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ABSTRACT 
 

Maximizing Effectiveness of HIV Preexposure Prophylaxis Among Men Who Have Sex with Men 
 

by 
 

Julia Lenore Marcus 
 

Doctor of Philosophy in Epidemiology 
 

University of California, Berkeley 
 

Professor Arthur Reingold, Chair 
 
 

Despite decades of prevention and treatment efforts, human immunodeficiency virus 
(HIV) infection is a global pandemic, with HIV/acquired immunodeficiency syndrome (AIDS) 
among the leading causes of death for children and adults in developing countries. HIV/AIDS 
disproportionately affects men who have sex with men (MSM), including in the United States, 
where MSM account for over half of all new HIV infections. Existing HIV prevention tools have 
not been sufficient to curb the pandemic, and biomedical prevention strategies, such as 
circumcision and microbicides, had not been shown to be effective in preventing HIV infection 
in MSM until 2010, when the multi-national iPrEx study found that daily oral preexposure 
prophylaxis (PrEP) using antiretroviral therapy (emtricitabine/tenofovir, or FTC/TDF) prevented 
HIV infection among MSM and transgender women.  

Although the success of FTC/TDF PrEP in such trials has given new hope to the HIV 
prevention field, excitement has been tempered by concerns about low adherence to daily pill 
use among trial participants. Adherence, as measured by self-reported pill use, was high among 
participants in the iPrEx trial, but testing for evidence of the drug in blood specimens from a 
subset of participants indicated that actual pill use was much lower than reported pill use. 
Adherence is critical for PrEP effectiveness; iPrEx participants in whom antiretroviral drug was 
detected in blood experienced a substantially greater reduction in HIV risk than was seen 
overall. The iPrEx results suggest that low adherence may be a barrier to successful 
implementation of PrEP as an HIV prevention strategy among MSM. Identification of effective 
strategies for supporting the consistent use of prophylactic medications could provide much 
needed guidance in the development of interventions to support adherence to PrEP. 

In addition to concerns about adherence, there is a widespread concern that PrEP could 
result in an increase in sexual risk behaviors by lowering users’ perception of their risk of 
acquiring HIV infection; such risk compensation could reduce or even negate the benefits of 
PrEP. Foundational to most models of health behavior is the hypothesis that perceived risk is a 
primary motivation for self-protective behavior. Based on this theory, when a new prevention 
strategy, such as PrEP, is introduced, risk compensation could be prevented by sustaining 
individuals’ perceptions of their own HIV risk. While the act of taking PrEP on a daily basis could 
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result in risk compensation, it could also provide a daily opportunity to contemplate and 
manage HIV risk, thus motivating condom use and other self-protective behaviors. A better 
understanding of whether, and how, PrEP use affects sexual risk behavior could inform the 
development of risk-reduction interventions for individuals prescribed PrEP.  
 In addition to preventing HIV infection, there is evidence that FTC/TDF PrEP may also be 
protective against infection with Herpes simplex virus type 2 (HSV-2). HSV-2 is the primary 
cause of genital ulcer disease worldwide, and HSV-2 infection is known to increase the risk of 
sexual transmission and acquisition of HIV infection. In the CAPRISA 004 study, a topical 1% 
tenofovir gel used as PrEP against HIV infection also reduced the risk of HSV-2 acquisition by 
51% in women. In the Partners PrEP study, oral FTC/TDF reduced HSV-2 acquisition by 35% 
among heterosexual couples. Protection against HSV-2 acquisition or expression could enhance 
the public health impact of PrEP, but it is unknown whether FTC/TDF has anti-herpetic 
properties in men who have sex with men.  
 The effectiveness of FTC/TDF PrEP in protecting against HIV infection depends on 
individual-level behaviors, including adherence and sustained risk reduction, as well as its effect 
on other sexually transmitted infections (STI) that increase the risk of HIV acquisition. Chapter 1 
of this dissertation describes a systematic review that aimed to identify interventions that have 
been used to support adherence to daily oral medications prescribed to healthy or 
asymptomatic individuals. This review found evidence of interventions that demonstrated 
short-term improvements in medication adherence across a variety of prevention settings, thus 
identifying potential strategies for adherence support among PrEP users. Chapter 2 describes 
an analysis of data from the randomized phase of the iPrEx study to determine whether sexual 
risk compensation occurred among trial participants. Consistent with other PrEP studies, this 
analysis found no evidence of increased sexual risk behavior or STIs among participants who 
believed they had been assigned to the FTC/TDF arm and that the drug was highly effective. 
Finally, Chapter 3 describes an analysis that used data from the randomized phase of iPrEx to 
measure the effect of FTC/TDF on HSV-2 acquisition and expression among men who have sex 
with men. Although there was no effect of FTC/TDF on HSV-2 acquisition, participants receiving 
the active drug had a lower prevalence of herpetic ulcers than participants receiving the 
placebo. Taken together, these papers contribute to the HIV prevention field by providing 
guidance on behavioral support strategies for daily oral PrEP and identifying anti-herpetic 
properties of FTC/TDF that could increase its effectiveness as a novel prevention tool.  
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INTRODUCTION 
 
HIV/AIDS PANDEMIC 
 

Human immunodeficiency virus (HIV) infection is a global pandemic, with 2.6 million 
people newly infected in 2009.1 Most new infections occur in low-income countries, where 
HIV/acquired immunodeficiency syndrome (AIDS) is the fourth leading cause of death. There 
were 33.3 million adults and children living with HIV worldwide and an estimated 1.8 million 
AIDS-related deaths in 2009.1 At the end of that year, 5.25 million people were receiving 
antiretroviral therapy, representing only 36% of those meeting the World Health Organization 
(WHO) 2010 criteria for treatment initiation, and only half of HIV-infected pregnant women 
were receiving antiretroviral medications to prevent mother-to-child transmission.1  

HIV/AIDS disproportionately affects men who have sex with men (MSM).2,3 In the United 
States, MSM accounted for over half of all new HIV infections in 2006, and are the only 
population in which HIV incidence has been increasing steadily since the early 1990s.4 In sub-
Saharan Africa, unprotected sex between men is estimated to account for up to 20% of new HIV 
infections in Senegal and 15% of new HIV infections in Kenya and Rwanda; in this region, HIV 
prevalence among MSM ranges from over 10% in Namibia to over 40% in areas of South Africa 
and Kenya.5 Surveys have found an increasing prevalence of HIV infection among MSM in China, 
Thailand, and India; the HIV epidemics in Central and South America are largely concentrated in 
networks of MSM; and data from 23 European countries have shown that the annual number 
of newly diagnosed HIV infections among MSM increased by 86% between 2000 and 2006.5 
Social stigma has kept epidemics among MSM hidden and slowed efforts to address them.5  
 Existing HIV prevention tools have not been sufficient to curb the pandemic. While an 
effective HIV vaccine would offer the best hope for controlling HIV worldwide, the genetic 
variability of the virus, the lack of information concerning the immune correlates of protection, 
and logistical problems with animal models and human clinical trials have thus far prevented 
the development of an effective HIV vaccine.6 The male condom has been the mainstay of 
efforts to prevent sexual transmission of HIV and has been shown to be highly effective in 
preventing HIV transmission when used as recommended, but it is often used incorrectly and 
inconsistently. Some behavioral interventions have successfully reduced sexual risk behavior 
among MSM, particularly interventions based on sound theoretical models of behavior and 
incorporating several delivery methods.7 Male circumcision, while found to be 48-61% effective 
in reducing acquisition of HIV infection among male heterosexuals,8-10 has not been tested in a 
randomized controlled trial (RCT) among MSM. Research into microbicides that can be used 
intravaginally or in the rectum is ongoing, with the first Phase I rectal microbicide trial 
demonstrating safety and a potential early biomarker of efficacy.11 No biomedical interventions 
for preventing sexual transmission of HIV were shown to be effective in MSM until 2010.  
 
HIV PREEXPOSURE PROPHYLAXIS (PREP)  
 

Combination antiretroviral therapy improves health outcomes for HIV-infected persons 
and prevents transmission of HIV to others by reducing viral load. The mechanism of action 
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when using those same antiretroviral medications for preexposure prophylaxis (PrEP) is that the 
medicine blocks HIV replication from the moment the virus enters the body, thus interfering 
with its ability to establish a persistent infection in the host. The first studies that demonstrated 
the utility of antiretroviral medications for primary prevention of HIV transmission were 
conducted in mice and in nonhuman primates. Those studies showed that antiretroviral 
medications could be used with a high degree of success as post-exposure prophylaxis (PEP), 
which is now recommended by the Centers for Disease Control and Prevention to prevent 
infection after occupational12 or nonoccupational (e.g., sexual or needle-sharing) exposure13 to 
HIV. However, PEP is only effective if the person at risk of infection recognizes that an exposure 
has occurred and initiates treatment within 72 hours, making it an insufficient prevention 
strategy, particularly in populations with repeated exposures to HIV or lack of knowledge about 
HIV transmission risk. 

Instead of having to be used immediately after each exposure, as with post-exposure 
prophylaxis, antiretroviral therapy as PrEP can be used consistently by HIV-uninfected persons 
throughout periods of potential exposure, similar to the way in which oral contraception is used 
to prevent pregnancy during periods of sexual activity. Antiretroviral medications have been 
widely and successfully used in this way to prevent transmission of HIV from infected mothers 
to infants during pregnancy, delivery, and breastfeeding. Prophylactic medications have also 
been effectively used to protect individuals from infectious diseases in other settings, such as 
medications to prevent malarial infection. 

Most of the early data concerning the possible utility of PrEP were from studies among 
nonhuman primates that demonstrated that emtricitabine (FTC) and tenofovir disoproxil 
fumarate (TDF) were protective against HIV infection14-16 and most efficacious when used as a 
combination medication both before and after exposure.17 Tenofovir was shown to reduce HIV 
infection by 39% among heterosexual women in the CAPRISA trial, in which a 1% vaginal gel 
was used, providing further evidence of its potential effectiveness when given orally.18 
Tenofovir-based regimens have had excellent safety, tolerability, and drug-resistance profiles 
when used for HIV treatment, and showed a similar profile in a PrEP safety trial of oral TDF.19 
Other advantages of FTC and TDF are that they can be given once daily because they persist in 
the body for long periods; they do not interact with other medications, such as anti-
tuberculosis therapy, anti-malarial therapy, hormonal contraception, or feminizing therapy; and 
they are already available and in use to treat HIV infection.20 

The first RCT of once-daily oral PrEP to be completed in humans was the Preexposure 
Prophylaxis Initiative (iPrEx), which found that a combination of FTC and TDF (FTC/TDF) reduced 
the risk of HIV acquisition by 44% among HIV-uninfected MSM and transgender women 
compared to placebo, by 92% among participants with detectable drug levels in blood, and by 
99% among those with drug concentrations commensurate with daily dosing.20,21 Subsequently, 
the first evidence of PrEP’s effectiveness in heterosexuals emerged from two studies conducted 
in sub-Saharan Africa. The Partners PrEP Study of HIV-discordant couples found an efficacy of 
62% among participants randomized to TDF and an efficacy of 72% among those randomized to 
FTC/TDF.22 The TDF2 study found a 63% efficacy of FTC/TDF in reducing HIV infection among 
heterosexual men and women.23 Since those studies were completed, however, two studies in 
African women – the oral and topical tenofovir arms of the VOICE study and the FEM-PrEP trial 
of FTC/TDF – were stopped early for futility,24 and the oral FTC/TDF arm of the VOICE study 
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showed no efficacy.25 Reasons why PrEP failed to prevent HIV transmission in those studies 
have not yet been published, but low adherence is a likely explanation. 

 
ADHERENCE  
 

Although iPrEx participants reported taking over 90% of study drug doses, biomarkers of 
drug exposure indicated that actual pill use was as low as 50 percent.20 A similar pattern was 
seen among heterosexual women in a microbicide trial conducted in South Africa, in which 
participants reported 96% adherence but applicator testing indicated only 42% adherence.26 
There are likely to be many factors at play in overreporting of adherence, including social 
desirability bias, misunderstanding of study questions, and poor recall, although there are 
limited published data to date on the correlates of non-adherence and of overreporting in oral 
PrEP trials. Ultimately, adherence is critical for PrEP effectiveness, as evidenced by the CAPRISA 
microbicide trial results: participants with self-reported high adherence experienced a 
protective effect while participants reporting low adherence were not protected.18 Similarly, 
iPrEx participants with drug detected in blood experienced a substantially greater reduction in 
risk of HIV infection than estimated in the intention-to-treat analysis (92% vs. 44%), with 
evidence of a dose-response effect.20 

The iPrEx results suggest that low adherence may be a barrier to successful 
implementation of PrEP as a new HIV prevention strategy for MSM. Whereas adherence to 
medications,27 and specifically to antiretroviral therapy,28 when given as treatment has been 
the subject of considerable research, adherence support strategies are likely to differ in healthy 
individuals who are taking medications as prophylaxis and in asymptomatic individuals who are 
taking medications as treatment but who feel well. Identification of effective strategies for 
promoting the consistent use of such medications could provide much needed guidance in the 
development of interventions to support PrEP adherence. 

 
RISK COMPENSATION  
 

As was true for other prevention strategies – including circumcision, condoms, and HIV 
testing – initial excitement about PrEP has been tempered by concerns about potential 
increases in sexual risk behavior among users.29,30 All prevention strategies have the potential 
to lower users’ perception of their risk of acquiring HIV, which could result in an increase in risk 
behaviors, an effect called risk compensation.29 According to risk homeostasis theory, each 
individual is comfortable with a certain level of risk; when the perceived level of risk changes, 
there may be an increase or decrease in risk behavior to bring the overall level of risk back to its 
equilibrium.31,32 This theory has been used as an explanation for why population-level benefits 
of seatbelt use have not been observed,33 why sunscreen use has been associated with an 
increased risk of melanoma,34 and why there is limited evidence that condom promotion has 
had a population-level impact on the incidence of HIV infection in communities with 
generalized epidemics.33 Risk compensation has also been linked to increases in sexual risk 
behavior coinciding with the introduction of highly active antiretroviral therapy, an effect called 
“treatment optimism.”35 Similarly, optimism about the benefits of PrEP could result in increased 
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sexual risk behavior among its users. Mathematical models have suggested that small increases 
in risk behavior could reduce or even negate the benefits of PrEP at a population level.36  

Empirically, previous studies of biomedical HIV prevention approaches have found 
mixed evidence of risk compensation. Two trials of male circumcision found a higher number of 
sexual partners and contacts8 and an increased rate of unprotected anal intercourse9 in the 
circumcised group compared to the control group, and an overall increase in insertive 
unprotected anal intercourse was observed in one HIV vaccine trial.37 However, there was no 
difference in risk behaviors between study arms in another trial of male circumcision,10 no 
increase in risk behaviors in an HIV vaccine efficacy trial,38 and overall decreases in risk behavior 
in two longitudinal studies of post-exposure prophylaxis (PEP).39,40 Likewise, there has been no 
suggestion of risk compensation among PrEP trial participants to date. In fact, decreases in self-
reported risk behavior were observed among women participating in two PrEP trials in West 
Africa.19,41 Although an overall decrease in sexual risk behavior was observed among 
participants in iPrEx,20 self-reported behavior may be affected by reporting bias. Notably, in a 
recent survey of HIV-uninfected MSM in serodiscordant relationships in the U.S., 64% reported 
that they would be likely to increase their sexual risk behaviors if they were taking PrEP in the 
future, and 60% indicated they would be likely to decrease or abandon their condom use.42 
 
HSV-2 

 Herpes simplex virus type 2 (HSV-2) is the primary cause of genital ulcer disease 
worldwide. In 2003, an estimated 536 million people aged 15-49 years were living with HSV-2 
infection, with seroprevalence varying widely across settings and populations.43 In symptomatic 
infections, HSV-2 causes painful ulcerative lesions that can take two to four weeks to heal, and 
outbreaks of lesions can be both frequent and recurrent. Herpetic genital ulcer disease also 
increases the risk of sexual transmission and acquisition of HIV infection.44 Among HIV-infected 
populations, the estimated seroprevalence of HSV-2 is 60-95%.45 Among HIV-infected 
individuals, HSV-2 shedding46 and symptomatic reactivation47 are more frequent, complicating 
HSV-2 management and potentially increasing the likelihood of secondary HIV transmission.48  
 Protection against HSV-2 acquisition or expression could enhance the public health 
impact of tenofovir in both the HIV prevention and treatment contexts. In addition to 
protecting against HIV acquisition, pericoital topical 1% tenofovir gel used as PrEP reduced the 
risk of HSV-2 acquisition by 51% in women participating in the CAPRISA 004 study,18 and oral 
FTC/TDF PrEP reduced HSV-2 acquisition by 35% among heterosexual couples in the Partners 
PrEP study.49 A subsequent mathematical model suggested that the CAPRISA gel’s effect on 
HSV-2 prevention may have played a role in its success in protecting against HIV.50 Although 
anti-herpetic properties could increase the effectiveness of FTC/TDF in preventing HIV 
infection, it is unknown whether FTC/TDF has a protective effect against HSV-2 among men 
who have sex with men.  
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CHAPTER 1: POTENTIAL INTERVENTIONS TO SUPPORT ADHERENCE TO HIV 
PREEXPOSURE PROPHYLAXIS: A SYSTEMATIC REVIEW 

 
BACKGROUND 

 
Despite decades of prevention efforts, HIV infection is a global pandemic, with 2.6 

million people newly infected in 2009.1 PrEP with once-daily oral FTC/TDF was shown to reduce 
the risk of HIV infection by 44% among MSM and transgender women in the iPrEx trial, by 92% 
among participants with detectable drug levels, and by 99% among those with drug 
concentrations commensurate with daily dosing.20,21  Subsequently, the Partners PrEP study in 
heterosexual serodiscordant couples22 and the CDC PrEP trial in heterosexual men and 
women23 in Africa found PrEP to be over 60% effective.  Based on these findings, the U.S. Food 
and Drug Administration approved daily oral FTC/TDF for the prevention of HIV acquisition in 
July 2012.  

