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Abstract
Effective antiretroviral therapy (ART) adherence strategies for HIV+ adolescents and young adults (AYA) are needed to 
prevent HIV-related morbidity, mortality, and onward transmission. In the Adherence Connection for Counseling, Educa-
tion, and Support (ACCESS) pilot, an exploratory sequential mixed-methods design was used to develop and test a peer-led, 
mobile health (mHealth) cognitive behavioral ART adherence intervention. HIV+ AYA (ages 16–29 years) with unsuppressed 
plasma HIV RNA (HIV viral load) were eligible for this five-session intervention directed to improving ART adherence and 
HIV viral load. A total of 78 peer-led remote videoconferencing sessions (via WebEx) were delivered to 16 participants. 
High completion rates (97.5%) and client satisfaction scores (mean = 29.13 of 32; SD = 2.45) were observed. Self-reported 
ART adherence improved (32% increase in doses taken; 95th CI 11.2–53.3) with an annualized average rate of 47.5% (0.28 
 log10) reduction in HIV viral load. We established proof of concept for the ACCESS peer-led, mHealth cognitive behavioral 
ART adherence intervention, with promising adherence and virologic outcome data.
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Resumen
Se necesitan estrategias efectivas de adherencia a la terapia antirretroviral (TAR) para adolescentes y adultos jóvenes (AAJ) 
VIH+ para prevenir la morbilidad, la mortalidad y las transmisiones futuras relacionadas con el VIH. En el proyecto piloto 
Adherence Connection for Counseling, Education, and Support (ACCESS), se utilizó un diseño exploratorio secuencial de 
métodos mixtos para desarrollar y testear una intervención de adherencia cognitiva conductual de salud móvil (mHealth) 
dirigida por pares a la TAR. AAJ VIH+ (de 16 a 29 años de edad) con ARN del VIH (carga viral del VIH) en plasma no 
suprimido fueron elegibles para esta intervención de cinco sesiones dirigida a mejorar la adherencia a la TAR y la carga 
viral del VIH. Se dictaron un total de 78 sesiones de videoconferencias remotas dirigidas por pares (a través de WebEx) a 16 
participantes. Fueron observadas tasas altas de finalización (97.5%) y puntuaciones de satisfacción del cliente (media=29.13 
de 32; SD=2.45). La adherencia autoinformada a la TAR mejoró (aumento del 32% en las dosis tomadas; IC del 95=11.2 a 
53.3) con una tasa promedio anualizada de reducción en la carga viral del VIH del 47.5% (0.28 log 10). Establecimos una 
prueba de concepto para ACCESS, la intervención de adherencia a la TAR cognitivo conductual mHealth dirigida por pares, 
con datos prometedores sobre la adherencia y los resultados virológicos.

Introduction

Ending the HIV Epidemic: Equitable Access and Everyone’s 
Voice were most fitting themes for World AIDS Day on 
December 1, 2021, given the COVID-19 pandemic and US 
sociopolitical context. These themes were operationalized 
as a call for equitable access to HIV treatment/prevention 
services among underserved communities with the goal of 
ending the HIV epidemic [1]. However this goal remains 
elusive as 1.1 million individuals are living with diagnosed 
HIV-infection (HIV+) in the US [2]. Black and Hispanic 
adolescents and young adults (AYA) are disproportionately 
represented in the US HIV health crisis [2].

Antiretroviral therapy (ART) effectively treats HIV 
infection and prevents HIV-related morbidity, mortality, 
and sexual and perinatal transmission [3, 4]. However, 
improved health outcomes are related to health behavior 
[5], as benefits of ART are directly proportional to levels 
of adherence [6]. Optimal adherence is defined as 80–90% 
for protease-inhibitor-boosted regimens and greater than 
90% for non-boosted regimens [7]. Newer ART agents such 
as integrase strand transfer inhibitors (INSTI) are potent 
medications with long half-lives; as such, 80% adherence 
may be sufficient for INSTI-based regimens [8]. Adherence 
estimates of < 80% to INSTI-based regimens, coupled with 
a low CD4-T-lymphocyte count, increases the risk for ART 
resistance [8]. Resistance to non-nucleoside reverse tran-
scriptase inhibitors (NNRTIs) is associated with long-term 
failure of INSTI-based first line regimens [9]. Hence, adher-
ence thresholds predicting ART success or failure are influ-
enced by ART treatment experience as well as the potency, 
tolerability, and favorable pharmacokinetic profile of newer 
antiretroviral drugs, particularly INSTI-based regimens. 
Black and Hispanic HIV+ AYA have the lowest rates of 
ART adherence; nearly 40% reported suboptimal adherence 
(< 90%) over the past week [10]. Multiple factors are asso-
ciated with these low rates of ART adherence. Decreased 

