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Abstract

Objective—This study sought to evaluate the association between reported marijuana use and 

post-PCI in-hospital outcomes.

Background—Marijuana use is increasing as more states in the US legalize its use for 

recreational and medicinal purposes. Little is known about the frequency of use and relative safety 

of marijuana among patients presenting for PCI.

Methods—We analyzed the BMC2 PCI registry data between 1/1/2013 and 10/1/2016. We used 

1:1 propensity matching and multivariable logistic regression to adjust for differences between 

patients with or without reported marijuana use and compared rates of post-PCI complications.

Results—Among 113,477 patients, 3,970 reported marijuana use. Compared with those without 

reported marijuana use, patients with reported marijuana use were likely to be younger (53.9 

vs. 65.8 years), use tobacco (73.0% vs. 26.8%), present with STEMI (27.3% vs. 15.9%), and 

have fewer cardiovascular comorbidities. After matching, compared with patients without reported 

marijuana use, patients with reported marijuana use experienced significantly higher risks of 

bleeding (adjusted OR [aOR] 1.54 [95% CI: 1.20–1.97], p<0.001) and cerebrovascular accidents 

(CVA) (aOR 11.01 [1.32–91.67]; p=0.026), and a lower risk of AKI (aOR 0.61 [0.42–0.87]; p = 

0.007). There were no significant differences in the risks of transfusion and death.
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Conclusion—A modest fraction of patients undergoing PCI used marijuana. Reported marijuana 

use was associated with higher risks of CVA and bleeding and a lower risk of AKI after PCI. 

Clinicians and patients should be aware of the higher risk of post-PCI complications in these 

patients.

Condensed Abstract

Little is known about the frequency and safety of marijuana use among patients undergoing 

percutaneous coronary intervention (PCI). Using the Blue Cross Blue Shield Michigan 

Cardiovascular Consortium clinical PCI registry, we evaluated the association between reported 

marijuana use and post-PCI in-hospital outcomes. We found that approximately 3–4% of patients 

undergoing PCI reported using marijuana recently. Reported marijuana use was associated with 

higher risks of bleeding and cerebrovascular accidents, but a lower risk of acute kidney injury after 

PCI. As marijuana use increases, clinicians and patients should be counseled on the increased risks 

of post-PCI complications among these patients.
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INTRODUCTION

Marijuana use is increasing rapidly in the United States, as more states are legalizing its use 

for recreational and medicinal purposes (1). Marijuana exerts its biochemical effects through 

activation of cannabinoid receptors which are expressed on multiple organs, including 

hematologic, vascular, and myocardial tissues (2). Activation of cannabinoid receptors 

is implicated in the pathogenesis of atherosclerosis and precipitation of acute coronary 

syndrome. Marijuana has been shown to cause endothelial injury and modulate both the 

immune system and platelet function (2–4).

While some of the effects of marijuana on cardiovascular physiology have been described, 

its effects on clinical cardiovascular risks and outcomes are incompletely elucidated (5–

7). Recent observational studies demonstrated that patients who use marijuana presenting 

with acute myocardial infarction (AMI) are often younger and have fewer traditional 

cardiovascular risk factors (8–10). However, there remains a dearth of evidence examining 

the association of marijuana use on cardiovascular outcomes.

In this context, we sought to describe the characteristics of patients with reported marijuana 

use undergoing percutaneous coronary intervention (PCI) and evaluate the association 

between reported marijuana use and post-PCI in-hospital outcomes.

METHODS

We performed a retrospective analysis on data collected by the Blue Cross Blue 

Shield Michigan Cardiovascular Consortium. BMC2 is a multi-center, statewide quality 

improvement collaborative that maintains a prospective registry of all patients who 

underwent PCI at 48 non-federal hospitals in Michigan. Detailed descriptions of the registry 
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have been previously described (11–13). For this study, we included patients who underwent 

PCI from January 1, 2013 to October 1, 2016. Marijuana use was abstracted from the 

patient’s medical record at the time of PCI and was defined as the use of marijuana in 

an inhaled form at any time within one month prior to the index PCI. Sites were not 

specifically instructed to ask patients about marijuana use. Instead, this information was 

retrospectively abstracted from the patient’s medical records as part of the BMC2 PCI 

registry. The University of Michigan Institutional Review Board has waived the need for 

ongoing Institutional Review Board approval on all analyses that are performed using BMC2 

data and determined that it met the definition of research not requiring informed consent.

