RESEARCH

Substance Use and Adherence to
HIV Preexposure Prophylaxis for
Men Who Have Sex with Men1
Martin Hoenigl, Sonia Jain, David Moore, Deborah Collins, Xiaoying Sun,
Peter L. Anderson, Katya Corado, Jill S. Blumenthal, Eric S. Daar, Joel Milam,
Michael P. Dubé, Sheldon Morris, for the California Collaborative Treatment Group 595 Team
In support of improving patient care, this activity has been planned and implemented by Medscape, LLC
and Emerging Infectious Diseases. Medscape, LLC is jointly accredited by the Accreditation Council for
Continuing Medical Education (ACCME), the Accreditation Council for Pharmacy Education (ACPE), and the
American Nurses Credentialing Center (ANCC), to provide continuing education for the healthcare team.
Medscape, LLC designates this Journal-based CME activity for a maximum of 1.00 AMA PRA Category
1 Credit(s)™. Physicians should claim only the credit commensurate with the extent of their participation in the activity.
All other clinicians completing this activity will be issued a certificate of participation. To participate in this journal CME activity:
(1) review the learning objectives and author disclosures; (2) study the education content; (3) take the post-test with a 75% minimum
passing score and complete the evaluation at http://www.medscape.org/journal/eid; and (4) view/print certificate. For CME
questions, see page 2401.
Release date: November 15, 2018; Expiration date: November 15, 2019
Learning Objectives
Upon completion of this activity, participants will be able to:
•

Assess the efficacy of preexposure prophylaxis (PrEP) in different patient populations

•

Distinguish rates of substance use and PrEP adherence in the current cohort of predominantly men who have
sex with men (MSM)

•

Analyze the effect of substance use on adherence to PrEP

•

Evaluate substances associated with a higher risk for sexually transmitted diseases among MSM

CME Editor
Thomas J. Gryczan, MS, Technical Writer/Editor, Emerging Infectious Diseases. Disclosure: Thomas J. Gryczan, MS, has
disclosed no relevant financial relationships.
CME Author
Charles P. Vega, MD, Clinical Professor, Health Sciences, Department of Family Medicine, University of California, Irvine School of
Medicine, Irvine, California. Disclosure: Charles P. Vega, MD, has disclosed the following relevant financial relationships: served as
an advisor or consultant for Johnson & Johnson Pharmaceutical Research & Development, L.L.C.; Shire; and Sunovion
Pharmaceuticals Inc.; served as a speaker or a member of a speakers bureau for Shire.
Authors
Disclosures: Sonia Jain, PhD; David Moore, PhD; Deborah Collins, PA-C, MSPAS; Xiaoying Sun, MS; and Joel Milam, PhD,
have disclosed no relevant financial relationships. Martin Hoenigl, MD, has disclosed the following relevant financial relationships:
served as a speaker or a member of a speakers bureau for Merck & Co., Inc.; received grants for clinical research from Gilead
Sciences, Inc. Peter L. Anderson, PharmD, has disclosed the following relevant financial relationships: received grants for clinical
research from Gilead Sciences, Inc. Katya Corado, MD, has disclosed the following relevant financial relationships: received grants for
clinical research from Gilead Sciences, Inc. Jill Blumenthal, MD, has disclosed the following relevant financial relationships: served as
an advisor or consultant for Gilead Sciences, Inc.; received grants for clinical research from Gilead Sciences, Inc. Eric S. Daar, MD,
has disclosed the following relevant financial relationships: served as an advisor or consultant for Gilead Sciences, Inc.; Merck & Co.,
Inc.; ViiV Healthcare; received grants for clinical research from Gilead Sciences, Inc.; Merck & Co., Inc.; ViiV Healthcare. Michael P.
Dubé, MD, has disclosed the following relevant financial relationships: served as an advisor or consultant for Gilead Sciences, Inc.;
Thera; received grants for clinical research from Bristol-Myers Squibb Company; Gilead Sciences, Inc.; Thera; ViiV Healthcare.
Sheldon Morris, MD, has disclosed the following relevant financial relationships: received grants for clinical research from Gilead
Sciences, Inc. This article may discuss off-label uses of drugs, mechanical devices, biologics, or diagnostics approved by the Food and
Drug Administration for use in the United States.
Original data from this study were presented in part at the 2017 Conference on Retroviruses and Opportunistic Infections, February
13–16, 2017, Seattle, Washington, USA; and at the 12th International Conference on HIV Treatment and Prevention Adherence, June
4–6, 2017, Miami, Florida, USA.
1

2292

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 24, No. 12, December 2018

Substance Use and Adherence to HIV Prophylaxis
The effectiveness of oral HIV preexposure prophylaxis
(PrEP) strongly depends on maintaining adherence. We
investigated the association between substance use and
PrEP adherence, as well as incident sexually transmitted infections (STIs) in a high-risk cohort of 394 participants (391
men who have sex with men and 3 transgender women) who
were enrolled in a PrEP demonstration project. We assessed
baseline and ongoing substance use over a 48-week period
for stimulants and nonstimulant substances and for each
substance separately. We measured PrEP adherence by
using dried blood spots to obtain levels of tenofovir diphosphate. No differences in these levels were found between
substance users and nonsubstance users. Baseline stimulant use was strongly associated (odds ratio 3.4; p<0.001)
with incident STIs during the study. Thus, PrEP adherence
was not decreased by substance use. Because substance
users had increased rates of STIs, indicating higher-risk behavior, they might be excellent candidates for PrEP.

