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Biomedical approaches to HIV prevention (eg, micro-
bicides, antiretroviral preexposure prophylaxis) are 
undergoing clinical trials to test their effi cacy. One key 
consideration emerging from completed trials is the 
critical role of adherence to the investigational prod-
uct. Suboptimal product adherence may compromise 
clinical trial results and ultimately undermine the effec-
tiveness of biomedical prevention methods in any future 
real-world use. Efforts to strengthen biomedical HIV 
prevention product adherence can benefi t from exist-
ing research methodologies, fi ndings, and interventions 
developed for adherence to HIV treatment. Research 
on treatment adherence is most relevant to medica-
tion-based biomedical prevention strategies, such as 
antiretroviral preexposure prophylaxis and acyclovir for 
herpes simplex virus-2. Three areas where HIV treatment 
adherence literature can inform research on such bio-
medical prevention strategies are 1) specialized methods 
for assessing medication adherence, 2) research fi ndings 
emphasizing social context as an adherence deter-
minant, and 3) promising behavioral interventions to 
improve adherence.

Introduction
Twenty-fi ve years into the global HIV/AIDS epidemic, 
the cornerstone of HIV prevention remains behavioral 
change. Behavioral interventions have played a critical 
role in slowing HIV transmission in the United States 
[1] and internationally [2], but behavior change alone 
has not been able to halt new transmissions. As a result, 
there is an urgent need for new and effective HIV pre-

vention strategies that can strengthen and complement 
behavioral interventions.

To meet the complexities of the HIV pandemic, a vari-
ety of biomedical innovations have recently been tested. 
Biomedical HIV prevention strategies include circumci-
sion, vaccines, microbicides, preexposure prophylaxis 
(PrEP, in which an HIV-negative individual takes an 
antiretroviral [ARV] medication daily as chemoprophy-
laxis), and suppressive therapy for herpes simplex virus-2 
(HSV-2) to reduce risks of HIV transmission. With the 
exception of male circumcision [3], these methods have 
not demonstrated effi cacy in clinical trials to date [4–6]. 
This reinforces the idea that behavioral intervention will 
remain an important part of the prevention armamentar-
ium, particularly because the most optimistic prediction 
is that biomedical interventions will have partial, not 
complete, effi cacy.

Fundamentally, the effi cacy of biomedical HIV 
prevention strategies cannot be determined without 
documented adherence to the investigational product. 
Recent studies, however, suggest that product adherence 
represents an “Achilles heel” for these prevention trials. 
In a trial testing the microbicide Carraguard (Popula-
tion Council, New York, NY), participants self-reported 
product use before 44.1% of sex acts, and only 10% of 
participants indicated that they always used it before sex 
[6]. In a phase 2 trial of PrEP among female sex workers 
in West Africa, participants showed 69% adherence to 
a daily tenofovir regimen based on a pill count measure 
[7]. Results from completed trials of acyclovir suppres-
sive therapy against genital herpes as a method for HIV 
prevention also suggest shortfalls in product adherence. 
Among high-risk women in Tanzania, adherence above 
90% was evident during only approximately 50% of 
person-years, as assessed by clinic-based pill counts [5]. 
Overall, the acyclovir and placebo groups showed no 
signifi cant difference in genital ulcer disease, a marker 
of genital herpes reactivation, which should be sub-
stantially suppressed by acyclovir. This poor response 
suggests that adherence may have been even lower than 
recorded by pill count. Among those reporting at least 
90% adherence to treatment during the preceding 3-
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month period, HSV DNA (as detected by periodic genital 
sampling) was less common in the acyclovir than the 
placebo group (5.0% for placebo vs 1.7% for acyclovir), 
suggesting that adherence was an important determinant 
of treatment effectiveness.

