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Abstract
Background:
While neuropsychological deficits have been reported in healthy individuals who
use street cannabis, data in patients with multiple sclerosis (MS) are lacking.
Given that MS is associated with cognitive deterioration, the aim of this study
was to determine the neuropsychological effects of cannabis use in this
population.
Methods:
Two groups, each of 25 patients with MS (cannabis users and nonusers), were
administered the Minimal Assessment of Cognitive Function in MS battery of
neuropsychological tests, the Hospital Anxiety and Depression Scale (HADS),
and the Structured Clinical Interview for the DSM-IV Axis I Disorders (SCID-I).
Group-matching and regression analysis were used to control for the effects of
age, sex, education, premorbid intelligence, disability, and disease course and
duration on cognitive function.
Results:
Cannabis users performed significantly more poorly than nonusers on
measures of information processing speed, working memory, executive
functions, and visuospatial perception. They were also twice as likely as
nonusers to be classified as globally cognitively impaired. There were no
between-group differences on the HADS measures of depression and anxiety
or lifetime SCID-I psychiatric diagnoses.
Conclusion:

This cross-sectional study provides empirical evidence that prolonged use of
inhaled or ingested street cannabis in patients with MS is associated with
poorer performance on cognitive domains commonly affected in this population.
Whatever subjective benefits patients may derive from using street cannabis
(e.g., pain and spasticity relief) should be weighed against the associated
cognitive side effects.
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Cannabis research in patients with multiple sclerosis (MS) has largely focused
on synthetic derivatives of the drug. The clinical trials literature is small and
suggests treatment may have some mildly beneficial effects particularly in
alleviating pain and bladder dysfunction, but equivocal benefits for
spasticity. The only clinical trial specifically focused on cognition as the primary
outcome measure failed to find any cognitive deficits associated with use of a
cannabis-based extract.
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Even less attention has focused on inhaled “street” cannabis. Data show that
36%–43% of patients with MS have at some time smoked cannabis. , The
figure for current use, 14%–18%, is more modest, but indicates that a
substantial minority of patients with MS find cannabis helpful for relief from pain,
spasticity, insomnia, bladder problems, tremors, and emotional distress. ,
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The benefits reported above are, however, subjective, and whether they are
offset by potentially adverse cognitive effects has yet to be determined. A single
pilot study suggested that MS cannabis smokers had further compromise with
respect to information processing speed compared to nonusers. Given that
approximately 40%–60% of patients with MS are cognitively impaired to begin
with, , any drug that may add to this burden gives cause for concern. The
purpose of our study, therefore, was to examine the neuropsychological effects
of inhaled or ingested cannabis on cognition in patients with MS.
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METHODS
Sample selection.
Patients between the ages of 18 and 65 with confirmed MS were recruited
from tertiary care MS clinics affiliated with the University of Toronto. Exclusion
10

criteria included history of traumatic brain injury, psychotic illness, concurrent
neurologic diseases, and poor visual acuity (less than 20/70 corrected, both
eyes). Those who had undergone neuropsychological testing within the last
year were also excluded in order to avoid possible practice effects.

Cannabis sample.
Subjects who used cannabis recently and whose urine tested positive for
cannabinoids only (i.e., no other illicit drugs were permissible) on the day of
assessment were included. Subjects who reported cannabis use less than 12
hours prior to testing were excluded.
In addition, a history of cannabis use including age at onset, duration, and
frequency of cannabis use was recorded for all subjects. The reasons for
smoking cannabis were divided into 3 categories: medical, recreational, or a
combination.

Control sample.
MS cannabis users were group-matched (on age, sex, Expanded Disability
Status Scale [EDSS], disease course and duration, level of education, and
premorbid IQ based on the American National Adult Reading Test [ANART]) to
a control group of 25 noncannabis-using patients with MS derived from a larger
control sample of 38 cannabis-naïve subjects with MS. The control group was
made up of subjects with MS who reported no recent history of cannabis use
and had urine that tested negative for cannabinoids and other illicit drugs. A
remote history of occasional teenage use was not an exclusionary factor.

