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Abstract

Physical activity (PA) positively impacts mental health by reducing psychological distress
(PD), while cannabis use can increase PD. This study investigates the moderating effect
of physical activity (PA) on the relationship between the frequency of past 90-day canna-
bis use (CU) and psychological distress (PD) among college students, using data from the
American College Health Association’s National College Health Assessment III surveys
(2019-2023). We explored the following research questions: (1) Does PA moderate the
relationship between CU and PD? (2) How do different levels of PA influence PD and CU?
The Kessler Psychological Distress Scale (K6) measured PD, and CU was categorized as
never, once-monthly, and weekly-daily. Three PA measures (hours of moderate and vigor-
ous activity, and days of strength training) were used in a Two-Step Cluster analysis to
group participants by PA level. The study included 157,880 students from 127 universities,
predominantly aged 18-29, biologically female, and non-Hispanic white. CU frequency
was linked to increased PD, but higher PA levels were associated with lower PD. The inter-
action between PA and CU was significant, indicating PA moderates CU’s impact on PD.
The study’s findings suggest that PA may serve as a protective factor against PD associ-
ated with CU. Public health strategies could incorporate PA as a harms reduction approach
for cannabis users, particularly targeting college students who may be at high risk for PD.
Future research should further explore the mechanisms underlying the moderating effect of
physical activity and expand these findings to more diverse populations.

Keywords Cannabis - Mental health - Public health - Epidemiology - Harm reduction

P4 Joanna S. Zeiger
joannazeiger @ comcast.net

' Canna Research Foundation, 3996 Savannah Ct, Boulder, CO 80301, USA
Department of Psychiatry, Colorado State University, Ft. Collins, CO, Colorado, USA

Published online: 16 September 2024 | Springer



International Journal of Mental Health and Addiction

Background

Cannabis use is common on college campuses throughout the United States (Richards
et al., 2023; Wilson et al., 2018). While many states have legalized cannabis use for
both medicinal and recreational purposes, the paucity of research on cannabis limits
our understanding of how cannabis use may reduce or exacerbate symptoms of men-
tal health disorders and the psychological distress associated with experiencing those
symptoms (McBain et al., 2020). Additionally, it is becoming more common for indi-
viduals who engage in physical activity (PA) to use cannabis before, during, and/or after
engaging in PA (Lisano et al., 2019; Ogle et al., 2022); however, scientific research that
explores relations between cannabis use and PA is lagging behind increased use among
those who are physically active (Kennedy, 2022; Maurer et al., 2020; Zeiger, Silvers,
Fleegler, & Zeiger, 2019b), which limits our understanding of how cannabis use poten-
tially impacts mental health.

As cannabis use continues to increase in the United States in terms of frequency,
quantity, and potency (Gunn et al., 2020), there is a continued need to understand how
cannabis use is related to mental illness and the psychological distress associated with
mental illness (Weinberger et al., 2019). Psychological distress, a widely used indicator
of health and well-being, is characterized by feelings of nervousness, hopelessness, sad-
ness, and/or worthlessness (Drapeau, Marchand, & Beaulieu-Prevost, 2012). Research
has shown that psychological distress is strongly associated with diagnoses of mental
illness (Ronald C Kessler et al., 2010) and poorer mental health (Breslau et al., 2021).
The most commonly used scale to assess psychological distress, the Kessler 6 (R. C.
Kessler et al., 2002), is designed to assess the presence of anxiety, depression, anhedo-
nia, eating disturbance, sleep disturbance, and other symptoms. While elevations on the
scale do not indicate the presence of a mental health disorder per se, they do indicate
that an individual is experiencing significantly elevated psychological distress, which is
often an indicator of the presence of mental illness.

Research on links between cannabis use and psychological distress are generally
mixed (McBain et al., 2020) which may result from how cannabis use is measured or
may be due to the lack of research regarding how to dose using cannabis to treat medi-
cal or mental health conditions (Hoch et al., 2019). However, there are clear research
findings indicating a significant positive relation between high-frequency cannabis use
and psychological distress (Choi, Marti, DiNitto, & Choi, 2023). So, while it may be
true that, at the appropriate dose and at low to moderate frequency, cannabis use would
reduce psychological distress (McBain et al., 2020), high-frequency use, regardless of
dose, appears to exacerbate psychological distress (Choi et al., 2023).