Recommendations from a recent Institute of Medicine 
(IOM) report underscore these concerns [8••]. The IOM 
panel identifi ed product adherence as critical to under-
standing both the biologic effi cacy and the population 
effectiveness of biomedical HIV prevention strategies: 

For a new biological HIV prevention product 
to be effective, users must adhere to the prescribed 
regimen. During a clinical trial, imperfect adher-
ence reduces the product’s effectiveness, and also 
makes it diffi cult for investigators to assess effi cacy. 
If a trial shows that a product provides an overall 
benefi t, relating the level of protection to the level 
of adherence is valuable for interpreting the results. 
Understanding who was protected during the trial 
and under what circumstances also has important 
implications for predicting how effective the prod-
uct will be in real-world settings. (p. 119)

The purpose of this article is to illustrate how scien-
tifi c advances in HIV treatment adherence can inform 
efforts to improve the design, execution, monitoring, and 
interpretation of late-stage biomedical HIV prevention 
trials and enhance any subsequent public health imple-
mentation. Although a comprehensive view of adherence 
in prevention trials could arguably include a larger set of 
interrelated concerns (eg, adherence to protocol visits, 
adherence to risk reduction counseling messages), this 
article focuses on “adherence to product” because of its 
fundamental importance to these trials, and due to the 
suboptimal product adherence observed in trials to date. 
We fi rst assert the broad relevance of HIV treatment 
adherence research to biomedical prevention research, 
and then outline three specifi c areas where prevention 
adherence may benefi t from advances in treatment adher-
ence, namely adherence assessment, attention to social 
context as a determinant of adherence, and promising 
interventions to increase adherence.

Relevance of Treatment Adherence 
to Prevention Adherence
Research on HIV treatment adherence holds relevance to 
research addressing biomedical HIV prevention product 
adherence. We acknowledge that different sets of intra-
personal and interpersonal dynamics may be brought to 
bear on medical regimens designed for prevention rather 
than treatment. However, beyond the differences between 
biomedical treatment and biomedical prevention, there are 
important commonalities between biomedical methods of 
HIV prevention and treatment strategies for HIV/AIDS. 

Three key points of convergence include grounding in a 
common medical context, congruent behavioral require-
ments for daily medication regimens, and the health 
condition of persons undergoing HIV prevention or treat-
ment interventions.

First, by their nature, biomedical HIV prevention 
methods represent a medicalization of HIV prevention 
strategies and therefore share a medical context with HIV/
AIDS treatment. Many biomedical prevention strategies 
will require individuals to interact with medical provid-
ers to undergo medical procedures (eg, circumcision), 
receive prescription medications (eg, PrEP and acyclovir 
for HSV-2), or engage in routine HIV testing to monitor 
for infection (ie, because continuing PrEP regimens during 
HIV infection could compromise ARV treatment strate-
gies). The medical context in which many biomedical HIV 
prevention strategies will be initiated and maintained cor-
responds closely with medical contexts in which patients 
initiate and maintain treatment for HIV/AIDS. As a result 
of this common medical frame, both biomedical HIV 
prevention and treatment can invoke questions about 
patient access to medical care, interactions with health 
care providers, understanding of medical directives, and 
adherence to prescribed regimens—questions that have 
been addressed in HIV treatment adherence research.

Second, research on adherence to ARV medications 
may hold particular relevance for medication-based 
biomedical prevention strategies. The primary focus of 
treatment adherence research to date has been adherence 
to daily ARV regimens, and daily medication regimens 
are also the basis for biomedical HIV prevention methods 
such as acyclovir to suppress HSV-2 and PrEP (although 
episodic regimens may ultimately be tested). In either treat-
ment or prevention, individuals may need to follow these 
daily medication regimens over an indefi nite period of 
time. Assessing adherence to daily medications for either 
purpose may necessitate specialized forms of assessment 
(eg, electronic monitoring, pill counts) and raise common 
analytic questions (eg, specifying patterns of medication 
adherence, judging when medication “discontinuation” 
has occurred). Additionally, it should be noted that treat-
ment adherence research encompasses domains broader 
than solely ARV medication adherence, including linkage 
to and retention in medical care [9,10]. Advances in these 
areas [11] could also inform efforts to advance access to 
and uptake of biomedical HIV prevention methods.

