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Abstract
Background: In 2016, the global number of individuals living with dementia was 43.8 million, representing a 117% increase
from 1990—mainly due to increases in aging and population growth. Up to 90% of individuals with dementia experience
neuropsychiatric symptoms (NPS). However, the limitations of current treatments for NPS have drivent he search for safer
pharmacotherapies—including cannabinoids.

Aim: To assess the efficacy and acceptability of cannabinoids for the treatment of NPS in individuals with dementia.

Design: Systematic review and meta-analysis of clinical trials.

Setting and participants: Of 6,902 papers, 9 were eligible (n ¼ 205, 44% female, 78 + 7 years, 85% Alzheimer disease).
Trials were in North America and Europe and explored tetrahydrocannabinol (n¼ 3), dronabinol (n¼ 5), or nabilone (n¼ 1).

Measurement: Titles/abstracts were independently screened by one reviewer and reviewed by a second. Full-text screening
was by two reviewers with discrepancies resolved via a third reviewer. We extracted data on the standardized mean difference
(SMD) for several NPS instruments, trial completion, and adverse events. Data were pooled using random-effects models.

Findings: Cannabinoids led to significant improvements across NPS instruments, including the Cohen Mansfield Agitation
Inventory (SMD ¼ �0.80; 95% confidence interval [CI], �1.45 to �0.16), the Neuropsychiatric Inventory (SMD ¼ �0.61; CI,
�1.07 to �0.15), and nocturnal actigraphy (SMD ¼ �1.05; CI, �1.56 to �0.54h). Cannabinoids were well-tolerated, with an
overall trial completion rate of 93% (193/205) and no serious treatment-related adverse events. Treatment efficacy was asso-
ciated with baseline dementia severity and dose, but not dementia subtype, age, or sex. The overall study quality was rated as low.

Conclusions: There is preliminary evidence for the efficacy and tolerability of cannabinoids as treatments for NPS.
Population-based studies are needed to characterize their real-world effectiveness and acceptability.

Abrégé
Contexte : En 2016, il y avait 43,8 millions de personnes vivant avec la démence, dont 90% éprouvaient des symptômes
neuropsychiatriques [SNP]. Les embûches des traitements actuels des SNP ont entraı̂né la recherche de pharmacothérapies
plus sûres—notamment les cannabinoı̈des.
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Objectif : Nous avons mené une revue systématique et une méta-analyse d’essais cliniques afin de produire des estimations
globales de l’efficacité et de l’acceptabilité des cannabinoı̈des pour le traitement des SNP.

Méthode : Sur 6 902 articles, 9 étaient admissibles (n¼ 205, 44% de femmes, 787 ans, 85% ayant la maladie d’Alzheimer). Les
essais ont été menés en Amérique du Nord et en Europe, et exploraient le tétrahydrocannabinol (n ¼ 3), le dronabinol (n ¼
5), ou le nabilone (n ¼ 1).

Mesure : Les titres ou résumés ont été vus indépendamment par un réviseur puis par un autre. La lecture du texte intégral
s’est faite par deux réviseurs dont les divergences étaient résolues par un troisième réviseur. Nous avons extrait les données
de la différence moyenne normalisée [DMN] pour plusieurs instruments des SNP, la fin de l’essai, et les effets indésirables. Les
données ont été regroupées à l’aide de modèles à effets aléatoires.

Résultats : Les cannabinoı̈des ont provoqué des améliorations significatives des instruments des SNP, notamment l’inventaire
d’agitation de Cohen Mansfield (SNP ¼ �0,80, IC à 95% �1,45 à �0,16), l’inventaire neuropsychiatrique (�0,61 [�1,07 à
�0,15), et l’actigraphie nocturne (�1,05 [�1,56 à �0,54]). Les cannabinoı̈des étaient bien tolérés, avec un taux global
d’achèvement d’essai de 93% (193/205), et sans aucun essai indésirable sérieux lié au traitement. L’efficacité du traitement était
associée à la gravité de la démence au départ et à la dose, mais pas au sous-type de la démence, ni à l’âge ni au sexe. La qualité
générale de l’étude a été cotée faible.

