toisolate the contributions of cannabis and tobacco use individually
on conversion to psychosis, we performed analyses using cannabis or
tobacco use frequency as a predictor while controlling for use of the
othersubstance. Higher frequency of cannabis use remained positively
associated with higher risk of conversion to psychosis (HR =1.16, 95%
CI[1.00-1.35], P=0.055) when controlling for tobacco use, but the
association was reduced and did not reach statistical significance.
Neither age nor sex was associated with conversion (HR,.. = 0.96, 95%
CI[0.91-1.02], P=0.211; HR,, = 0.79, 95% CI[0.50-1.24], P= 0.305).

Categorical tobacco and cannabis co-use is not significantly
associated with higher risk of conversion to psychosis

When we defined tobacco and cannabis use categorically (no use,
tobacco use only, cannabis use only, co-use), co-use of cannabis and
tobacco was associated with higher risk of conversion compared to
no use of either substance (HR =1.69, 95% CI1[0.96-2.97], P= 0.070,
Supplementary Fig. 10), but did not reach significance. Details are
provided in the Supplementary Information.

Heavy cannabis use and light tobacco use is associated with the
highest risk of conversion to psychosis

Toinvestigate the dose-response relationships of tobacco and cannabis
use on conversion to psychosis, we categorized the intensity of can-
nabis and tobacco use (no use, light use, heavy use for each substance;
Supplementary Methods). Heavy cannabis use and light tobacco use
(HR=2.93,95% CI[1.23-6.97], P= 0.015; Fig. 4) was associated with
higher risk of conversion than no use of either substance. The corre-
sponding E-value was 5.31, suggesting very strong robustness against
unmeasured confounders. Neither age nor sex was associated with
conversion (HR,, = 0.96,95% C1[0.91-1.02], P= 0.216; HR,,, = 0.80,
95% C1[0.51-1.26], P=0.330).

Discussion

This Article describes aninvestigation of tobacco and cannabis co-use
inindividuals at CHR for psychosis. We observed associations between
baseline tobacco and cannabis co-use and psychiatric symptomseverity
andincreasedrisk of conversion to psychosis. We firstinvestigated the
frequency of substance use and observed that more frequent tobacco
and cannabis use was associated with greater severity of psychosis,
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Fig.1| Cannabis and tobacco use frequency are associated with higher
psychiatric symptom severity. a-g, Across the combined sample (CHR and
Healthy Controls), more frequent cannabis use was associated with worsened
psychiatric symptoms of psychosis across all SOPS domains (a, positive: p = 0.20,
P<0.001; b, negative: p = 0.11, P < 0.001; ¢, disorganization: p = 0.14, P< 0.001;

d, general:p=0.17,P< 0.001; e, anxiety: p = 0.15, P< 0.001; f, social anxiety: p = 0.11,
P=0.002; g, depression: p=0.15, P < 0.001; Bonferroni-corrected P= 0.05/seven
symptom domains = 0.007). h-1,n, Similarly, more frequent tobacco use was also
associated with worsened psychiatric symptoms of psychosis (h, positive: p = 0.17,
P<0.001;i, negative: p = 0.13, P< 0.001; j, disorganization: p = 0.16, P< 0.001;

k, general: p=0.19, P< 0.001; 1, anxiety: p = 0.19, P< 0.001; n, depression: p = 0.16,
P<0.001; Bonferroni-corrected P = 0.05/7 symptom domains = 0.007). Sample

Tobacco use frequency

sizes varied across panels due to missing data:a,n=1,010; b, n=996;¢c,n=997;
d,n=994;e,n=947;f,n=941;8,n=987;h,n=1,008;i,n=994;j,n=995;
k,n=992;1,n=946;m,n=940;n,n=985.m, The association between tobacco
use frequency and social anxiety did not survive Bonferroni correction. These
results suggest a consistent association between more frequent substance

use and greater psychiatric symptom burden in this population. Relationships
between cannabis and tobacco frequency in the CHR group alone are reported in
the Supplementary Information. Spearman correlations were calculated using
two-sided tests across the full sample (CHR and healthy controls; n=1,012).
Shaded bands represent 95% confidence intervals around the linear regression
line. Each dot represents anindependent participant.

anxiety and depression. We then categorized CHR individuals based on
whether they used tobacco or cannabis inisolation or together (co-use),
and found psychiatric symptom severity did not differ between sub-
stance use groups (that is, CHR individuals with co-use did not have
more severe symptoms than those with isolated tobacco or cannabis
use). These results were contrary to our hypotheses and suggest that
tobacco and cannabis use do not have additive effects on clinical symp-
tomatology. We also did not observe any beneficial effects of tobacco

or cannabis use on symptoms. Next, we investigated the effects of
co-use on conversion to psychosis and observed that heavy co-use
(heavy cannabis and light tobacco use) was associated with a threefold
increased risk of conversion to psychosis.

