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Abstract

Background—Adherence to pre-exposure prophylaxis (PrEP) is critical for efficacy. 

Antiretroviral concentrations are an objective measure of PrEP use and correlate with efficacy. 

Understanding patterns and correlates of drug detection can identify populations at risk for non-

adherence and inform design of PrEP adherence interventions.
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Methods—Blood antiretroviral concentrations were assessed among active-arm participants in 

iPrEx, a randomized, placebo-controlled trial of emtricitabine/tenofovir in men who have sex with 

men (MSM) and transgender women in 6 countries. We evaluated rates and correlates of drug 

detection among a random sample of 470 participants at week 8 and a longitudinal cohort of 303 

participants through 72 weeks of follow-up.

Results—Overall, 55% (95% CI 49–60%) of participants tested at week 8 had drug detected. 

Drug detection was associated with older age and varied by study site. In longitudinal analysis, 

31% never had drug detected, 30% always had drug detected, and 39% had an inconsistent 

pattern. Overall detection rates declined over time. Drug detection at some or all visits was 

associated with older age; indices of sexual risk, including condomless receptive anal sex; and 

responding "don't know" to a question about belief of PrEP efficacy (0–10 scale).

Conclusions—Distinct patterns of study-product use were identified, with a significant 

proportion demonstrating no drug detection at any visit. Research literacy may explain greater 

drug detection among populations having greater research experience, such as older MSM in the 

US. Greater drug detection among those reporting highest-risk sexual practices is expected to 

increase the impact and cost-effectiveness of PrEP.

Keywords

pre-exposure prophylaxis; drug detection; emtricitabine/tenofovir; adherence; men who have sex 
with men

INTRODUCTION

The use of antiretroviral pre-exposure prophylaxis (PrEP) for HIV prevention has generated 

great interest and promise, with four recently completed randomized clinical trials 

demonstrating its safety and efficacy across different populations.1–4 A key finding from 

these studies is the critical relationship between adherence and PrEP efficacy.5,6 For 

example, in the Global iPrEx study, the efficacy of daily oral emtricitabine/tenofovir 

disoproxil fumarate (FTC/TDF) was 42% on an intention-to-treat basis, but was estimated to 

be >90% among those with drug detected at any concentration in blood.4,7 Similarly, in the 

CAPRISA 004 microbicide study, having a tenofovir (TFV) level of >1000 ng/ml in 

cervicovaginal fluid was associated with significant efficacy (74%), while a TFV level 

below this threshold was not protective.7,8 While adherence and efficacy were both high 

among HIV-uninfected men and women in serodiscordant couples in the Partners PrEP 

study,1 the FEM-PrEP and VOICE studies were unable to demonstrate PrEP efficacy in 

African women, due in part to low study product adherence.9,10

Although self-reported and pill-count based adherence data have been commonly used in 

research settings, including PrEP studies, these measures are subject to social desirability 

bias and potential manipulation11,12 and have been shown to over-estimate PrEP use across 

a number of studies.13 The analysis of pharmacologic levels of antiretroviral drugs has 

emerged as an objective measure of study product use in PrEP trials1–4 and may help 

identify groups at risk for non-adherence, who may benefit from adherence support, and 

help identify those most likely to adhere to the PrEP regimen.
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The Global iPrEx Study, the only PrEP efficacy trial among men who have sex with men 

(MSM) and transgender women, was conducted in 6 countries in North and South America, 

Asia, and Africa.4 We evaluated rates and correlates of PrEP drug detection in blood early in 

the study and longitudinally among participants in this trial.

METHODS

Study population

The Global iPrEx study was a phase 3, double-blind, randomized, placebo-controlled trial 

evaluating the safety and efficacy of FTC/TDF PrEP in 2,499 HIV-uninfected MSM and 

transgender women, with 11 study sites in the Peru, Ecuador, Brazil, Thailand, South Africa, 

and the United States. Participants returned for follow-up visits every 4 weeks after 

enrollment for HIV testing, counseling, and medication dispensation. Details of the study 

design, eligibility criteria, and primary results have been previously published.4

Selection of samples for pharmacologic analysis

We report two analyses of drug levels in active arm participants in iPrEx: 1) a cross-

sectional analysis of prevalence and correlates of drug detection at week 8, reflecting 

initiation and early adherence to or discontinuation of study drug, and 2) a longitudinal 

analysis of patterns of drug detection across multiple time-points in the trial through 72 

weeks of participation, reflecting persistence and consistency of use of study drug in the 

cohort.

