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Abstract

Dramatic decreases in HIV transmission are achievable with currently available biomedical and behavioral inter-
ventions, including antiretroviral therapy and pre-exposure prophylaxis. However, such decreases have not yet been
realized among adolescents and young adults. The Adolescent Medicine Trials Network (ATN) for HIV/AIDS
interventions is dedicated to research addressing the needs of youth at high risk for HIV acquisition as well as youth
living with HIV. This article provides an overview of an array of efficient and effective designs across the
translational spectrum that are utilized within the ATN. These designs maximize methodological rigor and real-
world applicability of findings while minimizing resource use. Implementation science and cost-effectiveness
methods are included. Utilizing protocol examples, we demonstrate the feasibility of such designs to balance rigor
and relevance to shorten the science-to-practice gap and improve the youth HIV prevention and care continua.
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Introduction

Dramatic decreases in HIV transmission are achievable
with currently available biomedical and behavioral

interventions, including antiretroviral (ARV) treatment and
pre-exposure prophylaxis (PrEP).1,2 However, such decreases
have not yet been realized among adolescents and emerg-
ing adults (ages 12–24; hereafter called ‘‘youth’’). For
ARVs to have an effect on the epidemic, youth living with
HIV (YLWH) must be fully engaged in every stage of the

HIV care continuum: diagnosis, linkage to care, engage-
ment and retention in care, initiation of antiretroviral
treatment (ART), and viral suppression.3 Similarly, youth
at high risk for HIV infection must be fully engaged in the
HIV prevention continuum: routine HIV and sexually
transmitted infection (STI) testing, and PrEP knowledge,
access, uptake, and adherence when warranted.4 Although
recent descriptive studies have elucidated individual and
contextual variables associated with such engagement,5–10

youth interventions remain understudied.
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Developing and implementing behavioral treatments to
improve the adolescent HIV prevention and care continua
requires research across the translational spectrum,11 often
referred to as T1–T4 (Fig. 1). Traditionally, T1 refers to the
development of new, innovative, and potentially more potent
behavioral treatments that evolve directly from basic behav-
ioral and social science findings. T2 research encompasses
clinical trials to evaluate intervention efficacy under optimal
conditions. T3 research includes effectiveness and im-
plementation trials to test interventions in real-world settings.
T4 studies assess the public health impact of implemented
interventions.

Until the past decade, the randomized controlled trial
(RCT) had been considered the ‘‘gold standard’’ in bio-
medical and behavioral T2 research,12 including within the
youth HIV research agenda. The global HIV epidemic and
the economic crises of the past decade have created a useful
disruption to this paradigm. Namely, the importance of be-
havior change in delaying or mitigating disease onset and
outcomes has created an urgency for the development of new,
cost-effective, and potentially more effective approaches to
changing behavior, testing in real-world settings, integration
with biomedical and structural interventions, and more effi-
cient implementation of existing, proven interventions in
clinical practice and the community.13,14 Research addres-
sing the needs of youth at high risk for HIV infection and
YLWH can benefit from the use of innovative designs beyond
the traditional RCT that are efficient, effective, and balance
rigor and relevance to achieve these goals across the trans-
lational spectrum.

Relatively little attention has been paid to designs, meth-
ods, and analytic techniques for early-phase (T1) behavioral
translational research.15 More attention has been focused on
the development of study designs and methods for later-phase
(T2, T3, and T4) behavioral research; however, here too there
is a need to improve study quality, rigor, and efficiency.16

This emphasis on accelerating the discovery, development,
testing, and implementation of effective health-related be-
havioral interventions is occurring in the context of reduced
research budgets and a need for more efficient study designs
to lower the costs of large-scale clinical trials and epidemi-

ologic studies.17 Thus, the purpose of this article is to present
an overview of innovative designs across the translational
spectrum and demonstrate how the Adolescent Medicine
Trials Network (ATN) for HIV/AIDS interventions protocols
leverage these designs to efficiently and effectively improve
the youth HIV prevention and care continua.

Methods

The ATN currently includes three research programs
(or U19s) each with several research protocols and a Co-
ordinating Center (U24) that manages several protocols
outside of the three U19 programs. Each U19 supports a
research program with a well-defined research focus sup-
ported by core infrastructures as well as subject recruitment
and enrollment capacity. The CARES program focuses on the
integration of low-intensity mobile phone-based intervention
strategies and more traditional evidence-based behavioral
interventions to operationalize the Centers for Disease Con-
trol and Prevention (CDC) treatment guidelines. The iTech
program aims at impacting the HIV epidemic by conducting
novel, interdisciplinary research on technology-based inter-
ventions across the HIV prevention and care continuum for
youth. The Scale It Up program emphasizes the im-
plementation of evidence-based interventions focused on
improving self-management among youth with HIV and at-
risk youth. An overview of several innovative designs for
translational behavioral research across the translational
spectrum is presented next, and it describes the use of these
designs in ATN protocols.

Results

User-centered design (T1)

User-centered, or person-based, designs in the T1 phase of
translation have the objective of identifying attitudes and
behaviors of the individuals who will be ‘‘targets’’ of the
intervention to design intervention components that are ac-
ceptable and feasible.18 These study designs are typically
utilized in the earliest phases of intervention development but
may be considered at subsequent points to assess attitudes of

FIG. 1. Translational spectrum of behavioral research.
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participants to the intervention to refine components to in-
crease acceptability. The two key elements of the person-
based approach are: (i) an iterative development process that
gathers substantive feedback on the psychosocial context of
users and their perspectives on the intervention’s key be-
havior change mechanisms and (ii) the development of
‘‘guiding principles’’ to describe the ways in which the in-
tervention will address behavior changes that are specific to
the user’s context. The person-based approach is intended to
promote user autonomy, competence, and positive experi-
ence and relatedness through the health intervention design,
components critical to engaging adolescents.19

User-centered designs typically employ mixed-methods
approaches, involving integration of qualitative and quanti-
tative data to yield ‘‘hybrid insights’’ that may inform the
development of a human-centered, innovative intervention.20

Across the ATN, mixed methods are being used to maximize
the likelihood of youth adoption of and ongoing engagement
in health interventions, a persistent challenge. Three ATN
examples of T1 research demonstrate user-centered design
for developing new interventions for YLWH. In the CARES
program, mixed methods are being used for continuous
quality improvement to increase intervention engagement.
Mixed methods are critical tools for monitoring technology-
based intervention utilization patterns (i.e., quantitative data
from paradata) and gathering user feedback (qualitative data)
during intervention implementation to inform updates to
maximize engagement, and by extension, expected inter-
vention impact. For example, CARES coaching interventions
were originally conceived to primarily use digital (text
message, social media, voice calls) means for engaging with
participants. This was based on prior experiences, with youth
being reticent to participate in in-person interventions and
some preferring social media engagement. Contrary to this
assumption, ongoing qualitative feedback from CARES
participants has indicated that youth prefer to engage face-to-
face initially to build rapport and initiate a relationship, and
then transition to digital engagement over time.