Our findings dovetail with mixed reports in the literature. Nico-
tine transiently improves cognitive deficits and negative symptoms
in schizophrenia, probably via agonism of nicotinic acetylcholine
receptors to increase dopamine and glutamate transmission in the
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Fig. 2| Psychosis symptoms do not differ among CHR substance use groups.
a-d, SOPS positive (a), negative (b), disorganization (c) and general (d) scores
across different substance use groups: Cannabis Use, Co-Use, Non-Substance
Use, Non-TC Use, Tobacco Use and Healthy Controls. Group differences

were assessed using one-way ANOVA with Bonferroni-corrected pairwise

t-tests (two-sided): SOPS positive F(5,1,005) = 417.7, P < 0.001; SOPS negative
F(5,991) =156.2, P< 0.001; SOPS disorganization F(5,992) =107.5, P< 0.001; SOPS
general F(5,989) =174.63, P < 0.001. Healthy Controls had significantly lower

SOPS scores than all other groups (Non-Substance Use, Non-TC Use, Tobacco
Use, Cannabis Use and Co-Use, Bonferroni-corrected P = 0.05/seven symptom
domains =0.007, P< 0.001), but their significance bars have been omitted for
simplicity. No significant differences were observed between CHR substance use
groups (all P> 0.05). Sample sizes varied slightly across panels due to missing
data:a,n=1,011;b,n=997;¢c,n=998;d, n = 995. Boxplots display the median
(center line), 25th and 75th percentiles (box bounds), and 1.5x interquartile range
(whiskers). Individual data points are shown as dots.

brain®**%, However, heavy nicotine use has been associated with worse
outcomesin chronic psychosis, asindividuals who smoke more heav-
ily have more severe positive and negative symptoms, more frequent
hospitalizations, and higher relapse rates®. Cannabis use exhibits a
similarly paradoxical profile: acutely, some individuals report anxio-
lytic or mood-elevating effects from cannabis, yet sustained use is
associated with worsened symptom severity, poorer treatment adher-
ence and poorer functional outcomes®. Yet, previous research has
observed that CHR individuals who used cannabis had lower social
anhedonia and higher social engagement compared to those who did
notuse cannabis*’. Our observation that symptom severity did not dif-
feramongthe CHR substance use groups contrasts with arecent study
of FEP individuals that found individuals who used only tobacco prior
to psychosis onset had less severe negative symptoms compared to
those whodid not use tobacco*. Additionally, FEP individuals who used
tobacco and cannabis before psychosis onset had more severe positive
symptoms than individuals who only used tobacco®*. However, this
analysis measured symptoms during FEP rather than the CHR period
and assessed substance use retrospectively**.

Another critical aspectis why individuals at risk for psychosis are
atgreater risk for substance use. Those who develop schizophreniaare
four to five times more likely to have had substance use disorders in
their youth than the general population*’. In CHR cohorts, problematic
substance use occursin 22%to >50% of individuals and is significantly
higher than in age-matched peers. One proposed mechanism is the
self-medication hypothesis: adolescents in the prodromal phase often
experience subthreshold symptoms of psychosis and may use sub-
stances to cope with distressing experiences®. Another important
factoris shared neurobiological and genetic vulnerability. Individuals
with heightened dopaminergic reactivity might be more prone to psy-
choticexperiences and also more sensitive to the reinforcing effects of
substances, making them more likely to use substances*®*. Thus, the
high co-occurrence of psychosis risk status and substance use prob-
ably arises from a confluence of factors: attempts to quell emerging
symptoms, overlapping biological susceptibilities, and lifestyle or
social factors that provide access to substances.

Critically, in a model differentiating light versus heavy use, indi-
viduals with heavy cannabis and light tobacco use had the highest
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Fig. 3| Cannabis use is associated with a higher risk of conversion to psychosis.
The association between cannabis use frequency and conversion was assessed
using a Cox proportional hazards model (two-sided), controlling for age and

sex (n =734 participants). Higher frequency of cannabis use at baseline was
associated with higher risk of conversion to psychosis (HR =1.17,95% CI[1.02-
1.34], P=0.029). Neither age nor sex was associated with conversion (HR,,. = 0.97,
95% CI1[0.91-1.02], P=0.216; HR,, = 0.79,95% C1[0.50-1.24], P= 0.298). Kaplan-
Meier survival curves are shown for time to conversion to psychosis by ordinal
cannabis use frequency. The curves are plotted for the purpose of descriptive
survival patterns and are not adjusted for age or sex.