In-Hospital Outcomes

We compared post-PCI in-hospital outcomes between patients with and without recent 

reported marijuana use. All in-hospital outcomes were assessed during the index 

hospitalization when PCI was performed. The primary in-hospital outcomes included death 

due to any cause, cerebrovascular accident (CVA), acute kidney injury (AKI), transfusion, 

and bleeding. Per the National Cardiovascular Data Registry definitions, CVA was defined 

as loss of neurological function by an ischemic or hemorrhagic event with residual 

symptoms lasting at least 24 hours after onset or leading to death. Transfusion was defined 

as any transfusion requiring whole blood or packed red blood cells. Bleeding was defined 

as any suspected or confirmed bleeding events observed or documented within 72 hours 

associated with any of the following: 1) a decrease in hemoglobin ≥3g/dL; 2) requirement 

of transfusion of whole blood or packed red blood cells; or 3) requirement of procedural 

intervention or surgery to stop, reverse, or correct the bleeding (14). AKI was defined 

as a post-PCI increase in serum creatinine of ≥0.5 mg/dL above the pre-PCI value. This 

definition of AKI is more associated with adverse clinical events in patients undergoing PCI 

(15,16).

We also performed a post-hoc analysis with two additional post-PCI in-hospital outcomes: 

hemodynamically significant arrhythmias and stent thrombosis. Hemodynamically 

significant arrhythmia was defined as ventricular tachycardia or ventricular fibrillation 

requiring pharmacologic and/or mechanical treatment including firing of an implantable 

cardioverter-defibrillator. Stent thrombosis was defined as angiographic evidence of 

thrombosis of the stent that was placed during the index admission (i.e. prior to discharge). 

Furthermore, we examined the association between the location of bleeding (i.e. access site 

vs non-access site) and reported marijuana use. Access site bleeding was defined as bleeding 

from the location of percutaneous entry with non-access site bleeding encompassing all 

other sites.

Statistical Analysis

We compared baseline characteristics between patients with and without reported marijuana 

use using Pearson chi-square or Fisher’s exact tests for categorical variables and Student’s 

t tests for continuous variables. We used a Cochran-Armitage test for trend to assess 

for a temporal trend in reported marijuana use among patients who underwent PCI. 

For in-hospital outcomes, propensity score matching and multivariable logistic regression 

techniques were used to adjust for differences in baseline characteristics between the 
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two groups. A list of all clinical variables used to estimate the propensity score can be 

found in Supplementary Table 1. For propensity score matching, cases with missing values 

for continuous variables including creatinine (N=2,455), hemoglobin (N=2,359), height 

(N=344), and weight (N=129) were excluded from the matching process. Variables with 

greater than 10% missing values were excluded from the logistic regression model used 

to estimate the propensity score (17). To account for missingness for categorical variables, 

a separate category for missingness was generated. A total of 3,847 (3.4%) cases were 

excluded (Supplementary Figure 1). Patients with and without reported marijuana use were 

matched in a 1:1 fashion without replacement and within a caliper of 0.25 standard deviation 

of the propensity score. We reported adjusted odds ratios (aORs) for in-hospital outcomes 

using logistic regression models fitted in the propensity matched cohort, adjusting for all 

variables included in propensity matching (Supplementary Table 1). We used a 2-sided p 

value <0.05 to define statistical significance. For statistical analysis, R version 3.6.3 (R 

Foundation; Vienna, Austria) was used. All code files used for generation of results are 

available through Milan Seth (mcseth@med.umich.edu).

RESULTS

Among 113,477 patients who underwent PCI, 3,970 (3.5%) reported marijuana use (Central 

Illustration). After exclusions, a total of 109,630 patients were considered for propensity 

score matching. Patients with reported marijuana use represented <4.0% of all patients 

undergoing PCI across all study quarters. However, this proportion increased over the 

study period from 2.4% in quarter 1 of 2013 to 3.8% in quarter 3 of 2016 (p<0.001) 

(Supplementary Figure 2).

Prior to matching, patients with reported marijuana use were more likely to be younger 

(mean age 53.9 vs 65.8), men (79.2% vs 66.8%; p<0.001), and tobacco smokers 

(73.0% vs 26.8%; p<0.001). Patients with reported marijuana use were more likely to 

present with STEMI compared with patients without marijuana use (27.3% vs. 15.9%). 

Furthermore, patients who reported using marijuana were less likely to have cardiovascular 

comorbidities and traditional coronary artery disease risk factors, including diabetes 

mellitus, dyslipidemia, hypertension, or prior history of peripheral artery disease, heart 

failure, coronary artery bypass graft surgery, or CVA compared with those who did not use 

marijuana (Table 1). After propensity score matching, 3,803 patients were included in each 

study group. Absolute standardized differences between the two groups were less than 10% 

on all matched variables (Figure 1).

