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ABSTRACT

Aims We tested the age-varying associations of cannabis use (CU) frequency and disorder (CUD) with psychotic, depres-
sive and anxiety symptoms in adolescent and adult samples. Moderating effects of early onset (≤ 15 years) and sex were
tested. Design Time-varying effect models were used to assess the significance of concurrent associations between CU
and CUD and symptoms of psychosis, depression and anxiety at each age. Setting and Participants Adolescent data
(V-HYS; n = 662) were collected from a randomly recruited sample of adolescents in Victoria, British Columbia, Canada
during a 10-year period (2003–13). Adult cross-sectional data (NESARC-III; n = 36309) were collected from a represen-
tative sample from the United States (2012–13). Measurements Mental health symptoms were assessed using self-
report measures of diagnostic symptoms. CU was based on frequency of past-year use. Past-year CUD was based on
DSM-5 criteria. Findings For youth in the V-HYS, CU was associated with psychotic symptoms following age 22
[b = 0.13, 95% confidence interval (CI) = 0.002, 0.25], with depressive symptoms from ages 16–19 and following age
25 (b = 0.17, 95% CI = 0.003, 0.34), but not with anxiety symptoms. CUD was associated with psychotic symptoms fol-
lowing age 23 (b = 0.51, 95% CI = 0.01, 1.01), depressive symptoms at ages 19–20 and following age 25 (b = 0.71, 95%
CI = 0.001, 1.42) and anxiety symptoms ages 26–27 only. For adults in the NESARC-III, CU was associated with mental
health symptoms at most ages [e.g. psychotic symptoms; age 18 (b= 0.22, 95% CI = 0.10, 0.33) to age 65 (b= 0.36, 95%
CI = 0.16, 0.56)]. CUD was associated with all mental health symptoms across most ages [e.g. depressive symptoms; age
18 (b = 0.96, 95% CI = 0.19, 1.73) to age 61 (b = 1.11, 95% CI = 0.01, 2.21)]. Interactions with sex show stronger
associations for females than males in young adulthood [e.g. V-HYS: CUD × sex interaction on psychotic symptoms
significant after age 26 (b = 1.12, 95% CI = 0.02, 2.21)]. Findings were not moderated by early-onset CU.

Conclusions Significant associations between cannabis use (CU) frequency and disorder (CUD) and psychotic and
depressive symptoms in late adolescence and young adulthood extend across adulthood, and include anxiety.
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health, psychosis, young adulthood.
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INTRODUCTION

Both substance use andmental health disorders contribute
substantially to the global burden of disease [1,2]. With
legalization of cannabis use (CU) in Canada and many
states in the United States, there is considerable interest
in how CU affects or is affected by mental health concerns.
Recent reviews and meta-analyses of research show that
CU is consistently associated with the onset and severity

of psychotic symptoms [3–6]. Research also suggests that
CU may have modest effects on mood and anxiety,
although findings are inconsistent [4,5,7]. These inconsis-
tencies relate to differences in age groups sampled, cultural
differences in illegality of CU and differences in symptoms
assessed. It is also possible that associations between
cannabis and mental health indicators are non-linear,
given that experiences of psychotic and mood disorders
may be episodic. In addition, concentrations of delta-9-
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tetrahydrocannabinol (THC), age of onset, frequency, dura-
tion of use and a host of co-occurring risks are also related
to both acute effects of cannabis and mental health symp-
toms [4,5]. As a result, the influences of CU and cannabis
use disorder (CUD) on mental health have proved difficult
to unravel.

Particular concern focuses on CU in adolescents.
Several recent reviews suggest that adolescent onset of CU
(i.e. 15 years or younger) conveys age-specific risks
for concurrent and adult-onset mental health disorders
[3–5]. Theory relates this age-sensitivity to ongoing brain
maturation and greater reward-sensitivity and reward-
seeking in adolescence and considerable epidemiological,
animal and neuropsychological research shows some
support for heightened risks related to adolescent onset
of CU (see reviews by [4,5]). However, comparisons with
adult samples are lacking and findings differ by symptom
type [8,9]. One longitudinal study of Swedish adults aged
20–64 with a 3-year follow-up [10] found that CU at
baseline was associated with risk for depression and anx-
iety (as well as the reverse); however, these associations
were not significant beyond co-occurring risks (e.g. alco-
hol and illicit drug use, education, family tension, place
of upbringing) and age of onset of use was not examined.

