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Abstract

Background: Older adults (=50 years) represent the fastest-growing population of people who use cannabis, potentially due
to the increasing promotion of cannabis as medicine by dispensaries and cannabis websites. Given healthy aging and cannabis
use are both associated with cognitive decline, it is important to establish the effects of cannabis on cognition in healthy aging.
Objective: This systematic scoping review used preferred reporting items for systematic reviews and meta-analyses guidelines
to critically examine the extent of literature on this topic and highlight areas for future research.

Method: A search of six databases (PubMed, EMBASE, PsycINFO, Web of Science, Family and Society Studies Worldwide,
and CINAHL) for articles published by September 2019, yielded 1,014 unique results.

Results: Six articles reported findings for older populations (three human and three rodent studies), highlighting the paucity
of research in this area. Human studies revealed largely null results, likely due to several methodological limitations. Better-
controlled rodent studies indicate that the relationship between A9-tetrahydrocannabinol (THC) and cognitive function in
healthy aging depends on age and level of THC exposure. Extremely low doses of THC improved cognition in very old rodents.
Somewhat higher chronic doses improved cognition in moderately aged rodents. No studies examined the effects of cannabidiol
(CBD) or high-CBD cannabis on cognition.

Conclusions: This systematic scoping review provides crucial, timely direction for future research on this emerging issue. Future
research that combines neuroimaging and cognitive assessment would serve to advance understanding of the effects of age and
quantity of THC and CBD on cognition in healthy aging.

Keywords: Older adult; Cannabis; A9-Tetrahydrocannabinol; Cannabidiol; Cognitive function

Introduction

Older adults (>50 years) comprise the fastest-growing population of people who use cannabis in Western society (Azofeifa
et al., 2016; Fahmy, Hatch, Hotopf, & Stewart, 2012; Han et al., 2017; Kostadinov & Roche, 2017). More than half of older
people who use cannabis report using cannabis medicinally (Choi, DiNitto, & Marti, 2017; Sexton, Cuttler, & Mischley, 2019),
potentially due to the perception of cannabis as having medicinal effects (Bobitt et al., 2019), a notion perpetuated by dispensaries
and popular cannabis websites (Boatwright & Sperry, 2018; Cavazos-Rehg et al., 2019; Luc, Tsang, Thrul, Kennedy, & Moran,
2020). This proclivity to use cannabis medicinally likely accounts for why older adults tend to select cannabis high in cannabidiol
(CBD; the major non-psychoactive cannabis compound) compared with young people who tend to select cannabis high in
A9-tetrahydrocannabinol (THC; the main psychoactive cannabis compound; Choi et al., 2017; Sexton et al., 2019). The
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proliferation of cannabis use among older adults may have significant public health consequences, since increases in life
expectancy mean that older adults are projected to comprise around 40% of the Western population by 2060 (Australian Bureau
of Statistics, 2017; Office for National Statistics, 2017; U.S. Census Bureau, 2018). Of concern are the effects of cannabis use
on cognition, given this group’s underlying susceptibility to cognitive decline.

Although crystalized cognitive functions (e.g., vocabulary) tend to remain stable or strengthen with age (Harada, Natelson
Love, & Triebel, 2013), some older adults experience noticeable concurrent declines in fluid cognitive functions including
memory, learning, inhibition, attention, decision-making, cognitive flexibility, and processing speed (Eppinger, Himmerer, &
Li, 2011; Fraundorf, Hourihan, Peters, & Benjamin, 2019; Kray & Lindenberger, 2000; Marschner et al., 2005; Mell et al., 2005;
Samson & Barnes, 2013; Tucker-Drob, Brandmaier, & Lindenberger, 2019; Weiler, Bellebaum, & Daum, 2008). Significant
heterogeneity exists among individuals regarding the degree and extent of age-related cognitive decline (de Frias, Lovdén,
Lindenberger, & Nilsson, 2007). Nonetheless, cognitive decline has significant, negative effects for mental health and wellbeing
(Burholt, Windle, & Morgan, 2016; Hill et al., 2016; Parikh, Troyer, Maione, & Murphy, 2015; Wilson et al., 2013), underscoring
the need to examine factors that may exacerbate age-related cognitive decline. One such factor may be cannabis use, given the
known detrimental effects of cannabis on cognition in younger populations.