Procedural Medications

Prior to matching, patients with reported marijuana use were more likely to receive 

unfractionated heparin (85.6% vs 81.8%; p<0.001), glycoprotein IIb/IIIa inhibitors (28.5% 

vs 22.6%; p<0.001), prasugrel (18.2% vs 14.5%; p<0.001), ticagrelor (27.9% vs 22.8%; 

p<0.001) but less likely to receive clopidogrel (53.0% vs 59.6%; p<0.001) as procedural 

medications (Table 2). After matching, no significant differences in procedural medications 

were observed between patients with and without marijuana use.
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In-hospital Outcomes

In the unmatched cohort, patients with reported marijuana use had a significantly higher 

rate of post-PCI bleeding (5.1 vs 3.5%; p<0.001) and a lower rate of post-PCI AKI (2.3% 

vs 3.4%; <0.001) compared with those who did not report using marijuana. However, there 

were no significant differences in post-PCI complications including stroke (0.3% vs 0.3% 

p=0.604), transfusion (2.3% vs 2.6%; p=0.316), and death (1.3% vs 1.6%; p=0.073) between 

the two groups (Table 3).

After matching, patients with reported marijuana use had significantly higher risks of 

bleeding (5.2% vs 3.4%; aOR 1.54 [95% CI, 1.20–1.97], p<0.001) and stroke (0.3% vs 

0.1%; aOR 11.01 [95% CI, 1.32–91.67]; p=0.026), and a lower risk of AKI (2.2% vs 

2.9%; aOR 0.61 [95% CI, 0.42–0.87]; p=0.007). Notably, among patients who experienced 

CVA, hemorrhagic strokes occurred in 36.4% (n/N=4/11) and 25% (n/N=1/4) of patients 

with and without a history of reported marijuana use, respectively (Table 3). There were 

no significant differences in the risks of transfusion (2.3 % vs 2.2%; aOR 1.00 [95% CI, 

0.69–1.44]; p=0.876) and death (1.3% vs 1.3%; aOR 0.94 [95% CI, 0.54–1.62]; p=1.0) 

(Central Illustration, Figure 2). In a post-hoc analysis, there were no significant differences 

in the risks of hemodynamically significant arrhythmias (1.7% vs 1.3%; aOR 1.21 [95% CI 

0.80–1.82]; p= 0.26) or stent thrombosis (0.3% vs 0.3%; aOR 1.02 [95% CI 0.40–2.58]; 

p=0.97) between the two groups (Table 3).

Lastly, patients with reported marijuana use had significantly higher rates of both access site 

bleeding (2.6% vs 1.6%, p<0.0001) and non-access site bleeding (2.5% vs 1.9%, p=0.004) 

when compared with those without marijuana use (Supplementary Table 2). There were no 

significant differences in rates of femoral versus radial vascular access between the two 

groups after matching, with femoral access used in 65.6% and 66.0% of patients with and 

without reported marijuana use, respectively(Supplementary Table 3).

DISCUSSION

In this retrospective analysis of marijuana use and PCI outcomes in a large statewide 

multicenter registry of over 100,000 patients, we report three important findings. First, 

patients with reported marijuana use were more likely to present with STEMI, were on 

average 10 years younger, and had fewer cardiovascular comorbidities compared with 

patients without reported marijuana use. Second, patients with reported marijuana use had 

significantly higher risks of post-PCI bleeding and CVA, but a lower risk of AKI when 

compared with patients without marijuana use. Finally, there were no significant differences 

in the risks of in-hospital transfusion or death between patients with or without reported 

marijuana use.

The clinical characteristics of patients undergoing PCI with reported marijuana use 

markedly differed from those of patients without reported marijuana use. Consistent with 

prior studies, we found that patients with reported marijuana use were more frequently 

younger and had fewer cardiovascular comorbidities than patients without marijuana use (8–

10). The lower prevalence of cardiovascular comorbidities and traditional cardiovascular risk 

factors, excluding tobacco use, among patients with marijuana use confounds the assessment 
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of their cardiac event risk profile. Nevertheless, concomitant tobacco use likely increases 

the risks of acute coronary syndrome and may partially explain the younger age at the 

time of initial presentation. Moreover, some patients who use marijuana may also use other 

substances, such as cocaine, which could increase their risk for MI (18,19).

