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Abstract

Introduction—Associations between anxiety symptoms and cannabis use have been previously 

explored, yet the directionality of these associations remains highly debatable. The present study 

aims to prospectively examine patterns of cannabis use and anxiety during adolescence focusing 

on their co-development and bidirectional influences.

Methods—Adolescents (n = 250) of predominantly Hispanic ethnicity, aged 14-17 at baseline, 

exposed to drugs, alcohol, or cigarettes completed three (bi-annual) assessments across a 1-year 

period. Latent growth curve modeling (LGCM) and parallel process growth curves were 

conducted to examine potential associations in the joint development of anxiety and cannabis use.

Results—Our results suggest that, during adolescence, early cannabis use has a greater influence 

on prospective reports of anxiety, than vice versa. Specifically, adolescents exhibiting higher initial 

levels of cannabis use displayed more persisting self-reported anxiety across time, as compared to 

those with less frequent use (b = .28, p = .024). In contrast, early levels of anxiety were not found 

to influence rates of change in cannabis use. These analyses considered concurrent depression, 

alcohol, and nicotine use.

Conclusions—Our findings suggest that prevention and targeted intervention programs for 

cannabis use in adolescence would benefit from anxiety management strategies; in order to reduce 

subsequent anxiety associated with cannabis use. Future studies should continue to employ 

longitudinal designs across larger time periods and aim to replicate these findings with more 

diverse samples.
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1.1 Introduction

Cannabis remains among the most abused substances during adolescence, with 35% of high 

school seniors reporting past year use (Johnston et al., 2016). Reductions in risk perception 

among youth over the past 5 years (Johnston et al., 2016) and a growing trend toward 

legalization across numerous states raise concerns about increased cannabis use (CU) among 

youth and an increase in associated adverse consequences. As of June 2017, 29 states in the 

U.S. and the District of Columbia either allow medical or recreational cannabis use, with 

several more considering the legalization of any form of use (Caulkins et al., 2015). Yet, to-

date, the consequences of cannabis use on adolescents' health and mental health remain 

largely unknown. In this study, we aim to address part of this important gap in the existing 

literature by investigating patterns of cannabis use and anxiety disorder symptoms during 

adolescence and their associations.

Associations between mental health problems and substance use disorders are commonly 

documented. Nationally representative epidemiologic studies examining comorbidity 

patterns in adolescents and adults, such as the National Comorbidity Survey-Adolescent 

Supplement (NCS-A) and the National Epidemiologic Survey on Alcohol and Related 

Conditions (NESARC), have provided evidence of strong associations between substance 

use disorders and mental health problems (Conway et al., 2016; Grant et al., 2004). In 2004, 

17.71% of individuals who met criteria for a substance use disorder (SUD) had at least one 

anxiety disorder (Lopez-Quintero et al., 2011; Wu et al., 2010; Grant et al., 2004).

Anxiety disorders are the most common child and adolescent psychiatric conditions (Beesdo 

et al., 2009; Johnston et al., 2016). It is estimated that approximately 31.9% of adolescents 

suffer from anxiety disorders (Merikangas et al., 2010). Prior findings from Milich et al. 

(2000) suggest that frequent cannabis users exhibit higher levels of anxiety when compared 

to less frequent users and non-users. Associations between post-traumatic stress disorder and 

CU have been extensively examined in adults, with lifetime post-traumatic stress disorder 

diagnosis predicting future use (Cougle, Bonn-Miller, Vujanovic, Zvolensky, & Hawkins, 

2011). Additional adult studies have found CU to be associated with an increase in current 

and prospective panic attacks and panic disorder (Zvolesnky, Cougle, Johnson, Bonn-Miller, 

& Bernstein, 2010; Zvolensky et al., 2008; Zvolensky et al., 2006). Furthermore, adults with 

past or current panic symptoms were found to show increased anxiety while under acute 

cannabis intoxication compared to non-anxious users (Szuster, Pntius, & Campos, 1988).

