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Abstract: Introduction: Uruguay became the first country to regulate
the commercialization of cannabis, offering three legal outlets: home
cultivation, cannabis clubs, and pharmacies. Despite this, black-
market sources remain popular. This observational (survey-based),
cross-sectional study assessed the association of age, sex, and
cannabis acquisition sources with patterns of cannabis use and
consequences among Uruguayan residents, as well as on psychological
distress, protective behavioral strategies (PBS), and cannabis use
motives. We also tested the atemporal, contemporary, sequential
mediation of motives and PBS in the association between distress and
the cannabis outcomes. Method: People who use cannabis selected via
a non-probabilistic, convenience sample (N = 928, Mg = 30.4 years),
completed a survey assessing frequency, potency, consequences, and
related psychological variables. Results: Cannabis clubs were the most
common legal source and were associated with higher use (p <.001,
n2p =.04) and increased risk of cannabis use disorder (p<.05,
V =.08). Those who relied on illicit sources reported greater
psychological distress and use of high-potency cannabis. Distress was
indirectly associated with frequency and consequences via coping
motives and reduced PBS. Conclusions: Gaps in access to potent legal
cannabis may drive continued illicit use. Psychological distress is a key
factor in cannabis-related harm. Interventions should address high-
potency demand and promote harm-reduction strategies.

Keywords: THC; Uruguay; pharmacies; consumption

Resumen: Introduccién: Uruguay fue el primer pais en regular la
comercializacién de cannabis, mediante autocultivo, clubes y farmacias. A
pesar de esto, el mercado negro contintia siendo una fuente de
abastecimiento. Este estudio transversal y basado en una muestra de
conveniencia analizé la asociacion de edad, sexo y fuentes de adquisicién con
los patrones de consumo y las consecuencias asociadas en usuarios
uruguayos. Se exploré el papel del malestar psicolégico, estrategias
conductuales de protecciéon (ECP) y los motivos de consumo, analizando
mediante un modelo de mediacion atemporal la relacion entre estas variables
y consecuencias de uso de cannabis. Métodos: Participaron 928 personas que
usan cannabis. Resultados: Los clubes fueron la fuente legal mas comun y se
asociaron con mayor consumo (p <.001, n2p =.04) y riesgo de trastorno por
uso (p < .05,V =.08). Las personas que recurrian a fuentes ilicitas reportaron
mas malestar y consumo de cannabis de alta potencia. El malestar estuvo
indirectamente asociado a frecuencia y consecuencias via motivos de
afrontamiento y menor uso de ECP. Conclusiones: Las limitaciones en el
acceso a cannabis legal potente favorecen el uso ilicito. El malestar emerge
como un factor central en los dafios asociados, lo que subraya la necesidad de
intervenciones sobre la demanda y ECP.
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Resumo: Introdugdo: O Uruguai foi o primeiro pais a regulamentar a comercializacdo de cannabis, por meio de
autocultivo, clubes e farmdcias. Apesar disso, o mercado ilegal continua sendo uma fonte de abastecimento. Este
estudo transversal, baseado em uma amostra de conveniéncia, analisou a associa¢do entre idade, sexo e fontes de
aquisicdo com os padrdes de consumo e as consequéncias associadas em usuarios uruguaios. Explorou-se o papel
do mal-estar psicoldgico, das estratégias comportamentais de protecdo (ECP) e dos motivos de consumo,
analisando, por meio de um modelo de mediagdo atemporal, a relacdo entre essas variaveis e as consequéncias do
uso de cannabis. Métodos: Participaram 928 pessoas que usam cannabis. Resultados: Os clubes foram a fonte legal
mais comum e associaram-se a maior consumo (p < 0,001, n2p = 0,04) e risco de transtorno por uso (p <0,05,
V =0,08). As pessoas que recorriam a fontes ilicitas relataram mais mal-estar e consumo de cannabis de alta
poténcia. O mal-estar esteve indiretamente associado a frequéncia e as consequéncias via motivos de
enfrentamento e menor uso de ECP. Conclusdes: As limitacdes no acesso a cannabis legal potente favorecem o uso
ilicito. O mal-estar emerge como um fator central nos danos associados, ressaltando a necessidade de intervengoes
sobre a demanda e sobre as ECP.

Palavras-chave: THC; Uruguai; farmacias; consumo

In 2013, Uruguay regulated the commercialization of THC (Tetrahydrocannabinol, the psychoactive
component in cannabis), through a state-controlled model. It allows three mutually exclusive outlets for
legal cannabis acquisition: home cultivation (< 6 plants per household), cannabis social clubs (< 45
members, collectively cultivating <99 plants), and pharmacies (<40 grams of cannabis/month)
(Laqueur et al., 2020).

