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Abstract

Background and Purpose: Few studies have examined the dose-response and temporal 

relationships between marijuana use and ischemic stroke while controlling for important 

confounders, including amount of tobacco smoking. The purpose of our study was to address 

these knowledge gaps.

Methods: A population-based case-control study with 1,090 cases and 1,152 controls was used to 

investigate the relationship of marijuana use and early-onset ischemic stroke. Cases were first-ever 

ischemic stroke between the ages of 15 and 49 identified from 59 hospitals in the Baltimore

Washington region. Controls obtained by random digit dialing from the same geographic region 

were frequency-matched to cases by age, sex, region of residence and, except for the initial study 

phase, race. After excluding subjects with cocaine and other vasoactive substance use, the final 

study sample consisted of 751 cases and 813 controls. All participants underwent standardized 

interviews to characterize stroke risk factors and marijuana use. Unconditional logistic regression 

analysis was used to assess the relationships between marijuana use and risk of ischemic stroke, 

adjusting for age, sex, race, study phase, the amount of current tobacco smoking, current alcohol 

use, hypertension, and diabetes mellitus.
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Results: After adjusting for other risk factors, including the amount of current tobacco smoking, 

marijuana use was not associated with ischemic stroke, regardless of the timing of use in 

relationship to the stroke, including ever use, use within 30 days, and use within 24 hours. There 

was a non-significant trend towards increased stroke risk among those who smoked marijuana at 

least once a week (OR=1.9, 95%CI=0.8–4.9).

Conclusions: These analyses do not demonstrate an association between marijuana use and an 

increased risk of early-onset ischemic stroke, although statistical power was limited for assessing 

the association among very heavy users.
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INTRODUCTION

The incidence of stroke in young adults is increasing1,2,3 and is the eighth leading cause 

of death in 25–45 year-olds in the United States.4 In this age-group drug use is one of the 

most common modifiable risk factors for stroke prevention. Though tobacco smoking5,6 

and cocaine7,8 are known risk factors for ischemic stroke, the role of marijuana use 

as a causative or contributing factor remains unclear. Notably, marijuana use is on the 

rise in the United States, particularly among those age 18–25.9 Derived from cannabis, 

marijuana exerts a variety of effects on the cardiovascular system, some of which are dose

dependent, and has been shown to influence thrombosis, inflammation, and development 

of atherosclerosis.10 Marijuana use has been implicated in numerous cardiovascular 

pathologies,11 particularly in healthy young males without other known vascular risk 

factors12,13,14 and is the subject of a recent scientific statement focused on cardiovascular 

health issued by the American Heart Association.15 Numerous case series and reports16,17,18 

have suggested an association between marijuana use and acute ischemic stroke, further 

supported by a recent analysis of the National Inpatient Sample Dataset19 demonstrating 

a significant increase in hospitalizations for acute ischemic stroke among cannabis users, 

particularly among males and African-Americans. However, few epidemiologic studies 

have evaluated this association20 and some reports have demonstrated conflicting findings 

indicating no association with stroke risk.21,22 Additionally, some studies suggest a potential 

temporal relationship between use and ischemic stroke occurrence.14,18,23 The possibility 

of a dose-response effect has also been suggested.18,24 Disparate results among prior 

epidemiological studies may reflect a lack of control for illicit sympathomimetic drugs, 

including cocaine, and inadequate control for concurrent tobacco use, which itself has a 

known dose-response relationship with ischemic stroke risk among young adults.5,6,22 In 

light of ongoing legislation legalizing marijuana use in some states, expanding indications 

for medical use, and increasing recreational use, clarifying the relationships between 

marijuana use and ischemic stroke is of great importance, particularly for younger 
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adults.15,25,26 We therefore sought to evaluate whether self-reported marijuana use was 

associated with early-onset ischemic stroke using a large population-based case-control 

study of ischemic stroke in young adults, controlling for several common stroke risk factors, 

including quantity of current tobacco use, and evaluating for dose-response and the temporal 

relationship between marijuana use and stroke.

