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For better or for worse? A pre–post exploration of the
impact of the COVID-19 lockdown on cannabis users

Janna Cousijn1,2,3 , Lauren Kuhns1,2,3, Helle Larsen3,4 & Emese Kroon1,2,3

Neuroscience of Addiction (NofA) Laboratory, Department of Psychology, University of Amsterdam, Amsterdam, theNetherlands,1 The Amsterdam Brain andCognition
Center (ABC), University of Amsterdam, Amsterdam, the Netherlands,2 ADAPT-laboratory, Department of Psychology, University of Amsterdam, the Netherlands3 and
Research Priority Area Yield, University of Amsterdam, the Netherlands4

ABSTRACT

Background and aims Lockdownmeasures aimed at limiting the number of infections and deaths from the coronavirus
disease 2019 (COVID-19) have introduced substantial psychosocial stressors in everyday life. We aimed to investigate the
influence of the Dutch lockdown on cannabis use and cannabis use disorder (CUD) and investigate relations with change
in mental wellbeing and experienced psychosocial stressors during the lockdown. Design Explorative longitudinal
baseline-, pre- and during lockdown survey study. Setting The Netherlands, on-line between January 2019 and May
2020. Participants Community sample of 120 monthly to daily cannabis users and reference group of 63 non-using
controls. Measurements Change in cannabis use and CUD symptom severity from baseline to pre- to post-lockdown.
Change in cannabis use motives, mental health, quality of social relationships and job status from pre- to post-
lockdown. Findings In cannabis users, lockdown related to increased cannabis use [B = 1.96, 95% confidence interval
(CI) = 0.26–3.66, P=0.024], but not CUD symptom severity. Cannabis users experienced 30% job loss and increased lone-
liness [P< 0.001, Bayes factor (BF)10> 100], while contact with partners (P= 0.005, BF10= 8.21) and families improved
(P< 0.001, BF10 = 19.73), with no differences between cannabis users and control. Generally, mental health problems (all
Ps> 0.277, all BF10< 0.139) did not change, but individual differences were significant and severity of cannabis use pre-
lockdown, COVID-19-related worries, change in anxiety, expansionmotives, social motives and family contact all uniquely
related to variance in change in cannabis use or CUD. Conclusions While cannabis use among daily cannabis users in
the Netherlands increased at the group level during the period of COVID-19 lockdown, the effect of the first months of lock-
down on cannabis use disorder severity and mental wellbeing varied significantly among individual daily cannabis users.
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INTRODUCTION

The social distancing measures aimed at limiting the num-
ber of infections and deaths from the novel SARS-CoV-2 vi-
rus and associated coronavirus disease 2019 (COVID-19)
have introduced substantial psychosocial stressors in ev-
eryday life, raising concerns regarding the wellbeing of
vulnerable populations, including substance users [1,2].
The current explorative study assessed the influence of
the Dutch lockdown initiated in March 2020 on cannabis
use and cannabis use disorder (CUD) severity in a commu-
nity sample of monthly to daily cannabis users. Further-
more, we investigated if individual change in use and

CUD symptoms was related to change in mental wellbeing
and experienced psychosocial stressors during the
lockdown.

The Dutch lockdownmeasures involved social isolation
and prolonged confinement at home, including work and
school from home. Pandemic-specific anxieties have
emerged in the population, with increased levels of worry
concerning personal health and economic conse-
quences [3]. Sudden job loss and unemployment have also
been an unfortunate reality for many, particularly individ-
uals who work in the retail and food services, culture, ac-
commodation and cleaning sectors [4]. Moreover,
emerging evidence suggests a 16–28% increase in anxiety
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and depression symptoms and an 8% increase in
self-reported stress in the general population [5]. The in-
crease in experienced stressors and mental health
problems, combined with the reduction in alternative pos-
itive activities, have led to substantial concern from the
scientific community concerning the potential impact on
vulnerable populations such as substance users [1,2].
From previous research on the effects of economic crises
on substance use (e.g. the 2008 global recession), we know
that high rates of job loss are associated with increased
substance use and addiction, especially in young men [6].
Job loss is a demonstrated risk factor for cannabis use,
and unemployed young adults in particular have higher
rates of developing a CUD [7,8]. CUD is also highly
comorbid with anxiety and depression [9,10], and stress
is an important factor in the escalation of use, development
of addiction and relapse [11,12]. Particularly in regular
cannabis users, stress and tension reduction are commonly
reported motives for use [13], correlating with CUD
severity [14].