There is less research on links between cannabis quantity and potency (Prince &
Conner, 2019). It is difficult data to collect given the nature of cannabis use in the states
where cannabis is recreationally legal, where is it medically legal, where it is decrimi-
nalized, and where it is illegal. The issues with assessing cannabis use are well docu-
mented (Budney et al., 2024), so they are not covered in detail here. However, it should
be noted that, to best understand the relations between cannabis use and psychological
distress, we will need to rely on all the data available to us, which includes epidemio-
logical data such as the data used in the present study. While this data is often imperfect
in its method, not providing the type of fine-grained detail needed to assess quantity,
potency, or method of administration of cannabis, the frequency data from large sam-
ples such as the one we use can provide a foundation of research evidence to support
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links between cannabis use and psychological distress and can allow for more compli-
cated analyses in the search for moderators of these relations.

One such moderator in the relation between cannabis use and psychological distress
may be engagement in PA. Research on the relations between PA and cannabis use is lim-
ited, and the findings that do exist suggest that many individuals use before, during, and
after engaging in PA (YorkWilliams et al., 2019; Zeiger, Silvers, Fleegler, & Zeiger, 2019a;
Zeiger et al., 2019b). Additionally, there is ample evidence that suggests that engaging in
PA can improve mental health both in terms of the effects PA has on symptoms and overall
psychological distress (Singh et al., 2023). The links between cannabis use and PA and PA
and psychological distress and overall mental health make PA a good target to study as a
moderator in the link between cannabis use and psychological distress. One issue is that
PA is a highly heterogenous construct. As such, it is important to use person-level statistics
such as cluster analysis to create more homogeneous subpopulations of those who engage
in PA prior to modeling PA in predictive models.

In the present study, it was hypothesized that high-frequency cannabis use would predict
higher psychological distress, that PA would predict lower levels of psychological distress,
and that PA would moderate the relation between cannabis use and psychological distress,
such that when PA was high, the relation between cannabis use frequency and psychologi-
cal distress would be significantly weaker than when PA was low.

Methods
Study Design

Data for the study presented herein were taken from the American College Health Associa-
tion’s (ACHA) Fall 2019-Fall 2023 National College Health Assessment III (NCHA). The
NCHA is a cohort sequential cross-sectional voluntary national survey of college students’
overall health and health behaviors. Data were collected from 127 universities across the
United States. The survey collects data regarding participant physical activity, substance
use, sexual health, weight, nutrition, physical health, mental health, and personal safety and
violence. Details about data collection processes and survey methodology are published in
detail and posted on the ACHA website (National College Health Assessment, 2023).

Measures
The Kessler 6 Non-specific Psychological Distress Scale (K6) Questionnaire

Participants completed the Kessler 6 Non-Specific Psychological Distress Scale (K6) ques-
tionnaire. K6 is a validated self-report measure consisting of 6 items designed to assess
non-specific psychological distress over the past 30 days which predicts serious mental ill-
ness in adults (Bessaha, 2017; Prochaska et al., 2012). Participants rated each item on a
5-point Likert scale ranging from O (none of the time) to 4 (all of the time). The six ques-
tions are “In the last 30 days, how often have you felt: (1) nervous, (2) hopeless, (3) restless
or fidgety, (4) so sad nothing could cheer you up, (5) that everything was an effort, and (6)
worthless.” Responses on the K6 were scored according to established guidelines, resulting
in a total score ranging from O to 24. Higher scores indicate higher levels of psychological
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distress. The group level smallest detectable change (SDC) of the K6 is 0.15 (Uchida et al.,
2023).

Cannabis Use
Frequency of past 90-day cannabis use was assessed among those who ever tried cannabis.

The five categories for cannabis use were “never,” “once or twice,” “monthly,” “weekly,”
and “daily or almost daily.”

29 29

Physical Activity (PA)

Three measures of PA were assessed: (1) total number of minutes of moderate PA (e.g.,
brisk walking, dancing, or household chores) in the last 7 days, (2) total minutes of vigor-
ous PA (e.g., running, swimming laps, or hiking) in the last 7 days, and (3) number of days
in the past week of strength training. These measures of PA have been used in previous
analyses of this dataset (Adams et al., 2007; Lederer & Hoban, 2022; Wu et al., 2023).

Statistical Analysis

K6 was analyzed as a continuous variable. Low response rates in several of the cannabis
use categories led to consolidating the five categories into three: “never,” “once-monthly,”
and “weekly-daily.” Hours of leisure time PA was examined as O h, 1-5 h, and 6 or more h.
The other three PA measures were examined continuously and used in a Two-Step Cluster
analysis.