For the cross-sectional analysis, a random sample of serum specimens stored at week 8 was 

selected for testing, stratified by study site. Specifically, 25% of the active-arm specimens or 

at least 40 specimens (whichever was larger) were selected from each site. If less than 40 

specimens were available for a given site, all week 8 specimens were tested. For the 

longitudinal analysis, we analyzed all available plasma (stored every 12 weeks) and 

peripheral blood mononuclear cells (PBMC) samples (stored every 24 weeks) from 

participants in 1) the DEXA substudy evaluating the impact of FTC/TDF on bone and body 

composition (from 7 sites in the US, Peru, Brazil, Thailand, and South Africa); and/or 2) 

matched active-arm controls in the case-control substudy of seroconverters (from 9 iPrEx 

sites with active arm seroconversions).14

Sample collection and processing

The methods for collection and processing of serum, plasma and PBMC samples have been 

published previously.7 Briefly, whole blood was collected in EDTA and serum separator 

tubes and processed within 24 hours of collection (4–12 hours at most sites). Serum and 

plasma samples were analyzed for TFV and FTC via a validated liquid chromatography-

tandem mass spectrometry (LC-MS/MS) assay.15 The linearity of the concentration curves 

was in the range of 10–1500 ng/ml, and the lower limit of quantification was 10 ng/ml for 

both analytes.

Procedures for processing viable PBMCs have also been previously described7 (see 

Supplemental Digital Content 1).

Liu et al. Page 3

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2015 December 15.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Correlates of drug detection variables

Potential correlates of drug detection included socio-demographics; sexual and drug use 

behaviors; medical conditions and symptoms; and beliefs about HIV risk, treatment 

assignment and PrEP efficacy collected from visit interviews, clinical assessments or 

computer-assisted self-interview (CASI). Sociodemographic characteristics included age, 

location (city), and living situation collected via staff interview, and education level and 

transgender identity collected via CASI at screening. Sexual behaviors over the previous 3-

months were assessed at screening via interview and included numbers of sex partners and 

reports of receptive anal intercourse without a condom (no condom Receptive Anal 

Intercourse: ncRAI). ncRAI reported at follow-up visits were also included in the 

longitudinal analysis of drug detection. Substance use behaviors included CASI-collected 

frequency of alcohol use and number of drinks per day on days when alcoholic beverages 

were consumed, and use of stimulants (methamphetamine or cocaine) in the past month. 

Medical assessments included having a self-reported sexually transmitted infection (STI, 

e.g. gonorrhea, chlamydia, or syphilis) or depression self-reported or diagnosed at screening 

by clinician assessment, baseline creatinine clearance, and whether the participant was 

circumcised. Beliefs about lifetime HIV risk, treatment assignment and PrEP efficacy were 

assessed via CASI (see supplemental digital content). To assess the impact of a potential 

"start-up syndrome" previously described4 with PrEP initiation on subsequent drug 

detection, clinical symptoms recorded via a symptom checklist including nausea, vomiting, 

diarrhea, abdominal pain, flatulence, and headache were analyzed at weeks 4 and 8 for the 

week 8 cohort and weeks 12–24 in the longitudinal cohort.

Statistical Analysis

Cross sectional analysis of drug detection—Our primary outcome for the cross-

sectional analysis was having any drug detection in serum (either TFV or FTC) at week 8, 

defined as above the lower limit of quantification of 10 ng/mL. For each of the independent 

variables evaluated as correlates of drug detection, we calculated frequencies for these 

categorical variables and determined proportion of drug detection for each of the categories, 

adjusted and weighted by site to reflect the full cohort. For each outcome, univariable 

logistic regression models with inclusion of site as a fixed effect and incorporating sampling 

weights were used to assess the association between the outcome and covariates. For 

outcomes with more than one significant predictor in univariable models, factors associated 

with drug detection (P <0.10) were entered into multivariable models.