Although PrEP offers an innovative approach to preventing HIV infection, excitement 
about this novel strategy has been tempered by concerns about adherence. Two large PrEP 
studies in African women, FEM-PrEP51 and VOICE,25 were unable to demonstrate PrEP efficacy, 
due in large part to low adherence to study drug. While self-reported adherence was over 90% 
in these studies, tenofovir was detected in plasma in less than 30% of women in these trials.51,25  
Self-reported pill use was also high among participants in the iPrEx study, but biomarkers of 
drug exposure indicated that actual pill use was as low as 50 percent.20  

Results from these and other PrEP trials have highlighted the clear relationship between 
adherence and PrEP efficacy. In iPrEx, participants with drug detected in blood were estimated 
to have a substantially greater reduction in HIV risk than seen in the intention-to-treat analysis 
(92% vs. 44%).20  Similarly, in the CAPRISA microbicide trial, self-reported high adherers had the 
highest level of protection, while low adherers experienced lower PrEP efficacy.18 These studies 
suggest that adherence will be a critical factor in the successful implementation of PrEP and 
maximizing its public health impact. 

Several systematic reviews have evaluated interventions to improve medication 
adherence in the treatment setting for a number of chronic medical conditions, including 
antiretroviral therapy for HIV infection. Haynes et al. found that interventions effective in 
improving medication adherence for long-term medical disorders have been complex, 
combining multiple approaches, and have had modest efficacy.27,52 More recently, Viswanathan 
et al. reported that interventions effective in improving adherence across multiple chronic 
diseases included policy-level interventions to reduce copayments or improve prescription drug 
coverage, case management, and educational interventions with behavioral support.53 Among 
interventions to support adherence to antiretroviral therapy in HIV-infected individuals, those 
that were administered to individuals rather than groups, targeted practical medication 
management skills, and were delivered over at least 12 weeks have been associated with 
improved adherence.28 In a meta-review, Koenig et al. found that improvements in adherence 
to antiretroviral therapy were associated with improving knowledge about treatment, 
electronic reminders, discussing barriers, using a client-centered approach, delivering 
interventions over a longer period of time, and improving medication management skills.54  
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Although lessons learned from the treatment of HIV infection55 and other chronic 
conditions can provide useful guidance in designing interventions to support PrEP adherence, 
successful adherence support strategies in healthy or asymptomatic populations may differ 
from those that are successful in symptomatic populations. For example, while a number of 
adherence barriers and facilitators identified in iPrEx participants were similar to those in the 
HIV treatment setting,56 other factors, including level of sexual activity,57 perception of risk of 
HIV acquisition,54,58 and support from an HIV-positive partner,59 may be unique to PrEP and may 
require tailored interventions in the prevention setting. 

While a number of studies have evaluated interventions to improve adherence to 
medications used for preventing illness, these adherence promotion strategies have not been 
systematically reviewed in the literature, yet could provide much needed guidance in the 
development of interventions to support adherence among PrEP users. To address this gap in 
the literature, we conducted a systematic review across clinical prevention fields to identify 
promising adherence support interventions that could be applied in the PrEP context. 
 
METHODS 

 
Data sources and study selection. We aimed to identify adherence support interventions 

that have been effective in other prevention fields and could be applied in the HIV prevention 
context to support pill taking among PrEP users. We only considered RCTs for inclusion in this 
review because they are considered the gold standard in assessing the effectiveness of 
interventions. Specifically, we included RCTs that evaluated the efficacy of interventions to 
improve adherence to daily oral medications prescribed for primary prevention in healthy 
individuals or for secondary prevention in asymptomatic individuals. Searches were conducted 
separately for each of the following prevention medication fields: oral contraceptives to 
prevent pregnancy, prophylaxis for latent M. tuberculosis infection, prophylaxis for malaria, 
post-exposure prophylaxis for HIV, medications to prevent osteoporosis, and medications to 
control hyperlipidemia or hypertension to prevent cardiovascular disease and stroke.  

Our search included studies published through 2011. Sources of data included the 
following online databases: PubMed; the Cochrane Central Register of Controlled Trials; and the 
World Health Organization Global Health Library, which includes a wide range of regional 
indexes (AIM, LILACS, IMEMR, IMSEAR, and WPRIM). Search terms for adherence and each 
prevention medication field were based on National Library of Medicine Medical Subject 
Headings (MeSH) terms and terms used in recent Cochrane reviews on related topics. 
Adherence outcomes can be measured with a variety of approaches, including direct measures 
(e.g., drug levels or treatment outcomes), indirect measures (e.g., electronic monitoring), 
subjective measures (e.g., self-report), and secondary measures (e.g., attending a follow-up 
appointment).60 We included studies in this review that used at least one of these measures of 
adherence.  

Two trained researchers independently reviewed each title and abstract to determine 
whether it met the inclusion criteria, with conflicts resolved by discussion or consultation with a 
third reviewer. We manually searched the reference lists of reviews and included papers to 
identify any articles missed by our search strategy.  
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Data extraction and quality assessment. Study features were abstracted from each 
article, including the following: first author, journal, and title; country; study population and 
medical condition; component(s), duration, and intensity of the intervention; length of follow-
up; adherence outcome(s); and summary of results. Authors were contacted for full text or 
clarification on methods or results as necessary. The assessment of methodological quality of 
each study was based on the Cochrane Collaboration’s bias assessment tool, which uses a set of 
criteria to judge the risk of bias introduced by the following study features: sequence 
generation; allocation concealment; blinding of participants, study personnel, and outcome 
assessors; completeness of outcome data; selective outcome reporting; and other potential 
threats to validity. Two independent reviewers assessed the risk of bias for each study, with 
conflicts resolved by discussion or consultation with a third reviewer.  

Data synthesis and analysis. Because of the heterogeneous nature of the study 
populations, outcomes, and types of interventions yielded by these searches, we determined 
that it was inappropriate to conduct a meta-analysis or other quantitative analyses. Study 
characteristics were summarized in tabular and narrative format, and we grouped interventions 
into categories that reflected the main component of the intervention evaluated. Studies that 
tested multiple interventions separately were included in multiple intervention categories, 
while studies testing combined interventions were categorized as multi-modal. To determine 
which interventions might be generalizable to the PrEP context, we identified studies that 
provided the strongest evidence of an effect, as well as those that showed benefit across 
clinical fields. 
 
RESULTS  
 
  Description of studies. Our searches identified 585 studies, of which 48 studies met the 
eligibility criteria and were included in the review (Figure 1).61-109 The studies were published 
from 1979 through 2011. After duplicate studies were removed, the most common reason for 
exclusion from the review was the absence of a comparison group or lack of randomization. Of 
the 48 studies, nine evaluated multiple strategies, yielding 64 separately tested interventions. 
Most of the interventions (40/64; 63%) were tested in the United States, with the remaining 
interventions evaluated in Spain (11), the Netherlands (3), the United Kingdom (2), Switzerland 
(2), Poland (1), Turkey (1), Denmark (1), Finland (1), France (1), and in multiple countries (1). All 
studies were published in English with the exception of four Spanish-language articles.  
  Interventions were tested among individuals using preventive medication for 
hypertension (28), tuberculosis (15), hyperlipidemia (7), pregnancy (6), osteoporosis (6), 
malaria (1), and HIV infection (1). While some studies focused on marginalized populations, 
such as homeless individuals,75,77,83 injection drug users,76 Latino adolescents,79 or low-income 
women,65,82 the majority included all individuals who had been prescribed or were eligible for 
the prevention medication under study. Several studies evaluated interventions among patients 
with asymptomatic disease that had not been successfully controlled, such as hypertension, but 
only one88 was specifically targeted to individuals who had demonstrated difficulty with 
adherence.  
 Methodology and study quality. Adherence outcomes were measured using a variety of 
strategies, including self-report, pharmacy refill, visit attendance, pill count, medical records, 



8 
 

direct observation, measurement of clinical outcomes, drug level testing, and electronic 
monitoring devices, such as Medical Electronic Monitoring System (MEMS) caps. Almost half of 
interventions (26/64; 41%) were evaluated using direct measures of clinical outcomes or drug 
level testing, while less than one fifth (10/64; 16%) relied exclusively on self-reported 
adherence. Half of the interventions (32/64; 50%) were evaluated using multiple types of 
adherence measures. Duration of follow-up for adherence assessment ranged from three 
weeks to two years, with a mean duration of follow-up of eight months.  
  Approximately half of the included studies (28/48; 58%) met at least one criterion for 
risk of bias. Given the nature of the interventions evaluated in some of the studies, it was not 
possible to blind participants, investigators, and/or outcome assessors. Thus, risk of bias most 
frequently resulted from lack of blinding (9/48; 19%), as well as loss to follow-up that resulted 
in incomplete outcome data (10/48; 21%; Figure 2).  
 Intervention types. Interventions were grouped into ten categories (see Table 1) and are 
further described in the supplemental materials. Multi-modal approaches combined up to five 
components in one intervention. Interventions that provided information or education were 
the most frequently identified, and included printed materials such as brochures, magazines, or 
leaflets;67,90,94,97,103,107 videotapes;97 personalized educational sessions with a nurse;86,91 or 
group sessions.106,107 Counseling or motivational interviewing interventions were provided by 
trained counselors,79,110 nurses,73,85 or an “expert system” computer program.61 Counseling 
approaches included tailored adherence guidance based on the transtheoretical model,61 
providing an opportunity for patients to talk about problems with their medication,85 
identifying and reducing barriers to adherence,73,79 and reducing risk behavior,61,110 and ranged 
from one to 12 sessions. Counseling provided by peers65,71,76 was included in the peer-based 
intervention category, which also included peer health advisers who directly observed doses 
taken at a clinic,75 peer health advisers who accompanied patients to their visits,77 and support 
provided by a friend or family member designated by the patient.67  
  Pill delivery interventions included the provision of blister packs for pills,70,87 multiple 
packs at a time,63 a digital timepiece on the medication vial that showed the last time it was 
opened,72 and directly observed therapy.76,82 Telephone-based interventions involved calls to 
remind subjects about their scheduled visits,90 to remind subjects to take their medication as 
prescribed,66,90,104 to remind patients about their next prescription refill,105 to provide 
adherence support,62,67,99 or to provide counseling about side effects, as needed.102 All of the 
self-monitoring interventions involved hypertensive subjects taking their own blood pressure at 
home.67,70,108 Interventions using incentives or contracts were primarily tested in individuals 
prescribed medication for tuberculosis,71,75-77,83 with the exception of one tested in patients 
with hypertension,70 and most tested the effect of small cash incentives for kept appointments, 
adherence, or directly observed therapy in homeless populations.  
  Interventions that provided feedback on medication adherence or clinical outcomes 
included sharing adherence data from MEMS caps with subjects,80,84 providing information on 
bone improvement among patients with osteoporosis,78,96,100 and providing information on 
blood pressure among patients with hypertension.72,101 Both of the short message service (SMS) 
interventions were daily adherence reminders sent to patients’ mobile phones,74,98 while both 
of the interactive voice response system (IVRS) interventions included calls to or from a 
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computer system to provide adherence support89,92 or collect clinical information (i.e., blood 
pressure measurements) from patients.89  
  The duration and intensity of interventions varied widely, ranging from low-cost, low-
intensity interventions, such as a single educational packet over the course of a year,94 to more 
intensive interventions, such as twice-weekly directly observed therapy (see Table in 
Supplement).75,76 Of the 62 interventions for which the site of the intervention could be 
determined, 24 (29%) were clinic-based, 22 (35%) were home-based, and 16 (26%) involved 
some combination of delivery at the clinic and delivery in the home. 
  Intervention effects. Overall, almost two-thirds of interventions (39/64; 61%) reported a 
statistically significant improvement in at least one adherence measure that was sustained until 
the end of the pre-specified follow-up period (Table 2). One self-monitoring intervention 
resulted in a small but statistically significant difference; the authors believed this slight 
difference was not clinically significant, so this intervention was not categorized as having had 
an effect.108 Positive results were most frequently reported for multi-modal interventions (7/7; 
100%), followed by counseling (4/5; 80%), telephone-based interventions (6/8; 75%), and 
education-based interventions (9/12; 75%). Positive results were more frequently reported for 
home-based interventions (15/22; 68%) or those that combined delivery in the home and clinic 
(11/16; 69%) than for interventions delivered in a clinic setting (11/24; 46%). 
  All intervention types were tested across multiple conditions with the exception of self-
monitoring interventions, which were tested only in individuals with hypertension. 
Interventions that were effective in improving adherence across multiple conditions included 
multi-modal interventions, counseling, incentives/contracts, education-based interventions, 
peer-based interventions, SMS and IVRS interventions, and telephone-based interventions. 
Education-based interventions were effective across the widest array of conditions.  
  Of the 25 interventions that did not result in a sustained improvement in adherence, 
several were conducted in individuals with high baseline adherence, potentially limiting their 
ability to show an effect of the intervention.85,97,108 Of the four SMS/IVRS interventions, the two 
interventions that used daily text messages showed high acceptability among participants, but 
did not result in improved adherence; this lack of effect may have resulted from contamination 
of the control group or participants in the control arm using alternative reminder methods.74,98 
On the other hand, the two IVRS interventions were both associated with improvements in 
adherence. These interventions involved participants calling an interactive, computer-
controlled telephone system for adherence promotion or tailored feedback on knowledge, 
barriers to adherence, or blood pressure measurements.89,92  
  Several of the feedback interventions, although not effective overall, suggested that the 
effect depended on whether the participant was receiving positive feedback about his/her 
clinical response to the medication. In an intervention to improve adherence to oral 
bisphosphonates to prevent osteoporosis among postmenopausal women, which provided 
feedback on bone turnover markers associated with fracture risk, continuation of the 
medication regimen improved only for women who experienced an improvement in bone 
turnover markers, while discontinuation increased among women informed of decreases in 
bone turnover markers.96 A similar pattern was seen in another feedback intervention to 
improve adherence to calcium supplements for osteoporosis prevention, in which a post-hoc 
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analysis showed that only positive messages about bone mineral density test results were 
associated with an improvement in adherence.78 
  Strongest evidence. Of the 39 interventions showing an improvement in adherence, 17 
(44%) were associated with an improvement in at least one clinical outcome; of those 17, ten 
interventions (59%) were deemed to be at low risk of bias and thus provided the strongest 
evidence for approaches to improve prevention medication adherence. All ten interventions 
were conducted in individuals with hypertension or hyperlipidemia; three were multi-
modal,72,88,109 three were education-based,90,103,106 two provided feedback on adherence or 
clinical outcomes,72,101 one intervened on the method of pill delivery,72 and one was telephone-
based.104  
  Of the ten strongest-evidence interventions, the duration of follow-up was brief (4-6 
months of follow-up), with the exception of one of the feedback interventions, published in 
1979, which followed participants for 12 months. In that intervention, patients with 
hypertension were provided written treatment instructions by a physician, along with a card on 
which blood pressure, prescription, and time of next visit were recorded.101 Two of the multi-
modal interventions – which used various combinations of skills training, information provision, 
self-monitoring, feedback on adherence and clinical outcomes, and other approaches – resulted 
in substantial increases in adherence and reductions in blood pressure,72,88 although one 
intervention yielding a 73% increase in adherence was conducted in a very small sample 
(N=15).88  
  Of note, the four strongest-evidence education-based and telephone-based 
interventions were relatively low-cost and low-intensity. In one study, three phone calls over 
the course of four months to discuss adherence and remind subjects about the next scheduled 
visit resulted in a 20% increase in the proportion of patients with hyperlipidemia who achieved 
control of lipid parameters.104 Three of the strongest-evidence interventions were tested in the 
same factorial RCT among hypertensive adults over age 50, in which participants were 
randomized to a) a group that used a medication vial equipped with a digital timepiece that 
provided feedback on the last time the cap was removed, b) a group that used the timepiece 
cap and cards to record blood pressure at study visits, or c) a group that used the cap and cards 
in addition to home blood pressure monitoring, with the self-monitoring group experiencing 
the most substantial improvement in adherence.72  
 