conversionrisk—athreefold increase. Our findings indicate that co-use
oftobacco and cannabisis a more potentrisk factor for psychosis con-
version than use of either substance alone. However, the directionality
of this relationship cannot be known. One possible interpretationis a
synergistic effect, where tobacco might enhance the impact of can-
nabis use on the brain’s dopaminergic or endocannabinoid systems,
thereby amplifying the biological processes underlying psychosis
onset. Acutely, both substances increase dopamine signaling in the
mesolimbic pathway by increasing the firing of ventral tegmental area
dopamine neurons and elevating dopamine release in the nucleus
accumbens****, Cannabis and tobacco may sensitize dopamine neuro-
transmission and can alter mesocorticolimbic dopamine signaling with
chronicuse’®**. Nicotine use may predispose to cannabis use or potenti-
ateits effects by increasing tetrahydrocannabinol (THC) absorption®.
Arecentstudy showed that cannabis and tobacco co-use was associated
with increased levels of fatty-acid amide hydrolase, which degrades
anandamide, a prominent endocannabinoid*. Additionally, smoking
nicotine and cannabis simultaneously increases the amount of THC
inhaled per gram®. This theory also aligns well with evidence from
FEP cohorts. In a large multinational study of FEP, co-use of tobacco
and cannabis predicted earlier age of FEP onset than either alone, but
co-use did not differ from tobacco-only use in the odds of develop-
ing psychosis®. Rather than being directly causal, evidence suggests
tobacco and cannabis co-use may be a marker of elevated underlying
vulnerability. Heavy cannabis use combined with light tobacco use
conferred the highest risk of conversion. An elevated risk at relatively
low levels of tobacco exposure may argue against a dose-dependent
tobacco effect and instead suggests that tobacco use may act as a
sensitizing factor or marker of heightened underlying susceptibility
inthe context of frequent cannabis use.

However, cannabis use appears to be the primary culprit, as can-
nabis use predicted conversion to psychosis, although this relation-
ship was attenuated after controlling for tobacco use. These results
extend prior research on cannabis use in CHR populations. Cannabis
use is linked to increased psychosis risk across multiple epidemio-
logical studies. Previous longitudinal research has shown that heavy
cannabis use in adolescence substantially raises the likelihood of
later developing schizophrenia-spectrum disorders*. Individuals
reporting very frequent cannabis use (50+ times by late teens) have
up to asixfold higher odds of a schizophrenia diagnosis in adulthood

compared to individuals without substance use*. Cannabis use dis-
order is also linked to increased dopamine-related function in a mid-
brain pathway implicated in psychosis*. Likewise, meta-analyses have
concluded that, although cannabis is neither a necessary nor suffi-
cient cause of psychosis, it probably contributes to psychosis risk in
predisposed individuals*®.

Strengths and limitations

Our study has several notable strengths. This is the first investigation
examining tobacco and cannabis co-useina CHR cohort. Earlier work
in psychosis risk largely focused on single substances, whereas our
approach captures the real-world scenario where many young people
use tobacco and cannabis together. Although many cross-sectional
studies assess current or lifetime substance use disorders, few studies
characterize current substance use below the level of a disorder. Our
sampleis large (734 CHR individuals, from an initial pool of 1,012 par-
ticipantsincluding controls) and drawn from eight sites across North
America, enhancing generalizability.

Although our study sheds new light on tobacco and cannabis
co-useinthe CHR period, it has several limitations. Amajor limitation
is that the data were collected from 2009 to 2013, before the legaliza-
tion of recreational cannabis use, the emergence of vaping (nicotine
and THC)**° and other non-combustible nicotine use, and increasing
levels of THC, which isimportant as THC potency has increased since
20132, The available substance use data were limited in detail, rely-
ing on self-reported current substance use without data on quantity
or use history. Furthermore, the substance use data lacked granular-
ity to differentiate the effects of simultaneous versus asynchronous
use of tobacco and cannabis, which may have differing neurobiologi-
cal effects. Individuals with a substance use disorder in the past six
months were excluded, which also limits the generalizability of our
findings. Finally, the observational design precludes conclusions
about causality, and we did not include longitudinal assessments in
this analysis. Although co-use predicted conversion to psychosis, we
cannot be certain that substance use is driving this outcome. It is pos-
sible that a shared third factor (for example, genetic vulnerability or
childhood trauma) leads some CHR individuals to both use substances
and develop psychosis.