METHODS

Study Population

The Stroke Prevention in Young Adults (SPYA) Study was designed as a population-based 

case–control study of young onset ischemic stroke. During three study periods between 

1992 and 2008, cases with a first-ever ischemic stroke ages 15 to 49 years were identified 

by discharge surveillance from 59 non-federal acute care hospitals in the greater Baltimore/

Washington, DC area and by direct referral from regional neurologists. In the initial study 

period, only women were recruited, the upper age limit was 44 years, and controls were in 

a 2:1 ratio to cases and were frequency-matched to cases by age, sex, region of residence. 

Women were recruited in the second study period and men in the third study period. In 

the last two study periods, the upper age limit was 49 years, and controls were in a 1:1 

ratio to cases and were additionally matched for race. Details of the study design have 

been previously described,27,28,29 with additional details in the Supplementary Methods 

(download available online).

Assessment of Exposures

All exposure information was collected by self-report through a standardized face-to-face 

interview, less a small subset of cases by proxy interview. To assess the use of illicit drug 

use, including marijuana, participants were asked to recall whether, prior to the reference 

date, they had ever used drugs, pills or medications for non-medical or recreational reasons 

or to “get high”. For the purposes of this analysis, marijuana use also included hashish use. 

The name(s), route(s) and timing(s) of drug use were also collected. The reference date was 

defined as the date of stroke onset for cases and for controls, the date of interview (initial 

study period) or the day of week that the stroke occurred in the matched case (last two study 

periods). Participants were shown cards with the names, routes of use and duration of use 

of various illicit drugs. In order to minimize potential discomfort associated with disclosing 

sensitive information, participants indicated their responses using codes printed on the cards 

rather than naming the drug or route of use directly. In addition, participants were informed 

that their responses were protected by a Federal Confidentiality Certificate.

Information on traditional stroke risk factors (e.g. history of hypertension, diabetes mellitus, 

current smoking status and alcohol consumption) and demographic variables (e.g. age, sex, 

and race) was also obtained by a standardized face-to-face or proxy interview. Current 

smoking status was defined as use within 30 days prior to the stroke, or for controls, prior 

to the reference date. Amount of current smoking was based on the average number of 

cigarettes smoked per day over the 30 days prior to the stroke. Current alcohol consumption 

was defined as having a drink of wine, beer or hard liquor in the year prior to the stroke or, 

for controls, prior to the reference date.
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Statistical Analysis

Statistical analyses were performed using the Statistical Analysis System Software package 

(version 9.3; SAS Institute, Inc., Cary, N.C.). Cases and controls were compared for 

differences in means using t-tests (for continuous variables) or differences in proportions 

by χ2 tests (for categorical variables) to obtain the unadjusted two-sided p-values. 

Unconditional logistic regression with case/control status as the outcome and study 

characteristics as predictors was used to obtain the age-, sex- and ethnicity-adjusted p

values.

Assessment of the association between marijuana use and ischemic stroke was performed 

using an unconditional logistic regression model with case/control status as outcome and 

marijuana variable as the predictor after adjusting for the effect of age, sex, race, study 

phase, and other stroke risk factors. The odds ratios for marijuana use were estimated in 

comparison to those who had never used marijuana previously (reference group).

Assessments of the temporal link to marijuana use with stroke (years-ago, months-ago, 

1–30 days, within 24 hours), as well as the dose-response nature of marijuana use with 

stroke (occasional:<1x/week, moderate:1x/week ≥ amount < 7x/week, daily:≥ 7x/week) 

were evaluated using unconditional logistic regression models with case/control status as 

outcome and marijuana variable as the predictor after adjusting for the effect of age, sex, 

race, study phase, and other stroke risk factors. The odds ratios for marijuana use were 

estimated in comparison to those who had never used marijuana previously (reference 

group).

Lastly, in a post-hoc analyses we evaluated the clinical characteristics of the strokes among 

daily marijuana users to evaluate for the presence of reversible cerebral vasoconstriction 

syndrome (RCVS).

