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Abstract

Background: Concomitant use of cocaine and HIV pre-exposure prophylaxis (PrEP) raises 

important clinical questions around adherence, retention in care, and renal toxicity.

Methods: We assessed the associations of confirmed cocaine use with PrEP adherence (both 

ascertained via objective measures), care engagement, and renal function in the iPrEx open label 

extension. Cocaine use was measured in scalp hair samples and categorized as: light (500–3,000 

pg/mg) and moderate to heavy (>3,000 pg/mg). PrEP adherence in the first three months was 

measured via plasma tenofovir concentrations. Disengagement from PrEP care was defined as a 

gap in follow-up greater than four months. Serum creatinine was assessed at baseline and quarterly 

visits.

Results: Of the 400 participants included in this analysis, 90% were men who have sex with 

men, 10% transgender women, 74% Hispanic/Latino; 21% tested positive for cocaine use in the 

last three months. In adjusted analysis, light cocaine use (aOR 2.10 [95% CI 1.07–4.14]) and 

moderate to heavy use (aOR 2.32 [1.08–5.00]) were associated with greater odds of having plasma 

tenofovir concentrations below the level of quantitation. Participants with moderate to heavy use 
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had a nearly three-fold higher rate of disengagement from PrEP care compared to non-users (aHR 

2.90 [1.48–5.66]). We found no statistically or clinically significant differences in creatinine 

clearance and serum creatinine between participants who tested positive for cocaine and those who 

did not.

Conclusions: Cocaine use decreases PrEP adherence and care engagement. Comprehensive 

approaches are needed to reduce cocaine use and enhance engagement along the PrEP care 

continuum.
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INTRODUCTION

Uptake of HIV pre-exposure prophylaxis (PrEP) using daily oral emtricitabine-tenofovir 

disoproxil fumarate has increased considerably since 2012.1 However, reports from clinical 

implementation suggest high rates of PrEP discontinuation.2–5 The use of stimulant drugs 

such as cocaine has received little attention in the PrEP literature despite elevated prevalence 

in high priority populations.6–8 In fact, the use of stimulants is higher among men who have 

sex with men (MSM) and transgender women compared to the general population. 8–10

Surveillance reports from major metropolitan areas in the United States suggest that 

stimulant use is increasing and will continue to do so in the near term.11,12 

Methamphetamine use doubled between 2011 and 2014 (from 4% to 9%) in New York City, 

and in some regions, rates are at their highest since 2005.6,12 San Francisco also observed a 

resurgence of cocaine use among MSM in recent years with as much as 23% of respondents 

in 2014 reporting cocaine use in the last six months.13 The prevalence of cocaine use among 

MSM nationwide is second only to marijuana.6 An estimated 13–22 million people globally 

use cocaine, and the highest prevalence of cocaine use disorders is in North America.14,15

Stimulant use is a potential barrier to achieving the optimal public health benefits of PrEP. 

Important clinical questions around adherence, retention in care, and renal toxicity among 

persons who use stimulants remain unresolved. Studies from our team and others have found 

some evidence that stimulant-using MSM can achieve prevention-effective adherence and 

rates of retention comparable to non-users.16–18 However, these studies have largely relied 

on self-reported drug use, which is prone to misclassification.19,20

Biological measures of stimulant use are more reliable than self-reported measures due to 

social desirability bias. In a prior study, we found that stimulant use, confirmed using urine 

immunoassays, was associated with sub-optimal PrEP adherence in the first month.21 

Because urine tests have a narrow window of detection (1–3 days) and qualitative assays 

limited our ability to quantify stimulant drug levels, further research is needed to understand 

how varying degrees of stimulant drug exposure influence PrEP adherence and engagement 

in care.
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Another important gap in the literature is that little is known about the renal safety of PrEP 

in persons who use stimulants such as cocaine. Although PrEP has been associated with only 

a modest decrease in creatinine clearance,22 it is uncertain whether concomitant use of 

stimulants can exacerbate renal dysfunction. Cocaine use is associated with glomerular, 

tubular, vascular, and interstitial damage, and can precipitate acute kidney injury.23–26 To 

address these gaps in the literature, we assessed the associations of biologically confirmed 

cocaine use with PrEP adherence (assessed objectively via a pharmacologic measure), PrEP 

care engagement, and renal function in the iPrEx open label extension (OLE).