Future directions

Giventhescarcity of literature on tobacco and cannabis co-use in psy-
chosis risk, our findings expand several avenues for future research.
Replication in more recent, independent samples will be important
to confirm the heightened conversion risk among individuals who
co-use tobacco and cannabis. Froma clinical perspective, our findings
suggest that interventions to reduce substance use in CHR popula-
tions are warranted. If co-use indeed contributes to conversion risk,
then reducing substance use might delay or prevent psychosis onset
insome individuals. In conclusion, our study underscores that tobacco
and cannabis co-use is an important, yet understudied, factor in the
psychosis prodrome.

Data availability
Datais available upon reasonable request.

Materials and methods

Participants

NAPLS2is alongitudinal case-control study of individuals at CHR for
psychosis across eight sites in North America. Individuals meeting
CHR criteria (N =734) and healthy controls (V=278) were enrolled.
The Supplementary Information describes the inclusion and exclusion
criteria. Participants underwent assessment at baseline and every six
months for two years and upon conversion to psychosis (if applicable)
fromJanuary 2009 to April 2013. Participant demographics, including
race and ethnicity, were self-reported. Only baseline assessments were
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Fig. 4| Heavy cannabis use and light tobacco use is associated with the highest
risk of conversion to psychosis. To investigate the dose-response relationships
of tobacco and cannabis use on conversion to psychosis, we categorized the
intensity of cannabis and tobacco use (no use, light use, heavy use for each
substance). The association between cannabis and tobacco use intensity and
conversion to psychosis was assessed using a Cox proportional hazards model
(two-sided), controlling for age and sex (n = 734 CHR participants). Heavy
cannabis use and light tobacco use (HR =2.93,95% CI[1.23-6.97], P= 0.015)

was associated with higher risk of conversion than no use of either substance.
Neither age nor sex was associated with conversion (HR,. = 0.96, 95% CI
[0.91-1.02], P= 0.216; HR,, = 0.80, 95% C1[0.51-1.26], P= 0.330). Kaplan-Meier
survival curves are shown for time to conversion to psychosis by categorical
cannabis x tobacco interaction groups (none/low/high combinations). The
curves are plotted for the purpose of descriptive survival patterns and are not
adjusted for age or sex. The x axis is shortened for display purposes. *P < 0.05.

used for this analysis. Before participation, all participants provided
writteninformed consent (or, if under 18 years of age, informed assent
with parental consent) in accordance with the institutional review
boards of Beth Israel Deaconess Medical Center (Boston, Massachu-
setts), Emory University (Atlanta, Georgia), the University of Calgary
(Alberta, Canada), University of California Los Angeles, University of
California San Diego, The University of North Carolina at Chapel Hill,
Yale University (New Haven, Connecticut) and Zucker Hillside Hospital
(New York) (see Supplementary Information for details).

Measures

Diagnosis. CHR individuals met the Criteria for the Psychosis Risk
Syndrome®® based on the Structured Interview for Psychosis-Risk
Syndrome (SIPS)*?. Conversion to psychosis was determined in a
follow-up SIPSinterview, defined as meeting the Presence of Psychosis
Syndrome criteria.

Substance use. Current substance use at baseline was measured using
the Alcohol Use Scale/Drug Use Scale (AUS/DUS), which assesses sub-
stance use frequency over the past 30 days on an ordinal scale® (Sup-
plementary Information). We also categorized CHR individuals into
groups based on their reported substance use in the past 30 days: (1)
tobacco only; (2) cannabis only; (3) tobacco and cannabis co-use; (4)
substance use, but neither tobacco nor cannabis (Non-TC use); (5) no
substance use. Healthy controls had minimal substance use and so
were treated as one group. Because these co-use categories did not
consider intensity of use, tobacco and cannabis use were also treated
asindividual ordinal variables to test for dose-response relationships.

Psychiatric symptoms. The severity of psychosis symptoms at baseline
was rated using the SOPS*. Anxiety and depressive symptoms were
measured with the SAS®, SIAS*® and CDSS™".

Statistical approach

We used t-tests to compare continuous outcomes based on dichoto-
mous variables. ANOVAs were used to compare continuous outcomes
(for example, symptom scores) based on three or more groups.
Kruskal-Wallis tests were used to compare differences in ordinal
variables (for example, substance use frequency) across substance
use groups. Spearman correlations were used to determine relation-
ships with ordinal variables. Linear regression models were used to

predict (1) symptom severity and (2) substance use frequency based
on age, sex, site, diagnosis and diagnosis x substance use interac-
tions. Allanalyses were conducted in RStudio (version2023.03.1 + 446)
using alpha < 0.05, except as indicated in the results, to correct for
multiple comparisons.

