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ABSTRACT
BACKGROUND Substance abuse is increasingly prevalent among young adults, but data on cardiovascular outcomes
remain limited.
OBJECTIVES The objectives of this study were to assess the prevalence of cocaine and marijuana use in adults with
their ﬁrst myocardial infarction (MI) at #50 years and to determine its association with long-term outcomes.
METHODS The study retrospectively analyzed records of patients presenting with a type 1 MI at #50 years at 2 academic hospitals from 2000 to 2016. Substance abuse was determined by review of records for either patient-reported
substance abuse during the week before MI or substance detection on toxicology screen. Vital status was identiﬁed by
the Social Security Administration’s Death Master File. Cause of death was adjudicated using electronic health records and
death certiﬁcates. Cox modeling was performed for survival free from all-cause and cardiovascular death.
RESULTS A total of 2,097 patients had type 1 MI (mean age 44.0  5.1 years, 19.3% female, 73% white), with median
follow-up of 11.2 years (interquartile range: 7.3 to 14.2 years). Use of cocaine and/or marijuana was present in 224 (10.7%)
patients; cocaine in 99 (4.7%) patients, and marijuana in 125 (6.0%). Individuals with substance use had signiﬁcantly lower
rates of diabetes (14.7% vs. 20.4%; p ¼ 0.05) and hyperlipidemia (45.7% vs. 60.8%; p < 0.001), but they were signiﬁcantly
more likely to use tobacco (70.3% vs. 49.1%; p < 0.001). The use of cocaine and/or marijuana was associated with
signiﬁcantly higher cardiovascular mortality (hazard ratio: 2.22; 95% conﬁdence interval: 1.27 to 3.70; p ¼ 0.005) and allcause mortality (hazard ratio: 1.99; 95% conﬁdence interval: 1.35 to 2.97; p ¼ 0.001) after adjusting for baseline covariates.
CONCLUSIONS Cocaine and/or marijuana use is present in 10% of patients with an MI at age #50 years and is associated with worse all-cause and cardiovascular mortality. These ﬁndings reinforce current recommendations for substance use screening among young adults with an MI, and they highlight the need for counseling to prevent future
adverse events. (J Am Coll Cardiol 2018;71:2540–51) © 2018 by the American College of Cardiology Foundation.
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as systolic blood pressure $140 mm Hg, diastolic

T A B L E 1 Baseline Characteristics of Individuals With Substance Use

blood

pressure

$90

mm

Hg,

or

diagnosis

or

No Cocaine or
Marijuana Use
(n ¼ 1,873, 89.3%)

Cocaine and/or
Marijuana Use
(n ¼ 224, 10.7%)

p Value

as total cholesterol $240 mg/dl, serum triglycerides

45.0 (42.0–48.0)

44.0 (39.0–46.5)

<0.001

$150 mg/dl, high-density lipoprotein cholesterol

373 (19.9)

31 (13.8)

0.031

(HDL-C) <40 mg/dl in men or <50 mg/dl in women, or

White

1,378 (73.6)

153 (68.3)

0.095

diagnosis or treatment of dyslipidemia. Obesity was

STEMI

976 (52.1)

145 (64.7)

<0.001

deﬁned as a body mass index $30 kg/m 2 or a diag-

3.0 (2.0–5.0)

3.0 (2.0–6.0)

0.47

378 (20.4)

32 (14.7)

0.048

Age at event, yrs
Female

Length of stay, days
Diabetes
Hypertension

treatment of hypertension. Dyslipidemia was deﬁned

nosis of obesity. Smoking was deﬁned as current
(tobacco products used within the last month),

877 (47.3)

93 (42.1)

0.15

1,128 (60.8)

101 (45.7)

<0.001

511 (27.3)

71 (31.7)

0.18

nary artery disease was deﬁned as fatal MI, nonfatal

4.6 (2.7–7.9)

5.2 (3.2–7.7)

0.24

MI, or coronary revascularization occurring before 55

Obesity

551 (34.2)

52 (28.6)

0.14

years of age for ﬁrst-degree male family members and

Current smoker

910 (49.1)

156 (70.3)

<0.001

before 65 years of age for ﬁrst-degree female family

66 (3.5)

18 (8.0)

0.003

members, and it was captured by a thorough review

Coronary angiogram performed

1,767 (96.5)

204 (92.7)

0.015

Revascularization

1,598 (90.4)

188 (92.2)