Cannabis impairs cognition in younger people, likely due to the detrimental effects of THC on the developing brain (Broyd,
van Hell, Beale, Yiicel, & Solowij, 2016; Crane, Schuster, Fusar-Poli, & Gonzalez, 2013; Gorey, Kuhns, Smaragdi, Kroon,
& Cousijn, 2019; National Academies of Sciences, Engineering, and Medicine 2017; Scott et al., 2018). Acute cannabis
intoxication (<6 hr post use) is associated with greater impulsivity and poorer working memory in young people who chronically
use cannabis (Crean, Crane, & Mason, 2011). Conversely, cannabis has limited non-acute effects (7 hours to 3 weeks after use)
on cognition, with a meta-analysis finding a remediation in cannabis-related cognitive deficits following 72 hours of abstinence
(Scott et al., 2018). Nonetheless, non-acute cannabis effects may persist among people who use cannabis chronically (Crean
et al., 2011; Gonzalez, Carey, & Grant, 2002; Grant, Gonzalez, Carey, Natarajan, & Wolfson, 2003; Schreiner & Dunn, 2012;
Scott et al., 2018). Together, these studies highlight the importance of considering duration since last use and chronicity of
cannabis use, when examining the effects of cannabis on cognition.

Cannabis use is also associated with altered brain morphology and function among younger populations, with significant
effects on the cerebellum, and medial temporal and frontal cortices (Batalla et al., 2013; Lorenzetti et al., 2016; Yiicel et al.,
2016). Cannabis use has repeatedly been associated with reductions in hippocampal volume (Batalla et al., 2013), likely
perpetuated by the dense concentration of cannabinoid receptors in this region (Glass, Faull, & Dragunow, 1997). Despite
significant morphological changes and altered brain function resulting from cannabis use, a review by Lorenzetti et al. (2016)
found adolescents who used cannabis did not markedly differ from controls, on cognitive task performance. This may point
to the compensatory recruitment of other brain regions to mitigate cannabis-induced cognitive impairment. Ultimately, these
studies indicate that research should employ both cognitive assessments and neuroimaging in order to obtain a comprehensive
picture of the effects of cannabis on cognition.

The effects of cannabis use on cognition in older adults may be complicated, however, by a number of age-related factors,
including (i) an increased selection of high-CBD cannabis, which has anti-inflammatory properties (Burstein, 2015; Mori et al.,
2017) and may attenuate the cognitive impacts of low-grade inflammation seen in aging (Fard & Stough, 2019; Patterson,
2015); (ii) a greater use of oral routes of cannabis administration (Sexton et al., 2019) and a slowing of the metabolism, resulting
in extended periods of intoxication (Sagar & Gruber, 2018); (iii) age-related changes in the dopamine system (Karrer, Josef,
Mata, Morris, & Samanez-Larkin, 2017), which is instrumental in several cognitive domains affected by age including reward-
based decision-making (Berry, Jagust, & Hsu, 2019), and is affected by cannabis use (Yoo, DiMuzio, & Filbey, 2019); and
(iv) age-related changes in brain morphology and function, including to regions such as the hippocampus, which undergoes
significant changes during aging (Lister & Barnes, 2009), has a dense concentration of cannabinoid receptors (Glass et al.,
1997), and has consistently been found to be affected by cannabis use in younger populations (Batalla et al., 2013; Yiicel et al.,
2016). In addition, the differential cognitive effects of alcohol between younger and older adults (Boissoneault, Sklar, Prather, &
Nixon, 2014; Salmon & Forester, 2012; Sklar, Gilbertson, Boissoneault, Prather, & Nixon, 2012) further underscores the need
to examine the effect of cannabis on cognition among older adults.

Ultimately, the proliferation of cannabis use among older adults who may already be susceptible to cognitive decline, the
known detrimental effects of cannabis on cognitive function in young people, and the differential cognitive effects of alcohol
between younger and older adults, highlights the need to examine the effects of cannabis use on cognitive function among older
adults. Although reviews have examined how cannabis affects cognitive function in older adults with underlying pathology (e.g.,
dementia; National Academies of Sciences, Engineering, and Medicine 2017; Scott, Brennan, & Benitez, 2019), comparatively
little is known about the extent of research examining the effects of cannabis use in healthy aging.