Survival analyses. Cox proportional hazards regression models were
used to examine the association between tobacco and cannabis use and
conversion to psychosis. Time was measured as days frominitial assess-
ment to last follow-up assessment or post-conversion assessment. We
fitted five Cox proportional hazards models controlling for age and sex:

Tobacco use (ordinal)

Cannabis use (ordinal)

Cannabis and tobacco simultaneously (both ordinal)
Categorical co-use (no use, tobacco use only, cannabis use only,
co-use)

5. Categorical intensity of co-use (no use, light use, heavy use for
tobacco and cannabis).

BN

The reference category for the categorical models was no use of
either substance. Consistent with earlier literature***°, we defined
light tobacco use as <10 per day; heavy tobacco use as >10 per day,
light cannabis use as up to twice per week, and heavy cannabis use as
three or more times per week (Supplementary Information). Hazard
ratios with 95% confidence intervals were calculated for each predic-
tor. All analyses were conducted using R version 4.5.1 (2025-06-13)
and the packages survival and survminer. We calculated E-values for
the substance use variables in the Cox models to quantify the mini-
mum strength of unmeasured confounding needed to explain the
observed associations.

Reporting Summary
Furtherinformation onresearch designisavailablein the Nature Port-
folio Reporting Summary linked to this Article.

References

1.  Manseau, M. & Bogenschutz, M. Substance use disorders and
schizophrenia. Focus 14, 333-342 (2016).

2. deleon, J. & Diaz, F. J. A meta-analysis of worldwide studies
demonstrates an association between schizophrenia and tobacco
smoking behaviors. Schizophr. Res. 76, 135-157 (2005).

Nature Mental Health | Volume 4 | June 2026 | 941-950

947


http://www.nature.com/natmentalhealth

Article

https://doi.org/10.1038/s44220-026-00648-y

10.

n

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Myles, H., Myles, N. & Large, M. Cannabis use in first episode
psychosis: meta-analysis of prevalence, and the time course of
initiation and continued use. Aust. N. Z. J. Psychiatry 50, 208-219
(2016).

Koskinen, J., Lohonen, J., Koponen, H., Isohanni, M. & Miettunen,
J. Rate of cannabis use disorders in clinical samples of patients
with schizophrenia: a meta-analysis. Schizophr. Bull. 36, 1115-1130
(2010).

Hunt, G. E., Large, M. M., Cleary, M., Lai, H. M. X. & Saunders,

J. B. Prevalence of comorbid substance use in schizophrenia
spectrum disorders in community and clinical settings, 1990-
2017: systematic review and meta-analysis. Drug Alcohol Depend.
191, 234-258 (2018).

Olfson, M., Gerhard, T., Huang, C., Crystal, S. & Stroup, T. S.
Premature mortality among adults with schizophrenia in the
United States. JAMA Psychiatry 72, 1172-1181(2015).

Ward, H. B. et al. Evidence for schizophrenia-specific
pathophysiology of nicotine dependence. Front. Psychiatry 13,
804055 (2022).

Quigley, H. & MacCabe, J. H. The relationship between

nicotine and psychosis. Ther. Adv. Psychopharmacol. 9,
2045125319859969 (2019).

Han, B. et al. Tobacco use, nicotine dependence, and cessation
methods in US adults with psychosis. JAMA Netw. Open 6,
234995 (2023).

Hasan, A. et al. Cannabis use and psychosis: a review of reviews.
Eur. Arch. Psychiatry Clin. Neurosci. 270, 403-412 (2020).
Seddon, J. L. et al. Cannabis use is associated with increased
psychotic symptoms and poorer psychosocial functioning in
first-episode psychosis: a report from the UK National EDEN
Study. Schizophr. Bull. 42, 619-625 (2016).

Schoeler, T. et al. Poor medication adherence and risk of

relapse associated with continued cannabis use in patients with
first-episode psychosis: a prospective analysis. Lancet Psychiatry
4, 627-633 (2017).

Schoeler, T. et al. Association between continued cannabis

use and risk of relapse in first-episode psychosis: a
quasi-experimental investigation within an observational study.
JAMA Psychiatry 73, 1173-1179 (2016).

Robinson, T. et al. Risk-thresholds for the association between
frequency of cannabis use and the development of psychosis:

a systematic review and meta-analysis. Psychol. Med. 53,
3858-3868 (2023).

Jones, H. J. et al. Association of combined patterns of tobacco
and cannabis use in adolescence with psychotic experiences.
JAMA Psychiatry 75, 240-246 (2018).

McClure, E. A., Rabin, R. A., Lee, D. C. & Hindocha, C. Treatment
implications associated with cannabis and tobacco co-use. Curr.
Addict. Rep. 7, 533-544 (2020).

French, L. et al. Early cannabis use, polygenic risk score for
schizophrenia and brain maturation in adolescence. JAMA
Psychiatry 72, 1002-1011 (2015).

