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Abstract

PrEP’s potential benefit for men who have sex with men (MSM) who use stimulants may be 

limited by adherence or prescriber willingness to recommend PrEP due to concerns of non-

compliance. Using data from PATH-PrEP, a 48-week study evaluating PrEP for MSM in Los 

Angeles, we modeled an interaction between stimulant use and condomless sex with multiple 
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partners (CAS-MP) on prevention-effective dried blood spot tenofovir-diphosphate concentrations. 

At week 4, participants reporting stimulant use and CAS-MP had a decreased odds of prevention-

effective adherence compared to non-stimulant use and non-CAS-MP (AOR 0.15, 95% CI 

0.04-0.57). From week 4 to 48, participants reporting stimulant use and CAS-MP had increased 

odds of prevention-effective adherence (AOR 1.06 per week, 95%CI 1.01-1.12). Participants 

reporting CAS-MP without stimulant use had no significant change in prevention-effective 

adherence (AOR 0.99 per week, 95%CI 0.96-1.02). Stimulant use moderated the association of 

CAS-MP on prevention-effective PrEP adherence over time.

Keywords

PrEP; adherence; MSM; stimulant; condomless anal sex

Introduction

Pre-exposure prophylaxis (PrEP) with daily oral tenofovir disoproxil fumarate and 

emtricitabine (TDF/FTC, Truvada ®, Gilead Sciences) has been proven to be highly 

effective for preventing HIV acquisition in diverse populations including men who have sex 

with men (MSM) (Baeten et al., 2012; Grant et al., 2010; Molina et al., 2015; Thigpen et al., 

2012). Effectiveness is contingent on adherence, with efficacy highly correlated with 

biomarkers of TDF/FTC use in clinical trials (Marrazzo et al., 2015; Van Damme et al., 

2012). Data suggest that individuals may alter PrEP taking behavior in response to temporal 

changes in sexual risk (Grant et al., 2014; Haberer et al., 2015; 2017; Liu et al., 2016). In 

some studies, increased PrEP adherence was associated with condomless anal sex (CAS) 

(Hoagland et al., 2017; Hosek et al., 2017) or CAS with multiple partners (CAS-MP) (Grant 

et al., 2014; Liu et al., 2016).

Stimulant use (cocaine, methamphetamine, or ecstasy) (Lim et al., 2012) is an important risk 

factor for HIV acquisition (Drumright, Patterson, & Strathdee, 2009; Koblin et al., 2006) 

and may challenge an individual’s ability to maintain prevention-effective adherence to 

PrEP. Qualitative studies have reported MSM’s concerns regarding potential interactions 

between recreational stimulants and antiretroviral medications (Oldenburg et al., 2016), and 

difficulties remembering to take PrEP while under the influence of stimulants (Closson, 

Mitty, Malone, Mayer, & Mimiaga, 2017; Storholm, Volk, Marcus, Silverberg, & Satre, 

2017). Additionally, providers reported that they would be less likely to prescribe PrEP to 

users of illicit drugs (Castel et al., 2015). Data are limited and conflicting with regard to 

PrEP adherence among stimulant users. One study reported increased adherence in frequent 

substance users (Hoenigl et al., 2018); while another study reported that MSM who used 

stimulants were five times less likely to have prevention-effective adherence early after 

initiation of PrEP (Hojilla et al., 2018). The objective of this analysis was to test the 

hypothesis that stimulant use may moderate the association of CAS-MP with PrEP 

adherence, decreasing prevention-effective adherence over time.
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Methods

The PrEP and Testing/linkage to care for HIV Prevention (PATH-PrEP) study was a single-

arm open label demonstration project in Los Angeles, California conducted between April 

2014 and July 2016. Detailed methods and primary results have been reported (Landovitz et 

al., 2017). Screening and enrollment occurred at two clinics in Los Angeles. Eligible 

participants were HIV uninfected MSM or transgender women age 18 years or older who 

reported receptive anal sex within the last 12 months. Participants were offered PrEP if they 

met criteria suggesting high-risk for HIV (see Landovitz et al., 2017 for full inclusion/

exclusion criteria). Those not offered PrEP were provided with as-needed post-exposure 

prophylaxis (PEP) and could be escalated to the PrEP cohort if high-risk criteria were met.