access to care (e.g., travel difficulty), HIV discrimination, 
and public stigma are important structural barriers affecting 
ART adherence [11–15]. Increased knowledge and under-
standing of HIV disease is associated with fewer missed 
ART doses [16], and self-efficacy predicts both motiva-
tional readiness for ART and ART adherence levels. Fur-
ther, social support predicts self-efficacy [10]. Thus, inter-
ventions to improve ART self-efficacy and strengthen social 
support networks can increase motivational readiness for 
ART [17].

Unsuppressed plasma HIV RNA (HIV viral load) due 
to suboptimal ART adherence is a primary contributor to 
the increasing number of HIV infections [18, 19], thus 
representing a significant barrier to the goal of ending the 
HIV epidemic. Among US HIV+ AYA (ages 13–24 years), 
only half have achieved virologic suppression (HIV viral 
load < 200 copies/mL) [18]. Further, Black and Hispanic 
HIV+ AYA are at the highest risk for virologic failure—
even if they have previously achieved a period of virologic 
suppression [20]—further highlighting the need for tailored 
adherence strategies and interventions.

To date, the development of effective ART adherence 
strategies for Black and Hispanic HIV+ AYA is limited; 
the current evidence base is dominated by underpowered 
pilot studies, and strategies requiring interventionists with 
advanced degrees [21]. The Centers for Disease Control 
and Prevention (CDC) published a compendium of evi-
dence-based adherence interventions for HIV+ individuals 
(2005–2019) [22]. Of these 18 adherence interventions, only 
2 were directed to ART adherence support of Black and 
Hispanic HIV+ AYA, and neither met best evidence criteria 
due to lack of effect on HIV viral load [23, 24].

Currently, there is an emerging body of evidence to support 
the role of community health workers (CHWs) in HIV behav-
ioral interventions. These individuals typically share ethnicity, 
language, socioeconomic status, and life experiences with the 
community members they serve, and have been identified by 
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many titles, including peer health promoters or peer health 
educators. For the purpose of this paper, CHWs will be identi-
fied as peer health coaches (also referred to as peers). Trained 
peer health coaches have competently delivered behavioral 
interventions to HIV+ adults [25–27] and adolescents [28], 
with improved adherence outcomes [25] and sustained viral 
suppression [29]. To address public health disparities among 
underserved populations, peer health coaches have also deliv-
ered educational or behavioral interventions using mobile 
health technology in a culturally sensitive manner [5, 30, 31]. 
Recommendations for designing and implementing peer-led 
interventions include a clear conceptual definition and ration-
ale for the peer role [32], as these methodological constructs 
are important prerequisites to examining and explaining inter-
vention effect [33].

Mobile health (mHealth) is defined as “health care services 
accessed through mobile wireless technologies” and includes 
healthcare interventions delivered via remote videoconferenc-
ing and smartphones [34]. For Black and Hispanic HIV+ AYA, 
application of mHealth strategies is developmentally appropri-
ate, offering tremendous potential to reduce HIV health dispar-
ities [11, 13–15, 35]. Black and Hispanic HIV+ AYA are pro-
lific users of technology; nearly all have a smartphone, among 
whom half report going online more than a few times a day 
[36]. Mobile platforms such as videoconferencing applications 
show promise in overcoming structural barriers by increasing 
accessibility of services [30, 37] and indirectly decreasing the 
effect of stigma on service access [31].

