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Abstract

Purpose of Review—Older adults currently represent the fastest growing demographic of 

cannabis users, yet few studies have investigated the effects of cannabis use on cognitive 

functioning in aging. We conducted a systematic review of the recent literature examining 

cognitive outcomes associated with cannabis use in older adults, with and without neurocognitive 

disorders, to clarify the potential neuroprotective benefits and risks of cognitive decline in this 

population.

Recent Findings—We identified 26 studies examining cognitive outcomes associated with 

medical and recreational use of cannabis in healthy aging, dementia, Parkinson’s disease, multiple 

sclerosis, HIV, and pain populations. Although variability in the cannabis products used, outcomes 

assessed, and study quality limits the conclusions that can be made, modest reductions in cognitive 

performance were generally detected with higher doses and heavier lifetime use.

Summary—This review highlights the need for additional high-quality research using 

standardized, validated assessments of cannabis exposure and cognitive outcomes. Reliable 

measures and longitudinal data are necessary to better characterize the effects of cannabis use on 

cognitive aging, as well as differential effects of recreational and medical cannabis.
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Introduction

The current number of older adults in the United States using cannabis is at an 

unprecedented high. Data from large epidemiological studies show a 250% increase in the 
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number of adults aged 65+ reporting past-year cannabis use between 2006 and 2013 [⚫1–3]. 

Current estimates of past-year use range from 2.9% to 9.0% of adults aged 65+ and 50–64, 

respectively [3]. This increase has been attributed to unique characteristics of the aging Baby 

Boomers, who report higher rates of recreational drug use than previous older generations 

[4], as well as recent trends in research and marketing of the medical use of cannabis to 

alleviate many health conditions that are common in aging. According to a recent analysis of 

U.S. state registry data, the three most common qualifying conditions for medical cannabis 

are chronic pain, multiple sclerosis (MS), and cancer-associated symptoms [5]. Many of the 

other common qualifying conditions are known to disproportionately affect older adults, 

including dementia, Parkinson’s disease (PD), arthritis, and glaucoma, although 

unfortunately the evidence for the efficacy in treating these conditions is limited [5]. As 

more older adults turn to cannabis as a remedy for many age-related conditions, it is critical 

to better understand the effects in this population to weigh the potential benefits of symptom 

management against the risks that are relevant in aging.

Although the adverse neurocognitive effects of cannabis use in adolescents and younger 

adults are well documented [6-⚫8], these effects have been understudied in aging 

populations. The acute effects of cannabis on memory, processing speed, and executive 

functions [8, 9] could be particularly detrimental to older adults who may have already 

experienced some degree of decline in these abilities with normal aging [10]. Moreover, due 

to age-related changes in drug metabolism and neurotransmitter sensitivity that can alter 

drug pharmacokinetics and pharmacodynamics, older adults may be more likely to 

experience exacerbated or prolonged side effects of medications [11, 12]. A 2014 review of 

the safety and efficacy of medical cannabinoids (i.e., bioactive chemical compounds that act 

on cannabinoid receptors) in older adults found that sedation and lethargy were the most 

common adverse effects reported, although cannabinoids were otherwise fairly well 

tolerated [12].

In opposition to concerns of cannabis exacerbating age-related cognitive decline, preclinical 

evidence suggests that the main constituents of cannabis (i.e., delta-9-tetrahydrocannabinol 

[THC] and cannabidiol [CBD]) may have neuroprotective properties in normal and 

pathological aging, particularly in Alzheimer’s disease (AD). Recent in vivo and in vitro 
studies have shown that chronic low doses of THC paradoxically reverse age-related 

cognitive dysfunction in old mice, promote hippocampal neurogenesis, and prevent 

neurodegenerative and neuroinflammatory processes in animal models of AD [13–17]. 

Clinical evidence of the neuroprotective benefits of cannabinoids in older adults and in 

dementia, however, is lacking. Nonetheless, AD and associated symptoms of dementia (e.g., 

agitation) are an approved indication for medical cannabis in nearly half of the U.S. states 

with medical cannabis laws [18]. Several recent reviews summarize the results of a few 

small clinical trials examining the efficacy of cannabinoids for neuropsychiatric symptoms 

in dementia, including AD [19–⚫21], concluding that there may be possible benefit but that 

small sample sizes and lack of methodological control in most studies limits the confidence 

in this evidence. Surprisingly, the effects on cognitive symptoms were not reported in any 

review, despite cognitive decline being the primary symptom in AD dementia. The risks and 

benefits of cannabis on cognition in neurodegenerative diseases, and in aging more broadly, 

need to be better understood.
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The purpose of this systematic review was to examine the current literature on the effects of 

cannabis on cognitive functioning in older adults aged 50+ with and without neurocognitive 

disorders. We use a broad definition of cannabis to include whole-plant, purified, and 

synthetic cannabis-based products, regardless of the indication (i.e., recreational or medical 

use). We focus our review on recent studies published in 2014 or later, in accordance with 

journal guidelines and evidence of changes in potency (i.e., from 8.9% to 17.1% mean THC 

concentration) that limits comparisons with studies published prior to that time [22]. Our 

aim was to identify whether the current literature answers the question of whether cannabis 

use affects cognition in older adulthood, specifically whether these effects are adverse or 

favorable depending on the condition in question and indication. We conclude with 

comments and recommendations regarding study methodology, outcome measurement, and 

research priorities to address this growing public health concern.

Methods

A protocol for this review was registered with the International Prospective Register of 

Systematic Reviews (PROSPERO; registration number CRD42019140625). This review was 

conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-

Analysis (PRISMA) Statement.

Search Strategy

A research informationist with expertise in conducing systematic reviews developed detailed 

search strategies for PubMed, Scopus, PsycINFO, and Cochrane Library databases. The 

search strategies used a combination of terms related to the concepts of cannabis, cognition, 

and older adults (see Supplementary Material for full search strategy and syntax). All 

databases were searched from inception through June 3, 2019 for the sake of 

comprehensiveness. To identify additional articles, the reference lists of relevant articles and 

citing articles were hand searched.