Longitudinal analyses—Analyses of patterns of drug detection over time were restricted 

to participants with 2 or more drug levels available in the longitudinal cohort. Drug 

detection in plasma or PBMC was defined as above the lower limit of quantification, as 

described above. At time points where both plasma and PBMCs were available, drug was 

considered detectable if either TFV or FTC were detected in plasma, or TFV-DP or FTC-TP 

were detected in PBMCs, to provide the most inclusive definition of product use. The 

proportion of individuals with drug detected at no visits, some visits (inconsistent pattern), 

and all visits were calculated, adjusting for site differences and number of samples tested. 

To evaluate correlates of drug detection at some or all visits, a multinomial logistic 

regression was performed, comparing participants who sometimes or always had drug 
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detected with those who never had drug detected.17 To evaluate persistence of study drug 

use in this cohort, we determined the proportion of subjects with drug detected at the first 

visit but had no drug detected at a later time-point and at all subsequent visits, and calculated 

the median time to stopping drug, using the first date of non-detection that was subsequently 

followed by consistent non-detection. To evaluate whether persistence of symptoms was 

associated with drug discontinuation in the longitudinal cohort, we assessed among 

participants with drug detected at week 12, whether symptoms reported in the subsequent 12 

weeks (between week 12 and 24) were associated with drug detection at week 24. To 

estimate the trajectory of drug detection over time in the overall cohort, we fit a regression 

model to samples tested in the longitudinal cohort with a restricted cubic spline for week. 

Plasma drug detection patterns for each individual in the longitudinal cohort were also 

plotted graphically by visit week.

RESULTS

Study participants

Of 2,499 participants enrolled in iPrEx, 1,251 were assigned to the active arm. Overall, 470 

(38%) active arm participants had a sample tested at week 8, and 303 (24%) had specimens 

tested as part of the longitudinal cohort (Table 1), with 135 (11%) tested in both cohorts. 

Approximately 2% (30/1638) of specimens were tested at visits when the participant was on 

a drug interruption (period during which study drug was not dispensed by study staff); drug 

was detected in only one of these samples. About half of participants were age 25 or 

younger, and over three-quarters had at least a high school education. At screening, the 

majority reported ncRAI in the prior 3 months, and over two-thirds perceived they were at 

moderate or high risk for HIV infection. Participants selected for week 8 and/or for 

longitudinal testing did not differ significantly from overall active arm participants with 

respect to variables in Table 1, except there were more STIs reported at baseline in the 

longitudinal cohort (p<0.001) and a trend towards lower rates of ncRAI in the week 8 cohort 

(p=0.056). Participants tested at week 8 and in the longitudinal cohort were less likely to be 

from South America (68%) compared with the overall active arm (83%), reflecting over-

sampling of smaller sites outside the Andean region to allow adequate comparison of drug 

detection by site.

Serum drug detection at week 8

Overall, 55% (95% CI 49–60%) of week 8 samples tested had drug detected. Detection of 

TFV and FTC were concordant in 99% samples. Rates of drug detection varied significantly 

by site (Table 2), ranging from 35% in Lima, Peru, to 90% in San Francisco, USA. The 

proportion of participants with drug detection according to socio-demographic variables and 

reported behaviors is shown in Table 3. Drug detection was significantly associated with 

older age (Table 3). Level of education, number of male sex partners, ncRAI, alcohol or 

drug use, creatinine clearance, perceived treatment assignment and PrEP efficacy, being 

transgender, living situation, and concern about having a job or place to live were not 

significantly associated with drug detection at week 8. Reporting gastrointestinal symptoms 

(nausea, vomiting, diarrhea, flatulence, or abdominal pain) or headache at 4 or 8 weeks after 

PrEP initiation was not associated with drug detection at week 8 (all p values >0.50).
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Patterns of drug detection over time

For the 303 study participants included in the longitudinal analyses, the average number of 

samples tested was 3.8 (range 2–6). Out of 1168 visits tested, 467 (40%) visits had both 