O

ver the past 2 decades, substance use, in particular
use of stimulants, such as methamphetamine, remains
prevalent among men who have sex with men (MSM) and
transgender women in the United States (1). Alcohol, stimulant use, and injection drug use (IDU) are independently
associated with increased risk behavior and HIV acquisition among MSM and transgender women (1–4). Thus,
HIV-uninfected MSM and transgender women with substance use might represent ideal candidates for preexposure
prophylaxis (PrEP).
The efficacy of tenofovir disoproxil fumarate (TDF)
combined with emtricitibine (FTC) for HIV PrEP has been
documented in several randomized and controlled trials (5–
7). In the iPrEx study, TDF/FTC reduced the risk for HIV
infection in MSM by 44% vs. placebo, and a 73% lower
risk of HIV infection was reported for persons who had
>90% self-reported adherence (5), and >90% lower risk for
persons who had adherence defined by tenofovir diphosphate (TFV-DP) drug levels commensurate with >4 tablets
per week (8).
The Bangkok TDF Study randomized 2,413 persons
who injected drugs (PWIDs; <5% were MSM) 1:1 to TDF
or placebo, and results showed a 48% reduction in HIV
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seroconverison in the treatment arm (9,10). However, in
that study, study participants had daily observed dosing in
conjunction with substance use disorder treatment. Therefore, adherence remains uncertain among substance users
without observed therapy.
The effectiveness of TDF/FTC for HIV PrEP strongly
depends on maintaining adherence (11,12). Although studies have indicated that different strategies might be required
for PrEP implementation for MSM who use stimulant substances and alcohol (13), comprehensive/demonstrative
studies that evaluate adherence among MSM or transgender
women using different classes of substances are lacking.
We hypothesized that, among MSM and transgender
women enrolled in a randomized controlled PrEP demonstration trial, substance users would have lower levels of
PrEP adherence. The objective of our study was to investigate the association between substance/alcohol use and
adherence to PrEP, as well as sexually transmitted infections (STIs) and study completion, in a well-characterized
high-risk cohort of MSM and transgender women who participated in the California Collaborative Treatment Group
(CCTG) 595 Study.
Materials and Methods
CCTG 595 was a randomized controlled trial of individualized text messaging versus standard care for adherence
to daily TDF/FTC PrEP (http://www.clinicaltrials.gov/ct2/
show/NCT01761643) (14). In CCTG 595, PrEP was given
in combination with safety monitoring, HIV/STI testing,
and risk reduction counseling. On a daily basis, participants
in the intervention arm received a mixture of health promotion and factoid messages at a personally selected time
consistent with when they planned to take PrEP. The study
was conducted during February 2014–February 2016. Patients were enrolled at 4 medical centers in southern California (University of California San Diego, University of
Southern California, Harbor–University of California Los
Angeles, and Long Beach Health Department), and participants were provided with mobile phones in case they did
not have a mobile phone (14).
Eligible participants for CCTG 595 were HIV-uninfected MSM and transgender women (age >18 years) confirmed by a negative result for an antigen/antibody assay
or antibody assay plus HIV nucleic acid amplification test.
Participants needed to have a persistent increased risk for
HIV acquisition as determined by >1 of the following criteria: 1) >1 HIV-infected sexual partner for >4 weeks; 2)
condomless anal intercourse with >3 male sex partners who
were HIV positive or of unknown HIV status during the
previous 3 months; or 3) condomless anal sex with >1 male
partner and an STI diagnosis during the previous 3 months.
Participants were required to have acceptable laboratory
test values during the previous 30 days; exclusion criteria
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included active hepatitis B. Study visits occurred at baseline and at weeks 4, 12, 24, 36, and 48 for the primary outcome. Study participants were allowed to continue receiving the study drug past week 48 until the last participant
completed his or her week 48 visit.
At each visit, we collected data by using a confidential in-person interview and computer-assisted survey selfreport (e.g., Patient Health Questionnaire 9 [PHQ9]). We
found no significant differences in the primary adherence
outcome between the 2 study arms (72.0% in text messaging arm vs. 69.2% in standard of care; p = 0.58), in adequate
adherence at week 12 (91.7% vs. 85.6%; p = 0.07) or week
48 (83.4% vs. 81.6%; p = 0.77), or in baseline substance
use (p = 0.11) or Drug Abuse Screening Test (DAST10)
result (p = 0.30) (14).
For this analysis, we included randomized CCTG 595
participants who had completed the baseline substance use
questionnaire (n = 394) to examine associations with substance use over 48 weeks and used dried blood spot (DBS)
intracellular TFV-DP levels as a biologic measure of PrEP
adherence (15). We assessed substance use during the previous 3 months at baseline and week 4, 12, 24, 36, and 48
visits by using a Substance Use Screening Questionnaire
(SCID). Each substance variable was categorized into no
use, some use (1–4 times), and frequent use (>5 times)
on the basis of the frequency of use during the previous
3 months. We also analyzed use of combined stimulant
substances (i.e., poppers, methamphetamine, cocaine, ecstasy, amphetamine, and other stimulants); nonstimulant
substances (i.e., heroin, other opioids [e.g., hydrocodone
bitartrate/acetaminophen and oxycontin], sedatives, antianxiety drugs, hallucinogens, dissociative drugs, and inhalants); and any substances (i.e., stimulant and nonstimulant
substances listed previously, not including alcohol and
marijuana use).
We assessed problematic use at baseline by using the
DAST10 and the Alcohol Use Disorders Identification Test
(AUDIT). DAST10 score was grouped into 3 categories: no
or low problems, DAST10 score <3; moderate problems,
DAST10 score >3–<6; and substantial or severe problems,
DAST10 score >6. AUDIT score was grouped into 3 categories: <8, >8–<16, and >16. Ongoing substance use was
defined as >50% of completed study visits (study had 6
regular visits) with reported use in the SCID. Ongoing substance use was defined in a hierarchical way. We first defined frequent ongoing user as reporting frequent substance
use on the SCID at >50% of visits; if this criterion was not
reached, we looked further at whether the study participant
reported any substance use (including some and frequent)
at >50% of visits; if yes, we defined them as some ongoing
user; otherwise, they were counted as not an ongoing user.
We determined adherence by measuring intracellular
TFV-DP levels in DBS. A TFV-DP concentration >719
2294