Study Selection and Appraisal

The first two authors independently screened all titles and abstracts for relevance, then 

independently reviewed the full texts of potentially relevant papers to determine eligibility 

according to pre-specified criteria shown in Table 1. Title/Abstract Screening criteria were 

developed to maximize sensitivity of the search, while the Full-Text Review criteria 

optimized specificity. Disagreements at either stage were resolved by consensus. The same 

two authors independently extracted key data from the final list of included studies, which 

are outlined in the review protocol. We provide a qualitative synthesis of the study findings 

and risk of bias specifically for cognitive outcomes rather than individual studies as a whole. 

We comment on methodological strengths and weaknesses, including design, handling of 

confounding variables, completeness of reporting, and quality of outcome measures.

Results

The study selection process and results of the search are presented in the PRISMA flowchart 

(Figure 1). We identified 1,641 unique papers with abstracts available. Of the 293 relevant 
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papers that proceeded to full-text review, 26 were included in the final synthesis. Primary 

reasons for exclusion are shown in Figure 1. References for the 14 studies meeting all 

criteria but were published prior to 2014 are provided in the Supplementary Material.

Table 2 presents key characteristics of the included studies, which are thematically grouped 

according to the population or condition under study: aging (n=7), dementia (n=6), 

Parkinson’s disease (PD; n=3), multiple sclerosis (MS; n=3), human immunodeficiency 

virus (HIV; n=4), and pain (n=3). Other than aging, all are considered qualifying conditions 

for medical cannabis in some U.S. states [5]. Thirteen studies examined cannabis used for 

medical purposes, two studied both recreational and medical use, and nine examined 

recreational use explicitly or did not specify. The specific cannabinoids assessed were herbal 

cannabis (Cannabis sativa or “marijuana”), natural isolated THC or THC/CBD (i.e., Namisol 

and nabiximols, respectively), and synthetic THC (i.e., dronabinol and nabilone). Two 

additional studies measured endogenous cannabinoids in vivo. Six studies were RCTs and 

the rest used a variety of observational or descriptive designs. Cognitive outcomes were 

assessed via a number of standardized neurocognitive tests (n=20) or patient-reported 

outcome measures (n=6). This heterogeneity precluded any meta-analysis.

Aging

We identified seven studies focused on cannabis use in healthy aging, with varying designs 

and methodologies (i.e. 4 cross-sectional studies, 2 longitudinal cohort studies, and 1 RCT). 

In accordance with preclinical evidence suggesting that the endocannabinoid system plays a 

neuroprotective role in aging [49], findings from one large cross-sectional survey of 

recreational and medical cannabis users in Washington state suggest that cannabis’ adverse 

effects on cognition may be attenuated in older adults, who endorsed fewer undesirable 

acute cognitive effects than younger adults [23]. This finding, however, is likely mediated by 

the fact that older users were more likely to use cannabis for medical purposes, which was 

also associated with better cognitive outcomes, possibly related to alleviation of primary 

symptoms. Another large population-based survey of healthy adults ages 18–97 found that 

problematic cannabis use was associated with symptoms of attention-deficit hyperactivity 

disorder (ADHD), including impulsivity and hyperactivity in men and inattention in women 

[24], although no separate analysis of aging effects was conducted. Given the broad age 

range in this study, these findings may not be representative of older age groups.

Two cross-sectional neuroimaging studies failed to find statistically significant differences 

between older users (current or former) and nonusers on neurocognitive tests [27, 28]. In the 

study of current regular users, Thayer et al. [28] found no significant group differences in 

gray or white matter volumes or in any cognitive domains, despite users scoring lower than 

nonusers on some tests of fluid cognition (e.g., working memory) [50]. These cognitive 

analyses were also underpowered, as cognitive data was only available in a subsample 

(n=10) of nonusers. In a study by Burggren et al. [27], former heavy users were found to 

have thinner cortical hippocampal subfields than nonusers after adjusting for premorbid IQ, 

which was significantly lower among former users. Group differences on neurocognitive 

measures fell short of statistical significance, despite former users performing lower on 

average than nonusers on all domains. The authors interpreted these structural differences as 
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possibly reflecting residual effects of prior cannabis use but acknowledged the possibility 

that other pre-existing factors may account for the observed differences between groups.

Two large longitudinal studies assessed the effects of recreational cannabis use on 

neurocognitive functioning using validated tests of memory, processing speed, and executive 

functioning into the fifth and sixth decades of life [25, 26]. In a cohort of over 3,000 young 

adults who were followed for 25 years, Aeur and colleagues [25] found that past exposure to 

cannabis was associated with worse verbal memory at the Year 25 visit in a dose-dependent 

manner, with every 5 years of use corresponding to a 0.13 SD decrement in verbal memory. 

Notably, neurocognitive testing was only completed once at Year 25, so changes over time 

could not be determined. The absence of serial neurocognitive data makes it impossible to 

determine whether these subtle cognitive differences existed before the onset of cannabis 

use. McKetin et al. (2016) [26] recruited a sample of middle-aged Australians (age 40–46 at 

baseline) who completed cognitive testing at three time points four years apart, allowing for 

examination of both between- and within-subject effects. Akin to findings from the study by 

Auer and colleagues, “at least weekly” users performed lower than nonusers on a test of 

verbal memory, although there were no significant within-person effects regarding changes 

in neurocognitive performance over time. Neither study found any effect processing speed or 

executive functioning after adjusting for relevant confounding variables. Together, these 

results suggest that heavy cannabis use is associated with modest deficits in verbal memory, 

but that this does not lead to accelerated cognitive decline.