The study was approved by the University of Maryland at Baltimore Institutional Review 

Board and all participants gave informed consent. The data that support the findings 

of this study are available from the corresponding author upon reasonable request from 

investigators with appropriate institutional assurances of confidentiality.

RESULTS

A total of 1,090 cases and 1,152 controls from 59 hospitals were enrolled. Cases and 

controls reporting a history of vasoactive drugs associated with stroke risk, including 

cocaine, amphetamine derivatives (MDMA aka “ecstasy”, “ice”, and “speed”) were 

excluded from the primary analysis. Those reporting use of substances without known 

association with ischemic stroke, such as heroin, were not excluded. Following exclusions, 

the final study population consisted of a total of 751 cases and 813 controls.

The 751 ischemic stroke cases were older and were significantly more likely to have 

hypertension, diabetes mellitus, and report current tobacco when compared to the 813 

controls (Table 1). Controls were significantly more likely to report current alcohol use.
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Among controls, ever use of marijuana was more often reported among men than women 

and among whites than blacks (Table 2). There were no significant differences in rates of 

diabetes mellitus and hypertension between ever and never users of marijuana. However, 

marijuana users were more likely to be current cigarette smokers and users of alcohol.

There were similar rates of ever marijuana use among the stroke cases and controls (36.1% 

vs. 38.4% respectively, Table 3). Ever use of marijuana use did not show an association with 

stroke after adjusting for age, sex, race, the amount of current smoking, current alcohol use, 

hypertension, and diabetes mellitus. There was no significant stroke association with timing 

of last marijuana use after adjusting for demographic and vascular risk factors. The odds 

ratio for use within 24 hours was 0.98 (95% CI 0.29–3.27).

Among those reporting marijuana use at least once a week, the odds ratio for stroke was 

1.9 but was not statistically significant (95% CI 0.8–4.9) (Table 4). A specific evaluation 

of the eleven cases who were daily marijuana users did not disclose a particular stroke 

pattern or vasoactive syndrome, including RCVS (Table 5). All daily user cases were also 

current tobacco smokers. Interestingly, the 8 control subjects using marijuana daily were 

also current tobacco smokers.

As a secondary analysis, we analyzed our entire study population inclusive of those using 

vasoactive drugs and, again, found no association between marijuana use and stroke. Lastly, 

we excluded cases completed by proxy (total n=26; within subset excluding vasoactive 

drug use n=18) and reanalyzed the data demonstrating no change in our results (results not 

shown).

DISCUSSION

Our study did not demonstrate a significant association between marijuana use and ischemic 

stroke in young adults. Our findings are consistent with several smaller studies that 

evaluated stroke risk when controlling for tobacco use. A urine drug screen study in New 

Zealand21 of 160 consecutive cases of ischemic stroke or transient ischemic ages 18–55 and 

age-, sex-, and ethnicity-matched controls hospitalized for other reasons found an odds ratio 

of 2.3 (95% CI 1.08–5.08), but the association did not remain significant after adjusting 

for current tobacco use. Similarly, a prospective study of Swedish men,22 born between 

1949 and 1951, identified 192 cases of ischemic stroke before age 45 demonstrated an 

odds ratio of 1.5 (95% CI 0.6–4.1) among those who had used marijuana more than 50 

times at baseline. However, after adjustment for smoking the odds ratio was reduced to 0.9 

(95% CI 0.3–2.6). Further, no dose-response relationship between marijuana use at baseline 

and subsequent stroke risk was identified.22 A recent retrospective observational study30 

of adults ages ≥18 hospitalized over a two-year period, and for whom urine toxicology 

screen was performed, assessed for an association between marijuana use and ischemic 

stroke. After excluding those with hemorrhagic stroke or transient ischemic attack, as well 

as those testing positive for cocaine and amphetamines, 1643 individuals testing positive for 

cannabinoids remained in the analysis. After controlling for established stroke risk factors, 

including current and former smoking (assessed separately), no association with acute 
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ischemic stroke was found. However, this study was limited by the fact that information 

about marijuana dose, chronicity, and frequency were not available.