Physical Activity Phenotyping

A Two-Step Cluster analysis in SPSS was used for three of the PA variables (strength train-
ing, moderate and vigorous activity) to create PA phenotypes. Cluster analysis is used to
assign participants into groups (i.e., clusters) based on their similarities to the items in
the clustering model. The primary goal is to ensure that participants within each cluster
are more similar to each other than to participants in other clusters (Bacher et al., 2004;
Barabba, 1990; Dalmaijer et al., 2022). Cluster analyses of these variables were chosen
for several reasons: (1) all three variables are continuous allowing for more precise and
detailed measurement than categorical variables, (2) the hours per week variable is cat-
egorical with several categories showing low endorsement requiring combining catego-
ries and losing granularity of the data (Table 1), (3) it has been shown the intensity of
PA impact both psychological distress and cannabis use (Mannes et al., 2019; Ong et al.,
2021; Perales et al., 2014; Vidot et al., 2017), (4) when evaluating the benefits and effects
of physical activity, considering a broad range of phenotypic outcomes rather than isolat-
ing single variables provides a richer, more nuanced understanding of its impact on health
and well-being, and (5) creating phenotypes using several measures of PA provides a more
wholistic approach to PA which can impact PA guidelines when it comes to mental health
and cannabis use.

All three variables used in the cluster analysis were standardized prior to clustering.
The SPSS Two-Step Cluster method was used to determine the number of PA clusters
and to allocate participants to their respective clusters (Schiopu, 2010; Yim & Ram-
deen, 2015). After cluster identification, post hoc chi-square tests were conducted to
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determine whether there was adequate separation of the clusters to determine inter-clus-
ter heterogeneity and intra-cluster homogeneity (Hair et al., 2010; Zeiger et al., 2022;
Zeiger, Silvers, Winders, Hart, & Zeiger, 2021).

Moderation Analysis Moderation is the relationship between two variables along with a
third variable that moderates or influences the strength or direction of this relationship. The
independent variable (X) is hypothesized to have an effect on the dependent variable. It is
often referred to as the predictor variable or the focal variable. The dependent variable (Y)
is hypothesized to be influenced by the independent variable. It is often referred to as the
outcome variable. The moderator variable (M) is the variable that influences the strength or
direction of the relationship between the independent and dependent variables. Moderation
is assessed by an interaction term (and will be used interchangeably) which represents the
interaction between the independent variable (X) and the moderator variable (M). It captures
how the relationship between X and Y changes at different levels of the moderator variable.
The interaction term is created by multiplying the values of X and M (A. Hayes, 2012; A. F.
Hayes, 2017). Figure 1 demonstrates the moderation model used in these analyses.

Descriptive statistics were calculated for demographic variables, the K6, cannabis
use, and PA. Chi-square and ANOVA were used to examine group differences in demo-
graphics, K6 scores, and PA clusters by cannabis use frequency. Univariate analysis
using the SPSS generalized linear model procedure was used to examine whether there
were significant main effects between cannabis use and the PA clusters (independent
variables) on K6 scores (dependent variable) and to examine the interaction of PA clus-
ters and cannabis use on K6 scores using the covariates of age, biological sex, self-
reported general overall health, year in school, and ethnicity. A multivariate F-test
(Wilks’ lambda) and partial eta squared (a measure of effect size) were calculated. Esti-
mated marginal means for the K6 were obtained for cannabis use, PA, and the interac-
tion of cannabis use and PA. Analyses were conducted in SPSS v.26.

Independent variable (X)

Frequency of past 90-day cannabisuse

Moderator variable (M) Dependent variable (Y)

Physical activity clusters Psychological distress
measured by Kessler 6 scores

Interaction term (XIM) T
Physical activity clusters * Frequency Covariates

past 90-day cannabis use

Fig. 1 Proposed moderation model of physical activity on the frequency of past 90-day cannabis use and
psychological distress
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Results
Participants

The dataset from Fall 2019 to Fall 2023 consists of 412,981 unique responses. For this
study, participants were restricted to those who reported ever trying cannabis. Of 170,006
participants who ever tried cannabis, 157,880 had no missing data and were included
in these analyses (Table 1). Participants tended to be in the 18-29 years of age bracket
(87.7%), biologically female (70.3%), non-Hispanic white (72.0%), diverse in their school-
ing, reported very good or good health (75.9%), and spent 1-5 h per week in leisure time
PA (46.1%).

Descriptives

The mean K6 score was 9.0 (SD=5.0). The means for the PA variables were the following:
minutes per week of moderate PA (229.0, SD=326.0), minutes per week of vigorous PA
(112.0, SD=191.0), and days per week of strength training (1.9, SD=2.0). For all demo-
graphic, PA, and K6 variables, there was a statistically significant difference by frequency
of past 90-day cannabis use (all P <0.001; Table 1). The frequency of past 90-day cannabis
use was 34.5% never, 39.9% once-monthly, and 25.6% weekly-daily.