However, in addition to sensitivities related to brain
maturation [11], there are several reasonswhy adolescents
may show stronger associations between CU and mental
health symptoms than older adults. First, Winters & Lee
[12] showed that risks for CU dependency were greater in
recent-onset users at ages 14–18 than at ages 22–26,
although Chen et al. [13] found that adolescents may
over-report the clinical markers of CUD (e.g. used more
than intended, spent significant time in activities to obtain
cannabis or disrupted family or work relationships). Sec-
ondly, more frequent or longer-termuse (also characteristic
of older users) may lower sensitivity to the negative acute
effects of THC as tolerance increases [14,15], suggesting
that adults could have lower associations between CU
and CUD and mental health symptoms. Thirdly, some
research also finds that associations between CU and symp-
toms are not significant after controlling for common liabil-
ities or co-occurring risks (e.g. alcohol and illicit drug use,
education, family tension, place of upbringing, abuse and
victimization). Such risks may also be particularly likely
to contribute to allostatic load, stress and mental health
symptoms in adolescence [11]. Fourthly, many mental
health disorders onset in adolescence and this temporal
co-occurrence may contribute to the strength of their
associationswith CU and CUD in adolescence. For example,
almost 50% of life-time cases of any mental health disorder
start by age 14 and 75% start by age 24 [16,17]. However,
Kessler et al. [16] also found marked differences in mean
ages of onset of anxiety disorders (11 years), substance
use (20 years) and mood disorders (30 years), and the

onset of psychotic episodes was rare before 12 or after
30 years, suggesting that correlations may differ by symp-
tom type. The strength of associations between psychiatric
diagnoses and CU and CUDmay increase from adolescence
to young adulthood as new cases increase, and then level
off as new cases become less likely. Finally, associations
could be stronger in individuals with an early age of onset
of CU given longer timing of exposure, or the hypothesized
effects on adolescents’ brain development, particularly if
use is sustained across adolescence and young adulthood
[5]. CU and mental health symptoms differ for males and
females in adolescence and adulthood [18–20] and some
research shows associations between CU and mental
health symptoms for females [21], while others show asso-
ciations for males [22], warranting further investigation of
sex differences in associations.

This study has three aims:
1 To assess changes in strength of the associations

between CU and CUD and symptoms of psychosis, de-
pression and anxiety at each age in an adolescent and
adult sample;

2 To examine differences in these associations for early
(versus late) adolescent CU onset; and

3 To examine sex differences in these associations.

METHOD

Design

Using time-varying effects models (described below),
adjusted for socio-economic status (SES), cigarette smoking
and heavy episodic drinking (HED), we examine the
strength of the associations of CU frequency and CUD with
mental health symptoms in two samples: (1) a community
sample of Canadian adolescents, the Victoria Healthy
Youth Survey (V-HYS [23]) followed prospectively
(2003–13) and (2) a nationally representative of adults
(ages 18+) from the (2012–13) US National Epidemiologic
Survey on Alcohol And Related Conditions (NESARC-III
[25]). Interactions of these associations with early onset
of cannabis use (i.e. age 15 and younger versus after age
15) and sex are also assessed. Use of the two samples allows
us to identify age-specific associations between CU and
CUD and mental health symptoms from adolescence to
older adulthood (e.g. ages 15–65).

Samples

Victoria healthy youth survey

The V-HYS [23] included 662 Canadian youth assessed bi-
annually across six waves (Table 1). Random digit-dialing
of 9500 telephone listings revealed 1036 households with
a youth aged 12–18; 662 youth both had parental consent
and agreed to participate. Youth received gift certificates at
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each interview. Trained interviewers administered surveys
and sections dealing with sensitive topics (e.g. substance
use) were collected via self-reported questionnaires to

Table 1 Demographic and study variable characteristics of the V-
HYS (T1 n = 662).