In the iTech program, a user-centered design was utilized
in T1 development of Prepared, Protected, and emPowered
(P3), a mobile phone app designed to improve PrEP adher-
ence and retention in PrEP medical care among young men
who have sex with men (YMSM) and young transgender
women who have sex with men (ATN 142). P3 is adapted
from a medication adherence app for young HIV-positive
YMSM, AllyQuest, that is based on the Social Cognitive
Theory and the Fogg Behavioral Model of persuasive tech-
nology.21–23 Figure 2 outlines the purpose of and activities
conducted in the planning, design, and development and
evaluation of acceptability and feasibility stage, consistent
with the person-based approach.

The Scale It Up research program is leveraging a user-
center design with mixed methods to develop an im-
plementation intervention to promote evidence-based be-
havior change communication with youth providers. Thus,
even in implementation science studies, user-centered de-
sign may be relevant for the development phase. Guided by
the implementation science Exploration, Preparation, Im-
plementation, and Sustainment (EPIS) framework,24 the
protocol (ATN 153) assesses provider perceptions of in-
ner context factors (e.g., leadership) and outer contextual
factors (e.g., funding) that create barriers and facilitators for

the uptake of evidence-based interventions in the ATN sites
by using qualitative interviews and surveys of attitudes
and organizational climate. These data are utilized to create
an implementation intervention (set of implementation
strategies) that is tailored to balance fidelity and flexibility
for the sites.

Stepped-care intervention designs (T2)

YLWH are heterogeneous, and their needs and ability to
achieve desirable HIV-related outcomes (e.g., viral sup-
pression) vary widely. Delivery of a minimum level of sup-
port would not be likely to achieve desired outcomes for
youth with more complex needs. On the other hand, uniform
delivery of the most intense level of intervention may not be
necessary, desirable, or cost effective for all youth. The
stepped-care intervention design is well suited to address the
unique challenges of tailoring interventions to the individual
needs of YLWH. The key feature of stepped-care design is to
increase the level of intervention systematically until par-
ticipants reach the desired outcome. Youth are initially pro-
vided with a minimum level of intervention. If a youth fails to
reach the targeted outcome, the intensity and type of inter-
vention is increased. The stepped-care intervention design
has been used for managing other chronic diseases, particu-
larly in mental health care,25,26 and is an innovative approach
for offering tailored intervention in the context of a tradi-
tional RCT (T2). Note that in studies of stepped care deliv-
ered by real-world clinics or community agencies, the design
may be utilized to test T3 effectiveness.

The CARES program is evaluating the merits of a
stepped-care intervention for YLWH (ATN 148) who at the
time of screening are not virally suppressed, by randomizing
these youth to either a Stepped Care or Standard Care (SC)
arm. YLWH in the SC arm receive daily motivational short
message service (SMS) messages and weekly SMS surveys
on their mobile phones to monitor risk and ART adherence.
This constellation of services is also Level 1 within the
Stepped Care arm. At the first 4-month follow-up assess-
ment, which includes rapid diagnostic tests for STIs and
substance use (methamphetamine, opiates, marijuana, and
alcohol) and viral load (VL) monitoring with dried blood
spots, YLWH on the Stepped Care arm with a VL count >200
are stepped up to Level 2. Level 2 consists of Level 1 ser-
vices plus online peer support via a private chat room that is
accessible only by other study participants. YLWH who
remain virally unsuppressed at the next 4-month follow-up
visit are stepped up to Level 3, the highest level of support.
YLWH at Level 3 continue to receive Level 2 intervention
and are also assigned a coach who offers support, links to
services, sets goals, and problem solves with the youth, with
a particular emphasis on adherence and retention to care. The
increasing levels of care offered in the Stepped Care Arm are
shown in Fig. 3.

The Triggered Escalating Real-time Adherence (TERA)
protocol (ATN 152), under the Coordinating Center, also
aims at evaluating the effectiveness of a stepped-care inter-
vention. TERA is a randomized clinical trial (T2) for YLWH
who have failed ART, with participants randomly assigned
to either the stepped-care intervention or SC. The TERA
intervention is an intensive, time-limited (12-week) se-
quence of ART adherence-supported strategies implemented
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as needed and in increasing intensity on the basis of moni-
toring of dose-taking from an electronic dose monitoring
(EDM) device. Trained counselors work with participants
through video-enabled conferencing at three clinic visits and
interact via text, phone, and video as needed in real time for
missed doses signaled by the EDM device. Specific compo-
nents of the intervention implemented over the 12-week in-
tervention period are: (i) remote education/preparation
through counseling and planning with an assigned adherence
coach (on computer at clinic site at baseline and weeks 4 and
12, as needed and as-available between visit coaching ses-
sions); (ii) one-way text alert at dose time when the bottle has
not yet been opened for that dosing window; (iii) missed dose
two-way interactive outreach text; and (iv) implementation

of the coach-outreach (phone, text, remote counseling) trig-
gered by missed doses or as a check-in.

The TechStep (ATN 160) study in the iTech U19 will also uti-
lize a stepped-care design. This trial will evaluate technology-
based stepped care to mitigate the risk of HIV acquisition and
increase PrEP uptake among trans feminine, trans masculine,
and gender non-conforming adolescents and young adults.
Participants will initially be randomized to one of three study
arms: (i) low-intensity HIV/STI information, transgender
resources, and community referrals control arm; (ii) receipt
of a text messaging intervention providing daily messages
that address the HIV prevention continuum; or (iii) access to
a WebApp promoting risk reduction, PrEP uptake, and
healthy behavior through virtual peer support, tailored con-
tent, self-monitoring, and a resource locator for trans youth.
At the 3-month follow-up assessment, participants in the text
message arm and the WebApp arm who do not report sexual
risk reduction or PrEP uptake will be re-randomized in a 2:1
ratio to be stepped up to e-coaching plus their original in-
tervention (i.e., e-coaching + texts, or e-coaching + app) or
remain in their original (text or app) condition for an addi-
tional 3 months. Those randomized into the low-intensity
basic information arm will remain in that arm for the entire
6-month intervention period.