Adherence Connection for Counseling, Education, and 
Support (ACCESS) is a proof of concept study designed to: 
(1) characterize feasibility and acceptability of a peer-led, 

mHealth cognitive behavioral intervention (CBI) deliv-
ered via remote videoconferencing using smartphones, and 
(2) obtain initial estimates of the biobehavioral impact of 
ACCESS on HIV virologic outcomes, self-reported ART 
adherence, beliefs and knowledge about ART treatment, 
adherence self-efficacy, and healthcare utilization (reten-
tion in care). Primary study outcomes included intervention 
feasibility, acceptability, and preliminary evidence of impact 
on HIV viral load. Secondary study outcomes were prelimi-
nary evidence of impact on self-reported ART adherence, 
beliefs and knowledge about ART treatment, adherence self-
efficacy, and retention in care.

Methods

Theoretical Underpinnings

The Information-Motivation-Behavioral (IMB) Skills Model 
of Antiretroviral Adherence (IMB Model) [38] was used to 
identify the conceptual determinants of adherence behavior. 
We operationalized information, motivation, and behavioral 
skills as knowledge and beliefs about ART treatment, and 
adherence self-efficacy.

Study Design and Overview of Approach

An exploratory sequential mixed-methods design was used 
to develop and test the ACCESS peer-led, mHealth CBI. Our 
research methods and study protocol, and formative qualita-
tive findings, have been published in the Journal of Medical 

Fig. 1  ACCESS study flow 
chart
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Internet Research Protocols [39] and Nursing Research [40], 
respectively. CONSORT guidelines for pilot and feasibil-
ity studies [41] were used to describe relevant methods and 
results. In Fig. 1, we provide an illustration of study flow and 
sequential qualitative and quantitative study phases, includ-
ing pre- and post-intervention testing. As depicted in Fig. 1, 
qualitative interviews were conducted pre-intervention with 
20 of the 21 enrolled participants with the primary purpose 
of refining the intervention. Sixteen of these 21 participants 
were later enrolled in the ACCESS intervention. Study pro-
cedures, including recruitment of participants, were initiated 
after obtaining institutional review board (IRB) approval 
from the three participating sites in New York City: two 
public hospitals and one nonprofit HIV community health 
plan. These sites provide care and services to individuals 
from diverse racial, ethnic and socioeconomic backgrounds.

Eligibility criteria for study participation were English 
speaking HIV+ AYA (behaviorally or perinatally infected), 
ages 16–29 years, with an actively prescribed ART regi-
men, and detectable HIV viral load of > 200 copies/mL. 
Neurocognitive deficits have the potential to influence par-
ticipant ability to complete survey measures and or interven-
tion components; therefore, participants were screened for 
neurocognitive impairments using the Folstein Mini-Mental 
State Exam (MMSE) [42] (those with a score of ≥ 24 were 
eligible to participate).

Qualitative Phase

Preliminary qualitative findings were used to inform and 
refine the ACCESS intervention content and implementa-
tion [40]. In brief, a qualitative inquiry was conducted to 
explore adherence information, motivation, and behavioral 
skills (IMB Model) among HIV+ AYA who met ACCESS 
study eligibility criteria. In this inquiry, we also explored 
the contextual factors of ART adherence behavior among 
the participating HIV+ AYA. Semi-structured, in-depth, 
individual interviews were completed with a conveni-
ence sample (n = 20) between December 2016 and Janu-
ary 2018. Directed content analysis [43] was conducted 
with a conceptual, and data driven (contextual) approach 
to coding.

As reported by our team [40], adherence information was 
understood in relation to HIV biomarkers (i.e., HIV viral 
load and CD4-T-lymphocyte counts) and conceptualized as 
a “war” between “good people” (i.e., CD4-T-lymphocytes) 
and “bad people” (i.e., HIV virus) [40]. Adherence moti-
vation and behavioral skills were influenced by perceived 
stigma and social context, as it is difficult to acquire social 

support and self-manage a “secret” disease [40]. Relevant 
themes regarding ART self-management included: (1) 
emerging adulthood with a chronic illness, (2) stigma and 
disclosure concerns, (3) support systems and support defi-
cits, (4) mental and behavioral health risks and challenges, 
and (5) mode of HIV transmission and perceptions of power 
and control. Among support systems, healthcare providers 
and the HIV health care context were largely described as 
favorably influencing ART adherence behavior [40].