To our knowledge, previous studies have only
cross-sectionally investigated the effect of the virus and
lockdown on cannabis use. Increases in cannabis use
have been reported in medical cannabis users from the
United States [15], adult recreational cannabis users in
France [16] and adolescent recreational users from
Canada [17]. In contrast, a survey conducted among
the general population in Belgium reported no increase
in use [18]. These studies suggest that cannabis use
may have increased during the lockdown period. To build
upon this, the main aim of this exploratory study was to
(i) investigate if lockdown was associated with change in
cannabis use and CUD symptom severity in cannabis
users. We invited a unique sample of cannabis users
and non-cannabis-using controls who completed a survey
about their cannabis use prior to the pandemic (baseline)
to complete an on-line survey about cannabis use just be-
fore (pre-lockdown) and since lockdown (post-lockdown)
and other socio-psychological consequences of the lock-
down. The second aim was to (ii) investigate if pre- to
post-lockdown change in cannabis use and CUD symp-
tom severity related to change in cannabis use motives,
mental wellbeing, quality of social relationships and job
status. For reference, we checked (iii) if changes observed
in cannabis users differed from changes observed in a
smaller group of non-cannabis-using controls. Given the
unique nature of the lockdown, all analyses were explor-
ative. However, we expected a general increase in canna-
bis use and CUD symptom severity pre- to post-lockdown
[16] that related to decreases in general mental
wellbeing. We also expected that increases in cannabis
use and CUD symptoms would relate to increases in can-
nabis coping motives [14], decreases in social relationship
quality [19,20] and job loss [7,8].

MATERIALS AND METHODS

Participants

Study protocols were approved by the Ethics Review Board
of the Faculty of Social and Behavioral Sciences, University
of Amsterdam (2020-DP-12211). Individuals who com-
pleted an eligibility screener for a different CUD study and
agreed to be contacted for future studies were invited to
participate. Individuals were originally recruited using so-
cial media advertising and in-person flyers targeted at daily
or near-daily cannabis users and non-using controls (< 25
life-time uses) who do not regularly use other illicit sub-
stances. Of the 1030 invited individuals, 186 agreed to par-
ticipate in this new study, for which they completed the
follow-up survey and consented to merging the screening
data with the follow-up survey. Among those, €8 × 25
on-line shop vouchers were raffled. Three participantswere
excluded due to daily other substance use [one control for
daily gamma hydroxybutyrate (GHB) use, one control for
regular use of multiple illicit drugs other than cannabis
and one cannabis user for daily methamphetamine use].
The final sample consisted of 120 cannabis users aged
18–46 years who reported monthly to daily cannabis use
before lockdown (baseline and/or pre-lockdown) and, for
reference, a group of 63 sporadic to non-cannabis-using
controls aged 18–31 years.

Questionnaires

The onset of the Dutch lockdown began on 12 March
2020. Each participant completed a baseline and
follow-up questionnaire. The baseline questionnaire was
completed, on average, 265 days [standard deviation
(SD) = 144.4; range = 26–467 days] prior to the lockdown
and assessed use of cannabis and other substances. The
follow-up questionnaire contained retrospective questions
concerning the period before (pre-lockdown) and during
lockdown (post-lockdown) andwas conducted, on average,
59 days (SD = 8.6, range = 47–79) after the lockdown be-
gan, before any regulations were loosened (see Figure S1).
Table 1 shows an overview of the substance use measures
collected for the baseline, pre- and post-lockdown periods.
Table 2 shows an overview of all other measures collected
at follow-up. The assessment time-frames for each partici-
pant are shown in Supporting information, Fig. S1.

Cannabis use and CUD symptom severity

Our main outcome variables were DSM-5 CUD symptom
severity and cannabis use. DSM-5 CUD symptoms were
assessed with the MINI version 7.0.0 DSM-5 CUD sec-
tion [21] for the previous year in weekly users at baseline
(Cronbach’s α = 0.86), and for the previous year pre-lock-
down (Cronbach’s α = 0.83) and the period since
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lockdown (Cronbach’s α = 0.83) in monthly users, with
scores ranging from 0 to 11. At baseline, cannabis use
was assessed in days per week for screening purposes. Days
per week were multiplied by 4.3 to compute days per
month. At follow-up, cannabis use was assessed in days
per month during the pre- and post-lockdown periods.
Cannabis use in grams per month was assessed during
the pre- and post-lockdown periods for descriptive
purposes.

Other substance use

Alcohol use and related problems were assessed with the
10-item Alcohol Use Disorder Identification Test (AUDIT

[22]) at baseline (Cronbach’s α = 0.73) and at follow-up
(Cronbach’s α = 0.80), both assessments referring to the
past year. AUDIT item scores ranged from 0 to 4 and AU-
DIT total scores were computed by summing item scores.
Alcohol use in drinks per month was assessed at follow-
up during the pre- and post-lockdown periods. Cigarette
use (yes/no), number of cigarettes per day and frequency
of past month illicit substance use were assessed during
the baseline, pre- and post-lockdown periods.

Motives for cannabis use

Motives for use in the year preceding lockdown and the pe-
riod since lockdownwere assessedwith the five-item coping

Table 2 Overview all measures assessed at follow-up for pre- and post-lockdown periods and for pre- to post-lockdown change.