Conclusions : Il existe des données probantes préliminaires de l’efficacité et de la tolérabilité des cannabinoı̈des comme
traitements des SNP. Il faut des études dans la population pour en caractériser l’efficacité et l’acceptabilité réelles.
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Background

Globally, the number of individuals living with dementia is

increasing, which negatively affects families, communities,

and health-care systems ubiquitously.1 In 2016, the global

number of individuals who lived with dementia was 43.8

million (95% uncertainty interval, 37.8 to 51.0), representing

a 117% increase from 1990—mainly due to increases in

population ageing and growth.1

Until there are breakthroughs in preventive or curative

treatment, dementia will constitute an increasing challenge

to health-care systems worldwide.1 As there is presently no

known cure for dementia, there is an ongoing search for

effective treatments for the neuropsychiatric symptoms

(NPS) of dementia, which can include agitation and aggres-

sion.2-4 These behavioral symptoms affect up to 90% of all

persons with dementia and are highly predictive of caregiver

stress and nursing home placement, along with acceleration

of cognitive and functional decline.5

While atypical antipsychotics are the most commonly used

medications for NPS, their efficacy is modest, and their use is

associated with an increased risk of multiple serious adverse

events, extrapyramidal symptoms, and all-cause mortality.6-9

Therefore, the limited efficacy and high-risk profiles of current

pharmacotherapies for the treatment of dementia symptoms

have driven the search for safer pharmacologic alternatives.10

Recently, cannabinoids have become a popular treatment

for a variety of medical conditions, including chronic pain,

and psychiatric disorders,11-13 including dementia.14,15

Available evidence suggests there are multiple neuroprotec-

tive properties of cannabinoids.16-20 Ligands at the CB1 can-

nabis receptors reduce presynaptic neurotransmitter release,

including glutamate.21-23 As excessive glutamate in the

synapse can lead to oxidative stress and damage to neurons

promoting neurodegeneration, this is considered a therapeu-

tic mechanism for cannabinoids in dementia.24 As well, in

vitro experiments show that cannabinoids at the CB1 recep-

tor may protect neurons from both excitotoxic25,26 and

hypoxic damage.27 A role for CB2 receptors, while less

apparent in neuroprotection, may also exist via reductions

in neuroinflammation.28 As neurodegeneration is a feature

common to the various types of dementia, the neuroprotec-

tive effects of cannabinoids may therefore be beneficial in

slowing the progression of these diseases.

Evidence continues to suggest that cannabinoids, like can-

nabis, may be therapeutically useful in dementia as they tar-

get several underlying pathophysiological processes linked to

dementia. Cannabis—notably the psychoactive substrate tet-

rahydrocannabinol (THC)—reduces neuroinflammation and

oxidative stress, confers neuroprotective effects, induces neu-

rogenesis, removes amyloid b, and clears neurofibrillary tan-

gles.29-31 The hippocampus and microglia—key players in

dementia pathophysiology—are concentrated in CB1 and

CB2 receptors, respectively, and are modulated by exposure

to cannabis.32,33 Therefore, cannabinoids have the potential

to interrupt the disease process as well as treat symptoms in

Alzheimer dementia. Preclinical studies in rats have demon-

strated THC’s competitive inhibition of the enzyme acetyl-

cholinesterase, paralleling anti-dementia drugs like

Donepezil, diminishing acetylcholinesterase-induced amy-

loid b–peptide aggregation.34 Additionally, intracerebroven-

tricular administration of a synthetic cannabinoid (WIN

55,212-2) prevented cognitive deficits and decreased neuro-

toxicity among rats.35 This evidence indicates therapeutic

promise for cannabinoids in treating disease processes that

underlie dementia.
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In addition to preclinical studies, several small clinical