Adaptive treatment designs (T1, T2, T3)

In traditional RCTs and the stepped-care intervention de-
sign, the key elements, such as type of treatment, optimal
dosage, and intervention duration, are all pre-determined and
held constant throughout the execution of the trial. However,
there could be substantial uncertainty regarding the features
of the optimal treatment and, hence, designs to develop
adaptive treatments (T1) may be preferred in some settings.
As opposed to adaptive research designs where the study
design is adapted between participants,21–24 in adaptive
treatment designs the intervention strategies are modified
within patients systematically to develop tailored treatments
that allow the type and dosage of treatment to change ac-
cording to individual patient outcomes. Thus, changes in the

FIG. 2. Example of user-centered design in ATN 142. ATN, Adolescent Medicine Trials Network.

FIG. 3. ATN 148 schematic of increasing levels of care
and decision points around VL for stepped care arm. ATN,
Adolescent Medicine Trials Network; VL, viral load.
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intensity or type of treatment are not pre-specified as in the
stepped-care intervention design. Instead, the adaptive
treatment design evaluates multiple treatment alternatives to
develop the most efficient and effective treatment.27 The Se-
quential Multiple Assignment Randomized Trial (SMART)
design can be used to inform the construction of adaptive
interventions.28 SMART is a multi-stage trial where each
stage corresponds to a critical treatment decision and ran-
domization takes place at each decision point. It can be used
as a rigorous approach to T1 intervention development, but
with large sample sizes it can also be powered to test T2
hypotheses.29 When conducted in the context of real-world
settings using strategies that have been shown to be effica-
cious, the design can be utilized in T3 research as in the
example given next.

Within the Scale It Up program, the SMART protocol
(ATN 144) utilizes a SMART design with two stages of
randomization to compare cell phone support (CPS) and text
messaging (SMS) for maintaining better HIV treatment ad-
herence to achieve greater viral suppression. YLWH progress
along one of eight possible intervention trajectories with two
randomization points. The intervention begins with 24 weeks
of CPS or SMS. Based on their 24-week VL (proximal out-
come), study participants are randomly assigned to receive
one of two conditions within their initial condition. Non-
responders (‡200 copies/mL) are randomized to CPS or SMS
with incentives; responders (<200 copies/mL) are random-
ized to a tapered CPS or SC. The design also requires defining
a distal outcome (long-term goal). For the SMART protocol,
viral suppression at 72 weeks is the primary distal outcome of
interest. The SMART design is a cost-effective and meth-
odologically rigorous way to maximize clinical utility and
real-world implementation of the resulting adaptive inter-
vention.

Clustered randomized trials (T3, T4)

RCTs are often conducted in community settings to eval-
uate the efficacy of interventions beyond the traditional re-
search settings for T3 and T4 research. Individuals within a
community often share one or more common identifiable
features (e.g., geographical area of residence, shared health
care provider, and so forth) that may form the basis for
grouping individuals into clusters. To analyze interventions
in effectiveness settings (T3), cluster (or group) randomized
trials (CRTs) may be employed wherein clusters are ran-
domized to the intervention to be evaluated or to a control
condition (e.g., standard of care). CRTs may be advanta-
geous from several perspectives, including ethical consider-
ations, enhanced participant compliance, and reduced risk of
experimental contamination bias.30 CRTs may also lower
implementation costs and other administrative conveniences.
In some situations, the nature of the intervention itself (e.g.,
group vs. individual) dictates its application at the cluster
level.31

Design and analysis of CRTs require accounting for pos-
sible dependence between individuals within the same clus-
ter. Power and sample size determination for CRTs typically
entail considering the intra-cluster correlation (ICC), a
measure of within-cluster dependence. Estimates of ICC may
be obtained from previous pilot studies.31 In general, lack of
independence between individuals within the same cluster

results in a loss in statistical efficiency compared with tra-
ditional RCTs where individuals are randomized to treatment
and assumed relatively independent. Thus, CRTs tend to
require more individuals to achieve the same statistical
power. For the analysis of data from CRTs, mixed-effects
models are often employed with clusters typically treated as a
random effect (but may be fixed depending on the sample
nature); whereas the intervention is considered a fixed effect.
Alternatively, marginal mean models fit using generalized
estimating equations may be utilized to account for within-
cluster dependence. Bayesian methods have been developed
for the analysis of CRTs for various types of outcomes.32–34

Although CRTs have traditionally had two levels (i.e.,
individuals within clusters), recent designs with additional
levels have been developed and employed. For instance, a
three-level CRT might involve patients, doctors, and hospi-
tals, with patients who receive care from the same doctor
forming one level of clustering, and doctors within the same
hospital forming a second level of clustering. Design and
analysis considerations for multi-level CRTs are more com-
plicated owing to the nested correlation structure.35–39 Si-
milar considerations apply for longitudinal CRTs in which
trial end-points are measured repeatedly over the course of
the trial.40,41 In addition to statistical power, economic fac-
tors such as training cost, travel cost, and data collection and
management cost42 should be considered when designing
CRTs.43,44

CRT for targeting dyads (T2, T3)

Although their application is not restricted to the study
of sexual or romantic relationships, dyadic designs have
emerged as a prominent paradigm in the study of couples.45,46

Their application has been energized by research indicating
that main partnerships account for many—possibly most—
new HIV infections among gay and bisexual men and the
subsequent emergence of Couples HIV Testing and Coun-
seling (CHTC) as a CDC-recommended HIV prevention
strategy.47 CHTC seeks to reduce HIV risk in a relationship
by engaging partners in HIV prevention together as a cou-
ple.47,48 The Scale It Up program’s We Test protocol (ATN
156) provides an example of the implications of applying a
dyadic design within the context of a CRT to develop adjunct
intervention components for CHTC to enhance its effec-
tiveness with adolescent-age same-sex male couples.