Each outlet potentially attracts consumers with specific characteristics and motivations, which
can result in different patterns of cannabis use and related problems. Very few studies have assessed
these topics. It has been shown that Uruguayan residents who use cannabis frequently tend to use
multiple outlets (Boidi et al., 2016), including black-market sources, which still holds a significant share
of the market. A recent report (Instituto de Regulacion y Control del Cannabis et al., 2023) indicates that
the legal market is serving approximately half of the people who use cannabis. Furthermore, it has been
suggested that the establishment of cannabis clubs can help reduce risky consumption (Pardo, 2014),
yet to our knowledge the levels of problematic cannabis use in Uruguayans who access cannabis via
clubs vs. other sources have not been analyzed.

We assessed, in Uruguayan residents, the patterns of cannabis use associated with each type of
outlet in Uruguay, focusing on socio-cognitive factors that might be correlated with the choice of
cannabis source and the frequency of use. Specifically, the study inquired if Uruguayans accessing
cannabis via different sources significantly differed in terms of frequency and quantity of cannabis use,
associated negative consequences, as well as regarding psychological distress, protective behavioral
strategies (PBS) for cannabis use and cannabis motives. Sex and age effects were also scrutinized.
International studies tend to show that men (Cuttler et al., 2016) and adults around 25-30 years old
(Carlini & Schauer, 2022) usually display higher cannabis use than women or older individuals, women
and younger participants show greater distress (Ruiz et al.,, 2020), and PBS are greater in women
(Richards et al,, 2021).

Cannabis PBS are behaviors executed to reduce harm and enhance control over cannabis
consumption (Herchenroeder et al., 2022). Cannabis use motives refer to proximal reasons underlying
the individuals’ decision to use cannabis (Mezquita et al., 2019). They involve using cannabis to improve
social interactions, to avoid social rejection, to increase positive emotions, to alter perception and to
regulate negative emotions (social, conformity, enhancement, expansion, and coping motives,
respectively) (Montgomery et al., 2024).

Key questions of the study were whether problematic cannabis use and potency of the cannabis
used was associated with specific sources. An ancillary aim involved estimating the percentage of people
who uses legal sources of cannabis. Based on previous reports (Instituto de Regulacién y Control del
Cannabis et al.,, 2023), we expected a high endorsement of “other” (i.e., black market) sources. One
possible reason the Uruguayan legal market has not fully satisfied consumer demand is the relatively
low potency of legally available products. Until recently, the most potent legal option in the Uruguayan
market had a THC content around 15 %. A hypothesis was that people who use cannabis via the black-
market would be more likely to use cannabis of higher potency and would exhibit greater problematic
use and cannabis-related consequences. Others (Alvarez et al., 2023) have highlighted that the
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regulation efforts in Uruguay have first dealt with the recreational use of cannabis, whereas access to
cannabis for medicinal purposes is still lagging. This suggests that those relying in black-market sources
may exhibit greater psychological distress and coping motives for cannabis use.

Psychological distress can increase drug use indirectly, via increased coping motives (Luciano
et al, 2020). Likewise, drug use can be associated with the need to positively enhance mood, as
suggested by the positive affect regulation model (Cheetham et al., 2010). Evidence for these pathways
modulating alcohol use has been found in a Latin-American sample (Pilatti, Correa, Rivarola Montejano
et al,, 2024). It is possible that these internal motives are indirectly associated with cannabis use
frequency or related consequences, and that these associations are statistically consistent with
differences in PBS. Using cross-sectional data, we tested the atemporal, contemporary sequential
mediation of cannabis use motives and PBS in the association between psychological distress and two
cannabis outcomes (i.e., frequency of use and problems) as dependent variables. Given the cross-
sectional nature of the study, the indirect-path model under analysis should be conceptualized as an
associative decomposition rather than a causal or longitudinal mediation process. The potential
moderating role of sex and cannabis sources was also analyzed.

Material and Methods

Study design and Sample

This was an observational (survey-based), cross-sectional, study. The study size was determined
based on participant eligibility and data quality. Specifically, from 1180 responses, 119 were excluded
for only providing socio-demographic information (n =79), being = 59 years (n=8) and providing
inconsistent responses (n=32). The analytical sample, a non-probabilistic, convenience sample,
included 928 participants (Mag=30.43 +7.44 years; 57.86% women (see Tablel for more
sociodemographic characteristics) that reported last-month use. This approach ensured a large sample
for detecting associations across multiple variables and conducting mediation and moderation analyses.