Urinalysis.
A broad-spectrum analysis was conducted to determine the presence of the
following substances: cannabis, cocaine, opiates, amphetamines, and
phencyclidine. The cannabinoid assay detects 11-nor-Δ-9tetrahydrocannabinol-9-carboxylic acid-B glucuronide (THC-COOH
glucuronide) and 11-nor-Δ-9-tetrahydrocannabinol-9-carboxylic acid (THCCOOH) in urine. These levels are combined to provide a composite score.

Demographic and neurologic data.
Demographic and disease-related variables, namely age, sex, education,
marital or partner status, employment status, disease course, disease duration,
and current medications were collected from each patient and their medical
charts. Neurologic disability according to the EDSS was recorded from patient
files. Alcohol consumption referred to the total number of drinks (a glass of
wine, shot of spirits, or standard bottle [330 mL] of beer) consumed weekly.
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Visual acuity was assessed using the Rosenbaum Pocket Screener.

Psychiatric assessment.
The presence of lifetime psychiatric disorders was established using the
Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-I), Mood and
Anxiety Disorder sections. In addition, all subjects completed the Hospital
Anxiety and Depression Scale (HADS), validated for use with patients with
MS. Fatigue was measured using the Modified Fatigue Impact Scale (MFIS).
12

13

14

Neuropsychological assessment.
Premorbid intellectual functioning was assessed with the ANART. Thereafter,
patients were administered the Minimal Assessment of Cognitive Function in
MS (MACFIMS), a comprehensive battery of 7 tests measuring 11 cognitive
indices considered optimum for teasing out deficits in this population. The
MACFIMS is regarded as the gold standard for cognitive assessment in MS and
was put together by consensus following a meeting of leading
neuropsychologists involved in MS research. The battery includes the following
tests: verbal learning and memory: The California Verbal Learning Test–
Revised (CVLT-II) ; visuospatial memory and learning: Brief Visuospatial
Memory Test–Revised (BVMT-R) ; visual perception/spatial processing: the
Judgment of Line Orientation (JLO) ; verbal fluency/word retrieval: the
Controlled Oral Word Association Test (COWAT) ; executive functions: the
Delis-Kaplan Executive Function System (D-KEFS) Sorting Test ; information
processing speed and working memory: the Paced Auditory Serial Addition
Test (PASAT) , with 3.0- and 2.0-second interstimulus intervals; information
processing speed: the Symbol Digit Modalities Test (SDMT).
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As specified in the MACFIMS validation data, global cognitive impairment
represents failure on 2 or more of 11 cognitive indices. Impairment on a single
test is defined as a z score of 1.5 or more below norms derived from age-, sex-,
and education-matched healthy control subjects. These normative data are
provided in the test manuals.
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Statistical analyses.
Primary analysis included between-group comparisons with t tests and
χ2 analyses. The Mann-Whitney U test was used for non-normally distributed
variables.
Further cognitive comparisons between cannabis users and nonusers were
performed with a series of linear regression analyses, with each of the 11
cognitive indices as the dependent variable and cannabis use as the

independent variable. Age, sex, education, EDSS, alcohol consumption,
depression, anxiety, and fatigue were entered sequentially into the analysis as
covariates. These variables were selected due to their potential effects on
cognition. Only covariates that changed the group coefficient by 10% or more
were retained in the final model for each cognitive measure.
Similarly, binary logistic regression analysis was conducted to investigate the
effect of cannabis use on global cognitive impairment after controlling for the
potential confounds mentioned above. As before, only covariates that changed
the group coefficient by 10% or more were retained in the final model.
Pearson correlations were conducted to determine the association between age
at onset of cannabis use, duration of cannabis use, and urine cannabinoid
levels on the one hand and global cognitive impairment on the other.
χ2 Analysis was used to determine the association between duration of
abstinence (12–24 hours vs greater than 24 hours) and global cognitive
impairment.