Bloomfield, M. A. P, Ashok, A. H., Volkow, N. D. & Howes, O. D.
The effects of A%-tetrahydrocannabinol on the dopamine system.
Nature 539, 369-377 (2016).

Hjorthgij, C. et al. Association between cannabis use disorder and
schizophrenia stronger in young males than in females. Psychol.
Med. 53, 7322-7328 (2023).

Groening, J. M. et al. A systematic evidence map of the
association between cannabis use and psychosis-related
outcomes across the psychosis continuum: an umbrella review
of systematic reviews and meta-analyses. Psychiatry Res. 331,
115626 (2024).

Shrivastava, A., Johnston, M., Terpstra, K. & Bureau, Y. Cannabis
and psychosis: neurobiology. Indian J. Psychiatry 56, 8-16 (2014).

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Argote, M. et al. Association between cannabis use and

symptom dimensions in schizophrenia spectrum disorders: an
individual participant data meta-analysis on 3,053 individuals.
eClinicalMedicine 64, 102199 (2023).

Skumlien, M. et al. The acute and non-acute effects of cannabis
on reward processing: a systematic review. Neurosci. Biobehav.
Rev. 130, 512-528 (2021).

Lawn, W. et al. Acute and chronic effects of cannabinoids on
effort-related decision-making and reward learning: an evaluation
of the cannabis ‘amotivational’ hypotheses. Psychopharmacol.
(Berl.) 233, 3537-3552 (2016).

Gurillo, P., Jauhar, S., Murray, R. M. & MacCabe, J. H. Does tobacco
use cause psychosis? Systematic review and meta-analysis.
Lancet Psychiatry 2, 718-725 (2015).

Ward, H. B. et al. Tobacco use and psychosis risk in persons at
clinical high risk. Early Interv. Psychiatry 13, 1173-1181(2019).
Farris, M. S., Shakeel, M. K. & Addington, J. Cannabis use in
individuals at clinical high-risk for psychosis: a comprehensive
review. Soc. Psychiatry Psychiatr. Epidemiol. 55, 527-537 (2020).
Buchy, L., Perkins, D., Woods, S. W., Liu, L. & Addington, J. Impact
of substance use on conversion to psychosis in youth at clinical
high risk of psychosis. Schizophr. Res. 156, 277-280 (2014).
Compton, M. T. et al. Relations of pre-onset cannabis, alcohol,
and tobacco use with the age at onset of prodrome and age at
onset of psychosis in first-episode patients. Am. J. Psychiatry 166,
1251-1257 (2009).

Kendler, K. S., Lonn, S. L., Sundquist, J. & Sundquist, K. Smoking
and schizophrenia in population cohorts of Swedish women and
men: a prospective co-relative control study. Am. J. Psychiatry 172,
1092-1100 (2015).

Cohn, A. M. & Chen, S. Age groups differences in the prevalence
and popularity of individual tobacco product use in young adult
and adult marijuana and tobacco co-users and tobacco-only users:
findings from Wave 4 of the population assessment of tobacco and
health study. Drug Alcohol Depend. 233, 109278 (2022).

Do, V. V., Ling, P. M., Chaffee, B. W. & Nguyen, N. Concurrent use
of tobacco and cannabis and internalizing and externalizing
problems in US youths. JAMA Netw. Open 7, 2419976 (2024).
Sanchez-Gutiérrez, T. et al. Tobacco use in first-episode
psychosis, a multinational EU-GEI study. Psychol. Med. 53,
7265-7276 (2023).

Gonzalez-Blanco, L. et al. Impact of previous tobacco use with or
without cannabis on first psychotic experiences in patients with
first-episode psychosis. Schizophr. Res. 236, 19-28 (2021).
Larson, M. K., Walker, E. F. & Compton, M. T. Early signs, diagnosis
and therapeutics of the prodromal phase of schizophrenia and
related psychotic disorders. Expert Rev. Neurother. 10, 1347-1359
(2010).

Powers, A. R. et al. Duration of the psychosis prodrome.
Schizophr. Res. 216, 443-449 (2020).

Meijer, J. H. et al. Cannabis and cognitive performance in
psychosis: a cross-sectional study in patients with non-affective
psychotic illness and their unaffected siblings. Psychol. Med. 42,
705-716 (2012).

Sacco, K. A. et al. Effects of cigarette smoking on spatial working
memory and attentional deficits in schizophrenia: involvement

of nicotinic receptor mechanisms. Arch. Gen. Psychiatry 62,
649-659 (2005).

Zammit, S. et al. Effects of cannabis use on outcomes of psychotic
disorders: systematic review. Br. J. Psychiatry 193, 357-363
(2008).