Mean (SD) or n (%)

Demographics (time 1)
Sex (% female) 342 (52%)
Age 15.52 (1.92)
SESa 2.88 (1.38)
Ethnicity (% white) 561 (85%)

Time 1
Covariates
Cigarette use 75 (11%)
Heavy episodic drinking (HED) 0.60 (1.00)

Predictors
Cannabis use (CU) frequency (average) 0.73 (1.21)
Never 426 (64%)
A few times a year 109 (17%)
A few times per month 60 (9%)
Once a week 15 (2%)
More than once a week 52 (8%)

Cannabis use disorder (CUD) –b

Outcomes
Psychotic symptoms –c

Depressive symptoms 2.79 (2.53)
Anxiety symptoms 5.81 (2.58)

Time 2
Covariates
Cigarette use 107 (19%)
Heavy episodic drinking (HED) 1.14 (1.24)

Predictors
Cannabis use (CU) frequency (average) 1.17 (1.45)
Never 277 (48%)
A few times a year 113 (20%)
A few times per month 74 (13%)
Once a week 22 (4%)
More than once a week 86 (15%)

Cannabis use disorder (CUD) –b

Outcomes
Psychotic symptoms –c

Depressive symptoms 3.19 (2.57)
Anxiety symptoms 6.24 (2.62)

Time 3
Covariates
Cigarette use 131 (25%)
Heavy episodic drinking (HED) 1.55 (1.29)

Predictors
Cannabis use (CU) frequency (average) 1.45 (1.54)
Never 207 (39%)
A few times a year 128 (24%)
A few times per month 54 (10%)
Once a week 38 (7%)
More than once a week 105 (20%)

Cannabis use disorder (CUD) –b

Outcomes
Psychotic symptoms 3.34 (2.54)
Depressive symptoms 3.60 (2.66)
Anxiety symptoms 6.26 (2.51)

Time 4
Covariates

(Continues)

Table 1 (Continued)

Mean (SD) or n (%)

Cigarette use 123 (27%)
Heavy episodic drinking (HED) 1.62 (1.28)

Predictors
Cannabis use (CU) frequency (average) 1.40 (1.56)
Never 191 (42%)
A few times a year 97 (22%)
A few times per month 48 (11%)
Once a week 20 (4%)
More than once a week 95 (21%)

Cannabis use disorder (CUD) 116 (26%)
Outcomes
Psychotic symptoms 2.69 (2.37)
Depressive symptoms 3.07 (2.62)
Anxiety symptoms 5.98 (2.63)

Time 5
Covariates
Cigarette use 127 (28%)
Heavy episodic drinking (HED) 1.52 (1.21)

Predictors
Cannabis use (CU) frequency (average) 1.21 (1.46)
Never 206 (46%)
A few times a year 113 (25%)
A few times per month 39 (9%)
Once a week 24 (5%)
More than once a week 71 (16%)

Cannabis use disorder (CUD) 79 (17%)
Outcomes
Psychotic symptoms 2.41 (2.27)
Depressive symptoms 2.88 (2.58)
Anxiety symptoms 5.61 (2.67)

Time 6
Covariates
Cigarette use 106 (22%)
Heavy episodic drinking (HED) 1.44 (1.21)

Predictors
Cannabis use (CU) frequency (average) 1.22 (1.47)
Never 214 (45%)
A few times a year 116 (25%)
A few times per month 41 (9%)
Once a week 24 (5%)
More than once a week 77 (16%)

Cannabis use disorder (CUD) 73 (16%)
Outcomes
Psychotic symptoms 2.24 (2.34)
Depressive symptoms 2.88 (2.65)
Anxiety symptoms 5.44 (2.78)

aSocio-economic status (SES) was assessed by mother’s level of education
(0 = did not finish high school to 4 = finished college/university) in the
Victoria Healthy Youth Survey (V-HYS). SD = standard deviation. bCUD
was not assessed until T4 (2009) in the V-HYS. cPsychotic symptoms were
not assessed until T3 (2007) in the V-HYS.
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enhance confidentiality. Retention rates at each wave were
good (87–72%). Fifty-three per cent of youth (n = 350)
participated in all waves, 16% (n = 107) in five waves,
10% (n = 63) in four, 8% (n = 55) in three, 6% (n = 40)
in two and 7% (n= 47) in only one wave. Youth remaining
at the sixth wave were more likely to be female,
χ2(1, 662) = 8.77, P = 0.003, had higher SES,
F(1, 655) = 14.90, P < 0.001 and were less likely to be
smokers (F(1, 660) = 3.82, P = 0.05.

NSARC-III

The NESARC-III (2012–13 [25]) is a nationally represen-
tative sample of 36309 non-institutionalized US adults
aged 18 and older (Table 2). NESARC-III were sampled
from non-institutionalized civilian populations aged 18
and older, including residents of group quarters (e.g. group
homes, dormitories; see [25] for more detailed information
regarding data collection procedures). Black, Hispanic and
Asian adults were oversampled to provide more reliable
estimates; thus, survey weights were incorporated in
all analyses. Structured interviews were conducted face-
to-face. Participants received $90 in compensation.