fmoL/punch of a paper disk containing DBS (e.g., https://
www.analytical-sales.com/DBS.html) was defined as an
average of >4 tablets/week. This value is the unrounded
level corresponding to 700 fmoL/punch level used in the
IPREX OLE study, which reported 0 of 28 seroconversions when the TFV-DP level was >700 fmoL/punch (16).
We determined intracellular TFV-DP concentrations at the
week 12 visit and the last on-drug visit on or before the
week 48 visit by using a validated method (15).
The primary DBS adherence outcome was a composite
outcome for being adherent as defined by a DBS TFV-DP
level >719 fmoL/punch (i.e., adequate adherence) at the
week 12 visit and, if continued past week 12, the last study
visit through week 48 (e.g., week 24, 36, or 48). Missing or
not completing the visit at week 12 was considered nonadherence. If week 12 was the last study visit while receiving
drug, then the adherence of the participant was based only
on that 1 value. The secondary DBS near-perfect adherence
composite outcome included the same composite outcome
for DBS TFV-DP dose associated with taking 7 doses of
TDF in the past week (>1,246 fmoL/punch) (15,16). In addition to the composite outcomes, we also performed crosssectional analyses at weeks 12 and 48 on the basis of available samples.
As a secondary objective, we assessed whether substance or alcohol use reported at baseline impacted study
completion and incident STIs during the study (i.e., measure of sexual risk behavior). STI screening assessments
at baseline and every 3 months over 12 months included
syphilis (serum rapid plasma reagin, and if a positive result
was obtained, a confirmatory treponemal test), nucleic acid
amplification test of urine, and testing of pharyngeal and
rectal swab specimens for Chlamydia spp. and gonorrhea
(Aptima; Hologic, Marlborough, MA, USA). Information
about newly diagnosed STIs was communicated to participants, and referrals were made to their providers or a local
STI clinic for treatment. Incident STI was defined as having
positive results for gonorrhea or infection with Chlamydia
spp. at any site or a positive rapid plasma reagin result for
syphilis during the study visits after baseline.
We compared baseline characteristics, DBS adherence
composites, and incident STI during the study and at study
completion regarding substance/alcohol use categories by
using the Fisher exact test for categorical variables and
analysis of variance test. We used the Wilcoxon rank-sum
test to test continuous variables. To assess the association
between substance/alcohol use and outcomes (i.e., adherence, study completion, and incident), we used separate
logistic regression models adjusted for study arm and other
baseline factors that were associated with outcome. We assessed model discrimination by using the goodness-of-fit
Hosmer–Lemeshow statistic. In addition, we used Cox regression models to study the association between baseline
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Figure 1. Flow chart for selection
of patients from randomized
controlled trial for study of
substance use and adherence
to HIV preexposure prophylaxis
among men who have sex with
men and transgender women,
February 2014–February 2016,
California, USA.

substance use and time to early study termination or time
to first incident STI diagnosis and reported hazard ratios
(HRs). We defined time to study termination as the last
completed visit of a participant. Participants who did not
leave the study early were censored at week 48. Participants
who did not reach the event were censored at their last visit
before or at week 48. A p value <0.05 was considered statistically significant. No adjustment was made for multiple
comparisons. Statistical analyses were performed by using
R software version 3.3.2 (http://cran.r-project.org).
Results
A total of 394 persons participated in the study and completed their baseline substance use questionnaire (Figure 1).
Of these participants, any substance use was reported by 288
(73%) and any alcohol use by 327 (83%). Overall, substance
use remained relatively stable over the course of the study
(e.g., 39% reported frequent substance use at baseline and
42% at week 48). Some ongoing substance use was reported
by 37%, and frequent ongoing substance was reported by
38%. Participants with ongoing substance use had higher
levels of depressive symptoms (PHQ9 scores) than those
without ongoing substance use. We obtained demographic
data and PHQ9 and DAST10 scores of subgroups with no,
some, and frequent ongoing substance use (Table 1).
Overall, 89% of participants at week 12 and 83% of
participants at week 48 had adequate DBS TFV-DP levels
(i.e., >719 fmoL/punch); 48% of participants at week 12
and 44% of participants at week 48 had estimated nearperfect DBS TFV-DP levels (i.e., >1,246 fmoL/punch).
A total of 279/394 (71%) study participants reached the
primary DBS adherence composite (i.e., adequate adherence), 115/394 (29%) reached the secondary DBS adherence composite (i.e., near-perfect adherence), and 322/394
(82%) completed the study (i.e., the week 48 visit) (14).