0.53

Hyperlipidemia
Family history of premature CAD
ASCVD score

Cardiac arrest at presentation

PCI

former, or never. Family history of premature coro-

of the electronic medical records, which included all
clinic notes before admission, admission history and

1,429 (76.3)

176 (78.6)

0.50

CABG

164 (8.8)

13 (5.8)

0.16

physical examination, discharge summaries, and

tPA

108 (5.8)

5 (2.2)

0.027

follow-up visit notes. The atherosclerotic cardiovas-

Cardiac rehabilitation

197 (10.5)

27 (12.1)

0.49

cular disease score was calculated on the basis of data

Creatinine at presentation

1.0  0.4

1.1  0.4

0.081

available before MI or at the time of presentation by

38.6 (10.2–147.8)

62.2 (13.0–193.0)

0.014

using the pooled cohort equation, as previously

Total-C, mg/dl

193.6  57.1

181.3  50.0

0.004

119.9  47.2

112.6  43.0

described (9).

LDL-C, mg/dl

0.035

149 (102.0–224.0)

140.0 (103.0–205.0)

0.22

MEDICATIONS. A detailed review of electronic med-

37.0  10.3

36.4  10.5

0.47

ical records was used to determine the medications

Normalized troponin

Triglycerides, mg/dl
HDL-C, mg/dl

Values are median (interquartile range), n (%), or mean  SD.
ASCVD ¼ atherosclerotic cardiovascular disease; CABG ¼ coronary artery bypass graft; CAD ¼ coronary artery
disease; HDL-C ¼ high-density lipoprotein cholesterol; IQR ¼ interquartile range; LDL-C ¼ low-density lipoprotein cholesterol; Max ¼ maximum; Min ¼ minimum; PCI ¼ percutaneous coronary intervention; STEMI ¼ STsegment elevation myocardial infarction; Total-C ¼ total cholesterol; tPA ¼ tissue plasminogen activator.

prescribed at the time of hospital discharge. Patients
who died in hospital were excluded from this speciﬁc
analysis but were included in all other analyses.
Medications captured included aspirin, P2Y12 antiplatelet

therapies,

statins,

beta-blockers,

angio-

tensin-converting enzyme inhibitors, or angiotensin
fact that many individuals receive opiates in the
emergency room for chest pain, and such use could
have affected their toxicology screen results. Given
these limitations, the data on opioid use was
insufﬁcient for analysis in our cohort. In addition,
the use of methamphetamines, benzodiazepines,
and barbiturates was captured through toxicology
screens. However, these substances accounted for
only a few cases (4 patients with methamphetamine
use, 2 patients with benzodiazepine use, and no
patients with barbiturate use) and therefore were
not incorporated into the analysis.

receptor blockers.
OUTCOMES. The outcomes of interest were cardio-

vascular mortality and all-cause mortality. Vital status was assessed with linkage with the Partners
HealthCare electronic medical record system, the
Social Security Administration’s Death Master File,
and the National Death Index, and it was censored on
the date of the latest query. The cause of death was
adjudicated by 2 independent cardiologists using
electronic health records, records from the Massachusetts Department of Vital Statistics, and death
certiﬁcates obtained from the National Death Index.

RISK FACTORS. A detailed review of the electronic

In cases of disagreement, consensus for the cause of

medical record was conducted to determine the

death was reached by the adjudication committee.

presence of cardiovascular risk factors during or

The cause of death was categorized into cardiovas-

before the index admission. For each risk factor,

cular death, noncardiovascular death, or undeter-

we also determined whether it was known before

mined cause of death. If the cause of death

admission or diagnosed during that hospitalization.

was undetermined, patients were conservatively

Diabetes was deﬁned as fasting plasma glucose

analyzed as having a noncardiovascular death. The

>126 mg/dl, hemoglobin A 1c $6.5%, or diagnosis or

deﬁnition of cardiovascular death was adapted from

treatment of diabetes. Hypertension was deﬁned

the 2014 American College of Cardiology deﬁnition
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T A B L E 2 Baseline Characteristics by Drug of Abuse

Age at event, yrs
Female
White
STEMI

Marijuana
(n ¼ 125, 6.0%)

p Value
(Marijuana vs.
No Cocaine or
Marijuana Use)

Cocaine
(n ¼ 99, 4.7%)

p Value
(Cocaine vs.
No Cocaine
or Marijuana Use)

45 (42.0–48.0)

44.0 (38.0–47.0)