Standard protocol approvals, registrations, and patient consents.
Ethics approval for the study was obtained from Research Ethics Boards at
Sunnybrook Health Sciences Centre and St. Michael's Hospital, both affiliated
with the University of Toronto. All participants provided written informed consent
prior to participating in the study. Patients were clearly informed of the aim of
the study, namely to examine the effect of cannabis use on neuropsychiatric
functioning in MS.
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RESULTS
Demographics and neurologic variables.
Entire sample.
The sample consisted of 25 cannabis users (11 women) and 25 nonusers (12
women). The mean age of the entire sample was 43.60 (SD 10.7). Thirty-three
patients (66.0%) were married or cohabitating and 21 (42.0%) were employed.
Patients had received an average of 14.0 years (SD 2.8) of education. Average
disease duration was 12.1 years (SD 9.4). The breakdown of disease course
was as follows: relapsing-remitting 72.0%; secondary progressive 18.0%;
primary progressive 10.0%. The median EDSS score was 3.0 (mean 3.32, SD
2.39, range 0–8.5). Twenty patients (40.0%) were taking disease-modifying
drugs. Patients consumed a median of 2.0 alcoholic beverages per week (mean

3.0, SD 3.3, range 0–12). Four subjects had taken steroids within the last 3
months.

Comparison between cannabis users and nonusers.
Comparisons between cannabis users and nonusers on demographic and
disease-related variables are presented in table 1. There were no statistically
significant group differences for age, sex, years of education, marital status,
EDSS, disease course, duration of MS, and use of disease-modifying drugs.
Cannabis users were significantly more likely to be unemployed. Cannabis
users also reported slightly higher alcohol consumption compared to nonusers,
although this difference did not reach statistical significance.
Table 1
Demographic and neurologic variables for MS cannabis
users and nonusers

Cannabis use.
The average age at onset of cannabis use was 17.0 years (median 15.0, SD
6.6, range 13–47) and the average duration of cannabis use was 26.6 years
(median 31.0, SD 12.1, range 1–41). Eighteen subjects (72.0%) used cannabis
on a daily basis, 6 (24.0%) reported weekly use, and one reported biweekly
use. Most cannabis users (n = 24) reported inhalation (smoking or vaporization)
whereas one reported consumption of food products containing cannabis. Eight
subjects (32.0%) reported using cannabis for medicinal reasons, 3 (12.0%) for
recreational reasons, and 14 (56.0%) for a combination.
Mean level of urine cannabinoid metabolites was 174.4 μg/L (SD 40.8, range
61–≥200) and the broad-spectrum drug screen indicated that no subject had
used any illicit drugs other than cannabis. The period of abstinence from
cannabis use ranged from 12 hours to 14 days prior to testing with most
patients (n = 18) reporting their last use on the evening prior to testing. The
remaining 7 subjects had not used cannabis for more than 24 hours.
Urine drug screening indicated that none of the noncannabis users tested
positive for cannabinoids or any other nonmedicinal substances.

Psychiatric assessment.
The lifetime prevalence of major depression for the entire sample was 56.0%.

Lifetime prevalences for anxiety disorders were as follows: generalized anxiety
disorder 26.0%; panic disorder 20.0%; phobia 4.0%; obsessive compulsive
disorder 2.0%; and post-traumatic stress disorder 4.0%. Lifetime prevalence for
any of the anxiety disorders was 36.0%.
Psychiatric comparison between cannabis users and nonusers is presented
in table 2. There were no significant differences between groups in the lifetime
prevalences of psychiatric disorders and use of antidepressant medication.
Similarly, scores on HADS Depression and Anxiety subscales and the MFIS
showed no significant differences between cannabis users and nonusers (table
2).
Table 2
Comparison of MS cannabis users and nonusers on
psychiatric measures

Neuropsychological assessment.
Neuropsychological comparisons between cannabis users and nonusers are
presented in table 3. Cannabis users scored significantly lower on the PASAT3, PASAT-2, JLO, SDMT, and D-KEFS Sorting Test and Description scores.
There were no between-group differences on CVLT–immediate recall, CVLT–
delayed recall, BVMT–immediate recall, BVMT–delayed recall, and COWAT.
Table 3
Cognitive test comparisons between MS cannabis users and
nonusers