The We Test study evaluates the comparative-effectiveness
(T3) of these adjunct components [video-based couples com-
munication skills, and individual motivational interviewing
(MI)-based communication skills] in a series of CRTs to
produce an optimized treatment package. Both partners in
each couple must indicate male sex and birth and gender
identity. In addition, both partners must be 15–20 years old
(maximum age difference between partners is 3 years) and at
least one partner in the relationship must be HIV negative.
Given these eligibility criteria, the data between partners are
exchangeable, that is, there is no variable that systematically
distinguishes between partners-within-couple. (e.g., a dataset
comprising heterosexual couples is distinguishable on gender
identity.) Exchangeability has implications for research
questions and data analysis.49 In distinguishable dyads, re-
search questions can be framed in terms of ‘‘partner–type’’
(e.g., ‘‘Does relationship investment reported by wives predict
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their husbands’ mental health?’’). Such associations can be
quantified by using a Pearson’s correlation coefficient in
which the sample size is the number of couples. In ex-
changeable dyads, the inability to systematically distinguish
between partners-within-the couple prevents the use of cor-
relation coefficients. Instead, partner similarity must be eval-
uated by using the ICC or Cohen’s j.

Although the intervention is delivered to the couple, the
primary outcomes (i.e., sexual HIV transmission risk be-
havior, PrEP uptake, and incident gonorrhea and chlamydia
infection) of We Test are re-conceptualized at the individual
level. As a result, the primary effect of the intervention could
be evaluated by using a repeated-measures analysis of vari-
ance approach where treatment is specified as the grouping
variable and partner responses are nested within the couple.
(This analytic approach can be adapted to non-normal out-
comes via generalized linear models.)

In contrast, analyses of putative mediators assessed at the
individual level (e.g., individual assertive communication
skills) will utilize the Actor–Partner Interdependence Model
(APIM) framework.49 The APIM is a standard approach to
assessing associations between an individual’s scores on a
predictor and their own outcome score (actor effects) as well
as their partner’s outcome score (partner effects). Data from
We Test 2.0 will be used to evaluate whether the effects of the
couple-level intervention on individual-level outcomes are
mediated by indirect pathways involving both actor and
partner effects of the putative mediator variable.

Dynamic wait-listed design (T4)

In implementation research (T4)—with its broad focus on
strategies for making established interventions and programs
work when delivered in community service settings24—
adaptations of the standard CRT are often required. One such
adaptation is the dynamic wait-listed design (DWLD), as
used in the Scale It Up program’s Tailored Motivational In-
terviewing (TMI) protocol (ATN 146). TMI’s overarch-
ing aim is to evaluate the effect of the TMI implementation
intervention on the competence of MI delivery among
community-based providers (physicians, nurses, psycholo-
gists, social workers, and paraprofessional staff). Individual
providers could not be randomized due to the risk of con-
tamination within sites, and for practical reasons, only 11
sites could be recruited.

To address these features, the DWLD50,51 was used. The
DWLD—closely related to the stepped-wedge design52,53

and also referred to as a rollout randomized implementation
trial54—is a crossover design where each cluster ultimately
receives both the control and experimental interventions.55

With a modest number of clusters measured across both
baseline and intervention phases, the DWLD can provide
evidence for evaluating intervention effects.

In TMI, the 11 sites, at the same point in time, began a
longitudinal baseline (i.e., control) phase, with the MI com-
petence outcome assessed for each provider across sites on a
quarterly basis. After 3 months (i.e., two measurements of MI
competence), two sites were randomly selected to transition
from the baseline phase to the implementation phase. In the
implementation phase, delivery of MI training and coaching
was initiated, and assessments of MI competence continued
for all sites and providers. After 2 months, two additional

sites were randomly selected to begin the implementation
phase. This process continues until all sites have initiated
their MI implementation phase. A strength of the DWLD is
that it provides two tests of the TMI implementation inter-
vention. First, across sites, MI competence should be higher
during the implementation phase relative to the baseline
phase, which, given repeated measurements in each, can in-
clude comparisons of mean levels as well as rates of change.
Second, at a given point in time, MI competence should be
higher for sites in the implementation phase relative to the
sites that remain in the baseline phase. Subsequent random-
izations are also possible. After 1 year of implementation,
each site is re-randomized to an intervention that is designed
to increase sustainability (Communities of Practice or
Communities of Practice + Internal Facilitation), with MI
competence measurements continuing for an additional year.

Pragmatic trial designs (T3, T4)

Pragmatic trials are a type of RCT designed to test the
effectiveness of an intervention (e.g., drug or therapy) when
used in routine clinical and community settings as in T3 and
T4 research.56 Evidence from pragmatic trials can inform
policy and clinical decisions about the real-world effect of an
intervention. In contrast, efficacy or explanatory trials as-
sess the effect of an intervention in an ‘‘ideal’’ setting where
administration of the intervention is carefully controlled,
adherence is closely monitored, and trial participants are
selected from a homogeneous population. The degree to
which a trial is pragmatic versus explanatory can be as-
sessed by considering a variety of domains, including: eli-
gibility, recruitment, setting, organization, intervention
delivery, adherence, follow-up, primary outcome, and pri-
mary analysis.57,58

To ensure generalizability of study results, pragmatic trials
typically minimize eligibility criteria (e.g., all patients in a
clinic), whereas efficacy trial participants are often selected
from a more homogeneous population.59 Efficacy trials typ-
ically require informed consent and financial incentives for
participation, which can limit generalizability of study results
to the population of interest; whereas pragmatic trials often
utilize waivers or other modifications of informed consent,
and may not collect data from individual participants with a
financial incentive. Pragmatic trials often seek to minimize
participant and provider burden regarding data collection as
well as frequency and duration of study visits to a clinic or
study site. Pragmatic trials typically select important out-
comes such as death or hospital admissions that are simple to
evaluate, therefore minimizing potential missing outcome
data and ascertainment bias.

Routinely collected electronic health care records (EHR)
are often useful in the conduct of pragmatic trials.60,61 EHR
can be used to identify individuals who may potentially
participate in pragmatic trials. Utilizing EHR can reduce cost
and effort associated with data collection and outcome as-
sessment compared with traditional efficacy trials. For ex-
ample, baseline histories and standard laboratory data may be
readily available from a participant’s EHR, obviating the
need for data collection by the study team conducting the
trial. Likewise, EHR can also be used for assessing trial
outcomes at a low cost, with no additional burden on trial
participants or their health care providers. For instance,
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currently the ATN is developing a protocol (ATN 162) to
monitor HIV prevention and care continua components by
using electronic data systems from the ATN participant re-
cruitment venues. This EHR protocol will: (i) describe the
current status of the youth HIV prevention and care continua;
(ii) monitor prevention and care continua; (iii) provide a
foundation for pragmatic clinical trials and intervention in-
tegration; and (iv) inform strategic planning for the ATN.