One small crossover RCT assessing the safety and pharmacokinetics of single doses of oral 

THC in adults age 65+ with no psychiatric history found no effects on a test of attention 

[29], However, given the small sample (n=11), abbreviated cognitive assessment, and lack of 

quantitative data (i.e., only p value was reported), this study offers limited conclusions about 

the broader impact of cannabis use on cognitive function.

Dementia

Dementia is characterized by a decline in cognitive functioning that is severe enough to 

compromise one’s independence in activities of daily living. The risk of developing 

dementia doubles every 5 years after age 65 [51, 52]. AD is the most common cause of 

dementia, accounting for 60–80% of cases in older adulthood [53]. Cannabis has been 

explored at length in dementing diseases, particularly AD [54–56]. Preclinical AD studies 

exploring the polyvalent and synergistic effects activating pro-cognitive CB1 and anti-

inflammatory CB2 receptors [57] in the endocannabinoid system, and indicate that 

cannabinoids may reduce excitotoxicity and formation of amyloid plaques and tau 

phosphorylation, which are the neuropathological hallmarks of AD [56, 58, 59]. Assaying 

this system clinically, however, remains a challenge. Of the six studies of dementia that we 

found, two studies examined associations between endogenous ligands and receptors and 

cognitive function in AD patients and controls [30, 31]. In a positron emission tomography 

(PET) study of CB1 receptor availability throughout the brain, Ahmad et al. [30] found no 

correlations between CB1 receptor availability and cognitive abilities or regional amyloid 

beta plaque density, and no differences between AD patients and controls, consistent with 

other studies of post-mortem AD brain tissue [60]. In contrast, Altamura et al. [31] found 
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that endocannabinoids (e.g., anandamide [AEA], anandamide 2-arachidonoyl-sn-flycerol [2-

AG]) assayed through plasma were differentially correlated with memory, attention, and 

praxis in AD patients, as well as indicators of cardio- and cerebrovascular disease. Although 

preliminary, these findings suggest that assaying circulating levels of endogenous ligands 

(e.g., AEA) may identify meaningful cognitive effects, but these analyses should take into 

account concurrent, systemic changes associated with aging including vascular disease and 

inflammation.

Although there are numerous clinical trials of cannabinoids in non-cognitive symptoms of 

dementia [20, 21], strikingly few studies have assessed their effects on cognition. Two small 

open-label studies without control groups reported stability in MMSE scores following a 4-

week trial of medical cannabis oil [32] and a 6-month extension study of Namisol [33]. The 

lack of comparison groups, lack of adjustment for confounding variables (e.g., concurrent 

psychotropic medications), brevity of cognitive assessments, and attrition in the extension 

study limit the ability to detect possible subtle effects on cognition.

Two larger placebo-controlled RCTs of synthetic THC in patients with moderate to severe 

dementia (i.e., Nabilone [34] and Namisol [35]) identified similar non-clinically significant 

effects on cognition (i.e. MMSE or a more challenging verbal episodic memory test), 

although there was evidence for adverse effect of Nabilone on cognition in a subset of 

participants with severe dementia in the former trial. To echo a recent and broader review of 

the safety and effectiveness of cannabinoids in dementia, evidence from cross-sectional 

studies may provide continued impetus to pursue therapeutic cannabinoids but future studies 

must address the many limitations of the RCTs to date, including variability in trial design 

and outcome measures, underpowered analyses, and limited bioavailability of the 

formulations [21].

Parkinson’s Disease

PD is the second most common neurodegenerative disease after AD, affecting 1–2% of 

individuals over age 60 [61]. Although PD is primarily characterized by progressive motor 

symptoms (e.g., bradykinesia, rigidity, resting tremor), cognitive symptoms become more 

prevalent with disease progression, with up to 75% of PD patients developing dementia at 

later stages [62, 63]. Recently, cannabinoids have been investigated as neuroprotective 

agents for PD, in light of evidence that alterations in the endocannabinoid system may be 

implicated in the pathogenesis of PD [64]. However, clinical studies investigating 

cannabinoids for the treatment of motor and non-motor symptoms are sparse and evidence 

supporting their use is inconclusive [65].

We identified two surveys [36, 37] and one small clinical trial [38] that found mixed non-

significant to small positive effects on patients’ subjective impressions of cognitive 

functioning. One large anonymous web-based survey posted on a national PD foundation 

webpage found that users reported fewer problems with memory than nonusers [37]. The 

users in this sample consisted of both recreational and medical users, although less than half 

of those reporting medical use possessed a medical marijuana card. Another retrospective 

telephone survey of PD patients who were prescribed medical cannabis from two clinics in 

Israel found that most patients reported no change in memory after 3 months of cannabis 
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treatment [36]. Notably, this sample included patients at all stages of the disease (Hoehn & 

Yahr stages I-IV), 72% of whom reported memory impairment at baseline. In the absence of 

any corroborative reports from a spouse or caregiver, the reliability of these responses is 

seriously questioned. Finally, one exploratory, double-blind, placebo-controlled trial 

assessing the effects of CBD on motor and non-motor symptoms in PD found no subjective 

effect on cognition [38], as assessed by items on a self-report measure of quality of life. Data 

was collected at baseline and after 6 weeks of treatment with CBD at 75mg/day, 300mg/day, 

or placebo (n=7 in each group).

The reliance on subjective patient-reported surveys to assess cognitive functioning in PD 

studies is particularly problematic. Subjective reports of cognitive function are poorly 

correlated with performance-based testing in older adults [66, 67], particularly when it 

requires retrospective recall of cognitive functioning from months earlier. Thus, future work 

in PD could benefit from incorporating an objective measure of cognitive functioning that 

has been validated in this population. Additionally, corroborating reports from a spouse or 

caregiver would help to clarify effects on cognition.