Measures

Table 3 provides the items, references and alphas, where
appropriate, for each construct from the V-HYS and

NESARC-III surveys. Measures were nearly identical across
data sets and had good psychometric properties.

Covariates

Participants self-reported sex. SES was assessed using
mother’s education (0 = did not finish high school to
4 = finished college/university) in the V-HYS and partici-
pant income (0 = $0–17 = $100000 or more) in the
NESARC-III. Cigarette use was dichotomized into non-
smoker (0) and current smoker (1). In the V-HYS, HED
was assessed based on reported frequency of past-year
HED 5+ drinks; 0 = never to 4 = more than once per
week); in the NESARC-III, sex-specific standards were used
(4+/5+ drinks for women/men).

Predictors

CU frequency assessed past-year use (0= never to 4 =more
than once per week). CUD was assessed using the
Mini-International Neuropsychiatric Interview (MINI
[26]) in the V-HYS. However, both samples used DSM-5
[24] criteria for past-year CUD diagnosis (Table 3).

Outcomes

Psychotic symptoms were assessed using the Symptoms
Checklist 90-Revised (SCL-90 [27]) in the V-HYS (10
items) and using nine items tapping unusual feelings and
actions in the NESARC-III [25]. In the V-HYS, depressive
and anxiety symptoms (six items each) were assessed using
the Brief Child and Family Phone Interview (BCFPI [28]).
In the NESARC-III, DSM-5 [24] criteria were used to assess
depressive (nine items) and anxiety (six items) symptoms.

Analyses

Data from the V-HYS and NESARC-III were restructured so
that the time metric was age in years. In the V-HYS, data
for ages 12–14 were not included due to low frequency of
CU and observations for age 29 (n = 39) were not included
due to low covariance coverage [29]. CUD was only
collected from T4 (2009; ages 18–25) onwards, so data
for age 18 (n = 10) also had low covariance coverage. In
the NESARC-III, individuals older than age 65 were not
included due to low frequency of CU, resulting in an
analytical sample of 30999. The total number of
observations at each age ranged from 76 to 273 at ages
15–28 for the V-HYS and from 418 to 778 at ages
18–65 in the NESARC-III.

For each sample, the %TVEMmacro in SAS version 9.3
[30] was used to model associations between (1) CU
frequency and (2) CUD and each of the threemental health
outcomes (i.e. psychotic, depressive, anxiety symptoms).
TVEM flexibly estimates linear regressions as a function of
age, using all available data for each participant;
time-specific observations with missing values are

Table 2 Demographic and study variable characteristics of the
NESARC-III (n = 30999).

Mean (SD) or n (%)

Demographics
Sex (% female) 17 283 (51%)
Age 40.61 (13.41)
SESa 7.25 (4.64)
Ethnicity (% non-Hispanic white) 15 392 (64%)

Covariates
Cigarette use 9350 (30%)
Heavy episodic drinking (HED) 11 196 (37%)

Predictors
Cannabis use (CU) frequency (average) 0.31 (0.95)
Never 27 360 (89%)
A few times a year 1092 (4%)
A few times per month 656 (2%)
Once a week 370 (1%)
More than once a week 1510 (4%)
Cannabis use disorder (CUD) 965 (3%)

Outcomes
Psychotic symptoms 1.12 (1.66)
Depressive symptoms 2.00 (3.01)
Anxiety symptoms 0.78 (1.81)

aSocio-economic status (SES) was assessed by participant income (0 = $0 to
17 = $100 000 or more) in the National Epidemiologic Survey on Alcohol
And Related Conditions (NESARC)-III. SD = standard deviation.
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excluded from the model at that specific time-point [31].
Given that our mental health outcomes are continuous,
we used the %TVEM-normal macro with P-splines which
assumes outcomes are normally distributed. This type of
modeling automatically adjusts for within-person correla-
tions due to repeated-measurement design [31]. We con-
trolled for sex, SES, cigarette use and HED in all models.
The time-varying interactions are used to estimate
whether CU or CUD had different associations with mental
health symptoms for individuals with early- versus late-

onset use and for males and females. Results are presented
in figures, as time-varying coefficients are estimated in con-
tinuous time (age), leading to too many coefficients to pres-
ent in the tables. As the dependent variables (i.e. mental
health symptoms) are continuous measures, the y-axis
shows the main effect (b coefficient) of CU or CUD on
symptom levels at each age. When the 95% confidence
interval (CI) for the main effect (or interaction) does not
include 0, the significance of the estimate falls below
P = 0.05 [30].