PBMC and plasma samples available for testing, 688 (59%) visits had only plasma 

available, and 13 (1%) had PBMCs only. Overall, 31% did not have drug detected in any 

sample, 30% had drug detected in all samples, and 39% had inconsistent drug detection (at 

some time-points but not others). Patterns of drug detection varied by site: San Francisco 

had the highest proportion with drug detection at all time-points; Lima, Peru had the highest 

proportion never having drug detected; and Iquitos, Peru and Guayaquil, Ecuador had the 

highest proportion with inconsistent drug detection pattern (Table 2). In univariable 

analyses, having drug detection at some or all visits was associated with older age, baseline 

ncRAI, and responding "don't know" to a question on PrEP efficacy, when compared with 

those who never had drug detected (Table 4). Having drug detected at all visits was also 

associated with reporting ≥2 sex partners and reporting an STI at baseline, and was 

marginally associated with greater HIV risk perception. Results were similar in 

multivariable analyses, except that reporting an STI was no longer significant for always 

having drug detection. In a model adjusting for site and baseline ncRAI, there was a trend 

towards increased drug detection at follow-up visits where ncRAI was also reported (OR 

1.60, 95% CI 0.98–2.62).

The proportion of participants with drug detection declined over the first 72 weeks of study 

participation, from a detection rate of 59% at week 8 to 44% at week 72 (Figure 1a). 

Trajectories of drug detection over time for individual participants in the longitudinal cohort 

are shown graphically in Figure 1b. Among the 163 participants with drug detected at the 

first visit (orange lines), 53 (32%) showed a pattern of discontinuation (drug detection 

stopped and remained undetectable at subsequent visits), with a median time of stopping of 

24 weeks. The remaining two-thirds (68%) had drug detection at some or all subsequent 

follow-up visits. Among participants who had drug detected at week 12, reporting GI 

symptoms between weeks 12 and 24 was positively associated with drug detection at week 

24 (AOR 4.32, 95% CI 1.07–17.49, p=0.04), while reporting headache during this time 

period was not significantly associated with week 24 detection (p=0.36). Of the 139 

participants who had no drug detected at the first time-point (green lines), the majority 

(68%) did not have drug detection at any subsequent time-point.

DISCUSSION

In this analysis of drug detection among MSM and transgender women enrolled in the iPrEx 

randomized trial, TFV and/or FTC were detected in approximately half of participants in the 

active arm early in the study. Furthermore, approximately one-third of participants did not 

have drug detection at any visit in the longitudinal analysis. These findings suggest that a 

subgroup of study participants chose not to initiate study drug or discontinued drug very 

early during follow-up. As PrEP cannot be effective if not used, these patterns of drug 

detection explain the lower overall intention-to-treat efficacy of 42% observed in this trial, 

compared with 63%-75% efficacy seen in serodiscordant couples in the Partners PrEP study, 

which showed higher rates of drug detection.1 We also observed that drug was always 
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detected in approximately one-third of participants, indicating that a substantial proportion 

of the study cohort initiated and sustained study drug use over the course of the trial.

Drug detection at week 8 and longitudinally varied considerably by site and was highest in 

San Francisco, USA, and also moderately high in Brazil, Thailand, and South Africa, 

demonstrating that substantial levels of uptake and adherence are achievable in clinical 

trials. However, drug detection was considerably lower at a number of sites, particularly in 

the Andes. These disparities may reflect regional differences in motivations for study 

participation, participants' relationships with the study staff and clinic, and research literacy, 

including understanding of the rationale for blinded and placebo-controlled trials. For 

example, San Francisco has a long history of conducting HIV treatment and prevention 

trials, including trials with placebo comparison groups, and many participants reported 

joining the study to give back to their community and help advance HIV prevention 

science,18 while Andean participants reported socialization, information, and study 

incentives as key motivations for study participation.19 While a range of incentives in 

addition to travel reimbursement were provided as part of study participation in the Andes, 

these were not provided to iPrEx participants in Brazil due to local regulations. The finding 

that consistent drug detection was associated with reporting "don't know" to a question about 

PrEP efficacy may further support this research literacy hypothesis, as at the time of the 

trial, PrEP efficacy was not yet known, and all participants were informed about the goals of 

the study to determine the safety and efficacy of FTC/TDF PrEP. Individuals who answered 

"don't know" may have had higher “research literacy,” including a better understanding of 

clinical equipoise and the importance of taking study product for scientific investigation, 

even if it may be a placebo or an active agent having no proven benefit. Differences in 

medication beliefs and socio-cultural contexts may also explain variations in drug detection 

by site. For example, in formative work conducted in South America, MSM in Peru were 

more skeptical about PrEP and had significant concerns about side effects, while MSM in 

Brazil were more open to PrEP and believed it would alleviate concerns about the risk of 

acquiring HIV (S. Lippman, personal communication, June 16, 2014).

