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Abstract

Background: Cannabis use is common amongst emerging adults and increasingly linked to 

negative mood and neurocognitive performance. Aerobic fitness, however, may be positively 

linked. Therefore we assess the potential moderating influence of aerobic fitness on affective and 

behavioral functioning associated with cannabis.

Methods: After 3-weeks of abstinence, 83 16-26 year-olds (38 cannabis, 45 controls) completed 

self-report inventories (BDI-II, STAI-state, FrSBe, BIS/BAS), an objective emotion functioning 

measure (PennCNP), and VO2 max testing. Multiple regressions assessed symptoms from past 

year cannabis use, VO2 max, and cannabis*VO2, controlling for alcohol, cotinine, gender, and 

BMI.

Results: Past year cannabis use was associated with increased depressive symptoms (p=.04), 

BIS/BAS component (p=.002), and emotion recognition (p=.045).

Conclusions: Results suggest a robust association between past year cannabis use and 

depressive symptoms and behavioral and affective functioning. Aerobic fitness, however, did not 

moderate these relationships. Efforts should be made to inform the public of concerns regarding 

the potential negative impact of cannabis on mood.
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Introduction

Cannabis use is common in emerging adults, with 45% of 12th graders and 60% of young 

adults using in their lifetime (Schulenberg et al., 2018). Regular cannabis use downregulates 
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the endogenous cannabinoid system (eCB) (Hirvonen et al., 2012), which is key to cognitive 

control and emotional functioning (Egerton, Allison, Brett, & Pratt, 2006; Lee & Gorzalka, 

2012). Cannabis use has also been associated with greater mood and behavioral difficulties 

(see Levine, Clemenza, Rynn, & Lieberman, 2017). It is also known that exercise and 

aerobic fitness level have positive health outcomes, such as increasing positive mood 

(Cotman, Berchtold, & Christie, 2007) and improving executive functioning and task 

switching (Hillman, Erickson, & Kramer, 2008; Themanson, Hillman, & Curtin, 2006).

Exercise and relatedly, aerobic fitness, influences cannabinoid receptor 1 (CB1) and 

endocannabinoid (eCB) mechanisms. Ferreira-Vieira and colleagues (2014) found that one 

week of exercise on a treadmill in rats upregulated CB1 activity in the hippocampus, which 

is a key region for both memory and emotion regulation in the limbic system. In humans, 

aerobic exercise (AE) has been linked to increased circulating endogenous cannabinoid 

concentrations (Koltyn, Brellenthin, Cook, Sehgal, & Hillard, 2014), and increased eCB as a 

result of exercise has been shown to increase mood (Brellenthin, Crombie, Hillard, & 

Koltyn, 2017). Measurement of one’s capacity for AE can be calculated through VO2 max 

(aka maximal oxygen consumption; Bassett & Howley, 2000), as it indicates the highest 

amount of oxygen that an individual can consume in order to make energy aerobically. VO2 

max also suggests overall fitness level as it provides information on multiple systems, 

including ventilatory, cardiovascular, hematologic, and muscular systems, and can be 

improved through AE (e.g., running, walking, biking; Bassett & Howley, 2000). Therefore, 

the more aerobic activity a person engages in, the higher their VO2 max will be. As exercise 

and, by conjunction, aerobic fitness may moderate eCB functioning, it is important to 

consider as a potential influence on the effects of cannabis use.

Though the potential benefits of aerobic exercise and, accordingly, fitness are already at least 

partially known, and though regular THC use may downregulate CB1 receptor functioning 

(Hirvonen et al., 2012), scant research has connected the two. A longitudinal study 

(Henchoz et al., 2014) had young adult males self-report their frequency of exercise and 

complete a substance use screen. They found fewer cannabis use disorder (CUD) diagnoses 

and better mental health outcomes in those who maintained regular exercise habits, and 

lower prevalence of CUD in those who adopted new exercise routines. Another study of 

adult non-treatment seeking individuals with CUD found reduced cannabis use and craving 

following two weeks of aerobic exercise (Buchowski et al., 2011). As such exercise 

regimens can improve aerobic fitness (Bassett & Howley, 2000), these studies need to be 

supplemented by further research into the potential moderating influence of aerobic fitness 

on functioning in cannabis users. Indeed, we recently showed a relationship between aerobic 

fitness level, cannabis use, and objective cognitive functioning (Wade, Wallace, Swartz, & 

Lisdahl, 2019), but the impact on affective and behavioral functioning is not yet known.