DISCUSSION 
 
 In this systematic review of interventions to improve adherence to prevention 
medications, we found evidence of interventions that demonstrated short-term improvements 
in medication adherence across a variety of clinical settings. The interventions with the 
strongest evidence for improving adherence were tested in individuals with hypertension or 
hyperlipidemia. These ranged from complex, resource-intensive interventions, which combined 
multiple adherence support approaches, to low-cost, low-intensity interventions that provided 
education or telephone calls for adherence support. Although some of the reviewed 
interventions or intervention components were not perfectly analogous to the PrEP context, 
such as self-monitoring of blood pressure at home, the majority of the interventions, including 
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those with the strongest evidence for adherence improvement, could be translated across 
clinical settings and could feasibly be evaluated among PrEP users. 
 Our review is consistent with previous reviews of medication adherence that were not 
specific to prevention medication. In a review by McDonald et al. and a more recent update of 
that review by Haynes et al., almost all of the interventions that improved adherence to long-
term medications were complex and involved multiple components, including self-monitoring, 
reminders, counseling, education, and telephone calls.27,52 We found that all seven of the multi-
modal interventions identified by our searches showed a benefit, and three were among the 
interventions with the strongest evidence for improvement in adherence. Unfortunately, 
because these studies did not test each intervention component separately, it is unknown 
whether all components were necessary to produce an effect on adherence. Furthermore, 
given their complexity, such interventions may be difficult to scale up outside of an 
experimental context. In Haynes et al., a variety of simple interventions were successful in 
improving adherence to short-term treatments but did not extend to chronic medications. 
Similarly, although we found that several simple interventions provided strong evidence for 
improving adherence, particularly those involving education and telephone support, duration of 
follow-up did not exceed six months in these studies and it is unknown whether their benefits 
would have been sustained beyond that time period.  
 The goal of our review was to identify interventions that may be useful for adherence 
support among PrEP users. Based on our findings, we recommend that PrEP researchers 
consider testing multi-modal intervention approaches, ideally with designs that allow for 
evaluation of the efficacy of individual components. Components of a multi-modal intervention 
to support PrEP adherence could include education about PrEP and the importance of 
adherence; counseling to improve adherence skills, such as incorporating pill taking into a daily 
routine and developing strategies for remembering doses when traveling;54 SMS reminders or 
check-ins; and/or provision of feedback on medication adherence (e.g. providing results from 
drug level testing). We also recommend testing simpler interventions, specifically those that are 
education-based or provide telephone calls to support adherence to medication and remind 
users to attend scheduled visits. Based on recommendations in a review by Koenig et al., 
education-based interventions for PrEP users, in the form of either printed materials or brief 
discussion with a provider, could focus on improving users’ understanding and self-perception 
of HIV risk, information about the drug, the regimen’s requirements and potential side effects, 
and the signs and symptoms of acute HIV infection.54 In addition to being less resource-
intensive than complex interventions, such low-intensity interventions may be more feasible to 
scale up as PrEP is implemented in clinical care. Our review also found that several home-based 
interventions demonstrated positive results; home-based PrEP adherence strategies could be 
coupled with other home-based prevention strategies, such as home-based rapid HIV self-
testing, which was recently approved by the FDA.111 Finally, while PrEP may be taken only 
during periods of risk rather than for a lifetime, we recommend that adherence interventions 
be evaluated over a duration of follow-up that is sufficient to determine whether their benefits 
are sustained over time.  
 There are several limitations to our review. The diversity of study populations, 
intervention types, and adherence outcomes limited our ability to analyze our results 
quantitatively. Although we categorized interventions across clinical settings and intervention 
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approaches, there may have been some overlap in intervention components, such that some 
interventions could arguably have been classified as more than one type; nevertheless, we 
believe our categorizations provided a useful framework for descriptive analysis and 
recommendations. Because we did not restrict our searches to studies with a minimum sample 
size or a minimum duration of follow-up, the studies we included may have been limited in 
statistical power or their ability to identify long-term intervention effects. Although we did not 
exclude studies with risk of bias, some risks of bias, such as lack of blinding, may be difficult to 
avoid in the design of adherence interventions. While we attempted to identify all eligible 
studies in the literature, it is possible that our search strategy missed some studies that should 
have been included. We were not able to include studies that have not been published; 
however, by searching the WHO Global Health Library, we hoped to alleviate the potential for 
publication bias by surveying studies published worldwide in non-English languages. Finally, the 
study populations included in the review may differ from populations that will be using PrEP, 
thus limiting the generalizability of our findings. However, we believe that the clinical settings 
we selected are analogous to PrEP with regards to the use of prevention medication in healthy 
or asymptomatic individuals, and that there are lessons to be learned from our findings that can 
be extrapolated to the PrEP context. 
 Despite these limitations, our systematic review identifies several adherence 
interventions with strong evidence of efficacy across a range of prevention fields and provides 
recommendations for evaluating these potential adherence interventions in upcoming studies.  
Although adherence support strategies have been incorporated into PrEP trials to date, with an 
average of three strategies per study,112 almost all were implemented in such a way that their 
effect cannot be rigorously evaluated.113 Several PrEP demonstration projects that are currently 
planned or underway are designed to evaluate the efficacy of interventions to support PrEP 
adherence using an RCT design, including studies planned in San Francisco, San Diego, and New 
York. In addition to the qualitative data from PrEP trials on facilitators and barriers to 
adherence, our review of the literature across prevention fields can provide guidance to these 
demonstration projects on intervention selection, study design, and outcome measurement. 
Improving adherence to PrEP will be critical for maximizing the public health impact of this 
important and novel strategy for HIV prevention. 
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Figure 1. Identified studies of interventions to support adherence to daily oral medications 
prescribed in healthy or asymptomatic populations. Eligibility criteria were as follows: 1) 
randomized controlled trial; 2) at least one adherence outcome; 3) designed to support 
adherence to a daily oral medication in healthy or asymptomatic populations; 4) conducted in 
the following clinical fields: hypertension, tuberculosis, hyperlipidemia, oral contraceptives to 
prevent pregnancy, osteoporosis, malaria prophylaxis, and post-exposure prophylaxis for HIV 
infection. 
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Figure 2. Risk of bias among included studies (N=48). 
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Table 1. Intervention types identified by searches (N=64).  
Intervention type n (%) 
Information or education-based 12 (19) 
Telephone-based 8 (13) 
Provision of feedback about medication adherence or clinical 
outcomes 7 (11) 
Multi-modal 7 (11) 
Peer-based 6 (9) 
Incentives or contracts 6 (9) 
Changes in the structure of pill delivery 6 (9) 
Counseling  5 (8) 
Short message service or interactive voice response system 4 (6) 
Self-monitoring of clinical outcomes 3 (5) 



16 
 

Table 2. Percentage of each type of intervention reporting positive results by adherence outcomes measured.*  

    Adherence measure 

 
Total 

Visit 
attendance 

Self-
report 

Pharmacy 
refill Pill count 

Medical 
records 

Direct 
observation 

Clinical 
outcomes 

Drug level 
testing 

Electronic 
monitoring 

Type of 
intervention 

NPR/NA 
(%) 

NPR/NA 
(%) 

NPR/NA 
(%) 

NPR/NA 
(%) 

NPR/NA 
(%) 

NPR/NA 
(%) NPR/NA (%) 

NPR/NA 
(%) 

NPR/NA 
(%) 

NPR/NA 
(%) 

Total 39/64 (61) 4/6 (67) 16/29 (55) 7/8 (88) 9/13 (69) 4/6 (67) 0/1 (0) 10/19 (53) 3/7 (43) 3/12 (25) 
Education 9/12 (75) 1/1 (100)  4/6 (67)  1/1 (100) 3/3 (100) - - 3/5 (60) 1/1 (100) 1/1 (100) 
Telephone-
based 6/8 (75) 1/1 (100) 2/4 (50) 3/4 (75) 2/2 (100) - - 1/1 (100) 1/1 (100) - 

Feedback on 
adherence or 
clinical 
outcomes 2/7 (29) 

- 1/2 (50) - 1/2 (50) - - 1/4 (25) - 0/2 (0) 

Multi-modal 7/7 (100) -  2/2 (100) 1/1 (100) 1/1 (100) 2/2 (100) - 2/2 (100) 1/1 (1) 2/2 (100) 
Peer-based 3/6 (50) 1/2 (50)  1/3 (33) 1/1 (100) 0/1 (0) 1/2 (50) - 0/1 (0) 0/2 (0) 0/1 (0) 
Incentives or 
contracts 3/6 (50) 1/2 (50) 1/2 (50) - 0/1 (0) 1/2 (50) 0/1 (0) 1/1 (100) 0/1 (0) 0/1 (0) 
Structure of 
pill delivery 2/6 (33) - 1/5 (20) - 1/2 (50) - - 1/3 (33) 0/1 (0) 0/2 (0) 
Counseling 4/5 (80) - 4/4 (100) - - - - 0/1 (0) - 0/1 (0) 
SMS or IVRS 2/4 (50) - 0/1 (0) 1/1 (100) 1/1 (100) - - 1/1 (100) - 0/2 (0) 
Self-
monitoring of 
clinical 
outcomes 1/3 (33) - 1/2 (50) 0/1 (0) - - - 1/1 (100) - 0/1 (0) 
*NPR = number of interventions reporting a positive result for the given adherence measure; NA = number of interventions analyzing the given adherence measure; SMS = 
short messaging service; IVRS = interactive voice response system. A dash indicates that there were no studies of that type using a given adherence measure. 
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CHAPTER 2: NO EVIDENCE OF SEXUAL RISK COMPENSATION IN THE IPREX TRIAL OF 

DAILY ORAL HIV PREEXPOSURE PROPHYLAXIS 
 
INTRODUCTION 

Despite decades of prevention efforts, HIV infection is a global pandemic, with 2.6 
million people newly infected in 20091 and MSM disproportionately affected worldwide.2,3 As 
behavioral interventions have not been sufficient to end the epidemic, research has also 
included biomedical interventions.114 In the primary analysis of the iPrEx RCT, PrEP with once-
daily oral FTC/TDF reduced the risk of HIV acquisition by 44% among HIV-uninfected MSM and 
transgender women compared to placebo, by 92% among participants with detectable drug 
levels, and by 99% among those with drug concentrations commensurate with daily dosing.20,115 
Although two interventions in African women – the oral and topical tenofovir arms of the VOICE 
study and the FEM-PrEP51 trial of FTC/TDF – were closed early for futility, the Partners PrEP 
study in heterosexual serodiscordant couples22 and the CDC PrEP trial in heterosexual men and 
women23 found oral FTC/TDF to be highly effective. 

Like other prevention strategies – including circumcision, condom use, and HIV testing – 
excitement about PrEP has been tempered by concerns about potential increases in sexual risk 
behavior among users,29,30 an effect defined as “risk compensation.”31 According to risk 
compensation theory, individuals adjust their behavior in response to changes in their 
perceived level of risk.31,32 This theory has been used as an explanation for why population-level 
benefits of seatbelt use have not been observed,33 sunscreen use has been associated with an 
increased risk of melanoma,34 and condom promotion has had a limited population-level 
impact on HIV in communities with generalized epidemics.33 Risk compensation has also been 
linked to increases in sexual risk behavior coinciding with the introduction of combination 
antiretroviral therapy, an effect called “treatment optimism.”35 Similarly, PrEP optimism could 
result in increased risk behavior that could potentially reduce its protection against HIV 
acquisition.36,116  

Empirically, previous studies of biomedical HIV-prevention interventions have found 
mixed evidence of risk compensation. One small HIV vaccine trial reported an overall increase 
in insertive anal intercourse with no condom, but no change in receptive anal intercourse, the 
strongest risk factor for HIV acquisition.37  A trial of male circumcision found a higher number of 
sexual partners and contacts in the circumcised group compared to the control group,8 
although risk behavior in both groups was lower during the study than at baseline. There was 
no difference in risk behaviors between study arms in another two trials of male 
circumcision,10,117 with one of those studies finding no evidence of risk compensation during 
three years of post-trial follow-up.118 There was no increase in risk behaviors in an HIV vaccine 
efficacy trial,38 and overall decreases in risk behavior in two longitudinal studies of post-
exposure prophylaxis (PEP).39,40 Likewise, there has been no suggestion of risk compensation 
among PrEP trial participants to date; in fact, decreases in risk behavior have been 
observed.20,41,119-122  

Although an overall decrease in sexual risk behavior was observed among participants in 
iPrEx,20 self-reports of behavior can be biased by social desirability. Furthermore, use of a 
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placebo in trials may mitigate the perceived benefits that occur with subsequent 
implementation, when the effect of the drug is known. The current analysis aimed to describe 
trends in sexual behavior during study follow-up and after stopping study drug; to describe 
trends in the acquisition of HIV and syphilis; and to determine whether participants who 
believed they were receiving FTC/TDF and that it was highly effective had increased sexual risk 
behavior or increased risk of HIV or syphilis acquisition compared to participants who believed 
they were receiving placebo.  
 
METHODS 
 

Study population. A detailed description of the iPrEx study has been previously 
published.20 Briefly, the study enrolled 2499 MSM and transgender women at risk for HIV 
infection at 11 sites in Peru, Ecuador, South Africa, Brazil, Thailand, and the United States 
during 2007–2009. Monthly visits included risk-reduction and adherence counseling. Serological 
testing for syphilis was performed at screening and every six months during follow-up. 
Symptoms of depression were measured semiannually beginning in July of 2009, defined as a 
score of ≥16 on the Centers for Epidemiologic Studies Depression Scale (CESD); data from the 
first assessment were included in the current analysis. The primary analysis included visits 
through the pre-specified cutoff date of May 1, 2010, while the current analysis includes follow-
up visits through November 21, 2010.  
 Sexual behavior. Sexual practices during the previous three months were assessed by 
interviewer-administered questionnaires at screening and quarterly visits subsequent to the 
enrollment visit, which occurred within 28 days of screening. We initially assessed trends in the 
number of receptive anal intercourse (RAI) partners and the proportion of those partners using 
a condom. For the remainder of the analysis, we focused on any RAI with no condom (ncRAI), a 
dichotomous variable that is a composite of the first two outcomes and the behavior most 
strongly associated with HIV acquisition in iPrEx.20 For the current analysis, baseline sexual 
practices refer to behavior reported at the screening visit, while sexual practices during follow-
up refer to behavior reported at visits subsequent to enrollment.  

Perceived treatment assignment and PrEP efficacy beliefs. At quarterly visits, 
participants were asked to which treatment group they believed they had been assigned. 
Response options were “I don’t know” or “I strongly [or somewhat] think I am in the Truvada 
[or placebo] group.” The “strongly” and “somewhat” categories were combined for analysis. 
Unless otherwise specified, we used data on perceived treatment group collected at the first 
quarterly visit after enrollment (12-week visit). Perceived treatment group was evenly 
distributed by actual treatment group at the 12-week visit.20 At the same visit, participants 
were asked about how good they thought FTC/TDF was at preventing HIV infection on a scale 
from 1 (doesn’t prevent) to 10 (prevents all the time). This variable was collapsed into high (6-
10), low (1-5), and “don’t know” categories.  
 Statistical analysis. To assess trends in sexual behavior, we calculated the mean number 
of RAI partners and the proportion of those partners using a condom, using Poisson regression 
to estimate change over time and t-tests for comparisons by perceived treatment group. We 
assessed the relationship between beliefs in treatment assignment and PrEP efficacy, in 
addition to other participant characteristics, and changes in reported ncRAI, both from baseline 
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to any time during follow-up and from the visit at which study drug was discontinued (stop 
visit) to the visit eight weeks later (post-stop visit). For the latter analysis, perceived treatment 
group was extracted from data collected at the stop visit or the closest prior measurement. We 
used mixed log-binomial models to estimate risk ratios (RR), with a random effect for study site 
to account for unmeasurable differences across sites. Participants were excluded if they did not 
have at least one quarterly assessment during which data on sexual behavior were collected.  
 To measure trends in sexual behavior using objective indices, we used retrospectively 
tested specimens to calculate the baseline prevalence of acute HIV infection as an estimate of 
HIV incidence in the short period prior to enrollment, and compared it to the prevalence of 
acute HIV infection during follow-up in each arm of the study. Acute infection was defined as 
plasma HIV RNA positive and HIV-antibody negative at baseline, and as the first HIV RNA 
positive during follow-up. We also calculated syphilis incidence in each treatment arm and by 
perceived treatment group among participants without seroreactivity for syphilis at baseline, 
with incidence calculated for each one-year time period and using chi-square tests for trend. 
Finally, we used Poisson regression to estimate the association between HIV incidence and 
beliefs in treatment assignment and PrEP efficacy among participants in the placebo arm. 