Hybrid designs

Though user-centered designs are typically utilized in T1
translation, RCTs and adaptive designs in T2, and stepped
care and CRTs in T3 and T4, hybrid designs, which cross
translational phases, can minimize the science-practice gap
and lower cost by efficiently combining translational aims
across the spectrum. For example, SMART designs bridge T1
and T2 as they can answer questions about intervention de-
velopment but often include sample sizes that are consistent
with T2 studies. SMART designs can also be T3 studies if
implemented in real-world settings (e.g., ATN 144), and they
can be used to develop adaptive implementation interven-
tions in T4. Efficacy-effectiveness hybrids integrate clinical
trials in real-world settings with diverse populations and limit
exclusion criteria to bridge T2 and T3.62 For example, in the
CARES program, protocol ATN 149 tests the efficacy of
technology-based interventions that are integrated into real-
world community-based settings that are consistent with an
effectiveness trial. The study operationalizes CDC guidelines
for standard prevention services with repeat testing for HIV
and STIs but using rapid diagnostic tests and same-day
treatment in these real-world settings.

Effectiveness-implementation hybrids address the effec-
tiveness of an intervention (T3) as well as its implementation
(T4), but the type of hybrid design determines the study’s
primary emphasis of effectiveness or implementation.63 In a
Type 1 hybrid, effectiveness aims are primary and im-
plementation aims are secondary (e.g., understanding the
context of implementation while primarily testing effective-
ness). In a Type 2 hybrid, effectiveness and implementation
aims are equally resourced. In a Type 3 hybrid, im-
plementation is primary and effectiveness is secondary (e.g.,
testing an implementation intervention while monitoring
patient outcomes). The Scale It Up program, with its im-
plementation focus, includes all three types of effectiveness-
implementation hybrids. The TMI protocol (ATN 146) de-
scribed earlier is a Type 3 hybrid where the testing of an
implementation intervention is primary, as is understanding
the context of implementation with the EPIS model24 (ATN
153), but the measurement of patient effectiveness outcomes
will also be collected as a secondary outcome through EHR.
The Young Men’s Health Project (YMHP; ATN 145) is a
Type 2 hybrid trial where both the effectiveness aim (inter-
vention effect on sexual risk and substance use) and the im-
plementation aim (studying the context of implementation by
using site-based clinic staff and supervisors) are primary.
ATN 144 (SMART) is a Type 1 hybrid where the primary
focus is effectiveness of sequencing of treatments on VL and
the secondary focus is understanding the context of im-
plementation within the EPIS model.

Another ATN protocol, managed by the Coordinating
Center, utilizes a hybrid design, which is Planning4PrEP

(ATN 155). This protocol focuses on integrating PrEP into
family planning services in Title X clinics in the southeast
United States. Phase 2 of this two-phase protocol entails a
hybrid Type 1 effectiveness design to develop, test, and
evaluate PrEP implementation plans that are unique to three
different Title X clinic types.

Cost-effectiveness

No single design or approach can be used to answer
economic questions regarding cost-effectiveness. Economic
studies undertaken alongside clinical trials should be de-
signed based on the study hypotheses, intervention tested,
and the clinical data collection protocol, and they are usu-
ally conducted as part of T3 and T4 trials.64 However, there
are two critical tasks that must be undertaken for every
economic study: (i) measuring and costing the resources
used to deliver the intervention, and (ii) assuring that the
study will capture all relevant economic benefits that differ
for the intervention and control population.65 The first task,
measuring the cost of delivering the intervention, requires a
detailed assessment of training protocols, capture of re-
sources (time and personnel), and collection of site-specific
data for costing information. For certain ATN protocols,
study expenditure records are combined with site-specific
costing data collected by using the approach described by
Kim et al.66 The second task is to identify the economic
benefits relevant to each study population. Explicating the
economic benefits has to be carefully tailored to the out-
come specified in the primary hypothesis.

For example, the Scale It Up program’s YMHP (ATN 145)
aims at preventing HIV transmission with a four-session
behavioral intervention, and it measures differences in be-
haviors associated with HIV transmission as the primary
outcome. The economic benefits from this intervention are
expected to accrue well beyond the time horizon of the study.
To capture this benefit, a Markov model67,68 will be utilized
to predict the economic benefits associated with behavior
changes over time and the resulting reductions in HIV
transmissions. This model incorporates final study efficacy
estimates, combined with epidemiological data on the risk of
HIV transmission and the ‘‘Basic Model Inputs for Cost Ef-
fectiveness’’ defined by the CDC.69 This approach is espe-
cially appropriate for studies on the behavior of young
individuals in whom early behavior change may be expected
to result in benefits that can last for years after the study.

The detailed approach to the economic study costing
process includes several distinct steps. The first step is to fit
economic resource use data collection to the clinical study
design (timing, design, and variable choices).

Next, we identify cost drivers, process measures, and
standard cost weights that fit the design. In the third step, we
design one or more simulation models to estimate the cost
and clinical outcomes of the intervention. Subsequently,
study details are specified, including: (i) identifying partici-
pant process and outcomes variables required; (ii) mixed-
methods data collection for costing the intervention; (iii)
prospective data collection and archival data analysis for cost
drives of participant resource use differences; and (iv) data
analysis to identify the cost of intervention and cost of par-
ticipant outcomes. The results are reported for three separate
types of costs: the cost of the intervention; medical care cost
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Table 1. Biobehavioral Research Study Designs with Examples from the Adolescent

Medicine Trials Network (ATN)

Study design
Translational research

continuum classification ATN study

User-centered design T1 ATN 142: P3 (Prepared, Protected, emPowered)—Promoting
PrEP Adherence through a Social Networking,
Gamification, and Adherence Support App

Stepped-care intervention
design

T2 ATN 152: TERA (Triggered Escalating Real-time
Adherence), ATN 160: TechStep (Technology-based
Stepped Care to Stem Transgender Adolescent Risk
Transmission)

Stepped-care intervention
design

T2, T3 ATN 148: Optimizing the HIV Treatment Continuum
with a Stepped Care Model for Youth Living with HIV

Randomized factorial
design

T2, T3 ATN 149: Engaging Seronegative Youth to Optimize
the HIV Prevention Continuum