The present study seeks to replicate and expand previous findings of increased depressive 

symptoms and decreased behavioral approach in cannabis users (Wright, Scerpella, & 

Lisdahl, 2016). We also aim to explore aerobic fitness level as a possible moderator of 

affective and behavioral functioning, given its ability to influence underlying cannabinoid 

receptor mechanisms (Ferreira-Vieira et al., 2014). We hypothesize that greater cannabis use 

would again be associated with greater depressive symptoms and disinhibition, and 
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decreased behavioral approach and affective processing. We further hypothesize that 

cannabis use would interact with aerobic fitness, such that individuals with greater past-year 

cannabis use and higher VO2 max would report better affective and behavioral functioning 

than less fit cannabis users.

Methods

Participants.

Participants were recruited for the present analysis from the larger cross-sectional parent 

imaging study (PI: Lisdahl, R01 DA030354; Wade et al., 2019). Eighty-three participants 

(38 cannabis users, 45 controls) were recruited through local newspaper advertisements and 

fliers placed around Milwaukee, Wisconsin. Groups were used only for the selection of 

covariates. Inclusion criteria included being a fluent English speaker 16-26 years old. 

Participants were considered cannabis users if they had smoked more than 52 times in the 

past year, as this represents average weekly cannabis use, which is generally considered to 

confer risk (Casajuana et al., 2016). Healthy controls had smoked cannabis less than 10 

times in the past year. Exclusion criteria for both groups included: being left handed, MRI 

contraindications, past year co-morbid independent Axis-I disorders, major medical or 

neurologic disorders, prenatal issues (e.g., gestation <35 weeks) or prenatal alcohol (>4 

drinks/day or >7 drinks/week) or illicit drugs (>10 uses), or excessive drug use in lifetime 

(>50 uses of any drug category except nicotine, alcohol, or cannabis). Participants were 

required to remain abstinent from alcohol and drug use for 21 days prior to the final session, 

as confirmed through self-report and drug toxicology screen. The University of Wisconsin 

Milwaukee and Medical College of Wisconsin IRBs approved all aspects of this study.

Procedure.

Initial Screening. Interested participants called the lab study line in response to community 

advertisements. Following verbal consent of the participant, or consent of the parent/

guardian and assent of the participant if the participant was under 18, study staff completed a 

5-10 minute phone screen with each parent and participant separately to determine basic 

non-sensitive eligibility (including age, ethnicity, MRI contraindications, and yes/no 

questions regarding psychiatric and substance use history).

Detailed Screening.—Following initial screening, written consent/assent for study was 

obtained from participants and parents via mail. A 45-minute detailed phone screen was then 

scheduled and conducted. Participants completed the Customary Drinking and Drug Use 

Record (CDDR; Brown et al., 1998; Stewart & Brown, 1995) for lifetime use history. 

Participants and their parents separately completed youth psychiatric history though the 

Mini International Psychiatric Interview (MINI; Sheehan et al., 1998). If ineligible, youth 

and their parent were paid $20 for completion of the detailed screen; they were not informed 

of reason for ineligibility. Eligible participants were scheduled for session visits.

Study Sessions.—Eligible participants attended five study sessions over the course of 

four weeks. The first three sessions each occurred one week apart and consisted of urinary 

drug analysis and a brief neuropsychological battery. Session 4 occurred one week later and 
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included self-report measures, a 3-hour neuropsychological battery and VO2 maximum 

testing. Session 5 was conducted within 24-48 hours of Session 4 and consisted of MRI 

scanning. Data from objective and self-report measures and VO2 max testing in Session 4 

are included in the present study.

Verifying Abstinence.—As participants were expected to remain abstinent from all 

alcohol and drugs (other than tobacco) throughout the course of the study, abstinence was 

evaluated at each session through urine toxicology. The ACCUTEST SplitCup 10 Panel drug 

test measures amphetamines, barbiturates, benzodiazepines, cocaine, ecstasy, methadone, 

methamphetamines, opiates, PCP, and THC. Urine samples were also tested using NicAlert 

to test cotinine level, a metabolite of nicotine. Participants also wore PharmChek Drugs of 