All analyses were conducted in Stata 12 and SAS 9.2. 
 
RESULTS 
 
 Study participants. Of the 2499 participants enrolled in iPrEx, 2408 (96.4%) completed at 
least one follow-up quarterly assessment and were included in analyses of trends in sexual 
behavior. All participants were born male, and 313 (13.0%) were transgender women. At 
enrollment, the mean age was 25 years (range 18-67). Loss to follow-up was less frequent 
among participants reporting ncRAI at baseline (hazard ratio [HR] 0.8, 95% confidence interval 
[CI] 0.7-1.0; P=0.02) and participants reporting diagnosis of a sexually transmitted infection (STI) 
in the six months prior to screening or having an STI symptom at screening (HR 0.8, 95% CI 0.6-
1.0; P=0.06). 

Trends in HIV and syphilis by actual treatment group. At baseline, the prevalence of 
acute HIV infection was 0.4% overall (10/2499). During follow-up, acute HIV infection decreased 
3.8-fold (95% CI, 1.5-9.5; P=0.004) to 0.1% among participants in the placebo arm and 6.5-fold 
(95% CI, 2.2-20.2; P=0.002) to 0.06% in the active arm. Syphilis incidence also declined in both 
treatment arms during follow-up (P<0.001; Table 1). 

Perceived treatment group and PrEP efficacy beliefs. At the 12-week visit, 553 
participants (25.1%) believed they were in the FTC/TDF group, 223 (10.1%) believed they were 
in the placebo group, and 1429 (64.8%) reported that they did not know their treatment 
assignment (Table 2). At the stop visit, 471 participants (20.7%) believed they were in the 
FTC/TDF group, 174 (7.6%) believed they were in the placebo group, and 1631 (71.7%) did not 
know their treatment assignment, with 71.5% of participants reporting consistent perceptions 
of their treatment assignment across the visits. The proportion of participants believing PrEP 
was highly effective increased from 23.5% at the 12-week visit to 26.8% at the stop visit 
(P<0.001). 

Change in sexual behavior from baseline through follow-up. The mean number of RAI 
partners decreased (P<0.001), and the proportion of those partners using a condom increased 
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(P<0.001), from baseline through follow-up both in participants who believed they were 
receiving FTC/TDF and in those who believed they were receiving placebo (Figure 1a-b). 
Participants who believed they were receiving FTC/TDF had a higher mean number of RAI 
partners at baseline compared to those who believed they were receiving placebo (12.8 vs. 7.7, 
P=0.04). There were no significant differences in the proportion of partners using a condom by 
perceived treatment group. Overall, 1108 participants (46.0%) reported ncRAI both at baseline 
and at least once during follow-up, 731 (30.4%) reported no ncRAI either at baseline nor during 
follow-up, 331 (13.7%) reported ncRAI at baseline but not during follow-up, and 238 (9.9%) 
reported ncRAI during follow-up but not at baseline. Of the 1439 participants (57.6%) who 
reported ncRAI at baseline, 331 (23.0%) did not report ncRAI again during follow-up. Among 
those reporting ncRAI at baseline, never previously testing for HIV was associated with a change 
to reporting no ncRAI at any visit during follow-up (Table 3; [RR], 1.4; 95% CI, 1.1-1.7, P<0.01). A 
change to reporting no ncRAI during follow-up was less likely among participants who were 
transgender (RR, 0.8; 95% CI, 0.6-1.0, P=0.04), were less than 25 years old (RR, 0.8; 95% CI, 0.7-
1.0, P=0.04), or reported symptoms of depression (RR, 0.7; 95% CI, 0.6-1.0; P=0.03).  
 Of the 969 (38.8%) participants who did not report ncRAI at baseline, 238 (24.6%) 
reported ncRAI during follow-up. Among participants who did not report ncRAI at baseline, a 
change to reporting ncRAI at least once during follow-up was associated with being transgender 
(RR, 1.7; 95% CI, 1.2-2.5, P=0.002), being less than 25 years old (RR, 1.3; 95% CI, 1.0-1.6, 
P=0.03), or reporting symptoms of depression (RR, 1.6; 95% CI, 1.2-2.1, P=0.002). A change to 
reporting ncRAI during follow-up was less likely among those who had not previously tested for 
HIV (RR, 0.7; 95% CI, 0.5-0.9, P=0.01). Also among participants reporting no ncRAI at baseline, 
participants who believed they were receiving FTC/TDF were no more likely to report ncRAI 
during follow-up compared to participants who believed they were receiving placebo (RR, 0.9; 
95% CI, 0.6-1.4, P=0.75), with similar results among those who also believed PrEP was highly 
effective (RR, 0.8; 95% CI, 0.3-2.1, P=0.68).  
 Change in sexual behavior after stopping study drug. Of the 1743 participants with 
sexual behavior assessments both at the time of stopping drug and eight weeks later, 461 
(26.4%) reported ncRAI at the stop visit and 393 (22.5%) reported ncRAI at the post-stop visit, 
representing a decrease of 3.9% (95% CI, 2.0-5.8) in reported ncRAI after stopping study drug 
(P<0.001 by paired t-test). Of the 461 participants who reported ncRAI at the stop visit, 182 
(39.5%) reported no ncRAI at the post-stop visit. Participants who believed they were receiving 
FTC/TDF were no more likely to stop ncRAI after stopping study drug compared to participants 
who believed they were receiving placebo (RR, 0.8; 95% CI, 0.5-1.3, P=0.46), again with similar 
results among participants who also believed PrEP was highly effective (RR, 0.8; 95% CI, 0.3-2.2, 
P=0.63).  
 Trends in HIV and syphilis by perceived treatment group. There was no difference in 
overall syphilis incidence during follow-up by perceived treatment group (P=0.80). Among 
participants in the placebo arm, HIV incidence was not significantly higher among participants 
who believed they were receiving FTC/TDF compared to participants who believed they were 
receiving placebo (IRR, 0.8; 95% CI, 0.4-1.8, P=0.26). There was also no difference in HIV 
incidence between participants who believed that FTC/TDF was highly effective compared to 
participants who believed FTC/TDF was less effective (IRR, 1.2; 95% CI, 0.6-2.5, P=0.26). 
Compared to participants who believed they were receiving placebo, those who both believed 
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they were receiving FTC/TDF and that it was highly effective were not at increased risk of 
acquiring HIV during follow-up (IRR, 0.5; 95% CI, 0.1-1.7, P=0.12).  

 
DISCUSSION 
 

In this study of participants in a trial of daily oral FTC/TDF PrEP, we found no evidence of 
risk compensation, a finding that is largely consistent with other HIV-prevention studies of 
PrEP,19,41 male circumcision,10,117,118 HIV vaccines,38 and PEP.39,40 There was an overall trend 
toward safer sexual behavior, which was accompanied by decreases in the incidence of syphilis 
and HIV infection. Participants who believed they were receiving FTC/TDF had higher numbers 
of receptive partners at baseline, prior to initiating study drug, indicating that risk behavior was 
not a consequence of receiving PrEP. The small decrease in the proportion of participants 
reporting ncRAI after stopping study drug was consistent with the overall time trends in RAI 
partners and condom use, and did not differ by perceived treatment group. Our results do not 
support the concerns arising from risk compensation theory: that participants who believed 
they were receiving FTC/TDF and that it was effective would be more likely to increase their risk 
behavior while on study drug or decrease their risk behavior after stopping it.  

Of note, the number of RAI partners was significantly higher at baseline among 
participants who later reported believing they were assigned to FTC/TDF. Cross-sectional 
studies have found that optimism about the benefits of combination antiretroviral therapy was 
associated with riskier sexual behavior,35 but were not able to determine causality – i.e., 
whether optimism about treatment made individuals feel comfortable taking more risk, or 
whether individuals having riskier sex were more likely to be optimistic about therapy. Our 
results suggest that belief in treatment assignment may have been a consequence of sexual 
practices, rather than sexual practices being a consequence of receiving PrEP.123 For 
participants who thought they were receiving FTC/TDF, that belief could have served as a 
psychological coping mechanism to reduce concerns about their sexual behavior, thus 
minimizing cognitive dissonance.124  

One-quarter of participants had never been tested for HIV prior to their iPrEx screening 
visit and reported safer sexual behavior during study follow-up than those who had tested. 
Previous studies conducted among MSM125 and adults in developing countries126 have found 
decreases in sexual risk behavior associated with HIV testing. That effect has been more 
pronounced among individuals testing positive, but the benefit of testing may be increased for 
HIV-negative individuals who are testing periodically, as would occur in PrEP programs. The 
regular testing that accompanies PrEP use, as well as the act of taking PrEP itself, could increase 
contemplation of HIV risk as manageable rather than inevitable and motivate other risk-
reduction strategies.127-129 Indeed, PrEP may increase condom self-efficacy and reduce fatalism 
about HIV by providing a daily opportunity for users to manage their own risk.     

We identified participant characteristics that were associated with reporting ncRAI 
during follow-up after not reporting ncRAI at baseline, including symptoms of depression, 
younger age, and transgender sexual identity. Our results are consistent with the high burden 
of HIV infection among male-to-female transgender individuals130 and young MSM,131 as well as 
prior studies that have found a correlation between depression and sex with no condom.132 



22 
 

These groups may be in particular need of attention in HIV-prevention interventions, including 
PrEP. 

There are several limitations to our study. First, data collected during an RCT may not be 
generalizable to a non-experimental context; efforts to minimize optimism about the study 
drug and maximize condom use could have contributed to the trend toward safer sexual 
behavior during iPrEx. However, counseling, testing, and condom provision will accompany 
PrEP implementation, suggesting that a similar trend may occur among PrEP users outside of 
the RCT context. Furthermore, we did not see risk compensation among those who thought 
they were in the active arm and that FTC/TDF was effective, a subgroup that better represents 
individuals using open-label PrEP. A second limitation is the use of self-reported data on sexual 
practices, which could have been affected by social desirability bias. However, the decreases in 
syphilis and acute HIV infection are consistent with the finding based on self-report that sexual 
risk behavior decreased during follow-up. Third, analyses among the group who both believed 
they were receiving FTC/TDF and that it was highly effective, as well as analyses of HIV 
incidence by perceived treatment group in the placebo arm, were limited in statistical power, 
resulting in wide confidence intervals. Finally, although an overall trend toward safer behavior 
could result from regression to the mean or loss to follow-up among participants with sexual 
risk behavior, participants with higher risk at baseline were more likely to be retained 
throughout the study.  

In this study, we found no evidence of risk compensation that would offset the benefits 
of PrEP. Indeed, participation in the study was associated with safer sexual behavior; frequent 
clinic visits, HIV testing and counseling, and daily PrEP use itself may foster and popularize safer 
sexual practices. Social interactions may be more important determinants of sexual decisions 
than individual weighing of risks and benefits, as posited by risk compensation theory, and may 
underlie the trends toward safety that have been observed in biomedical prevention trials and 
programs.  
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Table 1. Syphilis incidence by actual treatment group among participants 
testing seronegative at baseline.* 
    FTC/TDF Placebo 

Year 
 

Incidence 
(person-years) 

Incidence 
rate 

 

Incidence 
(person-years) 

Incidence 
rate 

1 
 

60 (946) 6.3 
 

54 (971) 5.6 
2 

 
20 (541) 3.7 

 
28 (569) 4.9 

3 
 

7 (178) 3.9 
 

7 (179) 3.9 
4 

 
0 (3) 0.0 

 
0 (3) 0.0 

  
 

P trend <0.001 
 

P trend < 0.001 
*Incidences exclude recurrent syphilis.  
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Figure 1a-b. Sexual behavior by perceived treatment group. Figure 1a shows the mean 
number of receptive anal intercourse (RAI) partners in the past 3 months by perceived 
treatment group at 12 weeks. Figure 1b shows the percent of those partners using a condom in 
the past 3 months by perceived treatment group at 12 weeks. Asterisks indicate P<0.05 by t-
test.  
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Table 2. Participant characteristics by perceived treatment group.* 

  

Perceived 
FTC/TDF 
n=553 

Perceived 
placebo 
n=223 

Don't 
know  

n=1429 
Total 

N=2205 
P-

value 
Age group, years ‒ n (%) 

    
0.43 

   18-24 263 (48) 111 (50) 726 (51) 1100 (50) 
    ≥25 290 (52) 112 (50) 703 (49) 1105 (50) 

 Education ‒ n (%) 
    

0.29 
   Less than secondary 122 (22) 38 (17) 292 (21) 452 (21) 

    Completed secondary 423 (78) 181 (83) 1125 (79) 1729 (79) 
 Transgender ‒ n (%) 

    
0.21 

   Yes 72 (13) 20 (9) 188 (13) 280 (13) 
    No 481 (87) 203 (91) 1241 (87) 1925 (87) 
 Previously tested for HIV ‒ n (%) 

    
0.03 

   Yes 427 (78) 178 (81) 1051 (74) 1656 (76) 
    No  120 (22) 43 (19) 370 (26) 533 (24) 
 Number of RAI partners at 

baseline ‒ mean (SD) 13 (36) 8 (16) 12 (28) 12 (29) 0.12 
Percent of RAI partners using a 
condom at baseline ‒ mean (SD) 55 (37) 51 (37) 49 (37) 50 (37) 0.02 
ncRAI at baseline ‒ n (%) 

    
0.28 

   Yes 317 (57) 135 (61) 875 (61) 1327 (60) 
    No 236 (43) 88 (39) 554 (39) 878 (40) 
 No. of alcoholic drinks on days 

when participant drank in past 
month at baseline ‒ n (%) 

    
<0.001 

   0-4  283 (52) 109 (50) 576 (41) 968 (45) 
    ≥5  259 (48) 109 (50) 813 (59) 1181 (55) 
 Cocaine or crack use in past 

month at baseline ‒ n (%) 
    

0.09 
   Yes 41 (8) 16 (7) 73 (5) 130 (6) 

    No  505 (92) 205 (93) 1352 (95) 2062 (94) 
 Symptoms of depression ‒ n (%) 

    
0.62 

   Yes 106 (22) 45 (23) 304 (24) 455 (23) 
    No 386 (78) 151 (77) 977 (76) 1514 (77) 
 Perceived FTC/TDF effectiveness 

at 12 weeks ‒ n (%) 
    

<0.001 
   High 177 (33) 57 (26) 269 (20) 503 (24) 

    Low 164 (31) 67 (31) 330 (24) 561 (26) 
    Don't know 194 (36) 93 (43) 778 (57) 1065 (50) 
 *ncRAI = receptive anal intercourse with no condom; SD = standard deviation. Excludes participants missing data 

on perceived treatment group at the first quarterly visit subsequent to enrollment (n=203). Ns may not add up to 
column totals because of missing data on participant characteristics. P-values by chi-square or analysis of variance.  
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Table 3. Participant characteristics associated with a change in sexual behavior from baseline through follow-up.* 

 

Participants with no ncRAI at 
baseline (n=969) 

 

Participants with ncRAI at 
baseline (n=1439) 

 

ncRAI during follow-
up RR (95% CI) P-value 

 

No ncRAI during 
follow-up RR (95% CI) P-value 

Age <25 (ref. ≥25) 1.3 (1.0, 1.6) 0.03 
 

0.8 (0.7, 1.0) 0.04 
Completed secondary school 1.1 (0.8, 1.5) 0.54 

 
0.9 (0.7, 1.2) 0.61 

Transgender 1.7 (1.2, 2.5) 0.002 
 

0.8 (0.6, 1.0) 0.04 
≥5 drinks on drinking days 1.0 (0.8, 1.2) 0.78 

 
1.0 (0.8, 1.2) 0.89 

Cocaine or crack use 1.0 (0.7, 1.5) 0.95 
 

1.0 (0.7, 1.5) 0.98 
Never previously tested for HIV 0.7 (0.5, 0.9) 0.01 

 
1.4 (1.1, 1.7) 0.004 

Symptoms of depression 1.6 (1.2, 2.1) 0.002 
 

0.7 (0.6, 1.0) 0.03 
Perceived treatment group Truvada (ref. placebo) 0.9 (0.6, 1.4) 0.75 