Recent reviews of animal studies found the effect of THC on cognitive function to be age-dependent. Although even low
doses were detrimental in younger rodents, THC exerted pro-cognitive effects on memory and learning in older populations
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(Calabrese & Rubio-Casillas, 2018; Yosef Sarne, 2019). Another recent review provided an important overview of some studies
examining the effects of cannabis use on aging, with a focus on molecular systems and some consideration of cognition (Yoo
et al., 2019). Nevertheless, a systematic review of existing literature including both human and animal models, more detailed
synthesis, and critical appraisal of cannabis effects on healthy aging and cognition across species would ensure that all relevant
studies are captured and provide crucial direction for future research on this emerging issue. As a result, the aim of this systematic
scoping review is to determine the current extent of the literature, summarize available findings, and identify gaps in knowledge
regarding the effects of cannabis use on cognitive function in healthy aging.

Materials and Methods

This systematic scoping review was conducted in line with the preferred reporting items for systematic reviews and meta-
analyses (PRISMA) guidelines (Moher, Liberati, Tetzlaff, & Altman, 2009; Tricco et al., 2018).

Eligibility Criteria

Papers published by September 2019 were included if they examined the effects of whole plant or phytocannabinoids (THC
or CBD) on cognitive function in healthy, older adult humans (>50 years) or animals (e.g., mice > 12 months, the approximate
equivalent to older adulthood in humans; Flurkey, M, & Harrison, 2007). Age > 50 was chosen in order to capture the fastest-
growing population of healthy-aging people who use cannabis (Azofeifa et al., 2016; Fahmy et al., 2012; Han et al., 2017;
Kostadinov & Roche, 2017). No restrictions were placed on publication date and studies could examine either acute or non-acute
effects of cannabis on cognition. Studies had to be in English and include a baseline or comparison group not exposed to cannabis.
Studies that focused exclusively on populations with underlying pathology or substance use disorders (other than cannabis use
disorder), or that conflated cannabis with other substances and examined effects on cognition via a single, polysubstance use
variable, were excluded. Missing or unclear data were clarified by emailing corresponding authors.

Information Sources

Six large databases (PubMed, EMBASE, PsycINFO, Web of Science, Family and Society Studies Worldwide, and
CINAHL) were searched using a specialized search strategy, developed with a librarian experienced in systematic reviews
(see Supplementary material for the full PubMed electronic search strategy). To ensure saturation of the literature, additional
publications were identified via: (i) Grey literature (i.e., research not published as a peer-reviewed article), including conference
abstracts and dissertations (searched via ProQuest) and (ii) reference lists of included articles and relevant reviews.

Results were exported to Rayyan QCRI, an online service for systematic reviews. Title and abstracts and eligible full text
pdfs were independently reviewed, and data for each included study were independently extracted by two reviewers (NP and
TJW), blind to each other’s decisions. Disagreements between reviewers were resolved through consensus following each review
stage. Extracted data included participants (sample size, age range, mean age, and sex), exposure (cannabis use or administration
definition), comparison group (definition of control/reference group), outcome information (measures), and main findings.

Results

The search resulted in 1,014 unique articles for title and abstract screening, yielding 134 articles for full-text review, leading
to six articles included in the review (see Fig. 1 for the PRISMA flow chart).

Human Studies

Table 1 outlines the details of the human studies. Most studies (n = 110; 87%) were excluded at full-text review because
they did not report results for older adults, resulting in three studies and a collective sample of 3,462 people who use cannabis
and 7,917 controls (never used cannabis). None of the studies assessed time since last cannabis use (e.g., via a urine toxicology
screen and self-report questions). Thus, it is unclear whether these studies examined the non-acute effects of cannabis use on
cognition. All studies used assessments of cognitive functions including working, episodic, and delayed memory, vocabulary
knowledge, oral reading skills, cognitive flexibility, processing speed, reaction time, and learning. Burggren et al. (2018) also
assessed clinician-reported cognitive function via the mini-mental state examination (MMSE).

The definition of cannabis use differed among studies (i.e., lifetime, past 12-month, or former heavy use). Dregan and
Gulliford (2012) did not report information regarding the duration, quantity, and frequency of cannabis use among their
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Fig. 1. Preferred reporting items for systematic reviews and meta-analyses flow chart. Note: THC = tetrahydrocannabinol, CBD = cannabidiol.

older adult population. Participants in Thayer, YorkWilliams, Hutchison, and Bryan (2019) reported an average age of
onset of cannabis use at 20.04 years (SD = 8.11; range = 14-58 years), with an average duration of use of 23.55 years
(SD = 8.11 years; range = 14-58 years) and used cannabis an average of 63.46 days (SD = 24.87; range = 12-90 days),
in the past 90 days. Burggren et al. (2018) reported an average duration of use of 11.3 years (SD = 13.0 years), or 4,181.2
(SD = 4,784.6) lifetime uses. None of the studies reported quantity of cannabis use and only Thayer et al. (2019) reported route
of administration (i.e., 57% smoked, 32% used edibles, and 11% used both) and cannabis strain preference (although a majority
of participants—71%—were unsure of strain characteristics).