Multiple Sclerosis

MS is a chronic demyelinating and neurodegenerative disease that has an extensive literature 

base on the symptom-modifying effects of cannabis use [68] to the extent that the American 

Academy of Neurology determined that there is moderate to high-quality evidence to 

support the use of cannabis for MS-associated spasticity and pain [69]. Nonetheless, MS is 

associated with mild cognitive impairments in processing speed and working memory, 

which may be worsened by cannabis use based on studies using small samples (n’s < 30) 

with mean ages below 50 years [70].

We identified three studies in which cognitive effects of medical cannabis were examined in 

MS patients with a mean age of 50 years. Two small observational studies identified small 

negative effects on cognitive performance [39, 40]. A cross-sectional study found that users 

(who were prescribed herbal cannabis products with varying amounts of THC and CBD) 

performed worse than nonusers on a test of working memory after an 8-hour abstinence 

period but showed no differences in resting brain glucose uptake using FDG-PET scan [39]. 

A prospective open-label study comparing patients who continued treatment with 

nabiximols (THC/CBD oromucosal spray) and those who discontinued due to side effects 

found that “continuers” performed worse on tests of balance and executive functioning under 

dual task conditions [40]. These effects were attributed to nabiximols, although the design of 

the study inherently raises the possibility that additional factors that differ systematically 

between groups may account for the observed differences. Finally, one large high-quality 

RCT studying the long-term effects of oral THC showed no effect on a test of working 

memory over the 3-year duration of the trial [41]. Strengths of the studies in MS include the 

use of objective neurocognitive tests that are validated and predictive of functional outcomes 

in this population [71].
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Human Immunodeficiency Virus

Although the use of combination antiretroviral therapy has reduced many of the neurological 

comorbidities associated with HIV, nearly half of the HIV-positive population eventually 

develop HIV-associated neurocognitive disorders (HAND) [72]. However, the degree to 

which HAND in aging populations reflects disease progression as opposed to lifestyle 

factors is difficult to disentangle due to the high prevalence of concurrent substance use 

disorders in this population. As many as one quarter of patients report current cannabis use 

[73] for recreational and medical purposes to treat associated symptoms such as neuropathic 

pain, anorexia, nausea, and psychiatric symptoms.

We identified four large observational studies that sought to account for the variability in 

cognitive functioning in aging HIV samples [42–45]. Three cross-sectional studies 

examining the effects of cannabis or “marijuana” use on global neurocognitive performance 

yielded discrepant results. One study found daily to monthly cannabis use, along with 

cardiovascular disease, renal dysfunction, and diabetes, independently predicted mild 

cognitive impairment [42], while a larger study of 977 HIV+ and 276 HIV- controls [43] 

found that only use of hashish, but not marijuana, remained significantly associated with 

cognitive impairment after adjusting for multiple relevant factors (e.g., age, gender, ethnicity 

education, HIV status, depression, and alcohol use). In contrast, a third cross-sectional study 

found that diagnosis of lifetime cannabis use disorder was associated with better cognitive 

functioning on a standard neuropsychological test battery using criteria for “neurocognitive 

superaging” [44]. However, this association may be explained by differences in premorbid 

IQ, which was a stronger predictor of cognitive “superaging” (OR=0.95) than cannabis use 

(OR=0.46).

A recent longitudinal study by Okafor et al. [45] assessed current and cumulative effects of 

cannabis in a cohort of 788 HIV+ men over a 17-year period. In this sample, only current 

daily cannabis use, but not cumulative use, was associated with worse cognitive processing 

speed. No effects were found on a test of executive functioning. The authors indicated that 

the magnitude of this effect was very small and unlikely to be of clinical significance.

Strengths of the studies on cannabis use in the HIV population are the large sample sizes and 

use of validated neuropsychological tests to measure cognitive outcomes. Limitations 

involved the imprecise methods used to ascertain cannabis exposure, which generally relied 

on retrospective self-report. Furthermore, the discrepant findings across studies highlights 

the importance of adequately controlling for confounding variables, including premorbid 

factors that could account for any differences between cannabis users and nonusers.

Pain

Relief from chronic pain is by far the most common condition cited by patients for the 

medical use of cannabis [5]. A systematic review of cannabinoids for medical use found 

moderate-quality evidence supporting their use, particularly for neuropathic pain [74]. We 

identified two observational studies in patients experiencing pain and side effects from 

cancer, both finding no effects of medical cannabis on cognition. One survey included 

patients who were all prescribed medical cannabis by a single provider and found no change 
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in subjective concentration ability after 4 months of treatment [46]. However, the risk of bias 

in this study was high for several reasons described in Table 2, including the selection of the 

subset of participants who were asked about concentration, the unclear ascertainment of 

cannabis exposure (e.g., with 74% already reporting cannabis use at baseline), and 

importantly, the fact that the cannabis supplier/provider designed the survey and selected the 

sample. Another small cohort study with advanced cancer patients undergoing chemotherapy 

who were “cases” taking medical cannabis and “controls” found no effects on 

neurocognitive performance at the 3-month follow-up [47]. Cannabis users abstained from 

use 12 hours prior to cognitive assessment, so it is unclear whether any acute effects of THC 

would be masked. Additionally, the generalizability of this study may be limited by the 

varying amounts of THC and CBD in the cannabis products, the high attrition rate (63% of 

cases and 37% of controls), and participants’ medical comorbidities and chemotherapy side 

effects.

A crossover RCT assessing the acute effects of vaporized THC in patients with painful 

diabetic neuropathy found modest negative effects on two tests of working memory and 

executive functioning at higher doses [48]. No effects were found on a test of processing 

speed. Participants repeated cognitive testing multiple times over a 3-hour period in four 

sessions that were two weeks apart, so it is unclear how fatigue or practice effects from the 

repeated administrations were considered, although the placebo control likely reduces this as 

a limitation.

Discussion

We reviewed the evidence from 26 recent studies (6 RCTs) examining cognitive outcomes 

associated with cannabis and cannabinoids in older adults, including those aging normally, 

with neurodegenerative diseases, and other common medical conditions. Across the different 

populations assessed, the quality of studies and their associated findings were quite mixed. 