 
0.8 (0.6, 1.2) 0.40 

Perceived high PrEP effectiveness (ref. low) 0.7 (0.5, 1.0) 0.06 
 

1.2 (0.9, 1.7) 0.20 
Perceived group Truvada and perceived high PrEP 
effectiveness (ref. perceived placebo) 0.8 (0.3, 2.1) 0.68 

 
0.7 (0.4, 1.3) 0.25 

*ncRAI = receptive anal intercourse with no condom; RR = risk ratio; CI = confidence interval. By mixed log-binomial regression with study site as a random 
effect. 
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CHAPTER 3: DAILY ORAL EMTRICITABINE/TENOFOVIR PREEXPOSURE PROPHYLAXIS AND 
HERPES SIMPLEX VIRUS TYPE 2 ACQUISITION AND EXPRESSION AMONG MEN WHO 

HAVE SEX WITH MEN 
 
BACKGROUND 
 
 HSV-2 is the primary cause of genital ulcer disease worldwide. In 2003, an estimated 536 
million people aged 15-49 years were living with the infection, with HSV-2 seroprevalence 
varying widely across settings and populations.43 Most HSV-2-infected individuals are unaware 
of their infections.133 In symptomatic HSV-2 infections, the virus causes painful ulcerative 
lesions that can take two to four weeks to heal, and outbreaks of lesions can be both frequent 
and recurrent. Vertical transmission of HSV-2 from mother to child can occur during delivery, 
resulting in potentially fatal neonatal infection.134 Herpetic genital ulcer disease may also 
increase the risk of sexual transmission and acquisition of HIV infection, with an approximately 
three-fold higher risk of HIV acquisition observed among individuals with HSV-2 infection.44,135 
Among HIV-infected populations, the estimated seroprevalence of HSV-2 infections is 60-95%,45 
and individuals coinfected with HSV-2 and HIV are more likely to shed HSV-2 and to experience 
clinical manifestations.136   

In addition to protecting against HIV acquisition, antiretroviral PrEP using tenofovir has 
been shown to have a protective effect on HSV-2. Pericoital topical 1% tenofovir gel reduced 
the risk of HSV-2 acquisition by 51% in women participating in the CAPRISA 004 study.18 In fact, 
the protection against HSV-2 in that study was higher than the effect of the gel on HIV 
acquisition, and a mathematical model suggested that its effect on HSV-2 acquisition may have 
played a role in its success in protecting against HIV.50 The anti-herpetic effects of tenofovir 
have since been confirmed in vitro, although the tenofovir concentrations required were 
substantially higher than for traditional anti-herpetic drugs like acyclovir and cidofovir.137  

Protection against HSV-2 could enhance the public health impact of tenofovir when 
used as an antiretroviral agent for HIV prevention or treatment. Daily oral FTC/TDF PrEP was 
shown to reduce the risk of HIV acquisition in MSM and transgender women in the iPrEx trial, 
but it is unknown whether tenofovir has anti-herpetic effects among MSM. Using data from the 
randomized iPrEx study, we aimed to determine the effect of daily oral FTC/TDF on HSV-2 
acquisition and ulcer expression and to identify demographic and behavioral risk factors for 
HSV-2 acquisition in the iPrEx cohort. 
 
METHODS 
  
 Study population and procedures. Details of the iPrEx trial have been previously 
published.20 Briefly, the study enrolled 2,499 MSM and transgender women at risk for HIV 
infection at 11 sites in Peru, Ecuador, Brazil, South Africa, Thailand, and the United States, and 
participants were randomized to receive either FTC/TDF or placebo. Monthly visits included 
study drug dispensation, HIV testing, and adherence and risk-reduction counseling. Serologic 
testing for HSV-2 and physical examinations for signs of sexually transmitted infections (STI) 
were performed at screening and every six months during follow-up. The primary analysis of 
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iPrEx data included visits through the prespecified cutoff date of May 1, 2010, while the current 
analyses include follow-up visits through September 30, 2010, the last visit at which 
participants would have been expected to have had exposure to study drug. 
 HSV-2 infection status was determined using ELISA (HerpeSelect, Focus Diagnostics). A 
negative HSV-2 test was defined as a reactive EIA with an index ratio (IR) <0.9, while a positive 
HSV-2 test was defined as a reactive EIA with an IR≥3.5.138 Tests with an IR ≥0.9 and <3.5 were 
classified as indeterminate; any participants with an IR<3.5 were retested at the next test visit. 
Perianal and groin ulcers were diagnosed if there was any ulcerative lesion identified during STI 
examination, which may have included ulcers associated with herpes, syphilis, chancroid, or 
excoriation. Herpes-related ulcer adverse events (AEs) were self-reported by participants or 
identified during STI examination, and were deemed by the clinician to be consistent with the 
participant’s clinical history of HSV-2. Ulcer AE severity was defined according to the National 
Institutes of Health Division of AIDS grading criteria. HIV infection status was determined using 
two rapid antibody tests and confirmed by Western blot. Sexual practices during the previous 
three months were assessed by interviewer-administered questionnaires at screening 
(baseline).  
 In a subset of participants assigned to the active arm, levels of FTC and tenofovir (TFV) 
were measured in plasma and peripheral blood mononuclear cells (PBMCs). Participants in this 
subset included those who seroconverted while on study, served as controls to seroconverters, 
participated in a substudy on bone density, or contributed to other project analyses concerning 
drug levels, which included approximately one-third of the cohort.  
 Statistical analyses. We used chi-square tests and log-binomial models to identify 
demographic factors associated with HSV-2 prevalence at baseline. To identify factors 
associated with HSV-2 seroconversion, we calculated crude rates of HSV-2 acquisition by 
randomization group and by demographic and behavioral characteristics at baseline, including 
only participants who tested seronegative for HSV-2 at the screening visit. Person-time at risk 
included time to HSV-2 infection, HIV seroconversion, study drug discontinuation, or loss to 
follow-up. We used Poisson models to estimate unadjusted and adjusted rate ratios (RRs). A 
multivariable model included randomization group and all variables for which the 95% 
confidence interval (CI) did not include the null in unadjusted models.  
 We also conducted an as-treated analysis that accounted for study drug use among 
participants receiving FTC/TDF. Because drug level testing was only conducted in a subset of 
participants and visits, drug levels were imputed for participants in both arms at any monthly 
visit missing drug level data. Baseline and time-varying covariates were used to predict the 
probability of having any detectable drug and the probability that the level of tenofovir 
diphosphate (TFV-DP) in PBMCs was >16 fmol per million viable cells, the concentration 
associated with a 90% reduction in HIV acquisition.21 Drug levels were multiply imputed for 
visits at which drug level testing was not conducted but the participant was still taking study 
drug, with 200 imputations per observation.139 We used Cox regression with time-dependent 
covariates stratified by study site to estimate hazard ratios (HRs) for HSV-2 acquisition 
associated with being randomized to the FTC/TDF arm and having any detectable drug or being 
assigned to the FTC/TDF arm and having TFV-DP >16.  
 To determine the effect of FTC/TDF on HSV-2 expression, we analyzed the occurrence of 
ulcers among those who tested seropositive for HSV-2 at baseline or during follow-up. 
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Participants were excluded if the HSV-2 diagnosis occurred at or after HIV seroconversion, and 
ulcers were excluded if they occurred at or after HIV seroconversion. We estimated the 
proportion of participants with ≥1 herpes-related ulcer AEs classified as Grade 2 or above (i.e., 
moderate, severe, or potentially life-threatening), ≥1 perianal ulcer detected on STI 
examination, and ≥1 groin ulcer detected on STI examination, using chi-square tests to compare 
proportions by randomization group. We also examined ulcers occurring after HIV 
seroconversion to determine whether there were differences in ulcer occurrence by 
randomization group in the absence of study drug.  
 All analyses were conducted in SAS 9.3 or Stata 12. 
 
RESULTS 
 
 Study participants. Characteristics of the 2,499 iPrEx participants have been described 
previously.20 Briefly, all participants were born male and 313 (13.0%) identified as transgender 
or as women. The mean age at enrollment was 25 years (range 18-67), and the majority of 
participants were enrolled at the two study sites in Peru (1,400, 56.0%). At baseline, over half of 
participants (59.4%) reported having had receptive anal intercourse with no condom (ncRAI) in 
the past three months.  
 HSV-2 prevalence. Overall, 2,275 (97.5%) participants had valid tests for HSV-2 at 
baseline; of those, 892 (39.2%) were seropositive. Factors associated with testing seropositive 
for HSV-2 at baseline included older age (P<0.001; Figure 1), transgender identity (P<0.001), not 
having a secondary education (P<0.001), and living in a South American country (P<0.001). 
Randomization group was not associated with HSV-2 prevalence at enrollment (P=0.44). In 
multivariable analysis, all factors remained significantly associated with HSV-2 prevalence with 
the exception of level of education.  
 FTC/TDF and HSV-2 acquisition. Characteristics of 1,383 participants who tested 
seronegative for HSV-2 at baseline are presented by randomization group in Table 1. There 
were no differences in baseline characteristics by randomization group, with the exception of 
receptive anal intercourse with a condom (cRAI) being reported more frequently in the placebo 
arm (P=0.01).  
 Of the 1,383 seronegative participants, 127 (9.2%) were diagnosed with HSV-2 during 
follow-up, representing an incidence density of 6.1 per 100 person-years (Table 2). In 
unadjusted analysis, HSV-2 incidence decreased with age, with the highest rate among 
participants aged <25 years (7.5 per 100 person-years) and the lowest rate among participants 
aged ≥40 years (1.7 per 100 person-years). Country of residence was also associated with HSV-2 
incidence, with the highest rate among participants living in Ecuador (9.8 per 100 person-years) 
and the lowest rate among participants living in Thailand (1.9 per 100 person-years). Other 
factors associated with HSV-2 incidence included cRAI in the past three months (RR 1.4, 95% CI: 
1.0-2.0; P=0.05) and ncRAI in the past three months (RR 2.1, 95% CI: 1.4-3.1; P<0.001). In 
multivariable analysis, only younger age and ncRAI remained associated with HSV-2 incidence. 
Level of education, transgender identity, alcohol use, number of anal sex partners, and insertive 
anal intercourse with or without a condom were not associated with HSV-2 acquisition.  
 Of those who acquired HSV-2 during follow-up, 66 were in the FTC/TDF group (incidence 
rate of 6.4 per 100 person-years) and 61 were in the placebo group (incidence rate of 5.8 per 
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100 person-years). There was no significant difference in HSV-2 incidence among participants 
assigned to the FTC/TDF arm compared to those assigned to the placebo arm (RR 1.1, 95% CI: 
0.8-1.6; P=0.63; Figure 2). Compared to participants in the placebo arm, there was also no 
difference in HSV-2 incidence among participants in the FTC/TDF group with a detectable drug 
level (HR 1.1, 95% CI: 0.5-2.1; P=0.85), with similar results among those in the FTC/TDF group 
with >16 TFV-DP (HR 1.0, 95% CI: 0.3-3.5; P=0.94).  
 FTC/TDF and HSV-2 expression. A total of 1019 participants tested seropositive for HSV-
2 at baseline or during follow-up; of those, 22 (2.2%) tested seropositive for HSV-2 after HIV 
seroconversion. Of the remaining 997, 43 (4.3%) had ≥1 herpes-related ulcer AE that was 
classified as Grade 2 or above. Compared to the FTC/TDF arm, the proportion of participants 
with ≥1 herpes-related ulcer AE was twice as high among participants in the placebo arm (5.9% 
vs. 2.9%, P=0.02; Figure 3). However, there were no differences by randomization group in the 
proportion of participants with ≥1 perianal ulcer (FTC/TDF 3.5% vs. placebo 4.7%, P=0.37) or ≥1 
groin ulcer (FTC/TDF 2.5% vs. placebo 1.9%, P=0.51) identified during STI examination. Results 
were similar after excluding participants with a positive syphilis rapid plasma reagin test at the 
same visit.  
 Among the 89 participants with prevalent or incident HSV-2 infection who also 
seroconverted to HIV during study follow-up, 6.7% had ≥1 herpes-related ulcer AE, 6.7% had ≥1 
perianal ulcer identified during STI examination, and 5.6% had ≥1 groin ulcer identified during 
STI examination. The proportions with each type of ulcer did not differ between participants in 
the FTC/TDF arm and participants in the placebo arm. 
 
DISCUSSION 
 
 In this analysis of participants in the iPrEx trial of daily oral FTC/TDF PrEP, we found no 
association between FTC/TDF and incidence of HSV-2 infection, even after accounting for actual 
use of study drug. However, participants in the FTC/TDF arm had half the prevalence of herpes-
related ulcer AEs classified as Grade 2 or above. This finding was not confirmed by ulcers 
identified during STI examinations, although these may have included ulcers of non-herpetic 
etiologies. The lack of an association between randomization group and ulcer AEs among 
participants who were no longer on study drug was consistent with the decrease in ulcers 
linked to FTC/TDF drug exposure. In contrast to the 51% reduction in HSV-2 incidence among 
women randomized to use a 1% tenofovir topical gel in CAPRISA 004,18 our results suggest that 
tenofovir in daily oral FTC/TDF may reduce HSV-2 ulcer expression but does not protect against 
HSV-2 incidence among MSM. 
 The difference between the effects on HSV-2 incidence seen in CAPRISA and iPrEx may 
be due to differences in the route of transmission of HSV-2, method of delivery of FTC/TDF, and 
amount of exposure to the drug. We found that the primary risk factor for HSV-2 acquisition in 
iPrEx was receptive anal intercourse without a condom, a finding that has been reported in 
several studies of behavioral risk factors for HSV-2 acquisition in MSM.140-142 Although oral 
dosing of tenofovir achieves drug concentrations that are 20-100 times higher in rectal tissue 
than in vaginal and cervical tissue,143,144 topical application of tenofovir achieves a more than 
100-fold higher concentration of the drug in the genital tract than does oral dosing.145,146 Drug 
concentration is also affected by adherence; while iPrEx participants reported taking over 90% 
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of study drug doses, drug was detectable in the blood specimens of only 50% of participants 
tested in a random subsample. Although we did not observe an effect of FTC/TDF even after 
accounting for drug levels, it may be that oral FTC/TDF will have an impact on HSV-2 incidence 
in settings where drug exposure is higher as a result of more consistent pill taking. 
 Our finding that FTC/TDF reduced ulcer expression among participants with HSV-2 is 
consistent with the inhibition of HSV-2 replication observed after administration of tenofovir. 
Unlike acyclovir, tenofovir does not require the presence of the herpes virus for drug activation, 
suggesting that it may suppress ulcers before phosphorylation occurs. However, topical dosing 
may be required to achieve a concentration of drug in tissue sufficient to inhibit HSV-2 
shedding,137 and a study of adults coinfected with HIV and HSV-2 found no impact of oral 
tenofovir on rates of HSV-2 shedding.147 More information is needed about the clinical impact 
of oral TDF and topical tenofovir on HSV-2 expression.  
 There are several limitations of our analysis that warrant discussion. First, although our 
intention-to-treat analysis of incidence by treatment arm was strengthened by randomization, 
our findings may have been diluted by low levels of adherence among participants. While drug 
levels were not available for all participants or visits, we were able to conduct an incidence 
analysis that accounted for drug exposure; however, this analysis is subject to the limitations of 
multiple imputation and as-treated analyses. Of participants with prevalent or incident HSV-2, a 
small proportion (11.6%) were prescribed acyclovir or valacyclovir during study follow-up; if use 
of these medications biased our analysis toward the null, it is possible that the effect of 
FTC/TDF on herpes-related ulcers is stronger than what we observed in our study. Our 
behavioral risk factor analysis included number of anal sex partners, position during anal sex, 
and condom use in the last three months, but we did not include oral sex as a potential risk 
factor for HSV-2 acquisition; however, because HSV-2 is infrequently transmitted through oral 
sex, we expect this had a negligible effect on our analysis. Finally, the iPrEx protocol did not use 
the HSV-2 test manufacturer’s suggested cutoffs for indeterminate (IR ≥0.9 and ≤1.1) or positive 
(IR >1.1) tests, but conducting our incidence and ulcer analyses using the cutoffs from the 
package insert yielded similar results.  
 To our knowledge, this was the first analysis of the effect of daily oral FTC/TDF PrEP on 
HSV-2 incidence and ulcer expression among MSM. While our finding of a reduction in herpes-
related ulcers should be confirmed in other studies, our results suggest that the anti-herpetic 
effect of tenofovir may have the potential to increase its public health impact in both the HIV 
prevention and treatment settings. In our study, FTC/TDF did not appear to have an impact on 
the acquisition of HSV-2, but this lack of an effect may have resulted from low drug exposure or 
concentration; FTC/TDF may reduce HSV-2 incidence in settings where PrEP is administered 
topically or adherence to study drug is high.  
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Figure 1a-b. Baseline prevalence of HSV-2 and incidence density of HSV-2 during study follow-