ACCESS Intervention: Development 
and Implementation

Peer Health Coach Training For the purpose of this study, 
we defined a peer health coach as an individual living with 
HIV, taking ART, and actively engaged in HIV care (i.e., 
receiving primary health care services from a healthcare pro-
vider in a clinical setting) [39]. Two part-time peer health 
coaches were recruited from a local HIV clinic and affili-
ated research center, and hired with the title of Assistant 
Research Scientist. Requirements for this position included 
high school diploma, strong communication and leadership 
skills, knowledge and experience interfacing with HIV-
related medical settings and HIV+ AYA, proficiency in 
use of smartphones, and basic computer skills. Peer health 
coaches were integral members of the ACCESS study team 
during its development and implementation, and were identi-
fied as key personnel on the IRB protocol upon successful 
completion of Collaborative Institutional Training Initiative 
(CITI) [44], conflict of interest, and financial disclosure 
documents.

Peer health coaches completed a comprehensive training 
program developed by the Principal Investigator (PI). The 
training program was a total of 40-h delivered weekly over 
4 months (June 28, 2017–September 22, 2017) and led by 
content experts in their respective fields. Training format 
included didactic lectures with discussion, written practice, 
and active role playing using the mHealth application for 
synchronous videoconferencing. Didactic lectures were 
designed to impart knowledge of HIV-infection, treatment 
adherence, and stigma. Training included a discussion of the 
peer health coach role, professional boundaries, and ethi-
cal and human subjects considerations. Lastly, peer health 
coaches were trained in motivational interviewing (MI), 
including the stages of change model. Written practice work-
sheets were assigned as “homework” and reviewed in-per-
son during didactic lectures to reinforce MI communication 
skills. Peer health coaches also had repeated opportunities to 
role play the intervention protocol, allowing for constructive 
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feedback from members of the study team. An outline of 
the ACCESS peer training program is detailed in Appendix.

Intervention Refinement and Development

The ACCESS intervention was refined by integrating qualita-
tive findings with the conceptual determinants of adherence 
behavior outlined in the IMB Model (i.e., adherence informa-
tion, motivation, and behavioral skills) [38]. For example, in 
our qualitative inquiry, participants indicated that they would 
prefer to be introduced to the peer health coach by the PI at the 
start of Session 1. This introduction served to establish cred-
ibility of the peer health coach and provide the opportunity for 
the PI to briefly re-introduce themselves and their professional 
trajectory as an HIV clinician and clinical researcher. The PI 
also used this opportunity to re-describe the ACCESS inter-
vention and role of the peer health coach, including bounda-
ries for peer-participant contact outside of the five ACCESS 
sessions.

During qualitative interviews, the PI explored participant 
views of the proposed intervention delivery mode (e.g., vide-
oconferencing), total number (e.g., five sessions) and duration 
(e.g., up to 60 min) of ACCESS sessions. Overall, participants 
agreed with the proposed intervention protocol, including 
number and length of sessions. One participant stated that it 
was important to “make someone understand that you don’t 
have to run the whole 60 min.” We implemented this recom-
mendation and allowed the session length to be informed by 
the needs of the participant in completing the goals of the 
session.

We also learned through qualitative interviews that 
reminder devices (e.g., alarms) were not perceived as helpful 
for ART adherence support. As such, medication alarms and or 
reminder text messages were not integrated into delivery of the 
intervention [40]. We did, however, use phone calls to remind 
participants of upcoming sessions with the peer health coach, 
as this was the preferred method reported by participants dur-
ing qualitative interviews.

Intervention Delivery

Peer health coaches delivered the ACCESS intervention to 
study participants between November 2017 and April 2018. 
For an overview of the ACCESS intervention goals and related 
content for each session, refer to Box 1. The peer health 
coaches delivered five, weekly, 60-min cognitive behavioral 
[45–48] and motivational [17] sessions for improved ART 
adherence in a private office using a WebEx equipped com-
puter at the sponsored academic institution, while participants 
used their study-funded smartphone in a private location of 

their choosing (e.g., home). During these sessions, peer health 
coaches applied cognitive behavioral strategies using MI 
techniques to enhance problem solving, target knowledge and 
beliefs about ART treatment, and adherence self-efficacy, for 
improved adherence behavior [39].