Table 1

Sociodemographic characteristics of the sample

Total sample Females Males 30-59years 18-29years
(%, N) (%, N) (%, N) (%, N) (%, N)
928 57.86% (537) 42.13% (391) 51.29% (476) 48.7% (452)

Department of Residence (Uruguay is divided in 19 departments)
Montevideo 58.96% (613) 68.3% (367) 62.9% (246) 68.6% (327) 63.2% (286)
Canelones 12.89% (134) 15.2% (82) 13.2% (52) 16.8% (80) 15.2% (69)
Maldonado 3.08% (32) 3.5% (19) 3.3% (13) 3.7% (18) 3.09% (14)
Others 12.89% (134) 12.8% (69) 16.6% (65) 10.7% (51) 18.3% (83)
Maximum education level achieved
Completed university 26.61% (247)  29.4% (158) 22.7% (89) 40.1% (191) 12.3% (56)
Incomplete university 37.84% (351) 40.4% (217) 22.7% (134) 25% (119) 51.3% (232)
I“f;’rr;giite NON-UNIVETSIty - 4304 (69) 7.2% (39) 7.6% (30) 6.3% (30) 8.6% (39)
Incomplete secondary 9.81% (91) 6.5% (35) 14.3% (56) 6.9% (33) 8.8% (40)
C"tr:rlzili;d nOn-UNVErsity g 1000 (85)  8.3%(45)  102% (40)  10.7% (51)  7.5% (34)
Completed secondary 8.95% (83) 7.6% (41) 10.7% (42) 6.9% (33) 11% (50)
Completed primary 0.22% (2) 0.3% (2) 0 0.2% (1) 0.2% (1)

Note. Sociodemographic characteristics of the sample used to assess the association between age, sex, and
cannabis acquisition sources with patterns of cannabis use and related consequences among Uruguayan residents,
as well as on psychological distress, protective behavioral strategies (PBS), and cannabis use motives.
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An invitation to participate in a study on socio-cognitive determinants of cannabis was shared
via Facebook, X and Instagram. The invitation included a link to an online survey. A screen provided
participants with detailed information about the study. Specifically, they were informed: (1) the study’s
objectives, (2) the voluntary nature of participation, (3) the confidentiality of the data and (4) that the
study was strictly anonymous and that no personally identifiable information would be collected. To
ensure transparency and support, contact information for the principal investigator was clearly
displayed for any inquiries. Furthermore, specific resources for participants experiencing distress or
requiring substance-related assistance were provided. Consent was formally obtained by requiring
participants to click a 'Next' button, which was explicitly labeled as the action signifying their agreement
to participate in the research.

Data storage and handling procedures were explicitly governed by Decree No.414/2009, which
regulates Law No. 18.331 on the Protection of Personal Data and Habeas Data Action. Data collection
occurred between December 2023-April 2024. The study followed the ethical guidelines for human
research outlined in the Declaration of Helsinki. The study gave careful attention to the provisions of
Chapters 2 and 3 of Decree 158/019, issued by the executive branch of the Uruguayan Government,
which regulate research involving human participants.

Measures

Cannabis Use Measures: Participants answered questions about cannabis use in the past year
(from “less than a month ago” to “between 10 to 12 months ago”) and the past 30 days. They also
indicated their preferred source for obtaining cannabis (Home Cultivation, Cannabis Clubs, Pharmacies,
or Other sources). Participants were asked how much (0-25 %, 26-50 %, 51-75 %, or 76-100 %) of the
cannabis consumed in the last month came from their preferred source, and reported the usual potency
of the cannabis consumed, defined by THC content: low (0-4 %), medium (5-9 %), high (10-14 %), very
high (15-19 %), extremely high (= 20 %) or “I don’t know”. With the aid of an image depicting the grams
contained in different cannabis products, participants reported the grams of cannabis consumed during
each day in a typical week of the last month. By adding the grams consumed each day, we obtained the
total amount of cannabis consumed in a typical week.

Brief Marijuana Consequences Questionnaire (B-MACQ): Marijuana-related problems over the
past 30 days were evaluated with the Spanish version (Bravo et al., 2019) of the 21-item Brief Marijuana
Consequences Questionnaire (B-MACQ) (Simons et al., 2012). Participants responded (Yes/No) to
indicate whether or not they experienced each problem. The total number of items endorsed was
summed up to produce a composite score (a =.85). Prior work (Bravo etal., 2019; Mezquita et al., 2022)
supports the measure’s validity for assessing cannabis-related negative consequences among
Uruguayan individuals (as well as in the United States, Argentina, and Spain), with evidence of configural
and scalar invariance across sex and countries (ACFI/TLI <.01; ARMSEA <.015).

Cannabis Use Screening Test (CAST): This tool identifies problematic cannabis use and potential
use disorder. We used the version adapted and validated by the Secretaria de Politicas Integrales sobre
Drogas de la Nacién Argentina (SEDRONAR) (Cadenas et al., 2016). It comprises six items rated on a 5-
point Likert scale, including frequency of use before noon or in solitude, difficulties related to controlling
use, and impacts on daily responsibilities, social life and cognition. Responses are dichotomized and
added up, with higher scores indicating more problematic use. Following SEDRONAR, we distinguished
levels of risk (0-1 = low; 2-3 = moderate; 4-6 = high). Reliability was acceptable (a =.75).