Dregan and Gulliford (2012) found a significant relationship between cannabis use and cognitive function. Although current
cannabis use at age 50 was not associated with cognition, older adults who used cannabis at least once in their lifetime by
age 42 had better cognitive function 8 years later at age 50 compared with controls. Conversely, Thayer et al. (2019) found no
significant difference between older adults who use cannabis and older adult controls on attention, episodic memory, working
memory, vocabulary, reading, executive function, and processing speed. Similarly, Burggren et al. (2018) found no significant
difference between older adults with a history of heavy cannabis use and older adult controls, on neuropsychological domains
of encoding and delayed memory, processing speed, and executive function. Further, older adult cannabis users did not differ
from controls on MMSE scores.
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Table 1. Human studies examining the relationship between cannabis use and cognitive function in middle-to-older-aged adults (>50 years)

Author Sample characteristics

Cannabis use

Cognitive task/s

Main findings

Thayer et al. (2019) N = 56"

People who currently use
cannabis: n = 28;

Mage = 66.79, SD = 5.28;
range = 60-80;

females = 10 (36%)
Controls: n = 28;

Mage = 69.79, SD = 5.71,
range = 61-83;

females = 17 (61%)

N =50

People with a history of
heavy cannabis use: n = 24;
Mage = 654,

range = 58.2-72.6;

females = 8 (33%)
Controls: n = 26;

Mage = 67.7,

range = 60.6-74.8;

females = 12 (46%)

Burggren et al. (2018)

Dregan and Gulliford
(2012)

N =11419;

females = 5,734 (50%); all
participants were aged 42 at
baseline.

People who currently use
cannabis: n = 736

People who used cannabis
in their lifetime: n = 2,674
Controls: n = 7,863

>weekly for >past year

>20 days per month,
initiated during adolescence
(<20 years), continuing for
> | year, with <2 uses per
month after age 35

Current cannabis use: Used
in the past 12 months;
Lifetime cannabis use:
Lifetime use, but not in the
past 12 months

NIH Toolbox Cognition
Battery—Flanker inhibitory
control and attention test;
picture sequence memory
test; list sorting working
memory test; picture
vocabulary test; oral reading
recognition test;
dimensional change card
sorting test; pattern
comparison processing
speed test

Buschke—Fuld selective
reminding test—consistent
long-term retrieval and
delayed recall; Wechsler
Memory Scale-1I—Logical
Memory I and II and Verbal
Paired Associates I and II;
Rey-Osterrieth complex
figure—delayed recall;
trail-making test—Parts A
and B; Stroop test—word
reading speed and
interference; Wechsler adult
intelligence Scale-III—digit
symbol; Verbal Fluency
FAS and animal naming
Tests; MMSE

Immediate and delayed
word recall; animal-naming
test; letter-cancelation test

No significant difference in
cognitive performance
between people who use
cannabis and controls on
any of the cognitive
outcomes

No significant difference in
cognitive performance
between people with a
history of heavy cannabis
use and controls on any of
the cognitive outcomes

No group differences were
found for the MMSE

No significant effect of
current cannabis use at age
42 and cognitive function at
age 50.

People who had used
cannabis in their lifetime at
age 42 had significantly
better scores on memory
(immediate and delayed
word recall) and executive
function (comprised of the
animal-naming test and the
letter-cancelation test) at
age 50, compared with
controls.

Note: Mage = Mean age; MMSE = mini-mental state examination
*Only 28 people who use cannabis and 10 controls completed cognitive outcomes.

Thayer et al. (2019) and Burggren et al. (2018) also examined the effects of cannabis use on brain morphology, via magnetic
resonance imaging (MRI). Thayer et al. (2019) found no significant difference between older adults who use cannabis and
controls on cerebrospinal fluid (CSF) volume, gray or white matter, or hippocampus volume. Further, after adjusting for
false-discovery rates, there were no significant differences between older adults who used cannabis compared to age-matched
controls on the right putamen or left pallidum. Results only showed a reliable difference in the left putamen, lingual cortex,
and the rostral middle frontal cortex. Cortical volume was not associated with cognitive performance. Burggren et al. (2018)
found older adults with a history of heavy cannabis use had cortical thinning of the hippocampus compared with older adult
controls. However, there was no significant difference between older adults with a history of heavy cannabis use and older
adult controls on parietal lobe morphology (a region with comparatively less cannabinoid receptors than the hippocampus), thus
highlighting the significant effect of previous heavy cannabis use on hippocampus morphology. Finally, Burggren et al. (2018)
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found no significant association between cortical thickness in any brain region and performance on any of the neuropsychological
domains.