up by age at enrollment.  
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Table 1. Characteristics of participants testing HSV-2 seronegative at baseline by randomization group.* 
  Placebo (n=691) FTC/TDF (n=692) P-value 
Age group     0.11 
   <25 449 (65) 413 (60)   
   25-29 123 (18) 139 (21)   
   30-34 52 (8) 61 (9)   
   35-39 34 (5) 28 (4)   
   ≥40 33 (5) 51 (7)   
Completed secondary education     0.38 
   Yes 571 (84) 557 (82)   
   No 114 (17) 126 (18)   
Transgender identity     0.50 
   Yes 46 (7) 40 (6)   
   No 645 (93) 652 (94)   
Country of residence     0.95 
   Peru 351 (51) 344 (50)   
   Brazil 101 (15) 103 (15)   
   Ecuador 79 (11) 89 (13)   
   United States 79 (11) 74 (11)   
   Thailand 49 (7) 53 (8)   
   South Africa 32 (5) 29 (4)   
No. alcoholic drinks on drinking days in the past 
month     0.11 
   0-4 294 (43) 323 (48)   
   ≥5 383 (57) 354 (52)   
Number of anal sex partners     0.87 
   0-1 85 (12) 90 (13)   
   2-5 287 (42) 291 (42)   
   ≥6 319 (46) 311 (45)   
Insertive anal intercourse with condom     0.94 
   Yes 350 (51) 343 (50)   
   No 341 (49) 349 (50)   
Insertive anal intercourse with no condom     0.57 
   Yes 408 (59) 419 (61)   
   No 283 (41) 273 (39)   
Receptive anal intercourse with condom     0.01 
   Yes 340 (49) 292 (42)   
   No 351 (51) 400 (58)   
Receptive anal intercourse with no condom     0.11 
   Yes 358 (52) 329 (48)   
   No 333 (48) 363 (52)   
*Ns may not add up to column totals due to missing data.  
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Table 2. Baseline characteristics by HSV-2 seroconversion.*       

  n (%) Events/PY 
Unadjusted RR 

(95% CI) 
Adjusted RR (95% 

CI) P-value 
  1383 (100) 127/2079       
Age group           
   <25 862 (62) 97/1297 1 1 1 
   25-29 262 (19) 20/394 0.7 (0.4, 1.1) 0.7 (0.4, 1.1) 0.13 
   30-34 113 (8) 5/183 0.4 (0.2, 0.9) 0.3 (0.1, 0.8) 0.02 
   35-39 62 (4) 3/83 0.5 (0.2, 1.6) 0.4 (0.1, 1.5) 0.18 
   ≥40 84 (6) 2/121 0.2 (0.1, 0.9) 0.2 (0.0, 0.9) 0.04 
Completed secondary education           
   Yes 1128 (82) 109/1696 1.2 (0.8, 2.0)     
   No 240 (17) 18/353 1     
Transgender identity           
   Yes 86 (6) 10/121 1.4 (0.7, 2.7)     
   No 1297 (94) 117/1958 1     
Country of residence           
   Peru 695 (50) 78/1248 1 1   
   Brazil 204 (15) 11/208 0.9 (0.5, 1.6) 1.0 (0.5, 1.9) 1.00 
   Ecuador 168 (12) 25/254 1.6 (1.0, 2.5) 1.5 (0.9, 2.4) 0.08 
   United States 153 (11) 9/206 0.7 (0.4, 1.4) 1.3 (0.6, 2.8) 0.47 
   Thailand 102 (7) 2/105 0.3 (0.1, 1.3) 0.3 (0.1, 1.2) 0.10 
   South Africa 61 (4) 2/59 0.6 (0.1, 2.3) 0.7 (0.2, 2.7) 0.56 
Treatment assignment           
   FTC/TDF 692 (50) 66/1036 1.1 (0.8, 1.6) 1.2 (0.8, 1.7) 0.40 
   Placebo 691 (50) 61/1043 1 1   
No. alcoholic drinks on drinking days in 
the past month           
   0-4 617 (45) 57/899 1     
   ≥5 737 (53) 66/1127 0.9 (0.6, 1.3)     
Number of anal sex partners           
   0-1 175 (13) 18/224 1     
   2-5 578 (42) 42/822 0.6 (0.4, 1.1)     
   ≥6 630 (46) 67/1033 0.8 (0.5, 1.3)     
Insertive anal intercourse with condom           
   Yes 699 (51) 54/1033 0.7 (0.5, 1.0)     
   No 684 (49) 73/1046 1     
Insertive anal intercourse with no 
condom           
   Yes 827 (60) 79/1275 1.0 (0.7, 1.5)     
   No 556 (40) 48/804 1     
Receptive anal intercourse with condom           
   Yes 632 (46) 68/934 1.4 (1.0, 2.0) 1.0 (0.7, 1.5) 0.86 
   No 751 (54) 59/1145 1 1   
Receptive anal intercourse with no 
condom           
   Yes 687 (50) 88/1064 2.1 (1.4, 3.1) 2.0 (1.3, 3.1) 0.001 
   No 696 (50) 39/1015 1 1   
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Figure 2. Probability of testing seronegative for HSV-2 infection among participants testing 
seronegative at baseline. 
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Figure 3. Proportion of prevalent or incident HSV-2 cases with ≥1 ulcer by treatment group. 
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CONCLUSION 
 
 Since HIV emerged in the early 1980s, public health professionals and researchers have 
made substantial strides in prevention and treatment worldwide. Still, HIV/AIDS remains a 
leading cause of death globally, particularly among MSM. PrEP is a promising new strategy to 
prevent HIV infection in this population, but questions remain about its implementation. Low 
levels of adherence in some PrEP trials have caused concern about whether the drug will be 
taken as prescribed. Increased sexual risk behavior, or risk compensation, among PrEP users 
could reduce or even eliminate the benefits of PrEP. The effectiveness of FTC/TDF PrEP in 
protecting against HIV infection depends on the behaviors of its users, including adherence and 
sustained risk reduction, and could be increased further by its effect on other STIs that increase 
the risk of HIV infection.  
 To maximize its impact, PrEP is a strategy that must integrate behavioral, biomedical, 
and structural approaches, exemplifying a recent shift in the HIV prevention field toward 
combination interventions.114,148-151 Prescription of PrEP must be bolstered by an array of 
supportive services, including HIV screening; regular HIV testing; behavioral interventions to 
support PrEP uptake, adherence, and sexual risk reduction; treatment of side effects; treatment 
of STIs; and treatment of HIV infection, if it occurs.148 Implementing PrEP together with 
interventions to support modifiable behaviors will maximize its effectiveness as a prevention 
tool. The objective of this research was to identify and inform such behavioral support 
strategies to maximize the effectiveness of PrEP in preventing HIV infection among MSM, and 
to determine its effect against HSV-2 acquisition and expression among MSM.  
 Although reviews of the treatment of HIV and other chronic diseases can provide some 
guidance in designing interventions to support PrEP adherence, successful adherence support 
strategies for prevention may differ from those that are successful in symptomatic populations. 
In a systematic review of interventions that have been used to support adherence to daily oral 
medications prescribed to healthy or asymptomatic individuals, we found interventions that 
demonstrated short-term improvements in medication adherence across a variety of 
prevention settings, thus identifying adherence interventions that could be tested among PrEP 
users. These findings can provide guidance for the development of adherence support 
interventions that will be tested as part of PrEP demonstration projects across the U.S. and 
elsewhere.  

Mathematical modeling has suggested that even small increases in risk behavior could 
reduce or negate the benefits of PrEP at a population level.36 In an analysis using both self-
reported sexual behavior and HIV/STI data from the randomized phase of the iPrEx study, we 
found no evidence that sexual risk compensation occurred among trial participants. Participants 
who believed they had been assigned to the FTC/TDF arm and that the drug was highly 
effective did not have increased sexual risk behavior or infection rates compared to participants 
who believed they were receiving the placebo. Instead, participation in the study was 
associated with safer sexual behavior and decreasing infection rates, suggesting that frequent 
clinic visits, HIV testing and counseling, and daily PrEP use itself may motivate safer sexual 
practices. As PrEP implementation begins, these findings can help allay concerns about risk 
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compensation and provide guidance on the development of risk-reduction interventions among 
PrEP users. 

Because HSV-2 infection increases the risk of sexual transmission and acquisition of HIV 
infection, anti-herpetic properties could increase the effectiveness of FTC/TDF as a PrEP agent. 
In our analysis using data from the randomized phase of iPrEx to measure the effect of FTC/TDF 
PrEP on HSV-2 acquisition and expression, we found no evidence of an effect on HSV-2 
incidence among trial participants. This finding contrasts with the findings of previous studies 
conducted among women, suggesting that the anti-herpetic properties of FTC/TDF might be 
limited among MSM for biological or behavioral reasons. However, participants receiving the 
active drug had a lower prevalence of moderate and severe herpes-related ulcers than 
participants receiving the placebo. This effect on HSV-2 expression could bolster the 
effectiveness of FTC/TDF PrEP, particularly in populations of MSM with high HSV-2 prevalence 
and incidence, and should be explored further. 

Taken together, these papers offer guidance to the PrEP implementation field on the 
development of behavioral support strategies for PrEP and on its anti-herpetic properties 
among MSM, and may help advance the goal of maximizing its effectiveness as a novel HIV 
prevention tool in real-world settings.  
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APPENDIX 
 

Table. Interventions to support adherence to daily oral medications among healthy or asymptomatic populations. 
Author, journal, 
year Country Clinical field 

Intervention 
type Population Intervention Outcome(s) Results 

Amado Guirado, 
Gaceta Sanitaria, 
2011 

Spain Hypertension Info/ 
education 

Patients with 
hypertension aged 
18-80 using 
antihypertensive 
therapy; 
randomization of 
primary care centers 

Usual clinic care vs. 
nurse training on 
anti-hypertensive 
medication and 
subsequent, 
personalized health 
education by nurses 
at 4 clinic visits 

Adherence as 
measured by 
self-report and 
risk factor 
control as 
measured by 
blood pressure 
and BMI at 3, 
6, and 12 
months 

No difference in risk 
factor control; 
contradictory results 
on self-reported 
adherence measures 

Binstock, 
American Journal 
of Hypertension, 
1988 

U.S. Hypertension Incentives/ 
contracts 

Patients with 
hypertension 

Control (education 
alone) vs. 1) home 
monitoring of blood 
pressure, 2) contracts 
3) pill packs, or 4) 
combination of 
techniques 

Change in 
blood pressure 
and self-
reported 
adherence 

Significant 
improvement in 
blood pressure in all 
groups (-17/-10 mm 
Hg) except for 
education group (-3/-
1 mm Hg) 

Binstock, 
American Journal 
of Hypertension, 
1988 

U.S. Hypertension Multi-modal Patients with 
hypertension 

Control (education 
alone) vs. 1) home 
monitoring of blood 
pressure, 2) contracts 
3) pill packs, or 4) 
combination of 
techniques 

Change in 
blood pressure 
and self-
reported 
adherence 

Significant 
improvement in 
blood pressure in all 
groups (-17/-10 mm 
Hg) except for 
education group (-3/-
1 mm Hg) 
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Binstock, 
American Journal 
of Hypertension, 
1988 

U.S. Hypertension Pill delivery Patients with 
hypertension 

Control (education 
alone) vs. 1) home 
monitoring of blood 
pressure, 2) contracts 
3) pill packs, or 4) 
combination of 
techniques 

Change in 
blood pressure 
and self-
reported 
adherence 

Significant 
improvement in 
blood pressure in all 
groups (-17/-10 mm 
Hg) except for 
education group (-3/-
1 mm Hg) 

Binstock, 
American Journal 
of Hypertension, 
1988 

U.S. Hypertension Self-
monitoring 

Patients with 
hypertension 

Control (education 
alone) vs. 1) home 
monitoring of blood 
pressure, 2) contracts 
3) pill packs, or 4) 
combination of 
techniques 

Change in 
blood pressure 
and self-
reported 
adherence 

Significant 
improvement in 
blood pressure in all 
groups (-17/-10 mm 
Hg) except for 
education group (-3/-
1 mm Hg) 

Chaisson, 
American Journal 
of Medicine, 2001 

U.S.  Latent TB Incentives/ 
D14contracts 

Injection drug users 
aged >18 with LTBI 
visiting a public 
tuberculosis clinic 

Directly observed 
therapy vs. self-
administered therapy 
with peer support 
and counseling vs. 
routine care (initial 
counseling session 
and monthly clinic 
visits); all patients 
also randomly 
assigned to 
immediate vs. 
deferred $10 stipend 
for each month of 
study procedure 
adherence 

Adherence to 
isoniazid as 
measured by 
self-report, pill 
counts, 
electronic 
monitoring, 
and urine 
testing at each 
monthly visit 
for 6 months 

Higher median 
proportion of doses 
taken in directly 
observed group 
compared to other 
two groups 
(observed=100%, 
peer=57%, 
routine=49%) ; no 
differences based on 
financial incentives  
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Chaisson, 
American Journal 
of Medicine, 2001 

U.S. Latent TB Peer Injection drug users 
aged >18 with LTBI 
visiting a public 
tuberculosis clinic 

Directly observed 
therapy vs. self-
administered therapy 
with peer support 
and counseling vs. 
routine care (initial 
counseling session 
and monthly clinic 
visits); all patients 
also randomly 
assigned to 
immediate vs. 
deferred $10 stipend 
for each month of 
study procedure 
adherence 

Adherence to 
isoniazid as 
measured by 
self-report, pill 
counts, 
electronic 
monitoring, 
and urine 
testing at each 
monthly visit 
for 6 months 

Higher median 
proportion of doses 
taken in directly 
observed group 
compared to other 
two groups 
(observed=100%, 
peer=57%, 
routine=49%) ; no 
differences based on 
financial incentives  

Chaisson, 
American Journal 
of Medicine, 2001 

U.S. Latent TB Pill delivery Injection drug users 
aged >18 with LTBI 
visiting a public 
tuberculosis clinic 

Directly observed 
therapy vs. self-
administered therapy 
with peer support 
and counseling vs. 
routine care (initial 
counseling session 
and monthly clinic 
visits); all patients 
also randomly 
assigned to 
immediate vs. 
deferred $10 stipend 
for each month of 
study procedure 
adherence 

Adherence to 
isoniazid as 
measured by 
self-report, pill 
counts, 
electronic 
monitoring, 
and urine 
testing at each 
monthly visit 
for 6 months 

Higher median 
proportion of doses 
taken in directly 
observed group 
compared to other 
two groups 
(observed=100%, 
peer=57%, 
routine=49%) ; no 
differences based on 
financial incentives  

Chin-Quee, 
Contraception, 
2009 

U.S. Oral 
contraceptives 

Pill delivery Women initiating 
OCs at clinics in 
urban and rural 
Jamaica 

Provision of 1 vs. 4 
packs of pills at 
initiation 

Continuation 
of OC use at 4 
months, as 
measured by 
interview at 
clinic 

No difference in 
continuation 
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Christensen, 
Journal of 
Hypertension, 
2010 

Poland Hypertension Pill delivery Patients with 
untreated or 
uncontrolled 
hypertension 

Daily telmisartan 
therapy with vs. 
without electronic 
compliance 
monitoring (Helping 
Hand Data Capture: 
includes a blister pack 
and gives the patient 
audiovisual reminders 
to take the 
medication) 

Electronic 
monitoring of 
adherence, 
and blood 
pressure 
management 
and self-
reported 
adherence 
measured at 5 
visits over 12 
months 

No difference in 
adherence 

Clowes, Journal 
of Clinical 
Endocrinology 
and Metabolism,  
2004 

U.K. Osteoporosis Feedback Postmenopausal 
women aged 50-80 
with osteopenia 
seeking bone 
mineral density 
measurements  

Standard care vs. 
one-on-one nurse 
attention (6 open 
questions) vs. nurse 
attention plus 
provision of 
information on 
clinical response 