trials have quantified the efficacy of cannabinoids for NPS

among patients with dementia.36-42 While some subjective

improvements were noted by patients and their caregivers,

extant trials have been underpowered to detect clinically

significant differences from placebo, limiting informed,

evidence-based conclusions.15,43-46 Further, any therapeutic

benefit of using cannabinoids must be tempered against the

body of literature showing clear associations between can-

nabinoid use and the risk of psychosis, anxiety, and other

psychiatric conditions.47,48 In addition, cannabinoid use by

the elderly can lead to impairment that may lead to unin-

tended injuries like falls.49

While several reviews4,13,15,29,30,45,50-56 have been pub-

lished on the topic of cannabinoids for dementia, most have

provided only systematic reviews, and not quantitative

synthesis. A prior Cochrane systematic review from 200957

identified only a single trial37—precluding any formal anal-

ysis. A more recently published meta-analysis of six clinical

trials declared that there was no effect of cannabinoids on

agitation symptoms or NPS overall.58 However, several

potential limitations were noted by the authors—such as the

small number of studies, the small sample size, the lack of

adequate controls, the short trial duration, and the low qual-

ity of extant trials—may have diminished their study’s sta-

tistical power to detect a significant signal to noise ratio. The

authors concluded that their findings were inconclusive due

to substantial heterogeneity—which justified the need for

additional, rigorous studies.

To address these limitations and provide a unique contri-

bution to the field, we conducted an updated systematic

review and meta-analysis. We identified additional studies,

which boosted our meta-analysis’ statistical power, which

enabled the detection of significant differences in the effi-

cacy of cannabinoids for the treatment of NPS of dementia.

We also quantified the acceptability of cannabinoids for the

NPS by measuring the occurrence of adverse events and trial

completion rates. We identified several potential causes of

heterogeneity through extensive meta-regression, subgroup,

sensitivity, and publication bias analyses to help put individ-

ual trial results into perspective. We also considered a

broader range of outcomes—including actigraphy, global

assessments of function, and cognitive measures—to com-

plement existing estimates obtained for agitation and aggres-

sion that have been reported by previous studies. We also

offer suggestions for future studies to address limitations in

the available research. For these reasons, this updated meta-

analysis aims to offer unique contribution to the field of

dementia research.

Methods

We undertook this review using methods consistent with the

Preferred Reporting Items for Systematic Reviews and

Meta-analyses (PRISMA)59 guidelines (checklist provided

in Online Appendix 1). We registered our protocol with the

Open Science Framework (https://osf.io/et7cm/; https://osf.

io/dnsqm).

Search Strategy

We search seven electronic databases (EMBASE, MED-

LINE, PsycINFO, CINAHL, PubMed, Cochrane CEN-

TRAL, and ClinicalTrials.gov) for articles published from

database inception to January 2019; the search was updated

in June 2019. Sets of search strings incorporating both key-

words and Medical Subject Headings (MeSH terms) reflect-

ing cannabinoids and dementia were used and are provided

in full in Online Appendix 2. Searches were limited to

human literature, with no restrictions placed on language

or publication type. Citations for papers in languages other

than English were read via Google Translate.

Citations were imported into the web-based screening

tool, Covidence,60 where duplicate citations were removed.

Titles and abstracts were screened by one reviewer (AB),

and all papers marked as excluded were reviewed by a sec-

ond person (ACM) to ensure accuracy in first-pass screen-

ing. Full-text articles were screened by two independent

reviewers (AB and ACM) with discrepancies resolved via

consultation with a third reviewer (EH) when needed. Ref-

erence lists for relevant systematic reviews identified in the

peer-review literature search were hand searched for addi-

tional papers not already identified, and we additionally

searched table of contents of relevant journals.

Inclusion and Exclusion Criteria

The population of interest was people experiencing NPS of

dementia who received cannabinoids—including whole can-

nabis (from plants), THC, or prescribed synthetic cannabi-

noids (like nabilone, cannabidiol, or dronabinol). The exact

definition of NPS varied across studies, and we summarize

the way in which the studies were defined and NPS opera-

tionalized in Online Appendix 3. Inclusion criteria for the

study population comprised clinical trials of cannabinoid-

based interventions to treat NPS (randomized or quasi-

randomized controlled trials [RCTs]) where treatment

efficacy and acceptability may be reported at trial comple-

tion. The primary justification for including only RCTs was

to minimize the risk of bias.61 Inclusion criteria for the study

outcomes comprised reporting treatment efficacy and

acceptability, or studies where such data could be obtained

via contacting study authors. Exclusion criteria comprised

observational studies (cohort, case-control, cross-sectional,

case reports, case series); works that did not present original

data (e.g., letters to the editor, editorials, commentaries);