Adaptive treatment design T1, T2, T3 ATN 144: SMART—Adaptive Antiretroviral Therapy
Adherence Interventions for Youth Living with HIV
through Text Messaging and Cell Phone Support
Embedded within the Sequential Multiple Assignment
Randomized Trial Design

Clustered randomized trial T3, T4 ATN 156: We Test—Enhancing Sexual Safety: Couples’
Communication and HIV Testing Among YMSM

Dynamic wait-listed design T4 ATN 146: Tailored Motivational Interviewing (TMI)

Pragmatic trial design T3, T4 ATN 162: Electronic Health Records Continuum of Care
(EHR COC) protocol

Hybrid design—type 1 ATN 144: SMART; ATN 155: Planning4Prep—Integrating
PrEP into Family Planning Services at Title X Clinics
in the Southeast; ATN 156: We Test

Hybrid design—type 2 ATN 145: Young Men’s Health Project—Comparative
Effectiveness Trial of Clinic-Based Delivery of an HIV
Risk Reduction Intervention for YMSM

Hybrid design—type 3 ATN 146: Tailored Motivational Interviewing (TMI)

ATN, Adolescent Medicine Trials Network; PrEP, pre-exposure prophylaxis; YMSM, young men who have sex with men.

FIG. 4. New translational behavioral research model to guide adolescent HIV research agenda.
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differences between treatment groups; and long-term cost
estimates from the simulation models, including mean cost
per patient and incremental cost-effectiveness ratios
(ICERs). The study ICER is calculated by using the for-
mula: (CostGroupA - CostGroupB)/(Clinical OutcomeGroup A -
Clinical OutcomeGroup B).

For example, if the clinical outcome is suppressed VL for
the study period, then the ICER represents the cost per ad-
ditional patient with suppressed VL in the intervention group.

Evaluating cost-effectiveness is an important objective of
many ATN studies and is a primary aim of the ATN Mod-
eling Core. Using a microsimulation model of adolescent
HIV disease progression, patterns of care, and treatment
outcomes, the Modeling Core evaluates the economic and
clinical effect of interventions evaluated within ATN trials.
Model outcomes will include short-term survival and costs,
calibrated to trial results, as well as projected life expectancy
and lifetime per-person costs, allowing us to calculate ICERs
and compare interventions. The overall goal of these analyses
is to leverage existing ATN data and translate emerging ATN
data into relevant policy recommendations to improve care
for young people with HIV.

Discussion

The health care and economic crises of the past decade
have created a useful disruption for behavioral intervention
research. Given the important role of behavior change in
improving the youth HIV prevention and care continua, it is
urgent that new, potentially more effective approaches to
changing behavior be developed and tested in real-world
settings, and that existing, proven interventions be more
widely implemented in clinical practice and the community.
Biobehavioral intervention research can benefit from the use
of innovative designs that are efficient and effective and that
balance rigor and relevance to achieve these goals across the
translational spectrum.

Utilizing the various designs along the translational spec-
trum is especially relevant for evaluating interventions to
disrupt the HIV epidemic in youth. Prevention and treat-
ment of HIV in adolescents is complex and necessitates a
diverse set of considerations when designing studies. The
HIV epidemic in adolescents in the United States is con-
centrated across different subpopulations, including gay,
bisexual, and transgender individuals, as well as certain
racial/ethnic subgroups and particular geographic regions.
Thus, study designs are needed to determine optimal behav-
ioral, biomedical, and/or structural approaches to decreasing
HIV incidence and improving the treatment continua in these
subpopulations.

We have mapped protocol design examples from the ATN
research portfolio to points on the translational spectrum
(Table 1; Fig. 1), but it is clear that specific designs do not
perfectly map on to a single point on the translational spec-
trum and may be used for different purposes across the
spectrum. For example, SMART designs are utilized to de-
velop adaptive treatments, and intervention development is
often considered a T1 task. However, individual components
may be compared in a T2 framework, and sequences of ef-
ficacious intervention strategies may be tested in real-world
settings within T3. Hybrid designs may combine unique
features of several designs for more rapid translation. As a

result, we propose an alternative to the typical biomedical
translational model (Fig. 4). This model demonstrates the
recursive features of the translational process. Although it is
not expeditious to draw arrows between every box, results
from one translational phase may inform another later or
earlier in the process, and depending on those results, in-
vestigators may need to return to earlier phases or continue to
later phases.

Team science efforts are necessary to solve the complexity
of modern health concerns, including those of YLWH.70 The
ATN brings together traditional behavioral science disci-
plines with epidemiology, statistics, and mathematics; clini-
cal medicine and public health; qualitative and mixed
methods research; engineering and computer science; and
communication science, information science, and bioinfor-
matics. The team science approach that supports the cross-
fertilization of concepts is critical to the continued develop-
ment of innovative methods to move behavioral science
forward and achieve the Network’s adolescent HIV research
agenda.

Acknowledgments

This research was supported by NIH grants U24HD089880,
U19HD089875, U19HD089881, and 5U19HD089886 that are
funded by the National Institute on Minority Health and
Health Disparities (NIMHD), the Eunice Kennedy Shriver
National Institute of Child Health and Human Development
(NICHD), the National Institute of Mental Health (NIMH),
and the National Institute on Drug Abuse (NIDA). The content
is solely the responsibility of the authors and does not nec-
essarily represent the official views of the National Institutes
of Health. The authors thank Cameron Gunn and John James
of the ATN Coordinating Center for assistance.

Author Disclosure Statement

No competing financial interests exist.

References

1. Cohen MS, Chen YQ, McCauley M, et al. Antiretroviral
therapy for the prevention of HIV-1 transmission. N Engl J
Med 2016;375:830–839.

2. Fonner VA, Dalglish SL, Kennedy CE, et al. Effectiveness
and safety of oral HIV preexposure prophylaxis for all
populations. AIDS 2016;30:1973–1983.

3. Zanoni BC, Mayer KH. The adolescent and young adult
HIV cascade of care in the United States: Exaggerated
health disparities. AIDS Patient Care STDS 2014;28:
128–135.

4. Parsons JT, Rendina HJ, Lassiter JM, Whitfield TH, Starks
TJ, Grov C. Uptake of HIV pre-exposure prophylaxis
(PrEP) in a national cohort of gay and bisexual men in the
United States. J Acquir Immune Defic Syndr 2017;74:
285–292.

5. Freese TE, Padwa H, Oeser BT, Rutkowski BA, Schulte
MT. Real-world strategies to engage and retain racial-
ethnic minority young men who have sex with men in HIV
prevention services. AIDS Patient Care STDS 2017;31:
275–281.

