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Abstract

Background: There is a lack of research regarding whether prolonged use of cocaine would lead 

to increase of coronary plaque burden.

Objectives: To study the effects of cocaine use on the coronary artery plaque volume. We 

hypothesize the longer the cocaine use, the greater the plaque burden.

Methods: We used coronary computed tomography angiography to evaluate plaque volumes. The 

study included chronic (N = 33 with 27 HIV+) and non-cocaine users (N = 15 with 12 HIV+). 

Chronic cocaine use was defined as use by any route for at least 6 months, administered at least 4 

times/month. The Student’s t-test was used to compare the plaque volumes between chronic and 

non-cocaine users. Multivariable regression analysis adjusted for age, sex, body mass index, HIV 

status, cigarette smoking, diabetes, and total cholesterol was performed to determine the 

relationship between years of cocaine use and plaque volumes.

Results: The total plaque volumes between groups showed no difference (p = 0.065). However, 

the total left anterior descending artery (LAD) plaque volume in the chronic cocaine group was 

significantly higher than that in the non-cocaine group (p = 0.047). For each year increase in 

cocaine use, total plaque volume and total LAD plaque volume increased by 7.23 mm3 (p = 0.013) 

and 4.56 mm3 (p = 0.001), respectively. In the multivariable analyses, both total plaque volume 

and total LAD plaque volume were significantly associated with years of cocaine use (p = 0.039 

and 0.013, respectively).
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Conclusion: Prolonged cocaine use accelerates the development of sub-clinical atherosclerosis.
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Introduction

Cocaine is an addictive stimulant that is sourced from the Erythroxylon coca plant. It is 

categorized as a Schedule II drug and can be prescribing for medical purposes such as local 

anesthesia during surgery (1). The short-term physical effects of cocaine include sensitivity 

to environmental factors, increased energy, and mental alertness. The effects vary depending 

on the amount and route of exposure. There is a wide range of physiological effects from 

increased heart rate to narrowing of blood vessels. Long term use can lead to negative health 

consequences such as cardiovascular problems, coma, and seizures (2,3). Even though the 

rates of cocaine use have remained steady over the past decade, cocaine is still a widely used 

substance in the United States. The National Survey on Drug Use and Health found that 5.5 

million people used cocaine in 2018 (4).

The effects of chronic cocaine use on the cardiovascular system have been reported in the 

literature (5–7). A review found that a single dose of cocaine increases a resting heart rate by 

30 beats/minute and raises blood pressure by 20/10 mmHg (8). While these are not 

significant increases compared with gains from physical activity, cocaine has shown to 

decrease the diameter of coronary arteries by 5 to 30% (8). Cocaine is also involved in the 

process of thrombosis and can contribute to atherosclerosis (9). Acute coronary syndrome 

and acute myocardial infarction are two common cardiovascular issues that arise in cocaine 

users (6). One study showed that cocaine users had more plaques than non-cocaine users and 

concluded that cocaine users have greater development of coronary atherosclerosis (10).

Studies have shown that cocaine users are also at risk of acquiring human immunodeficiency 

virus (HIV). Behavioral factors such as sharing needles and high-risk sexual activities can 

lead to transmission of HIV through blood and bodily fluids. The Centers for Disease 

Control and Prevention reports that about 10% of new HIV diagnoses in the United States 

are due to these methods of transmission (11). HIV patients who are also injection drug 

users experience challenges with compliance to treatment. Patients tend to continue their 

drug use and unsafe sexual practices (12). Aside from behavioral factors, there are social 

barriers hindering injection drug users from seeking care. Substance use is an illegal activity 

and patients may encounter stigma within the health care system. Additionally, 

incarceration, homelessness, and access to health insurance and care are challenges for this 

vulnerable population (11).