works that did not present treatment efficacy or acceptability

for NPS and where such data could not be obtained from

study authors; systematic reviews (we hand searched

reviews for relevant studies that were assessed indepen-

dently against the inclusion/exclusion criteria); studies

where use of cannabinoids and outcomes were not reported

La Revue Canadienne de Psychiatrie 65(6) 367

https://osf.io/et7cm/
https://osf.io/dnsqm
https://osf.io/dnsqm


for the same sample of people; clinical trials of interventions

with people using cannabinoids for other indications (e.g.,

clinical trial for epilepsy, multiple sclerosis, or palliative

treatments); and studies not using validated instruments to

measure NPS (e.g., Neuropsychiatric Inventory [NPI]62) or

to diagnose dementia (e.g., Diagnostic and Statistical Man-

ual of Mental Disorders [DSM]).

Data Extraction

The following data were abstracted: study information (i.e.,

author, journal, and year), study characteristics (i.e., mean

age of participants, recruitment setting, country of study,

duration of follow-up), participant characteristics (i.e.,

comorbidities, dementia subtype, baseline severity of NPS,

ethnicity), and intervention characteristics (i.e., dementia

severity, dementia subtype).

The data extraction form was developed in Microsoft

Excel 2016 based on previously conducted reviews,63-65 and

recommendations were outlined in the PRISMA state-

ment.59 Data were independently extracted by one member

of the research team (AB) and checked by a second (ACM).

Bibliographic information was extracted in addition to study

specific information. Data entry was standardized by use of

a manual, which contained data entry rules. In instances

where data reporting in the publications was incomplete,

supplementary information and documents were sourced

to locate missing data. If supplementary information could

not be located or did not provide the necessary data needed,

study authors were contacted by email for additional

information.

A quality index based on the Cochrane Risk of Bias Tool

for Randomized Controlled Trials was adopted for consis-

tency.66 This scale uses a 7-item system to evaluate rando-

mized studies regarding seven domains of quality:

randomization, allocation, blinding of participants, blind-

ing of outcome assessors, selection bias, selective report-

ing, and additional sources of bias. Each item was rated as

having a high, low, or unclear risk of bias. Individual

assessments for each criterion were pooled to provide an

overall risk of bias assessment, where the greater the num-

ber of items with a low risk of bias, the higher the metho-

dological quality of the study. Study information necessary

for quality assessment was extracted to the Excel template

by one reviewer (AB) and double-checked by a second

(ACM). Discrepancies were resolved via consultation with

a third reviewer (EH) where needed.

Calculation of Treatment Efficacy and Acceptability

Data from measures of NPS, including agitation (Cohen

Mansfield Agitation Inventory [CMAI] and the NPI Agita-

tion subscale), overall NPS (NPI total), and cognition (Mini-

Mental Status Examination [MMSE]) were extracted from

the included studies. Data on changes in weight, systolic

blood pressure, and occurrence of adverse events were also

extracted. For continuous data, standardized mean differ-

ences (SMDs) and 95% confidence intervals (CIs) were cal-

culated using a random-effects model.

Data Analysis

R studio (Version 1.1.463) metafor package was used to

conduct DerSimonian and Laird Mantel–Haenszel random-

effects meta-analysis to pool efficacy and acceptability esti-

mates.67 All analyses were subsequently transferred to

Cochrane’s Review Manager 5.3 to generate high-quality

plots and graphs.68 The random-effects model was used in

all meta-analyses as we anticipated high levels of heteroge-

neity between cohorts. Heterogeneity was quantified using

the I2 statistic and described as low (�25%), moderate

(>25% and �50%), high (>50% and �75%), or substantial

(�75%).65,69,70 We explored the impact of study character-

istics on treatment efficacy and acceptability via subgroup,

sensitivity, and meta-regression analyses. Variables

included percentage male, baseline age, dementia subtype,

severity of dementia (MMSE), study year, and geographic

region. Formal comparisons between subgroups were per-

formed using meta-regression, via the metafor package.67

Sensitivity analyses included comparisons with leave-one-

out, cumulative, subgroup, and fixed-effects meta-analyses.