Cannabis users (n = 120) Controls (n = 63)

Pre-lockdown Post-lockdown Pre-lockdown Post-lockdown

Mean SD Range Mean SD Range Mean SD Range Mean SD Range

Motives for cannabis use
Enhancement 16.4 4.1 0–23 16.6 4.4 5–25 – – – – – –

Coping 10.6 4.7 0–23 11.6† 5.4 5–25 – – – – – –

Expansion 11.1 6.3 0–25 10.9 6.4 5–25 – – – – – –

Social 12.7 5.6 0–25 10.5††† 5.4 5–25 – – – – – –

Mental health (DSM-5-CCSM)
Total 18.1 11.9 0–55 17.9 13.4 0–68 11.1*** 7.8 0–49 11.8** 8.8 0–56
Depression 2.7 1.8 0–8 2.9 2.1 0–8 1.9*** 1.3 0–8 2.1** 1.5 0–6
Anxiety 3.0 2.6 0–12 2.9 3.0 0–12 4.2 1.9 0–9 2.5 2.2 0–12
Sleep problems 1.3 1.2 0–4 1.4 1.3 0–4 0.7** 0.8 0–3 0.9* 1.0 0–4

COVID-19-related worries
Personal health – – – 2.2 1.0 1.0–5.0 – – – 1.9 0.9 1.0–5.0
Personal economics – – – 2.2 1.3 1.0–5.0 – – – 2.0 1.1 1.0–5.0
Contamination – – – 2.6 0.8 1.0–4.7 – – – 2.5 0.8 1.0–4.3
Societal functioning – – – 2.6 0.8 1.0–4.8 – – – 2.6 0.8 1.0–4.3

Employment
Weekly working hours 16.6 15.0 0–50 9.5 14.0 0–50 16.4 13.6 0–46 8.7 12.7 0–52
Job loss – – – 30% – – – 34%

Pre- to post-lockdown change Pre- to post-lockdown change

Mean SD Range Mean SD Range

Social contact
Loneliness 3.6††† 0.9 1–5 3.5††† 0.8 2–5
In-person, partner 3.1 0.9 1–5 3.2 0.9 1–5
In-person, family 2.6††† 1.1 1–5 2.6† 1.2 1–5
In-person, friends 1.8††† 0.9 1–5 1.5††† ** 0.7 1–5
On-line, partner 3.0 0.9 1–5 3.1 0.9 1–5
On-line, family 3.3††† 0.8 1–5 3.2† 0.7 1–5
On-line, friends 3.7††† 1.0 1–5 4.0††† 0.9 1–5
Quality, partner 3.2†† 0.7 1–5 3.2† 0.7 1–5
Quality, family 3.2††† 0.5 2–5 3.1† 0.5 1–4.5
Quality, friends 2.8† 0.9 1–5 2.9 0.8 1–5

Group differences *P< 0.05 **P< 0.01 ***P< 0.001within-group effects of time
†

P< 0.05
††

P< 0.01
†††

P< 0.001 Bold type refers to significant results with at
least moderate Bayesian evidence support.
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(i.e. to reduce negative affect, Cronbach’s α pre-lock-
down = 0.81, post-lockdown = 0.88), five-item social (i.e.
toenhancesocialevents,Cronbach’sαpre-lockdown=0.89,
post-lockdown = 0.90), five-item enhancement (i.e. to en-
hance positive affect, Cronbach’s α pre-lockdown = 0.74,
post-lockdown=0.81) and five-itemexpansion (i.e. expand
thoughts and experiences, Cronbach’s α pre-lock-
down = 0.96, post-lockdown = 0.96) subscales from the
marijuana motives measure (MMM [23]). Each scale
contained five questions scored on a five-point Likert scale
from ‘almost never’ (1) to ‘almost always’ (5). Scale scores
were computed by summing item scores.

Mental health

The DSM-5 self-rated level 1 cross-cutting symptom mea-
sure—adult (DSM-5-CCSM [24]) was administered at
follow-up to assess general mental health during the pre-
and post-lockdown periods. Substance use items were
excluded, and assessment time was changed to reflect the
year preceding lockdown and the period since lockdown.
Each item was scored on a five-point Likert scale from
‘never’ (0) to ‘always’ (4). Given the high comorbidity with
CUD [10], we included the total (20 items; Cronbach’s α
pre-lockdown = 0.91, post-lockdown = 0.92), depression
(two items; Cronbach’s α pre-lockdown = 0.80, post-lock-
down = 0.80), anxiety (4-items; Cronbach’s α pre-lock-
down = 0.78, post-lockdown = 0.82) and sleep problems
(1-item) scores in further analysis.

COVID-19-related worries

Worries about personal health consequences (two items;
Cronbach’s α = 0.59), personal economic consequences
(two items; Cronbach’s α = 0.80), contamination (two
items; Cronbach’s α = 0.72) and societal consequences
(four items; Cronbach’s α = 0.71) were assessed with a
self-developed questionnaire (see Supporting information,
Table S1). Each item was scored on a five-point Likert scale
from ‘no worries’ (1) to ‘many worries’ (5). Each worry
score reflects the average of the item scores (Cronbach’s
α = 0.59–0.80).

Social contact

Pre- to post-lockdown change in frequency of on-line
and in-person contact with partners, family and friends
was assessed with five-point Likert scales from ‘a lot less’
(1) to ‘a lot more’ (5). Pre- to post-lockdown change in
the quality of contact with partners, family and friends
were assessed with five-point Likert scales from ‘much
worse’ (1) to ‘much better’ (5). Change in loneliness
pre- to post-lockdown was assessed with a single item,
scored on a five-point Likert scale from ‘a lot less’ (1)
to ‘a lot more’ (5).