Univariate analyses showed no significant difference
in the primary or secondary DBS adherence outcomes between persons with or without ongoing substance/alcohol
use (all p values >0.2; Table 2). There was also no significant association between baseline substance/alcohol use or
between baseline DAST10 and AUDIT scores and adherence outcomes (all p values >0.5; Table 2). Similar results
were confirmed in multivariable logistic regression models
adjusted for study arm, race, and baseline PHQ9 scores (all
p values >0.1).
We created boxplots of DBS TFV-DP levels at weeks
12 and 48 for those with no, some, and frequent ongoing substance use (alcohol and marijuana excluded), as
well as boxplots of DBS TFV-DP levels at week 48 by
AUDIT and DAST10 score categories (Figure 2). We
also developed cross-sectional associations of previous
3 months substance use with adequate and perfect adherence at weeks 12 and 48 (online Technical Appendix
Table 1, https://wwwnc.cdc.gov/EID/article/24/12/180400-Techapp1.pdf). Although at week 48 persons with
the highest category of AUDIT scores were significantly
less likely to have adequate adherence (p = 0.03), persons
who had substantial or severe substance use problems
according to DAST10 were significantly more likely to
reach near-perfect adherence (p = 0.04). However, when
we compared DBS TFV-DP as a continuous variable between the AUDIT and DAST10 groups, differences were
not significant (p = 0.847 for AUDIT and p = 0.099 for
DAST10; Figure 2).
Overall, 322/394 (82%) participants completed the
study (Table 3). In the Cox regression model adjusting
for study arm (Table 4), we found that frequent baseline substance use was significantly associated with
study completion (HR for early study termination 0.541;
p = 0.036) compared with persons who had no substance
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use; 86% of persons who had frequent substance use completed the study compared with 81% who had some substance use and 76% who had no substance use). We also calculated the same model after replacing substance use with
alcohol use and methamphetamine use. Although baseline
alcohol use was not a strong predictor of study completion,
we found that some methamphetamine use at baseline was
associated with a significantly lower likelihood of study
completion compared with no methamphetamine use, but
frequent methamphetamine use at baseline was not associated with study completion (HR for early study termination for some methamphetamine use 1.885; p = 0.046; 70%
study completion for some methamphetamine use vs. 83%
study completion for no or frequent methamphetamine
use). The logistic regression models yielded similar findings (online Technical Appendix Table 2).
In an explorative analysis, we focused on 39 (9.9%)
persons who left the study early (before the week 24 visit). We found that persons who had some baseline methamphetamine use had a greater tendency to leave the
study early (17.5% left the study early vs. 4.3% who had
frequent methamphetamine use and 9.3% who had no

methamphetamine use), but frequent baseline substance
use tended to be associated with a lower tendency to leave
the study early (5.2%; all p>0.05).
Overall, 152 (39%) of 394 participants were given
a diagnosis of an incident STI during the study. By using univariate analysis (Table 3), we found that incident
STIs occurred more frequently in participants with some
and frequent stimulant use at baseline (incident STIs occurred in 48% of both groups vs. 21% in persons with
no stimulant use at baseline; p<0.001). This difference
was driven by use of poppers (52% incident STIs in persons with frequent popper use and 50% in persons with
some popper use vs. 26% in persons with no popper use;
p<0.001). We also found significantly higher rates of incident STIs in those with some methamphetamine use
(58% STI incidence vs. 36% in persons with no methamphetamine use and 39% in persons with frequent methamphetamine use; p = 0.037). No difference was found
for alcohol use.
By using Cox regression models adjusting for
study arm, age, and baseline STI status, we found that
stimulant use was strongly associated with incident STI

Table 1. Baseline demographic characteristics by substance use status used for assessing substance use and adherence to HIV
preexposure prophylaxis among MSM and transgender women, California, USA*
Substance use
Characteristic
Overall, n = 394
None, n = 102
Some, n = 144
Frequent, n = 148
p value
Sex
0.191
M
391 (99)
100 (98)
143 (99)
148 (100)
F
3 (1)
2 (2)
1 (1)
0
Median age, y (IQR)
33 (28–41)
33 (29–40)
33 (28–41)
33.5 (28–42)
0.885
Race, n = 386†
0.238
Asian
12 (3)
2 (2)
5 (4)
5 (3)
Black
51 (13)
20 (20)
19 (13)
12 (8)
White
292 (76)
72 (72)
104 (73)
116 (81)
Multiple
24 (6)
6 (6)
10 (7)
8 (6)
Other
7 (2)
0
4 (3)
3 (2)
Hispanic ethnicity, n = 391†
119 (30)
30 (29)
54 (38)
35 (24)
0.048
English primary language
3,786 (95)
98 (96)
133 (92)
145 (98)
0.066
Education
0.296
High school or less
35 (9)
12 (12)
15 (10)
8 (5)
Some college
146 (37)
36 (35)
58 (40)
52 (35)
Bachelor’s degree
132 (33)
31 (30)
42 (29)
59 (40)
Postgraduate or advanced degree
81 (21)
23 (23)
29 (20)
29 (20)
Household income/mo
0.434
<$2,000
84 (21)
27 (26)
31 (22)
26 (18)
>$2,000
248 (63)
63 (62)
89 (62)
96 (65)
Not known
62 (16)
12 (12)
24 (17)
26 (18)
Randomization arm
0.019
Standard of care
196 (50)
60 (59)
75 (52)
61 (41)
Text messaging
198 (50)
42 (41)
69 (48)
87 (59)
Study site
0.660
Harbor–UCLA
48 (12)
11 (11)
15 (10)
22 (15)
Long Beach
46 (12)
15 (15)
17 (12)
14 (9)
UCSD
173 (44)
48 (47)
62 (43)
63 (43)
USC
127 (32)
28 (27)
50 (35)
49 (33)
Median PHQ9 for depression (IQR)
3 (1–7)
2 (0–5)
3.5 (1–7)
5 (2–8)
<0.001
Median baseline DAST10 (IQR)
2 (0–3)
0 (0–1)
2 (1–3)
3 (2–4)
<0.001
*Values are no. (%) unless otherwise noted. DAST, Drug Abuse Screening Test; IQR, interquartile range; MSM, men who have sex with men; PHQ,
Patient Health Questionnaire; UCLA, University of California Los Angeles; UCSD, University of California San Diego; USC, University of Southern
California.
†Characteristics were not available for all study participants.