Abuse Patches which continuously monitor sweat toxicology for the presence of cocaine, 

benzoylecgonine, heroin, 6MAM, morphine, codeine, amphetamines, methamphetamine, 

THC, and phencyclidine. Participants underwent breathalyzer screens to test for alcohol use 

at the start of each session. If positive for THC at Sessions 1-3, participants were allowed to 

remain in the study if their THC level on the PharmChek patch went down over time. If 

positive for any drug or having a breath alcohol concentration greater than .000 at the start of 

Session 4 (neuropsychology battery and VO2 max) or Session 5 (MRI scan), participants 

were deemed ineligible for study participation. This time period was selected to allow for 

cannabis withdrawal symptoms to subside (Budney & Hughes, 2006; Schlienz, Budney, Lee, 

& Vandrey, 2017), as a means of examining the chronic effects of cannabis even after 

abstinence.

Drug Use.

Cannabis, alcohol, and other drug use were measured using a modified version of the 

Timeline Follow-Back (TLFB; Lisdahl & Price, 2012; Sobell & Sobell, 1992). Utilizing 

memory cues of common holidays and personal events, participants recounted frequency of 

drug use over the past year (assessed month-by-month for one year). Additionally, a semi-

structured interview was administered to measure frequency/quantity of lifetime drug use 

(Lisdahl & Price, 2012). For each drug category (e.g., alcohol, cannabis, stimulants, 

hallucinogens), participants were asked their average weekly use for each year of use. The 

participant’s drug use was measured in standard units (joints for cannabis; standard drinks 

for alcohol).

Measurement of VO2 max.

Participants were asked to refrain from food and caffeine for 4 hours prior to the exercise 

tests. Body height and mass were measured using standard procedures (Pescatello, 2014). 

Prior to each exercise test, the metabolic measurement system, ParvoMedics TrueOne 2400 

(ParvoMedics, Salt Lake City, UT) was calibrated according to the manufacturer’s 

instructions using a 3 Liter syringe for the pneumotachometer, and a two-point calibration 

for the gas analyzers (room air and a certified gas 4.08% CO2, 115.98% O2, balance N2).

Participants were fitted with the rubber mouthpiece connected to a Hans Rudolf 2700 series 

two-way nonrebreathing valve (Kansas City, MO), noseclip, and heart rate strap (Polar 

Wearlink 31, Finland) for the collection of expired gases and measurement of heart rate. 
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Participants completed a maximal incremental exercise test on a treadmill (Full Vision Inc., 

TMX425C Trackmaster, Newton, KS) following the Bruce Protocol until volitional fatigue. 

Expired gases were measured continuously using a ParvoMedics TrueOne 2400 metabolic 

measurement system (ParvoMedics, Salt Lake City, UT). Criteria for determination of 

attainment of VO2max were based on those recommended by Howley et al (1995). 

Metabolic data were averaged over 1 minute and exported into a spreadsheet for analysis.

Self-Report Symptom Inventories.

Anxiety. The State-Trait Anxiety Inventory (STAI; Spielberger, 1983) State subscale 

measures temporary or “state” anxiety. Total raw STAI-state was used. Depression. 
Depression was measured by the Beck Depression Inventory—2nd Edition (BDI; Beck, 

Steer, & Brown, 1996). The BDI is a 21-item measure of depressive symptoms over the past 

2 weeks. Total raw BDI score was used. Self-Reported Executive Functioning. Executive 

functioning in day-to-day life was measured by the 46-item Frontal Systems Behavioral 

Scale (FrSBe; Grace & Malloy, 1999). As this measure was designed to assess daily 

functioning before and after an acute illness or neurological illness, participants only filled 

out the “after” portion to report on their current levels of functioning. Based on our prior 

findings (Wright et al., 2016), only the Disinhibition subscale was used in the present 

analysis. Impulsivity/Behavioral Approach. The Behavioral Inhibition System and 

Behavioral Approach System (BIS/BAS; Carver & White, 1994) is a 30-item inventory 

measuring approach and avoidance behaviors of moving towards or away from appetitive or 

unpleasant stimuli, respectively, with increased BAS and decreased BIS scores being related 

to increased impulsivity and response to reward cues, while decreased BAS may be 

indicative of more apathy and decreased response to positive reinforcement. This measure 

was reduced using a principal components analysis (see Data Analysis below).

Objective Measure of Affective Processing.

