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A B S T R A C T   

Cannabis use and occurrences of depression during adolescence are common. However, the temporal relationship 
between the two is less understood. Does depression lead to cannabis use, or does cannabis use lead to 
depression, or is it a combination of both? Furthermore, this directionality is confounded by other substance use, 
specifically binge drinking, which is common during adolescence. This study aimed to examine the temporal 
directionality of cannabis use and depression among a prospective, longitudinal, sequential cohort of 15 to 24- 
year-olds. Data were drawn from the National Consortium on Alcohol and Neurodevelopment in Adolescence 
(NCANDA) study. The final sample included 767 participants. Multilevel regression models were run to assess 
concurrent (at the same time point) and prospective (1 year later) associations between cannabis use and 
depression. When measured concurrently, depressive symptoms did not significantly predict past-month 
cannabis use but did significantly predict more days of use among cannabis users. Prospective associations 
indicated that depressive symptoms significantly predicted cannabis use 1 year later and cannabis use signifi-
cantly predicted depressive symptoms 1 year later. We found no evidence that these associations varied by age or 
binge drinking. Overall, the relationship between cannabis use and depression appears to be complex and not 
unidirectional.   

1. Introduction 

Adolescence is a critical period in neurodevelopment and many ad-
olescents experiment with drugs and alcohol during this period. 
Depression often emerges during adolescence, but the link between 
substance use and depression is not well understood. In 2020, 35% of 
12th graders in the US reported using cannabis and 55% reported using 
alcohol in the last 12 months (Patrick et al., 2022). Approximately 16% 
of adolescents report having at least one depressive episode in 2019 
(Substance Abuse and Mental Health Services Administration, 2021), 
and evidence suggests depression is more common in adolescents who 
have substance use disorders (SUDs) (Armstrong and Costello, 2002; 
Feingold and Weinstein, 2021). Given that cannabis and alcohol are 
commonly used substances during adolescence, it is crucial to under-
stand their potential impact, alone or in combination, on the develop-
ment of depression in this age group. 

Understanding the temporal relationship between substance 

involvement and the development of depressive symptoms is crucial to 
unpack this complex yet common comorbidity. The self-medication 
hypothesis suggests that people with depression use substances to 
relieve their symptoms (Khantzian, 1985; Markou et al., 1998), while 
another proposes that substance use during adolescence could increase 
the risk of developing depression through changes in the brain, reduced 
goal-oriented behavior, and increased social stressors arising from poor 
academic performance, conflict with parents or peers, and health and 
legal consequences (Markou et al., 1998; Pacheco-Colón et al., 2019; 
Wilkinson et al., 2016). Both pathways may contribute to the link be-
tween depression and substance use, as they share common environ-
mental, neurobiological, and genetic factors (Feingold and Weinstein, 
2021; Kendler, 2012; Quello et al., 2005). 

Evidence indicates adolescent cannabis use precedes depression. A 
meta-analysis of 11 longitudinal studies found that adolescent cannabis 
users (≤18 years) were 1.4 times more likely to develop depression in 
young adulthood (18–32 years), adjusting for baseline depression 
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(Gobbi et al., 2019). Additionally, from 24 trajectory-based studies, 18 
showed a positive correlation between adolescent cannabis use and later 
depression, while 6 found no correlation (Gobbi et al., 2019). In 
contrast, limited evidence indicates depression preceding cannabis use. 
One cross-sectional study found that major depressive disorder preceded 
SUDs (Deykin et al., 1987), while a small longitudinal study found that 
academic performance, depressive symptoms, and popularity predicted 
subsequent cannabis use among high school adolescents (Diego et al., 
2003). Overall, systematic reviews suggest a complex bidirectional 
relationship between cannabis use and depression, with mixed evidence 
for both directions (Farooqui et al., 2022; Urits et al., 2020; White et al., 
2022). 