Despite the high prevalence of CU and anxiety disorders in adolescents, surprisingly little is 

known about their relationship across time, particularly among adolescents in the early 

stages of use. This is even more striking when considering that one of the primary reasons 

given for using cannabis is its subjective anxiolytic effects (Green et al., 2003). While 

tetrahydrocannabinol (THC) can bind to receptors in limbic regions which can lead to self-

reported anxiolytic effects (Atakan, 2012), a growing body of literature has also revealed an 

association between increases in use and anxiety. Notably, a dose-dependent bi-phasic 

relationship has been observed within the animal literature, with low doses of cannabis 

exposure appearing to have an anxiolytic effect and higher doses inducing anxiety-like 
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behaviors (Patel & Hillard, 2006). Chronic exposure during adolescence in rodents has also 

been associated with increases in anxiety-like behaviors (O'Shea et al., 2004) and has been 

shown to alter CB1 receptor densities, influencing both anxiogenic and anxiolytic effects 

(Dalton & Zavitsanou, 2010). Similarly, incremental cannabinoid exposure over a three-

week period resulted in increased anxiety-like behaviors in perinatal, adolescent, and adult 

rats, regardless of the age at which cannabis exposure occurred (O'Shea et al., 2006). Thus, 

the preclinical evidence suggests that cannabis use may prospectively worsen, rather than 

ameliorate, symptoms of anxiety.

Studies on anxiety and CU among samples consisting exclusively of adolescent human 

subjects remain scarce, and rarely incorporate longitudinal designs (Degenhardt et al., 2001). 

Findings from the few longitudinal studies that have assessed the association between CU 

and anxiety suggest that accelerating patterns of CU throughout adolescence and young 

adulthood may be contingent on past mood disorder diagnosis at different stages of 

development (McGee et al., 2000). Alternatively, a three-year prospective study of adults 

from the NESARC found that CU and cannabis use disorders (CUDs) were not associated 

with increased likelihood of an anxiety disorder at follow-up (Buckner et. al., 2012). 

Similarly, adult anxiety disorders (with the exception of panic disorder) were not found to be 

associated with increased incidence of CU or CUD (Feingold et al., 2016). Although this 

study suggests that neither CU nor the majority of anxiety sub-types are interrelated, specific 

symptoms of anxiety (e.g., panic symptoms) may trigger CU (Feingold et al., 2016). It is 

worth noting that this study failed to account for early levels of use and anxiety, which may 

have influenced these findings and the generalizability of results.

While associations between CU and anxiety disorders have been previously explored, 

particularly in adult samples, explanations regarding the directionality of the association 

remain highly debatable. Prior research has identified theories which include CU promoting 

increases in anxiety symptoms and disorder development (Arendt et al., 2007), anxiety 

promoting “self-medicating” through CU (Stewart, Karp, Pihl, & Peterson, 1997), and 

confounding sources that exert simultaneous influence on both, CU and anxiety (McNally, 

1996). A review of 15 studies on CU and anxiety highlighted the divide in the field, with 

seven studies reporting an anxiogenic effect, five reporting an anxiolytic effect, and two 

reporting no significant effect of CU on anxiety levels (Crippa et al., 2009). Although these 

findings highlight conflicting results in the literature, modern data analytic techniques may 

help to disentangle the nature of this association. Clarifying these associations during 

adolescence remains particularly important, considering that anxiety and CU are known to 

undergo dramatic changes during this period as compared to other stages of development 

(Patton et al., 2002).

Using data from a sample of adolescents participating in an ongoing longitudinal study, the 

current investigation aimed to examine: (1) whether early symptoms of adolescent anxiety 

predict subsequent changes in CU over time, (2) whether early adolescent CU predicts 

subsequent changes in anxiety symptoms over time, and (3) whether initial levels and the 

developmental course of CU and anxiety symptoms covary across time. To our knowledge, 

this is the first study to employ latent growth curve models (LGCM) and a parallel process 

analysis to study longitudinal associations between adolescent CU and anxiety; through the 
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use of continuous measures of anxiety symptoms and CU. We hypothesized that higher 

levels of initial anxiety would be associated with increases in CU growth over time, whereas 

higher initial levels of CU would be related to increases in anxiety symptom endorsement 

over time. In addition, we also anticipated that anxiety and CU would increase concurrently 

across the study period

1.2 Methods

1.2.1 Partic ipants and Proc edures

Participants were the first 250 adolescents to complete a baseline evaluation and two follow-

up visits (each approximately 6 months apart) as part of an ongoing longitudinal 

investigation examining associations between decision-making and CU trajectories (R01 