Third, many patients with HIV must proceed with 
medical treatment while feeling healthy and asymptom-
atic, which parallels the conditions under which many 
HIV-uninfected individuals would experience biomedical 
HIV prevention. Although HIV treatment initiation in 
the United States and developing nations still sometimes 
occurs late in the course of disease progression [12], many 
HIV-seropositive patients initiate and maintain adher-
ence to ARV medications in the absence of symptoms, 
and this proportion should increase with ongoing efforts 
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to expand routine HIV testing [13]. Asymptomatic status 
may present challenges for adherence; disease severity has 
been associated with greater ARV adherence, and patients 
who feel well may skip doses to avoid the comparatively 
unpleasant experience of medication side effects [14]. It 
is anticipated that similar concerns among uninfected 
individuals will challenge adherence to biomedical HIV 
prevention products.

Adherence Assessment
The results from biomedical HIV prevention trials dem-
onstrate the need for accurate and objective adherence 
measurement for valid interpretation. Many prevention 
clinical trials to date have measured adherence through 
self-reports of adherence behavior and/or counts of pills/
products returned to the study site, but these measures 
may overestimate adherence. The ARV adherence litera-
ture indicates that self-reports predictably overestimate 
adherence by as much as 20% [15] because of factors 
such as imprecision in memory and social desirability bias 
(which may be particularly pronounced in highly struc-
tured clinical trial settings). Counts of pills returned to 
clinic or study settings also have been notoriously inac-
curate [16,17], because study participants may choose to 
“dump” unused pills/products before the study appoint-
ment as the result of social desirability concerns.

Treatment adherence research can assist prevention 
trials with assessment methodologies for medication 
adherence that can improve the validity of self-reports 
and other forms of indirect, objective assessment. 
Although there is no “gold standard” adherence measure 
[18], recent reviews and empiric research offer direc-
tions for improving the validity of patient self-reports 
of medication adherence. To reduce social desirability 
bias in self-reports, researchers have used introductory 
language that acknowledges the diffi culties of adherence 
and normalizes reports of nonadherence [19•], as well 
as self-administered measures such as computer-assisted 
self-interviews, which have demonstrated advantages in 
eliciting reports of sensitive behaviors [20]. Clear speci-
fi cation of an assessment time interval is also essential. 
The commonly used AIDS Clinical Trials Group (ACTG) 
Adherence Questionnaire [16,21] asks about missed doses 
over the past 4 days. With the development of simplifi ed 
regimens, incorporating longer assessment intervals of 7 
days [19•] or even 30 days [22] may better capture poten-
tially infrequent instances of nonadherence. Beyond the 
number of missed doses, self-report assessments using a 
continuous visual analogue scale as a response format have 
shown good validity and utility when used in populations 
with low literacy or numeracy [23,24] and may offer psy-
chometric advantages over other response formats [19•]. 
These self-report methods can be integrated in prevention 
trials in which objective measurement of adherence is not 
feasible because of some logistical barrier.

Whenever possible, however, the incorporation of 
objective measures of adherence into prevention research 
trials should be encouraged. Despite advances in opti-
mizing the validity of self-reported adherence data, the 
persistent concern remains that self-reports overestimate 
adherence, even when they are conducted with care. Some 
objective methods may be specifi c to biomedical preven-
tion methods, such as an innovative approach to assess 
microbicide use through an examination of applicator 
staining [25]. However, a variety of objective medica-
tion adherence measures have been used with success in 
the ARV adherence research, and could be employed in 
biomedical prevention trials. These objective methods 
include unannounced pill counts, electronic drug moni-
toring (eg, Medication Event Monitoring System [MEMS] 
caps), and therapeutic drug monitoring.

Methods of conducting unannounced pill counts merit 
further consideration. Offi ce-based pill counts may provide 
an objective measure of adherence, but concerns remain 
about “pill dumping” before study appointments [16,17]. 
To avoid this problem, Bangsberg et al. [26] developed a 
method for conducting unannounced pill counts in the 
homes of research participants. These unannounced home-
based pill counts have shown strong validity but may 
be costly and labor intensive. More recently, Kalichman 
et al. [27••] developed an innovative, reliable, and low-cost 
approach to conducting telephone-based unannounced pill 
counts. Study participants initially receive training in how 
to conduct a pill count and are informed that they may be 
contacted at undisclosed intervals to assess the number of 
pills that remain untaken. Medication adherence is then 
assessed over the telephone with research participants at 
unannounced intervals. For participants who do not have 
regular telephone access, the researchers have provided 
cellphones programmed for one-way communication with 
the research team.