Box 1  Overview of the ACCESS intervention [39]

Session # Goal (s) Session Overview

1 Introduction(s) Study principal investigator 
(PI) introduces participant 
to peer heath coach (fol-
lowed by handoff to peer 
health coach)

Establish credibility of 
peer health coach and 
study team

Provide participant with 
orientation to ACCESS 
intervention

Begin to know participant 
as a whole person

Help participant to identify 
motivation for study par-
ticipation

Gain understanding of 
participant’s HIV history 
and experiences with 
ART 

Begin to explore par-
ticipant’s HIV history and 
experiences with ART 

2 Help participant to gain 
awareness of how beliefs 
and perceptions influence 
ART adherence

Introduction to session # 2; 
participant reviews past 
week

Provide participant with 
continued support for 
study participation and 
engagement

Help participant to identify 
sources of social support 
for ART adherence

Elicit from participant self-
perceived facilitators and 
barriers of ART adherence

Explore support system(s) in 
participant’s life includ-
ing resources for ART 
adherence

3 Increase knowledge about 
HIV basics and ART 
adherence

Introduction to session # 3; 
participant reviews past 
week

Provide participant with a 
neutral context to discuss 
understanding of HIV 
health information, ART, 
adherence, side-effects, 
and HIV biomarkers (CD4-
T-lymphocytes, HIV viral 
load)

Offer participant relevant 
HIV health information to 
support ART adherence

View the Understanding 
HIV: Basics Video [56]
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Session # Goal (s) Session Overview

4 Increase adherence self-
efficacy

Introduction to session # 4; 
participant reviews past 
week

Help participant identify 
HIV health goal(s)

Provide neutral space for 
participant to discuss 
adherence self-efficacy 
(perceived and objective 
skills)

Facilitate participant self-
identification of strategies 
to promote and reinforce 
adherence self-efficacy

Explore context surrounding 
missed doses of ART and 
problem solve for solutions 
tailored to participant 
context and needs

Plan with participant for 
working towards goal(s) 
identified

5 Prepare participant for 
final session/intervention 
completion

Introduction to session # 5; 
participant reviews past 
week

Help participant identify 
components of ACCESS 
intervention most likely 
contributing to improved 
HIV health outcomes

Remind participant that this 
is final session; provide 
time for questions and dia-
logue regarding interven-
tion completion

Review, reflect and sum-
marize work completed, 
past goals identified, and 
accomplished during past 
sessions

Facilitate post-intervention 
social support and 
engagement in HIV care

Explore participant’s history 
of adherence to HIV medi-
cal appointments

Elicit barriers to attending 
HIV medical appointments

Problem solve for partici-
pant self-identification of 
approaches/strategies to 
facilitate retention in HIV 
care

Elicit post intervention 
support resources (people, 
groups, and members of 
the health care team)

Scheduling of ACCESS sessions was managed by the PI 
and a trained research assistant (RA). For example, if a par-
ticipant canceled or missed a session, the RA or PI resched-
uled the appointment during the same week and documented 
the reason for the make-up session (e.g., scheduling conflict, 
forgot, difficulty with technology).

Participants were compensated with a cash gift card of 
up to $150.00 for their time and travel: $15.00 for each 
ACCESS session attended ($75.00 total for five sessions), 

$25.00 for data collection pre- and post-intervention ($50.00 
total), and $25 for the qualitative interview.

Data Collection

Clinical partners at each of the three recruitment sites pro-
vided the PI with a private room to conduct in-person data 
collection procedures (informed consent, qualitative inter-
view, survey measures pre- and post-intervention). Demo-
graphics were collected at baseline (pre-intervention) using 
a data collection tool developed by the study PI.

Data on participant response rates to remote videoconfer-
encing sessions (number of missed and rescheduled appoint-
ments, recruitment, and overall study retention and attrition 
rates) were collected throughout the intervention. Participant 
satisfaction was measured post-intervention using the Client 
Satisfaction Questionnaire (CSQ) [49]. To assess interven-
tion acceptability, the peer health coach collected partici-
pant feedback at the end of ACCESS Session 5, regarding 
which of the ACCESS intervention sessions (Sessions 1–5), 
if any, were most helpful and why. This feedback was audio 
recorded during session 5 and transcribed verbatim by a 
trained RA. To assess peer health coach fidelity with the 
intervention protocol and related session content, audiotapes 
from ACCESS intervention sessions (Sessions 1–5) were 
reviewed by the RA.