Figure 1 Victoria Healthy Youth Survey (V-HYS) data: intercept-only models for (a) cannabis use frequency (solid line represents estimated mean
frequency) and (b) cannabis use disorder (solid line represents proportion of individuals with a past year cannabis use disorder). CI = confidence interval

Figure 2 Victoria Healthy Youth Survey (V-HYS) data: the time-varying main effect (b) of cannabis use frequency on (a) psychotic, (b) depressive
and (c) anxiety symptoms. Models are adjusted for sex, socio-economic status (SES), cigarette use and heavy drinking. Results are presented as re-
gression coefficients (b); 95% confidence interval (CI) (dashed lines) that do not include 0 indicate periods of significance
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RESULTS

V-HYS findings

Changes across age

Figure 1 presents the models showing how CU frequency
or the proportion of participants with a CUD varies across
age. The y-axis presents the estimated mean of past year
CU frequency (Fig. 1a). CU increased until approximately
20 years (e.g. estimated mean at age 20 = 1.49, 95%
CI= 1.36, 1.61) then began to gradually decline. In Fig. 1b,
the y-axis presents the prevalence of CUD which declined
across age. Psychotic symptoms were reported at the
highest levels in adolescence and declined steadily across
age. Depressive and anxiety symptoms increased slightly
until approximately 18 years and were then stable
(Supporting information, Fig. S1).

CU frequency and mental health symptoms

More frequent CU was positively significantly associated
(main effect CI > 0) with psychotic symptoms after age
22 (b = 0.13, 95% CI = 0.002, 0.25) (Fig. 2a). Figure 2b
shows that CU was significantly associated with more
depressive symptoms from ages 16–19 (e.g. age 17:
b = 0.21, 95% CI = 0.04, 0.37) and following age 25
(b = 0.17, 95% CI = 0.003, 0.34). CU was not associated

with anxiety symptoms in this sample (Fig. 2c). Time-
varying interactions of CU with age of onset (Supporting
information, Fig. S2) and sex (Supporting information,
Fig. S3) were not significant.

CUD and mental health symptoms

CUD was associated with psychotic symptoms after age 23
(b= 0.51, 95% CI = 0.01, 1.01) (Fig. 3a). CUDwas also as-
sociated with higher depressive symptoms at ages 19–20
(e.g. age 20: b = 0.70, 95% CI = 0.02, 1.39) and following
age 25 (b=0.71, 95% CI = 0.001, 1.42) (Fig. 3b) andwith
higher anxiety symptoms at ages 26–27 only (e.g. age 27:
b = 0.96, 95% CI = 0.10, 1.82) (Fig. 3c). Time-varying in-
teractions with age of onset were not significant
(Supporting information, Fig. S4). However, sex differences
were significant for associations between CUD and psy-
chotic and depressive symptoms. For psychotic symptoms,
the interaction was significant following age 26 (b = 1.12,
95% CI = 0.02, 2.21) (Fig. 4a), when females showed
stronger associations than males (Fig. 4b). For depressive
symptoms, the interaction was significant at 19–20 (e.g.
age 20: b = �1.22, 95% CI = 0�2.42, �0.01) (Fig. 4c),
when males showed stronger associations than females
(Fig. 4d), and following age 25 (e.g. age 27: b = 2.39,
95% CI = 0.91, 3.87), when females showed stronger

Figure 3 Victoria Healthy Youth Survey (V-HYS) data: the time-varying main effect (b) of cannabis use disorder on (a) psychotic, (b) depressive and
(c) anxiety. Models are adjusted for sex, socio-economic status (SES), cigarette use and heavy drinking. Results are presented as regression coefficients
(b); 95% confidence interval (CI) (dashed lines) that do not include 0 indicate periods of significance
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associations than males (Fig. 4d). Sex did not moderate the
association between CUD and anxiety symptoms (Fig. 4e).

NESARC-III findings

Changes across age

Figure 5 presents the intercept-only models for the
NESARC-III CU data. Frequency of CU and prevalence of
CUD declined from ages 18 to 40 and then were stable
(Fig. 5a,b, respectively). Mental health symptoms were
relatively stable over time (Supporting information, Fig. S5).