Bubble plots were generated where significant differences

were identified between subgroups. The adjusted R2 index

was employed to quantify goodness of fit for each model.

Statistical significance for all analyses was set at P < 0.05.

Publication bias was assessed qualitatively, using funnel

plot symmetry, as well as quantitatively, using the Egger

and trim-and-fill methods.71-73

Results

The search produced 6,903 unique papers, of which 43

were screened in full, and 936-42,74,75 were included in the

review (Figure 1). Online Appendix 4 provides the list of

excluded studies.

Trials were primarily undertaken in Europe36,39-42,75 or

North America37,38,74 (Table 1). Six were RCTs; the remain-

ing three were quasi-randomized studies. Trials varied

widely in size (n ¼ 2 to 50) and reporting of cohort demo-

graphics. For example, fewer than half reported the extent of

previous treatments for NPS. Medical and psychiatric

comorbidity among study participants was inconsistently

reported, as were details regarding the duration of dementia,

previous treatments, and current medications.

The total sample size was 208 (44% female, mean age 78

[SD ¼ 7] years). Alzheimer disease was the most frequent

dementia subtype (85%), followed by mixed (8%), vascular

(6%), and frontotemporal dementia (1%). The mean baseline

MMSE score of participants was 11 (SD ¼ 7). The main

indication for treatment was severe agitation or aggressive

behavior (n ¼ 8) or food refusal37 (n ¼ 1). The mean
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proportion taking an antipsychotic prior to study initiation

was 49% (SD ¼ 32%).

Three trials used THC preparations,39-41 five used drona-

binol,36-38,42,75 and one74 used nabilone. Outcome measures

reported by studies included the NPI,36,38-42,58,75 the

CMAI,36-42,74 nocturnal motor activity (as measured by acti-

graphy),36,38,41,42,75 the MMSE,39,41,74 and the Clinical Glo-

bal Impression (CGI).38,40,41

Efficacy of Cannabinoids for NPS

All trials (n ¼ 208 participants) provided data to inform the

pooled efficacy of cannabinoids for NPS using one or more

outcome measures. For the CMAI, the SMD was �0.80

(95% CI, �1.45 to �0.16; nine studies; Figure 2), with sub-

stantial heterogeneity (I2 ¼ 85%). For the NPI total, the

SMD was �0.61 (95% CI, �1.07 to �0.15; seven studies;

Online Appendix 5), with high heterogeneity (I2 ¼ 67%).

For the NPI-A subscore, the SMD was also �0.61 (95% CI,

�0.97 to �0.25; six studies; Online Appendix 6), with mod-

erate heterogeneity (I2¼ 50%). For nocturnal motor activity,

the SMD was �1.05 (95% CI, �1.56 to �0.54; five studies;

Online Appendix 7), with moderate heterogeneity (I2 ¼
40%). For the MMSE, the SMD was 0.42 (95% CI, 0.07 to

0.78; three studies; Online Appendix 8), with low heteroge-

neity (I2 ¼ 3%). For the CGI, the SMD was �0.94 (95% CI,

�1.24 to �0.64; three studies; Online Appendix 9), with

high heterogeneity (I2 ¼ 70%).

Factors Associated with Efficacy of Cannabinoids
for NPS

We ran a series of meta-regressions and subgroup analyses to

explore potential variables that may have accounted for the

heterogeneity observed for the effect size of treatment with

the CMAI, NPI, NPI-A, and nocturnal motor activity (acti-

graphy; Table 2). Type of cannabinoid (synthetic vs. THC),

percentage male, baseline age, percentage with Alzheimer

disease, and geographic region were not associated with any

of the outcome measures.

For the CMAI, there was an association between effect

size and baseline MMSE (with greater effect size noted in

those with greater baseline MMSE) and between effect size

Figure 1. PRISMA study flow diagram.
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and year of study (with greater effect sizes noted in earlier

studies).