Adherence outcomes included HIV viral load (primary 
adherence outcome) and 3-day self-reported adherence [50]. 
HIV viral load data was extracted from the participant’s 
medical record at the time of baseline/pre-intervention, 
immediately following intervention completion, and 8, 16 
and 24-weeks post-intervention. Since the timing of these 
extracted HIV viral load measurements did not always cor-
respond to the exact timepoint (e.g., 8-weeks post-interven-
tion), the HIV viral load recorded closest to each timepoint 
was extracted. Time in days since consent was calculated for 
each HIV viral load measure and computed in the longitudi-
nal analysis. Pre- and post-intervention 3-day self-reported 
adherence estimates were measured in-person by the study 
PI. We describe the feasibility, acceptability, and validity of 
measuring adherence with 3-day self-report and HIV viral 
load in our published study protocol [39].

Survey measures were collected pre- and post-interven-
tion using reliable and valid scales [39]. Guided by the IMB 
Model [38], information, motivation, and behavioral skills 
were operationalized as knowledge about ART treatment 
(measured using HIV Treatment Knowledge Scale [51], 
beliefs about ART treatment (measured using Beliefs about 
Medication Scale (BAMS) [52], and adherence self-effi-
cacy (measured using Adherence Self-Efficacy Scale [53], 
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respectively. Retention in care was proposed as a secondary 
outcome [39], but not collected due to distinctions in patient 
check-in procedures across and within clinical sites, thereby 
limiting reliability and validity.

Data Verification

Under the supervision of the PI, the RA completed data 
cleaning and verification. Data files were randomly selected 
from five participants to confirm adherence outcomes (HIV 
viral load, 3-day self-reported adherence), CD4+ T-lympho-
cyte counts, and scores on the HIV Treatment Knowledge 
Scale, BAMS, Adherence Self-Efficacy Scale, and CSQ. 
Corrections were made to four single data entry points.

Data Analysis

Feasibility and acceptability of ACCESS (Study Aim 1) was 
examined using descriptive statistics to summarize partici-
pant response rates (recruitment, number of missed/resched-
uled appointments, and retention/attrition). To evaluate par-
ticipant satisfaction with the intervention, post-intervention 
CSQ scores [49] were computed using descriptive statistics. 
Intervention acceptability was assessed by evaluating and sum-
marizing transcribed audio recordings of participant feedback 
regarding which of the ACCESS intervention sessions (Ses-
sions 1–5), if any, were most helpful and why.

Descriptive statistics were generated for all demographic 
and study variables, with longitudinal data stratified by time-
point. Changes in 3-day self-reported adherence (missed and 
taken doses) were evaluated using paired t-tests. Longitudi-
nal HIV viral load data (primary adherence outcome) was 
plotted over time to visualize individual-level trajectories 
prior to analysis. Average annualized change in  log10 HIV 
viral load was estimated using a linear mixed model. Linear 
mixed models are extensions of traditional linear models that 
incorporate fixed and random effects to estimate the influ-
ence of group and subject-specific factors. These models are 
appropriate for data where observations are correlated, as is 
the case with repeated observations within individuals. The 
model included random effects for individual intercepts and 
a fixed effect for time, and restricted maximum likelihood 
was used for estimation.

Changes in other secondary outcomes (beliefs and knowl-
edge about ART treatment, adherence self-efficacy) were 
compared pre- to post-intervention using paired t-tests. Con-
fidence intervals and effect sizes are reported to convey pre-
cision and magnitude of effects. Analyses were conducted 

Table 1  Characteristics of participants (N = 21)

a Data only available for 20 participants

Characteristic n (%) or M (SD)

Site
 HIV Clinic Bronx, NY 13 (61.9)
 HIV Clinic New York, NY 6 (28.6)
 HIV Non-profit Community Health Plan 2 (9.5)

Age in years 24.2 (2.5)
Biologic sex at birth
 Female 9 (42.9)
 Male 12 (57.1)