Statistical analysis

Main analyses in cannabis users

To investigate (i) if lockdown was associated with change
in cannabis use (days per month) and CUD symptom se-
verity, two separate linear mixed-model analyses were
conducted. Participants with at least two assessments
for cannabis use (three time-points: n = 96, two time-
points: n = 24) or CUD (three time-points: n = 81, two
time-points: n = 26) were included (missing data resulted
from no to minimal cannabis use at either baseline or
pre-lockdown). The effects of time [continuous variable
with three data-points; baseline (minus days before lock-
down), pre-lockdown (12 March 2020 = 0) and post-
lockdown (plus days since lockdown)] on both outcomes
were assessed using maximum likelihood estimation and
a random intercept, with subject and time as random
variables to account for repeated measures. Lockdown
status (0 at baseline, 0 at pre-lockdown, 1 at post-lock-
down) was subsequently added to the model to assess
the additional effect of lockdown, followed by the interac-
tion between time and lockdown status. To assess (a)
individual differences in effects of time and lockdown sta-
tus, (b) potential effects of differences in time between
measures and (c) potential non-linear time effects, we
assessed model fit after allowing for variable slopes
(random slope model), adding a continuous autocorrela-
tion structure of order 1 (with participant as the
grouping factor) and assessing quadratic and cubic
effects of time, respectively. Model fit was assessed using
Akaike’s information criterion (AIC) and Bayes informa-
tion criterion (BIC) values of model comparison.

Next, we (ii) exploratively investigated if pre- to post-
lockdown change in cannabis use and CUD symptom
severity related to change in cannabis use motives,
mental wellbeing, social contact and job status. This
was performed in multiple steps, first assessing pre- to
post-change in cannabis use motives, mental wellbeing
and quality of social relationships. Given the
non-normal data distributions, non-parametric repeated-
measures Friedman tests and Wilcoxon signed-rank tests
were used. Next, pre- to post-lockdown change scores
were computed (pre- minus post-lockdown, reflecting
change between lockdown period and the period just
before lockdown onset) for these variables, and
non-parametric Kendall’s tau-b correlations were
computed to assess if change correlated with pre- to
post-lockdown change in cannabis use and CUD symp-
tom severity. Moreover, non-parametric Kruskal–Wallis
tests as part of analyses of covariance (ANCOVAs) were
run to investigate if pre- to post-lockdown change in
CUD symptoms and use (corrected for baseline CUD
symptoms and use, respectively) differed between canna-
bis users who did or did not lose their job. Finally, two
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explorative regression models with feed-forward model
selection (bootstrap = 5000, to account for assumption
violations) were run to assess which variable(s) uniquely
explained change in CUD symptoms and cannabis use,
entering both pre-lockdown and change scores in mental
wellbeing, marijuana motives, quality of social relation-
ships and job status.

Comparison between cannabis users and controls

For reference and descriptive purposes, (iii) group differ-
ences in sample characteristics (including alcohol, ciga-
rette and illicit substance use) and changes in mental
wellbeing, quality of social relationships and job status
were assessed. Group differences in pre- to post-change
scores, i.e. loneliness, alcohol use (AUDIT and drinks per
months), illicit substance use and DSM-5-CCSM total and
subscores were assessed with ANCOVAs [25], correcting
for pre-lockdown scores and gender. Given the non-normal
data distributions, non-parametric repeated-measures
Friedman and Mann–Whitney U-tests were used. Group
differences in repeated measures assessed at follow-up, i.e.
COVID-19-related worries and change in social contact,
were assessed using linear mixed models with maximum
likelihood estimation, random intercept and the
within-subject variable as a random effect to account for
repeated measures.

Bayesian analyses

Given the novelty of the topic, the explorative nature of this
study and to allow for novel hypothesis formation, we

decided not to correct for multiple comparisons. Instead,
complementary Bayesian analyses were conducted and in-
terpretation of the evidence strength followed Jeffreys’
benchmarks [26]: anecdotal (i.e. not enough evidence to
support or refute H0) = Bayes factor (BF) = 1–3,
moderate = BF 3–10, strong = BF 10–30, very
strong = BF 30–100 and extremely strong = BF > 100.
Analyses were run in JASP (JASP team, 2019) and R
version 4.0.2. We considered an effect significant if both
P < 0.05 and BF > 3. Analyses were not pre-registered.

RESULTS

Pre- to post-lockdown change in cannabis users

Cannabis use and CUD symptom severity

While time had a small but significant negative effect on
cannabis use (Table 3; B = �0.01, 95% CI = �0.01 to –

0.00, P= 0.022), lockdown was associated with an in-
crease in cannabis use (B = 1.96, 95% CI = 0.26–3.66,
P = 0.024). Similarly, comparing pre- to post-lockdown
cannabis use in grams per week, there was very strong ev-
idence for an increase in use (W = 1488.5, P < 0.001,
BF10= 62.5; see Table 1). For CUD symptom severity, there
was a small but significant interaction between time and
lockdown status (B = �0.04, 95% CI = �0.08 to �0.01,
P = 0.025), indicative of a difference in the effect of time
on CUD symptom severity during and before lockdown.
Post-hoc regression analyses showed no associations be-
tween total assessment time (days between baseline and
follow-up) and baseline to post-lockdown change in CUD

Table 3 Overview of final models to assess change in cannabis use (days per month) and CUD symptom severity as a function of time and
lockdown status.