Much of the variability in outcomes may be accounted for by the different designs, 

cannabinoids examined, outcome measures used, and sample characteristics. Cognitive 

analyses were underpowered in several studies, so it is possible that larger sample sizes 

would have detected small effects. Although this heterogeneity limits the overall confidence 

of this evidence base, it is clearer from RCTs and longitudinal cohort studies using objective 

tests of cognitive functioning, that higher doses and heavier use of cannabis are associated 

with modest negative effects. These findings are consistent with other systematic reviews 

and meta-analyses showing similar small adverse effects on cognition in younger 

populations [⚫8,9]. With that said, there was also evidence of modest improvements in 

subjective cognition on patient-reported outcome measures, particularly for medical 

cannabis users.

Importantly, cannabis is not one “thing.” The individual constituents of cannabis (e.g., whole 

plant or isolated compounds), route of administration, and indication of use (i.e., medical vs. 

recreational) all are important factors that can differentially influence cognitive outcomes. 

Furthermore, certain individuals or subgroups (e.g., with existing cognitive impairment) may 

be more vulnerable to these effects than others. In this review, we broadly defined cannabis 

to include any type of cannabinoid, including those produced synthetically for medical use. 
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However, there is evidence to suggest that the cognitive deficits associated with heavy, 

recreational cannabis may not be applicable to medical cannabis users, who may use 

products with less THC and experience relief from other symptoms [75], which may 

contribute to improved cognitive functioning.

This review highlights the scarcity of high-quality studies examining cognitive effects of 

cannabis use in older adults. There are many political, ethical, and logistical challenges to 

conducting cannabis research, particularly for controlled trials. However, larger 

methodologically rigorous trials and longitudinal studies that assess cognition prior to the 

initiation of cannabis use are greatly needed to infer a causal relationship. This need is 

highlighted by the fact that many negative effects on cognition that were reported by studies 

in this review decreased after adjusting for confounding variables (e.g., differences in 

premorbid IQ for users and nonusers). Further research is needed to clarify the differential 

effects of cannabis used for medical and recreational purposes. Additionally, future studies 

should adopt standardized measures of cannabis exposure history (e.g., frequency, duration, 

magnitude) that take into account differences in route of administration, constituent 

composition, and purpose of use (i.e., medical vs. recreational) to enable better comparison 

across studies.

Although we used a systematic search process that optimized sensitivity, we may not have 

identified all relevant studies. Several limitations must be considered when interpreting the 

evidence reviewed in this paper. First and foremost, medical and recreational use of cannabis 

are not the same and their effects on cognition should not be assumed to be equivalent. 

Adding to this variability are the different constituents of cannabis studied, including whole 

plant cannabis and isolated compounds. Due to the small number of high-quality 

comparative studies available, we placed minimal restrictions on study design and included 

studies of varying designs and quality. This heterogeneity precluded any meta-analysis and 

subsequently limits the overall confidence we have in the cognitive effects of cannabis use in 

older populations. Furthermore, several studies included subjects that may be more 

appropriately described as middle aged, with a mean age of around 50 years, and these 

results may be less applicable to the oldest of older adults.

Conclusion

We conducted a comprehensive systematic search of the recent literature on cognitive 

outcomes associated with cannabis use and cannabinoids in adults age 50 and older. 

Although there is evidence of modest negative effects on cognition in this population, larger 

controlled trials using validated outcome measures are greatly needed to better understand 

the role of cannabinoids in cognitive aging, as small sample sizes and variability in study 

designs limit our ability to draw definitive conclusions at this time.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
PRISMA flowchart
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Table 1.

Criteria Used for Screening and Selection of Studies

Title/Abstract Screening Criteria Full Text Review Criteria

Sample: Must include human subjects or biological samples obtained 
from humans

Must include human subjects or biological samples 
obtained from humans

Population: Must either (a) include subjects with a majority or mean age of 
50+ or (b) include separate analysis of an older subsample or of 
aging effects. Age can either be stated explicitly in the title/
abstract or considered likely given the population (e.g., AD, 
PD) or methodology used (e.g. population-based survey).

Must either (a) include subjects with a majority or mean 
age of 50+ or (b) include separate analysis of an older 
subsample or of aging effects

Intervention/
Exposure:

Must mention either cannabis (or synonym) of any kind, the 
endocannabinoid system, or if all other criteria are met, the 
title/abstract may simply mention substance use of any kind

Must study either phytocannabinoids (e.g., herbal 
cannabis), synthetic cannabinoids (including those used 
medically for any indication), or endocannabinoids (e.g. 
anandamide)

Outcome: Must mention cognitive functions that relate to functional 
capacity or impairment (i.e., not beliefs or biases toward 
cannabis use), or if all other criteria are met, the title/abstract 
does not need to mention cognition

Quantitative assessment of cognitive functions that relate 
to functional capacity or impairment (i.e., not beliefs or 
biases toward cannabis use) using either performance-
based test (e.g., neuropsychological or cognitive screening 
test) or rating scale/questionnaire that assesses cognition 
separately from other domains (e.g., psychiatric or motor 
functioning)

Design: Original empirical research (not a review, case study/series, or 
qualitative study)

Original empirical research (not a review, case study/
series, or qualitative study)

Language: Available in English Available in English
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Table 2.

Summary of Included Studies by Population or Condition (N=26)

Author Sample Size, 
Mean Age ± SD 
(range), % Male

Study Design Cannabis Indication, 
Form, and Dose

Cognitive Outcome Results / Cognitive Effects

Aging

Sexton et al. 
(2019) [23]

N=2,905 users;
Older users 
(n=507): (50–80), 
52.3%

Cross-sectional 
survey

Recreational and 
medical
Herbal cannabis 
(mixed THC and 
CBD), 91.3% inhaled

Yes/no survey of 
“undesirable” acute 
cognitive effects

↑ Older users reported 
fewer cognitive difficulties 
than younger users 
(p<0.001). However, this 
may be explained by 
medical use of cannabis, 
which was more common in 
older adults and associated 
with fewer subjective 
cognitive difficulties.