Marijuana Motives Questionnaire (Short Version): The 15-item Spanish version of the Marijuana
Motives Questionnaire (MMQ; Mezquita et al., 2019) explored the motivations behind cannabis use over
the past 30 days. Participants rated the frequency of their cannabis use for various reasons on a scale
from 1 (Never/Almost Never) to 5 (Almost Always/Always). Items are divided into five subscales
measuring different dimensions of the motivation for cannabis use: social, enhancement, expansion,
coping, and conformity (a = ranged from .62 to .85). Prior research (Mezquita et al., 2022) supports the
cross-cultural validity of this measure, with evidence of metric invariance across countries including
Uruguay (as well as the United States, Argentina, Spain, England, and South Africa), supporting their use
for examining associations among study constructs across different cultural groups.

Protective Behavioral Strategies for Marijuana (PBSM): The PBSM assessed how often
participants engaged in PBS when using cannabis over the past 30 days. We employed the 17-item
Spanish version (Richards et al., 2021) with responses ranging from 1 (Never) to 6 (Always), to indicate
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the frequency of cannabis PBS use. A general composite score was created (a = .83). Prior cross-national
work (Herchenroeder et al., 2022) supports the PBSM as an adequate tool for assessing cannabis
protective behavioral strategies among young adults across countries, including Uruguay, using the
same 17-item, 6-point format.

Kessler Psychological Stress Scale: A Spanish version (Aranguren, 2010) of this scale was used,
featuring 10 questions inquiring about anxiety or depression symptoms, as experienced during the last
30 days. Participants answered the items via a 5-points Likert-type format, from 1 (Never) to 5 (Always).
Greater values in the composite score indicate greater distress (a =.89).

Statistical Analysis

Descriptive indicators illustrated, for the overall sample and separately for sex and age (18-29
years and 30-59 years), the percent of cannabis used and the endorsement of the different cannabis
sources. The age split helped distinguishing emerging/young adulthood (when substance use
prevalence and risk-taking are typically highest) from later adulthood, when consumption patterns tend
to stabilize (Arnett, 2005).

Sex and age differences in the latter endorsement were determined using x2. The possibility that
those relying on “other sources” were more likely to use cannabis of higher potency was assessed via x2,
with the categories source and potency of cannabis usually consumed. The option of response “I don’t
know” was dropped for this analysis, whereas the options low (0-4 %) and medium (5-9 %) potency in
one hand, and high (10-14 %) and very high (15-19 %) on the other hand, were collapsed into single
categories (extremely high, > 20 %, remained a single category).

Separate ANOVAs analyzed frequency and quantity of cannabis use, psychological distress, PBS
usage and endorsement of the five cannabis motives. Sex, age category and source of cannabis were
between factors. To assess the association between preferred cannabis source and risk of problematic
cannabis use, we conducted a x? test between source and category of risk (high, moderate and low), as
yielded by CAST.

Effect sizes of ANOVAs are reported via n2p and the significant main or interactive effects were
followed by Duncan’s post-hoc tests. To analyze the locus of the significant associations, we calculated
the standardized deviation of expected frequencies (SDEF) for each cell and inspected the greatest
deviations contributing to the x2 (Agresti, 2013). The strength of the significant associations is reported
via Cramer’s V.

We conducted bivariate correlations examining the associations between psychological distress,
atemporal mediators (PBS and cannabis motives), and the outcomes. We then applied, using MPlus 8.4,
path analysis to examine the direct and indirect associations of distress on the outcomes and the
sequential association between the variables. The model was fully saturated. To evaluate the total,
direct, and indirect effects, we used bias-corrected bootstrapped estimates (Davison & Kuonen, 2003),
a technique robust against non-normality (Erceg-Hurn & Mirosevich, 2008; Fritz & MacKinnon, 2007).
Significance was established through 95 % bias-corrected bootstrapped confidence intervals (CIs) that
excluded zero (10,000 bootstrap samples). A multi-group mediation model assessed if the pathways
were or not equivalent across the different sources and across sex.

Bias was addressed through the use of validated instruments with strong psychometric
properties, control of confounding variables such as sex and age in statistical models, and application of
bias-corrected bootstrapped estimates in path analysis. The study excluded inconsistent or incomplete
responses, reducing selection and information bias. The anonymous recruitment helped mitigate social
desirability bias. Multi-group mediation models assessed the invariance of effects across sex and
cannabis sources.

Results

Descriptive analysis of cannabis source and potency

Table 2 presents frequencies of endorsement of each cannabis source and the THC potency
reported, as a function of sex and age. Cannabis clubs were the preferred legal source, though a similar
percentage indicated "other" sources. Approximately one in fifth indicated home cultivation or buying
at pharmacies. The majority (60 %) reported obtaining most of their monthly cannabis from their
reported preferred source (= 76 %). The percentage of females and males endorsing each source was
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similar for all except the “other” sources, in which the proportion of females was significantly greater
than that of males (x2 =4.01,df=1, p <.05,V =.05).