Researchers may wish to incorporate multiple forms of 
adherence assessment (eg, self-report, objective measures) 
within any given study [8••,28]. This approach builds on 
the strengths of different assessment methodologies and 
can help “triangulate” on actual adherence behavior. 
Different methods also permit the collection of different 
types of adherence data. For example, pill counts can 
provide an estimate of medication adherence over a par-
ticular interval, but use of daily self-report assessments or 
electronic drug monitoring can permit more fi ne-grained 
analysis of time-sensitive adherence patterns, which may 
be particularly important in certain instances, such as 
clinical trials in which investigators are interested in pill 
taking that is proximal to sexual behavior.

Social Context as a Determinant of Adherence
To the extent that biomedical prevention studies are biolog-
ically effective, better understanding of the behavioral and 
social determinants of adherence will enhance adherence 
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and maximize effectiveness during deployment in public 
health settings. Another lesson from treatment adherence 
research is that social context is an important determinant 
of adherence behavior. Researchers of biomedical HIV 
prevention methods may therefore benefi t from examin-
ing social factors when seeking to understand adherence 
in the context of their work. Attention to, assessment of, 
and accounting for these variables in analyses could help 
explain variance in adherence to product and resultant 
clinical outcomes.

It has been contended that differences in ARV adher-
ence rates between African and Western settings may be 
the result of social contextual factors surrounding HIV 
treatment. In a meta-analysis of 59 HIV adherence studies 
conducted in North America and Africa, Mills et al. [29] 
found that high ARV adherence was achieved by 77% of 
African patients compared with 55% of North American 
patients. The African adherence studies in this meta-
analysis centered on patients who were among the fi rst to 
access lifesaving ARV medications in their treatment set-
tings, and these select patients likely had greater medical 
need, motivation, and resources to access and adhere to 
medication regimens [30]. Such high rates of adherence 
could decline over time as African patients initiating ther-
apy encounter the challenges of maintaining long-term 
adherence, and as treatment availability in these nations 
becomes more normative and expands beyond those with 
early access to ARV therapy [30]. Whether high levels of 
ARV treatment adherence seen in resource-limited set-
tings will be replicated in the context of prevention is 
unclear. However, we note that following successful clini-
cal trials of circumcision as an HIV prevention method, 
there has been signifi cant demand for circumcision ser-
vices from men in many African nations [31]. Much like 
the introduction of ARV regimens for HIV treatment in 
resource-poor settings, the provision of biomedical HIV 
prevention strategies with proven effi cacy to at-risk popu-
lations in high-prevalence settings could result in high 
interest, uptake, and adherence.

Emerging fi ndings from HIV treatment adherence 
studies are bringing greater attention to other social and 
structural infl uences on adherence behavior. Structural 
factors related to the availability of and ease of access to 
medications, including pharmacy stock-outs and costs 
associated with transportation to clinics, are important 
determinants of ARV treatment adherence in resource-
limited settings [32]. In the context of clinical trials in 
which supplies are assured and patients receive assistance 
with transportation, these may not be major determi-
nants of biomedical HIV prevention adherence, but they 
could affect the wider-scale public implementation of 
such strategies. Adherence to ARV treatment has also 
been demonstrated to be infl uenced by societal HIV/AIDS 
stigma [33], which can inhibit adherence in public settings. 
Uninfected individuals who take PrEP may experience 
similar concerns when taking ARV medication doses 

within interpersonal contexts. Interpersonal relationships 
may also infl uence ARV adherence, as social support and 
serostatus disclosure by HIV patients have been found to 
relate to ARV adherence and treatment outcomes [34,35]. 
Those who receive PrEP are likely to be in high-risk situ-
ations and relationships—perhaps with serodiscordant 
partners. There are concerns that, in the context of lim-
ited HIV treatment, individuals may share medicines with 
HIV-infected relationship partners, compromising their 
own adherence to the prevention regimen.