METHODS

iPrEx OLE is described in detail elsewhere.27 Briefly, participants were male sex at birth, 

reported having anal sex with men, age 18 or older, and must have participated in a previous 

PrEP clinical trial. Follow-up was scheduled every month for the first three months and 

quarterly thereafter for up to 72 weeks. All participants provided informed consent. This 

study was approved by the Institutional Review Board at the University of California, San 

Francisco.

Exposure.

Cocaine use was measured by determining concentrations in scalp hair samples collected at 

the first quarterly visit. We focused on cocaine as this was the most commonly used 

stimulant in our sample, consistent with the high prevalence of cocaine use in MSM and 

transgender women. Hair samples were collected quarterly after PrEP initiation from a 

subset of participants who joined a hair substudy.28,29 Approximately 100 strands of hair 

were cut from the occipital region and samples were stored and shipped in aluminum foil at 

room temperature. Hair analysis provides up to a 3-month surveillance window and is 

routinely used in forensics to determine amount of exposure to various illicit substances.30,31

Hair samples from 410 participants were sent to a commercial laboratory for analysis (Quest 

Diagnostics, Lenexa, KS) and tested using a standard 5-panel drug test (cannabis, cocaine, 

amphetamines, opioids, and phencyclidine). Hair samples from 10 participants were rejected 

due to insufficient quantity and were, thus, excluded from this analysis. Samples were 

screened for cocaine analytes using enzyme-linked immunosorbent assay and positive 

results confirmed using gas chromatography-mass spectrometry (GC-MS).

For this analysis, we utilized a confirmatory cutoff of ≥ 500 pg/mg of cocaine analyte as 

proposed by the Substance Abuse and Mental Health Services Administration.32 Cocaine 

exposure was stratified based on levels used in prior studies.33,34 Cocaine levels between 

500–3,000 pg/mg corresponded to “light use” and levels >3,000 pg/mg indicated “moderate 

to heavy use.”

Outcomes.

Tenofovir concentrations in blood plasma were assessed in all participants in one of the 

study visits during the first three months after receiving PrEP using validated assays.35 

Plasma concentrations reflect dosing within the previous week. Our adherence outcome was 

plasma tenofovir concentrations below the level of quantitation, as levels within the 
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detectable range have been associated with >90% protection against HIV.35 Disengagement 

from PrEP care was defined as a gap in follow-up visit greater than four months. We used 

study follow-up as an indicator of clinical care engagement as the study’s follow-up 

schedule closely mirrored that of current PrEP clinical guidelines.36,37 To monitor renal 

function, serum creatinine was measured at baseline and at each quarterly visit. Creatinine 

clearance was estimated by the Cockcroft-Gault equation. Renal adverse events were graded 

based on the Division of AIDS Adverse Events Grading Table.38

Analysis

Multivariable logistic models adjusting for age, ethnicity, and transgender identity estimated 

the association between level of cocaine use and plasma tenofovir concentration. Cox 

proportional hazard regression models estimated the association between cocaine use and 

time to disengagement from care. Regression models used robust variance estimators to 

account for clustering within study sites. Mean differences in creatinine clearance by follow-

up week and cocaine exposure was estimated using linear mixed effects models with a time 

by cocaine interaction fit by restricted maximum likelihood. All p-values are two-sided, and 

analyses were conducted using Stata 14 (College Station, TX).

RESULTS

Participant Characteristics

The 400 participants included in this analysis were mostly MSM (90%; 358/400), Hispanic/

Latino (74%; 297/400), and completed at least secondary education (73%; 292/400). Ten 

percent (42/400) were transgender women. At baseline, median age was 29 years 

(interquartile range [IQR] 24–36). One-in-five participants (21%; 83/400) tested positive for 

recent cocaine use with a median cocaine concentration of 2,513 pg/mg (IQR 963–13,693 

pg/mg). Of those who tested positive for cocaine analytes, 52% (43/83) were classified as 

light users and 48% (40/83) were moderate to heavy users. Participant characteristics and 

hair drug analysis results are summarized in Table 1a.