While a third of the sample did not know the potency of the cannabis usually consumed, 43 %
and 22 % reported consuming cannabis products containing 5 % to 14 % or = 15 % of THC, respectively.
The x2? analyzing the association between potency of cannabis utilized and preferred source was
significant (x2=56.64, df=6, p <.001, V=.17). Inspection of SDEF revealed that using cannabis with
extremely high THC content was more likely among those obtaining cannabis from clubs or from “other”
sources (SDEF 2.66 and 1.02, respectively). Conversely, the use of low or medium potency cannabis
products was more frequent between those getting cannabis at pharmacies (SDEF =3.78). The
distribution of home cultivation mainly followed that expected under the null hypothesis.

Table 2

Endorsement of each cannabis source and the THC potency reported as a function of sex and age

Total sample Female Male 30-59 years 18-29 years
% (n) % (n) % (n) % (n) % (n)
928 57.86% (537) 42.13% (391) 51.29% (476) 48.7% (452)
Groups
Cannabis clubs 27.80% (258) 26.6% (143) 29.4% (115)  27.5% (131) 28% (127)
Home-cultivation 22.09% (205) 20.4% (110) 24.2% (95) 26.6% (127) 17.2% (78)
Licensed pharmacies 19.18% (178) 19.3% (104) 18.9% (74) 19.3% (92) 19% (86)

Other

30.92% (287)

33.5% (180)

27.3% (107)

26.4% (126)

35.6% (161)

Potency of Cannabis used

Don't know 31.5% (292) 39.7% (213) 20.2% (79) 28.6% (136) 34.5% (156)
0-4% 3.1% (29) 4.1% (22) 1.8% (7) 4.4% (21) 1.8% (8)
5-9% 19.1% (177) 20.9% (112) 16.6% (65) 22.1% (105) 15.9% (72)
10-14% 24.2% (225) 21.8% (117) 27.6% (108)  23.1% (110) 25.4% (115)
15-19% 16.9% (157) 11.2% (60) 24.8% (97) 16.8% (80) 17% (77)
20%+ 5.2% (48) 2.4% (13) 9% (35) 5% (24) 5.3% (24)
Percent of marijuana used

0%-25% 6.73% (68) 8.1% (44) 6.1% (24) 5.8% (28) 8.8% (40)
26%-50% 5.84% (58) 5.5% (30) 7.16% (28) 3.9% (19) 8.6% (39)
51%-75% 20.94% (208) 21.6% (116) 23.5% (92) 20.1% (96) 24.7% (112)
76%-100% 59.49% (594) 64.6% (347) 63.1% (247)  69.9% (333) 57.7% (261)

Note. Cells in bold indicate that the proportion of females endorsing “Other” sources was significantly greater than
that of males (x2=4.01, df=1, p <.05, V =.05), that the proportion of participants aged 30-59 years endorsing
home-cultivation was significantly greater than that of younger participants (x2=11.96,df=1, p <.001, V=.08),
and that participants aged 18-29 years reported significantly greater endorsement of “other” sources”, compared
to older participants (x% =9.08,df=1, p <.005,V =.07). THC: tetrahydrocannabinol.

Source and sex-related differences in cannabis use and socio-cognitive variables

The ANOVAs for cannabis frequency and quantity (g) of use (Figure 1A-B) revealed significant
main effects of Sex (F1912=35.31, p<.001, n?p =.04 and Fi912=21.41, p <.001, n2p =.02, respectively)
and Source (Fz912=13.26, p <.001, n?p =.04 and F3912=9.40, p <.001, n2p =.02, respectively). These
scores were significantly higher in males vs. females and significantly higher among those obtaining
cannabis from clubs compared to those getting cannabis from either pharmacies or “other” sources.
Frequency of use in the latter participants was also significantly lower than that reported by those
relying on pharmacies or home cultivation. Quantity of use was also significantly higher in self-growers
than in those getting cannabis at pharmacies or at “other” sources.
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Figure 1