Model

Model coefficients

Fixed effects Random effects

Cannabis use in days per month B 95% CI (B) SE (B) t P SD 95% CI

(intercept) 19.26 17.30 to 21.22 1.00 19.25 < 0.001 9.16 7.91–10.65
Time �0.01 –0.01 to –0.00 0.00 2.30 0.022 – –

Lockdown status 1.96 0.26 to 3.66 0.87 2.26 0.024 – –

Fixed effects Random effects

DSM-5 CUD symptom severity B 95% CI (B) SE (B) t P SD 95% CI

(intercept) 4.61 4.06 to 5.17 0.28 16.30 < 0.001 2.67 2.31–3.09
Time 0.00 –0.00 to 0.00 0.00 0.20 0.839 0.01 0.00–0.01
Lockdown status 2.30 0.04 to 4.55 1.15 2.00 0.047 – –

Time × lockdown status �0.04 �0.08 to�0.01 0.02 2.26 0.025 – –

DSM-5 = Diagnostic and Statistical Manual ofMental Disorders; SD= standard deviation; CI = confidence interval; CUD = cannabis use disorder; note: models
assessing the effect of a continuous autocorrelation structure of order 1, quadratic effects of time and cubic effects of time did not improve model fit. An over-
view of the model selection can be found in Supporting information, Table S2.
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(B =�0.00, t(79) =�0.75.34, P = 0.457) or between time
(days between baseline and lockdown onset) and change in
CUD before lockdown (B=�0.00, t(79) = 0.34, P= 0.729).
There was a small negative association between time and
change in CUD score during lockdown (B = �0.05,
t(105) = 2.40, P = 0.018). There was no evidence for a
pre- to post-lockdown change in CUD symptoms
(W = 1509.5, P = 0.66, BF10 = 0.57).

Marijuana use motives

Enhancement motives were most prevalent (Fig. 1). A
Friedman test assessing differences in change in coping,
enhancement, social and expansion motives was signifi-
cant (χ2(3) = 37.36, P < 0.001). Post-hoc tests indicated
moderate evidence for no change in enhancement
(W = 1289.00, P = 0.732, BF10 = 0.110) and expansion
motives (W = 1016.50, P = 0.452, BF10 = 0.193), but
extremely strong evidence for a decrease in social motives
(W = 3077.00, P < 0.001, BF10 > 100) and anecdotal
evidence for an increase in coping motives (W = 645.50,
P = 0.003, BF10 = 2.84).

Mental wellbeing

DSM-5-CCSM total, depression, anxiety and sleep problem
scores did not change (all Ps > 0.277, all BF10 < 0.139).

COVID-19-related worries about personal health, personal
economic consequences, contamination and societal func-
tioning significantly differed from each other (χ2(3) = 35.59,
P < 0.001). Post-hoc tests indicated equal worries about
contamination and societal consequences (W = 3380.00,
P = 0.649, BF10 = 0.102) that were higher than worries
about personal health (contamination–personal health:
W = 4741.00, P < 0.001, BF10 > 100; societal conse-
quences–personal health: W = 1050.00, P < 0.001,
BF10 > 100) and economic consequences (contamina-
tion–economic consequences: W = 4707.00, P < 0.001,
BF10 = 25.62; societal–economic consequences:
W = 1791.50, P< 0.001, BF10 > 100). Participants were
equally worried about personal health and economic
consequences (W = 2293.00, P = 0.899, BF10 = 0.101).

Social contact

Evidence was extremely strong for an increase in loneliness
(W = 2690.00, P < 0.001, BF10 > 100, see Table 2).
Regarding pre- to post-lockdown change in social contact
(Fig. 1, Table 2), change in on-line (χ2(2) = 37.09,
P< 0.001), in-person (χ2(2) = 73.48, P< 0.001) and qual-
ity of (χ2(2) = 22.51, P < 0.001) contact differed between
partner, family and friends. Post-hoc tests indicated that
partner contact in-person (W = 588.00, P = 0.265,

Figure 1 COVID-19 lockdown-related change in in-person, on-line and quality of contact with partners, family and friends (3 = no change). Means
and standard error are reported. A decrease in in-person contact paralleled an increase in on-line contact with family and friends. Quality increased for
partners and family and decreased for friends. Compared to cannabis users, controls showed a larger reduction in in-person contact with friends. [Col-
our figure can be viewed at wileyonlinelibrary.com]
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BF10 = 0.219) and on-line (W = 344.00, P = 0.675,
BF10 = 0.106) did not change (test-value = 3), but relative
to partners, family contact was reduced in-person
(W = 2843.00, P< 0.001, BF10> 100) and increased on-
line (W = 918.50, P = 0.002, BF10 = 15.12). Relative to
family, friend contact was reduced in-person
(W = 3445.00, P< 0.001, BF10> 100) and increased on-
line (W = 1086.50, P = 0.002, BF10 = 20.99). Regarding
contact quality, there was moderate evidence for improved
contact with partners (W = 578.00, P = 0.005,
BF10 = 8.21) and strong evidence for improved contact
with family (W = 1006.00, P< 0.001, BF10 = 19.73). Ev-
idence was only anecdotal for decreased contact quality
with friends (W = 919.00, P = 0.023, BF10 = 1.38).