Sexual orientation
 Heterosexual 17 (81.0)
 Gay/lesbian 3 (14.3)
 Bisexual 1 (4.8)

Race/Ethnicity
 African American/Black 13 (61.9)
 Hispanic/Latino 5 (23.8)
 Mixed race 3 (14.3)

Level of education
 Current high school (HS) student 5 (23.8)
 HS/GED non-completion 6 (28.6)
 HS/GED graduate 3 (14.3)
 Current college student 3 (14.3)
 Master’s degree 1 (4.8)
 Unknown 3 (14.3)

Employment status
 Unemployed 15 (71.4)
 Part-time 3 (14.3)
 Full-time 1 (4.8)
 Unknown 2 (9.5)

Current substance use
 Marijuana 10 (47.6)
 Alcohol and Marijuana 2 (9.5)
 None reported 9 (42.9)

Current smoker
 Smoker 5 (23.8)
 Non-smoker 13 (61.9)
 Unknown 3 (14.3)

HIV mode of transmission
 Perinatal 18 (85.7)
 Horizontal 3 (14.3)

HIV biomarkers at time of consent
 CD4+ T-lymphocyte count (cells/mm3)a 306.25 (340.8)
  log10 plasma viral load (copies/mL) 3.6 (1.2)

(Range: 1.3–6.5)
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using R [54] and SPSS [55]. A 0.05 level of significance was 
used for all analyses.

Results

Twenty-one Black and Hispanic HIV+ AYA (mean 
age = 24.2 years) participated in the study (participant char-
acteristics summarized in Table 1). Of the 21 participants, 
20 completed qualitative interviews during the explora-
tory phase of the study [40] and sixteen participated in the 
ACCESS peer-led videoconferencing adherence intervention 
(see Fig. 1 for study flow and with depiction of participant 
completion and withdrawal).

Feasibility and Acceptability

Intervention Delivery and Participant Attendance

Between November 2017 and April 2018, 78 of the 80 
remote videoconferencing sessions were delivered (97.5% 
completion rate) by two peer health coaches. Of the 16 
participants, one completed 3 of the 5 sessions; thus, the 
remaining 15 participants completed all five sessions.

Peer-led sessions were scheduled weekly based 
on participant availability. As shown in Table  2, the 
median number of days between each session was 7 days 
(range = 2–28  days) with median duration for session 

Table 2  ACCESS session length and time between sessions 1–5 (n = 16)

a Attrition of one participant after completing sessions 1–3
b One participant with 28 days between intervention sessions

ACCESS session Session length (minutes: seconds) ACCESS session Time between sessions (days)

N Mean SD Median Range N Mean SD Median Range

1 14 46:14 08:56 44:21 0:32:39–1:02:12 1–2 16 8.56 4.31 7.00 4–20
2 15 49:14 17:01 45:41 0:25:17–1:23:47 2–3 16 6.31 2.63 7.00 2–12
3 13 41:20 11:10 42:03 0:20:58–1:08:54 3–4 15 9.87 5.91 7.00 6–28
4a 15 50:26 13:48 47:04 0:28:43–1:15:39 4–5 15 8.60 3.64 7.00 7–21
5a 15 43:11 12:33 46:00 0:23:26–1:05:50 Mean – 8.31 4.36 7.00 2–28b

Mean – 47:07 09:09 47:32 0:34:59–1:04:54

Fig. 2  HIV viral load over time 
(pre/post ACCESS intervention)
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44:43 min (range = 34:59–60:54 min). The average number 
of times sessions were rescheduled was 3. Factors associ-
ated with missed or rescheduled appointments included 
participant no show, personal/health issues, conflict in peer 
health coach schedule, and technical issues using WebEx 
upon launch of the study.

Peer health coaches were successfully retained for the 
duration of the project, and all study funded smartphones 
were returned post-intervention. One smartphone was not 
functional when returned due to water damage.

Participant Satisfaction

All 16 participants completed the CSQ with high composite 
satisfaction scores (mean = 29.13 of 32; SD = 2.45).