<0.001

44.0 (40.0–46.0)

<0.001

373 (19.9)

16 (12.8)

0.061

15 (15.2)

0.30

1,378 (73.6)

93 (74.4)

0.92

60 (60.6)

0.007

No Cocaine or
Marijuana Use
(n ¼ 1,873, 89.3%)

976 (52.1)

79 (63.2)

0.016

66 (66.7)

0.005

3.0 (2.0–5.0)

4.0 (3.0–6.0)

0.089

3.0 (2.0–5.0)

0.42

Diabetes

378 (20.4)

13 (10.7)

0.007

19 (19.8)

1.00

Hypertension

877 (47.3)

42 (34.4)

0.006

51 (51.5)

0.35

1,128 (60.8)

61 (60.0)

0.022

40 (40.4)

<0.001

511 (27.3)

37 (29.6)

0.60

34 (34.3)

0.13

4.6 (2.7–7.9)

5.0 (3.0–8.0)

0.62

5.3 (3.6–7.4)

0.20

Length of stay, days

Hyperlipidemia
Family history of premature CAD
ASCVD score
Obesity

551 (34.2)

30 (30.3)

0.45

22 (26.5)

0.19

Current smoker

910 (49.1)

80 (65.0)

<0.001

76 (76.8)

<0.001

Cardiac arrest at presentation

66 (3.5)

11 (8.8)

0.007

7 (7.1)

0.091

Coronary angiogram performed

1,767 (96.5)

117 (95.1)

0.45

87 (89.7)

0.003

Revascularization

1,598 (90.4)

107 (91.5)

0.87

81 (93.1)

0.57

1,429 (76.3)

98 (78.4)

0.66

78 (78.8)

0.63

CABG

164 (8.8)

10 (8.0)

0.87

3 (3.0)

0.042

tPA

108 (5.8)

2 (1.6)

0.043

3 (3.0)

0.37

197 (10.5)

17 (13.6)

0.29

10 (10.1)

1.00

PCI

Cardiac rehabilitation

1.0  0.4

1.1  0.4

0.86

1.2  0.4

0.012

38.6 (10.2–147.8)

61.2 (11.8–199.8)

0.11

64.4 (15.6–193.0)

0.042

Total-C, mg/dl

193.6  57.1

184.0  53.7

0.084

177.8  44.7

0.011

LDL-C, mg/dl

119.9  47.2

115.0  47.1

0.29

109.3  37.1

0.039

149.0 (102.0–224.0)

144.0 (103.0–206.0)

0.60

136.0 (102.0–205.0)

0.18

37.0  10.3

36.1  11.0

0.37

36.9  9.8

0.92

Creatinine at presentation
Normalized troponin

Triglycerides, mg/dl
HDL-C, mg/dl

Values are median (interquartile range), n (%), or mean  SD.
Abbreviations as in Table 1.

for cardiovascular endpoint events (11), as previously

Secondary outcomes evaluated included cardiac

detailed in the study design publication (9). Cardio-

arrest at presentation and coronary revascularization.

vascular deaths included death from acute MI, heart

DATA MANAGEMENT. Study-related data for all pa-

failure, sudden cardiac death, ischemic stroke, non-

tients who met inclusion criteria were stored on our

traumatic hemorrhagic stroke, immediate complica-

customized secure electronic adjudication system

tions of a cardiovascular procedure, cardiovascular

and REDCap, an electronic data capture platform (12).

hemorrhage, and other cardiovascular causes such as

The Institutional Review Board at Partners Health-

pulmonary embolism or peripheral arterial disease.

Care approved the YOUNG-MI registry.
STATISTICAL ANALYSIS. Categorical variables were

reported as frequencies and proportions and were
compared with the chi-square or Fisher exact test.

T A B L E 3 Medical Therapy at Hospital Discharge*

Continuous variables were reported as medians or
Medication

Aspirin

No Cocaine or
Marijuana Use
(n ¼ 1,840, 89.7%)

Cocaine and/or
Marijuana Use
(n ¼ 214, 10.3%)

p Value

1,737 (94.4)

204 (95.3)

0.75

modeled using linear regression analysis with the
program Tableau version 10.5 (Tableau Software,

means and compared with Student’s t-tests or the

Beta-blocker

1,695 (92.1)

180 (84.1)

<0.001

P2Y12 inhibitor

1,496 (81.3)

180 (84.1)

0.35

1,132 (61.5)