DA031176). Participants in the parent project were youths between the ages of 14-17 at the 

time of their baseline evaluation, recruited primarily via informational flyers distributed at 

local High Schools/Junior Highs, and word-of-mouth in the greater Miami area. Eligibility 

for inclusion was ascertained via phone screen. To obtain a sample consisting predominantly 

of youth at risk for CU escalation, inclusion criteria consisted of exposure to either alcohol, 

cigarettes, cannabis, or other drugs (even if only minimal; >1 time) and ability to read and 

write in English. Exclusion criteria included self-reported developmental disorders, 

neurological conditions, birth complications, history of mood or thought disorder, traumatic 

brain injury or loss of consciousness > 10 minutes, history of significant alcohol use or 

substance use suggestive of an alcohol use disorder (AUD) or CUD, use of other drugs 

(besides alcohol, cannabis, and nicotine) more than 10 times, use of any other drugs in the 

two weeks prior to assessment, and use of any other drug to an extent greater than cannabis 

(although a small percentage of the sample, ≈10% was allowed to have no history of use).

The sample consisted predominantly of Hispanic youth, reflecting the demographics of the 

greater Miami metropolitan area, with relatively low levels of nicotine, alcohol, and cannabis 

use at baseline. Despite overall low levels of cannabis use across the study sample, there was 

significant variability in reported levels of cannabis use among participants (i.e., range from 

0 to 60 joints within the past 30-days). Few participants met criteria for a mental health 

disorder at baseline based the Computerized Diagnostic and Interview Schedule for Children 

(Shaffer, Fisher, Lucas, Dulcan, & Schwab-Stone, 2000). Detailed participant characteristics 

are presented in Table A.1.

Participants completed a detailed assessment by trained examiners. The baseline and 1-year 

follow-up assessments were conducted at the laboratory during a visit lasting approximately 

3 hours. The 6-month follow-up was conducted through a telephone call (approximately 30 

minutes) which focused on past 6-month substance use and mood. The Institutional Review 

Board at the Florida International University approved the study, and both written adolescent 

assent and parental consent were obtained before baseline assessment. Participants were 

compensated with monetary incentives for each respective assessment (i.e., Baseline through 

1-year follow-up).
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1.2.2 Measures

Substance use—Detailed substance use history was obtained using the Drug-Use History 

Questionnaire (DUHQ; Gonzalez et al., 2012; Rippeth et al., 2004), a semi-structured 

interview assessing self-reported frequency and quantity of use of 15 different classes of 

substances during a participant's lifetime, the past 6 months, and the past 30 days. CU 

frequency (i.e., number of days used) in the past 30 days was the primary CU measure in our 

analyses.

Anxiety and Mental Health—Anxiety symptoms were assessed using the short version 

of the Depression, Anxiety, Stress Scale (DASS-21; Henry & Crawford, 2005), a 21-item 

self-report questionnaire used to assess symptoms of depression, anxiety, and stress during 

the past week. Items are rated on a 4-point Likert-type scale, ranging from 0 (“Did not apply 
to me at all”) to 3 (“Applied to me very much, or most of the time”). Evidence of reliability 

and validity of the DASS-21 (α=.81; 95% CI:.79-.84) among adolescents has been well 

established (Osman et al., 2012; Szabo, 2010). Seven statements assessing anxiety included 

awareness of dryness of mouth, breathing problems, action of heart, trembling, feeling 

worried, close to panic, and scared. The current study used this measure's 7-item anxiety 

subscale total raw scores as our primary measure of anxiety and the depression subscale total 

raw score as a covariate for all subsequent analyses (Willemsen et al., 2011).

1.2.3 Data Analytic Plan

Latent growth curve modeling was used to identify trajectories of anxiety symptoms (i.e., 

DASS-21 anxiety subscale) and CU (i.e., past 30-day frequency) across three bi-annual 

assessments. Total raw scores from the DASS-21 anxiety subscale and past 30-day CU 

frequency were used as the dependent variables. First, unconditional (univariate) linear 

growth curve models were fit separately for anxiety symptoms and CU. Subsequent to 

establishing appropriate model fit and examining each of these growth curves individually, 

we then combined these two processes within a single multivariate (i.e., parallel process) 

LGCM for simultaneous estimation. Theoretically relevant confounds (i.e., sex, depression, 

alcohol use, and nicotine use) that exhibited significant associations with anxiety and CU 

were also included as covariates in these analyses (Cummings et al., 2014; Farrell et al., 

2001; Brady & Kendall, 1992). Finally, sex and time-varying depression, alcohol use, and 

nicotine use were added as covariates to the parallel process model to examine their 

influence on the joint associations between the anxiety symptoms and CU.