In addition to marijuana’s direct role in cardiovascular health, marijuana use may serve as 

a proxy for non-traditional cardiac risk factors. Patients with reported marijuana use were 

more likely to be uninsured, have Medicaid insurance, or identify as Black or African 

American. Indeed, barriers to substance use treatment and disparities in public health 

interventions may contribute to adverse cardiovascular health status (20–23). Of note, we 

were unable to account for differential environmental stressors such as structural racism, 

discrimination, and disparities in socioeconomic status and geography. Furthermore, there 

are likely unmeasured or unmeasurable cardiac risk factors associated with patients’ social 

experience that may impact outcomes.

Kwok and colleagues evaluated post-PCI in-hospital outcomes among patients with and 

without a diagnosis of cannabis dependence or cannabis use using the National Inpatient 

Sample administrative dataset (10). After adjusting for confounders using multivariable 

logistic regression, the authors reported no significant association between marijuana use 

and in-hospital mortality, stroke, or bleeding. However, they reported a decreased risk of 

vascular complications among patient with marijuana use compared with patients without 

marijuana use. In a propensity score-matched analysis, the authors reported similar findings 

except for a significantly higher risk of stroke among patients with marijuana use compared 

with those without marijuana use (10).

Building upon this prior body of work, we were able to overcome some of the limitations 

of analyses conducted with administrative data alone (10) by using granular peri-procedural 

demographic and clinical data. Similar to Kwok et al., we found no significant association 

between marijuana use and post-PCI in-hospital mortality. However, we reported a higher 

risk of stroke which was noted in the propensity-score matched analysis by Kwok et al 

but not in the multivariable logistic regression analysis. Finally, we reported a higher risk 

of bleeding associated with reported marijuana use. Although Kwok et al reported no 

significant association between marijuana use and bleeding, they found a lower risk of 

vascular complications which they may have been due to differences in radial versus femoral 

vascular access. Although it is possible that the increased risk of bleeding reported in our 

study may be due to unmeasured confounding, this association does not appear to be due to 

differences in vascular access sites between the two groups as the rates of radial and femoral 

access were similar after matching.

There are conflicting data surrounding the exact mechanism behind marijuana’s effect 

on clotting. Some studies suggest impaired platelet aggregation and others increased 

thrombogenesis with modulation of platelet function through the endocannabinoid system 

(2). Interestingly, despite increased population-level use of marijuana, our understanding 

of the in vivo effects of marijuana on platelet function and cardiovascular health remains 

limited. Previous research demonstrated that cannabinoid receptor agonists impaired 

collagen-induced platelet aggregation after consumption of Cannabis sativa (24). Moreover, 
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higher doses of cannabinoids inhibited agonist-induced platelet aggregation more effectively, 

suggesting a dose-dependent association with bleeding risk (25). However, cannabinoids 

elevate inflammatory response by stimulating the sympathetic nervous system, which 

increases the expression of glycoprotein IIb-IIIa and P-selectin on platelet surface, 

activates factor VII, all leading to platelet aggregation (26,27). Even with an incomplete 

understanding between bleeding and marijuana use, our finding is clinically significant. In 

addition to effects on platelets, marijuana was reported to increase the incidence of atrial 

fibrillation and endothelial dysfunction, which may contribute to increased risks of CVA 

(28–31). A general population survey in Australia showed that marijuana use was associated 

with 3.3 times higher rate of CVA (29). In our analysis, patients with reported marijuana 

use had a higher risk of CVA; however, the confidence intervals were large due to the very 

small absolute number of events (11 vs. 4). As such, this finding may represent a spurious 

association and requires further evaluation in larger studies.

We also found that patients with reported marijuana use had lower risk of post-PCI AKI 

compared with patients without reported marijuana use. Previous analysis of the CARDIA 

study and NHANES did not reveal any association between cannabis use and eGFR (32,33). 

One possible explanation for our finding may be related to the effects of carbon monoxide 

generated from inhalation of smoke on the kidneys, as carbon monoxide reduces oxidative 

injury and decreases cell apoptosis (34). A previous study in mice demonstrated that 

activation of cannabinoid receptor type 2 reduces oxidative stress and inflammation during 

tubular injury. In addition, type 2 receptor activation antagonizes the effects of cannabinoid 

receptor type 1 activation which is associated with kidney injury (35,36). However, these 

represent hypothesized mechanisms, and as in any observational analysis, this finding may 

be due to the effect of unmeasured confounding. The relationship between marijuana use 

and kidney injury remains unclear and elucidating potential mechanisms by which marijuana 

use may be reno-protective will be an important area of future investigation, especially given 

the strong association of AKI with poor outcomes in the PCI population (37).