135 (63.1)

0.71

1,640 (89.1)

190 (88.8)

0.91

209 (11.4)

15 (7.0)

ACE inhibitor
Statin
Diuretic

0.063

Mann-Whitney U

test. Trends

over

time

were

Seattle, Washington). All analyses were performed
using Stata software version 14.2 (StataCorp, College
Station, Texas). Cox proportional hazards models
were constructed for survival free from all-cause

Values are n (%). *Patients who died in hospital were excluded from this speciﬁc
analysis (n ¼ 43).
ACE ¼ angiotensin-converting enzyme.

death and cardiovascular death. Proportional hazards assumption was assessed by analyzing the
Schoenfeld residuals.
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F I G U R E 1 Trends in Substance Use Over Time

A

Trends in Cocaine Use Among Young Adults with MI

Percentage with Cocaine Use

20%
p for trend –0.1
15%

10%

5%

0%
2001

2003

2005

2007

2009

2011

2013

2015

2013

2015

Year

B
Percentage with Marijuana Use

2544

Trends in Marijuana Use Among Young Adults with MI
20%
p for trend –<0.001
15%

10%

5%

0%
2001

2003

2005

2007

2009

2011

Year

Trends in (A) cocaine and (B) marijuana use over the course of the study period, 2000 to 2016. The thick dashed line represents a ﬁtted
regression line and the thinner dashed lines are conﬁdence intervals. MI ¼ myocardial infarction. Triangles represent the percentage of
patients with MI for the particular year who used cocaine. Asterisks represent the percentage of patients with MI for the particular year who
used marijuana.

Multivariable risk adjustment was performed using

BASELINE CHARACTERISTICS. The baseline charac-

variables that had signiﬁcant univariate association

teristics of patients with substance use compared

with the outcome of interest or are known to be

with nonusers are shown in Table 1 and Online

associated with either all-cause mortality or cardio-

Table 1. Patients with substance abuse tended to be

vascular death. We also performed a sensitivity

younger at the time of their MI (median of 44 years

analysis using inverse treatment of probability

of age vs. 45 years of age; p < 0.001) and male

weighting (IPW) with stabilized IPW weights (Online

(86.2% vs. 80.1%; p ¼ 0.03), but there were no

Appendix), and we generated adjusted survival

signiﬁcant differences in race between the groups.

curves by the Cole and Hernan method (13).

There was a signiﬁcantly higher proportion of
ST-segment elevation MIs (STEMIs) in the substance

RESULTS

abuse group (64.7% vs. 52.1%; p < 0.001). When
compared with patients without substance abuse,

PREVALENCE. Our study cohort consisted of 2,097

patients with substance abuse had signiﬁcantly

patients with a type 1 MI. Use of cocaine and/or mari-

lower rates of prevalent diabetes (14.7% vs. 20.4%;

juana was present in 224 (10.7%) patients. Cocaine use

p ¼ 0.05) and hyperlipidemia (45.7% vs. 60.8%; p <

was present in 99 (4.7%) patients, whereas marijuana

0.001). Notably, rates of tobacco use were signiﬁ-

use was present in 125 (6.0%) patients. There were 36

cantly higher in the substance abuse group (70.3%

individuals who used both substances.

vs. 49.1%; p < 0.001).
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F I G U R E 2 All-Cause Mortality and Cardiovascular Mortality in Patients With Substance Abuse

A

All-Cause Mortality Stratified by Cocaine/Marijuana Use

All-Cause Death

0.30

HR 1.99, p = 0.001

0.20

0.10

0.00
0

2

4

6

8

10

12

1,230
124

998
93

732
62

Follow-Up (Years)
Number at risk
No Cocaine/Marijuana
Cocaine/Marijuana

1,866
220

B

1,764
200

1,598
179

1,424
157

Cardiovascular Mortality Stratified by Cocaine/Marijuana Use

Cardiovascular Death

0.20

HR 2.22, p = 0.001

0.10

0.00
0

2

4

6

8

10

12

1,230
124

998
93

732
62

Follow-Up (Years)
Number at risk
No Cocaine/Marijuana
Cocaine/Marijuana

1,866
220

1,764
200

1,598
179

1,424
157

No Cocaine/Marijuana

Cocaine/Marijuana

Kaplan-Meier curves of (A) all-cause mortality and (B) cardiovascular mortality in patients with substance abuse compared with patients
without substance abuse. HR ¼ hazard ratio.