Kolla et al. 
(2016) [24]

N=5,080: 54.4 ± 
16.5 (18–97); 
53.4%

Cross-sectional 
survey 
(population-
based sample)

Likely recreational 
(N/R)
Herbal cannabis

Adult ADHD Self-
Report Version 1.1 
Screener

↓ effects for hyperactivity 
(OR=1.083) and 
impulsivity (OR=1.076) in 
men, and inattention 
(OR=1.129) in women

Auer et al. 
(2016) [25]

N=3,499 at Year 
25:
Nonusers (n=533): 
49.7 ± 3.9, 39.4%
Ever users 
(n=2,852): 50.2 ± 
3.6, 37.5%
Current users 
(n=392)

Longitudinal 
cohort
Cognitive 
testing 
completed once 
at Year 25.

N/R (likely 
recreational)
Herbal cannabis 
(marijuana)

1. Rey AVLT
2. DSST
3. Stroop-Interference 
(n=3,364 in cognitive 
analyses)

1. ↓ verbal memory with 
current use and cumulative 
lifetime use. Every 5 years 
of use associated with 0.13 
SD decrease in score
2. ↓ processing speed with 
current use, but not with 
cumulative use
3. ≈ executive functioning 
with current use or 
cumulative use

McKetin et al. 
(2016) [26]

N=1,897 at 
baseline:
Nonusers 
(n=4,986): 42.6 ± 
1.5, 43%
< weekly users 
(n=225): 42.3 ± 
1.5, 58%
≥ weekly users 
(n=106): 42.7 ± 
1.4, 70%

Longitudinal 
cohort
4 and 8-year 
follow-up 
(n=1,653 at 
Year 8; mean 
age = 50)

N/R (likely 
recreational)
Herbal cannabis 
(marijuana/hash)

1. CVLT
2. SDMT
3. Digit Backwards
4. Simple and choice 
reaction time tasks

1. ↓ immediate memory for 
≥ weekly users (−0.55 SD)
2. ≈ processing speed
3. ≈ working memory
4. ≈ reaction time
No within-subject effects. 
Cannabis use was not 
associated with accelerated 
cognitive decline.

Burggren et al. 
(2018) [27]

N=50:
Former heavy users 
(n=24): 65.4 ± 7.2, 
67.0%
Nonusers (n=26): 
67.7 ± 7.1, 54.0%

Cross-sectional Recreational
Herbal cannabis 
(marijuana)

1. WTAR
2. MMSE
3. SRT, WMS-II Logical 
Memory, Verbal Paired 
Associates, RCFT
4. TMT-A, Stroop-Word 
Reading, DSST
5. TMT-B, FAS, 
Animals, Stroop-
Interference

1. ↓ premorbid IQ
2. ≈ global cognition
3. ≈ immediate and delayed 
memory (d’s = −0.29 and 
−0.30)
4. ≈ processing speed (d =
−0.36)
5. ≈ executive function (d =
−0.07)
Former heavy users < 
controls on all cognitive 
domains, but p’s > .05.

Thayer et al. 
(2019) [28]

N=54;
Users (n=28): 66.8 
± 5.3, 64%
Nonusers (n=28): 
69.8 ± 5.7, 39%

Cross-sectional Recreational
Herbal cannabis 
(smoked and edibles)

NIH Toolbox Cognition 
Battery (n=38; 28 users 
and 10 non-users)

≈ global cognition. Users 
performed >0.5 SD below 
nonusers on working 
memory subtest, but this 
was non-significant after 
FDR correction (p=.05).

Ahmed et al. 
(2014) [29]

N=11; 72.1 ± 5.0, 
55.0%

RCT 
(crossover; 
placebo-
controlled)

Medical
Oral THC (Namisol) 
3.0mg, 5.0mg, and 
6.5mg

Test for Attentional 
Performance – Alertness 
subtest

≈ attention (p=.18); Effect 
size and raw data N/R
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Author Sample Size, 
Mean Age ± SD 
(range), % Male

Study Design Cannabis Indication, 
Form, and Dose

Cognitive Outcome Results / Cognitive Effects

8 weeks

Dementia

Ahmad et al. 
(2014) [30]

N=18;
AD (n=11): 71.8 ± 
6.8, 27.3%
Healthy (n=7): 68.0 
± 6.5, 42.9%

Cross-sectional Endocannabinoids
CB1 receptor 
availability via 
[18F]MK-9470 PET 
brain imaging

1. MMSE
2. AVLT

1. ≈ global cognition not 
associated with CB1 
receptor availability
2. ≈ immediate and delayed 
memory not significantly 
associated with CB1 
receptor availability 
(r2’s=.46 and .32, p’s>.05)

Altamura et al. 
(2015) [31]

N=48;
AD (n=37): 77.3 ± 
6.4, 37.0%
Healthy (n=11): 
75.0 ± 3.6, 40.6%

Cross-sectional Endocannabinoids
AEA, 2-AG, PEA, and 
OEA in plasma

1. Rey AVLT
2. Corsi’s test
3. Figure copy
4. Raven’s Progressive 
Matrices
5. Semantic fluency 
(n=37 AD)

1. ↑ correlation between 
immediate memory and 
higher 2-AG (r=.334, 
p=.05)
2. ↑ correlation between 
attention and 2-AG (r=.423, 
p=.018)
3. ↓ correlation between 
constructional praxis and 
PEA (r=−.389, p=.019)
4. N/R
5. N/R
Other results (e.g., AEA 
and OEA) were N/R.