Amir, C. M. Neurobehavioral risk factors influence prevalence and
severity of hazardous substance use in youth at genetic and clinical
high risk for psychosis. Front. Psychiatry. https://doi.org/10.3389/
fpsyt.2023.1143315 (2023).

Nature Mental Health | Volume 4 | June 2026 | 941-950

948


http://www.nature.com/natmentalhealth
https://doi.org/10.3389/fpsyt.2023.1143315
https://doi.org/10.3389/fpsyt.2023.1143315

Article

https://doi.org/10.1038/s44220-026-00648-y

41. Ahrens, J. et al. Convergence of cannabis and psychosis on the
dopamine system. JAMA Psychiatry 82, 609-617 (2025).

42. Oleson, E. B. & Cheer, J. F. A brain on cannabinoids: the role of
dopamine release in reward seeking. Cold Spring Harb. Perspect.
Med. 2, a012229 (2012).

43. Yin,R. & French, E. D. A comparison of the effects of nicotine
on dopamine and non-dopamine neurons in the rat ventral
tegmental area: an in vitro electrophysiological study. Brain Res.
Bull. 51, 507-514 (2000).

44. George, T. P, Verrico, C. D., Picciotto, M. R. & Roth, R. H.
Nicotinic modulation of mesoprefrontal dopamine neurons:
pharmacologic and neuroanatomic characterization.

J. Pharmacol. Exp. Ther. 295, 58-66 (2000).

45. Rabin, R. A. & George, T. P. A review of co-morbid tobacco and
cannabis use disorders: possible mechanisms to explain high
rates of co-use. Am. J. Addict. 24, 105-116 (2015).

46. Rabin, R. A., Farrugia, J., Garani, R., Mizrahi, R. & Rusjan, P. A
preliminary investigation of tobacco co-use on endocannabinoid
activity in people with cannabis use. Drug Alcohol Depend. Rep.
16, 100369 (2025).

47. Van der Kooy, F., Pomahacova, B. & Verpoorte, R. Cannabis smoke
condensate |: the effect of different preparation methods on
tetrahydrocannabinol levels. Inhal. Toxicol. 20, 801-804 (2008).

48. Arseneault, L., Cannon, M., Witton, J. & Murray, R. M. Causal
association between cannabis and psychosis: examination of the
evidence. Br. J. Psychiatry 184, 110-117 (2004).

49. Smart, R., Caulkins, J. P., Kilmer, B., Davenport, S. & Midgette, G.
Variation in cannabis potency and prices in a newly legal market:
evidence from 30 million cannabis sales in Washington state.
Addiction 112, 2167-2177 (2017).

50. Caulkins, J. P. Changes in self-reported cannabis use in the United
States from 1979 to 2022. Addiction 119, 1648-1652 (2024).

51. ElSohly, M. A. et al. Changes in cannabis potency over the last
two decades (1995-2014) - analysis of current data in the United
States. Biol. Psychiatry 79, 613-619 (2016).

52. Chandra, S. et al. New trends in cannabis potency in USA and
Europe during the last decade (2008-2017). Eur. Arch. Psychiatry
Clin. Neurosci. 269, 5-15 (2019).

53. McGlashan, T., Walsh, B. & Woods, S. The Psychosis Risk
Syndrome: Handbook For Diagnosis and Follow-Up 1st edn (Oxford
Univ. Press, 2010).

54. Drake, R., Mueser, K. & McHugo, G. Alcohol use scale (AUS), drug
use scale (DUS), and substance abuse treatment scale (SATS). in
Outcome Assessment in Clinical Practice 1st edn (eds Sederer, L. I.
& Dickey, B.) 113-116 (Williams and Wilkins, 1996).

55. Zung, W. W. K. A rating instrument for anxiety disorders.
Psychosomatics 12, 371-379 (1971).

56. Mattick, R. P. & Clarke, J. C. Development and validation of
measures of social phobia scrutiny fear and social interaction
anxiety. Behav. Res. Ther. 36, 455-470 (1998).

57. Addington, D., Addington, J. & Maticka-Tyndale, E. Assessing
depression in schizophrenia: the Calgary Depression Scale.

Br. J. Psychiatry Suppl. 1993, 39-44 (1993).

Acknowledgements

B.C. and L.S. passed away tragically before submission of this
manuscript. Their colleagues wish to honor their contributions to the
work posthumously. This work was supported by National Institutes of
Health (NIH) grants UO1 MH066134 to J.A., P50 MH066286 to C.E.B.,
UO1 MH081944 to K.C., UOT1 MHO081902 to T.D.C., UO1 MH081857

to B.C., RO1 MH076989 to D.H.M., U0O1 MHO66069 to D.O.P., UO1
MHO081928 to W.S.S., UOT MH081988 to E.F.W., UOT1 MH82022 to SW.,
RO1MH116170 to R.0O.B. and K23DA059690 to H.B.W. Stipend support
for S.H.B. was provided by the National Institute on Alcohol Abuse and
Alcoholism of the NIH under award no. T32 AA013525. The content

is solely the responsibility of the authors and does not necessarily
represent the official views of the NIH.