A recent scientific statement from the American Heart Association critically evaluated the 

safety and efficacy profile of marijuana where they noted limited cardiovascular benefits 

and potentially major harms (38). Currently, marijuana is considered a Schedule I drug 

at the federal level by the U.S. Drug Enforcement Administration making it illegal to 

conduct rigorous, controlled clinical trials of marijuana. With the increased marijuana 

use and its continued legalization across the United States, our findings underscore the 

importance of studying the effects of marijuana on cardiovascular disease. Due to significant 

barriers to marijuana-related research at this time, we encourage an open conversation 

between clinicians and patients regarding the limited scientific data available to help inform 

discussion about the potential risks and benefits of marijuana use.

Limitations

Our findings should be interpreted in the context of the following limitations. First, we 

used propensity matching to adjust for known confounders. However, given the nature 

of observational nature of analysis, propensity matching cannot account for unknown 

confounders and hence, our analysis cannot supplant a randomized study. Second, as 
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marijuana use was obtained from patient medical records, there is a risk of reporting 

and ascertainment bias. Patients may not divulge their use of marijuana given that our 

study period was prior to the legalization of marijuana for recreational use. Also, if 

a patient was not asked about their use or their use was not recorded in the medical 

record, they would be considered a non-user. In our study, approximately 3–4% of patients 

reported using marijuana within 30 days prior to PCI and this finding may also be an 

underestimation of marijuana use. Nevertheless, our observations are based on the largest 

reported cohort of patients who use marijuana undergoing PCI and our findings remain 

important as the consequences of stroke and bleeding can be devastating. With Michigan’s 

legalization of recreational marijuana use in 2018, the prevalence of marijuana use among 

patients undergoing PCI is likely to be higher in current practice. Third, there may be a 

dose-dependent marijuana effect that we cannot account for as patients were not asked 

about frequency, dose, timing of the last dose relative to PCI, and concomitant use of other 

substances. Similarly, the cardiovascular effects of marijuana may differ by method of intake 

or formulation. Finally, the BMC2 PCI clinical registry is a state-wide collaborative quality 

improvement initiative and our findings may not be generalizable to other states that do not 

participate in such initiative (39).

CONCLUSIONS

This statewide retrospective observational study of patients who underwent PCI 

demonstrates that reported marijuana use was associated with higher risks of bleeding 

and CVA but lower risk of AKI. Despite the uncertainties surrounding use of marijuana, 

approximately 3–4% of patients presenting for PCI report recent marijuana use. As these 

estimates may be subject to under-reporting, the potential cardiovascular population at risk 

could be substantially higher. Especially as marijuana use continues to increase in the 

state of Michigan, and elsewhere, clinicians and patients should be aware of the increased 

risks of post-PCI complications in patients with marijuana use. The peri-procedural 

timeframe around PCI thus represents a window of opportunity for screening and counseling 

related to marijuana use. Further rigorous research evaluating the effects of marijuana 

on cardiovascular health is needed to provide evidence-based care for patients who use 

marijuana.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Perspectives

WHAT IS KNOWN?

Marijuana use is increasing across the US. Its prevalence and safety profile among 

patients presenting for PCI are unclear.

WHAT IS NEW?

Approximately 3–4% of patients undergoing PCI reported using marijuana. Compared 

with those without marijuana use, patients with reported marijuana use had higher risks 

of post-PCI complications including CVA and bleeding, but a lower risk of AKI.

WHAT IS NEXT?

Future studies are necessary to understand mechanisms by which marijuana use is related 

to post-PCI outcomes and whether the effects of marijuana use are dose-dependent or 

related to the method of intake.
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Figure 1. Plot of absolute standardized differences before and after propensity score matching.
The absolute standardized differences before and after matching patients with and without 

a history of marijuana use. Abbreviations: CABG, coronary artery bypassing graft; CAD, 

coronary artery disease; IABP, intra-aortic balloon pump; MI, myocardial infarction; PCI, 

percutaneous coronary intervention.
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Figure 2. Adjusted odds ratios of in-hospital outcomes in the propensity score matched cohort.
The forest plot depicts adjusted odds ratios and 95% confidence intervals (CIs) of in-hospital 

outcomes in the matched cohort.
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Central Illustration: 
Study flow diagram and adjusted odds ratios of in-hospital outcomes after percutaneous 

coronary intervention in patients with or without reported marijuana use.
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