Younger age strongly correlated with lower drug detection in iPrEx, both at week 8 and 

longitudinally. This finding does not appear to be explained by faster drug clearance in 

younger persons, as estimated creatinine clearance was not associated with drug detection. 

Younger age has been associated with lower adherence to antiretroviral treatment in HIV-

infected individuals;20 in preventive fields including oral contraceptives,21 tuberculosis 

prophylaxis,22 and cardiovascular prevention;23–25 and to study drug use in HIV-negative 

individuals in other PrEP trials, including young women in the VOICE trial10 and 

serodiscordant couples in Partners PrEP.26 As HIV incidence is particularly high among 

young MSM27,28 and PrEP could play an important role in reducing HIV acquisition in this 

population if taken consistently, interventions to support PrEP adherence among young 

MSM and transgender women may be particularly relevant. Alcohol and drug use, living 

situation, being transgender, and having concerns about employment and/or housing were 

not associated with lower drug detection in iPrEx, suggesting these individuals should not be 

excluded from being prescribed PrEP due to concerns about non-adherence.
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In the longitudinal analyses, markers of risky sexual behavior (e.g. reporting ncRAI, ≥2 

sexual partners, or having an STI) were associated with more frequent drug detection at 

some or all study visits, suggesting that participants who had some level of risk were more 

likely to attempt to take the study medication. Similarly, study drug adherence was lower 

during periods of no sexual activity in the Partners PrEP study, suggesting that adherence to 

PrEP may be lower during periods of low perceived risk.26 Greater drug detection among 

those engaging in the highest risk sexual practices is expected to increase the impact and 

cost-effectiveness of PrEP.29 It has been previously reported in iPrEx that higher PrEP 

efficacy was observed among those who reported ncRAI at baseline.4 The observation that 

ncRAI was associated with drug detection may partially explain this efficacy interaction, 

although other factors (e.g. lower seroincidence in participants not reporting ncRAI) may 

also contribute to this finding. Interestingly, risk perception in iPrEx was not associated with 

drug detection at week 8 and only marginally associated with always having drug detected 

in the longitudinal cohort, although this one-item measure was a global measure of long-

term risk perception (e.g. risk of being HIV-infected in their lifetime) and may not have 

adequately captured the participant's actual risk perception. Additionally, participants' 

personal risk assessment may be imperfect and may not accurately reflect their true risk of 

HIV acquisition and their need to take PrEP, as recently described by Gallagher et al.30 

Additional research is needed to better understand the relationship between sexual behavior, 

perceived risk, and PrEP use. As sexual behavior can fluctuate over time, studies are also 

needed to determine whether and how best to stop and restart PrEP during periods of 

changing sexual and partnering practices.

Our study demonstrated an overall decrease in drug detection rates over time. 

Approximately one-third of participants with drug detected early in the study had a pattern 

of non-persistence at subsequent visits. Stopping drug was not explained by a lack of risk 

behavior (data not shown) or reported side effects, suggesting that other factors, such as 

medication or trial fatigue, may explain waning tablet-use over time. This pattern was also 

observed in other PrEP trials26,31 and has been described in the literature for other medical 

treatments.32 The positive association between drug detection at week 24 and symptoms 

reported in the prior 3 months indicates that while PrEP use may be associated with GI 

symptoms, these symptoms did not lead to an increase in drug discontinuation. The median 

time to drug discontinuation was 24 weeks, suggesting the importance of developing 

adherence strategies to sustain PrEP use over time, particularly during the first 6 months of 

PrEP use. Most PrEP trials utilized monthly visits to closely monitor for HIV infection, 

which may have increased fatigue; current recommendations for less frequent monitoring 

may mitigate this challenge.