Frequency and quantity of cannabis use (days in the last month and grams consumed, respectively) (Panels A-B),
psychological distress and negative consequences of cannabis use (last 30 days) (Panels C-D) in Uruguayan residents
aged 18-59 years as a function of preferred source for obtaining cannabis (cannabis clubs, pharmacies, home
cultivation or other sources) and sex (females, males)
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Note. Very few significant main effects of age group (18-29 or 30-59 years) were found, and age group did not
significantly interact with the sex or source. Hence, the data is presented collapsed across age groups. The smaller
bar graphs depict data across source and age groups. Frequency and quantity of use was significantly higher in
males vs. females (indicated by the & sign) and significantly higher among club users compared to those getting
cannabis from pharmacies or other sources (denoted by the * sign). Those participants accessing cannabis via
other sources exhibited significantly less frequency of use than those relying on pharmacies or home cultivation
(denoted by the # sign). Quantity of use was significantly higher in self-growers than in those getting cannabis at
pharmacies or at other sources (denoted by the ** sign). Distress was significantly greater in female vs. males
(denoted by the & sign), in younger vs. older participants (not shown) and was significantly greater in those
endorsing "other" sources or buying cannabis at pharmacies than in those relying in clubs or home cultivation
(denoted by the * and ** signs). Negative consequences were significantly higher in men (denoted by the & sign)
and younger participants (not shown). Data is shown as mean * SEM.

Psychological distress (Figure 1C) was significantly greater in female vs. male (F1912=17.68,
p <.001,n%p =.02), in younger vs. older participants (Fi,912= 20.71, p <.001,12p = 0.02) and was affected
by Source (F3912=6.68, p<.001, n2p =.02). Those endorsing "other" sources or buying cannabis at
pharmacies reported greater distress than those relying in clubs (p =.001 and p = .003, respectively) or
home cultivation (p=.001 and p=.002, respectively). Negative consequences (Figure 1D) were
significantly higher in men (F1912=22.15, p <.0001, n2p =.02) and younger participants (Fi912=21.01,
p <.0001,12p =0.02).

Use of PBS (see Appendix A) was significantly greater in females (Fi912=39.58, p<.0001,
12p =.04), and social and enhancement motives (data for motives is not shown) were significantly in
greater in males vs. females (Fi912=15.46, p <.0001, n2p =.02 and F1912=18.26, p <.0001, n2p =.02,
respectively) and in younger vs. older participants (Fi912=4.53, p <.05, n2p =.005 and Fi912=3.99,
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p < .05, n2p =.004, respectively). Expansion motives were greater in males (Fi912=9.56, p <.005,
n?2p =.01). Conformity motives did not significantly differ as a function of either factor.

Association between source of and liability for cannabis use disorder

The Chi-square between CAST categories and Source was significant y2=16.16, df= 6, p <.05,
V =.08. Inspection of SDEF revealed that, among those obtaining cannabis from clubs, there were more
participants in the high and moderate risk categories (SDEF = 0.89 and 0.72, respectively), and less in
the low-risk category (SDEF =-0.91), than what was expected under the null hypothesis of lack of
association. A similar pattern but with less deviation in the high-risk category, was found for those
buying cannabis at pharmacies (high and moderate risk categories: SDEF = 0.50 and 0.74, respectively;
low risk category: SDEF =-0.79). Participants engaging in home cultivation were much more likely to be
in the low-risk category (SDEF =1.20), and much less likely to be in the high-risk category
(SDEF =-1.39).

Bivariate and path analysis results

The bivariate correlations between the included variables are presented in the Appendix A. The
path model was invariant across different sources of cannabis acquisition (p =.058) and across sex
(p =.093). Therefore, the results of the proposed model are presented within the total sample. Table 3
and Figure 2 summarize the total, indirect, and direct effects.

Cannabis-related negative consequences: Psychological distress was significantly and positively
associated with negative consequences. Psychological distress was also indirectly associated with more
cannabis-related negative consequences through a positive association with coping motives
(psychological distress — coping — negative consequences) and via a negative association through PBS
(psychological distress = PBS — negative consequences). The double mediated path from distress to
negative consequences via coping and PBS (psychological distress = coping— PBS — negative
consequences) was statistically significant. Individuals experimenting higher levels of psychological
distress tend to use cannabis to alleviate their distress, which is then associated with a lower use of PBS
which is associated with a greater number of consequences. It was also observed that individuals with
higher enhancement motives showed a significantly lower number of protective strategies, which were
associated with more consequences. Enhancement was also positively and directly associated with
greater negative consequences.

Frequency of cannabis use: Psychological distress was negatively directly associated with
frequency of cannabis use, and also indirectly associated via coping, expansion and conformity motives,
and via PBS. Individuals experiencing higher levels of psychological distress tended to report higher
coping, conformity and expansion motives, which in turn were linked to changes in frequency of
cannabis use. Additionally, a double mediation pathway was observed via coping motives and PBS.
Those with greater psychological distress reported more coping motives, which were associated with a
lower use of protective strategies, leading to higher frequency of cannabis use.
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Table 3