Pre- to post-lockdown change in cannabis use and CUD
symptom severity; associations with change in use motives,
mental wellbeing, social contact and job status

The current data provide strong evidence for a small pos-
itive correlation between change in CUD symptoms and
change in enhancement motives and worries about
COVID-19 contamination (Table 4). Change in CUD
symptoms also correlated weakly positively with DSM-
5-CCSM total, anxiety and sleep problems, but with
moderate-evidence strength. Regarding cannabis use,
there was moderate evidence for a weak positive

correlation with change in enhancement motives only.
Pre- to post-change in CUD symptoms (χ2(1) = 0.88,
P = 0.348) and use (χ2(1) = 3.22, P = 0.073) did not dif-
fer between cannabis users who did and did not lose
their job.

The regression analysis to explore which variables
uniquely explained change in CUD symptoms revealed ex-
tremely strong evidence that lower pre-lockdown CUD
symptoms, lower worries about personal economic conse-
quences and higher worries about personal health related
to increases in CUD symptoms, each significantly
explaining unique variance in change (see Table 4). More-
over, larger increases in both anxiety and the quality of
family relationships related to increases in CUD symptoms,
but with moderate-evidence strength. Change in coping
motives was a non-significant predictor in the final model.

The regression analysis to explore which variables
uniquely explained change in cannabis use revealed very
strong evidence that lower pre-lockdown cannabis use
and higher expansion motives related to higher increases
in cannabis use, each significantly explaining unique vari-
ance in change. Moreover, change in CUD symptoms and
social motives also related to increased cannabis use, but
with moderate-evidence strength. Change in loneliness
was a significant predictor in the final model, but with
anecdotal-evidence strength.

Table 4 Relations between change cannabis use and change in use motives, mental wellbeing and quality of social relationships.

Self-reported change pre- to
post-COVID-19 lockdown

DSM-5 CUD symptoms Cannabis use, days month

Kendall’s tau BF10 Kendall’s tau BF10

Self-reported change pre- to
post-COVID-19 lockdown

Cannabis use, days/month 0.13 0.94
Social motives �0.05 0.17 0.14 1.13
Enhancement motives 0.23** 45.85 0.19* 7.32
Coping motives 0.08 0.28 0.15* 1.71
Expansion motives 0.04 0.15 0.16* 2.44
DSM-5-CCSM total 0.19** 6.90 �0.03 0.14
DSM-5-CCSM depression 0.16* 2.47 0.07 0.20
DSM-5-CCSM anxiety 0.18* 4.90 �0.09 0.33
DSM-5-CCSM sleep problems 0.18* 5.91 0.12 0.73
Pre–post change loneliness 0.12 0.69 0.15 1.71
Contact quality partner �0.06 0.18 �0.03 0.14
Contact quality family 0.12 0.68 �0.04 0.15
Contact quality friends �0.06 0.20 0.06 0.20
COVID-19-related worries
Personal health �0.00 0.13 0.04 0.15
Personal economics �0.11 0.56 0.03 0.14
Contamination 0.21** 20.86 0.109 0.51
Societal functioning �0.00 0.13 �0.03 0.14

DSM-5 = Diagnostic and Statistical Manual of Mental Disorders; CUD = cannabis use disorder; motives were measured with the marijuana motives measure;
CCSM = cross-cutting symptommeasure

*
P< 0.05

**
P< 0.01 BF10: Bayes factor likelihood H1 relative to H01 with default priors. Bold-type correlations and

Bayes factors refer to significant results with at least moderate Bayesian evidence support.
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Control analyses adding alcohol, illicit substance use
and cigarette use revealed similar results (note: power
was low due to missing data of non-users).

Cannabis users versus controls

Age (W = 3129.00, P = 0.11, BF10 = 0.36) did not differ
between groups, but there were more women (cannabis
users = 43%; controls = 75%; χ2(2) = 17.8, P < 0.001,
BF10 > 100), more students (cannabis users = 55%; con-
trols = 73%; χ2(1) = 5.6, P = 0.017, BF10 = 3.0) and fewer
cigarette smokers (cannabis users = 55%, controls = 10%
at baseline; χ2(1) = 23.8, P = 0.001, BF10 > 100) in the
control group. Alcohol use did not change and did not dif-
fer between groups (see Table 1). Illicit substance use also
did not change, but there was strong evidence for higher
baseline (W = 5091.0, P< 0.001, BF10 = 16.1) and anec-
dotal evidence for higher pre-lockdown (W = 4742.5,
P = 0.003, BF10 = 2.01) use in cannabis users.