Participants completed an affective processing battery (PennCNP: https://

penncnp.med.upenn.edu/about.html). Based on prior work (Maple et al., Under Review), an 

Emotion Recognition and Emotion Discrimination task were included in the present 

analyses. For the Emotion Regulation task (Gur et al., 2002; Pinkham et al., 2008), 

participants were instructed to select which emotion each presented face was expression 

(happy, sad, angry, fearful, or neutral. Variables of measurement included median response 

time for correct responses for each expressed emotion. For the Emotion Discrimination task 

(Erwin et al., 1992), participants were presented with two faces that demonstrated subtle 

variation in emotional facial expression intensity. Participants decided which face 

demonstrated the expressed emotion with the greatest intensity, or whether they were 

equally valenced. Variables of measurement included median response time for happy 

correct, sad correct, and total (happy+sad) correct.

Data Analysis.

To determine selection of covariates, two groups were formed: a cannabis user group with at 

least an average of one joint per week over the past year, and a control group with less than 

10 joints in the past year and no more than 25 joints lifetime; groups were not used in the 
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primary analyses. Between-group differences on demographic and fitness variables were 

measured with between group t-tests and χ2 tests; variables that differed by group were then 

used in dose-dependent analyses. In addition, BMI was covaried for due to prior research 

suggesting higher BMI negatively influences aspects of cognition and emotional processing 

(Cheke, Simons, & Clayton, 2016; Kennedy, Collins, & Luciana, 2016), and as fitness 

groups differ by BMI. After controlling for potential confounds (i.e., recent nicotine 

exposure as measured by cotinine, past year alcohol use, gender, and BMI) in the first block, 

multiple regressions were run to examine whether past year cannabis use or VO2 max 

independently related to mood or functioning symptoms. The potential interactive effect of 

cannabis use and VO2 max was also assessed as a final block in the regression, as a 

cannabis*VO2 interaction variable was created using the continuous data. Mood and 

functioning subscales were selected based on prior findings (for depressive symptoms, 

anxiety symptoms, FrSBe disinhibition; Wright et al., 2016) and through a PCA (for 

BIS/BAS and PennCNP) to reduce the number of comparisons. All interpretations of 

statistical significance were made if p<.05.

Three principal components analyses (PCAs) with oblimin rotation were conducted to 

reduce variables from the measures with multiple variables (BIS/BAS, PennCNP Emotion 

Recognition, and PennCNP Discrimination). Components were created when eigenvalues > 

1.0 and variables with loadings ≥ 0.4 were considered to define a component. Emotion 
Recognition. The Emotion Recognition median response time variables loaded onto one 

component (factor loadings: Sad=.75, Happy=.66, Neutral=.65, Anger=.61, Fear=.48) and 

accounted for 9.47% of the variance. Emotion Discrimination. For the Emotion 

Discrimination task, three variables loaded onto one component (correct happy and correct 

sad=.99, correct happy trials=.97, and correct sad trials=.82) and accounted for 27.84% of 

the variance.

Results

Demographics by Cannabis Grouping.

Drug groups did not differ significantly by age [t(81)=−1.06, p=.29], education [t(81)=.73, 

p=.47], reading level (from the WRAT-IV) [t(80)=.79, p=.43], race [χ2=5.94, p=.43], or 

ethnicity [χ2=3.19, p=.20], They marginally differed by gender [χ2=3.97, p=.05], which 

was therefore included as a covariate in all analyses (see Table I). Drug Use Patterns. As 

would be expected, drug groups differed significantly in drug use patterns, such as cotinine 

level [t(80)=−3.56, p=.001], past year alcohol use [t(81)=−4.15, p<.001], and past year 

cannabis use [t(81)=−6.59, p<.001], Fitness Characteristics. Drug groups did not differ by 

VO2 max [t(80)=−1.11, p=.27], average moderate-to-vigorous physical activity [t(67)=.39, 

p=.70], weight [t(75)=. 14, p=.89], height [t(71)=−.25, p=.81], or BMI [t(78)=.37, p=.71]. In 

addition, VO2 max performance was significantly correlated with average daily physical 

activity (r=.43, p<.001).

Demographics by Fitness Grouping.