Summary of total, indirect, and direct effects of the mediation path model

Cannabis-related negative Frequency of
consequences cannabis use

Predictor Variable: PD B 95 % CI B 95 9% CI
Total .348 .285, 411 -.088 -.153,-.022
Total Indirect 2 .086 .053,.124 .048 .001,.097
Social .000 -.007,.007 -.005 -.016,.000
Enhancement .001 -.007,.010 .001 -.006,.009
Coping .078 .051,.108 .076 .050,.105
Expansion .002 -.004,.009 .009 .002,.022
Conformity .009 -.010,.028 -.014 -.028,-.003
PBS -.010 -.022,-.003 -.047 -.077,-.017
Social - PBS .000* .000,.002 .002 -.001,.008
Enhancement - PBS .000 -.001,.002 .001 -.005,.008
Coping - PBS .007 .003,.013 .030 .017,.045
Expansion - PBS .000* .000,.001 .001 -.001,.006
Conformity - PBS -.001 -.004,.000 -.006 -.015,.000
Direct 261 .196, .328 -.136 -.193,-.076

Note. Significant associations are in bold typeface for emphasis and were determined by a 95 % bias-corrected
standardized bootstrapped confidence interval (based on 10,000 bootstrapped samples). PD: Psychological
Distress. PBS: Protective behavior strategies. a. Reflects the combined indirect associations within the model.
* These significant associations should be taken with caution given a non-significant direct association between
Social/Expansion and PBS.

Figure 2

Depiction of the significant standardized direct effects of psychological distress on cannabis use frequency and
cannabis-related problems via the different cannabis use motives and protective behavioral strategies

Negative
consequences

/ Soclal
Psychologlcal — 3P Coping
distress
T Conformity
\’ Expansion
Frequency
- - 14

Note. Significant associations were determined by a 95 % bias-corrected standardized bootstrapped confidence
interval (based on 10,000 bootstrapped samples) that does not contain zero. Non-significant path coefficients are
not shown in the figure for reasons of parsimony. These path coefficients are presented in Table 2.
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Discussion

Alternative sources remain significantly popular in Uruguay. Slightly less than a third of the
sample reported getting cannabis from sources other than those legally provided by the Uruguayan
state. This is in line with recent reports (Instituto de Regulacién y Control del Cannabis et al., 2023) and
with the study by Boidi et al. (2016). These results, however, have to be taken with caution, as the sample
under analysis was not probabilistic.

Our findings also highlight age and sex differences in usage patterns, with males consuming
cannabis more frequently and in larger quantities than females, who, as shown before (Richards et al.,
2021), engaged more in cannabis PBS. Age-related effects showed that younger participants were more
likely to consume higher quantities and report more negative consequences, aligning with global trends
(Carlini & Schauer, 2022).

At the time the data was gathered, the most potent legal option was the "Gamma" variety (THC
content: <15 %). Our results indicated a significant association between source of cannabis and
potency, with those endorsing alternative sources reporting higher use of products with potency
> 20 %. Research suggests (Xing & Shi, 2024) that when legally available cannabis products have lower
THC potency, consumers seeking stronger effects may turn to illicit markets to obtain higher-potency
cannabis. This suggests that the limited potency of legally available cannabis in Uruguay contributes to
unmet consumer demand, leading some Uruguayans to seek higher-potency products outside the legal
market.

At a descriptive level, cannabis social clubs ranked as the most endorsed legal source. This
contrasts with a study conducted shortly after the introduction of the cannabis regulation in Uruguay
(Queirolo et al., 2016), which reported that only 13 % of people who use cannabis intended to join a
Cannabis Club. It is likely that changes in the organization and membership of clubs underlie these
differences. Queirolo et al. (2016) indicated that, by the time of their study, clubs were composed mainly
by males, whereas we observed an even sex representation.

Those obtaining cannabis from clubs showed higher cannabis use and, compared with
participants obtaining cannabis from other sources, a higher probability of exhibiting moderate or high
liability for cannabis use disorder. These findings highlight the need for targeted prevention efforts for
cannabis club users. Those endorsing ‘other’ sources or buying cannabis at pharmacies reported greater
distress, possibly indicating cannabis use to cope with psychological issues. Yet none of the measured
motives differed across source.

The study highlights the role of psychological distress as a correlate of cannabis outcomes, acting
via cannabis use motives and PBS. This is concerning given the relative high prevalence of distress (Ruiz
& Pautassi, 2023), and its facilitating role on alcohol use in the Uruguayan population (Ruiz et al., 2020).
The path analysis indicated that distress is associated with cannabis use frequency and related
consequences via greater coping motives, which are in turn associated with diminished emission of PBS.
Enhancement motives were also linked to fewer PBS and more consequences. These results are
consistent with those previously shown in an international sample which included Uruguayan students
(Herchenroeder et al., 2022). Our hypothesis that the reported pathways would vary by source of
cannabis or by sex, given that these differ in frequency and quantity of use, as well as in likelihood of
cannabis use disorder, was not confirmed.