6. Mullins TLK, Zimet G, Lally M, Xu J, Thornton S, Kahn
JA. HIV care providers’ intentions to prescribe and actual
prescription of pre-exposure prophylaxis to at-risk adoles-

396 NAAR ET AL.



cents and adults. AIDS Patient Care STDS 2017;31:504–
516.

7. Grieb SM, Reddy M, Griffin B, et al. Identifying solutions
to improve the sexually transmitted infections testing ex-
perience for youth through participatory ideation. AIDS
Patient Care STDS 2018;32:330–335.

8. Elopre L, McDavid C, Brown A, Shurbaji S, Mugavero MJ,
Turan JM. Perceptions of HIV pre-exposure prophylaxis
among young, black men who have sex with men. AIDS
Patient Care STDS 2018;32:511–518.

9. MacDonell K, Naar-King S, Huszti H, Belzer M. Barriers
to medication adherence in behaviorally and perinatally
infected youth living with HIV. AIDS Behav 2013;17:
86–93.

10. MacDonell KK, Jacques-Tiura AJ, Naar S, Fernandez MI,
ATN 086/106 Protocol Team. Predictors of self-reported
adherence to antiretroviral medication in a multisite study
of ethnic and racial minority HIV-positive youth. J Pediatr
Psychol 2016;41:419–428.

11. Rubio DM, Schoenbaum EE, Lee LS, et al. Defining
translational research: Implications for training. Acad Med
2010;85:470–475.

12. Bothwell LE, Greene JA, Podolsky SH, Jones DS. Asses-
sing the gold standard—lessons from the history of RCTs.
N Engl J Med 2016;374:2175–2181.

13. Chattu V. Role of biomedical and behavioral interventions
and their evidence in prevention of HIV infection: A lit-
erature review. Int J Med Sci Public Health 2014;4:324–
330.

14. Lambdin BH, Cheng B, Peter T, et al. Implementing im-
plementation science: An approach for HIV prevention,
care and treatment programs. Curr HIV Res 2015;13:244–
249.

15. Czajkowski SM, Powell LH, Adler N, et al. From ideas to
efficacy: The ORBIT model for developing behavioral
treatments for chronic diseases. Health Psychol 2015;34:
971–982.

16. Bacon SL, Lavoie KL, Ninot G, et al. An international
perspective on improving the quality and potential of be-
havioral clinical trials. Curr Cardiovas Risk Rep 2015;9:
427.

17. Rosbash M. A threat to medical innovation. Science 2011;
333:136.

18. Yardley L, Morrison L, Bradbury K, Muller I. The person-
based approach to intervention development: Application
to digital health-related behavior change interventions.
J Med Internet Res 2015;17:e30.

19. Naar-King S, Suarez M. Motivational Interviewing with
Adolescents and Young Adults. New York: Guilford Press;
2011.

20. Vergani S. Using Human-Centered Design to Develop
Behavioral Interventions. Workshop on Innovative Study
Designs and Methods for Developing, Testing, and Im-
plementing Behavioral Interventions to Improve Health.
Bethesda, MD: National Institutes of Health, 2014.

21. Bandura A. Social Foundations of Thought and Action: A
Social Cognitive Theory. Englewood Cliffs, NJ: Prentice-
Hall, Inc., 1986.

22. Bandura A. Social cognitive theory. Handbook of Theories
of Social Psychology: Volume 2, 2012. London: Sage.

23. Fogg BJ. Persuasive technology: Using computers to
change what we think and do. Ubiquity 2002;2002:5.

24. Aarons GA, Hurlburt M, Horwitz SM. Advancing a con-
ceptual model of evidence-based practice implementation

in public service sectors. Adm Policy Ment Health 2011;38:
4–23.

25. Franx G, Oud M, de Lange J, Wensing M, Grol R. Im-
plementing a stepped-care approach in primary care: Re-
sults of a qualitative study. Implement Sci 2012;7:8.

26. Gureje O, Oladeji BD, Araya R, Montgomery AA. A clus-
ter randomized clinical trial of a stepped care intervention
for depression in primary care (STEPCARE)—study pro-
tocol. BMC Psychiatry 2015;15:148.

27. Murphy SA. Optimal dynamic treatment regimes. J R Stat
Soc Series B Stat Methodol 2003;65:331–355.

28. Almirall D, Nahum-Shani I, Sherwood NE, Murphy SA.
Introduction to SMART designs for the development of
adaptive interventions: With application to weight loss re-
search. Transl Behav Med 2014;4:260–274.

29. Naar-King S, Ellis DA, Carcone AI, et al. Sequential
Multiple Assignment Randomized Trial (SMART) to
construct weight loss interventions for African American
adolescents. J Clin Child Adolesc Psychol 2016;45:428–
441.

30. Torgerson DJ. Contamination in trials: Is cluster randomi-
sation the answer? BMJ 2001;322:355–357.

31. Donner A, Klar N. Pitfalls of and controversies in cluster
randomization trials. Am J Public Health 2004;94:416–422.

32. Spiegelhalter DJ. Bayesian methods for cluster randomized
trials with continuous responses. Stat Med 2001;20:435–
452.

33. Turner RM, Omar RZ, Thompson SG. Bayesian methods of
analysis for cluster randomized trials with binary outcome
data. Stat Med 2001;20:453–472.

34. Clark AB, Bachmann MO. Bayesian methods of analysis
for cluster randomized trials with count outcome data. Stat
Med 2010;29:199–209.

35. Singh SP, Mukhopadhyay S, Roy A. Comparison of three-
level cluster randomized trials using quantile dispersion
graphs. J Appl Stat 2015;42:1792–1812.

36. Heo M, Leon AC. Statistical power and sample size re-
quirements for three level hierarchical cluster randomized
trials. Biometrics 2008;64:1256–1262.

37. Fazzari MJ, Kim MY, Heo M. Sample size determination
for three-level randomized clinical trials with randomiza-
tion at the first or second level. J Biopharm Stat 2014;24:
579–599.

38. Heo M, Litwin AH, Blackstock O, Kim N, Arnsten JH.
Sample size determinations for group-based randomized
clinical trials with different levels of data hierarchy be-
tween experimental and control arms. Stat Methods Med
Res 2017;26:399–413.

39. Moerbeek M, Gerard JPvB, Martijn PFB. Design issues for
experiments in multilevel populations. J Educ Behav Stat
2000;25:271–284.