In contrast, a study based on administrative data from Texas hospitals31 identified 998 

ischemic stroke cases ages 18–44 years from over 3 million discharges and found an odds 

ratio of 1.8 (95% CI 1.2–2.7), but while they did adjust for smoking and other illicit drug 

use, they did not adjust for the amount of current cigarette smoking. Another study reviewed 

data from the United States Nationwide Inpatient Sample (2004–2011)32 for patients age 

15–54 with a primary diagnosis of acute ischemic stroke and documentation of current 

marijuana use based on ICD-9-CM diagnosis code, demonstrating the incidence of stroke 

was significantly greater in current marijuana users as compared to non-users (RR 1.13, 

95% CI 1.11–1.15 entire group, RR 2.26, 95% CI 2.13–2.38 for ages 25–34). In this 

study, although marijuana users were significantly more likely to smoke tobacco and use 

other substances including cocaine, alcohol, and amphetamines, the association between 

marijuana and acute ischemic stroke persisted even after adjustment in the multivariable 

analysis for potential confounders, including tobacco and cocaine use (OR 1.17, 95% CI 

1.15–1.20). Additionally, another report19 suggest that marijuana users are at an increased 

risk for hospitalization related to ischemic stroke. Information from over 3.3 million 

hospitalizations obtained from the United States National Inpatient Sample Dataset from 

2007–2014 found a 16% increased risk of young-onset stroke-related hospitalizations among 

cannabis users during this time-period, and a 41% higher risk of hospitalization specifically 

for acute ischemic stroke (OR 1.31, 95% CI 1.31–1.51), this after adjusting for baseline 

comorbidities, including current or prior smoking and concurrent use of vasoactive drugs.

Some reports have suggested a temporal link between the timing of marijuana use in 

relation to stroke onset. Data analyzed from a longitudinal patient cohort collected for the 

Australian Personality and Total Health Study24 found that individuals reporting use of 

cannabis in the past year (as compared to those who did not) were 3.3 times as likely to 

develop a stroke or transient ischemic attack (95% CI 1.8–6.3), with risk persisting after 

adjustment for covariates, including smoking tobacco (IRR 2.3, 95% CI 1.1–4.5). Increased 

risk was seen only in those using cannabis at least weekly (IRR 4.7, 95%CI 2.1–10.7), 

while less frequent use was not significantly associated with development of ischemic 

stroke or transient ischemic attack. A systematic review15 of case-reports on marijuana and 

ischemic stroke or transient ischemic attack, identified 64 cases, of whom 81% presented 

with symptoms within 24 hours of last use, and 22% had recurrent stroke in the setting 

of re-exposure to marijuana. Another systematic review14 evaluated published case-reports 

of individuals presenting with cerebrovascular disease or transient ischemic attack in the 

setting of cannabinoid use, and specifically, those without known cardiovascular risk factors 

(n=18). The vast majority were young males and demonstrated a likely temporal correlation 

with timing of last use. Similarly, another review18 including 85 individuals with stroke 

and/or transient ischemic attack following cannabis use (age range 15–63, mean 32.3) noted 

a strong temporal relationship with use. Of note, 81% were described as chronic cannabis 

users and approximately two-thirds used tobacco concurrently. However, it is important 

to note, that case report data provide limited evidence due to the strong likelihood of 

publication bias, and any results should be interpreted in lei of this consideration.
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Our study did not demonstrate a temporal link between self-reported marijuana use and 

ischemic stroke, although the number of individuals reporting use within 24 hours was 

small. Our post-hoc analysis of the 11 daily marijuana users did not demonstrate a particular 

pattern of infarct to suggest a consistent mechanism, such as RCVS. However, marijuana 

use has been reported in a significant number of RCVS cases33 and reported in several 

systematic reviews of ischemic stroke cases in the context of marijuana use.16,18,34 Not all 

series have reported this pattern though, including one series of predominantly young male 

patients with ischemic stroke in the context of very recent marijuana use, most of whom 