When analyzed by drug, the cocaine group had

CARDIAC ARREST AT PRESENTATION. Out-of-hospital

similar rates of diabetes and hypertension but

cardiac arrest at presentation occurred in 4.0% of

signiﬁcantly lower rates of hyperlipidemia (40.4% vs.

the patients in our cohort. Overall, the incidence

60.8%; p < 0.001) compared with patients without

of out-of-hospital cardiac arrest was signiﬁcantly

substance abuse (Table 2). In the marijuana group,

higher in patients with substance abuse compared

there were signiﬁcantly lower rates of diabetes (10.7%

with patients without substance abuse (8.0% vs.

vs. 20.4%; p ¼ 0.007), hypertension (34.4% vs. 47.3%;

3.5%; p ¼ 0.003). Subgroup analyses by drug showed

p ¼ 0.006), and hyperlipidemia (60.0% vs. 60.8%;

that this difference was largely driven by an

p ¼ 0.022) compared with patients without substance

increased rate of cardiac arrest in the marijuana

abuse (Table 2).

group (8.8% vs. 3.5%; p ¼ 0.007). There was no
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TRENDS OVER TIME. Over the study period of 2000

F I G U R E 3 Annual Incidence Rates for All-Cause Death and Cardiovascular Death

to 2016, substance abuse in our cohort increased
signiﬁcantly (odds ratio: 1.06 increase per year;

Annual Mortality (100 Person-Years)

3.0

p < 0.001). However, this was driven largely by
increasing marijuana use (odds ratio: 1.09 increase
2.34

2.4

per year; p < 0.001) because cocaine use stayed
relatively constant (Figures 1A and 1B).

1.8

LONG-TERM OUTCOMES. A l l - c a u s e d e a t h . Over a

1.64

median follow-up time of 11.2 years (interquartile
range: 7.3 to 14.2 years), patients with substance use

1.2

1.11

1.11

had

0.75

higher

all-cause

mortality

(18.8% vs. 11.3%; p ¼ 0.001) (Figures 2A and 2B).

0.51

0.6

signiﬁcantly

compared with patients without substance use
When comparing annual death rates, the rate was
highest in the cocaine use group at 2.34 deaths per

0.0

100 person-years, followed by 1.64 deaths in the
All-Cause Death

Cardiovascular Death

No Cocaine/Marijuana

Marijuana

marijuana use group and 1.11 deaths in the no abuse
group (p ¼ 0.002) (Figure 3).

Cocaine

The unadjusted hazard ratio for all-cause death
Observed annual death and cardiovascular death rates are shown by drug of abuse in 100

was 1.77 (95% conﬁdence interval [CI]: 1.26 to 2.51;

person-years.

p ¼ 0.001) among substance users. When examining
each substance separately, the unadjusted hazard
ratio among cocaine users was 2.13 (95% CI: 1.36 to
signiﬁcant

difference

in

the

cocaine

subgroup

3.33; p ¼ 0.001), whereas the hazard ratio among
marijuana users was 1.47 (95% CI: 0.90 to 2.42;

analysis.
CORONARY

REVASCULARIZATION. Patients

p ¼ 0.012) (Figures 4A and 4B).
with

After adjusting for age, sex, presence of diabetes,

substance abuse were slightly less likely to undergo

hypertension, peripheral vascular disease, smoking,

cardiac catheterization (92.7% vs. 96.5%; p ¼ 0.015),

HDL-C, triglycerides, revascularization, creatinine,

although there were no signiﬁcant differences in the

medications at discharge, and length of stay, the

rates of coronary revascularization. This difference in

adjusted hazard ratio was 1.99 (95% CI: 1.35 to 2.97;

coronary angiography was mainly driven by patients

p ¼ 0.001) for any substance use, 2.09 (95% CI: 1.25 to

with cocaine abuse because only 87 patients (89.7%)

3.50; p ¼ 0.005) for marijuana, and 1.91 (95% CI: 1.11

who

to 3.29; p ¼ 0.02) for cocaine (Figure 5, Online

used

cocaine

underwent

catheterization

compared with 1,884 (96.4%) without substance use
(p ¼ 0.003) (Table 2). There were no differences in the

Table 2).
C a r d i o v a s c u l a r d e a t h . When compared with in-

rate of percutaneous coronary intervention versus

dividuals who were not substance users, patients

coronary artery bypass grafting or thrombolytic

with substance use had higher cardiovascular mor-

therapy across the 3 groups. However, patients with

tality (9.4% vs. 5.3%; p ¼ 0.01) (Figures 2A and 2B).