All models used maximum likelihood estimation with standard errors and a chi-square 

statistic which are robust to non-normality (MLR) in Mplus 7.2 (Muthen & Muthen, 1998–

2012). Model fit was assessed using both absolute and relative fit indices. Absolute fit 

indices used to examine model fit included the Comparative Fit Index (CFI) and the root 

mean square error of approximation (RMSEA). Cutoff values of .90 or greater were used to 

indicate acceptable fit, and .95 or greater to indicate excellent fit, for CFI (Hu & Bentler, 

1999; McDonald & Ho, 2002). RMSEA values between .05 and .10 were considered to 

represent an acceptable fit, whereas values less than .05 were considered to indicate 

excellent fit (McDonald & Ho, 2002). Relative fit indices including sample-size adjusted 
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Bayesian Information Criterion (BIC), and the Akaike Information Criterion (AIC) were 

also used to investigate model fit.

Retention rates remained high across each of the assessment waves in the current study (> 

97%). Full-information maximum likelihood (FIML) estimates were used to handle missing 

data, as this procedure uses all available data points to construct parameter estimates under 

the assumption that the data are missing at random. Even when data are not missing at 

random, FIML estimation tends to produce less biased estimates than more traditional 

techniques for handling missing data (Enders & Bandalos, 2001).

1.3 Results

1.3.1 Descriptive analyses

Descriptive information for primary study variables is presented in Table A.1. ANOVA and 

chi-square analysis was used to examine baseline sex differences on all characteristics 

presented in Table A.1. Males and females showed no significant differences on any of the 

variables (p > .05).

1.3.2 Developmental trajectories of anxiety symptoms and CU

An examination of the separate unconditional LGCMs for anxiety and CU shows both 

models to provide an acceptable fit to the data (Table A.2). Further inspection of these model 

parameter estimates reveals a small systematic decrease in mean-levels of anxiety across 

time (p =.051). However, there was no evidence of within-individual variability in 

participants' rates of change (b=.201, p=.837). Taken together, this indicates that on average, 

participants' anxiety symptoms decreased slightly during the study period and that this 

pattern was relatively consistent across participants. In contrast to anxiety symptoms, there 

was a systematic increase in the mean level of CU over the study period (b=.97, p=.021. 

However, as with the anxiety symptom LGCM, there was no evidence of significant within-

individual variability in growth rates of CU. That is, participants tended to exhibit a similar 

increasing trend of CU throughout the study window (see Table A.2).

1.3.3 Joint development of anxiety symptoms and CU

Subsequent to inspecting the univariate anxiety symptom and CU growth curves separately, 

these processes were modeled simultaneously within a parallel process (i.e., multivariate) 

LGCM framework to investigate their joint development (see Figure A.1). Results from the 

parallel process revealed no significant association between initial levels of anxiety and CU 

(b=.01, p=.978), i.e., levels of anxiety and CU were not significantly associated at baseline. 

In addition, there was no evidence that initial levels of anxiety influenced change in CU over 

time (b=-.15, p=.661). However, findings did reveal a significant positive association 

between initial levels of CU and subsequent changes in anxiety (b=.28, p=.024), such that 

those reporting greater initial levels of CU at baseline displayed a more gradual rate of 

decline in their anxiety symptoms over time. Importantly, this association remained 

significant even when accounting for participants' sex, depression and use of alcohol and 

nicotine. The lack of significant variability of within-individual anxiety symptom growth 

over time, precluded us from conducting bidirectional slope growth analysis. Thus, 
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examining the association between rate of change in CU and rate of change in anxiety 

symptoms (Aim 3) was not possible.

1.4 Discussion

This study examined the co-development of anxiety symptoms and CU among participants 

in mid-adolescence. Findings revealed that higher levels of CU assessed at baseline were 

associated with slower rates of decline in anxiety symptoms across the study window. This 

association was not accounted for by the influence of alcohol, nicotine, depression, or sex. In 

contrast, no association was observed between initial levels of anxiety and CU growth over 

time. This suggests that CU may have a greater prospective influence on anxiety symptoms, 

than initial levels of anxiety have on prospective cannabis use. Our analyses extend extant 

research by adding a dual process analysis within a singular model to examine potential 

directionality of associations.