[t is important to highlight that the direct associations between psychological distress and
cannabis-related outcomes diverged. Psychological distress, consistent with findings from prior studies
on alcohol use (Pilatti, Correa, Michelini et al., 2024), was positively associated with the number of
negative consequences yet inversely related to frequency of use. This suggests that individuals
experiencing higher psychological distress may not necessarily use cannabis more often but may instead
engage in riskier patterns of use that are associated with greater harm. Specifically, distressed
individuals may use cannabis primarily for coping purposes, making them more prone to less regulated
use, characterized by reduced engagement in PBS. The negative direct association between distress and
frequency could reflect reduced social engagement or functional impairment associated with the
distress, which may limit opportunities for frequent cannabis use. Nevertheless, when cannabis is used,
coping-driven motives and reduced PBS could be associated with greater vulnerability to adverse
outcomes. Consistent with this interpretation, participants reporting greater psychological distress
endorsed stronger coping motives, which were in turn associated with lower PBS use and higher
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cannabis use frequency. These findings reinforce the need to assess motives and protective behaviors
alongside both frequency and consequences.

This study has several limitations. First, its cross-sectional design precludes causal inferences
regarding the relationships between the measured variables. More in detail, although indirect pathways
were tested using mediation models, these analyses were conducted using cross-sectional data and,
therefore, findings should be interpreted as atemporal associations and not as evidence of longitudinal
mediation (Maxwell & Cole, 2007; Maxwell etal.,, 2011; O’Laughlin et al.,, 2018). Accordingly, the present
findings are best understood as hypothesis-generating and warrant confirmation using longitudinal or
experimental designs. In other words, due to the cross-sectional nature of the design employed, the
indirect effects reported may be biased and should be interpreted as descriptive of contemporaneous
associations.

A second limitation is that the reliance on self-reported data may introduce recall or social
desirability biases, despite the anonymity of responses. Third, a portion of participants did not know
the potency of the cannabis they consumed, potentially confounding the accuracy of potency-related
analyses. Moreover, some participants who selected “other” as their acquisition source may have
obtained cannabis through friends or family members. Although this route may technically fall outside
the legal market, it does not necessarily correspond to the types of illicit activities typically implied by
the term “black market”. Fourth, the sample was not probabilistic and may not fully represent all
Uruguayan people who use cannabis. Finally, the categorization of cannabis acquisition sources did not
account for those who obtain cannabis from multiple sources, which could influence the observed
associations. Also, effects sizes for many of the reported differences are small, and some of the measures
do not have evidence of validity for use in Uruguay.

Despite these shortcomings, the study highlights the complex dynamics of cannabis use in
Uruguay. Overall, the findings emphasize the need to address unmet demand for higher-potency
products and to mitigate associated risks. Probably the most important finding was that club users were
more likely than expected by chance to fall into the moderate- and high-risk categories of the CAST. It is
important to note, however, that we also found greater psychological distress among individuals who
obtained cannabis through illicit sources or purchased it at pharmacies. Given the significant role of
psychological distress in modulating cannabis use in this study, it is tempting to suggest that those
accessing cannabis via illicit sources or pharmacies may be at elevated risk for cannabis-related
problems. In this study, greater psychological distress was associated with heavier cannabis use through
higher coping motives and lower use of PBS. These results underscore the need for tailored prevention
and intervention strategies centered on mental health, differentiated by source of access.
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Appendix A
Figure 12
Protective behavioral strategies in Uruguayan citizens as a function of preferred source for obtaining marijuana and
biological sex
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Note. Protective behavioral strategies (PBS) in Uruguayan citizens aged 18-59 years as a function of preferred
source for obtaining marijuana (Cannabis clubs, pharmacies, home cultivation or other sources) and biological sex
(men and women). The smaller bar graph depicts PBS across source. The statistical analysis revealed significant
main effects of sex, with women endorsing significantly more PBS than men. This effect is denoted by the
ampersand sign. No significant main effects of age group (18-29 or 30-59 years) was found, and age group did not
significantly interact with the sex or source. Hence, the data is presented collapsed across age groups. Data is

shown as mean + SEM.

Table 1A

Bivariate correlations and descriptive statistics among study variables

1 2 3 4 5 6 7 8 9
1. Psychological distress .889
2. Social motives .08™ .852
3. Enhancement motives .01 50" 622
4. Coping motives .38 25" .15 792
5. Expansion motives 08*F  243**  J1** 25%* .795
6. Conformity motives 22%F 0 247*  12%F 16**  .24*%F 756
7.PBS .04 -18**  -26%F -174%* -12%* 08 833
8. Negative consequences 34** 16** 19**  35%*  15%  15** .16**  .848
9.Frequency of marijuana use  -.08* .09*¢  21**  21** 16** -03 -53** 32k -

Note. Significant correlations are in bold typeface for emphasis and Alpha’s Cronbach values in underline for
emphasis. **The correlation is significant at the .01 level. *The correlation is significant at the .05 level.
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