Animal Studies

A summary of the three rodent studies is provided in Table 2. The three studies administered different doses of THC,
intraperitoneally (either by injection or osmotic minipump). Bilkei-Gorzo et al. (2017) administered 3 mg/kg THC per day
for 28 days, whereas Aso, Andrés-Benito, and Ferrer (2016) administered a daily injection of THC and CBD in a 1:1 ratio
(0.75 mg/kg) for 5 weeks. Conversely, Sarne, Toledano, Rachmany, Sasson, and Doron (2018) exmained the effects of a single,
0.002 mg/kg injection of THC on cognition. All studies employed a washout period ranging from 5 days to 4 weeks, before
cognitive testing, thus examining the non-acute effects of cannabis on cognition.

Sarne et al. (2018) used female, whereas the others used male mice. All studies assessed memory, whereas Bilkei-Gorzo
et al. (2017) and Sarne et al. (2018) also assessed learning and flexibility. Bilkei-Gorzo et al. (2017) and Sarne et al. (2018)
found THC-treated older mice performed better than vehicle-treated older mice on learning and spatial memory. Conversely,
Aso et al. (2016) found no significant difference in memory performance between older mice treated with combined THC and
CBD compared to vehicle-treated older mice.

Sarne et al. (2018) also examined the effects of THC versus vehicle on brain morphology, via MRI. Results revealed greater
tissue density in 11 brain regions including the entorhinal cortex, amygdala, external capsule-corpus callosum, visual cortex,
cingulate cortex, cingulum, caudate-putamen, and mamillary bodies, among THC-treated rodents. No decreases in tissue density
were detected in any brain region. Further, although THC treatment had no significant effect on total brain volume, THC
treatment was associated with smaller amygdala volume, and larger entorhinal cortex, prefrontal cortex, posterior hippocampus
volume.

Discussion

This systematic scoping review examined current research on the relationship between cannabis use and cognitive function in
healthy aging and provides a starting point for future research. A systematic search of six large databases found only six articles
satisfied the eligibility criteria for this review, thus confirming the paucity of research on the effects of cannabis use on cognition
in healthy aging. Most human studies were excluded since they did not report effects for older adults. This became apparent
at full-text review for most articles, potentially because the keyword “middle age” covers 45-64 years. Further, although some
studies included a few participants aged > 50 years (and thus were tagged with the keywords “middle age” or “older adult”),
they did not actually report results for this group specifically and therefore were ineligible for this review.

The scant research in this area indicates that existing findings reported herein should be interpreted with caution, since
replication and further research are required. Nonetheless, preliminary hypotheses for future research can be gleaned from the
reviewed articles. Only one cannabis use variable was associated with cognitive function in humans. Dregan and Gulliford (2012)
found lifetime use (>1 occasions)—but not past 12-month cannabis use—at age 42 predicted better cognitive function 8 years
later. Although this suggests pro-cognitive effects of cannabis, the relationship may in part be confounded by cognitive reserve,
which was not adequately controlled in analyses. Cognitive reserve is a multifaceted construct that buffers against the effects
of brain insults, leading to better cognitive function in the presence of brain pathology and healthy aging (Satz, Cole, Hardy, &
Rassovsky, 2011; Stern, 2009). Future studies should control for cognitive reserve by using a comprehensive assessment of the
construct (i.e., by measuring verbal 1Q, educational attainment, and occupation history) and/or a longitudinal approach.

Remaining results indicated that former and current cannabis use were not significantly associated with changes in cognitive
function in older adults. Burggren et al. (2018) found no difference between people with a history of heavy cannabis use and
controls, on memory, attention, processing speed, and executive function in older adulthood. Despite this, older adults with
a history of cannabis use had cortical thinning of the hippocampus compared to older adult controls, which in turn were not
associated with neuropsychological performance. This result may be indicative of the compensatory recruitment of other brain
regions to mitigate the detrimental effects of chronic cannabis exposure, as postulated by reviews of studies conducted with
younger populations (Batalla et al., 2013; Lorenzetti et al., 2016). Nonetheless, the rebound in cognition observed in Burggren
et al. (2018) extends the results of Scott et al. (2018), which found a remediation of cognitive deficits among young people
following 72 hours of abstinence from cannabis.