On a more proximate level, we recognize that adherence 
to an experimental agent in a double-blind placebo-con-
trolled trial may be different from adherence to an oral drug 
with proven effi cacy deployed in a community setting. PrEP 
adherence is likely to be infl uenced by beliefs in PrEP effi -
cacy, as had been observed with ARV adherence [21], and 
adherence in clinical trials may be compromised because 
participants do not know whether the experimental agent 
will be effi cacious or whether they are receiving placebo or 
active drug. Although adherence behavior in a randomized 
controlled trial (RCT) may be different from adherence to 
a proven agent deployed as a community-based interven-
tion, comprehensive characterization of adherence behavior 
in the experimental setting—including attitudes, beliefs, 
perceived stigma, social support, and other contextual 
factors—may be critical to fully determine whether incom-
plete protection is the result of lack of biologic effi cacy or 
lack of adherence.

Adherence Intervention
Intervention research targeting patient adherence to ARV 
medications can inform efforts to enhance adherence to 
biomedical HIV prevention methods. Research to date 
has produced a small but growing set of interventions 
with demonstrated effi cacy in improving ARV adherence. 
For example, a meta-analysis of 19 RCTs of ARV adher-
ence interventions found that intervention participants 
were 1.5 times as likely to report 95% adherence and 
1.25 times as likely to achieve an undetectable viral load 
compared with participants in comparison conditions 
[36••]. That said, medication adherence remains a highly 
challenging phenomenon to address, even in the context 
of administering an essential, lifesaving treatment such 
as ARV medications. Therefore, HIV prevention inves-
tigators seeking to adapt and apply successful treatment 
adherence interventions must be mindful of the strengths 
and limitations of each approach in order to select the 
intervention most suitable for their settings. Some of 
the ARV adherence interventions in the meta-analysis 
by Simoni et al. [36••] did not demonstrate effi cacy for 
improving adherence, and the increases in adherence post 
intervention tend to be short term. To maximize adher-
ence to biomedical HIV prevention strategies within the 
context of clinical trials, robust adherence initiatives and 
a combination of multimodal approaches will most likely 
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be necessary. In the following paragraphs, we identify a 
set of promising interventions and strategies drawn from 
the ARV adherence research domain.

Cognitive-behavioral approaches
Most of the interventions that have demonstrated effi cacy 
in improving ARV adherence have employed cognitive-
behavioral approaches and other strategies in combination 
[36••]. An example of a basic and brief approach consisted 
of three 45- to 60-minute sessions delivered by a nurse; 
the program used education, motivational interviewing, 
and client-centered therapeutic techniques to address 
cognitive, emotional, social, and behavioral determinants 
of ARV adherence [37]. Comparatively brief adherence 
interventions such as this one could be conducted in the 
context of existing study visits in clinical trial protocols. 
Alternatively, cognitive-behavioral adherence counseling 
has also shown effectiveness when delivered by telephone. 
Participants in an ACTG protocol who received weekly 
telephone counseling from a nurse over 12 weeks showed 
greater ARV adherence than those who received a stan-
dard baseline counseling package, and this effect persisted 
through a 64-week follow-up [38]. Finally, other behav-
ioral techniques involve the use of support technologies 
and devices. The use of medication pillboxes, for example, 
has been associated with greater ARV adherence [39]; this 
simple and low-cost strategy could potentially enhance 
medication adherence in prevention trials.

Based on the available evidence, we would consider the 
deployment of basic cognitive-behavioral approaches (eg, 
the routine provision of pillboxes, cognitive-behavioral 
counseling) to be an important fi rst step toward maximiz-
ing adherence in the context of prevention trials. In the 
multicenter HIV Prevention Trials Network (HPTN) 039 
trial to test acyclovir for HIV prevention among African 
women and men who have sex with men in the Americas 
[40], participants received monthly adherence counseling, 
including clinic-based pill counts and weekly reminder 
pillboxes, which may have aided adherence. Adherence in 
this trial was better (90% or higher at 73% of quarterly 
visits) than in other recent prevention trials.