2296

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 24, No. 12, December 2018

Substance Use and Adherence to HIV Prophylaxis

during the study (HR 2.7 for some use, 2.6 for frequent
use; both p<0.001) (Table 4). We also obtained significant results when stimulant use was replaced with popper use (HR 2.3 for some use, 2.5 for frequent use; both
p<0.001) or any substance use (HR 2.1 for some use,
p = 0.002; HR 2.0 for frequent use, p = 0.004). When
we replaced stimulant use with methamphetamine use,
some methamphetamine use was a significant predictor
of incident STI (HR 1.9, p = 0.005), but frequent use was
not a significant predictor. In contrast, alcohol use was
not a strong predictor of incident STI. Logistic regression models yielded similar findings (online Technical
Appendix Table 2).

Discussion
We investigated the association between substance/alcohol use and adherence to PrEP, as well as study completion and incident STIs, in a high-risk cohort of mostly
MSM who participated in a randomized controlled PrEP
adherence trial. Three main findings are evident. First,
substance use was not associated with decreased adherence to PrEP, as measured by TFV-DP in DBS. Second,
baseline frequent substance use was associated with higher likelihood of study completion. Third, baseline stimulant use was strongly associated with higher rates of incident STIs during the study, suggesting greater sexual risk
behavior in users of stimulant substances. Taken together,

Table 2. Associations of DAST10 and AUDIT results at baseline and ongoing substance/alcohol use with primary and secondary DBS
adherence endpoints for MSM and transgender women, California, USA*
Primary endpoint
Secondary endpoint
Characteristic
No
Yes
p value
No
Yes
p value
Substance use baseline, n = 394
DAST10 problems
0.80
0.55
No/low
70 (28)
179 (72)
173 (69)
76 (31)
Moderate
37 (31)
83 (69)
86 (72)
34 (28)
Substantial/severe
8 (32)
17 (68)
20 (80)
5 (20)
AUDIT score
0.09
0.84
<8
81 (29)
201 (71)
197 (70)
85 (30)
8–15
25 (26)
70 (74)
69 (73)
26 (27)
>15
9 (53)
8 (47)
13 (76)
4 (24)
Ongoing substance use, n = 394
Methamphetamine
0.82
0.32
No
97 (29)
238 (71)
240 (72)
95 (28)
Some
10 (28)
26 (72)
26 (72)
10 (28)
Frequent
8 (35)
15 (65)
13 (57)
10 (43)
Heroin
0.79
>0.99
No
113 (29)
275 (71)
274 (71)
114 (29)
Some
1 (25)
3 (75)
3 (75)
1 (25)
Frequent
1 (50)
1 (50)
2 (100)
0
Poppers
0.54
0.66
No
62 (31)
139 (69)
146 (73)
55 (27)
Some
32 (30)
75 (70)
75 (70)
32 (30)
Frequent
21 (24)
65 (76)
58 (67)
28 (33)
Cocaine
0.48
0.33
No
97 (29)
241 (71)
236 (70)
102 (30)
Some
13 (29)
32 (71)
33 (73)
12 (27)
Frequent
5 (45)
6 (55)
10 (91)
1 (9)
Stimulant substances†
0.37
0.75
No
42 (30)
100 (70)
98 (69)
44 (31)
Some
43 (33)
88 (67)
96 (73)
35 (27)
Frequent
30 (25)
91 (75)
85 (71)
36 (29)
Nonstimulant substances‡
0.96
0.32
No
67 (30)
158 (70)
166 (74)
59 (26)
Some
31 (28)
79 (72)
74 (67)
36 (33)
Frequent
17 (29)
42 (71)
39 (66)
20 (34)
Any substance‡
0.34
>0.99
No
31 (30)
71 (70)
72 (71)
30 (29)
Some
47 (33)
97 (67)
102 (71)
42 (29)
Frequent
37 (25)
111 (75)
105 (71)
43 (29)
Alcohol
0.27
0.88
No
23 (38)
38 (62)
42 (69)
19 (31)
Some
32 (29)
79 (71)
78 (70)
33 (30)
Frequent
60 (27)
162 (73)
159 (72)
63 (28)

*Values are no. (%). Primary endpoint value was TFV-DP >719 fmol/punch; secondary endpoint value was TFV-DP >1,246 fmoL/punch. For baseline use
data for specific substances and substance classes not shown, all p values were >0.2. AUDIT, Alcohol Use Disorders Identification Test; DAST, Drug
Abuse Screening Test; DBS, dried blood spot; MSM, men who have sex with men; TSF-DV, tenofovir diphosphate.
†Includes poppers, methamphetamine, cocaine, ecstasy, amphetamine, and other stimulants.
‡Marijuana and alcohol excluded.