CU frequency and mental health symptoms

More frequent CU had a significant and stable association
with more psychotic symptoms from age 18 (b = 0.21,

95% CI = 0.10, 0.33) to age 65 (b = 0.36, 95% CI = 0.16,
0.56) (Fig. 6a). Frequent CU was positively associated with
depressive symptoms fromage18 (b=0.22, 95%CI=0.05,
0.40) to age 64 (b = 0.25, 95% CI = 0.01, 0.48) (Fig. 6b).
CU was also positively associated with anxiety symptoms
from age 20 (b = 0.07, 95% CI = 0.01, 0.13) to age 63
(b = 0.13, 95% CI = 0.01, 0.25) (Fig. 6c). Time-varying in-
teractions of CUwith early age of onset were not significant
beyond chance (Supporting information, Fig. S6). Time-
varying interactions of CUwith sex were significant for psy-
chotic symptoms between ages 20 (b = 0.15, 95%
CI = 0.01, 0.29) to age 24 (b = 0.11, 95% CI = 0.01,
0.21) and between ages 47 (b = 0.12, 95% CI = 0.003,
0.25) to age 61 (b=0.24, 95%CI= 0.01, 0.47), for depres-
sive symptoms between ages 18 (b = 0.50, 95% CI = 0.17,

Figure 4 Victoria Healthy Youth Survey (V-HYS): the time-varying interaction (b) of cannabis use disorder by sex on psychotic (a,b), depressive (c,d)
and anxiety (e; non-significant) symptoms. The time-varying interaction is plotted on the left. The sex difference in the main effect is plotted on the
right; the area inside the box represents the approximate ages when the sex interaction is significant (P < 0.05). Models are adjusted for socio-eco-
nomic status (SES), cigarette use and heavy drinking. b = regression coefficient; CI = confidence intervals
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0.82) to age 25 (b = 0.17, 95% CI = 0.001, 0.34) and be-
tween ages 32 (b = 0.17, 95% CI = 0.01, 0.34) to age 41
(b = 0.22, 95% CI = 0.001, 0.44) and for anxiety symp-
toms between ages 18 (b = 0.19, 95% CI = 0.003, 0.39)
to age 23 (b = 0.11, 95% CI = 0.01, 0.21) and ages 32
(b = 0.11, 95% CI = 0.001, 0.23) to age 46 (b = 0.14,
95% CI = 0.003, 0.28) (Fig. 7a,c,e). During these periods,
females showed stronger associations between CU fre-
quency and symptoms than males (Fig. 7b,d,f).

CU disorder and mental health symptoms

CUD was associated with more psychotic symptoms from
age 18 (b = 1.21, 95% CI = 0.66, 1.76) to age 64
(b = 1.09, 95% CI = 0.05, 2.12) (Fig. 8a), more depressive
symptoms from age 18 (b = 0.96, 95% CI = 0.19, 1.73) to
age 61 (b = 1.11, 95% CI = 0.01, 2.21) (Fig. 8b) and more
anxiety symptoms from age 18 (b = 0.45, 95% CI = 0.02,
0.88) to age 62 (b = 0.75, 95% CI = 0.08, 1.43) (Fig. 8c).

Figure 5 National Epidemiologic Survey on Alcohol and Related Conditions (NESARC)-III data: intercept-only models for (a) cannabis use fre-
quency (solid line represents estimated mean frequency) and (b) cannabis use disorder (solid line represents proportion of individuals with a past year
cannabis use disorder). CI = confidence interval

Figure 6 National Epidemiologic Survey on Alcohol and Related Conditions (NESARC)-III data: the time-varying main effect (b) of cannabis use fre-
quency on (a) psychotic, (b) depressive and (c) anxiety symptoms. Models are adjusted for sex, socio-economic status (SES), cigarette use and heavy drink-
ing. Results are presented as regression coefficients (b); 95% confidence interval (CI) (dashed lines) that do not include 0 indicate periods of significance
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Time-varying interactions of CUD with early age of onset
were not significant beyond chance (Supporting informa-
tion, Fig. S7). Time-varying interactions of CUD with sex
were significant for psychotic symptoms between ages 18
(b = 1.21, 95% CI = 0.18, 2.25) to age 23 (b = 0.56, 95%
CI = 0.01, 1.12), for depressive symptoms between ages 18
(b = 1.81, 95% CI = 0.30, 3.31) to age 26 (b = 1.00, 95%
CI = 0.01, 2.00) and for anxiety symptoms between ages
18 (b = 1.46, 95% CI = 0.36, 2.56) to age 22 (b = 0.59,
95% CI = 0.003, 1.18) (see Fig. 9a,c,e). During these
periods, females showed stronger associations between CUD
and mental health symptoms than males (Fig. 9b,d,f).