demonstrated no evidence of vasculopathy on imaging.23

Several limitations should be considered in the interpretation of our study. First and most 

importantly, we had relatively few weekly or daily marijuana users in our study population, 

thereby limiting our statistical power to assess risk in these groups. Nevertheless, among 

the individuals that used marijuana at least once per week we had 80% power to detect an 

odds ratio of 2.7. For those using marijuana within 24 hours of stroke we had 80% power 

to detect an odds ratio of 3.6. Second, information regarding marijuana use was obtained 

via self-report, which is subject to recall bias and under-reporting. Differential recall bias 

with more under-reporting by cases is possible due to the variable interval between the 

stroke and the interview. However, it seems unlikely that daily marijuana use would be 

forgotten. In addition, a similar analysis of cocaine use in our study did find a strong 

temporal association with stroke,8 suggesting against a strong effect of recall bias in our 

cases. Third, since subjects were interviewed, there may have been selection bias with 

under-representation of severe cases. If marijuana use were preferentially associated with 

severe strokes, this could have biased our results towards the null. Fourth, our study looked 

only at ischemic stroke and does not address possible risk for strokes due to intracerebral 

or subarachnoid hemorrhage. Fifth, there may be inadequate control for the covariates used 

in the analysis. Particularly among young adults, hypertension may have been present but 

not diagnosed. In addition, although any alcohol use was included in our models, we did not 

control for variation in the amount of alcohol or binge drinking. In order for these factors 

to bias our results towards the null, these stroke risk factors would need to be strongly 

under-represented in cases who used marijuana. We believe that this is unlikely. Lastly, as 

with all observational studies, it is possible that our results are biased due to unmeasured 

confounders.

Our study has several strengths. First, this is the largest case-control study to date evaluating 

the association between marijuana use and ischemic stroke risk. Second, we were able to 

assess the frequency and timing marijuana use in relationship to stroke risk. Third, we were 

able to exclude individuals reporting prior use of vasoactive illicit drugs known to influence 

stroke risk, namely cocaine and amphetamines. Lastly, our analyses were adjusted for other 

vascular risk factors, and most importantly, for the amount of concurrent tobacco cigarette 

use.

CONCLUSION

Although we did not demonstrate an association between marijuana use and an increased 

risk of early-onset ischemic stroke, our statistical power was limited for assessing the 
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association among very heavy users. The issue of whether high frequency or high dose of 

use is associated with stroke risk is increasingly important as marijuana use becomes more 

widespread. At present, the epidemiologic literature, including our study, does not provide 

evidence that marijuana use is causally associated with stroke.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGEMENTS

The contributions of Esther Berrent to the operational success of the Stroke Prevention in Young Adults Study are 
gratefully acknowledged.

SOURCES OF FUNDING

This material is the result of work supported with resources and the use of facilities at the VA Maryland Health Care 
System, Baltimore, Maryland and was also supported in part by the National Institutes of Health (R01NS45012, 
R01NS105150, R01NS100178, R01NS114045). The contents do not represent the views of the U.S. Department of 
Veterans Affairs or the United States Government.

Non-standard Abbreviations and Acronyms

SPYA Stroke Prevention in Young Adults Study

MDMA 3,4-Methyl enedioxy methamphetamine
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Table 1.

Comparison of Cases and Controls for Selected Factors.

Cases (n=751) Controls (n=813) P-value*

Age, mean 40.5 37.9 <0.001

Male, % 47.3 41.9 0.03

Self-reported race, % 0.03

 Whites 49.8 56.6

 Blacks 43.7 37.8

 Others 6.5 5.7

History of Hypertension, % 41.7 17.4 <0.001

History of Diabetes Mellitus, % 17.2 4.4 <0.001

Current Tobacco Use, % 35.3 19.7 <0.001

Current Alcohol Use, % 54.0 63.5 <0.001

*
For age, sex and race, p-values were adjusted for the other variables and study phase. For other risk factor variables p-values were adjusted for 

age, sex, race, and study phase.
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Table 2.