cocaine abuse were signiﬁcantly less likely to un-

When comparing annual cardiovascular death rates,

dergo coronary artery bypass grafting compared with

the observed cardiovascular death rate was similarly

patients without substance abuse (3.0% vs. 8.8%;

highest in the cocaine use group, at 1.11 deaths per

p ¼ 0.042) (Table 2).
POST-MI

THERAPY. Medications

100 person-years, followed by 0.75 deaths per 100
prescribed

at

person-years in patients with marijuana use and 0.51

discharge in each group are shown in Table 3. Pre-

deaths

scription rates were similar between the groups for

(p ¼ 0.03) (Figure 3).

in

patients

without any

substance

use

dual antiplatelet therapy, angiotensin-converting

The unadjusted hazard ratio for cardiovascular

enzyme inhibitors, and statin therapy. Beta-blocker

death was 1.90 (95% CI: 1.16 to 3.11; p ¼ 0.01) among

therapy was less frequently prescribed in patients

substance users overall, 2.18 (95% CI: 1.14 to 4.19;

with substance use (n ¼ 180, 84.1%) compared with

p ¼ 0.02) in cocaine users, and 1.66 (95% CI: 0.84 to

patients without substance use (n ¼ 1,695, 92.1%)

3.29; p ¼ 0.15) among marijuana users (Figures 4A

(p < 0.001).

and 4B).
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F I G U R E 4 All-Cause Mortality and Cardiovascular Mortality Stratiﬁed by Use of Cocaine or Marijuana

A

All-Cause Mortality Stratified by Type of Substance
0.30

All-Cause Death

Cocaine vs. no cocaine/marijuana, p = 0.001
0.20

0.10

Marijuana vs. no cocaine/marijuana, p = 0.124

0.00
0

2

4

8

10

12

1,230
62
62

998
46
47

732
32
30

6
Follow-Up (Years)

Number at risk
No Cocaine/Marijuana
Marijuana
Cocaine

1,866
124
96

B

1,764
111
89

1,598
96
83

1,424
84
73

Cardiovascular Mortality Stratified by Type of Substance

Cardiovascular Death

0.20

Cocaine vs. no cocaine/marijuana, p = 0.02

0.10

Marijuana vs. no cocaine/marijuana, p = 0.15

0.00
0

2

4

6

8

10

12

1,230
62
62

998
46
47

732
32
30

Follow-Up (Years)
Number at risk
No Cocaine/Marijuana
Marijuana
Cocaine

1,866
124
96

1,764
111
89

1,598
96
83

1,424
84
73

No Cocaine/Marijuana

Marijuana

Cocaine

Kaplan-Meier curves of (A) all-cause mortality and (B) cardiovascular mortality by drug of abuse.

After adjusting for age, presence of diabetes, hy-

DISCUSSION

pertension, peripheral vascular disease, smoking,
HDL-C, creatinine, medications at discharge, and

Our study examined the prevalence and outcomes of

length of stay, the hazard ratio was 2.22 (95% CI: 1.28

substance use in a large cohort of individuals who

to 3.87; p ¼ 0.005) for overall substance abuse, 2.13

experienced an MI at a young age. We found that

(95% CI: 1.03 to 4.42; p ¼ 0.042) for marijuana users,

approximately 10% of our cohort used cocaine and/or

and 2.32 (95% CI: 1.11 to 4.85; p ¼ 0.025) for cocaine

marijuana,

users (Figure 5, Online Table 3).

increased all-cause and cardiovascular mortality

and

such

use

was

associated

with

The increased all-cause and cardiovascular death

(Central Illustration). Although patients with sub-

rates observed in patients with either cocaine or

stance use in our study were younger and were less

marijuana use remained robust after analysis using

likely to have traditional risk factors such as diabetes,

IPW weights (Online Appendix, Online Figures

hypertension, and hyperlipidemia, they were more

1A and 1B).

likely to have an STEMI at presentation and had
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F I G U R E 5 Adjusted Cardiovascular Mortality and All-Cause Death

All-Cause Death
Any Abuse
Marijuana

Cocaine or marijuana
Marijuana
Cocaine

Total (N)
224
125
99

Death (n)
42
18
24

Adj. HR and 95% CI
1.99 (1.35-2.97)
2.09 (1.25-3.50)
1.91 (1.11-3.29)