For descriptive purposes only, high-fit and low-fit groups were formed by those who were 

above the 50th percentile in VO2 max by age (Pescatello, 2014), and those who were below 

Wade et al. Page 6

Int J Ment Health Addict. Author manuscript; available in PMC 2022 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the 50th percentile in VO2 max (see Table II). Demographics. Fitness groups did not differ 

by ethnicity [χ2=3.09, p=.21], race [χ2=7.25, p=.30], age [t(80)=.39, p=.70], level of 

education [t(80)=1.30, p=.20], estimated IQ [t(80)=−1.73, p=.09]; they differed significantly 

by gender [χ2=30.21, p<.001]. Drug Use. Fitness groups differed in cotinine level [t(80)=

−2.26, p=.03] and past year alcohol use [t(76)=−3.05, p=.003]; they did not differ in past 

year cannabis use [t(80)=.04, p=.97]. Fitness Characteristics. As would be expected, 

fitness groups differed in VO2 max [t(80)=−13.05, p<.001] and average moderate-to-

vigorous physical activity [t(67)=−4.39, p<.001], as well as by height [t(80)=−7.19, p<.001] 

and BMI [t(79)=2.86, p=.005]; they did not differ by weight [t(75)=−.59, p=.56]. As 

calculation of BMI includes height, BMI alone was used as a covariate in all analyses.

Clinical Elevations.

We examined the percentage of controls and cannabis users who demonstrated clinical 

elevations on each of the anxiety, depressive and the disinhibition scales (see Table III), 

though it is important to note that no participants met criteria for past-year independent 

psychiatric diagnoses. Five percent of cannabis users and no controls reached clinical 

threshold for depressive symptoms (>14 raw score on the BDI-II; χ2=2.49, p=.11). In the 

cannabis group, three individuals (8%) reached a clinical threshold for anxiety (>39 raw 

score on STAI-State; Spielberger, 1983) while, in the control group, 4% of healthy controls 

reached threshold (χ2=.48, p=.49). For self-reported disinhibition, elevations in symptoms 

were defined as a T-score above 65 (Grace & Malloy, 1999). Thirty-one percent of cannabis 

users and 20% of controls were elevated in their disinhibition scores (χ2=1.20, p=.27).

Primary Analyses.

Multiple regressions were run to investigate whether past year cannabis use, VO2 max, or 

cannabis*VO2 interactions predicted participant’s affective and behavioral functioning, 

while controlling for cotinine level, past year alcohol use, gender, and BMI.

Cannabis Use Results.

Past year cannabis use was significantly associated with increased depressive symptoms 

[beta=.31, t=2.35, p=.02; see Figure 1]. On the BIS/BAS component, overall scores were 

significantly positively associated with past year cannabis use [beta=.42, t=3.17, p=.002], 

suggesting greater approach tendencies toward appetitive stimuli with greater cannabis use. 

Past year cannabis use positively related to the emotion recognition component [beta=.33, 

t=2.04, p=.045], as it took cannabis users longer on average to respond to queries.

VO2 Max Results.

There were no significant relationships between VO2 Max interactions and any assessed 

variables.

Cannabis*VO2 Results.

There were no significant relationships between cannabis*VO2 interactions and any 

assessed variables.
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Covariate Results.

Past year alcohol use, cotinine level, gender, and BMI were not significantly related to any 

measures.

Discussion

The present study replicated and extended prior findings regarding the relationship between 

cannabis use and psychological symptomatology (Wright et al., 2016). In particular, we 

found that cannabis use was associated with increased depressive symptoms and slower 

emotion recognition. However, in contrast to our prior findings, the current results suggest 

an opposite pattern on the BIS/BAS scales, with cannabis use being related to increased 

drive, reward responsiveness, fun-seeking, and behavioral approach system total. Contrary to 

our hypothesis, we did not find that aerobic fitness level was independently associated with 

any variables, nor that aerobic fitness interacted with cannabis use in predicting self-reported 

mood or behavioral functioning.

Given the number of times cannabis use has been associated with increased depressive 

symptoms in prior studies (Medina, Nagel, Park, McQueeny, & Tapert, 2007; Medina & 

Shear, 2007; Troup, Andrzejewski, Braunwalder, & Torrence, 2016; Wright et al., 2016), 

evidence of cannabis use increasing depressive symptoms in a rat model (Khadrawy, Sawie, 

Abdel-Salam, & Hosny, 2017), the links between cannabis use and onset of major depressive 

disorder (Chen, Wagner, & Anthony, 2002; Lev-Ran et al., 2014; van Laar, van Dorsselaer, 

Monshouwer, & de Graaf, 2007), and the perceived benefit of using cannabis to cope with 

psychological distress and depressions symptoms (Moitra, Christopher, Anderson, & Stein, 

2015; Patrick, Schulenberg, O’Malley, Johnston, & Bachman, 2011), this negative 

relationship between cannabis use and depressive symptoms needs to be better 

communicated to lay audiences. There is a significant public health concern that individuals 

are using cannabis as a means to cope, while in reality cannabis use may be leading to 

worsening depressive symptoms. However, given the cross-sectional nature of the present 

results, it is not possible to determine directionality between cannabis use and depressive 

symptoms. Future longitudinal studies (such as the Adolescent Brain Cognitive 

Development [ABCD] Study, https://abcdstudy.org/) will be beneficial in assessing causal 

relationships.