Association of Cocaine Use with PrEP Non-Adherence

One-fourth (100/400) of participants had plasma tenofovir below the level of quantitation 

during the first three months. In adjusted analysis, participants with cocaine levels indicative 

of light use (adjusted odds ratio [aOR] 2.10 [95% CI 1.07–4.14]) and moderate to heavy use 

(aOR 2.32 [1.08–5.00]) had significantly greater odds of having tenofovir concentrations 

below the level of quantitation compared to non-users (Table 1b).

Association of Cocaine use with PrEP Disengagement

Fifteen percent (60/400) of participants had a gap in their follow-up by more than four 

months. Participants with cocaine levels indicative of moderate to heavy use had a nearly 

three-fold higher rate of disengagement from care compared to non-users (adjusted hazard 

ratio [aHR] 2.90 [1.48–5.66]; Table 1) after adjusting for age, ethnicity, and transgender 

identity. Light cocaine users also had a higher rate of PrEP disengagement, but the effect 

was not statistically significant (aHR 1.47 [0.53–4.08]).
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Renal Function and Adverse Events

There was no statistically significant difference in creatinine clearance over time among 

persons who tested positive for cocaine compared to those who did not (Figure 1). The mean 

difference in creatinine clearance between groups ranged from 0.93 mL/min to 2.85 mL/min 

over the 72 study weeks (p-values >0.05). When we limited our analysis to only those with 

evidence of PrEP adherence during the first three months, we also found no meaningful 

difference in creatinine clearance between groups, ranging from differences of 0.06 mL/min 

to 1.48 mL/min over 72 weeks (p-values >0.05).

There were 26 instances of serum creatinine elevations during follow-up that were at least 

1.1 times the upper limit of normal or 1.5 times above the baseline level. Of these elevations, 

four (15%) were in participants who tested positive for cocaine and 22 (85%) were in non-

users (p=0.52). Serum creatinine levels were elevated at more than one visit in five 

participants, none of whom tested positive for cocaine use. Overall, 15/26 creatinine 

elevations were above the normal range. Of these, three (20%) were in participants who 

tested positive for cocaine use and 12 (80%) were in non-users (p=0.09).

DISCUSSION

We found that cocaine use at any level was associated with lower odds of achieving 

prevention-effective adherence in the first three months after starting PrEP. The first few 

months following PrEP initiation is a particularly critical period as adherence during this 

time is predictive of future adherence patterns.39–41 These findings underscore the 

importance of providing comprehensive care at the time of PrEP initiation that includes an 

assessment of cocaine use and other potential barriers to optimal adherence.

We found that participants who tested positive for cocaine, particularly individuals with 

levels indicative of moderate to heavy use, had higher rates of disengagement from PrEP 

care. Marcus and colleagues found a similar pattern in their study of PrEP patients in an 

integrated healthcare system.42 In that study, patients with a documented history of drug use 

were nearly twice as likely to discontinue PrEP care as those without a history of drug use. 

Regular clinical follow-up every three months that includes HIV testing and screening for 

sexually transmitted infections (STI) is recommended by current practice guidelines.36,37 

Routine STI screening can facilitate early identification and treatment given the high 

incidence of STIs among PrEP users seen in clinical practice.43,44 Extended gaps in follow-

up can also lead to interruptions in PrEP adherence and persistence, which have been 

associated with seroconversions.27,37,45 Expanded efforts are needed to assist persons who 

use cocaine with completing routine follow-up visits that allow for regular monitoring and 

present an opportunity to support adherence, discuss risk reduction, and address co-

occurring stimulant use.

Results provided no evidence of increased renal toxicity or adverse events from the 

concurrent use of cocaine and PrEP. Given the high prevalence of stimulant use among 

MSM and transgender women, it is important for clinicians to be aware of potential renal 

complications. In a systematic review of nephrotoxicities related to drugs of abuse, cocaine 

use was associated with an elevated risk of rhabdomyolysis and ischemic nephropathy.26 
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Ongoing monitoring of renal function as recommended by PrEP clinical guidelines is 

warranted, but more intensive renal monitoring with concomitant stimulant use does not 

seem indicated.