While the published literature has demonstrated an association between cocaine use and 

cardiovascular disease, there is still a lack of research regarding to whether prolonged use of 

cocaine would lead to conspicuous increase of plaque burden. The present study aimed to 

determine the relationship between total coronary plaque volume throughout the entire 

coronary vasculature in relationship to years of cocaine use in asymptomatic individuals 

with or without HIV.
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Material and Methods

Study Design and Population

The data set came from a longitudinal study examining the cardiovascular consequences of 

HIV infection and chronic cocaine use in a predominantly African American population in 

Baltimore, MD. Our study included only African Americans. The HIV-infected participants 

were recruited from the Johns Hopkins HIV clinic. The HIV-uninfected participants were 

recruited from the eastern part of Baltimore City. The baseline data collected on the 

participants included demographic data, medical data, use of anti-retroviral therapy (ART), 

substance use, treatment history, and clinical data such as coinfections and HIV viral load. 

Participants also provided biological specimen samples, including urine and blood, and 

contrast-enhanced coronary computed tomography angiography (CCTA) data (13). Chronic 

cocaine use was defined as administration via any route for a period of 6 months and at least 

4 times/month, based on self-report and confirmed by a urine test during initial study visit.

Inclusion criteria were (1) age ≥21 years; (2) HIV-infected and HIV-uninfected. HIV 

infection, which was determined by ELISA and confirmed by Western blot test (all 

participants were tested for HIV); and (3) chronic cocaine users and non-cocaine users. 

Chronic cocaine use was defined as use by any route for at least 6 months, administered at 

least 4 times/month. Less-frequent users (fewer than 4 times/month, or <6 consecutive 

months) were excluded from the study (14). Non-cocaine users were defined as never using 

cocaine or no use in the past 5 years or longer. Cocaine users could also use other drugs such 

as opiates, benzodiazepines, methamphetamine, or alcohol. Exclusion criteria were (1) any 

evidence of clinical CAD or any history of or current symptoms or diagnoses related to 

cardiovascular disease; (2) history of serious physical disease or current physical disease, 

including chronic obstructive pulmonary disease; (3) pregnancy; (4) chronic kidney disease 

with an estimated glomerular filtration rate (eGFR) of <60 mL/minute per 1.73 m2; and (5) 

contraindication to CT scans, including a history of contrast allergy. The protocol was 

approved by the Committee on Human Research at the Johns Hopkins School of Medicine 

and written informed consent was obtained. All procedures used in this study were in 

accordance with institutional guidelines. Although the overall investigation is a cohort study, 

the data presented herein are cross-sectional (baseline) only.

Data Processing

Coronary plaque analysis was performed using the QAngioCT software (Research Edition, 

version 2.0.5; Medis Medical Imaging Systems, Leiden, the Netherlands). Blinding was 

utilized to prevent bias from the patient data. The coronary tree was automatically extracted, 

and each of the major vessels (i.e. the left anterior descending artery, LAD, the left 

circumflex artery, LCX, and the right coronary artery, RCA) was individually analyzed from 

the ostium to the point at which the internal vessel caliber decreased to < 2.0 mm, exclusive 

of focal stenosis. Segmentation was performed according to American Heart Association 

(AHA) nomenclature (15). Segments with image artifacts were excluded. Automated 

longitudinal contouring of the inner lumen and outer wall was performed, and results were 

manually adjusted where needed. Results of automated contouring of the inner lumen and 
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outer wall were also reviewed on transverse reconstructed cross-sections of the artery on a 

section-by-section basis at 0.5-mm increments.

Statistical analysis

Statistical analysis was performed using STATA (STATACorp. 2019. Stata Statistical 

Software: Release 16. College Station, TX: StataCorp LLC). Data were stratified by cocaine 

use status. Statistics for all continuous variables are reported as mean ± standard deviation 

(sd). Categorical data were presented as frequencies and percentages and were compared by 

using the Chi-square test. Shapiro-Wilk test was used to test for normality of plaque 

volumes. In case of non-normal distribution, we evaluated the differences in plaque volume 

between cocaine users and non-users using the logarithmic transformation of plaque volume 

+ 1 and compared by using the two tailed t-test for independent samples. Simple linear 

regression was used to examine the correlation between cocaine years use and total plaque 

volumes. Multivariable linear regression analyses were conducted to examine the association 

between plaque volumes and years of cocaine use, adjusted for age, sex, BMI, HIV status, 

cigarette smoking status, diabetes, and total cholesterol. Fifteen patients were randomly 

selected for inter-reader reproducibility. Comparison was made in three coronary artery 

territories. Reproducibility was calculated by using intraclass correlation coefficients for 

interobserver analysis. P < 0.05 was considered to indicate a statistically significant 

difference.