With the bidirectional relationship between adolescent cannabis use 
and depression, it is important to consider factors that may modify the 
relationship. Age is one such factor, as older adolescents may be more 
vulnerable to using cannabis to self-medicate (Zucker et al., 2015). In a 
large U.S. sample, the association between adolescent depression and 
cannabis use symptoms strengthened as youth grew older (Wilkinson 
et al., 2016). However, research on age as a moderator is limited because 
it requires longitudinal data spanning multiple developmental phases. 
Concurrent alcohol use or binge drinking may also modify the link be-
tween adolescent cannabis use and depression. Using both alcohol and 
cannabis during adolescence is associated with poorer outcomes in 
several domains linked to the development of depression. Among Cali-
fornian adolescents (N = 6509), higher alcohol use was associated with 
greater delinquency and academic unpreparedness, while higher 
cannabis use was associated with greater delinquency, academic un-
preparedness, lower academic performance, and poorer mental health 
(D’Amico et al., 2016). The use of both substances may harm neuro-
development and leave adolescents vulnerable to multiple depresso-
genic factors. 

Finally, to study the link between depression and cannabis use, it is 
important to distinguish between factors influencing the decision to use 

any cannabis and those influencing the amount of use. For example, 
greater depressive symptoms may prompt more cannabis use among 
those who already use it, but are unlikely to result in non-users starting 
to use cannabis. Typical modeling strategies combine effects on users 
and non-users of a substance, but zero-inflated models can help inves-
tigate these separate processes among users and non-users (Atkins et al., 
2013). 

The current study aimed to investigate how cannabis use and 
depressive symptoms are related concurrently and prospectively in a 
diverse cohort followed for up to 8 years. Specifically, we examined both 
directions of the relationship and whether age or binge drinking modi-
fied this relationship. 

2. Methods 

2.1. Participants 

The National Consortium on Alcohol and Neurodevelopment in 
Adolescence (NCANDA) participants were 831 adolescents aged 12–21 
years using an accelerated cohort design (Brown et al., 2015). Youth 
were recruited at five sites: University of California, San Diego, SRI In-
ternational, Duke University Medical Center, University of Pittsburgh, 
and Oregon Health & Science University. Recruitment was primarily 
conducted through school mailers, community fliers and advertise-
ments, and announcements at local universities. Each site provided in-
dependent IRB approval with parent approval and assent for youth 
participants under age 18. As of 20th December 2022, ethics approval 
was centralized to the UCSD site (#120915). Refer to Fig. 1 for an 
illustration of the recruitment for NCANDA and additional exclusion 
criteria for the current study. The data were part of the public data 
release NCANDA_PUBLIC_6Y_REDCAP_V02 (Pohl et al., 2022), distrib-
uted according to the NCANDA Data Distribution agreement (https 
://www.niaaa.nih.gov/ncanda-data-distribution-agreement). 

Fig. 1.   
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The current study drew data from 767 participants observed at ages 
15–24 years old. Two restrictions were imposed to arrive at this sub-
sample. First, we had relatively few observations occurring beyond age 
24, and very low rates of cannabis use before age 15, so we restricted the 
observations to ages 15–24. Second, because very little cannabis use was 
reported at study entry, observations occurring within the first six 
months of study entry were excluded. Both restrictions were necessary 
to improve convergence given the complex statistical models being fit 
(Brumback et al., 2021). Of the 767 participants contributing data, 51% 
of participants were female. 12% identified as Hispanic; 72% as White, 
12% as Black, 7% as Asian, and 8% as Alaskan Native or Pacific Islander. 
81% of participants had at least one parent with a Bachelor’s degree. 
Across ages, prevelance of past-month cannabis use changed curvili-
nearly by age with 9% of 15-year-olds, 37% of 19-year-olds, and 26% of 
24-year-olds endorsing past-month use. A similar pattern is observed 
with depressive symptoms, with 7% of 15-year-olds, 9% of 20-year-olds, 
and 5% of 24-year-olds meeting criteria for probable clinical diagnosis 
of depression. 

2.2. Procedures 

A standardized protocol was followed at every site in which data was 
first collected at the baseline visit, and subsequent follow-up data were 
collected in annual appointments for up to 8 years (Brown et al., 2015). 
At baseline and follow-up assessments, family, health and environ-
mental information was obtained and youth completed a neuroimaging 
session, neuropsychological battery, and an assessment of substance use, 
past psychiatric diagnoses as well as current symptoms, and overall 
functioning in major life domains (e.g., school, peers, work, etc.). For 
more information regarding recruitment and assessment protocol, 
please refer to Brown et al. (2015). In order to enhance accuracy of 
self-report, youth were assured that their information would remain 
confidential and would not be revealed to parents except in the case of 
serious risk to self or others (e.g. suicidal/homicidal ideation or abuse), 
to which parents offered their consent. 