DISCUSSION

This study is the first, to our knowledge, to examine the
strength of the associations of CU and CUD with symptoms
of psychosis, depression and anxiety at each age in adoles-
cence (V-HYS) and in adults (NESARC-III). We used TVEM,
which does not assume linear relations among the vari-
ables and allows for changes in the strengths of associa-
tions at each age [30]. Our findings are consistent with
past research showing associations between CU and psy-
chosis in late adolescence and early young adulthood [3–
6]. The associations with depression and anxiety is less

Figure 7 National Epidemiologic Survey on Alcohol and Related Conditions (NESARC)-III data: the time-varying interaction (b) of cannabis use
frequency by sex on psychotic (a,b), depressive (c,d) and anxiety (e,f) symptoms. The time-varying interaction is plotted on the left. The sex difference
in the main effect is plotted on the right; the area inside the box represents the approximate ages when the sex interaction is significant (P < 0.05).
Models are adjusted for socio-economic status (SES), cigarette use and heavy drinking. b = regression coefficient; CI = confidence intervals
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consistent in past research [4,5,7]. We also accounted for
SES, cigarette use and HED and examined the moderating
effects of age of onset and sex. Interactions with age of on-
set were not significant. Sex differences were significant.

In the V-HYS, CU and CUD were associated with symp-
toms of psychosis (after age 22) and depression (ages
16–19 and after 25), but not anxiety. Findings were not
significant for anxiety for the V-HYS sample and this asso-
ciation was weakest for the NESARC-III sample, suggesting
power limitations due to the smaller sample size of the
V-HYS sample may have decreased our ability to detect
associations. Associations with anxiety peaked in ages
40s and 50s for the NESARC-III. Findings of associations
between CU and anxiety disorders are also inconsistent in
past research [32]. Individuals experiencing anxiety
symptoms may avoid CU if anxiety is experienced as an
effect [10].

In the V-HYS, the associations with CUD and psycho-
sis and depressive symptoms were stronger for females
than males after age 23–25. Associations for depressive
symptoms were stronger for males than females at ages
19–20. In the NESARC-III, CU and CUD were associated
with all three mental health symptoms across age and as-
sociations were stronger for females, in young adulthood
(approximately ages 18–25). These findings are

consistent with a growing body of research [33,34]
showing that associations between CUD and mental
health symptoms are stronger in females relative to males
in young adulthood. Females appear to have a shorter or
‘telescoped’ trajectory from experimentation to addiction
[35]. In the V-HYS, males showed significantly higher as-
sociations between depressive symptoms at ages 19–20
compared to females. This may be related to males’ more
frequent use of greater amounts of cannabis, and greater
impulsivity, sensation-seeking and avoidant coping strate-
gies at this age [22]. Differences may also reflect sex dif-
ferences in neural systems responsible for motivation
and addiction or variations in contexts of CU by males
(e.g. with peers or in sports) compared to females, who
may be more likely to use substances in isolation for
self-medication or stress reduction [36].

Contrary to expectations from past literature, the
interaction of CU frequency or CUD and mental health
symptoms with early age of onset (15 years or younger)
were not significant. Early onset of CU may have cascading
effects that affect other age-specific areas of concern in-
cluding contributions to legal, work and relationship prob-
lems that are subsequently associated with increasing
mental health symptoms [5,11,12]. Longitudinal data
following early-onset users well into adulthood is needed

Figure 8 National Epidemiologic Survey on Alcohol and Related Conditions (NESARC)-III data: the time-varying main effect (b) of cannabis use
disorder on (a) psychotic, (b) depressive and (c) anxiety symptoms. Models are adjusted for sex, socio-economic status (SES), cigarette use and heavy
drinking. Results are presented as regression coefficients (b); 95% confidence interval (CI) (dashed lines) that do not include 0 indicate periods of
significance
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to unravel whether early onset has a distinctive age-
sensitive association with mental health.

As with all correlational research, the causal direction
of effects cannot be determined; however, the consistent as-
sociation of CU frequency and CUD with symptoms of
psychosis and depression across age groups suggests that
more research with adults is needed. The strength of
associations was not specific to the typical ages of onset of
psychosis or depression [16] or attributable to early onset
of CU. Adolescents and adults experiencing psychosis or de-
pression may also experience aggravated symptoms if they
begin or continue to use cannabis.