The biggest strength of our analysis is the use of objective measures to assess both stimulant 

use and PrEP adherence. The use of biologic measures can eliminate the social desirability 

bias associated with self-report. However, our results have some limitations. Studies have 

found that the incorporation of drug analytes in hair can vary by pigmentation, potentially 

resulting in artificially higher concentrations in persons with darker hair.46 Plasma tenofovir 

concentrations reflect recent adherence and may not accurately reflect long-term adherence 

patterns. Measurement of renal function among the most severe cocaine users at later time 

points in iPrEx OLE may be limited as these individuals were more likely to miss follow-up 

visits. Lastly, we were not sufficiently powered to stratify our analysis by age as glomerular 

dysfunction may be more apparent among older individuals.37

Our findings demonstrate that biologically confirmed cocaine use is associated with lower 

odds of achieving prevention-effective PrEP adherence and that those with the highest levels 

of cocaine use are at greater risk for disengagement from PrEP care. We also found no 

evidence of increased risk of nephrotoxicity from concomitant use of PrEP and cocaine. 

Findings from this study can inform targeted efforts to simultaneously reduce cocaine use 

and enhance engagement along the PrEP care continuum to optimize the public health 

benefits of PrEP.
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Figure 1. 
Mean creatinine clearance (± standard error) by cocaine use over 72 weeks of study follow-

up. There were no significant mean differences in creatinine clearance between persons who 

tested positive for cocaine and those who did not (p-values >0.05).
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Table 1a.

Characteristics of men who have sex with men and transgender women in the iPrEx open label extension with 

scalp hair samples analyzed for drug metabolites‡ (N=400)

N (%)

Age at baseline, median (interquartile range) 29 (24 – 36)

Study region

    Andes (Ecuador and Peru) 285 (71)

    Brazil 60 (15)

    United States 32 (8)

    Thailand 21 (5)

    South Africa 2 (<1)

Hispanic/Latino 297 (74)

Transgender 42 (10)

Education

    <Secondary 103 (26)

    ≥Secondary 292 (73)

Drug metabolites

    Cocaine 83 (21)

    Cannabis 11 (3)

    Amphetamine 8 (2)

    Opioids 2 (<1)

    Phencyclidine 0 (0)
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Table 1b.

PrEP non-adherence and care disengagement in men who have sex with men and transgender women with 

biologically-confirmed cocaine use

PrEP Non-adherence Care Disengagement

OR (95% CI) aOR (95% CI) HR (95% CI) aHR (95% CI)

Age, baseline 0.94 (0.90 – 0.97) 0.94 (0.90 – 0.97) 0.98 (0.96 – 1.01) 0.97 (0.94 – 1.00)

Hispanic/Latino 1.07 (0.62 – 1.86) 0.76 (0.42 –1.38) 0.85 (0.47 – 1.51) 0.67 (0.35 – 1.27)

Transgender 0.78 (0.36 – 1.70) 0.69 (0.30 –1.59) 0.78 (0.34 – 1.75) 0.64 (0.28 – 1.46)

Cocaine exposure

Light 
a 1.89 (0.95 – 3.74) 2.10 (1.07 – 4.14) 1.24 (0.48 – 3.23) 1.47 (0.53 – 4.08)

Moderate/heavy
b 1.83 (0.91 – 3.69) 2.32 (1.08 – 5.00) 2.44 (1.28 – 4.65) 2.90 (1.48 – 5.66)

OR = odds ratio; aOR = adjusted odds ratio; HR = hazard ratio; aHR = adjusted hazard ratio; CI = confidence interval

Hair analysis reflects cumulative dosing over a 3-month timeframe.

Adjusted models controlled for all other variables in the table.

a
cocaine levels indicative of light use: 500–3,000 pg/mg

b
cocaine levels indicative of moderate/heavy use: >3,000 pg/mg
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