Results

Overall, 48 individuals were randomly selected and analyzed. A total of 15 were non-

cocaine users, and 33 were chronic cocaine users. Thirty-nine (81%) were men and 39 

(81%) were HIV positive. The total plaque volume in the chronic cocaine group was 272.0 ± 

254.3 mm3 which was not statistically different from the non-cocaine group (160.5 ± 201.9 

mm3, p = 0.065). However, total LAD plaque volume in the chronic cocaine group was 

154.6 ± 127.7 mm3 which was statistically significant from the non-cocaine group (72.5 ± 

70.0 mm3, p = 0.046). Table 1 summarizes the demographics of study participants stratified 

by cocaine status.

Figure 1 demonstrates the correlation between total plaque volume (a) and total LAD plaque 

volume (b) and cocaine years use presented for illustrative purpose. In the univariate 

analysis, both total plaque volume (p = 0.013) and total LAD plaque volume (p = 0.001) 

were significantly associated with cocaine years use. For each year increase in cocaine use, 

total plaque volume and total LAD plaque volume increased by 7.23 mm3 and 4.56 mm3, 

respectively. When considered only the chronic cocaine users (N = 33), the unadjusted total 

plaque volume increase per year of cocaine use was 8.71 mm3 (p = 0.185) and 9.95 mm3 (p 

= 0.036) in HIV+ (N=27) and HIV− (N=6), respectively. In the multivariable analyses (Table 

2), both total plaque volume and total LAD plaque volume were significantly associated 

with years of cocaine use (p = 0.039 and 0.013, respectively). When included only the 

chronic cocaine users in Table 2 analysis (N=33), the results remained the same; i.e. cocaine 

years use was significantly associated with the plaque volume, and HIV status was not 

significantly associated with the plaque volume. The Bland-Altman plot for inter-reader 
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reproducibility is demonstrated in Figure 2. There was no statistical difference between the 

two readers in the plaque volume analysis (mean difference, 5.7 ± 19.61 mm3, 95% CI, 

0.85–0.93, ICC=0.89).

Discussion

The primary goal of the current study was to investigate the effects of cocaine use on the 

amount of coronary artery plaque volume among a cohort with or without HIV infection. 

The study groups between chronic cocaine users and non-cocaine users were well-

characterized with similar demographics including sex, age, BMI, diabetes, and HIV status 

with or without ART treatment. Our findings suggest that cocaine use may increase the total 

plaque burden and prolonged cocaine use accelerates the development of sub-clinical 

atherosclerosis.

The etiology of atherosclerotic plaque is complex and is likely to be multifactorial. The 

long-term use of cocaine may provoke endothelial cell dysfunction and stimulate 

atherosclerosis (7). While direct toxic effects of cocaine on the myocardium have been 

recognized, findings on the association between cocaine use and sub-clinical atherosclerosis 

have been controversial. Several animal and autopsy studies have suggested that cocaine 

administration might accelerate the development of atherosclerosis (16–18). Such a 

relationship, nonetheless, was not observed in more recent studies based on computed 

tomography. In a large study which included 3038 young adults (ages 33-45 years, 35% with 

cocaine exposure), researchers found no evidence of a causal relationship between long-term 

exposure to cocaine and coronary calcification (19). Chang et al. showed no association 

between cocaine use and clinically significant coronary stenosis in symptomatic low- to 

intermediate-risk patients evaluated with CCTA(20). Ebersberger and co-workers reported 

comparable calcified and non-calcified plaque volume between controls and cocaine users 