Cocaine or marijuana
Marijuana
Cocaine

Total (N)
224
125
99

CV Death (n)
21
9
12

Adj. HR and 95% CI
2.22 (1.28-3.87)
2.13 (1.03-4.42)
2.32 (1.11-4.85)

Cocaine
2

1

3

4

5

Substance Abuse Worse
Cardiovascular Death
Any Abuse
Marijuana
Cocaine
2

1

3

4

5

Substance Abuse Worse

Forest plots are shown for adjusted models of all-cause and cardiovascular (CV) death. All-cause death was adjusted for age, sex, presence of
diabetes, hypertension, peripheral vascular disease, smoking, high-density lipoprotein cholesterol, triglycerides, revascularization, creatinine,
medications at discharge, and length of stay. CV death was adjusted for age, presence of diabetes, hypertension, peripheral vascular disease,
smoking, high-density lipoprotein cholesterol, creatinine, medications at discharge, and length of stay. Adj. HR ¼ adjusted hazard ratio;
CI ¼ conﬁdence interval.

higher peak troponin values. The lower burden of

However, the increased event rate among cocaine

traditional risk factors among substance users sug-

users was present even after accounting for these

gests that their substance abuse provided sufﬁcient

differences in beta-blocker use on discharge.

risk to overcome their otherwise lower risk proﬁles

Cocaine users in our study group were also

than their non–drug user counterparts. Therefore, our

modestly less likely to undergo coronary angiography

results support other data that substance abuse is an

during their index hospitalization for MI. However, if

important risk factor for developing premature MI

coronary angiography was performed, cocaine users

and suggest that among patients who experience an

were just as likely to require revascularization with

MI, the use of cocaine or marijuana is associated with

percutaneous coronary intervention.

an adverse long-term prognosis.

MARIJUANA. Our study revealed an increase in use

COCAINE. Cocaine use was found in 5% of our

of marijuana over time among young adults who

cohort, and it was associated with a higher frequency

experienced an MI. This ﬁnding, along with the

of STEMI, as well as higher troponin values. Impor-

recent legalization of marijuana, underscores the

tantly, we observed that patients with cocaine use

importance of determining the cardiovascular impli-

were less likely to be prescribed beta-blockers but just

cations of marijuana use. Although our ﬁnding on the

as likely to receive all other medical therapy

increased use of marijuana over time parallels na-

following an MI. This has been shown in other cohorts

tional data from the National Institute of Drug Abuse,

as well (14,15). The underuse of beta-blockers may

it is possible that these results are confounded by

reﬂect the theoretical concerns that beta-blockers

increased questioning and testing of individuals over

may exacerbate coronary vasospasm and create “un-

time. A multicenter cohort study of 3,886 MI survi-

opposed” stimulation of alpha-adrenergic receptors.

vors that followed patients for up to 18 years found an

However, multiple studies have shown the safety of

increased, although not statistically signiﬁcant, mor-

beta-blocker

tality rate among marijuana users (5). Our study

therapy

in

these

patients

(16–19).
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C ENTR AL I LL U STRA T I O N Cocaine and Marijuana Use in Young Patients With Myocardial Infarction

Substance Abuse in Young Patients with MI

• Increases myocardial
oxygen demand by
increasing heart rate
and blood pressure
• Decreases oxygen supply
through vasoconstriction
• Accelerates
atherosclerosis
• Prothrombotic state

Marijuana

Cocaine

• Generation of
reactive oxygen
species
• Decreased
contractility
• Neointimal
proliferation of
vascular smooth
muscle
No abuse

DeFilippis, E.M. et al. J Am Coll Cardiol. 2018;71(22):2540–51.

We found that in our young patients with myocardial infarction (MI), approximately 10% were using either cocaine or marijuana. Cocaine use increases myocardial
oxygen demand, decreases oxygen supply, and accelerates atherosclerosis and can create a prothrombotic state. Marijuana use leads to the generation of reactive
oxygen species, decreases myocardial contractility, and leads to neointimal proliferation of vascular smooth muscle cells. Substance abuse was associated with
increased all-cause mortality and cardiovascular mortality.