Of all 50 patients, 24 (48.0%) were classified as cognitively impaired. Cannabis
users were significantly more likely to be classified as globally impaired
compared to nonusers (χ2 = 5.13, p = 0.024; table 3).
Although the cannabis users and nonusers were group-matched on
demographic and disease-related variables, we further analyzed our data with
the aim of exploring the effect of cannabis use on each cognitive measure
independent of age, sex, education, alcohol consumption, EDSS, depression,
anxiety, and fatigue. The final regression models reveal that cannabis use

remained a significant independent predictor of performance on the PASAT-2,
JLO, SDMT, D-KEFS Sorting Score, and global cognitive impairment, but not
on CVLT–immediate recall, CVLT–delayed recall, BVMT–immediate recall,
BVMT–delayed recall, COWAT, PASAT-3, and D-KEFS Description Score
(table 4). Exclusion of the one subject who indicated only ingesting cannabis in
food products did not significantly alter the findings.
Table 4
Linear regression analyses for significant cognitive tests
and cannabis usea

Global cognitive impairment was not significantly correlated with urine
cannabinoid levels (r = −0.321, p = 0.118), age at cannabis use onset (r =
−0.321, p = 0.118), or duration of cannabis use (r = 0.158, p = 0.451). The
period of abstinence from cannabis use was not associated with global
cognitive impairment (χ2 = 0.198, p = 0.673).
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DISCUSSION
The specific aim of this prospective study was to examine the effects of smoked
or ingested cannabis on cognitive function in patients with MS. We found that
cannabis users had greater deficits on information processing speed, working
memory, executive function, and visuospatial perception compared to a sample
of nonusers group-matched on age, sex, education, premorbid intelligence,
EDSS, and disease course. Cannabis users were also twice as likely as
nonusers to meet criteria for global cognitive impairment. Most of these
between-group differences were retained after controlling for potential
confounds.
Cognitive dysfunction affects approximately 40%–60% of patients with
MS , with detrimental effects on personal, social, and occupational
functioning. Cognitive functioning is also a major determinant of quality of
life. Given these adverse psychosocial effects, identifying risk factors
associated with further cognitive impairment is important. Although not the
focus of the present investigation, it is plausible that the additional cognitive
deficits associated with chronic cannabis use have deleterious psychosocial
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ramifications. For example, our study found that cannabis users were twice as
likely to be unemployed than nonusers. While the reasons for this are not clear,
an association between impaired cognitive performance and unemployment in
patients with MS has been reported, thereby suggesting a putative link with our
cannabis findings.
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To date, the clinical trials literature on the effects of cannabis on cognition in
patients with MS is sparse, largely limited to synthetic cannabis derivatives or
cannabis-based extracts, with measures of cognition confined to secondary
analysis. Results are equivocal, with deficits in long-term memory storage
reported by one study contrasting with an absence of deleterious cognitive
problems associated with cannabinoids reported by others. , The discrepancy
between these negative findings and our results may be attributable to
differences in pharmacokinetics between the various forms of cannabis and
their routes of administration. Oral administration of cannabinoids has a slower
onset of action, more erratic patterns of absorption, and lower peak
concentration compared to inhaled cannabis, which allows for better absorption
than oral THC.
1
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The results of our study are consistent with data from an earlier pilot study that
revealed that patients with MS who smoked cannabis performed significantly
more poorly than cannabis-naïve patients on a test of information processing
speed. While informative, the earlier study had a small sample size (10
cannabis users), a limited neuropsychological battery, and the absence of
urinalysis confirming cannabis use. Our present study, by virtue of a more
robust methodology, extends these earlier results and links smoked or ingested
cannabis to more extensive cognitive deficits.
7