In addition, affective processing more broadly appears to be impacted in relation to cannabis 

use. Our results suggest that it takes adolescents and young adults with more past-year 

cannabis use longer to recognize facial emotions. This is consistent with prior work of 

slowed affect recognition in adult cannabis users (Platt, Kamboj, Morgan, & Curran, 2010) 

and altered neural response to affective facial and picture cues in adolescents and young 

adults (Spechler et al., 2015; Wesley, Lile, Hanlon, & Porrino, 2016). Given the fact that 

adolescence is a critical period for maturation of brain regions associated with affective 

processing (Yurgelun-Todd, 2007), it is important to limit any factor (e.g., cannabis) that 

may be impairing emotional development.

The findings regarding behavioral approach are intriguing and in contrast to our previous 

results (Wright et al., 2016), though results are consistent with other groups (Kim-Spoon et 
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al., 2016; Prince van Leeuwen, Creemers, Verhulst, Ormel, & Huizink, 2011). Carver and 

White (1994) proposed that the BIS/BAS, and specifically the BAS scale, may most aptly be 

described as a measure of reward response, while others (Taubitz, Pedersen, & Larson, 

2015) have suggested the BIS/BAS to be reflective of positive and adaptive functioning. 

Perhaps this sample of cannabis users was more sensitive to reward than our previous 

sample, or this sample had more adaptive functioning. Given the increased past year 

cannabis use in our previous sample (current sample=422 joints, SD=429; previous 

sample=644 joints, SD=1272), it may be that the previous participants had less adaptive 

functioning and had moved further along in the addiction cycle beyond that of reward 

seeking.

Aerobic fitness is a promising potential mediator of improved mental and neurocognitive 

health. Here, however, no significant relationships were revealed between cannabis use and 

aerobic fitness. This is despite the fact that prior research has indicated that higher aerobic 

fitness level was related to decreased depressive symptoms in non-cannabis samples (Carter, 

Rees, Hale, Bhattacharjee, & Paradkar, 2016), and better objective measures of 

neurocognition in cannabis users (Wade et al., 2019). We (Lisdahl, Wright, Kirchner-

Medina, Maple, & Shollenbarger, 2014) and others (Brellenthin & Koltyn, 2016) have also 

suggested exercise as a potentially beneficial intervention for cannabis use disorder, though 

notably the present study investigated aerobic fitness level, rather than the use of an aerobic 

exercise routine. Better understanding of how and when aerobic fitness influences 

functioning, particularly in cannabis users, is needed.

Limitations are noted. Most of the data presented relies on self-report, though a notable 

strength is inclusion of an objective measure of emotional processing in addition to self-

reported symptoms. As a cross-sectional study, causality cannot be established. Our study 

excluded for psychiatric co-morbidity, which may limit generalizability to the typical 

cannabis user (Rosen, Sodos, Hirst, Vaughn, & Lorkiewicz, 2018), given the high rates of 

depression within cannabis users. As such, few participants met clinical threshold for self-

reported symptoms. However, as previous research indicates cannabis users report lower life 

satisfaction (Fergusson & Boden, 2008; Grevenstein & Kroninger-Jungaberle, 2015), even 

slight changes in mood and behavioral functioning may be important targets for prevention 

and intervention. As noted, there is some lack of clarity on what the BIS/BAS precisely 

measures. This could be elucidated through supplemental measures, such as a measure of 

sensitivity to reward, though no such measures were used in the present study. Aerobic 

fitness level can be influenced by numerous factors, including exercise routines, genetics, 

and gender; therefore fitness level alone does not likely explain these results.