with acute chest pain (10). Contrary to these results, a study with 224 cardiac asymptomatic 

participants with and without HIV found cocaine use to be independently associated with a 

higher number of coronary calcifications (21). Divergency of these findings could be 

partially attributed to the heterogeneity of the study cohorts, number of participants 

included, as well as the technical approaches. In our study, no significant difference was 

noted in total plaque volume and calcified or non-calcified plaque between groups. However, 

if only LAD plaque volume was considered, chronic cocaine users demonstrated 

significantly greater (p = 0.046) plaque volume than that in non-users. Several studies have 

demonstrated that left coronary artery appealed to be more susceptible to atherosclerosis 

compared to right and circumference coronary arteries (22,23). This might be attributed to 

the intense arterial wall stresses due to the anatomical configuration in LAD (24). Giving the 

small sample size in our study, further research is needed to confirm whether atherosclerotic 

plaque is more aggravated in certain coronary territories than in others.

Several studies have shown that persons with HIV infection have an elevated risk of 

coronary artery disease compared to the general population due to chronic immune 

activation, inflammation, and ART drug exposure (25–27). Studies also demonstrated higher 

prevalence of coronary artery calcified and non-calcified plaque in HIV-infected persons 

compared to HIV-uninfected persons (26,28). However, we did not find any association in 
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plaque volume with HIV status in this investigation. Foldyna et al. revealed significant 

increased odds of having any subclinical coronary atherosclerotic plaque in men than in 

women among asymptomatic HIV-infected individuals on ART (29). Our findings also 

underscored the importance of sex as a determinant of coronary atherosclerosis. While these 

results could be partly attributed to the small sample size, we believe that years of cocaine 

use could likely outweigh HIV and sex as a major contributor to more measures of coronary 

plaque. Rodriguez and colleagues examined the relationship between coronary plaque 

burden in relationship to cardiovascular risk factors in 199 asymptomatic individuals of age 

greater than 55 years with low-to-moderate risk (30). Age was a strong predictor of calcified 

plaque but not of noncalcified plaque. We have also found that age remained to be 

significantly associated with plaque volume even after adjusting for cocaine years use.

The inclusion criteria for cocaine use varied between studies based on the nature of the 

research. For example, Pletcher et al. (American heart journal 2005;150:921-6) investigated 

the cocaine and coronary calcification in young adults (CARDIA study) (19). Cocaine usage 

was measured by questionnaire and categorized by lifetime exposure and recent exposure. 

Ebersberger et al. studied atherosclerotic plaque burden in cocaine users with acute chest 

pain (10). Only patients with a history of non-occasional cocaine use (>3 times/year) were 

considered. In our study, we focused on the effects of chronic cocaine use on the coronary 

artery plaque volume. Hence, we felt a strict inclusion criterion should be employed to rule 

out infrequent users.

We must acknowledge the presence of several limitations in our study. First, this was a study 

with a limited number of participants and unbalanced data (69% were chronic cocaine users 

and 81% were men, and 81% were HIV positive). Of note, although the chronic and non-

cocaine users in this study were not matched explicitly, the groups were comparable with 

respect to sex, age, BMI, diabetes, and HIV status. Second, because of the above-mentioned 

reason and multicollinearity of several factors (age, cocaine years use, HIV infection), it was 

difficult to identify the synergistic effects of HIV infection and cocaine use on coronary 

plaque volume. Third, our participants were limited to asymptomatic men and women 

without overt cardiovascular disease or acute coronary syndrome. Information about 

coronary plaque volume and cocaine use in symptomatic individuals requires further 

investigation. Fourth, we could not use DSM-IVR or DSM-5 criteria represented by the 

American Psychiatric Association’s (APA) Diagnostic and Statistical Manual of Mental 

Disorders (DSM) for diagnosis of cocaine dependence since those criteria have to be used by 

physicians. Finally, causal relations cannot be assessed in this cross-sectional study, and 

generalizability of the results from this study should be evaluated in a large cohort.