Two-Step Cluster Analysis

The Two-Step Cluster analysis revealed a two-cluster solution which was named High PA
(49.5%) and Low PA (50.5%). There were statistically significant differences between the
clusters for the three items that were used in the cluster analysis (all P<0.001) as well as
differences between the cluster for frequency of past 90-day cannabis use (P <0.001) and
the K6 (P <0.001) (Table 2).

Table 2 Clusters by physical activity variables and frequency of cannabis use

Clusters*
High PA (N=178,139) Low PA
(N=179,741)
Mean SD Mean SD
Minutes moderate PA last 7 days* 295.0 373.7 163.8 261.8
Minutes vigorous PA last days* 217.5 228.8 8.5 13.5
Days strengthening exercises last 7 days* 29 1.9 0.9 1.5
Kessler 6* 8.3 5.1 9.7 53
N % N %
Frequency of cannabis use in the Never 25,662 32.8 28,864 36.2
past 90 days* Once-monthly 32,557 417 30,467 38.2
Weekly-daily 19,920 25.5 20,428 25.6

*P<0.001
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Moderation Analysis

Univariate analysis (N=157,880) showed there were statistically significant main effects
of frequency of cannabis use in the past 90 days (F==867.1, partial eta?=0.01, P <0.001)
and cluster designation (F=201.9, partial eta®=0.001, P<0.001) on K6 scores (Fig. 2A
and B). K6 scores were higher for each level of frequency of cannabis use and lower for the
High PA cluster than the Low PA cluster.

The interaction of the PA clusters and frequency of past 90-day cannabis use showed a
significant association with K6 scores (P <0.001) (Fig. 3). For each level of cannabis use,
the Low PA cluster showed slightly higher K6 scores than the main effect of frequency of
past 90-day cannabis use while the High PA cluster showed lower mean K6 scores than
both the main effect for all levels of cannabis use. When comparing the interaction to the
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Fig.2 Adjusted estimated marginal means from univariate analysis of K6 scores by frequency of cannabis
use (A) and physical activity (PA) clusters (B)
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100 9.9

95 9.6

8.0
w— High
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85
84

Estimated Marginal Means for K6 scores

8.0
Never Once -Monthly Weekly-Daily

Frequency of past 90-day cannabis use

Fig. 3 Frequency of past 90-day cannabis use

main effect of PA clusters on K6 scores, the difference between the High PA cluster and
Low PA cluster was particularly enhanced in the “once-monthly” group of cannabis users.
Clinically meaningful differences were seen for all levels of frequency of past 90-day can-
nabis use when comparing the High PA cluster to the Low PA cluster.

Discussion

The present study provides novel and significant insights into the relations among physi-
cal activity (PA), frequency of cannabis use, and mental health, as assessed by Kessler
6 Non-Specific Psychological Distress scores. Data for this study consisted of responses
from 157,880 unique participants to the American College Health Association-National
College Health Assessment III (ACHA-NCHA III) survey from Fall 2019 to Fall 2023 who
reported having tried cannabis at least once. The demographic profile of the participants
indicates a predominance of younger adults, with a majority being biologically female and
non-Hispanic white. These demographics are crucial for understanding the context of can-
nabis use and its implications on health and lifestyle.

The significant difference in PA levels and demographic variables based on the fre-
quency of cannabis use in the past 90 days is noteworthy. With 34.5% of participants
reporting never using cannabis, 39.9% using it once monthly, and 25.6% using it weekly to
daily, the data suggests a varied pattern of cannabis consumption among the participants.
This variation is particularly important in assessing the interaction between PA and can-
nabis use frequency.

The analysis revealed a significant association between cannabis use frequency and psy-
chological distress. Individuals in the Low PA cluster exhibited higher K6 scores across
all levels of cannabis use frequency compared to those in the High PA cluster, indicating
that increased PA may be associated with lower psychological distress, irrespective of can-
nabis use frequency. This association was particularly pronounced among once-monthly
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cannabis users, suggesting a potentially beneficial role of higher levels of PA in mitigating
psychological distress in those who report occasional cannabis use.

While there is no universally agreed-upon minimal clinically important difference for
the K6, in large population-based studies such as this one, even a small shift in the mean
K6 scores (0.15) could be significant, indicating a meaningful change in the overall men-
tal health status of a population (Uchida et al., 2023). We observed clinically meaningful
differences within each of the three cannabis use categories for all three levels of exercise
with reductions in scores ranging from 1.6 to 2.7 points.