After providing informed consent, participants were evaluated at baseline, week 4, 8, 12, 24, 

36, and 48. At each visit, behavioral data were collected by computer assisted self-interview. 

Those offered PrEP had laboratory testing for safety monitoring, and both plasma and dried 

blood spot (DBS) samples to assess adherence. Escalating adherence support based on 

plasma tenofovir levels was provided. All participants received a comprehensive HIV 

prevention package that included counseling, condoms, and testing for HIV and STIs 

(gonorrhea, chlamydia, and syphilis) at baseline and 12-week intervals.

Measures.

Substance use was assessed through a 15-item questionnaire based on the NIDA-ASSIST 

assessment (NIDA, 2012). Stimulant use was defined as any reported use of 

methamphetamine, ecstasy, or cocaine. Condomless anal sex with multiple partners (CAS-

MP) was defined as self-report of at least two partners with who the participant had 

condomless receptive anal intercourse. Questions for both substance use and CAS-MP were 

asked within a time frame of 30-days prior to baseline or since the last study visit (30 or 90 

days).

Primary outcome.

The primary outcome was tenofovir-diphosphate (TFV-DP) concentrations in DBS as a 

measure of PrEP adherence. TFV-DP concentrations were available for weeks 4, 12, 24, 36, 

and 48. TFV-DP concentrations were categorized as a dichotomous variable: Prevention-

effective adherence (≥700 fmol/punch) or suboptimal adherence (<700 fmol/punch). A 

prevention-effective adherence assignment is consistent with taking 4 or more doses of 

TDF/FTC per week on average (Anderson et al., 2018).

Statistical analysis.

Participants who completed at least one follow-up visit at which a TFV-DP concentration 

was obtained from a DBS sample were included in the analysis (1 transgender participant 

was excluded from the analysis as results would not be generalizable to the transgender 

population). Generalized linear mixed models with random intercepts and slopes were used 

to estimate the relationship of predictors of interest with PrEP adherence as measured by 

TFV-DP concentrations in DBS. An interaction term of stimulant use and CAS-MP was 
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included in the model, which also controlled for age, race and ethnicity, education, income, 

enrollment site, and sex work. All statistical analyses were performed using SPSS 24.

Results

The PATH-PrEP study offered PrEP to 296 MSM. These analyses included 283 participants 

who returned for at least one TFV-DP measurement. Table 1 shows baseline demographics 

by stimulant use and CAS-MP.

At baseline, methamphetamine use was reported by 35 (13%) participants in the past 30 

days, ecstasy by 58 (21%), and cocaine by 58 (21%). Use of one or more stimulant types 

was reported by 96 (34%). CAS was reported by 241 (85%) participants with a median of 3 

(IQR 1–5) condomless sex partners in the previous 30-days. CAS-MP was reported by 172 

(61%) participants. Both CAS-MP and stimulant use were reported by 70 participants 

(25%), CAS-MP alone by 102 (36%), stimulant use alone by 26 (9%) and neither by 85 

(30%).

Prevention-effective TFV-DP concentrations were found in 80% of samples over the course 

of the study (see Landovitz et al., 2017 for full adherence results). In the multivariable 

model (Table 2), when considering the interaction of stimulant use and CAS-MP at week 4 

and over time, participants engaging in CAS-MP had a statistically significant difference in 

prevention-effective adherence compared to non-CAS-MP: At week 4, those that reported 

using stimulants had decreased odds of prevention-effective adherence (adjusted odds ratio 

[AOR] 0.15, 95% CI 0.04–0.57) whereas those not using stimulants had increased odds of 

prevention-effective adherence (AOR 2.69, 95% CI 1.36–5.31) compared to non-stimulant 

non-CAS-MP participants. Only those with both stimulant use and CAS-MP had increased 

odds of prevention-effective adherence over time (Figure 1) (AOR 1.06 per week, 95% CI 

1.01–1.12).