This study had several limitations. First, serum and plasma levels of FTC and TFV represent 

relatively short windows of drug exposure (e.g. dosing over the last 2–3 days), based on the 

moderately rapid half-lives of 10 and 15 hours, respectively, and were analyzed 

dichotomously (drug detected vs. undetected).33 Therefore, drug detection in these matrices 

may not accurately reflect usage patterns over the entire period between visits and do not 

serve as a quantitative measure of dosing during this period. However, we have previously 

reported high concordance (>95%) in drug detection between plasma and PBMC samples in 

iPrEx.4 As intracellular drug levels reflect dosing over one to two weeks given the 5 to 10-
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fold longer intracellular half-lives,34 this high concordance suggests that plasma drug 

detection may approximate dosing over a longer time interval in this cohort. Second, drug 

levels were available only among a random sample at week 8 and among the DEXA and 

case-control subset for longitudinal analyses, and therefore may not be fully representative 

of the entire active arm. However, characteristics of participants in these samples were 

similar to the overall cohort. Third, drug levels were only available for testing and analysis 

in the active arm. As analyses of factors impacting PrEP efficacy are optimal if they take 

advantage of the randomization to minimize bias,35 future studies should consider 

incorporating strategies to measure adherence in the active and placebo arms (e.g. analyzing 

tagged-placebo tablets for ingestion). Finally, drug levels were measured in the setting of a 

randomized, placebo-controlled trial, and may not be representative of adherence in open-

label contexts.

In terms of study strengths, this analysis presents a comprehensive evaluation of patterns 

and correlates of drug detection in a large cohort of MSM and transgender women in a 

multinational PrEP efficacy trial and can provide important recommendations to optimize 

adherence in future PrEP programs. For future trials evaluating the safety and efficacy of 

novel oral and topical PrEP regimens, it will be critical to develop strategies to help 

participants fully understand the value of participation in placebo-controlled trials and the 

importance of all participants taking the study product for the scientific integrity of the trial. 

These strategies could include educational and motivational activities to increase research 

literacy at the individual and community level and foster a sense of ownership and relevance 

of study participation. Real-time testing of drug levels, particularly at early time-points, may 

be useful in identifying individuals who do not initiate study product. For open-label 

demonstration projects and implementation programs, strategies to help individuals decide 

whether PrEP may be an appropriate prevention strategy are needed, as well as approaches 

to address fatigue with medication and clinic visits. Additional research is also required to 

validate biomarkers that reflect PrEP usage over longer periods, can serve as quantitative 

measures of adherence, and can be easily implemented in real-world settings. Measuring 

antiretroviral levels in dried blood spots36 and hair37 are two novel biomarkers of PrEP 

adherence currently under investigation. Validated biological measures of adherence could 

be used to evaluate adherence rates and correlates in PrEP implementation programs, assess 

the impact of PrEP adherence interventions, help explain PrEP failures, and determine 

potential drug exposure thresholds needed for protection. Addressing these important 

scientific questions will help optimize PrEP adherence and efficacy and maximize PrEP’s 

public health impact.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
a. Proportion of participants with drug detection over time, by visit week

b: Longitudinal drug detection in plasma in the iPrEx cohort, by individual participant and 

visit week

Lines in orange and green represent participants who had drug detected and not detected 

respectively at the earliest follow-up visit with drug level testing. Plasma was tested every 

12 weeks. By design, participants in iPrEx had a variable duration of follow-up, based on 

date of study entry. Overall declining Ns reflect fewer individuals with longer duration of 
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follow-up due to enrolling on a later date, as well as loss to follow-up (approximately 24% 

of participants had an early termination visit).
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Table 1

Baseline characteristics of iPrEx participants with drug levels tested at week 8 or in longitudinal cohort

Characteristic (n, %) Active arm
participants
(N=1,251)

Active arm participants
with week 8 testing

(N=470)

Active arm
participants with longitudinal

testing (N=303)

Age
  ≤20
  >20–25
  >25–30
  >30

270 (22%)
387 (31%)
236 (19%)
358 (29%)

99 (21%)
134 (29%)
87 (19%)
150 (32%)