Author contributions

D.B. contributed to data curation, formal analysis, investigation,
visualization and writing of the original draft. S.H.B. provided
formal analysis, investigation and visualization, and contributed to
writing the original draft. R.A.R. contributed to conceptualization
and investigation, and reviewed and edited the paper. J.A., C.E.B.,
K.C. T.DC,R.E.C, MK, D.HM., D.O.P, WS.S., MTT, E.FW. and

S.W. contributed to funding acquisition and investigation, and
reviewed and edited the paper. B.C. and L.S. contributed to funding
acquisition and investigation. R.O.B. contributed to data curation,
investigation and supervision, and reviewed and edited the paper.
H.B.W. contributed to conceptualization, data curation, formal
analysis, funding acquisition, investigation, methodology, project
administration, resources, software, supervision and validation, and
both wrote the original draft and reviewed and edited the paper.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version
contains supplementary material available at
https://doi.org/10.1038/s44220-026-00648-y.

Correspondence and requests for materials should be addressed to
Heather Burrell Ward.

Peer review information Nature Mental Health thanks Jojanneke
Bruins, Antti Mustonen, Teresa Sanchez-Gutiérrez and Wenche Ten
Velden Hegelstad for their contribution to the peer review of this work.

Reprints and permissions information is available at
www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

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 Author(s) 2026

'Department of Psychiatry and Behavioral Sciences, Vanderbilt University Medical Center, Nashville, TN, USA. 2Department of Psychiatry, McGill
University, Montreal, Quebec, Canada. *The Douglas Mental Health University Institute, Verdun, Quebec, Canada. “Department of Psychiatry, Hotchkiss
Brain Institute, University of Calgary, Calgary, Alberta, Canada. *Semel Institute for Neuroscience and Human Behavior, Departments of Psychiatry and

Nature Mental Health | Volume 4 | June 2026 | 941-950

949


http://www.nature.com/natmentalhealth
https://doi.org/10.1038/s44220-026-00648-y
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Article https://doi.org/10.1038/s44220-026-00648-y

Behavioral Sciences and Psychology, University of California Los Angeles, Los Angeles, CA, USA. ®Department of Psychiatry, University of California San
Diego, La Jolla, CA, USA. "Department of Psychology and Psychiatry, Yale University, New Haven, CT, USA. ®Department of Psychiatry, Zucker Hillside
Hospital and Donald and Barbara Zucker School of Medicine at Hofstra/Northwell, Glen Oaks, NY, USA. °Department of Psychiatry, Beth Israel Deaconess
Medical Center and Harvard Medical School, Boston, MA, USA. °Department of Psychiatry and Behavioral Sciences, University of California San
Francisco, San Francisco, CA, USA. "Veterans Affairs San Francisco Health Care System, San Francisco, CA, USA. ?Department of Psychiatry, University
of North Carolina at Chapel Hill, Chapel Hill, NC, USA. ®*Department of Psychology, Emory University, Atlanta, GA, USA. “Department of Psychiatry,

Yale University, New Haven, CT, USA. <le-mail: heather.b.ward@vumc.org

Nature Mental Health | Volume 4 | June 2026 | 941-950 950


http://www.nature.com/natmentalhealth
mailto:heather.b.ward@vumc.org

nature portfolio

Corresponding author(s): Heather Ward

Last updated by author(s): Apr8, 2026

Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

>
Q
—
(e
(D
©
(@)
=
S
<
-
(D
©
O
=
>
(@)
w
[
3
=
Q
<

Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

|X’ A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Gjve P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

OXX O OO0 000F%

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  No software was used for data collection.

Data analysis Il analyses were conducted in RStudio (Version 2023.03.1+446) using alpha<.05, except as indicated in results to correct for multiple
comparisons. All analyses were conducted using R version 4.5.1 (2025-06-13) and the following packages: survival and survminer.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Data are publicly available on the National Institute of Mental Health Data Archive.




Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender Sex was determined by self-report

Reporting on race, ethnicity, or  Race/ethnicity was self-reported
other socially relevant

>
Q
Y
(e
)
1®)
o
=
o
S
_
(D
1®)
o
=
5
(@}
wm
[
=
3
Q
<

groupings

Population characteristics age, sex, site, diagnosis were included as covariates
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