Discussion

This study evaluated the interaction of CAS-MP and stimulant use on prevention-effective 

PrEP adherence in a population of MSM prescribed PrEP in Los Angeles. The analyses 

found that stimulant users engaging in CAS-MP had decreased prevention-effective 

adherence compared to non-CAS-MP and non-stimulant using participants early after 

initiation of PrEP. The early finding of decreased adherence in people who used stimulants 

early after initiation of PrEP concurs with those reported by Hojilla et al. (2018). Yet, when 

analyses were extended over a 48-week period, MSM who reported stimulant use and CAS-

MP were able to achieve the same or better levels of adherence over time as their non-

stimulant using counterparts. The findings in the PATH-PrEP cohort suggest that MSM who 

used stimulants and were at high-risk for HIV infection due to CAS-MP may have 

subsequently assessed their risk adequately and adjusted their PrEP adherence to sustain 

prevention-effective concentrations over time similar.

In the PrEP continuum of care (Kelley et al., 2015; Nunn et al., 2017), substance use has 

been identified as a potential contributor to the ‘step off’ at each stage of the prevention 

continuum. A critical step in the continuum is for at-risk individuals to be prescribed PrEP 
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by their providers (Kelley et al., 2015). In a study in Miami and Washington, DC, only 13% 

of providers reported that they would prescribe PrEP to non-injection drug users (Castel et 

al., 2015). In the current analysis, the results contradict prevailing beliefs that stimulant users 

are unable to achieve high levels of HIV protection in the setting of stimulant use – 

particularly for those reporting CAS-MP.

These analyses have several limitations. Stimulant use was documented by self-report that 

may be complicated by recall and social desirability bias, yet, use of CASI may minimize 

these biases. Combining all three stimulants may have obscured associations of smaller sub-

groups (i.e., individual stimulants or high frequency use) with achieving or not achieving 

prevention-effective adherence. The inclusion in this study of a brief intervention based on 

PrEP drug concentrations with a rapid turnaround time may preclude generalizing the 

intervention to many real-world settings where such biomarkers and/or interventions are not 

routinely available or feasible. Strengths of our study include an ethnically diverse 

population, using biologic markers to characterize adherence, and statistical methods that 

take into account participants’ risk behavior changing over time in longitudinal analyses.

These analyses suggest that MSM who use stimulants can adequately adhere to PrEP over 

time. Stimulant use should therefore not be viewed as a contraindication to PrEP 

prescription; rather the increased risk of HIV acquisition associated with stimulant use in 

MSM increases the potential benefits of PrEP use in this population. Future studies should 

continue to evaluate the barriers and motivators stimulant users encounter in initiating, 

adhering to, and persisting on PrEP.
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Figure 1. 
Predicted probabilities of prevention-effective adherence (TFV-DP ≥700 fmol/punch) by 

condomless anal sex with multiple partners and stimulant use in a cohort of MSM on PrEP 

(n=283). Abbreviations: DBS, dried blood spot; PrEP, pre-exposure prophylaxis; TFV-DP, 

tenofovir diphosphate.
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Table 1.

Baseline demographic variables by stimulant use and condomless anal sex with multiple partners (CAS-MP) 

among a cohort of men who have sex with men using PrEP (n=283)

Stimulant use
1

CAS-MP

No (n=187)
n (%)

Yes (n=96)
n (%) P value

2 No (n=111)
n (%)

Yes (n=172)
n (%) P value

2

Age 0.15 0.01

 Less than 26 20 (10.7) 17 (17.7) 21 (18.9) 16 (9.3)

 Between 26-35 81 (43.3) 44 (45.8) 53 (47.7) 72 (41.9)

 Between 36-45 52 (27.8) 18 (18.8) 18 (16.2) 52 (30.2)

 46 or Older 34 (18.2) 17 (17.7) 19 (17.1) 32 (18.6)

Race/ethnicity 0.13 0.21

 White 93 (49.7) 52 (54.2) 49 (44.1) 96 (55.8)

 Hispanic or Latino 58 (31.) 20 (20.8) 35 (31.5) 43 (25.0)

 Black or African-American 17 (9.1) 12 (12.5) 14 (12.6) 15 (8.7)

 Asian/Pacific Islander 8 (4.3) 9 (9.4) 9 (8.1) 8 (4.7)

 Other 11 (5.9) 3 (3.1) 4 (3.6) 10 (5.8)

Education 0.45 0.94

 High School or Less 22 (11.8) 10 (10.4) 14 (12.6) 18 (10.5)