60 (20%)
94 (32%)
45 (15%)
99 (33%)

Education
  Less than high school
  Some high school
  Some college or more

279 (23%)
675 (55%)
280 (23%)

105 (23%)
213 (46%)
142 (31%)

174 (23%)
462 (60%)
138 (18%)

Race
  White
  Black
  Mixed race or other
  Asian

224 (18%)
117 (9%)
847 (68%)
63 (5%)

116 (25%)
73 (16%)
238 (51%)
43 (9%)

49 (16%)
35 (12%)
167 (56%)
47 (16%)

Site, by location
  Lima, Peru (2 sites)
  Iquitos, Peru
  Guayaquil, Ecuador
  Rio de Janeiro, Brazil (2 sites)
  Sao Paulo, Brazil
  San Francisco, USA
  Boston, USA
  Chiang Mai, Thailand
  Cape Town, South Africa

470 (38%)
230 (18%)
150 (12%)
147 (12%)
39 (3%)
70 (6%)
43 (3%)
57 (5%)
45 (4%)

107 (23%)
56 (12%)
40 (9%)
80 (17%)
35 (7%)
40 (9%)
36 (8%)
40 (9%)
36 (8%)

136 (46%)
16 (5%)
14 (5%)
30 (10%)

--
32 (11%)

--
44 (15%)
26 (9%)

Transgender 163 (13%) 61 (13%) 40 (13%)

# sex partners at baseline (prior 3 mo)
  ≤1 male partner
  >1–5 partners
  >5–10 partners
  >10 partners

113 (9%)
423 (34%)
264 (21%)
451 (36%)

45 (10%)
190 (40%)
87 (19%)
148 (31%)

28 (9%)
89 (30%)
68 (23%)
113 (38%)

Unprotected receptive anal sex, at baseline (prior 3 mo) 732 (58%) 267 (57%) 180 (60%)

Alcohol use, at baseline (prior mo.)
  ≥2–3 times/week

861 (70%) 318 (67%) 203 (68%)

# drinks per day when drinking (prior mo.)
  ≥5

666 (53%) 240 (51%) 135 (45%)

Meth or cocaine use, at baseline (prior mo.) 93(7%) 55 (12%) 25 (8%)

Sexually transmitted infection at screening 336 (27%) 105 (23%) 83 (28%)†

Depression at screening 60 (5%) 34(7%) 18 (6%)

Circumcised 162 (13%) 95 (21%) 42 (14%)

Perceived likelihood of HIV, at baseline*

  Not likely
  Could happen
  Probably/almost certainly will happen

213 (19%)
736 (64%)
193 (17%)

100 (21%)
286 (61%)
54 (11%)

50 (15%)
288 (68%)
58 (17%)

Living situation
  With male or female sexual partner
  Alone
  With family or friends
  Other

97 (8%)
191 (15%)
944 (75%)
19 (2%)

47 (10%)
91 (20%)
313 (68%)

9(2%)

22 (7%)
49 (16%)
218 (73%)

9 (3%)

Concern about a place to live
  Not concerned
  Somewhat/very concerned

569 (47%)
654 (54%)

222 (49%)
230 (51%)

129 (44%)
167 (56%)
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Characteristic (n, %) Active arm
participants
(N=1,251)

Active arm participants
with week 8 testing

(N=470)

Active arm
participants with longitudinal

testing (N=303)

Concern about having a job
  Not concerned
  Somewhat/very concerned

388 (32%)
834 (68%)

147 (33%)
304 (67%)

86 (29%)
210 (71%)

*
Self-assessment of how likely they will become HIV infected in their lifetime

†
P<0.05 compared with overall active arm participants
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Table 3

Proportion and factors associated with drug detection in serum, week 8

Drug detected†

Characteristic % of
samples

% with drug
detected*

OR (95% CI) P value

Age
  ≤20
  21–25
  26–30
  >30

21%
29%
19%
32%

40%
59%
56%
62%

(ref)
2.44 (1.24 to 4.77)
2.18 (1.06 to 4.49)
2.86 (1.36 to 6.03)

0.009
0.035
0.006

Education
  Less than high school
  High School Graduate
  Some college or more

23%
46%
31%

60%
49%
64%

(ref)
0.63 (0.36 to 1.12)
1.21 (0.59 to 2.49)