Cumulative 
adherence to 
daily oral 
risedronate at 
1 year, as 
measured by 
an electronic 
monitoring 
device, pill 
counts, and 
clinical 
response 

57% higher 
cumulative adherence 
in nurse monitoring 
group compared to 
control; feedback did 
not improve 
adherence compared 
to nurse monitoring 
alone 

Deijen, 
Contraception, 
1997 

Netherlands Oral 
contraceptives 

Info/ 
education 

Women aged 15-45 
visiting a physician 
to initiate or switch 
OCs 

Provision of different 
types of information 
about OCs: 1) 
standard-of-care info 
provided by 
physician; 2) 
brochures; 3) 
brochures and 
audiotape 

Compliance 
with OCs at 
the end of 
cycles 1 and 3, 
as measured 
by self-
administered 
questionnaire 

Approximately a 50% 
decrease in missed 
pills score in 
brochures-and-tape 
group in cycle 1 vs. 
standard-of-care; no 
differences in cycle 3 
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Delmas, Journal 
of Clinical 
Endocrinology 
and Metabolism, 
2007 

Multi-
national 

Osteoporosis Feedback Postmenopausal 
women aged 65-80 
with low bone 
mineral density and 
no previous 
osteoporosis 
diagnosis  

Standard care vs. 
reinforcement in 
response to 
information on bone 
turnover markers 

Continuation 
and 
cumulative 
adherence to 
daily oral 
risedronate 
for 1 year, as 
measured by 
electronic 
monitoring 
device 

Continuation similar 
between groups 
overall; decreased 
discontinuation in 
reinforcement group 
for patients with good 
clinical response 
(HR=0.71); no change 
for stable clinical 
response (HR=1.02); 
increase for negative 
clinical response 
(HR=2.22) 

Friedman, 
American Journal 
of Hypertension, 
1996 

U.S. Hypertension SMS/ IVR Patients aged >=60 
receiving 
antihypertensive 
medication at 
community-based 
clinics 

Usual medical care vs. 
weekly calls to an 
interactive, 
computer-controlled 
telephone system 
that ascertained 
patients' self-
measured blood 
pressure and gave 
feedback to promote 
adherence in 
between usual clinic 
visits 

Blood pressure 
and adherence 
as measured 
by pill count at 
2 home visits 
over 12 
months 

17.7% higher 
adherence in 
intervention vs. 
11.7% in control; 
5.2mm decrease in 
diastolic blood 
pressure in 
intervention vs. 
0.8mm in control 

Guilera, 
Osteoporosis 
International, 
2006 

Spain Osteoporosis Info/ 
education 

Postmenopausal 
women aged >49 
with a prior or new 
diagnosis of 
osteoporosis and 
receiving daily 
raloxifene treatment 

Standard care vs. 
receipt of educational 
leaflet on 
osteoporosis and 
importance of 
adherence, with 15 
minutes to review 
with physician 

Adherence to 
daily 
raloxifene at 3 
months and 12 
months, as 
measured by 
self-report  

No difference in 
adherence 
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Guthrie, Clinical 
Therapeutics, 
2001 

U.S. Hyperlipidemia Telephone Patients with 
elevated cholesterol 
and other risk 
factors for a first 
myocardial 
infarction 

Prescribed 
pravastatin with usual 
educational materials 
vs. additional 
telephone reminders 
at weeks 2 and 8 and 
reminder postcards at 
week 4, month 4, and 
month 5 

Adherence 
and risk factor 
control as 
measured by 
mailed 
questionnaire 
at 3 and 6 
months and at 
3-month clinic 
visit 

No difference in 
adherence 

Hacihasanoglu, 
Journal of Clinical 
Nursing, 2011 

Turkey Hypertension Info/ 
education 

Hypertensive 
patients aged >=35,  
diagnosed at least 
one year prior, and 
prescribed 
antihypertensive 
medication  

Group A: 6 monthly 
educational sessions 
on medication 
adherence by a nurse 
with supplemental 
phone calls; Group B: 
Group A content in 
addition to education 
on healthy lifestyle 
behaviors; Group C 
(control): 6 non-
educational visits to 
measure blood 
pressure and weight 

Change in 
blood 
pressure, BMI 
and self-
reported 
adherence 
self-efficacy at 
6 months 

Lower blood 
pressure, higher 
adherence self-
efficacy, and 
decreased BMI in 
Groups A and B; 
lowest blood pressure 
in Group B; no 
difference in 
adherence between 
Groups A and B (16pt 
increase in self-
efficacy scale vs. 1 pt 
in control) 

Hanna, Journal of 
Nursing 
Scholarship, 1993 

U.S. Oral 
contraceptives 

Counseling Female adolescents 
aged 16-18 initiating 
oral contraceptives 
at family planning 
clinics 

Standard-of-care 
contraceptive 
education vs. nurse-
client transaction 
focusing on 
identifying and 
reducing barriers to 
use 

Adherence at 
3 months as 
measured by 
self-report of 
pill-taking 
behaviors 

Higher adherence 
score in intervention 
vs. control (10.24 vs. 
8.95) 
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Hou, Obstetrics 
and Gynecology, 
2010 

U.S. Oral 
contraceptives 

SMS/ IVR Women visiting 
Planned Parenthood 
who were new users 
of OCs 

Daily text-message 
reminders vs. control 

Adherence to 
OCs as 
measured by 
an electronic 
monitoring 
device and 
self-report 

No difference in rate 
of missed pills 

Hovell, American 
Journal of Public 
Health, 2003 

U.S. Latent TB Counseling Latino adolescents 
with positive PPD 
who were screened 
in school 

Usual medical care 
(prescriptions and 
monthly clinic 
visits/refills) vs. usual 
care with self-esteem 
counseling (attention 
control) vs. usual care 
with adherence 
coaching   

Adherence to 
isoniazid as 
measured by 
self-report at 
monthly visits 
for 6 and 9 
months 

Higher adherence in 
adherence coaching 
group compared to 
control groups at both 
6 and 9 months (effect 
sizes between groups: 
0.34 and 0.43) 

Jay, Pediatrics, 
1984 

U.S. Oral 
contraceptives 

Peer Adolescent females 
visiting a gynecology 
clinic for low-income 
patients 

Counseling by a nurse 
vs. counseling by a 
trained peer 

Compliance 
with OCs at 1, 
2, and 4 
months, as 
measured by 
urine testing, 
self-reported 
missed pills, 
pregnancy, 
and missed 
appointments 

Lower levels on 
noncompliance scale 
in peer-counseled 
group vs. control at 
months 1 and 2 (1.00 
vs. 1.68, 0.95 vs. 1.18); 
non-significant at 
month 4 

Johnson, Disease 
Management, 
2006 

U.S. Hyperlipidemia Counseling Population-based 
sample of English-
speaking persons 
aged 21-85 with 
current prescriptions 
for cholesterol 
medication 

Tailored guidance for 
adherence according 
to the transtheoretical 
model of behavior 
change vs. control 
group (regular mailed 
assessments) 

Adherence as 
measured by 
self-reported 
missed doses 
and the 
Medication 
Adherence 
Scale every 6 
months for 18 
months 

Higher adherence in 
treatment group at all 
timepoints; significant 
at 12 months 
(OR=3.67) and 18 
months (OR=2.86) 
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Kirscht, Health 
Education and 
Behavior, 1981 

U.S. Hypertension Info/ 
education 

Hypertensive 
patients in primary 
care 

1) Printed messages: 
threatening vs. 
positive vs. control; 2) 
Nurse support: 
telephone adherence 
support vs. no 
intervention; 3) Self-
monitoring: daily 
charting of pill 
regimen vs. self-
measuring of blood 
pressure vs. no 
intervention; or 4) 
Social support: 
patient-designated 
support person vs. no 
intervention 

Adherence as 
measured by 
self-report 
during 
interviews and 
from 
pharmacy 
records 

Higher adherence in 
nurse support 
(pharmacy records: 
74.9% vs. 69.0%) and 
social support groups 
(65.4% vs. 54.5%) vs. 
control; no effect in 
other intervention 
groups 

Kirscht, Health 
Education and 
Behavior, 1981 

U.S. Hypertension Peer Hypertensive 
patients in primary 
care 

1) Printed messages: 
threatening vs. 
positive vs. control; 2) 
Nurse support: 
telephone adherence 
support vs. no 
intervention; 3) Self-
monitoring: daily 
charting of pill 
regimen vs. self-
measuring of blood 
pressure vs. no 
intervention; or 4) 
Social support: 
patient-designated 
support person vs. no 
intervention 

Adherence as 
measured by 
self-report 
during 
interviews and 
from 
pharmacy 
records 

Higher adherence in 
nurse support 
(pharmacy records: 
74.9% vs. 69.0%) and 
social support groups 
(65.4% vs. 54.5%) vs. 
control; no effect in 
other intervention 
groups 
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Kirscht, Health 
Education and 
Behavior, 1981 

U.S. Hypertension Self-
monitoring 

Hypertensive 
patients in primary 
care 

1) Printed messages: 
threatening vs. 
positive vs. control; 2) 
Nurse support: 
telephone adherence 
support vs. no 
intervention; 3) Self-
monitoring: daily 
charting of pill 
regimen vs. self-
measuring of blood 
pressure vs. no 
intervention; or 4) 
Social support: 
patient-designated 
support person vs. no 
intervention 

Adherence as 
measured by 
self-report 
during 
interviews and 
from 
pharmacy 
records 

Higher adherence in 
nurse support 
(pharmacy records: 
74.9% vs. 69.0%) and 
social support groups 
(65.4% vs. 54.5%) vs. 
control; no effect in 
other intervention 
groups 

Kirscht, Health 
Education and 
Behavior, 1981 

U.S. Hypertension Telephone Hypertensive 
patients in primary 
care 

1) Printed messages: 
threatening vs. 
positive vs. control; 2) 
Nurse support: 
telephone adherence 
support vs. no 
intervention; 3) Self-
monitoring: daily 
charting of pill 
regimen vs. self-
measuring of blood 
pressure vs. no 
intervention; or 4) 
Social support: 
patient-designated 
support person vs. no 
intervention 

Adherence as 
measured by 
self-report 
during 
interviews and 
from 
pharmacy 
records 

Higher adherence in 
nurse support 
(pharmacy records: 
74.9% vs. 69.0%) and 
social support groups 
(65.4% vs. 54.5%) vs. 
control; no effect in 
other intervention 
groups 
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Magid, American 
Journal of 
Managed Care, 
2011 

U.S. Hypertension Multi-
modal 

Patients with treated 
but uncontrolled 
hypertension 

Usual care 
(educational booklet) 
vs. multimodal 
intervention including 
1) education, 2) home 
blood pressure 
monitoring, 3) weekly 
blood pressure 
reporting to IVR 
system, and 4) 
pharmacist 
management of 
hypertension based 
on IVR reporting 

Blood pressure 
management 
and adherence 
as measured 
by refills over 6 
months 

Higher reduction in 
blood pressure in 
intervention group: -
6.0 for systolic and -
2.3 for diastolic; no 
difference in 
adherence 

Marquez 
Contreras, 
Atencion 
Primaria, 1998 

Spain Hyperlipidemia Info/ 
education 

Patients newly 
diagnosed with 
hypercholesterolemia 
or not in treatment 
and for whom statins 
were indicated for 
treatment  

Usual health 
education by 
physician vs. group 
health education 
session and a mailed 
letter 

Adherence as 
measured by 
pill count at 1, 
2, and 4 
months; 
cholesterol 
and 
triglycerides 

Higher proportion of 
compliers in the 
intervention group vs. 
control (81.1% vs. 
61.8%); difference in 
clinical outcomes only 
significant for 
triglycerides 

Marquez 
Contreras, 
Atencion 
Primaria, 2000 

Spain Hypertension Info/ 
education 

Patients diagnosed 
with new or 
uncontrolled 
hypertension 

Usual health 
education by 
physician vs. group 
health education 
session and mailed 
letters every 3 months 
for 2 years 

Adherence as 
measured by 
pill counts at 
unannounced 
monthly home 
visits for 2 
years 

Higher proportion of 
compliers in 
intervention group vs. 
control (95.7% vs. 
55.5%) 
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Marquez 
Contreras, 
Atencion 
Primaria, 2004 

Spain Hyperlipidemia Telephone Patients diagnosed 
with 
hypercholesterole
mia at primary 
care clinics 

Usual care at clinic vs. 
additional telephone 
calls at 2 weeks, 2 
months, and 4 months 

Adherence as 
measured by 
pill count and 
risk factor 
control as 
measured by 
cholesterol, 
triglycerides, 
and HDL-C 
and LDL-C 

Higher adherence and 
risk factor control in 
the intervention group 
vs. control (93% vs. 
84% adherence; 44% 
vs. 23% control) 

Marquez 
Contreras, 
Atencion 
Primaria, 2009 

Spain Hypertension Info/ 
education 

Patients with 
uncontrolled 
hypertension 

Usual health education 
by physician vs. twice-
monthly mailed 
educational magazine 

Blood 
pressure 
control and 
adherence as 
measured by 
MEMS 

Higher proportion of 
compliers in 
intervention group vs. 
control (83.2% vs. 
49.2%); higher blood 
pressure control in 
intervention vs. control 
(81.6% vs. 56.3%) 

Marquez 
Contreras, Blood 
Pressure, 2005 

Spain Hypertension Info/ 
education 

Patients diagnosed 
with mild or 
moderate 
hypertension 

Usual clinic care vs. 3 
telephone calls by 
nurses at 15 days, 3 
months, and 4 months 
vs. 3 educational 
mailings 

Blood 
pressure and 
adherence as 
measured by 
pill counts at 
monthly visits 

Higher proportion of 
compliers in both 
intervention groups 
(mail=91.3%, 
phone=96.2%, 
control=69.2%); higher 
blood pressure control 
in both intervention 
groups (mail=61.3%, 
phone=63.3%, 
control=47.2%) 
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Marquez 
Contreras, Blood 
Pressure, 2005 

Spain Hypertension Telephone Patients diagnosed 
with mild or 
moderate 
hypertension 

Usual clinic care vs. 3 
telephone calls by 
nurses at 15 days, 3 
months, and 4 months 
vs. 3 educational 
mailings 

Blood 
pressure and 
adherence as 
measured by 
pill counts at 
monthly visits 

Higher proportion of 
compliers in both 
intervention groups 
(mail=91.3%, 
phone=96.2%, 
control=69.2%); higher 
blood pressure control 
in both intervention 
groups (mail=61.3%, 
phone=63.3%, 
control=47.2%) 

McKenney, 
Journal of Clinical 
Pharmacology, 
1992 

U.S. Hypertension Feedback Hypertensive 
patients aged >50 
on 
antihypertensive 
medication and 
residing in a 
retirement 
community or 
attending a 
primary care 
center 

Standard medication 
vial vs. medication vial 
equipped with a digital 
timepiece showing the 
last time the cap was 
removed vs. timepiece 
cap plus cards to record 
blood pressure at visits 
vs. timepiece cap, 
cards, and home blood 
pressure monitoring 

Blood 
pressure and 
adherence as 
measured by 
pill count at 
12 weeks 

Higher adherence 
(95.1% vs. 78%) and 
lower blood pressure (-
7.6/-8.8 mm vs. -2.8/-
0.2 mm)  in timepiece 
group; lower blood 
pressure and higher 
adherence in timepiece 
cap plus cards group 
(98.7%) and self-
monitoring group 
(100%) 
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McKenney, 
Journal of Clinical 
Pharmacology, 
1992 

U.S. Hypertension Multi-
modal 

Hypertensive 
patients aged >50 
on 
antihypertensive 
medication and 
residing in a 
retirement 
community or 
attending a 
primary care 
center 

Standard medication 
vial vs. medication vial 
equipped with a digital 
timepiece showing the 
last time the cap was 
removed vs. timepiece 
cap plus cards to record 
blood pressure at visits 
vs. timepiece cap, 
cards, and home blood 
pressure monitoring 

Blood 
pressure and 
adherence as 
measured by 
pill count at 
12 weeks 

Higher adherence 
(95.1% vs. 78%) and 
lower blood pressure (-
7.6/-8.8 mm vs. -2.8/-
0.2 mm)  in timepiece 
group; lower blood 
pressure and higher 
adherence in timepiece 
cap plus cards group 
(98.7%) and self-
monitoring group 
(100%) 

McKenney, 
Journal of Clinical 
Pharmacology, 
1992 

U.S. Hypertension Pill delivery Hypertensive 
patients aged >50 
on 
antihypertensive 
medication and 
residing in a 
retirement 
community or 
attending a 
primary care 
center 

