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Objective of the study:

Research has shown that heavy cannabis users exhibit subtle cognitive deficits and brain
structure differences (Schreiner et al., 2012; Scott et al., 2018; Lorenzetti et al., 2019), but
these findings are the subject of much controversy (Kroon et al., 2020). Debate centers
around several issues. The first is causality. Although observational studies cannot prove
causality, studies have not sufficiently addressed commonly cited alternative explanations,
including that cognitive and brain differences predate cannabis use or arise because of the
effects of other substance use or early childhood risks common to both cannabis use and
cognitive brain differences. The second issue concerns distinguishing problematic cannabis
use from non-problematic recreational use. NESARC has shown that only about one third
of cannabis users develop a problem use pattern (Hasin et al., 2015). Yet, prior studies
have not adequately distinguished problem and non-problem users, thus tarring all
cannabis use with the same brush in a way that greatly concerns policy makers. The third
debated issue concerns cessation. Some studies have reported cognitive deficits and brain
differences in cannabis users who quit (Medina et al., 2007; Meier et al., 2012), whereas
others have not (Schreiner et al., 2012; Scott et al., 2018). In general, too few studies have
addressed this question to make conclusions. The fourth debated issue is whether
cannabis users’ outcomes are benign compared to tobacco and alcohol users’ outcomes.
Cannabis advocates argue that cannabis should be legalized because it is far more benign
than licit substances. However, this claim is rarely empirically tested. The proposed study
aims to address these controversies by characterizing cognitive and brain differences in
long-term cannabis users and informative subsets of comparison individuals selected from
a representative cohort followed from birth to midlife.

Data analysis methods:




Analyses will use two complementary approaches: (1) comparison of long-term cannabis
users with informative subgroups, and (2) tests of dose-response associations.

Subgroup comparisons. To test whether long-term cannabis users (currently using at least
weekly at phase 45 plus at least 1 other phase of weekly or greater use) have
compromised cognitive and brain function, analyses will compare long-term cannabis users
with 5 informative, non-mutually exclusive groups:

0] Life-long non-users of cannabis who have never been dependent on other
substances. This group was selected to replicate the control group most often
reported in the literature.

(ii-iii) Long-term tobacco dependent individuals and long-term alcohol dependent
individuals, both currently free from cannabis (<12x a year) and with no history of
weekly cannabis use and no history of cannabis dependence. These two groups
were selected to serve as benchmark comparisons for any cannabis findings and
to help disentangle potential cannabis effects from potential alcohol and tobacco
effects.

(iv)  Midlife recreational cannabis users. This group was selected to distinguish long-
term-regular cannabis users from recreational users. Midlife recreational users
were defined as 6 to 51 days per year at age 32 OR 38 OR 45, non-user or less
than weekly at 45, AND never cannabis dependent, never ‘daily’ (4+ days per
week) cannabis user

(v)  Formerly cannabis dependent quitters. Previously cannabis dependent OR ‘daily
user’, no cannabis reported at 45 and NOT dependent on other drugs at 45.This

group is used to test whether any poor outcomes diminish after cessation.

Dose-response associations. To test dose-response associations between duration of
cannabis use and cognitive and neural outcomes, analyses will test associations for two
continuously-distributed exposures: persistent cannabis dependence and persistent regular
cannabis use from age 18 to 45.

Outcomes are 1Q change from childhood (age 13) to adulthood (age 45), adult
neuropsychological test performance (age 45), informant-reported cognitive problems (age
45), and both total and subregional hippocampal grey matter volume (age 45; this brain
region was selected as a region of interest because of its high concentration of cannabinoid
receptors and because it is the brain region that is most consistently found to be associated
with cannabis use).

For both analytic approaches (group comparisons and dose-response associations), all
analyses will adjust for sex and analyses of age-45 neuropsychological tests will
additionally adjust for IQ in childhood, prior to cannabis initiation. For tests of dose-
response associations, follow-up analyses of statistically significant associations will
ascertain if dose-response associations are attributable to cannabis alone, or instead
reflect the combination of cannabis and other substance use. To do this, associations will
be adjusted for persistent tobacco, alcohol, and other illicit drug dependence. To ascertain
if dose-response associations are attributable to early childhood risks, associations will be
further adjusted for childhood SES, low childhood self-control, and family substance-use
problems. Finally, to ascertain if dose-response associations are specific to cannabis,
dose-response associations will also be tested for persistent tobacco dependence and
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persistent alcohol dependence.

Variables needed at which ages:

EXxposures:

1. Age-45 comparison groups: (i) long-term cannabis users, (ii) non-users of cannabis
with no other substance use problems, (iii) long-term tobacco users, (iv) long-term
alcohol users, (v) midlife recreational cannabis users, (vi) cannabis quitters.

2. Persistent cannabis dependence, persistent regular cannabis use, persistent
tobacco dependence, persistent alcohol dependence (ages 18-45). (Persistent
dependence on other illicit drugs is low prevalence and so will not be examined as
an exposure but will be included as a covariate.)

Outcomes

1. 1Q decline: childhood IQ (age 13), adult IQ (age 45), 1Q decline (adult IQ minus
child 1Q)
2. Age-45 neuropsychological tests

a.

b.

C.
d.
e. Verbal fluency: Animal naming

f.

Executive function tests: WAIS-IV Working Memory Index, Wechsler
Memory Scale Months of the Year Backward, Trail Making Test B
Learning and memory: Rey Auditory Learning Total, Rey Auditory Delayed
Recall

Perceptual reasoning: WAIS-IV Perceptual Reasoning Index

Verbal comprehension: WAIS-IV Verbal Comprehension Index

Motor Function: Grooved Pegboard

3. Informant-reported attention and memory problems (age 45)

4. Total hippocampal volume (age 45)

5. Subregional hippocampal volumes (age 45); 12 bilateral subregional volumes
(Van der Meer, 2018) derived using the hippocampal subfields module in
FreeSurfer 6.0 (Iglesias et al., 2015). (For the 7 regions in the subfields module
with separate measures for head and body, the head and body measures will be
combined.)

Early childhood covariates
1. Childhood SES
2. Low childhood self-control
3. Family substance-use problems

Significance of the Study (for theory, research methods or clinical practice):

As stated in the grant application, this study has implications for research, prevention,
treatment, and policy.



Implications for future research: Positive findings of poor outcomes will attract attention to
priority questions warranting further research investment. Conversely, negative findings will
help the field identify hypotheses of cannabis harm that are unfruitful so that scientific
resources can be directed elsewhere.

Implications for prevention: Knowledge of harms that do or do not characterize long-term
users of cannabis will inform substance-abuse preventions. Preventing adolescent
cannabis use is a major focus now, but this study can inform whether cessation programs
for midlife adults ought to be added to the prevention toolkit. More generally, findings from
the Dunedin Study are convincing aging researchers that the first half of the life course has
untapped potential for prevention of late-life disease and disability. The proposed work asks
if this prevention principle extends to reducing harms from cannabis use in the first half of
the life course.

Implications for treatment: Positive findings of low reserve will point to issues that should be
addressed when treating patients diagnosed with cannabis dependence, or when
prescribing medicinal cannabis.

Implications for policy: Cannabis legalization is well underway and findings of harm are
unlikely to reverse this trend. What is needed now is information about the likely
circumstances of the generation of baby boomer cannabis users who continue to use it
today as they enter late life. If our work reveals that their cognitive and neural reserves look
inadequate to sustain their health and wellbeing into old age, this will inform service-
provision policy. If the work shows their reserves are not linked to cannabis history, this
news will inform policy too.
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