2.3. Measures 

Past and current substance use was measured via interview using the 
Customary Drinking and Drug-Use Record (CDDR; Brown et al., 1998), 
which facilitates recall of the frequency of alcohol, cannabis and seven 
other substances used within the past 30 days, past year, and since the 
last interview (range 6–12 months depending on the follow-up time-
point). Binge drinking (also known as heavy episodic drinking) was 
defined as ≥4/≥5 standard drinks per occasion for females/males, 
respectively. Depressive symptoms were measured using the depressive 
problems subscale of the Achenbach rating system, a well-validated 
self-report measure of emotional difficulties among adolescents and 
adults (Achenbach and Rescorla, 2003, 2001). During adolescence, 
participants completed the Youth Self-Report (YSR) form; during young 
adulthood, they completed the corresponding Adult Self-Report (ASR) 
form. The forms contained 13 (youth) or 14 (adult) items, rated on a 
3-point Likert Scale from never true to very true, assessing depressive 
symptoms such as often feeling sad, worthless, or guilty, enjoying little, 
lacking energy, having trouble making decisions, or thinking of suicide 
or self-harm. The mean response across items was computed for analysis. 

2.4. Analytic plan 

Models were fit in Mplus v8.2 (Muthén and Muthén, 2017). Multi-
level regression models with a random intercept for participants were 
utilized to examine associations between cannabis use and depressive 
symptoms over time. Linear models were used when the dependent 
variable was depressive symptoms. We used zero-inflated, neg-
ative-binomial models when the dependent variable was cannabis use to 
account for the fact that cannabis use was a count (number of days) and 

that at each timepoint, a significant portion of the sample reported zero 
days of use (Atkins et al., 2013).1 As noted in the Introduction, this 
modeling strategy allowed separate investigation of the effects of 
depressive symptoms on the probability of using cannabis at all and the 
extent of use among users. As described above, the present analysis 
included observations between the ages of 15 and 24 years old, 
excluding any observations that occurred within the first six months of 
study entry. These restrictions resolved issues with model convergence 
arising from the very low rates of cannabis use at the baseline assess-
ment (Brumback et al., 2021). We used the robust maximum likelihood 
estimator in Mplus and the rescaled chi-square difference test for 
comparing nested models (Satorra and Bentler, 2010). To address 
participant age within the accelerated longitudinal design (Thompson 
et al., 2011), we covaried three parameters: age at study entry (“age--
cohort”), change in age from study entry to the current observation 
(“age-change”), and a quadratic term for the change in age from study 
entry to the current observation (“age-change2”). The age-cohort term 
captures differences between participants of different birth cohorts, 
which may have been exposed to different national contexts for cannabis 
use or depression. The age-change and age-change2 terms capture 
maturation, or developmental changes in cannabis or depression as 
participants grow older. We also covaried youth sex and past-month 
frequency of binge drinking, both of which predict both cannabis use 
and depression. Depressive symptoms were scaled by the mean standard 
deviation across waves (SD=0.27) and cannabis use was scaled in 
number of days. 

2.4.1. Analysis 1: concurrent associations 
First, we examined associations between cannabis use frequency and 

depressive symptoms when measured concurrently at the same wave. 
Longitudinal data were structured with multiple observations per 
participant (i.e., “long” format). The dependent variable was predicted 
by time-invariant controls (youth sex, age-cohort), time-varying con-
trols (age-change, age-change2), frequency of binge drinking, and either 
depressive symptoms (when the dependent variable was cannabis use) 
or cannabis use (when the dependent variable was depressive symp-
toms). After fitting the initial model, we used likelihood ratio tests for 
nested models to test whether adding product terms for the interaction 
between (a) age-change and age-change2 or (b) frequency of binge 
drinking with either cannabis use frequency or depressive symptoms 
significantly improved model fit. 

2.4.2. Analysis 2: prospective associations 
Next, we examined prospective associations between cannabis use 

frequency and depressive symptoms. Longitudinal data were structured 
in long format and the dependent variable was predicted by time- 
invariant controls (youth sex, age-cohort), time-varying controls (age- 
change, age-change2), and lagged variables measured at the visit one 
year earlier (the dependent measure [cannabis or depression], the var-
iable of interest [the other one of cannabis or depression]). 