focused on younger individuals and revealed that

patients, but it also provides an opportunity for

marijuana use was associated with a statistically sig-

patient

niﬁcant difference in all-cause death and cardiovas-

terventions that may lower these risks. Our ﬁndings

cular

deaths,

after

adjusting

for

education

and

implementation

of

in-

baseline

support the need for aggressive interventions for

characteristics. Interestingly, we found that patients

substance use cessation, as well as aggressive

who used marijuana were more likely to present with

treatment of all other underlying cardiovascular risk

cardiac arrest associated with MI. One hypothesis for

factors, among young patients who experience an

this ﬁnding is that a proarrhythmic state may be

MI while actively using cocaine or marijuana.

induced by a tetrahydrocannabinol-induced increase

Importantly, we found an increase in all-cause death

in circulating catecholamines (20). There is also a

among both cocaine and marijuana users. The

potential multisubstance effect that could be inﬂu-

reason for this ﬁnding may be that individuals who

enced by concomitant use of other substances such as

use substances may also engage in other high-risk

alcohol and opioids. These effects may be more

behaviors

prevalent in substance abusers and are not just spe-

mortality.

that

can

lead

to

noncardiovascular

ciﬁc to our study.
As young individuals continue to use cocaine and

STUDY LIMITATIONS. One limitation of our study is

marijuana, it is important to recognize and educate

its retrospective nature. However, this study design

patients and clinicians alike about the potential

allowed us to examine a large number of individuals

cardiovascular consequences of these substances.

who experienced an MI at a young age; enrolling a

When young individuals present with an MI, clini-

similar number of patients using a prospective design

cians should assess for potential substance use. This

would take >10 years to conduct. Because our cohort

not only allows their care teams to risk stratify these

was limited to individuals who experienced an MI, we
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were not able to determine the prevalence of sub-

Finally, we do not have data on participation in

stance use in the at-risk population. Thus, although

substance abuse rehabilitation programs. However,

we were unable to provide data on the relative risk of

we realize that this information would be helpful in

cocaine and/or marijuana use for causing MI, our data

guiding future strategies for treatment and coun-

support that this risk factor is common and that it is

seling in young patients with substance abuse.

associated with adverse events post-MI. Furthermore, because substance abusers had a lower prevalence of other traditional risk factors, our ﬁndings
support the known causal role of cocaine in the
development of MI, but they also support the less
commonly recognized risks associated with marijuana use. Our study was underpowered to detect for
differences in outcomes between marijuana and
cocaine users. Therefore, there remains a need for
more research on marijuana and its effects on cardiovascular health.
Our analysis included only type 1 MI. Despite
our careful adjudication process, we realize that
there is a risk of misclassiﬁcation bias between type 1
and type 2 MI. In addition, we did not have data on left
ventricular systolic function available for our cohort.
Our analysis was limited to cocaine and marijuana.

CONCLUSIONS
The use of cocaine and/or marijuana is present in 10%
of patients with an MI at age #50 years and is
associated with higher all-cause and cardiovascular
mortality. These ﬁndings reinforce current recommendations for screening for substance abuse among
adults who experience an MI at a young age and
highlight the need for implementation of therapies
and counseling that could prevent future adverse
events.
ADDRESS FOR CORRESPONDENCE: Dr. Ron Blankstein,

Brigham and Women’s Hospital, 75 Francis Street,
Boston, Massachusetts 02115. E-mail: rblankstein@
bwh.harvard.edu.

Although we attempted to obtain data on opioid

PERSPECTIVES

abuse, it was difﬁcult to distinguish nonprescription
opioid abuse from medical use, particularly because

COMPETENCY IN MEDICAL KNOWLEDGE: Use

many patients with an MI may have received

of cocaine and/or marijuana is prevalent in patients

morphine in the emergency room for management of

presenting with MI before age 50 years and is asso-

chest pain. In addition, alcohol use was not consis-

ciated with high all-cause and cardiovascular

tently captured. The use of other drugs, such as

mortality.

amphetamines and barbiturates, was infrequent in
our sample.

TRANSLATIONAL OUTLOOK: Further research is

The association between substance abuse and

needed to clarify the cardiovascular effects of these

cardiovascular outcomes may be driven by con-

commonly used substances, identify characteristics of

founders including lifestyle and behavioral factors.

young patients at greatest risk of developing MI dur-

Although we adjusted for an extensive array of

ing use, and develop evidence-based treatment stra-

baseline covariates, including demographics, comor-

tegies to improve outcomes in those patients

bidities, laboratory values, revascularization procedures,

and

medications,

we

realize

that

presenting with acute coronary syndromes.

other

unmeasured confounders may remain.
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