40. Heo M, Leon AC. Sample size requirements to detect an
intervention by time interaction in longitudinal cluster
randomized clinical trials. Stat Med 2009;28:1017–1027.

41. Heo M, Xue X, Kim MY. Sample size requirements to
detect an intervention by time interaction in longitudinal
cluster randomized clinical trials with random slopes.
Comput Stat Data Anal 2013;60:169–178.

42. Flynn TN, Whitley E, Peters TJ. Recruitment strategies in a
cluster randomized trial—cost implications. Stat Med 2002;
21:397–405.

43. Campbell MJ, Donner A, Klar N. Developments in cluster
randomized trials and statistics in medicine. Stat Med 2007;
26:2–19.

INNOVATIVE DESIGNS FOR BIOBEHAVIORAL RESEARCH IN ADOLESCENT HIV 397



44. Klar N, Donner A. Current and future challenges in the
design and analysis of cluster randomization trials. Stat
Med 2001;20:3729–3740.

45. Kenny DA, Kashy DA, Cook WL. Dyadic Data Analysis.
New York: Guilford Press, 2006.

46. Mustanski B, Starks T, Newcomb ME. Methods for the
design and analysis of relationship and partner effects on
sexual health. Arch Sex Behav 2014;43:21–33.

47. Sullivan PS, White D, Rosenberg ES, et al. Safety and
acceptability of couples HIV testing and counseling for US
men who have sex with men: A randomized prevention
study. J Int Assoc Provid AIDS Care 2014;13:135–144.

48. Stephenson R, Sullivan PS, Salazar LF, Gratzer B, Allen S,
Seelbach E. Attitudes towards couples-based HIV testing
among MSM in three US cities. AIDS Behav 2011;15
Suppl 1:S80–S87.

49. Kenny DA, Kashy DA, Cook WL, Simpson J. Dyadic Data
Analysis (Methodology in the Social Sciences). New York:
Guilford, 2006.

50. Brown CH, Wyman PA, Guo J, Pena J. Dynamic wait-
listed designs for randomized trials: New designs for pre-
vention of youth suicide. Clin Trials 2006;3:259–271.

51. Wyman PA, Henry D, Knoblauch S, Brown CH. Designs
for testing group-based interventions with limited numbers
of social units: The dynamic wait-listed and regression
point displacement designs. Prev Sci 2015;16:956–966.

52. Brown CA, Lilford RJ. The stepped wedge trial design: A
systematic review. BMC Med Res Methodol 2006;6:54.

53. Fok CC, Henry D, Allen J. Research designs for interven-
tion research with small samples II: Stepped wedge and
interrupted time-series designs. Prev Sci 2015;16:967–977.

54. Brown CH, Curran G, Palinkas LA, et al. An overview of
research and evaluation designs for dissemination and im-
plementation. Annu Rev Public Health 2017;38:1–22.

55. Hussey MA, Hughes JP. Design and analysis of stepped
wedge cluster randomized trials. Contemp Clin Trials
Commun 2007;28:182–191.

56. Fortenberry JD, Koenig LJ, Kapogiannis BG, Jeffries CL,
Ellen JM, Wilson CM. Implementation of an integrated
approach to the national HIV/AIDS strategy for improving
human immunodeficiency virus care for youths. JAMA
Pediatr 2017;171:687–693.

57. Ford I, Norrie J. Pragmatic trials. N Engl J Med 2016;375:
454–463.

58. Loudon K, Treweek S, Sullivan F, Donnan P, Thorpe KE,
Zwarenstein M. The PRECIS-2 tool: Designing trials that
are fit for purpose. BMJ 2015;350:h2147.

59. Roland M, Torgerson DJ. Understanding controlled trials:
What are pragmatic trials? BMJ 1998;316:285.

60. Eapen ZJ, Vavalle JP, Granger CB, Harrington RA, Pe-
terson ED, Califf RM. Rescuing clinical trials in the United
States and beyond: A call for action. Am Heart J 2013;165:
837–847.

61. van Staa T-P, Goldacre B, Gulliford M, et al. Pragmatic
randomised trials using routine electronic health records:
Putting them to the test. BMJ 2012;344:e55.

62. Carroll KM, Rounsaville BJ. Bridging the gap: A hybrid
model to link efficacy and effectiveness research in sub-
stance abuse treatment. Psychiatr Serv 2003;54:333–339.

63. Curran GM, Bauer M, Mittman B, Pyne JM, Stetler C.
Effectiveness-implementation hybrid designs: Combining
elements of clinical effectiveness and implementation re-
search to enhance public health impact. Med Care 2012;50:
217–226.

64. Simpson KN. Economic modeling of HIV treatments. Curr
Opin HIV AIDS 2010;5:242–248.

65. Simpson KN. Design and assessment of cost-effectiveness
studies in AIDS populations. J Acquir Immune Defic Syndr
Hum Retrovirol 1995;10 Suppl 4:S28–S32.

66. Kim JJ, Maulsby C, Zulliger R, et al. Cost and threshold
analysis of positive charge, a multi-site linkage to HIV care
program in the United States. AIDS Behav 2015;19:1735–
1741.

67. Simpson KN, Strassburger A, Jones WJ, Dietz B, Rajago-
palan R. Comparison of Markov model and discrete-event
simulation techniques for HIV. Pharmacoeconomics 2009;
27:159–165.

68. Pinkerton SD, Galletly CL. Reducing HIV transmission
risk by increasing serostatus disclosure: A mathematical
modeling analysis. AIDS Behav 2007;11:698.

69. Centers for Disease Control and Prevention. HIV Cost-
Effectiveness. 2017. Available at: https://cdc.gov/hiv/
programresources/guidance/costeffectiveness/index.html
(Last accessed October 1, 2017).

70. Spring B, Hall KL, Moller AC, Falk-Krzesinski HJ. An
emerging science and praxis for research and practice
teams. Transl Behav Med 2012 Dec;2:411–414.

Address correspondence to:
Sylvie Naar, PhD

Department of Behavioral Sciences and Social Medicine
Florida State University

1115 West Call Street
Tallahassee, FL 32306-4300

E-mail: sylvie.naar@med.fsu.edu

398 NAAR ET AL.

https://cdc.gov/hiv/programresources/guidance/costeffectiveness/index.html
https://cdc.gov/hiv/programresources/guidance/costeffectiveness/index.html