For the NPI—Total and Agitation subscale—there was a

positive dose–response relationship (with higher effect sizes

noted with higher total daily doses of cannabinoids) and an

association with study design (with higher effect sizes noted

in quasi-randomized studies relative to randomized trials).

Like the CMAI, for nocturnal motor activity, there was an

association between effect size and year of study (with

greater effect sizes noted in earlier studies).

Sensitivity and Quality Analyses

Overall study quality was rated as low due to inconsistent

methods of allocation concealment, incomplete or nonran-

domization, a lack of double-blinding, and a high risk of

carryover due to concurrent medication use. For summary

results of the judged risk of bias across the included studies

for each domain, see Online Appendices 10 and 11.

We conducted four sensitivity analyses to assess the

robustness of our estimates for the CMAI, NPI, NPI-A, and

nocturnal motor activity; these are described in Online

Appendix 10.

First, we explored the influence of each study on pooled

estimates for efficacy effect size via sensitivity analysis with

leave-out-one meta-analysis, allowing the removal of each

individual study from the analysis (Online Appendix 12a).

This demonstrated that the effect size estimate for the CMAI

was influenced by the extreme result of the Volicer 199737

study, which was an outlier from the remaining studies; when

this study was excluded, the CMAI effect size was no longer

statistically significant (SMD ¼ �0.359, 95% CI [�0.782 to

0.065]). The estimates for the remaining outcome measures

(NPI, NPI-A, and nocturnal motor activity) were robust to

leave-out-one sensitivity analysis and remained significant

with the removal of any individual study.

Second, we compared the random-effects meta-analysis

estimates to a fixed-effects model, which ignores heteroge-

neity (Online Appendix 12b). For all outcomes, the fixed-

effects SMD estimate remained statistically significant but

were smaller than the random-effects estimates.

Third, we conducted cumulative meta-analyses to com-

bine studies chronologically to identify when a characteristic

or statistically significant change first occurred (Online

Appendix 12c). We observed significant time trends in the

CMAI, NPI-A, and nocturnal motor activity, but not the NPI

total score. This was consistent with the meta-regression

measuring the impact of study year on effect size.

Fourth, we conducted subgroup analyses to determine

whether the type of cannabinoid preparation influenced the

Table 2. Statistical Significance of Univariate Meta-Regression Analysis for Factors Associated with Efficacy of Cannabinoids for Neurop-
sychiatric Symptoms of Dementia.

Factor
Cohen Mansfield

Agitation Inventory
Neuropsychiatric

Inventory
Neuropsychiatric

Inventory, Agitation
Nocturnal

Motor Activity

Agent (synthetic vs. THC) 0.371 0.996 0.939 0.585
Dose (mg) 0.203 <0.001 0.061 0.209
Baseline MMSE 0.001 0.636 0.210 0.830
Male (%) 0.636 0.261 0.146 0.675
Baseline age 0.176 0.208 0.481 0.061
Alzheimer disease (%) 0.393 0.635 0.833 0.412
Region (North America vs. Europe) 0.065 0.930 0.939 0.285
Design (randomized vs. quasi-randomized) 0.729 0.001 0.047 0.607
Year of study 0.003 0.966 0.907 0.407

Note. THC ¼ tetrahydrocannabinol; MMSE ¼ Mini-Mental Status Examination; bold values indicate meta-regression analyses with P values below 0.05.

Figure 2. Forest plot from random-effects meta-analysis of the standardized mean difference in the Cohen Mansfield Agitation Inventory.
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estimates of efficacy (Online Appendix 12d). There was no

significant difference in efficacy by synthetic or THC can-

nabinoid preparations.

Finally, we examined evidence for potential publication

bias through funnel plots (Online Appendix 13) and by

applying rank correlation tests, Eggers, and the trim-and-

fill method. The results did not suggest any evidence to

support that a significant bias existed within this review.

Acceptability of Cannabinoids for NPS

The overall rate of completion (defined as participants reach-

ing the primary study endpoint) was 93% (193/208). A total

of 15 dropouts occurred across five studies,37,39-41,74 occur-

ring from death (n ¼ 2), dysphagia (n ¼ 2), pneumonia (n ¼
1), malignancy (n ¼ 2), urinary tract infection (n ¼ 3),

seizure (n ¼ 1), elevated INR (n ¼ 1), pneumothorax (n ¼
1), lethargy (n ¼ 2), and excess as needed (PRN) usage (n ¼
1). Only lethargy was described by study authors as being

potentially related to administration of cannabinoids.