Standard medication 
vial vs. medication vial 
equipped with a digital 
timepiece showing the 
last time the cap was 
removed vs. timepiece 
cap plus cards to record 
blood pressure at visits 
vs. timepiece cap, 
cards, and home blood 
pressure monitoring 

Blood 
pressure and 
adherence as 
measured by 
pill count at 
12 weeks 

Higher adherence 
(95.1% vs. 78%) and 
lower blood pressure (-
7.6/-8.8 mm vs. -2.8/-
0.2 mm)  in timepiece 
group; lower blood 
pressure and higher 
adherence in timepiece 
cap plus cards group 
(98.7%) and self-
monitoring group 
(100%) 

Morisky, Health 
Education and 
Behavior, 1990 

U.S. Latent TB Multi-
modal 

Patients with LTBI 
and active 
tuberculosis 
(randomized 
separately)  

Usual care vs. 
structured health 
education intervention 
with incentives for 
appointment 
compliance 

Adherence to 
12-month 
regimen as 
measured by 
appointment-
keeping 
behavior and 
mean percent 
of medication 
taken 

Higher appointment-
keeping behavior for 
preventive therapy 
patients in intervention 
vs. control (68% vs. 
38%) 
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Morisky, Public 
Health Reports, 
2001 

U.S. Latent TB Incentives/ 
contracts 

Adolescents with 
positive PPD who 
were screened in 
school 

Usual medical care 
(treatment and 
educational material) 
vs. peer counselor vs. 
contingency 
contracting (an 
incentive agreed upon 
between parent and 
adolescent) vs. 
combined peer 
counselor/contingency 
contracting 

Adherence to 
isoniazid as 
measured by 
documentatio
n of 6-month 
course 
completion in 
medical 
record 

Higher completion only 
in peer 
counselor/contingency 
contracting group vs. 
control (83.8% vs. 
75.9%, P=0.051) 

Morisky, Public 
Health Reports, 
2001 

U.S. Latent TB Multi-
modal 

Adolescents with 
positive PPD who 
were screened in 
school 

Usual medical care 
(treatment and 
educational material) 
vs. peer counselor vs. 
contingency 
contracting (an 
incentive agreed upon 
between parent and 
adolescent) vs. 
combined peer 
counselor/contingency 
contracting 

Adherence to 
isoniazid as 
measured by 
documentatio
n of 6-month 
course 
completion in 
medical 
record 

Higher completion only 
in peer 
counselor/contingency 
contracting group vs. 
control (83.8% vs. 
75.9%, P=0.051) 

Morisky, Public 
Health Reports, 
2001 

U.S. Latent TB Peer Adolescents with 
positive PPD who 
were screened in 
school 

Usual medical care 
(treatment and 
educational material) 
vs. peer counselor vs. 
contingency 
contracting (an 
incentive agreed upon 
between parent and 
adolescent) vs. 
combined peer 
counselor/contingency 
contracting 

Adherence to 
isoniazid as 
measured by 
documentatio
n of 6-month 
course 
completion in 
medical 
record 

Highest completion in 
peer 
counselor/contingency 
contracting group vs. 
control (83.8% vs. 
75.9%, P=0.051), with 
benefits for both peer 
groups 
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Nielsen, Patient 
Education and 
Counseling, 2010 

Denmark Osteoporosis Info/ 
education 

Men and women 
with osteoporosis 
diagnosis who had 
started 
pharmacological 
therapy in the 
previous year 

Standard care vs. 
group-based education 
program by a 
multidisciplinary team 
for 12 hours over 3-4 
weeks to strengthen 
competence and 
empowerment 

Adherence to 
osteoporosis 
medication at 
24 months, as 
measured by 
questionnaire 

Increased adherence in 
education group vs. 
control (92% vs. 80%) 

Ollivier, Malaria 
Journal, 2009 

France Malaria SMS/ IVR French soldiers 
returning from 
malaria-endemic 
areas 

Daily text-message 
reminders vs. control 

Adherence to 
28-day 
prophylaxis 
regimen, as 
measured by 
electronic 
monitoring 
device 

No difference in 
adherence 

Onzenoort, 
Journal of 
Hypertension, 
2010 

Netherlands Hypertension Self-
monitoring 

Patients ≥18 years 
with mild-to-
moderate 
hypertension 

Office-based BP 
management vs. self-
based BP management, 
both with 7 visits over 1 
year 

Adherence as 
measured by 
MEMS over 1 
year 

Statistically but not 
clinically significantly 
higher adherence in 
self-monitoring group 
(92.3 vs. 90.9%, 
P=0.043) 

Pilote, Archives of 
Internal Medicine, 
1996 

U.S. Latent TB Incentives/ 
contracts 

Homeless men and 
women with 
positive PPD  

Usual care (tuberculosis 
clinic visits with bus 
tokens for 
transportation) vs. 
usual care plus $5 
monetary incentive if 
appointment kept vs. 
usual care plus peer 
health advisers 

Adherence to 
a first follow-
up 
appointment 
as verified by 
clinic charts 

Higher adherence in 
monetary incentive 
(84%) and peer adviser 
(75%) groups 
compared to usual care 
(53%) 
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Pilote, Archives of 
Internal Medicine, 
1996 

U.S. Latent TB Peer Homeless men and 
women with 
positive PPD  

Usual care (tuberculosis 
clinic visits with bus 
tokens for 
transportation) vs. 
usual care plus $5 
monetary incentive if 
appointment kept vs. 
usual care plus peer 
health advisers 

Adherence to 
a first follow-
up 
appointment 
as verified by 
clinic charts 

Higher adherence in 
monetary incentive 
(84%) and peer adviser 
(75%) groups 
compared to usual care 
(53%) 

Pladevall, 
Circulation, 2010 

Spain Hypertension Multi-
modal 

Patients with 
uncontrolled 
hypertension, ≥50 
years of age, and 
10-yr 
cardiovascular risk 
>30% 

Usual care (with same 
visit schedule as 
intervention group) vs. 
physician-administered 
intervention: 1) pill 
count, 2) designation of 
family member to 
support adherence, & 
3) information sheet 

Blood 
pressure and 
adherence as 
measured by 
MEMS for 6 
months; 
secondary 
outcomes: 
mortality and 
cardiovascula
r events 

Lower odds of 
uncontrolled systolic 
BP in intervention vs. 
control (OR 0.62, 0.5-
0.78) and higher odds 
of adherence (OR 1.91, 
1.19-3.05) 

Riesen, Swiss 
Medical Weekly, 
2008 

Switzerland  Info/ 
education 

Patients with 
primary 
hypercholesterole
mia and a 10-year 
coronary heart 
disease risk >20% 

Open-label rosuvastatin 
treatment with vs. 
without compliance 
enhancement tools: 
videotape, educational 
leaflet, goal diary, 
helpline/website 
details, and regular 
personalized letters 

Control of 
LDL-C at week 
24 

No difference in 
cholesterol control 
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Roland, Clinical 
Infectious 
Diseases, 2011 

U.S. PEP Counseling HIV-uninfected 
individuals aged 
>14 with high-risk 
sexual exposure 
during prior 72 
hours 

Single session of 
clinician-delivered 
adherence counseling 
vs. 2 additional 
counselor-delivered 
sessions 

Adherence as 
measured by 
self-reported 
completion of 
28-day PEP 
course, 
number of 
PEP days 
completed, 
and the 
proportion of 
doses missed 
before the 
week 1 visit 

Lower proportion that 
did not complete PEP 
course in enhanced vs. 
standard counseling 
group (18.7% vs. 
21.0%); larger 
difference for riskier 
subgroup (14.0% vs. 
29.6%) 

Ruppar, Journal of 
Cardiovascular 
Nursing, 2010 

U.S. Hypertension Multi-
modal 

Hypertensive 
adults aged >=60 
with <85% baseline 
adherence to 
antihypertensive 
medication as 
measured by 
electronic 
monitoring 

Usual care and data 
collection visits at 12 
and 20 weeks vs. 
medication adherence 
feedback, hypertension 
feedback, medication-
taking skills training, 
habit adjustment, and 
succinct medication 
and disease 
information delivered 
over 8 weeks 

Blood 
pressure and 
adherence as 
measured by 
MEMS for 20 
weeks 

Higher adherence in 
intervention vs. control 
(100% vs. 27%); lower 
systolic blood pressure 
in intervention vs. 
control at week 12 (130 
vs. 152mm) 

Salleras Sanmarti, 
Tubercle and Lung 
Disease, 1993 

Spain Latent TB Info/ 
education 

School children 
with positive PPD 

Control group vs. 
health education 
performed by 1) 
nursing personnel at 
patient's home vs. 2) 
nursing personnel by 
telephone vs. 3) 
physician 

Adherence to 
tuberculosis 
prophylaxis 
as measured 
by visit 
attendance 
and drug 
level testing 

Higher adherence in all 
three health education 
groups compared to 
control; highest in 
home education group 
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Salleras Sanmarti, 
Tubercle and Lung 
Disease, 1993 

Spain Latent TB Telephone School children 
with positive PPD 

Control group vs. 
health education 
performed by 1) 
nursing personnel at 
patient's home vs. 2) 
nursing personnel by 
telephone vs. 3) 
physician 

Adherence to 
tuberculosis 
prophylaxis 

Higher adherence in all 
three health education 
groups compared to 
control; highest in 
home education group 

Santschi, 
European Journal 
of Internal 
Medicine, 2008 

Switzerland Hypertension Feedback Patients aged >=18 
with uncontrolled, 
treated 
hypertension; 
randomization of 
community-based 
pharmacist 
networks 

Usual care from 
community pharmacist 
vs. receipt of 
antihypertensive drug 
with MEMS monitor 
and discussions of 
adherence results with 
physician at each 
scheduled visit; 
physicians could alter 
treatment regimen 
after 2 months 

Blood 
pressure 
control over 
12 months 

Higher proportion of 
intervention vs. control 
met target blood 
pressure at 4 months 
(38% vs. 12%); not 
significant at 12 
months (21% vs. 9%) 

Schectman, The 
Annals of 
Pharmacotherapy
, 1994 

U.S. Hyperlipidemia Telephone Patients with 
hyperlipidemia 
who were 
prescribed niacin 
or bile acid 
sequestrants in a 
VA lipid clinic 

Usual care at lipid clinic 
vs. weekly telephone 
calls from a trained 
healthcare professional 
during the first month 
of treatment with 
counseling regarding 
side effects as needed 

Adherence  No difference in 
adherence 

Schousboe, 
Disease 
Management and 
Health Outcomes, 
2005 

U.S. Osteoporosis Feedback Women aged >49 
at risk of 
osteoporosis and 
osteoporosis 
treatment-naïve 

Standard care vs. one-
on-one consultation 
with a nurse educator 
after bone mineral 
density testing and 
phone follow-up at 3, 6, 
and 9 months 

Use of 
calcium 
supplements 
and/or 
osteoporosis 
treatment at 
12 months, as 
assessed by 
telephone 
interview 

Increased use of 
calcium, but not 
osteoporosis 
treatment, in 
intervention vs. control 
(OR=2.18) 
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Schroeder, Family 
Practice, 2004 

U.K. Hypertension Counseling Patients with 
uncontrolled 
hypertension in 
care at general 
practices 

Usual care and regular 
blood pressure 
measurements vs. 20-
minute, tailored, nurse-
led adherence support 
session and 10-minute 
follow-up session 2 
months later 

Adherence as 
measured by 
MEMS and 
change in 
blood 
pressure over 
6 months  

No difference in 
adherence or blood 
pressure 

Sclar, Clinical 
Therapeutics, 
1991 

U.S. Hypertension Telephone Patients enrolled 
in HMOs with new 
or existing 
hypertension 
(randomized 
separately) 

Control vs. kit 
distributed with first 
prescription and refills, 
including educational 
newsletter and 
information on 
nutrition and lifestyle 
changes, and telephone 
support call before 
each refill date 

Adherence as 
measured by 
prescription 
refills 
(medication 
possession 
ratio) for 180 
days 

Increased number of 
days with medication 
in new patients (40) 
and existing patients 
(27) in intervention 
group 

Stacy, Population 
Health 
Management, 
2009 

U.S. Hyperlipidemia SMS/ IVR Patients affiliated 
with a large health 
benefit company 
and newly 
prescribed a statin 

All subjects contacted 
by IVR system and then 
randomized to control 
(mailed a generic 
cholesterol guide) vs. 
tailored feedback based 
on their cholesterol-
related knowledge and 
barriers to medication 
adherence, with 2 
additional IVR call 
opportunities, and a 
mailed tailored guide  

Adherence as 
measured by 
claims 
evidence of a 
statin at 6 
months 

70.4% adherence in 
intervention group vs. 
60.7% in control 
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Takala, 
Circulation, 1979 

Finland Hypertension Feedback Patients with 
untreated 
hypertension 

Usual antihypertensive 
treatment and 
physician education vs. 
additional written 
treatment instructions 
and a follow-up card on 
which blood pressure, 
prescription, and time 
of next visit were 
recorded 

Adherence as 
measured by 
continuation 
of treatment 
and change in 
blood 
pressure over 
one year 

Higher rate of 
treatment continuation 
in intervention vs. 
control (96% vs. 81%); 
higher proportion with 
10% drop in blood 
pressure in 
intervention vs. control 
(95% vs. 78%) 

Tulsky, Archives of 
Internal Medicine, 
2000 

U.S. Latent TB Incentives/ 
contracts 

Homeless men and 
women with LTBI 

Usual care at 
tuberculosis clinic vs. 
usual care plus 
monetary incentive ($5 
for each directly 
observed dose) vs. 
usual care plus peer 
health adviser for 
directly observed 
dosing 

Adherence to 
isoniazid as 
measured by 
completion of 
6-month 
therapy 
documented 
in clinic chart 

Higher completion in 
monetary incentive 
group (44%) compared 
to other two groups 
(peer 19%; usual care 
26%); no difference 
between peer group 
and usual care 

Tulsky, Archives of 
Internal Medicine, 
2000 

U.S. Latent TB Peer Homeless men and 
women with LTBI 

Usual care at 
tuberculosis clinic vs. 
usual care plus 
monetary incentive ($5 
for each directly 
observed dose) vs. 
usual care plus peer 
health adviser for 
directly observed 
dosing 

Adherence to 
isoniazid as 
measured by 
completion of 
6-month 
therapy 
documented 
in clinic chart 

Higher completion in 
monetary incentive 
group (44%) compared 
to other two groups 
(peer 19%; usual care 
26%); no difference 
between peer group 
and usual care 
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Tulsky, 
International 
Journal of 
Tuberculosis and 
Lung Disease, 
2004 

U.S. Latent TB Incentives/ 
contracts 

Homeless men and 
women with LTBI 

$5 cash incentive for 
keeping each twice-
weekly medication 
appointment vs. non-
cash incentive (fast-
food coupon, grocery 
store coupon, phone 
card, or bus token) 

Adherence to 
isoniazid as 
measured by 
directly 
observed 
doses taken 
and 
completion of 
therapy 

No difference in 
adherence 

Waalen, American 
Journal of 
Managed Care, 
2009 

U.S. Osteoporosis Telephone Women aged >64 
visiting Kaiser and 
newly diagnosed 
with 
uncomplicated 
osteoporosis 

Standard care vs. 
osteoporosis clinic with 
prescriptions for 
osteoporosis 
treatment, one 
educational mailing, 
and monthly telephone 
calls by provider until 
prescription was filled 
and patient reported 
no problems with 
adherence 

Adherence to 
osteoporosis 
medication at 
1 year, as 
measured by 
records of 
pharmacy 
refills and 
telephone 
confirmation 

Higher continuation in 
telephone follow-up 
group vs. control 
(68.8% vs. 45.1%) 

Westhoff, 
Obstretics and 
Gynecology, 2007 

U.S. Oral 
contraceptives 

Pill delivery Sexually active, 
low-income 
women aged <25 
requesting OCs at 
clinics 

Directly observed 
initiation of hormonal 
contraceptives vs. 
conventional delayed 
start  

Continuation 
of OCs at 3 
and 6 
months, as 
measured by 
telephone 
interview and 
pregnancy 
rates 

No difference in 
continuation 
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Wetzels, 
American Journal 
of Hypertension, 
2007 

Netherlands Hypertension Feedback Patients with 
uncontrolled 
hypertension on 
antihypertensive 
therapy 

Continuation of usual 
care with adjustment of 
antihypertensive 
medication if necessary 
vs. electronic 
adherence monitoring 
with MEMS and 
feedback on adherence 
provided after 2 
months 

Adequate 
blood 
pressure 
control at 5 
months 

Difference between 
groups was not 
sustained at 5 months 
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