Social support for adherence
Another promising strategy to improve adherence is social 
support, which can heighten motivation and offer practical 
assistance for a treatment regimen. For example, a four-
session intervention designed to foster practical support 
for adherence from a relationship partner and delivered 
to HIV-serodiscordant couples by a nurse practitioner 
produced short-term gains in ARV adherence among the 
HIV-seropositive partners in these relationships [41]. 
Partner support could also be marshaled in the context 
of biomedical HIV prevention trials that target individu-
als in HIV-serodiscordant relationships. The involvement 
of a relationship partner in an adherence intervention 
may be particularly relevant for biomedical prevention 

approaches such as microbicides, whose adoption and use 
could have implications for sexual practices and satisfac-
tion within relationship dyads.

Contingency management
Because clinical trials are focused on determining product 
effi cacy under tightly controlled conditions rather than 
effectiveness in real-world use, prevention intervention-
ists may also want to consider additional innovative, 
unconventional steps to enhance adherence among trial 
participants. One potential approach is contingency 
management, which offers research participants small 
fi nancial incentives and rewards—often through prize 
drawings—in exchange for objectively demonstrated 
treatment adherence (eg, electronic monitoring of medica-
tion adherence through MEMS). This method has been 
shown to improve both adherence to ARV and viral load 
in HIV-seropositive drug users [42]. Although the appli-
cation of contingency management to widespread public 
health implementation remains to be determined because 
of political or resource constraints, its cost-effectiveness 
could be well justifi ed in the context of clinical trials 
in which there is a premium on maximizing adherence 
among trial participants.

Home visits and modifi ed directly observed therapy
Although potentially resource intensive, adherence may 
also be enhanced through outreach methods that provide 
adherence support and counseling through in-home visits 
from research or clinical personnel, rather than requiring 
participants to travel to study sites. For example, ARV 
adherence among HIV-seropositive patients was improved 
through brief home visits and counseling by a nurse or 
community worker with tapered frequency over 1 year 
[43]. Investigators have also adapted directly observed 
therapy (DOT), drawn from tuberculosis treatment pro-
tocols, for application to long-term HIV/AIDS treatment. 
Modifi ed DOT (mDOT) approaches typically employ a 
research assistant, community-based outreach worker, 
or friend/family member who observes/administers one 
medication dose per day, and who may be trained to 
provide additional counseling and support for treatment 
adherence. Pearson et al. [44] describe one effi cacious 
mDOT approach conducted in a resource-limited setting 
in Mozambique. In addition, Goggin et al. [45] provide 
guidance on the conduct of these programs.

Conclusions
The IOM and other leaders in the fi eld of HIV preven-
tion have concluded that increased attention to product 
adherence is essential for the successful conduct and inter-
pretation of clinical trials for biomedical HIV prevention 
strategies [8••,46]. We share these concerns, and assert 
that the success of ongoing and future biomedical HIV 
prevention trials will require enhanced efforts to under-
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stand, monitor, and improve adherence. Accurate and valid 
measurement of product use is essential to assess adher-
ence, to identify poorly adherent individuals who may need 
additional adherence support, and to accurately determine 
the relationship between product adherence and study out-
comes. There is a signifi cant risk that promising intervention 
strategies could be sidelined or discarded if trials show 
inconclusive effi cacy due to adherence problems. Biomedi-
cal HIV prevention may benefi t from scientifi c advances in 
assessment and intervention for ARV medication adher-
ence. Investigators are also encouraged to incorporate 
measures of potential social contextual determinants of 
product adherence, including HIV stigma, disclosure, prod-
uct sharing, and structural factors. Regardless of whether 
a novel intervention is effi cacious, understanding when and 
why participants did not adhere to the product regimen 
can provide insights to inform the design and delivery of 
subsequent trials. Every possible effort should be made to 
strengthen adherence in these critically needed, complex, 
and expensive trials, and to ensure that these efforts are 
guided by the best available evidence.
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