In conclusion, our results confirm a relationship between cannabis use and depressive 

symptoms. Aerobic fitness level, on the other hand, was not associated with any measures of 

affective or behavioral functioning in cannabis users, despite prior evidence of being 

associated with better cognitive performance (Wade et al., 2019). As the negative 

relationship between cannabis and depressive symptoms has often been found, there is a 

clear need to make known to lay audiences that cannabis is not likely beneficial, and may 

actually be harmful, in treating even subclinical depression. Finally, as this was a cross-

Wade et al. Page 9

Int J Ment Health Addict. Author manuscript; available in PMC 2022 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



sectional study, future research should assess whether such mood and behavioral symptoms 

precede or are potentially caused by cannabis use through longitudinal studies.
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Figure 1. 
Self-reported depressive symptoms by past year cannabis use.
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Table I.

Demographics, Substance Use, and Fitness by Substance Group.

Controls (n=45) % or M (SD) Range Cannabis (n=38) % or M (SD) Range

Age 20.89 (2.72)
16-25

21.47 (2.20)
17-26

Education 14.24 (2.30)
9-19

13.91 (1.62)
11-18

Reading Score (WRAT-IV) 106.13 (10.12)
87-133

104.13 (12.78)
72-133

Gender (% female) 53% 32%

% Hispanic 11% 21%

% Caucasian 57% 58%

*Past Year Cannabis Use (joints) 0.56 (1.45)
0-6.67

421.68 (429.12)
53-2306

*Past Year Alcohol Use (standard drinks) 110.53 (177.16)
0-698.50

320.71 (279.57)
0-1120.50

*Cotinine Level 1.09 (.56)
0-3

2.08 (1.77)
0-6

VO2 Max Peak Performance (ml/kg/min) 41.52 (10.65)
20.80-62.90

43.98 (9.05)
25.80-62.80

Average Minutes Moderate-to-Vigorous Activity Per Day 36.86 (23.42)
6.50-110.33

39.00 (21.73)
5.83-107.80

Weight (lb) 151.25 (24.89)
108.8-227.8

150.42 (28.11)
103.4-213.4

Height (inches) 66.89 (3.60)
60.50-76.50

67.10 (3.95)
69.0-75.5

BMI 23.90 (4.39)
17.4-39.1

23.54 (4.24)
16.4-33.6

Notes: M = mean; SD = standard deviation.

*
p<.05
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Table II.

Demographics, Substance Use, and Fitness Characteristics by Fitness Level.

Low Fit (n=38) % or M (SD) Range High Fit (n=44) % or M (SD) Range

Age 21.24 (2.50)
16-26

21.02 (2.51)
16-25

Education 14.37 (1.94)
10-18

13.80 (2.03)
9-19

Reading Score (WRAT-IV) 102.92 (11.23)
72-133

107.23 (11.23)
90-133

*Gender (% female) 76% 16%

% Caucasian 50% 73%

% Hispanic 21% 11%

Past Year Cannabis Use (joints) 192.56 (438.00)
0-2306

189.59 (278.26)
0-1394

*Past Year Alcohol Use (standard drinks) 117.16 (172.43)
0-800

279.17 (285.27)
0-1120.50

*Cotinine Level 1.18 (.77)
0-3

1.84 (1.64)
0-6

*VO2 Max Peak Performance (ml/kg/min) 33.82 (5.43)
20.80-42.40

50.23 (5.88)
42.90-62.90

*Average Minutes Moderate-to-Vigorous Activity Per Day 26.51 (14.75)
5.83-65.71

47.67 (23.58)
13.86-110.33

Weight (lb) 149.07 (29.37)
103.4-227.8

152.59 (23.01)
108.2-190.8

*Height (inches) 64.45 (2.35)
59-70

69.14 (3.38)
61-76.50

*BMI 25.12 (5.15)
18.9-39.1

22.49 (2.88)
16.4-27.2

Notes: M = mean; SD = standard deviation.

*
p<.05
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Table III.

Clinical Levels of Symptom Scales

Cannabis Users Controls

M SD Range Elevated Score* M SD Range Elevated Score*

BDI-II 5.32 4.60 0-19 5% 2.78 3.31 0-11 0%

STAI-State 27.70 6.99 20-47 8% 26.20 6.21 20-42 4%

Disinhibition+ 30.72 6.60 19-45 31% 26.44 6.98 15-43 20%

+
Disinhibition is a subscale from the Frontal Systems Behavior Scale (FrSBe); raw scores are presented.

*
Elevated scores denote the percentage of individuals who demonstrated scores above 65 T-score on the FrSBe scales, raw scores >39 on STAI-

State, and raw scores ≥14 on the BDI-II.
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