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 24, No. 12, December 2018

2297

RESEARCH

Figure 2. Substance use and adherence to HIV preexposure prophylaxis among transgender women and men who have sex with men,
California, USA. A, B) Boxplots showing dried blood spot TFV-DP levels at weeks 12 (A) and 48 (B) for persons with no, some, and
frequent ongoing substance use. C, D) Boxplots showing dried blood spot TFV-DP levels at week 48 in persons with and without alcohol
(C) and substance use (D) problems, according to assessments with AUDIT (C) and DAST (D) (cross-sectional analysis). In each case,
dried blood spot TFV-DP levels were compared among the 3 groups by using the analysis of variance test. Circles indicate outliers;
horizontal lines within boxes indicate medians, box bottoms and tops indicate 25th and 75th quartiles; and error bars indicate levels
within 1.5 times the interquartile range of the lower quartile and upper quartiles. AUDIT, Alcohol Use Disorders Identification Test; DAST,
Drug Abuse Screening Test; TFV-DP, tenofovir diphosphate.

these findings indicate that substance use should not be
used as a reason to withhold PrEP because of concerns
about adherence.
We and others have shown that substance use in
general, and methamphetamine and other stimulant use
in particular, is a likely cause of increased sexual risk
behavior among MSM and therefore a predictor for HIV
acquisition (3,17–21). Thus, HIV-uninfected MSM who
use substances should be considered a target population for PrEP. However, substance-using MSM often
2298

face major individual barriers (e.g., HIV-related stigma,
substance use) and structural barriers (e.g., economic,
healthcare) that might reduce linkage and adherence to
PrEP (13,22–26).
Adherence is probably the major factor affecting PrEP
effectiveness in those linked to PrEP, as outlined by a
recently published mathematical model, which showed that
increased adherence was the only factor resulting in reductions of the number needed to treat with PrEP to prevent 1
HIV infection (27). Our study indicates that substance use
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was not associated with decreased adherence to PrEP. Notably, in this study, persons who used methamphetamines
did not have worse adherence than persons who did not use
methamphetamines. A previous qualitative study indicated
that barriers to PrEP uptake and adherence differ by type
of substance used. In that study, stimulant drug users were
more likely to be concerned that substance use would affect
PrEP adherence, and were less concerned about HIV stigma as a barrier to PrEP uptake compared with alcohol users
(13). However, in our study, we did not find an association
between stimulant use and PrEP adherence.
Baseline frequent substance use was associated with
higher likelihood of study completion, and no associations
were found for alcohol use. Some methamphetamine use
was associated with lower likelihood of study completion
when compared with frequent or no methamphetamine
use. Although some methamphetamine use might relate
to MSM who use methamphetamines occasionally, in
intermittent binges that are more likely to impart risk for

loss to care, the reasons for the increased study dropout of
these persons remains unknown.
Some or frequent stimulant use at baseline was strongly
associated with contracting an incident STI during the study.
This finding was driven mainly by popper use. We also found
higher rates of incident STIs for persons with some methamphetamine use when compared with persons who had frequent or no methamphetamine use. One speculative explanation for this association is that many MSM take psychoactive
drugs, in particular methamphetamine, and engage in sex at
the same time. Also known as chemsex or party and play,
this practice is associated with condomless anal sex, multiple
sex partners, and the transmission of HIV and other STIs
(4,28,29). This intermittent methamphetamine use might not
occur frequently (i.e., not fullfilling frequent methamphetamine use in an SCID questionnaire) but might be associated
with high-risk sexual activities. Together with the finding
that those with some methamphetamine use also have lower
study completion rates, this finding might warrant further