More specifically, these findings suggest that adolescent CU may influence developmental 

patterns of anxiety. Amount of initial CU affected the rate of this change, with those 

reporting higher levels of CU at baseline showing less decrease in anxiety symptomatology 

over time. These findings are consistent with prior research indicating that adolescents with 

high rates of anxiety-related symptoms, daily CU, and prior psychopathology are more 

likely to have more symptoms of anxiety over time (Patton et. al, 2002; Comeau et al., 

2001). A cross-sectional study of over 10,000 Australian adults found associations between 

CU and increased mental health problems. However, despite these associations, when 

confounding variables were introduced into their statistical models, the associations between 

cannabis use and anxiety waned or dissipated (Degenhardt et al., 2001); unlike our results 

which were maintained with the addition of potentially confounding variables including 

other substance use and depression.

Additionally, evidence found within animal literature and human PET studies suggest 

chronic cannabinoid exposure during adolescence and adulthood is associated with 

downregulation of CB1 receptors in the CNS (Hirvonen et al., 2012; Dalton & Zavitsanou, 

2010). However, dose dependent downregulation of CB1 receptors has been correlated with 

both anxiogenic and anxiolytic effects (Witkin et al., 2005).

Our sample replicates earlier findings of decreases in anxiety symptomology across 

adolescence (Hale et al., 2008). Although the present study found support for the influence 

of initial levels of CU on rate of change in anxiety, anxiety was not found to significantly 

predict subsequent CU. Nevertheless, the absence of a bidirectional association provides 

useful insights. The self-medicating hypothesis, which indicates a person's use escalates due 

to preexisting psychopathology (in this case anxiety), was not supported among our 

participants. Additionally, it is worth noting that our sample consisted of adolescents who 

were not specifically selected for high levels of anxiety symptoms, and prevalence of anxiety 

disorder diagnoses were low. Consequently, our results may not generalize to older, more 

anxious individuals, with greater and lengthier histories of CU.
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Examining the associations between adolescent anxiety and CU is essential in prevention 

and treatment efforts. Prior research suggests that adolescents with higher levels of 

substance use are at increased risk of developing a mental disorder such as an anxiety 

disorder (Grant et al., 2004). Overall, our findings suggest that CU levels influence the risk 

for higher levels of adolescent anxiety over time. Prevention efforts targeted at identifying 

anxious youths should consider screening for CU amount and frequency. In addition, the 

present findings suggest that prevention and targeted intervention programs for problematic 

CU in adolescence would do well to incorporate anxiety management strategies in order to 

reduce subsequent anxiety associated with CU. Such efforts will be critical to aid in 

reducing the persistence of anxiety in adolescent cannabis users.

Further consideration of the limitations of our study should be carefully reviewed. First 

symptoms of anxiety were assessed using the anxiety subscale of the DASS-21. Although, 

this measure is routinely used in the assessment of anxiety and anxiety related symptoms, it 

may not sufficiently capture the complexity of the anxiety disorder continuum, particularly 

facets of social anxiety which have generally demonstrated the strongest correlations with 

adolescent CU. Youths in this study were assessed at three bi-annual waves, which may be 

too small a window to assess more substantive changes in anxiety symptomology stemming 

from prolonged CU. In addition, CU was assessed based on the frequency of use during the 

past 30 days, which may not fully encompass other important aspects of use such as amount, 

potency, and type of cannabis. Additionally, while confounds included in our statistical 

models were carefully guided by prior research, we acknowledge that this list is not 

exhaustive and it is possible that other third variable associations (e.g., other drug use 

[stimulant, sedative, or opiate use], genetic vulnerability, neuromaturation, environmental 

influences, etc.) may influence the relationship between CU and anxiety and should be 

explored in future investigations.

Our recruitment strategy for study participants relied heavily on the distribution of flyers at 

local Middle and High Schools throughout Miami-Dade County and via word-of mouth. 