3. Results 

3.1. Concurrent associations 

Table 1 reports the sample characteristics. Table 2 reports the 
regression models for concurrent associations. Table 3 reports the tests 
of statistical significance of putative moderators. Past-six-month 
depressive symptoms were not significantly associated with the odds 
of any past-month cannabis use (β = − 0.02, SE= 0.46, Odds Ratio [OR] 

1 The rate of reporting zero days of cannabis use in the past month ranged 
from a minimum of 63% at age 19 years to a maximum of 91% at age 15 years. 
No more than 3% of participants endorsed the ceiling (30 days of use) at any 
age. 
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= 0.98, p = .97) but were associated with a greater number of days of 
cannabis use among users (β = 1.19, SE= 0.24, p < .001). We did not 
find evidence that either age-change or binge drinking moderated the 

associations between depressive symptoms and cannabis use (ps from 
0.36 to 0.92). 

3.2. Prospective associations 

Prospective relations were evaluated in regression models between 
depression and cannabis use to determine the directionality of the 
substance use and depression relationships (presented in Table 3). 

3.2.1. Depressive symptoms predicting cannabis use 
When adjusting for current frequency of cannabis use, current 

depressive symptoms were significantly, positively, and prospectively 
associated with the likelihood of any cannabis use measured 1 year into 
the future (β = 0.74, SE= 0.32, p = .02), but not with frequency of 
cannabis use among only those who were users (β = 0.15, SE= 0.23, p =
.51). 

3.2.2. Cannabis use predicting depressive symptoms 
While adjusting for current depressive symptoms, current frequency 

of cannabis was significantly, positively, and prospectively associated 
with depressive symptoms measured 1 year into the future (β = 0.002, 
SE= 0.001, p = .08). 

3.3. Moderation of cannabis-depressive symptoms associations by age and 
binge drinking 

Next, we fit models with interaction terms to evaluate if the 
cannabis-depression association was impacted by concurrent alcohol 
use and participant age. No tested interactions were statistically 

Table 1 
Sample Characteristics.  

Wave 
(years) 

Sample Size 
(N) 

Age 
(years) 

% 
Female 

Externalizing 
Symptoms 

1.0 587 18.1 51 44.8 
1.5 609 18.4 51  
2.0 648 18.5 51 44.3 
2.5 629 18.9 51  
3.0 701 19.2 51 44.0 
3.5 578 19.7 50  
4.0 639 20.0 50 44.5 
4.5 499 20.4 51  
5.0 598 20.7 50 45.3 
5.5 493 21.1 50  
6.0 565 21.4 49 44.6 
6.5 489 21.7 50  
7.0 451 22.1 51  
7.5 270 22.3 50  
8.0 121 22.7 50  
8.5 12 23.1 75  

Note: Wave represents the yearly assessment time points from baseline (i.e., 1.0 
is the 1-year follow-up after baseline); sample size indicates the number of 
participants who completed the relevant measures; age is represented by the 
mean age in years at each wave; % female represents the percentage of the 
sample that identified as female from sex at birth at each wave; externalizing 
symptoms are the t-score on the externalizing symptoms subscale from the Youth 
Self-Report (Achenbach and Rescorla, 2003, 2001). 

Table 2 
Regression Models for Associations Between Cannabis Use and Depressive Symptoms When Measured Concurrently.   

Dependent variable: 
Cannabis use 

Dependent variable: 
Depressive symptoms 

Logistic component 
(any cannabis use [>0 days] 
in past month) 

Negative binomial component 
(# days using cannabis in past month) 

Linear regression 

Term OR B SE p B SE p B SE p 

Intercept .00 − 11.211 19.080 .56 .743 .763 .33 .489 .183 .008 
Female .38 -0.971 .367 .008 -0.431 .246 .08 .112 .017 <0.001 
Age-cohort .00 − 21.912 23.583 .35 − 1.443 .608 .02 -0.381 .207 .06 
Age-change (omitted) 34.069 20.215 .09 2.450 .982 .01 .505 .185 .006 
Age-change2 9145.34 9.121 7.362 .21 -0.118 .259 .65 .117 .060 .051 
Binge drinking 562.28 6.332 26.435 .81 .061 .025 .01 -0.001 .002 .68 
Depressive symptoms .98 -0.016 .458 .97 1.185 .241 <0.001 – – – 
Cannabis use – – – – – – – .005 .001 <0.001 

Note. OR = odds ratio, B = coefficient, SE = standard error, p = p-value for coefficient. Female was coded as 0/1. Age was scaled in decades (10 years) before creating 
age-cohort and age-change variables. Binge drinking was scaled in number of days (0–30). Depressive symptoms were scaled in standard deviation units. Models fit to 
2901 observations of 767 youth. 