 Some College 63 (33.7) 33 (34.4) 38 (34.2) 58 (33.7)

 Bachelors 62 (33.2) 39 (40.6) 38 (34.2) 63 (36.6)

 Graduate 40 (21.4) 14 (14.6) 21 (18.9) 33 (19.2)

Family income 0.10 0.34

 $20,000 or Less 48 (25.7) 36 (37.5) 37 (33.3) 47 (27.3)

 Between $20,000 and $50,000 74 (39.6) 35 (36.5) 44 (39.6) 65 (37.8)

 More than $50,000 65 (34.8) 25 (26.0) 30 (27.0) 60 (34.9)

Enrollment site 0.29 <0.01

 Los Angeles LGBT Center 161 (86.1) 78 (81.3) 102 (91.9) 137 (79.7)

 Oasis 26 (13.9) 18 (18.8)  9 (8.1) 35 (20.3)  

1
Stimulant use defined as any use of methamphetamine, ecstasy, or cocaine in the preceding 30 days.

2
Significance level determined at a p value of less than 0.05. Chi-square was used for categorical variables.
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Table 2.

Multivariable generalized linear mixed model of interaction of stimulant use and condomless anal sex with 

multiple partners and their interaction with prevention-effective tenofovir diphosphate concentration (≥700 

fmol/punch) in dried blood spots among a cohort of MSM using PrEP (n=283).

95% CI

B SE AOR Lower Upper P value

Interaction

Week 4

 No stimulant use or CAS-MP (reference)

 Stimulant use
1
 only 0.67 0.56 1.96 0.65 5.87 0.23

 CAS-MP only 0.99 0.35 2.69 1.36 5.31 <0.01

 Stimulant use and CAS-MP −1.89 0.67 0.15 0.04 0.57 0.01

Over time2 (per week increase)

 No stimulant use or CAS-MP 0.01 0.01 1.01 0.99 1.04 0.36

 Stimulant use only −0.03 0.02 0.97 0.93 1.02 0.24

 CAS-MP only −0.02 0.02 0.99 0.96 1.02 0.33

 Stimulant use and CAS-MP 0.06 0.03 1.06 1.01 1.12 0.02

Age

 Less than 26 (reference)

 Between 26-35 0.00 0.33 1.00 0.53 1.89 0.99

 Between 36-45 1.22 0.45 3.39 1.40 8.16 0.01

 46 or older 0.58 0.41 1.78 0.80 3.95 0.16

Race/ethnicity

 White (reference)

 Hispanic −0.04 0.29 0.96 0.55 1.70 0.90

 Black or African-American −1.61 0.33 0.20 0.11 0.38 <0.001

 Asian/Pacific Islander 0.73 0.55 2.08 0.70 6.18 0.19

 Other −0.22 0.57 0.80 0.26 2.47 0.70

Enrollment site

 Los Angeles LGBT Center (reference)

 OASIS Clinic −0.66 0.29 0.52 0.29 0.92 0.03

Education

 High School or Less (reference)

 Some College −0.08 0.37 0.93 0.45 1.93 0.84

 Bachelors 0.39 0.40 1.48 0.68 3.22 0.33

 Graduate 0.22 0.45 1.25 0.52 2.99 0.62

Family income

 Less than $20,000 (reference)

 Between $20,000 and $50,000 0.51 0.28 1.66 0.95 2.90 0.08

 More than $50,000 −0.06 0.32 0.95 0.50 1.78 0.87

Sex work

 No sex work (reference)
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95% CI

B SE AOR Lower Upper P value

 Sex work −0.05 0.40 0.95 0.43 2.09 0.89

Abbreviations: AOR, adjusted odds ratio; CAS-MP, condomless anal sex with multiple partners; CI, confidence interval; MSM, men who have sex 
with men; PrEP, pre-exposure prophylaxis; SE, standard error.

1
Stimulant use was defined as any use of methamphetamine, ecstasy, or cocaine in the 30-day horizon at baseline, weeks 4, 8, and 12, and in the 

90-day horizon at weeks 24, 36, and 48.

2
TFV-DP concentrations in DBS were tested at weeks 4, 12, 24, 36 and 48.
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