Regarding mental wellbeing, cannabis users scored sig-
nificantly higher on DSM-5-CCSM total, depression and
sleep problems (Table 2); however, Bayesian evidence only
supported a group difference on pre-lockdown DSM-5-
CCSM total (W = 5287.5, P < 0.001, BF10 = 62.9) and
depression (W = 5287.5, P < 0.001, BF10 = 62.9) scores.
COVID-19-related worries did not differ between groups
(Ps> 0.06, BF10 < 0.54). As in cannabis users, only lone-
liness significantly increased pre- to post-lockdown in the
control group (W = 846.50, P < 0.001, BF10 > 100),
but change in loneliness did not differ between groups.

The percentage of individuals who lost their job during
the COVID-19 lockdown did not differ between groups
(χ2(1) = 0.4, P = 0.51, BF10 = 0.23).

Pre- to post-lockdown change in social contact was
similar between cannabis users and controls (no main or
interaction effects with group, Fig. 1), except for frequency
of in-person contact (group interaction; χ2(2) = 6.31,
P = 0.04). Post-hoc analysis showed that in-person contact
with friends, but not partners of family, was more reduced
in controls (W = 4690.50, P = 0.003, BF10 = 5.98), with
moderate-evidence strength.

DISCUSSION

The COVID-19 pandemic and lockdown measures sub-
stantially impact daily life, highlighting the importance of
monitoring the wellbeing of vulnerable populations, in-
cluding cannabis users. The cannabis users included in this
explorative study used, on average, 4–5 days per week, and
57% had a moderate to severe CUD before lockdown. Our
longitudinal survey data showed a significant increase in
cannabis use during the first months of lockdown. There
was no evidence for a change in CUD symptom severity,
but during lockdown time was weakly associated with re-
ductions in CUD. The increase in use related to an increase
in motives to use cannabis for expansion of thoughts and
experiences. Moreover, while feelings of loneliness gener-
ally increased, both cannabis users and controls reported
improved contact with partners and family and no change
in symptoms of depression, anxiety or sleep problems, de-
spite ~30% losing their job. These results suggest a mini-
mal impact of the lockdown on mental wellbeing in
cannabis users. However, there were substantial individual
differences that need to be taken into account, and in-
creased anxiety and worries concerning the impact of

Table 5 Predictors of change in cannabis use: feed-forward model selection.

B 95% CI bca (B) SE (B) B t P BF10

Pre- to post-COVID 19 lockdown change DSM-5 CUD symptoms: final model F(6,96) = 11.33, adjusted R2 = 0.48, P < 0.001
DSM-5 CUD, pre-lockdown –0.20 –0.30 to –0.09 0.05 –0.32 4.00 < 0.001 > 100
Coping motives, change 0.09 –0.03 to 0.22 0.06 0.17 1.81 0.074 1.18
DSM-5-CCSM anxiety, change 0.21 0.04 to 0.38 0.08 0.25 2.65 0.009 6.16
Change contact quality family 0.72 0.19 to 1.27 0.28 0.20 2.46 0.016 4.07
COVID-19-related worries, personal economic –0.49 –0.80 to –0.23 0.14 –0.35 3.79 < 0.001 > 100
COVID-19-related worries, personal health 0.77 0.38 to 1.19 0.21 0.39 4.08 < 0.001 > 100

Pre- to post-COVID 19 lockdown change cannabis use (days per month): final model F(5,97) = 14.37, adjusted R2 = 0.40, P < 0.001
Cannabis use, days months, pre-lockdown –0.31 –0.45 to –0.18 0.07 –0.38 4.80 < 0.001 > 100
DSM-5 CUD, change 0.93 0.23 to 1.81 0.39 0.21 2.67 0.009 6.03
Expansion motives, change 0.83 0.32 to 1.33 0.25 0.29 3.67 < 0.001 88.90
Social motives, change 0.35 0.03 to 0.66 0.16 0.21 2.61 0.011 5.20
Loneliness, change 1.47 0.15 to 2.80 0.67 0.17 2.18 0.031 2.11

DSM-5 = Diagnostic and Statistical Manual of Mental Disorders; CUD = cannabis use disorder; motives were measured with the marijuana motives measure;
CCSM: cross-cutting symptom measure; CI bca = confidence interval bias-corrected accelerated; SE = standard error); 95% CI based on bootstrapping 5000
replications. BS10: Bayes factor likelihood H1 relative to H01 with default priors of including all other measures to the null model. Bold-type regression results
refer to significant effects with at least moderate Bayesian evidence support.
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COVID-19 on personal health related to increased CUD
symptoms.