Thayer et al. (2019) found weekly or greater cannabis use was not associated with memory, response inhibition, or processing
speed. Further, older adults who used cannabis and aged-matched controls did not differ significantly on brain morphology, with
similar CSF, gray and white matter, and hippocampal volumes, which were unassociated with cognitive performance. The lack
of significant difference in hippocampal volume between older adults who use cannabis and aged-matched controls is at odds
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Table 2. Animal studies examining the relationship between cannabis use and cognitive function in middle-to-older-aged mice (>12 months)

Author

Sample

Cannabinoid administration

Cognitive task/s

Main findings

Bilkei-Gorzo et al. (2017)

Sarne et al. (2018)

Aso et al. (2016)

Mice (C57BL/6 J);
young = 2 months,
mature = 12 months,
old = 18 months; male

Mice; young = 2 months,
older = 24 months; female

Wild-type mice, non-aged
controls = 3 months;
aged = 12 months; male

THC (3 mg/kg per day), for
28 days. Followed by a
5-day washout period

Single injection of THC
(0.002 mg/kg). Followed by
a 3-week washout period
(before object recognition
task) or 4-week washout
period (before place
recognition task)

THC 0.75 mg/kg + CBD
0.75 mg/kg, daily injection
for 5 weeks. Followed by a
10 day washout period

Novel object location
recognition test; Partner
recognition test; Morris
‘Water Maze

Object and place
recognition; Y-Maze;
Morris Water Maze; active
and passive avoidance

Two object recognition test

THC improved spatial
learning, learning
flexibility, and long-term
spatial memory in mature
and old mice, compared
with age-matched controls
THC-treated young mice
had worse memory
performance, compared
with age-matched controls.
THC-treated older mice
preferred the novel object
over the familiar object and
had better place recognition.
Vehicle-treated older mice
failed to distinguish
between the novel and the
familiar objects and had
poorer place recognition.
THC-treated older mice
spent a significantly greater
time in the novel arm of the
Y-maze compared with
vehicle-treated elderly mice.
Young mice spent a
significantly greater time in
the novel arm of the Y-maze
compared with
vehicle-treated older mice.
This difference disappeared
when young mice were
compared with THC-treated
older mice.

Significant improvement in
performance on the Morris
Water Maze (spatial
learning) among
THC-treated, but not
vehicle-treated older mice.
Vehicle-treated aged mice
had significantly poorer
memory performance than
3-month-old wild-types.
THC + CBD did not
significantly affect memory
performance of
3-month-old wild-types

No significant effect of
THC + CBD on memory
performance in aged mice,
compared to age-matched
controls.

Note: THC = tetrahydrocannabinol, CBD = cannabidiol.

with the results seen in Burggren et al. (2018) and in other studies of younger people who use cannabis (Batalla et al., 2013 and
Lorenzetti et al., 2016). This discrepancy in findings may indicate that chronic, but not infrequent cannabis use is associated
with significant changes in hippocampal morphology.

The predominantly null findings among the human studies may also be attributable to the neuropsychological measures used
in these studies. There is a dearth of research examining the effects of cannabis on neuropsychological function using the NIH
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Toolbox Cognition Battery used in Thayer et al. (2019). Panee, Gerschenson, and Chang (2018) used five out of the seven tests
from the NIH Toolbox Cognition Battery. Ultimately, Panee et al. (2018) found no significant difference in performance between
young adults with a positive urine toxicology screen for THC and controls, on any of the neuropsychological assessments.
Conversely, Petker et al. (2019) found younger adults with a positive urine toxicology screen for THC had worse performance
on the picture sequence memory test and pattern comparison processing speed tests of the NIH Toolbox Cognition Battery,
after controlling for demographic factors, and alcohol and tobacco use. However, there were no significant differences between
younger adults who used cannabis and controls on the dimensional change card sort test, Flanker inhibitory control and attention
test, and the list sorting working memory test performance. Ultimately, these studies suggest that some assessments from the NIH
Toolbox Cognition Battery may be more sensitive to the effects of cannabis than others; however, further research is required in
this area.