Table 3. Associations of substance/alcohol use at baseline with study completion and incident STI among MSM and transgender
women, California, USA*
Study completion
Incident STI
Substance use baseline, n = 394
No
Yes
p value
No
Yes
p value
DAST10 problems
0.59
0.043
No/low
42 (17)
207 (83)
161 (65)
88 (35)
Moderate
25 (21)
95 (79)
63 (53)
57 (48)
Substantial/severe
5 (20)
20 (80)
18 (72)
7 (28)
Methamphetamine
0.15
0.037
No
56 (17)
275 (83)
211 (64)
120 (36)
Some
12 (30)
28 (70)
17 (43)
23 (57)
Frequent
4 (17)
19 (83)
14 (61)
9 (39)
Heroin
0.24
0.80
No
67 (18)
310 (82)
230 (61)
115 (39)
Some
2 (22)
7 (78)
6 (67)
1 (33)
Frequent
3 (38)
5 (63)
6 (75)
2 (25)
Poppers
0.25
<0.001
No
41 (21)
150 (79)
142 (74)
49 (26)
Some
19 (17)
94 (83)
57 (50)
56 (50)
Frequent
12 (13)
78 (87)
43 (48)
47 (52)
Cocaine
0.31
0.18
No
58 (17)
276 (83)
211 (63)
123 (37)
Some
9 (20)
35 (80)
24 (55)
20 (45)
Frequent
5 (31)
11 (69)
7 (44)
9 (56)
Stimulant substances†
0.40
<0.001
No
30 (22)
109 (78)
110 (79)
29 (21)
Some
23 (18)
106 (82)
67 (52)
62 (48)
Frequent
19 (15)
107 (85)
65 (52)
61 (48)
Nonstimulant substances‡
0.95
0.33
No
42 (19)
179 (81)
140 (63)
81 (37)
Some
19 (18)
89 (82)
60 (56)
48 (44)
Frequent
11 (17)
54 (83)
42 (65)
23 (35)
Any substance
0.18
<0.001
No
25 (24)
81 (76)
81 (76)
25 (24)
Some
25 (19)
110 (81)
76 (56)
59 (44)
Frequent
22 (14)
131 (86)
85 (56)
68 (44)
Alcohol
0.13
0.28
No
16 (24)
51 (76)
47 (70)
20 (30)
Some
21 (22)
74 (78)
57 (60)
38 (40)
Frequent
35 (15)
197 (85)
138 (59)
94 (41)
*Values are no. (%). DAST, Drug Abuse Screening Test; DBS, dried blood spot; MSM, men who have sex with men; STI, sexually transmitted infection.
†Includes poppers, methamphetamine, cocaine, ecstasy, amphetamine, and other stimulants.
‡Marijuana and alcohol excluded.
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Table 4. Cox regression models used for assessing substance use and early study termination and incident STIs among MSM and
transgender women, California, USA*
Model
HR (95% CI)
p value
Model 1
Intervention arm (receiving individualized texting for adherence to daily TDF/FTC)
1.377 (0.862–2.200)
0.180
Baseline some substance use (any)
0.743 (0.426–1.293)
0.293
Baseline frequent substance use (any)
0.541 (0.304–0.961)
0.036
Model 2
Intervention arm
0.924 (0.671–1.272)
0.626
Age
0.973 (0.955–0.992)
0.005
Baseline some stimulant use
2.690 (1.727–4.190)
<0.001
Baseline frequent stimulant use
2.604 (1.665–4.072)
<0.001
Positive STI test result at baseline
1.450 (1.031–2.039)
0.033
*Model 1 assessed the effect of baseline substance use on early study termination. Model 2 assessed the association of stimulant use and incident
STIs during the study. FTC, emtricitibine; HR, hazard ratio; MSM, men who have sex with men; STI, sexually transmitted infection; TDF, tenofovir
disoproxil fumarate.

investigations into tailored HIV prevention counseling, as
well as retention counseling, for this group of persons.
As a secondary finding, we found that substantial or
severe problems with alcohol use, according to the AUDIT questionnaire at week 48, were associated with lower
likelihood of adequate adherence in cross-sectional analysis, although we found no strong association when DBS
TFV-DP levels were used as a continuous outcome. Also,
we found no strong associations between baseline AUDIT
scores and adherence composites.
Limitations of our study include that DBS TFV-DP
levels were only measured at 2 time points, and that the
composite adherence outcome logistic regression models
did not account for missing follow-up data and time effects.
In addition, we assessed frequency of substance use with
validated SCID questionnaires that use categories (with
the highest category being >5 times) instead of assessing
frequency as a continuous outcome. This limitation is applicable particularly to the assessment of alcohol use, in
which the frequent use category (i.e., >5 times within 3
months) might not seem appropriate. However, although
our study did not look specifically into the effect of more
frequent substance and alcohol use (e.g., >10 or >20 times
in the previous 3 months), the study included AUDIT and
DAST scores that have been accepted as measures of problematic alcohol and substance use.
Another limitation was that IDU was not assessed
separately. However, when we analyzed heroin use as
a proxy for IDU, we found no negative associations between heroin use and adherence, although these analyses
were limited by small sample size. A recent dynamic compartmental cost model suggested oral PrEP for PWIDs as
a potentially cost-effective strategy to control HIV in regions where IDU is a major driver of the substance use
epidemic (30). Future studies are needed to evaluate PrEP
adherence in PWIDs. Finally, there is a chance that drug
interactions could increase TFV-DP concentrations in
substance abusers, resulting in misclassification of substance users as adherent, but no evidence supports this
2300