Which cannabis users are at risk for increasing canna-
bis use and CUD severity is an important question. We ex-
pected lockdown-related decreases in social relationships
[19,20], job loss [7,8] and increases in mental health
problems to relate to increases in cannabis use and CUD
symptoms. Our results reflect changes during the first
2 months after lockdown, and the explorative and partly
retrospective nature of this study prevents us from draw-
ing conclusions about causality. Nevertheless, as expected,
changes in mental wellbeing covaried with changes in
CUD symptom severity, with anxiety explaining unique
variance with moderate-evidence strength. This relation-
ship is probably bidirectional, with anxiety being both a
risk factor for and a consequence of CUD [27]. Unexpect-
edly, job loss did not affect CUD severity or cannabis use
and better contact with family predicted an increase in
CUD severity. It could be that worries expressed by family
members and the feeling of positive family support in-
creased awareness and reporting of the severity of their
cannabis use [28], warranting a more long-term and in-
depth assessment of lockdown impact on cannabis users’
wellbeing.

The strongest evidence was observed between change
in CUD symptom severity and COVID-19-specific worries.
Interestingly, in a small US sample, Rogers et al. [29]
showed that individuals who initiated cannabis use during
the pandemic had higher COVID-19-related worries than
non-users and pre-pandemic users, supporting the inclu-
sion of COVID-19-related worries in future studies. We ob-
served strong evidence for a positive correlation between
contamination worries and change in CUD severity. How-
ever, we also observed extremely strong evidence for lower
worries regarding personal economic consequences and
higher worries regarding personal health uniquely
predicting increasing CUD severity (as well as baseline
CUD severity, change in anxiety and quality of family con-
tact). In both cannabis users and controls, these worries
were lower than worries about contamination and societal
consequences. The relatively low worries regarding per-
sonal economic consequences, but also the 55% student
sample (with perhaps other means of financial support),
might explain the lack of an effect of job loss on cannabis
use. The link between worry about mental and physical
health and increased reported CUD severity may be indica-
tive of self-awareness of cannabis use severity. Compro-
mised self-awareness has been linked to poor addiction
prognosis [30], highlighting the need to investigate the im-
pact of the lockdown in more severe clinical populations
with CUD.

Regarding cannabis use motives, we observed a reduc-
tion in social motives that uniquely explained variance in
change of cannabis use, such that a larger reduction in

social motives was related to a larger reduction in cannabis
use frequency. This intuitively follows the implemented so-
cial distancing measures and the significant decrease in
in-person contact with friends. We also expected increased
in copingmotives [14], but our data provide insufficient ev-
idence to support or refute associations with change in
cannabis use and CUD symptom severity. In contrast, evi-
dence was very strong for increasing expansion motives
predicting increasing use, suggestive of use as a result of
lockdown induced boredom and the need for a ‘mental
breakout’. As in previous studies, expansion motives corre-
lated with use, but endorsement is generally low compared
to enhancement motives [31,32].

Our longitudinal data on cannabis use and CUD sever-
ity, including assessments prior to and during the first
months of the Dutch lockdown, is a clear strength. The
negative association between time and change in CUD
symptom severity during the lockdown (but no main effect
of lockdown) may suggest less change in severity the fur-
ther away from lockdown onset, or even a potential reduc-
tion. This highlights the need for studies that assess the
long-term impact of the pandemic in vulnerable popula-
tions. Importantly, while cannabis outlets remained open
in the Netherlands, the lockdown may have significantly
impacted the cannabis market in other countries [33]. It
is therefore recommended that future studies take poten-
tially restricted access and other cultural factors into ac-
count. Moreover, given the impact of the lockdown on
social and work life, and the fact that severity of CUD is,
in part, measured by the negative impact of cannabis use
on social functioning, the lockdownmay fundamentally af-
fect CUD pathology. That is, social distancing and work
from home may change CUD symptoms in a way not cap-
tured by the MINI version 7.0.0 DSM-5 CUD section,
warranting future qualitative and quantitative investiga-
tions of lockdown-related changes in CUD pathology and
its underlying mechanisms.

Some limitations should be considered. Although the
internal consistency of our measures was generally good,
the restricted time-frame of the post-lockdown assessment
(i.e. self-reported changes during a period of 2 months) and
on-line nature of this study may have impacted the validity
of our assessments. Moreover, the on-line nature of this
study may have introduced a sampling bias, missing the
most problematic users [34], and a larger, matched refer-
ence group is needed for more finely grained investigations
between cannabis users and controls. While in-person
research is currently very limited, research via a video
connection may be an option, taking issues with poor
non-verbal communication, access and privacy into
account [35].

In conclusion, our study provides important first in-
sights into psychosocial consequences of the COVID-19
lockdown on cannabis users. Generally, the lockdown
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was related to increased cannabis use in cannabis users
and increased loneliness and 30% job loss in both cannabis
users and control, but the impact on CUD severity and
mental health problems seemed minimal and quality of
contact with partners and family improved. Pre-lockdown
severity of cannabis use, COVID-19-related worries and in-
creases in anxiety, expansion motives, social motives and
quality of family contact all uniquely related to increases
in cannabis use or CUD. These findings highlight the im-
portance of studying individual differences and long-term
effects of the lockdown.
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personal economic consequences, contamination, and so-
cietal functioning.
Table S2 Overview of model selection to assess change in
cannabis use (days per month) and CUD symptom severity
as a function of time and lockdown status.
Figure S1 Baseline and follow-up assessment times for each
cannabis user and control in months relative to lockdown
onset (March 12).
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