Shelef et al. 
(2016) [32]

N=10 with AD: 
73.2 ± 8.6, 60.0%

Single-group 
cohort; Open-
label trial

Medical
Cannabis oil (THC 
extract 1.65% 
potency) 2.5mg 
2x/day titrated

MMSE ≈ global cognition; MMSE 
scores were stable from 
baseline (M=10.3) to Week 
4 (M= 11.0) of treatment

van den Elsen 
et al. (2015) 
[33]

N=12 with AD, 
vascular, or mixed 
(selected from 
n=22 in RCT): 76.4 
± 5.3, 68%.

Single-group 
cohort; Open-
label extension

Medical
Oral THC (Namisol) 
mean 3.0mg/day; 
titrated

1. MMSE (n=5 due to 
attrition [58.3%])
2. Delirium Observation 
Scale

1. ≈ global cognition over 
the 6-month duration of the 
extension study (p=.96); no 
comparison to baseline.
2. N/R

Herrmann et 
al. (2019) [34]

N=38 with AD: 87 
± 10, 77%

RCT 
(crossover; 
placebo-
controlled) 14 
weeks

Medical
Synthetic oral THC 
(Nabilone) 1–2mg/day

1. Standardized MMSE
2. SIB (n=25 with 
MMSE≤15)

1. ↑ global cognition 
(b=1.1, 95% CI [0.1, 2.0], 
p=.026)
2. ↓ global cognition in the 
subgroup with severe 
dementia (b=−4.6, 95% CI 
[−7.3, −1.8], p=.003)

van den Elsen 
et al. (2015) 
[35]

N=50 with AD, 
vascular, or mixed;
THC (n=24): 79 ± 
8; 45.8%
Placebo (n=26): 78 
± 7, 53.8%

RCT (parallel 
groups; 
placebo-
controlled)
3 weeks

Medical
Oral THC (Namisol) 
1.5mg 3x/day

1. WMS-R Paired 
Associate Learning 
(n=18)

1. ≈ episodic memory; 
THC and placebo groups 
showed similar decline 
from baseline (p=1.0).

Parkinson’s 
Disease (PD)

Balash et al. 
(2017) [36]

N=47: 64.2 ± 10.8, 
85.1%
100% users

Single-group 
retrospective 
survey

Medical
Herbal cannabis 
(mixed THC and 
CBD; 81% smoked) 
mean 0.9g/day

1. mCGI – Memory 
(n=40)
2. mCGI – Attention 
(n=42)

1. ≈ self-reported memory 
(r2 = 0.04, p>0.05)
2. ↑ self-reported attention 
(r2 = 0.11, p=.01)

Kindred et al. 
(2017) [37] N=454

i
;

Users (n=36.6%): 
60 ± 9.2, 60.6%
Nonusers 
(n=66.3%): 61.7 ± 
9.5, 56.3%

Cross-sectional 
survey

Medical and 
recreational
Herbal cannabis 
(smoked and edibles)

Guy’s Neurological 
Disability Scale

↑ self-reported memory; 
Current users reported 
fewer problems with 
memory (F=4.717, p=.030).
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Author Sample Size, 
Mean Age ± SD 
(range), % Male

Study Design Cannabis Indication, 
Form, and Dose

Cognitive Outcome Results / Cognitive Effects

Chagas et al. 
(2014) [38]

N=21;
CBD 75 (n=7): 
65.9 ± 10.6, 71%
CBD 300 (n=7): 
63.4 ± 6.5; 71%
Placebo (n=7): 67.3 
± 7.2, 71%

RCT
ii

 (parallel 
groups; 
placebo-
controlled)
6 weeks

Medical
CBD capsules 75mg 
or 300mg/day

PDQ-39 – Cognition 
scale

≈ self-reported cognitive 
functioning; No differences 
between placebo, 75mg, 
and 300mg (p=.332)

Multiple 
Sclerosis (MS)

Kindred et al. 
(2018) [39]

N=16;
Users (n=8): 49.6 ± 
15.0, 25%
Nonusers (n=8): 
50.8 ± 13.2, 25%

Cross-sectional Medical
Herbal cannabis 
(mixed THC and 
CBD; smoked and 
edibles)

PASAT, as part of the 
MSFC

↓ working memory (p=.02) 
after an 8-hour abstinence 
period
PASAT scores did not 
correlate with regional 
standardized uptake values 
from [18F]-FDG-PET.

Castelli et al. 
(2019) [40]

N=22;
Continuers (n=11): 
49.4 ± 7.4, 45.5%

Quitters (n=11
iii

): 
50.1 ± 9.3, 36.4%

Longitudinal 
cohort
0, 1, 3, and 12-
month follow-
ups

Medical
THC/CBD oral spray 
(nabiximols) median 6 
puffs

Stroop Color-Word Test 
under single and dual-
task conditions

↓ executive functioning in 
the dual-task condition 
(time × group η2=0.14) but 
≈ in single-task condition 
(η2=0.06)

Ball et al. 
(2015) [41]

N=493;
THC (n=329): 52.3 
± 7.6, 40.4%
Placebo (n=164): 
51.8 ± 8.2, 41.5%

RCT (parallel 
groups; 
placebo-
controlled)
3 years

Medical
Synthetic oral THC 
(dronabinol) median 4 
capsules/day, titrated

PASAT, as part of the 
MSFC

≈ working memory; mean 
annual change equivalent 
between groups (z-score 
diff. = −0.01, 95% CI 
[−0.01, 0.09], p=.92)

Human Immunodeficiency Virus 
(HIV)

Schouten et al. 
(2016) [42]

N=103: median 
54.0 [49–62], 93%
16% used daily to 
monthly

Cross-sectional Likely recreational 
(N/R)
Herbal cannabis 
(marijuana)

Neuropsychological test 
battery of fluency, 
attention, processing 
speed, memory, motor, 
and executive functions

↓ global cognition; Daily to 
monthly cannabis use was 
associated with increased 
risk of cognitive 
impairment (OR=27.76 
[4.61, 167.18], p<0.001).