Comparison of Ever vs. Never Marijuana Users for Selected Factors among Controls.

Ever Used Marijuana (n=312) Never Used Marijuana (n=501) P-Value*

Age, Mean 39.0 37.3 0.002

Male, % 48.7 37.7 0.002

Self-Reported Race, % 0.02

 Whites 62.8 52.7

 Blacks 32.7 40.9

 Others 4.5 6.4

History of Diabetes Mellitus, % 4.2 4.6 0.61

History of Hypertension, % 18.3 16.8 0.96

Current Smokers, % 29.5 13.6 <0.001

Current Alcohol Users, % 78.9 53.9 <0.001

*
For age, sex and race, p-values were adjusted for the other variables and study phase. For other risk factor variables p-values were adjusted for 

age, sex, race, and study phase.
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Table 3.

Association between Marijuana Use and Ischemic Stroke by Time of Last Use.

Stroke Cases (n=751)
n (%)

Controls (n=813)
n (%)

Adjusted OR* (95% CI) P-Value*

Never Users of Marijuana 480 (63.9) 501 (61.6) Reference Group

Ever Users of Marijuana 271 (36.1) 312 (38.4) 0.86 (0.68–1.08) 0.19

Timing of Last Use

Years-ago 216 (28.8) 266 (32.7) 0.82 (0.64, 1.04) 0.11

Months-ago 27 (3.6) 18 (2.2) 1.46 (0.73, 2.92) 0.29

1–30 days 21 (2.8) 22 (2.7) 0.87 (0.44, 1.73) 0.70

Within 24 Hours 7 (0.9) 6 (0.7) 0.98 (0.29, 3.27) 0.97

*
Adjusted for age, sex, race, study phase, amount of tobacco use, hypertension status, diabetes mellitus status, and current alcohol use. All analyses 

were performed using individuals who had never used marijuana as reference group.
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Table 4.

Association between Marijuana Use and Ischemic Stroke by Frequency of Use in Last 0–30 Days.

Case (n=508) Control (n=529) Adjusted OR* (95% CI) p-value*

Never Used 480 501 Reference Group

Occasional Use (amount < 1x/week) 7 16 0.5 (0.2–1.4) 0.20

Moderate Use (1x/week ≥ amount < 7x/week) 10 4 3.1 (0.6–16.4) 0.18

Daily Use (amount ≥ 7x/week) 11 8 1.5 (0.5–4.6) 0.51

Moderate and Daily Use Groups Combined 21 12 1.9 (0.8–4.9) 0.17

*
Adjusted for age, sex, race, study phase, the amount of current tobacco use, hypertension status, diabetes mellitus status, and alcohol use. All 

analyses were performed using individuals who had never used marijuana as reference group.
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Table 5.

Clinical characteristics of Case Daily Marijuana Users.*

Age/sex Current 
Tobacco Use

Alcohol (shots/
day) Other stroke risk factors Stroke Location and Distribution

Modified Rankin 
Scale at time of 

hospital discharge

36F Yes 3 None Left PCA and Left MCA 2

17M Yes 5 None Bilateral Temporal/Parietal and Left 
Frontal 1

42M Yes None Mitral valve vegetation Left MCA and Right Frontal 3

43M Yes None HTN, DM2 Left Thalamic and Left Internal 
Capsule 1

43M Yes None Mitral valve vegetation, 
HTN, ESRD Multifocal Left Hemisphere 1

49F Yes None HTN Right Basal Ganglia 0

41F Yes None HTN, DM2 _ 1

43M Yes 2 Apical cardiac akinesia, 
Lupus Right Thalamus and Right Parietal 0

44M Yes None HTN, DM2 Left Internal Capsule 1

43M Yes 8 HTN Left Cerebellum 2

22F Yes None Marfan syndrome Left Cerebellum 1

*
Route of marijuana use was smoking among all listed subjects.

HTN = hypertension, DM = diabetes mellitus, MCA = middle cerebral artery, PCA = posterior cerebral artery
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