The analyses further underscore the impact of PA and cannabis use frequency on mental
health. The significant main effects of cannabis use frequency and PA cluster designation
on K6 scores highlight the complex interplay between these factors. The finding that K6
scores were higher with each level of cannabis use frequency yet lower for individuals in
the High PA cluster compared to those in the Low PA cluster suggests that engaging in
higher levels of physical activity may offer protective effects against the psychological dis-
tress associated with cannabis use.

PA is known to improve mood by promoting the release of endorphins, reducing levels
of stress hormones like cortisol, and enhancing overall well-being (Gerber et al., 2012;
Gualdi-Russo & Zaccagni, 2021). Furthermore, PA often occurs in social settings (e.g.,
group sports, fitness classes) that can provide social support, enhance social networks, and
reduce feelings of loneliness (Ahn et al., 2024; Diehl, Jansen, Ishchanova, & Hilger-Kolb,
2018). Finally, engaging in physical activity improves overall physical health, which can
contribute to better mental health (Gualdi-Russo & Zaccagni, 2021). Taking these factors
into account, physical activity could moderate the effect of psychological distress through
mechanisms like stress reduction, enhanced social support, improved emotional regulation,
and better overall health. These mechanisms collectively suggest that individuals who are
physically active are less likely to experience the negative effects of psychological distress,
such as turning to substances like cannabis, compared to those who are less active. There-
fore, that PA moderates the effect of PD on outcomes like cannabis use is well-supported
by the literature on stress, coping, and health behavior.

Findings are in line with and extend the findings reported in the extant literature (e.g.,
(Ogle et al., 2022; Rhew, Cadigan, & Lee, 2021; Singh et al., 2023). Ogle and colleagues
reported that individuals who use cannabis who also engage in PA often use cannabis prior
to engaging in PA. Singh and colleagues reported that engaging in PA reduces psycho-
logical distress and mental health symptoms. Rhew and colleagues reported that cannabis
use frequency is significantly and positively associated with psychological distress, greater
loneliness, and less flourishing. Thus, the next logical step was to test whether PA would
moderate the link between cannabis use frequency and psychological distress.

Research indicates that cannabis use is relatively high among younger adults, who often
experiment with substances like cannabis during late adolescence and early adulthood
(Hammond, Chaney, Hendrickson, & Sharma, 2020). This trend is supported by national
surveys showing that younger adults (particularly those in their 20 s) report the highest
rates of cannabis use compared to other age groups (Hammond et al., 2020). Although
historically men have been more likely to use cannabis (Cuttler et al., 2016), recent trends
show increasing cannabis use among women, particularly among younger cohorts (Cala-
kos et al., 2017; Grife et al., 2023). This shift may be due to changing social norms and
increased acceptance of cannabis use among women, which aligns with the demographic
trend of this study having a higher proportion of biologically female participants. The pre-
dominance of non-Hispanic white participants might reflect the sampling methods or the
population from which the sample was drawn. Additionally, cultural factors and differing
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attitudes toward cannabis use across ethnic groups could contribute to this demographic
profile. National surveys often report higher rates of cannabis use among non-Hispanic
whites compared to other ethnic groups (Martins et al., 2021).

This study’s findings have important implications for public health, especially consider-
ing the increasing legalization and use of cannabis globally. The observed associations sug-
gest that promoting PA could be a valuable component in interventions aimed at individu-
als who use cannabis, particularly to mitigate psychological distress. Given the size of the
dataset and the diversity of participants, these findings are likely generalizable to a broad
swath of the population. Additionally, the findings come from a study that contained fairly
robust measures of PA, psychological distress, and cannabis use frequency.

These findings should be interpreted with certain limitations in mind. This is a cross-
sectional survey, which limits our ability to make causal inferences. Additionally, while
the frequency of cannabis use data was substantial, other important cannabis use variables
were not included in this large dataset. We had no information on the quantity, potency,
or method of administration of the cannabis participants reported using. Additionally,
there was no information on what cannabinoids were consumed. Without this information,
we are limited to exploring relations between cannabis frequency, PA, and psychological
distress.

Future research should explore longitudinal designs that adequately capture cannabis
patterns of use and cannabinoids used to better understand the causal relationships between
cannabis use, physical activity, and mental health. Additionally, investigating the mecha-
nisms underlying the protective effects of physical activity on psychological distress among
cannabis users could offer valuable insights for developing targeted interventions. The role
of demographic variables, such as age, gender, and ethnicity, in moderating these relation-
ships also warrants further investigation to tailor public health strategies effectively.

Conclusions

In conclusion, the study highlights the significance of physical activity as a potential miti-
gating factor against the psychological distress associated with varying levels of cannabis
use. These findings contribute to the growing body of literature on cannabis use and mental
health and underscore the need for holistic approaches to health promotion among cannabis
users.
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