0.114
0.609

Transgender
  No
  Yes

87%
13%

54%
55%

(ref)
1.03 (0.55 to 1.96)

0.918

# sex partners at baseline (prior 3 mo)
  ≤1 male partner
  >1–5 partners
  >5–10 partners
  >10 partners

10%
40%
19%
32%

51%
53%
51%
59%

(ref)
1.06 (0.46 to 2.45)
0.97 (0.38 to 2.46)
1.42 (0.55 to 3.64)

0.9
0.941
0.464

Unprotected receptive anal intercourse at baseline (prior 3 mo)
  No
  Yes

43%
57%

51%
57%

(ref)
1.31 (0.81 to 2.13)

0.273

Alcohol use, at baseline (prior month)
  <2–3 times/week
  ≥2–3 times/week, but less than daily

32%
68%

53%
55%

(ref)
1.10 (0.68 to 1.79)

0.7

Alcohol use, at baseline (drinks/day)
  <5
  ≥5
  Missing

46%
51%
3%

54%
54%
69%

(ref)
0.97 (0.60 to 1.57)
2.05 (0.54 to 7.81)

0.91
0.293

Meth/cocaine use (prior mo.)
  No
  Yes

64%
36%

55%
53%

(ref)
0.90 (0.55 to 1.49)

0.689

Perceived treatment assignment (week 12)
  Placebo
  Don’t know
  Truvada

11%
62%
27%

45%
58%
54%

(ref)
1.85 (0.81 to 4.21)
1.55 (0.63 to 3.77)

0.141
0.337

Perception of PrEP efficacy (week 12)
  <50% effective
  50–99% effective
  0% effective
  Don't know

9%
28%
10%
54%

60%
66%
53%
52%

(ref)
1.32 (0.47 to 3.69)
0.73 (0.22 to 2.38)
0.70 (0.27 to 1.83)

0.595
0.602
0.466

Perceived likelihood of HIV infection
  Not likely
  Could happen
  Probably/almost certain will happen

23%
65%
12%

47%
55%
61%

(ref)
1.42 (0.73 to 2.77)
1.91 (0.78 to 4.65)

0.299
0.155

STI, at baseline
  No
  Yes

77%
23%

52%
60%

(ref)
1.40 (0.81 to 2.42)

0.223

Depression, at baseline
  No
  Yes

93%
7%

54%
72%

(ref)
2.38 (0.63 to 9.08)

0.203

Circumcised
  No
  Yes

79%
21%

53%
68%

(ref)
2.03 (0.94 to 4.40)

0.073
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Drug detected†

Characteristic % of
samples

% with drug
detected*

OR (95% CI) P value

Living situation
  With male or female sexual partner
  Alone
  With family/friends
  Other

10%
20%
68%
2%

58%
58%
54%
58%

(ref)
0.99 (0.37 to 2.63)
0.82 (0.36 to 1.91)
0.99 (0.15 to 6.54)

0.988
0.651
0.995

Concern about a place to live
  Not concerned
  Somewhat/very concerned

49%
51%

55%
56%

(ref)
1.05 (0.66 to 1.66)

0.839

Concern about having a job
  Not concerned
  Somewhat/very concerned

33%
68%

53%
56%

(ref)
1.16 (0.71 to 1.90)

0.544

Symptoms reported at week 4
  No GI symptoms
  Any GI symptom‡
  No Headache
 Headache
Symptoms reported at week 8
  No GI symptoms
  Any GI symptom‡

  No Headache
  Headache

71%
29%
84%
16%
82%
18%
85%
15%

56%
65%
58%
56%
56%
56%
57%
51%

(ref)
1.54 (0.86 to 2.77)

(ref)
0.92 (0.46 to 1.86)

(ref)
1.01 (0.49 to 2.07)

(ref)
0.75 (0.36 to 1.57)

0.147
0.824
0.986
0.45

*
Proportions are adjusted for site and weighted by sampling frame

†
Detection of either tenofovir or emtricitabine in serum

‡
Any GI symptom includes nausea, vomiting, abdominal pain, or flatulence.
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