Our study demonstrated a strong tendency towards overall more pronounced atherosclerosis 

in chronic cocaine users and the longer the cocaine use, the greater the plaque burden. 

Additional research is needed to uncover if plaque progressions among coronary territories 

were heterogeneous in cocaine users as well as its detrimental health consequences.
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Figure 1. The Unadjusted Relationships Between plaque volume and cocaine years use
The relationships between total plaque volume (a) and left anterior descending artery (LAD) 

plaque volume (b) versus cocaine years use in the unadjusted data presented for illustrative 

purposes. For each year increase in cocaine use, total plaque volume and total LAD plaque 

volume increased by 7.23 mm3 and 4.56 mm3, respectively. Both associations were 

significant in the univariate analysis.
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Figure 2. Bland-Altman plot of inter-reader reproducibility
Bland-Altman plot of difference against the mean in two measurements (inter-reader 

reproducibility). There was no statistical difference between the two readers in the plaque 

volume analysis (mean difference, 5.7 ± 19.61 mm3, 95% CI, 0.85–0.93, ICC=0.89).The 

solid lines are the limits of agreement (mean±1.96×SD).
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Table 1.

Demographics of study cohort.

Non-cocaine group (n = 15) Chronic cocaine group (n = 33) p-value

Sex, no. (%)

 Male 13 (87) 26 (79)

 Female 2 (13) 7 (21) 0.52

Age (years) 48.9 (5.4) 48.9 (7.6) 0.98

BMI (kg/m2) 25.7 (4.7) 26.5 (4.1) 0.58

Cocaine years use 0 (0) 19.2 (9.4) 0.00

HIV positive, no. (%) 12 (80) 27 (82) 0.88

Cigarette smokers, no. (%) 10 (67) 31 (94) 0.013

Diabetes, no. (%) 2 (13) 6 (18) 0.68

ART, no. (%) 11 (73) 23 (70) 0.80

Total Cholesterol (mg/dL) 175.5 (34.5) 185 (58.4) 0.56

Total Plaque Volume (mm3) 160.5 (201.9) 272.0 (254.3) 0.065

 LAD 72.5 (70.0) 154.6 (127.7) 0.046

 LCX 16.0 (32.7) 47.6 (88.8) 0.995

 RCA 71.5 (119.6) 66.0 (82.7) 0.94

Total noncalcified plaque volume (mm3) 148.2 (180.6) 207.6 (194.3) 0.115

Total calcified plaque volume (mm3) 12.4 (23.3) 64.3 (131.2) 0.236

Unless otherwise specified, data are means ± standard deviations. BMI: body mass index. ART: anti-retroviral therapy. LAD: left anterior 
descending artery. LCX: left circumflex artery. RCA: right coronary artery.
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Table 2.

Multivariable associations between cardiovascular risk factors and total plaque volume, and LAD plaque 

volume (N = 48 from the entire cohort)

Total Plaque Volume (mm3) LAD Plaque Volume (mm3)

β (95% CI) p-value β (95% CI) p-value

Female sex 0.145 (−0.199, 0.488) 0.399 −0.144 (−0.446, 0.159) 0.341

Age (years) 0.039 (0.208, 0.058) 0.000 0.030 (0.014, 0.045) 0.000

BMI (kg/m2) 0.029 (−0.001, 0.059) 0.056 0.024 (−0.001, 0.049) 0.056

Cocaine years use 0.305 (0.017, 0.592) 0.039 0.309 (0.069, 0.550) 0.013

HIV positive −0.240 (−0.587, 0.107) 0.169 −0.108 (−0.395, 0.179) 0.449

Cigarette smoking −0.164 (−0.553, 0.226) 0.400 −0.052 (−0.382, 0.279) 0.753

Diabetes 0.333 (−0.014, 0.680) 0.059 0.165 (−0.117, 0.446) 0.242

Total cholesterol (mg/dL) 0.000 (−0.003, 0.002) 0.860 0.003 (0.000, 0.005) 0.070

BMI: body mass index. LAD: left anterior descending artery.
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