Limitations

Limitations of this study should be noted. Although the
NESARC-III over-sampled Black, Hispanic andAsian adults
[25], the majority of participants in both samples were
non-Hispanic white, and findings may not be generalizable
to minority individuals. We excluded youth under age 15
in the V-HYS and adults over 65 in the NESARC-III sample
due to low frequency of use of cannabis. All data are self-
report and social desirability may reduce reports of CU
and mental health symptoms in both samples. It may also
be difficult to separate the symptoms of acute CU

Figure 9 NESARC-III data: the time-varying interaction (b) of cannabis use disorder by sex on psychotic symptoms (a,b), depressive (c,d) and anx-
iety (e,f) symptoms. The time-varying interaction is plotted on the left. The sex difference in the main effect is plotted on the right; the area inside the
box represents the approximate ages when the sex interaction is significant (P< 0.05). Models are adjusted for socio-economic status (SES), cigarette
use and heavy drinking. b = regression coefficient; CI = confidence intervals
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intoxication from symptoms of psychosis; however, CUD as-
sesses the functional impact of CU [24] and patterns of as-
sociation were similar for CU and CUD. Our measure of CU
did not consider the amount or potency of cannabis and
early onset was measured as dichotomous. The cut-off of
age 15 is used to be consistent with past research [5].
Many of the known co-occurring liabilities associated with
substance use and mental health disorders were not mea-
sured. However, SES, which may be a proxy for these con-
cerns, was included in all analyses.

Implications and conclusions

Our findings are consistent with previous research that
focuses only on the association between CU and symptoms
of psychosis and depression in adolescents and young
adults [3–5]. However, these associations are not specific
to adolescents or young adults or only concern for individ-
uals with an early onset of CU. Considerable research has
focused on the mental health and neurocognitive effects
of CU during adolescence, but the links between CU or
CUD and mental health in adulthood are less well studied.
We also know very little about the effects of CU on common
treatments for mental health disorders such as selective se-
rotonin re-uptake inhibitors (SSRIs) or cognitive behavioral
therapy. Individuals attempting to reduce these mental
health symptoms by using cannabis may be unsuccessful.
Our findings suggest that reducing or abstaining from CU
may improve mood, psychotic symptoms and possibly
functioning at all ages. Continuing to increase our under-
standing of the consequences of recreational CU on mental
health symptoms will improve advice to and decision-
making by individuals experiencing mental health
concerns.
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Figure S1 V-HYS data: Intercept-only models for a) psy-
chotic, b) depressive, and c) anxiety symptoms (solid line
represents estimated mean). CI = confidence interval.
Figure S2 V-HYS data: The time-varying interaction (b) of
cannabis use frequency by early onset on a) psychotic, b)
depressive, and b) anxiety symptoms. Models are adjusted
for SES, cigarette use, and heavy drinking. b = regression
coefficient; CI = confidence intervals.
Figure S3 V-HYS data: The time-varying interaction (b) of
cannabis use frequency by sex on a) psychotic, b) depres-
sive, and c) anxiety symptoms. Models are adjusted for
SES, cigarette use, and heavy drinking. b = regression coef-
ficient; CI = confidence intervals.
Figure S4 V-HYS data: The time-varying interactions (b) of
cannabis use disorder by early onset on d) psychotic, e) de-
pressive, and f) anxiety symptoms. Models are adjusted for
SES, cigarette use, and heavy drinking. b = regression coef-
ficient; CI = confidence intervals.
Figure S5 NESARC-III data: Intercept-only models for a)
psychotic symptoms, b) depressive symptoms, and c) anxi-
ety symptoms (solid line represents estimated mean).
CI = confidence interval.
Figure S6 NESARC-III data: The time-varying interaction
(b) of cannabis use frequency by early onset on a) psy-
chotic, b) depressive, and b) anxiety symptoms. Models
are adjusted for SES, cigarette use, and heavy drinking.
b = regression coefficient; CI = confidence intervals.
Figure S7 NESARC-III data: The time-varying interaction
(b) of cannabis use disorder by early onset on a) psy-
chotic, b) depressive, and c) anxiety symptoms. Models
are adjusted for SES, cigarette use, and heavy drinking.
b = regression coefficient; CI = confidence intervals.
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