There was no significant association between cannabi-

noids and weight (P ¼ 0.76), systolic blood pressure (P ¼
0.20), diastolic blood pressure (P ¼ 0.21), or the occurrence

of serious adverse drug events (P ¼ 0.51)—as demonstrated

in Online Appendix 14.

Discussion

This systematic review and meta-analysis synthesized the

findings of nine trials to appraise available evidence for the

use of cannabinoids in the treatment of the NPS associated

with dementia. Most participants completed the entirety of

treatment, and few serious adverse events were reported. We

found consistent evidence for the efficacy of cannabinoids in

reducing NPS, which outperformed placebo on all efficacy

outcome measures considered (CMAI, NPI, NPI-A, and noc-

turnal motor activity). Our findings are consistent with the

conclusions of several previously published

reviews,15,29,30,43-46,50,51,57,76-80 but these contrast the con-

clusions of a recent meta-analysis that declared a lack of

efficacy for agitation and aggression.58

Comparison with Previous Reviews

Although the present review draws on a relatively small

amount of literature that has already been subjected to

review earlier this year,58 the present review aimed to yield

novel information and present it in an appropriate and

straightforward manner. Both reviews found significant het-

erogeneity across studies and neither review found differ-

ences in the occurrence of adverse events or dropouts due

to an adverse event between treatment groups. However, the

key differences were that the present review—based on nine

studies36-42,74,75—found a significant effect of cannabinoids

on NPS, while the review of Ruthirakuhan and col-

leagues58—which was based on six37,39,40,42,74,75 articles—

did not. Of note, all six studies identified by Ruthirakuhan

and colleagues were included in the present review; hence,

there were differences in our conclusions despite overlaps in

the studies considered. This reflects potential differences in

eligibility criteria across the two reviews—with the present

including quasi-randomized trials. Consequently, the three

additional studies36,38,41 considered by this review that were

not included by Ruthirakuhan and colleagues were quasi-

randomized in design, which may explain the differences

in our conclusions. Since the addition or removal of a few

studies led to substantially different conclusions across

reviews, the conclusions we can draw ought to be done so

cautiously. In light of the growing interest in cannabinoids

and the unmet need in NPS treatment, we hope this review

makes a meaningful contribution to the literature, which may

stimulate further research to clarify why there were discre-

pancies across these two reviews.

For several reasons, the finding of therapeutic efficacy

here should not indiscriminately rule in the use of cannabi-

noids in treating NPS in dementia. Firstly, our meta-analysis

was largely restricted to studies using dronabinol and

THC—with only one study using nabilone. Dronabinol is a

partial agonist at both CB1 and CB2 and, via second mes-

senger pathways, inhibits adenylate cyclase and reduces con-

centrations of Cyclic adenosine monophosphate (cAMP).38

Dronabinol is considered the “purified” version of THC.

THC, and THC-like substances alone, may be less effica-

cious than when paired with other cannabinoids like CBD.

The conclusions we can draw are that some cannabinoids

appear clinically efficacious to treat dementia-related symp-

toms relative to THC. Taken together, this reviews’ findings

suggest that not all cannabinoids are created equally—par-

ticularly when used in the treatment of NPS of dementia.

Thus, there may be potential differences between whole

cannabis, THC, and synthetic cannabinoids, which may indi-

cate that there may be broader considerations when using

cannabinoids therapeutically.

Secondly, there were substantial variations in the dosing

of cannabinoids used across studies. For example, dronabi-

nol doses used across studies were moderate but higher than

THC doses; however, dronabinol itself has a low bioavail-

ability (roughly 4% to 20%) and, if combined with low dos-

ing, might have indicated inefficacious dosing regimens.81

Nabilone, another synthetic cannabinoid analogue of THC,

is both more potent than dronabinol and has greater bioavail-

ability (approximately 60%) according to the literature—but

this did not achieve statistical significance in the present

review.81-83 As proposed by Russo,84 a more complete spec-

trum of cannabinoids—consistent with the composition of

herbal cannabis—might accentuate clinical efficacy in many

conditions, creating the so-called entourage effects.84-86

Finally, not all dementias have the same neurobiology.