hypothesis. In our study, drug interaction seems unlikely,
given the consistency of findings across different drugs
of abuse, including alcohol, that have different pharmacologic profiles.
In conclusion, for MSM who participated in a randomized controlled trial, we found that baseline substance users had increased STI rates, indicating higher risk behavior,
but PrEP adherence was not decreased by substance use.
Our findings suggest that substance-using persons are appropriately diligent with PrEP adherence and therefore are
excellent candidates for PrEP.
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Technical Appendix Table 1. Associations of substance use at weeks 12 and 48 with adequate (DBS TFV-DP level >719
fmoL/punch) and near-perfect (DBS TFV-DP level >1,246 fmoL/punch) MSM*
DBS TFV-DP DBS TFV-DP
DBS TFV-DP DBS TFV-DP
level <719
level >719
level <1,246
level >1,246
Substance use at wk 12, n = 357
fmoL/punch
fmoL/punch p value
fmoL/punch
fmoL/punch
p value
Methamphetamine
0.57
0.06
No
33 (11)
266 (89)
157 (53)
142 (47)
Some
5 (14)
31 (86)
19 (53)
17 (47)
Frequent
1 (5)
21 (95)
10 (45)
12 (55)
Heroin
0.73
0.57
No
38 (11)
308 (89)
812 (53)
164 (47)
Some
1 (17)
5 (83)
2 (33)
4 (67)
Frequent
0 (0)
5 (100)
2 (40)
3 (60)
Marijuana
0.06
0.39
No
20 (9)
193 (91)
105 (49)
108 (51)
Some
13 (19)
54 (81)
39 (58)
28 (42)
Frequent
6 (8)
71 (92)
42 (55)
35 (45)
Cocaine
0.69
0.94
No
32 (11)
270 (89)
157 (52)
145 (48)
Some
5 (12)
38 (88)
22 (51)
21 (49)
Frequent
2 (17)
10 (83)
7 (58)
5 (42)
Poppers (nitrite)
0.19
0.41
No
24 (13)
168 (88)
100 (52)
92 (48)
Some
10 (13)
68 (87)
45 (58)
33 (42)
Frequent
5 (6)
82 (94)
41 (47)
46 (53)
Alcohol
0.39
0.55
No
9 (15)
50 (85)
27 (46)
32 (54)
Some
13 (11)
101 (89)
60 (53)
54 (47)
Frequent
17 (9)
167 (91)
99 (54)
85 (46)
Any substance†
0.26
0.42
No
11 (10)
95 (90)
53 (50)
53 (50)
Some
16 (15)
90 (85)
61 (58)
45 (42)
Frequent
12 (8)
133 (92)
72 (50)
73 (50)
Substance use at wk 48, n = 311‡
Methamphetamine
0.95
0.73
No
46 (17)
221 (83)
151 (57)
116 (43)
Some
4 (19)
17 (81)
12 (57)
9 (43)
Frequent
4 (17)
19 (83)
11 (48)
12 (52)
Marijuana
0.07
0.61
No
30 (17)
146 (83)
95 (54)
81 (46)
Some
16 (26)
45 (74)
34 (56)
27 (44)
Frequent
8 (11)
66 (89)
45 (61)
29 (39)
Poppers (nitrite)
0.52
0.48
No
31 (20)
125 (80)
91 (58)
65 (42)
Some
11 (14)
68 (86)
45 (57)
34 (43)
Frequent
12 (16)
64 (84)
38 (50)
38 (50)
Alcohol
0.64
0.61
No
11 (21)
42 (79)
33 (62)
20 (38)
Some
17 (18)
75 (82)
50 (54)
42 (46)
Frequent
26 (16)
140 (84)
91 (55)
75 (45)
Any substance†
0.45
0.69
No
19 (22)
69 (78)
47 (53)
41 (47)
Some
15 916)
79 (84)
56 (60)
38 (40)
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Substance use at wk 12, n = 357
Frequent
AUDIT category at wk 48
<8
8–15
>15
DAST10 problems category at wk 48
No/low
Moderate
Substantial/severe

DBS TFV-DP
level <719
fmoL/punch
10 (16)

DBS TFV-DP
level >719
fmoL/punch
109 (84)

45 (18)
5 (10)
4 (44)

204 (82)
47 (90)
5 (56)

41 (18)
13 (20)
0 (0)

186 (82)
52 (80)
18 (100)

p value

DBS TFV-DP
level <1,246
fmoL/punch
71 (55)

DBS TFV-DP
level >1,246
fmoL/punch
58 (45)

140 (56)
28 (54)
6 (67)

109 (44)
24 (46)
3 (33)

128 (57)
41 (63)
5 928)

99 (44)
24 (37)
13 (72)

0.03

p value
0.83

0.04

0.10

*Values are no. (%). Bold indicate statistical significance. AUDIT, Alcohol Use Disorders Identification Test; DAST, Drug Abuse Screening Test; DBS,
dried blood spot; MSM, men who have sex with men; TSF-DV, tenofovir diphosphate.
†Marijuana and alcohol excluded.
‡Data for heroin and cocaine not shown; for both, all p values >0.5.

Technical Appendix Table 2. Multivariable logistic regression models to assess the association of baseline substance use and
stimulant use at study completion and incident STIs for MSM*
Variables for predicting study completion
OR (95% CI)
p value
Model 1†
Intervention arm (receiving individualized texting for adherence to daily TDF/FTC)
0.683 (0.405–1.149)
0.1507
Baseline some substance use (any)
1.398 (0.746–2.617)
0.2959
Baseline frequent substance use (any)
1.927 (1.014–3.661)
0.0452
Variables for predicting incident STI during study
Model 2†
Intervention arm
0.906 (0.589–1.394)
0.654
Age
0.965 (0.941–0.989)
0.004
Baseline some stimulant use
3.352 (1.945–5.777)
<0.001
Baseline frequent stimulant use
3.496 (2.013–6.072)
<0.001
Positive STI test result at baseline
1.601 (0.992–2.585)
0.054
*FTC, emtricitibine; MSM, men who have sex with men; OR, odds ratio; STI, sexually transmitted infection; TDF, tenofovir disoproxil fumarate.
†Hosmer and Lemeshow goodness of fit test for model 1: 2 = 0.375 (df = 2); p = 0.829. Hosmer and Lemeshow goodness of fit test for model 2:
2 = 2.892 (df = 8); p = 0.941.
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