Table 3 
Regression Models for Prospective Associations Between Cannabis Use and Depressive Symptoms When Measured 12 Months Apart.   

Dependent variable: 
Cannabis use 

Dependent variable: 
Depressive symptoms 

Logistic component 
(any cannabis use [>0 days]in past month) 

Negative binomial component 
(# days using cannabis in past month) 

Linear regression 

Term OR B SE p B SE p B SE p 

Intercept .02 − 3.987 2.687 .14 3.081 1.351 .02 .264 .133 .047 
Female 1.23 .207 .201 .30 -0.688 .215 .001 .045 .014 .002 
Age-cohort .00 − 6.106 3.195 .06 − 3.070 1.576 .051 -0.199 .154 .20 
Age-change 162.71 5.092 2.942 .08 4.653 1.987 .02 .219 .144 .13 
Age-change2 4.99 1.607 .982 .10 .946 .571 .10 .054 .046 .24 
Lag(Binge drinking) 2.00 .692 .277 .01 -0.016 .016 .32 -0.002 .003 .57 
Lag(Depressive symptoms) 2.10 .740 .320 .02 .153 .229 .51 .612 .109 <0.001 
Lag(Cannabis use) 18.82 2.935 .460 <0.001 .035 .009 <0.001 .002 .001 .08 

Note. OR = odds ratio, B = coefficient, SE = standard error, p = p-value for coefficient. Female was coded as 0/1. Age was scaled in decades (10 years) before creating 
age-cohort and age-change variables. Binge drinking was scaled in number of days (0–30). Depressive symptoms were scaled in standard deviation units. Models fit to 
2901 observations of 767 youth. 
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significant. We did not find evidence that either age-change or binge 
drinking moderated the concurrent or prospective associations between 
depressive symptoms and cannabis use, regardless of which construct 
predicted which (ps from 0.39 to 0.89). 

4. Discussion 

We investigated the associations between cannabis use and depres-
sive symptoms in a prospective, longitudinal, sequential cohort design 
with repeated observations of 767 participants spanning ages 15–24 
years old. When measured concurrently, depressive symptoms did not 
predict the odds of past-month cannabis use but did predict more days of 
use among cannabis users. These contrasting findings indicate mixed 
support for the “self-medication” hypothesis, which was supported 
among cannabis users, but not among the general population (Feingold 
and Weinstein, 2021; Pacheco-Colón et al., 2019). 

When we examined prospective (vs. concurrent) associations in a 
more rigorous design that adjusted for initial levels of depressive 
symptoms and cannabis use, depressive symptoms predicted a greater 
likelihood of subsequent any cannabis use during the following year, 
and cannabis use frequency predicted greater subsequent depressive 
symptoms. The former finding again provides some support for the “self- 
medication” hypothesis. However, in contrast to our cross-sectional 
findings, the self-medication hypothesis was supported among the 
general population but not among cannabis users. The difference be-
tween our cross-sectional and prospective findings could be explained 
by a difference in the timescale of action and the non-linearity of mood 
disorders as they happen episodically (Leadbeater et al., 2019). Perhaps 
depressive symptoms drive individuals toward cannabis use, but this 
effect only unfolds over a longer period (e.g., 1 year as examined 
herein). However, one way to interpret the data on more proximal use is 
that depressive symptoms do not drive individuals to cannabis use but 
do drive increased use among established users. Our results indicate that 
individuals who endorse elevated depressive symptoms, but not con-
current cannabis use may be more likely to use cannabis use later. 
Among individuals who are already using cannabis, they may be more 
vulnerable to elevated depressive symptoms if not intervened early on. 