De Francesco 
et al. (2019) 
[43]

N=1253;
Older HIV+ 
(n=637): 56 [53–
62], 88.5%; 14.3% 
users
Younger HIV+ 
(n=340): 43 [37–
47], 80.9%
HIV− (n=276): 58 
[53–63], 65.2%

Cross-sectional Recreational
Herbal cannabis 
(marijuana and 
hashish)

CogState computerized 
test battery

↓ global cognition 
associated with use of 
hashish after adjusting for 
confounding variables 
(median z-score difference 
between users and non-
users = −0.29, 95% CI 
[−0.49, −0.09], p=.005)
≈ association with 
marijuana (median z-score 
difference = 0.04, 95% CI 
[0.06, 0.14], p=.43)

Saloner et al. 
(2019) [44]

N=734: 55.1 ± 4.0, 
84.2%;
31.6% with lifetime 
cannabis use 
disorder

Cross-sectional Likely recreational 
(N/R)
Herbal cannabis 
(marijuana)

Neuropsychological test 
battery using Super Ager 
criteria based on global 
performance that is 
comparable to 25-year-
olds

↑ global cognition; Lifetime 
cannabis use disorder (in 
addition to younger age, 
higher verbal IQ, absence 
of diabetes, and fewer 
depression symptoms) 
increased the likelihood of 
being classified as a Super 
Ager vs. Cognitively 
Impaired (OR=0.46, 95% 
CI [0.28, 0.75], p=.002).

Okafor et al. 
(2019) [45]

N=788 HIV+ men;
Users (n=290): 
41.6 ± 10.0, 100%
Nonusers (n=498): 
44.6 ± 9.7, 100%

Longitudinal 
cohort
Up to 17 years

Likely recreational 
(N/R)
Herbal cannabis 
(marijuana)

1. TMT-A and SDMT
2. TMT-B

1. ↓ processing speed; 
current daily use associated 
with 0.41%–0.70% annual 
decline (f2<0.002); Non-
significant effect of 
cumulative use
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Author Sample Size, 
Mean Age ± SD 
(range), % Male

Study Design Cannabis Indication, 
Form, and Dose

Cognitive Outcome Results / Cognitive Effects

2. ≈ cognitive flexibility for 
current and cumulative use

Pain

Zaki et al. 
(2017) [46]

N=164 with cancer: 
54.9 (70.7% age 
50+), 56.1%

Single-group 
survey with 4-
month follow-

up
iv

Medical
N/R (supplied by a 
single provider)

Adaptive survey 
designed by the cannabis 
supplier (n=24 who 
perceived concentration 
as relevant)

≈ self-reported 
concentration

Bar-Sela et al. 
(2019) [47]

N=34 with 
advanced cancer;
Users (n=17): 63 
(35–85), 31%
Nonusers (n=17): 
63 (40–85), 59%

Longitudinal 
cohort
3-month 
follow-up

Medical
Herbal cannabis 
(mixed products; 
smoked, inhaled, or 
oil)

1. MoCA
2. DSST

1. ≈ global cognition; 35% 
cases vs. 18% controls had 
clinically significant decline 
(i.e., ≥0.5 SD)
2. ≈ processing speed

Wallace et al. 
(2015) [48]

N=16 with diabetic 
neuropathy: 56.9 ± 
8.2, 56.0%

RCT 
(crossover; 
placebo-
controlled)
8 weeks

Medical
Vaporized THC: low 
(1%), medium (4%), 
or high (7%) doses

1. PASAT
2. TMT-B
3. TMT-A

1. ↓ working memory at 
medium (d=−1.03) and high 
doses (d=−1.14)
2. ↓ executive functioning at 
high dose only (d=−1.15)
3. ≈ processing speed

Notes: Ages are provided as mean ± standard deviation, median [interquartile range], or (range). ↑ = positive effect of cannabis on cognition; ↓ = 
negative effects of cannabis on cognition; ≈ = non-significant effect of cannabis on cognition; 2-AG = anandamide 2-arachidonoyl-sn-flycerol; 
AEA = anandamide; AD = Alzheimer’s disease; AVLT = Auditory Verbal Learning Test; CVLT = California Verbal Learning Test; mCGI = 
modified 5-point Clinical Global Impressions Scale; D-KEFS = Delis-Kaplan Executive Function System; DSST = Digit Symbol Substitution Test; 
MoCA = Montreal Cognitive Assessment; MSFC = Multiple Sclerosis Functional Composite; N/R = not reported; PASAT = Paced Auditory Serial 
Addition Test; PDQ-39 = Parkinson’s Disease Questionnaire; OEA = N-oleoyl-ethanolamide; PEA = N-palmitoyl-ethanolamide; RCFT = Rey 
Complex Figure Test; SDMT = Symbol Digit Modalities Test; SIB = Severe Impairment Battery; SRT = Buschke-Fuld Selective Reminding Test; 
TMT = Trail Making Test; WAIS = Wechsler Adult Intelligence Scale; WMS-R = Wechsler Memory Test-Revised; WTAR = Wechsler Test of 
Adult Reading.

i
We do not review results for the MS subsample from this study due to their mean age <50 years.

ii
The authors referred to the design of this study as an “exploratory double-blind trial,” but stated that “patients were randomly assigned to three 

groups in accordance with the matching variables [gender, age and total UPDRS score].” No other details were provided on the randomization 
process.

iii
The “quitters” group was made up of patients discontinuing Nabiximols for the following reasons: confusion (n=5), loss of efficacy (n=4), and 

drowsiness (n=2).

iv
All participants had active cannabis prescriptions at baseline, although only 73.8% reported current use of cannabis at baseline (and most [56.3%] 

reported previous cannabis use. The authors note that it was unknown whether patients continued to fill cannabis prescriptions at the 4-month 
follow-up.
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