Although successful in obtaining our target sample, it is important to consider that this is not 

a representative nor random sample of the population. Finally, our sample consisted 

predominantly of Hispanic/Latino adolescents who had already experimented with alcohol, 

cigarettes, cannabis, and/or other drugs, which may limit the generalizability of our findings 

to other populations, such as those yet to initiate substance use. Future studies that replicate 

these findings across diverse samples, larger follow-up windows, and using measures that 

tap into other facets of anxiety and CU are essential. Furthermore, future investigations 

examining these associations among CU subgroups may aid in identifying those most at-

risk.

1.5 Conclusions

Overall, our results suggest that higher levels of CU among adolescents place them at greater 

risk for maintaining higher levels of anxiety over time. Specifically, the relationship 

identified between initial levels of CU and change over time in anxiety symptomology lends 

further support to theoretical models that suggest that substance use may have long-term 

impacts on mental health. The results presented here help further inform clinical decision 
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making for mental health professionals treating adolescents with anxiety disorder symptoms, 

in regards to course and expected outcomes when cannabis use may occur. Furthermore, 

prevention of problematic CU in early adolescence may have important secondary effects on 

preventing the onset of anxiety disorders. Future studies should continue to employ 

longitudinal protocols that examine CU and anxiety across longer assessment windows and 

samples that are more diverse.
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Highlights

• Joint development of adolescent anxiety and cannabis use are examined

• Greater baseline cannabis use associated with slower decreases in anxiety

• No evidence to suggest baseline anxiety influenced subsequent cannabis use

• Findings persisted when accounting for participant sex and other confounders
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Figure A.1. 
Parallel-process latent growth model of anxiety symptoms and CU frequency with arrows 

representing directional paths between latent variables and covariates sex, alcohol, nicotine, 

and depression (N=250). Displayed estimates are specific aims tested.
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Figure A.2. 
Growth model trajectory of the DASS-21 anxiety subscale raw scores over the three study 

time points (i.e., baseline, 6-month, and 1-year follow-up).
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Figure A.3. 
Growth model trajectory of frequency of cannabis use within the last 30-days across the 

three study time points (i.e., baseline, 6-month, and 1-year follow-up). Overall, adolescents 

within our sample showed increases in cannabis use across a one-year period.
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Table A.1
Participant demographics and characteristics (N=250)

Demographics T1 T2 T3

Sex (% male) 56.4

Age (years), mean (SD) 15.41 (.72)

Ethnicity/Race (%)

 White (%) 4.4

 Black(%)

 Hispanic (%)

 Other (%) 1.2

Years of education, mean (SD) 9.27 (.87)

Years of maternal education, mean (SD) 15.27 (2.25)

WRAT-4 Reading Standard Score 108.88

Substance Use

Use in the last 30 days [Md, Range]

Cannabis (days) 1 (30) 1 (30) 1 (30)

Cannabis (joints) 3 (60) 1 (65.35) 2 (60)

Alcohol (days) 0 (20) 0 (12) 0 (15)

Alcohol (drinks) 1 (60) 0 (80) 1 (68)

Tobacco (days) 0 (30) 0 (30) 0 (30)

Tobacco (cigarettes) 0 (90) 0 (275) 0 (360)

Current cannabis use disorder (%) 5.6% 8.8.% 14.0%

Mental Health

DASS-21 Depression Raw (Md, range) 1 (17) 1 (15) 1(20)

DASS-21 Anxiety Raw (Md, range) 2 (21) 2 (17) 1 (15)

Current panic disorder diagnosis (%) 2.8 - 3.3

Current GAD diagnosis (%) 2.8 - 1.7

Current OCD diagnosis (%) 14.4 - 5.8

Current major depression diagnosis (%) 4 - 4.1

Current mania diagnosis (%) 0 - 3.3

Current ADHD diagnosis (%) 1.6 - 1.2

Current ODD diagnosis (%) 3.6 - 2.1

Current conduct disorder diagnosis (%) 9.2 - 7.1

Note: WRAT-4, Wide Range Achievement Test; DASS-21, De Anxietess, Scale, 21-item version; GAD, Generalized Anxiety Disorder; OCD, 
Obsessive Compulsive Disorder; ADHD, Attention-Deficit/Hyperactivity Disorder; ODD, Oppositional Defiant Disorder; Mental health diagnoses 
presented were determined with the Computerized Diagnostic Interview Schedule for Children at baseline and T3.
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