Approximately 85% of the patients across studies were diag-

nosed with Alzheimer; however, our meta-regression did not

indicate any association between dementia subtype and treat-

ment efficacy. However, given the small total sample size of
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our study (n ¼ 208), our meta-analysis was potentially under-

powered to detect significant differences across different

types of dementia. Therefore, larger studies using appropriate

doses of varied cannabinoids would help address the study

limitations identified here and formally substantiate cannabi-

noid’s utility in treating NPS common to dementia.

Limitations

The findings of this meta-analysis cannot be considered

without mentioning a few of its limitations. Overall, only a

few small studies were identified, and fewer still could be

fully meta-analyzed due to inconsistent reporting styles

across studies. Most trials did not require a washout period;

thus, if participants were already taking other psychotropic

medication, the cannabinoid medication they received was

not actually in monotherapy, therefore contaminating the

effect of the intervention. In terms of aggression and agita-

tion, the outcomes considered across studies largely looked

at agitation (the Cohen Mansfield Agitation Inventory, for

example). However, across trials, these terms were often

used interchangeably despite their contrasting definitions.

As NPS is a broad term, considering it as a single outcome

measure is somewhat problematic; however, this was tem-

pered by the fact that the meta-analysis only pooled together

trials that were using the same NPS outcome measure (e.g.,

the NPI), which were all validated measures for us in indi-

viduals with dementia. Further, the individuals represented

across these trials may not be representative of a large,

population-based sample of individuals with dementia, pri-

marily due to a higher proportion of individuals in trials with

moderate-to-severe dementia and who were institutiona-

lized. An additional limitation was that one of the compo-

nent articles37 was about the NPS of food refusal, while the

others all included agitation. This is especially important

because the CMAI finding of statistical significance disap-

peared when the paper was excluded, indicating the findings

were not robust.

Further, the quality of evidence from the individual stud-

ies included in this review was low (using the Cochrane

Risk of Bias Tool). In the majority of studies, both the

treating clinician and participant were aware of treatment

assignment because of the subjective effects of cannabi-

noids—even if the study was double-blinded. As many

participants in the RCTs were crossed over to an open trial

of cannabinoids, this precluded follow-up assessments for

the control condition. Still, the lack of high-quality data and

the unclear risk of bias in many key domains of the included

studies prevents definitive conclusions from being made

about the usefulness of dronabinol for the treatment of

dementia. Further, most of the discussion section is spec-

ulative in nature as the precise mechanisms behind the

observed findings cannot be confirmed with meta-

analysis. As a result, the conclusions of this review should

be considered tenuous.

Future Directions

This meta-analysis highlights the need for larger, high-

quality, randomized, double-blind, placebo-controlled trials

to determine whether additional cannabinoid preparations

are clinically efficacious in the treatment of dementia. How-

ever, there is also an opportunity for future studies to address

potential alternatives to RCTs for evaluating cannabinoid

medicines—such as larger, Phase IV effectiveness trials

using health administrative data. These studies may also

provide a measure of real-world effectiveness compared to

traditional efficacy measures from RCTs.

Conclusions

This systematic review and meta-analysis found consistent

evidence that cannabinoids are efficacious for the treatment

of NPS associated with dementia and are well-tolerated for

use in individuals with dementia. However, our findings

were not robust and were particularly vulnerable to the small

sample sizes as demonstrated in our sensitivity analyses.

Thus, while there is growing neurobiological evidence that

cannabinoids may be useful in modulating disease processes

in dementia, more evidence is needed before they can be

recommended for routine use in clinical practice. At present,

the use of cannabinoids in individuals with dementia should

still be considered an experimental treatment until more

clinical data are available. Population-based studies are

clearly needed to characterize the real-world effectiveness

and acceptability of cannabinoids for the treatment of NPS.
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