Some studies have used the measures employed by Burggren et al. (2018) to examine the effects of cannabis on cognition.
Studies of adults who less frequently (e.g., > monthly use; Fatjo-Vilas et al., 2020) or previously (but not currently) used cannabis
(Lyons et al., 2004) found no difference in Wechsler Memory Scale (WMS) performance compared to age-matched controls.
Conversely, Medina et al. (2007) found adolescents who used cannabis (>60 instances of lifetime cannabis use) performed
marginally worse than age-matched controls on the WMS, following one month of abstinence. Research using the Rey—Osterrieth
complex figure test found no significant effect of former cannabis use on performance in a twin study (Lyons et al., 2004). Other
studies have found no significant difference in performance on the Rey—Osterrieth complex figure test, between adolescents who
use cannabis heavily, and age-matched controls (Gruber, Sagar, Dahlgren, Racine, & Lukas, 2012; Winward, Hanson, Tapert,
& Brown, 2014).

In separate samples of young people, both Gruber, Dahlgren, Sagar, Gonenc, and Killgore (2012a) and Thames, Arbid, and
Sayegh (2014) found young people who used cannabis had significantly worse performance on the Stroop and trail-making test
Part B compared with controls. Conversely, Lyons et al. (2004) found no significant effect of history of cannabis use on Stroop
performance. Finally, a longitudinal study of people who used medicinal cannabis for three months (predominantly for anxiety,
depression, chronic pain, and sleep) had a significant improvement on Part A of the trail-making test and on the Stroop test
(Gruber et al., 2016). Together, existing studies indicate that the Rey—Osterrieth complex figure test may not be sensitive to the
effects of cannabis use. Further, although the WMS, Stroop, and trail-making test may capture cognitive impairment associated
with recent, heavy cannabis use, these tests may have limited utility for examining the effects of former heavy cannabis use on
subsequent cognitive function following a period of prolonged abstinence, as examined by Burggren et al. (2018).

Finally, the predominantly null findings among the human studies may also be attributable to the breadth in age and cannabis
use characteristics among study participants. For instance, the cannabis samples in both Burggren et al. (2018) and Thayer et al.
(2019) comprised of older adults with both early and late onset, long-term and short-term, and frequent and infrequent cannabis
use. Further, Dregan and Gulliford (2012) examined cannabis effects at age 50, whereas Thayer et al. (2019) examined cannabis
effects among older adults aged 60—80 years. Given early onset (<16 years) and heavy/persistent cannabis use have been found
to have a detrimental impact on cognition in younger populations (e.g., Meier et al., 2012; Sagar et al., 2015) and given aging
has been associated with decline in some cognitive functions (e.g., Samson & Barnes, 2013), the studies included in this review
potentially comprise heterogenous groups of older adults with varying levels of cognitive function. Examining the effects of
cannabis on cognition within more homogenous groups (e.g., similar age groups, early onset vs. later onset groups) may provide
a better understanding of the relationship between cannabis use and cognition in healthy aging. This notion of heterogenity
impacting interpretable outcomes is supported by the animal studies in this review, which include controlled studies suggesting
that the effects of cannabis on cognition may vary as a function of age and level of cannabis exposure.

In contrast to the human studies, a chronic low dose of THC (3 mg/kg/day for 28 days) improved memory, spatial learning,
and flexibility in mature and old mice (12 and 18 months; Bilkei-Gorzo et al., 2017), whereas a single, extremely low dose
(0.002 mg/kg) improved memory performance and spatial learning and was associated with a volumetric increase in entorhinal
cortex, prefrontal cortex, and posterior hippocampus, in very old mice (24 months; Sarne et al., 2018). The increase in the
volume of the posterior hippocampus seen in Sarne et al. (2018) is at odds with the hippocampal thinning observed in Burggren
et al. (2018) and null effects seen in Thayer et al. (2019). These mixed results may be due to the difference in THC exposure
among the studies. Namely, Burggren et al. (2018) participants had a history of heavy cannabis use and Thayer et al. (2019)
participants reported using cannabis at least weekly for the past year, while the rodents in Sarne et al. (2018) were treated
with a single, ultra-low dose of THC (0.002 mg/kg). Thus, these results may highlight the differential effects of THC on brain
morphology depending on the level of exposure as suggested by Calabrese and Rubio-Casillas (2018); however, research is
required to examine this further. Rodent studies are well-positioned to test this hypothesis.