Regarding the effect of cannabis use on subsequent depressive 
symptoms, consistent with other recent literature (Feingold and Wein-
stein, 2021; Pacheco-Colón et al., 2019), the present study found evi-
dence supporting cannabis use prospectively predicting depressive 
symptoms. One of these reviews noted stronger evidence to support 
depression predicting cannabis use but found support for both mecha-
nisms. The studies reviewed varied in their measures of concurrent 
substance use. While most controlled for concurrent substance use in 
some way, it was difficult to draw any conclusions about the impact of 
concurrent use of specific substances on outcomes. There are several 
explanatory mechanisms for cannabis use predicting depressive symp-
toms. Cannabis use may have led to worse psychosocial outcomes, 
which can increase the risk of developing depressive symptoms 
(D’Amico et al., 2016). In addition, introducing exogenous cannabi-
noids, such as THC, could disrupt the endogenous endocannabinoid 
system. The endocannabinoid system impacts neurotransmitter function 
and disruption could impact neurodevelopment and increase vulnera-
bility to developing depression (Paruk and Burns, 2016). 

We did not find evidence that the associations between cannabis use 
and depressive symptoms varied by age between ages 15 and 24, indi-
cating age may not be playing a significant role in this bidirectional 
relationship and regardless of age, the likelihood as to whether cannabis 
use will increase as a function of depressive symptoms or vice versa 
remains. However, our findings contrast Wilkinson et al. (2016). 
Though, one explanation for the discrepancy could be that we tested the 
concurrent and 1-year prospective associations, whereas they tested 
whether depressive symptoms measured once in adolescence predicted 
changes in the levels of cannabis across subsequent ages. Tests of this 
question in additional samples seems warranted, but at present, our data 

suggest similar dynamic relations between cannabis and depressive 
symptoms are detectable across middle adolescence, late adolescence, 
and early adulthood. 

Likewise, we did not find evidence that concurrent associations be-
tween cannabis use and depressive symptoms varied by binge drinking 
concurrent to cannabis use. In prospective models, we found evidence 
for additive effects of binge drinking and depressive symptoms on sub-
sequent cannabis use—more binge drinking predicted greater likelihood 
of using any cannabis 12 months later, adjusting for initial levels of 
cannabis use. Individuals engaging in binge drinking while reporting 
depressive symptoms may be more likely to engage in cannabis use if not 
intervened early. We did not find additive effects of cannabis use and 
binge drinking in predicting subsequent depressive symptoms. After 
adjusting for cannabis use, binge drinking was no longer a statistically 
significant predictor. These results indicate that among this sample, 
engaging in concurrent binge drinking and cannabis use, binge drinking 
does not increase the likelihood of elevated depressive symptoms. The 
varied pattern of findings on the role of binge drinking across the con-
current and prospective models underscores the importance of consid-
ering this contextual factor when examining the link between cannabis 
and depressive symptoms. 

Although our design provided more rigorous prospective evidence of 
an association, results do not conclusively demonstrate causality. There 
may have been systematic differences between cannabis users and non- 
users and those with or without depression symptoms that remain (e.g., 
being bullied, family history of mood disorders, etc.) even after adjust-
ing for pre-existing levels of cannabis, depression, and other covariates. 
In addition, a more precise and specific measure of depression would 
have helped give more confidence in the level of depressive symptoms 
reported. Variability in assessment instruments, and context, sample 
selection criteria across studies may also influence the findings. Finally, 
the quantification of cannabis use remains imprecise, making it difficult 
to precisely examine the association of depression with the level of use. 
Our sample provided data on the number of days of cannabis use but did 
not specify how much cannabis was used on any particular day. Given 
the variety of cannabis products available, it would also be helpful to 
have biochemical measures of exposure, the potency of cannabis 
consumed, method of use (vape, flower, concentrate, edibles), second-
ary exposure, number of people smoking (if shared), etc. 

Conclusion 

In this longitudinal study of a large sample of adolescents and young 
adults, we found that cannabis use is positively associated with 
depression, but the relationship appears to be complex and not unidi-
rectional. Depressive symptoms were associated with more cannabis use 
in those already using cannabis, and frequency of use predicted greater 
depression symptoms 1 year later, even after adjusting for current levels 
of cannabis use. As cannabis use is becoming legal in an increasing 
number of states, it is more accessible and the prevalence of use is rising. 
More information about the relationship between youth cannabis use 
and other psychiatric and cognitive outcomes, including depression, is 
vital in informing prevention and public health efforts. 
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