The paucity of cognitive data pertaining to the use of inhaled cannabis in
patients with MS contrasts with a much larger literature obtained from general
population studies. Results here have varied according to the timing of the
neuropsychological inquiry. For example, there is a consistent body of evidence
showing that individuals who are acutely intoxicated display impaired memory,
slowed information processing speed, and poor attention. , What defines acute
intoxication in the literature is somewhat arbitrary, with studies using 4 to 24
hours as the cutoff period. , Of note, however, is that pharmacokinetic studies
have shown that the acute cognitive effects of cannabis attributable to the initial
rapid rise in serum THC begin tapering off 3 to 5 hours after
consumption. , Given that we did not want to test cognition in patients who
were acutely intoxicated, we set a time frame for psychometric testing as
28 29
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greater than 12 hours following the last inhalation or ingestion of cannabis. The
literature from the general population suggests, with few exceptions, that there
are residual, adverse cognitive difficulties extending beyond this period. – Our
finding in the cannabis users replicates this picture and points toward the
detrimental effects of cannabis persisting beyond intoxication. While it is likely
that these persistent deficits are due to the residual effects of the drug itself,
whether and to what extent withdrawal effects following a short period of
abstinence contribute as well cannot be ascertained from our data. Notably, we
did not find an association between cognitive performance and duration of
abstinence (12–24 hours vs greater than 24 hours) in this study.
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Cognitive dysfunction in our sample was not associated with the level of
cannabinoid metabolites detected in the urine and the age at onset, duration of
cannabis use, or abstinence. It is, however, possible that the lack of association
may be an artifact of our sample selection where the overwhelming majority of
our cannabis users began using the drug in adolescence and in whom urinary
levels of metabolites clustered tightly at the upper limits of the range of
detection. Our data also diverged from the general population finding of higher
rates of psychopathology in cannabis users. This pertained both to the lifetime
prevalence of these disorders and current indices of emotional distress as
captured by the HADS. This result may, in part, be attributed to the already high
prevalence of depressive and anxiety disorders associated with MS itself. ,
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A notable cognitive finding from our study was that twice as many cannabis
users were rated as globally impaired when compared with the noncannabis
users. While our methodology did not address etiologic constructs, fMRI data
from patients with MS have consistently shown that in response to a cognitive
challenge, ancillary brain activation occurs as a compensatory response to the
presence of cerebral pathology. , It is therefore tempting to speculate that the
deleterious effects of cannabis may be linked to an inhibition of these
compensatory responses. In addition, functional imaging findings from the
general psychiatry literature have demonstrated lower global and prefrontal
blood flow in cannabis users even before they are challenged with a cognitive
task. These resting state data suggest that a degree of “background” cerebral
compromise may further complicate cognitive functioning.
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Our study has limitations. The cross-sectional design limits our ability to
establish a cause and effect relationship between cannabis use and greater
cognitive dysfunction. It is also important to emphasize that our results are
derived from patients who have smoked cannabis on a regular basis, as much

as several times per day, for more than 2 decades. These results do not
necessarily extend to occasional cannabis use or frequent use for a brief period
of time. Indeed, studies of cannabis use in healthy individuals have shown that
the cognitive effects of cannabis are dose-dependent, with deficits in cognition
primarily observed in heavy cannabis users , and those who use cannabis
over a long period of time. Our study also does not address the reversibility of
these cognitive deficits following long-term abstinence from the drug. Finally,
our modest sample size introduces a cautionary note.
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Our study demonstrates that inhaled or ingested cannabis is associated with
adverse effects on cognition following prolonged use. Given the prevalence of
cannabis use in patients with MS, further research is needed to replicate these
findings in a larger sample and to explore the cerebral underpinnings of how
these changes may come about.
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Footnotes
ANART

American National Adult Reading Test

BVMT-R

Brief Visuospatial Memory Test–Revised

COWAT

Controlled Oral Word Association Test

CVLT-II

California Verbal Learning Test–Revised

D-KEFS

Delis-Kaplan Executive Function System

EDSS

Expanded Disability Status Scale

HADS

Hospital Anxiety and Depression Scale

JLO

Judgment of Line Orientation

MACFIMS Minimal Assessment of Cognitive Function in MS
MFIS

Modified Fatigue Impact Scale

MS

multiple sclerosis

PASAT

Paced Auditory Serial Addition Test

SDMT

Symbol Digit Modalities Test

SCID-I

Structured Clinical Interview for the DSM-IV Axis I Disorders
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