Chronic administration of a 1:1 ratio of THC and CBD, containing 0.75 mg/kg THC, a dose four times less than that
administered in Bilkei-Gorzo et al. (2017) did not affect memory performance in old mice (12 months; Aso et al., 2016). Although
a single, extremely low dose of THC (0.002 mg/kg) elicited pro-cognitive effects for very old mice (24 months), a larger (but still
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low) chronic dose (3 mg/kg/day, for 28 days) was required to exert pro-cognitive effects in old mice (12 months). Ultimately,
THC may exert pro-cognitive effects by stimulating an endogenous compensatory mechanism, protecting the brain from further
insults (Sarne et al., 2018). These animal studies indicate that carefully controlled observational and acute administration studies
are required to fully investigate the validity of the hypotheses regarding age- and dose-dependencies of THC effects in human
populations. No studies examined the effects of CBD alone, or high-CBD cannabis on cognitive function in healthy aging in
animals or humans. Future research should aim to elucidate the contribution of this powerful antioxidant to cognitive function
in healthy aging.

This review is limited by the small number of articles available on the effects of cannabis on cognitive function in healthy
aging, and thus, conclusions should be interpreted with caution. The articles examined in this paper also have several limitations.
Dregan and Gulliford (2012) and Thayer et al. (2019) used self-report to assess abstinence from cannabis, alcohol, and other
substances before cognitive testing; however, they did not confirm self-reported abstinence using biological measures. Thus,
some participants may have been experiencing acute intoxication, whereas others may have been experiencing non-acute,
withdrawal, or no effects (in instances of prolonged abstinence). Given the known differential effects of acute versus non-acute
effects of cannabis on cognition in younger populations (Crean et al., 2011; Gonzalez et al., 2002; Grant et al., 2003; Schreiner
& Dunn, 2012; Scott et al., 2018), this may have contributed to the largely null results in human studies. Future research should
collect data regarding time since last cannabis use and biologically verify recent cannabis use/abstinence before cognitive testing,
in order to ensure the homogeneity of the cannabis sample. Similarly, studies should also biologically verify abstinence from
other substances, given acute intoxication has been linked to cognitive impairments (e.g., effects of acute alcohol intoxication
on response inhibition; Campbell, Chambers, Allen, Hedge, & Sumner, 2017).

The human studies included in this review also did not control for the route of administration of cannabis, which affects THC
blood concentrations (Newmeyer et al., 2016). Future research should account for the route of administration given the high rates
of edible use among older adults (Sexton et al., 2019; Thayer et al., 2019). The cognitive tasks used in the rodent studies have
limited translational validity (Young, Powell, Risbrough, Marston, & Geyer, 2009) and many conflate cognitive function with
motor function and novelty preference, which also decrease with age (Bingham, Martin, Macrae, & Carswell, 2012; Lindner,
1997; Stansfield & Kirstein, 2006). Further research is also required to examine the effects of cannabis use on dopamine function
in older adults, given the known effects of cannabis on dopamine function in younger populations (Yoo et al., 2019), and the
role of dopamine in general cognition including reward-based decision-making (Berry et al., 2019). This potential interaction
is also important since age-related changes in the dopaminergic system have been observed (Karrer et al., 2017) and are linked
to detrimental mental health and wellbeing outcomes (Volkow et al., 2014; Volkow et al., 2016). Altered dopamine function in
older adults may explain why older adults tend to be less risk averse than younger populations (Fernandes et al., 2018; Pachur,
Mata, & Hertwig, 2017), which may lead to negative practical outcomes (e.g., risky financial behaviors).

Conclusions

This systematic scoping review examined the extent of the literature on the effects of cannabis use on cognition in healthy
aging older adults. Our work provides crucial, timely direction for future research on this emerging issue. Although dispensaries
and popular cannabis websites have flooded the market with the promotion of cannabis as a medicine, this review underscores
a dearth of research examining the effects of cannabis use on cognitive function in healthy-aging older adults. Existing human
studies have several methodological limitations, potentially accounting for the predominantly null effects. These limitations are
exemplified by better-controlled rodent studies, which underscore that the effects of cannabis on cognition in healthy aging
may vary as a function of age and level of THC exposure. Ultimately, given the recent increase in cannabis use among older
adults, future human research should examine the relationship between both early and later-life cannabis use on cognitive
function within more homogenous, older adult samples of people who use cannabis. This research should employ both cognitive
assessments and neuroimaging to develop a comprehensive understanding of the effects of cannabis on cognition. Future research
should also account for confounding factors including acute versus non-acute effects, cognitive reserve, route of administration,
and cannabis strain preference. Further research using animal models are also required to determine the mechanistic effects
of THC and CBD (together and in insolation) on cognitive function in healthy aging, using measures that account for motor
function and novelty preference.
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