Intervention Acceptability

Of the 16 participants, 15 provided feedback to the peer 
health coach at the conclusion of ACCESS Session 5. More 
than half of the participants (n = 8, 53.3%) reported ACCESS 
Session 3 was the most helpful because of the Heart to Heart 
Project educational video entitled “Understanding HIV 
Basics” [56]. This video reinforced their knowledge related to 
HIV adherence by illustrating the relationships between CD4 
T-lymphocyte counts, HIV viral load, and the role of ART. 
Of the remaining 5 sessions, 3 participants (20%) reported 
Session 4 (adherence self-efficacy and effective self-manage-
ment skills), and 2 participants (13.3%) reported Session 2 
(beliefs about ART treatment), were the most helpful. More 
specifically, one participant reported that Session 2 helped 

Fig. 3  Percentage of missed 
ART doses

Table 3  Secondary outcomes: pre and post-testing (n = 16)

Conventions for Cohen d are small = 0.2, medium = 0.5, large = 0.8
BAMS = Beliefs About Medication Scale

Measure Pre SD Post SD Mean difference Cohen d t p value

HIV Tx knowledge total 14.4 4.1 15.5 3.8 1.1 0.27 − 3.29 0.005
BAMS perceived threat 43.1 12.3 39.4 11.5 − 3.8 0.32 1.56 0.139
BAMS positive outcome expectancy 103.7 14.5 111.4 15.2 7.7 0.52 − 1.74 0.104
BAMS negative outcome expectancy 43.8 15.0 40.3 12.8 − 3.6 0.26 1.31 0.21
BAMS intent 36.7 7.0 40.8 6.4 4.1 0.61 − 2.07 0.057
BAMS beliefs total 227.0 25.1 231.8 21.6 4.8 0.20 − 0.84 0.413
Efficacy total 66.6 32.7 86.9 26.4 20.3 0.68 − 3.00 0.009
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them to be more honest and adherent, and 4 participants 
described the sessions overall as “helpful” and “enjoyable.”

Intervention Fidelity

Peer health coaches were 100% compliant with the core 
components of the protocol, thus all required ACCESS inter-
vention content was presented for Sessions 1–5. One partici-
pant completed three of the five sessions, and we therefore 
did not review audiotapes of ACCESS Sessions 4 and 5 for 
this participant.

HIV Viral Load and Self‑reported ART Adherence

An annualized average rate of 47.5% (0.28  log10) reduc-
tion in HIV viral load was observed (Fig. 2). Although this 
reduction was non-significant (t = − 1.40, p > 0.05), it is clin-
ically meaningful, and corresponds to a small sized effect 
(Cohen d = 0.3). Pre versus post-intervention self-reported 
ART adherence improved with an average 32% increase in 
doses taken 95% CI [11.2, 53.3] and thus, a 32% decrease in 
missed doses 95% CI [− 53.2, − 11.2] [t = − 3.27, p < 0.05] 
(Fig. 3).

Knowledge, Beliefs, and Self-efficacy are summarized 
in Table 3. Participants showed significant improvements 
in HIV treatment knowledge and adherence self-efficacy 
scores post-intervention. In particular, improvement in self-
reported adherence self-efficacy [53] was substantial, cor-
responding with a medium to large size effect [t = − 3.00, 
p < 0.05; Cohen d = 0.68]. Medium-sized effects were also 
seen on the Intent, and Positive Outcome Expectancy sub-
scale of BAMS [52], though mean differences were not 
significant. While significant improvements were demon-
strated in HIV treatment knowledge [51], the magnitude of 
the effect was small [t = − 3.29, p < 0.05; Cohen d = 0.27], 
possibly due to relatively high levels of knowledge at base-
line (average score of HIV Treatment Knowledge Scale at 
baseline = 14.4 out of 21).

Discussion

We established proof-of-concept for the first known peer-led, 
mHealth cognitive behavioral ART adherence intervention 
with HIV+ AYA. ACCESS demonstrated feasibility, accept-
ability, and improvements in HIV viral load and 3-day self-
reported ART adherence. Study findings show that mobi-
lizing peer health coaches using WebEx videoconferencing 
technology is a viable method to deliver an HIV behavioral 
intervention targeting ART adherence [57, 58] for a popula-
tion facing stigma and barriers to care [59]. In comparing 
pre- versus post-intervention outcomes, our virologic and 

adherence data are very promising. An annualized average 
rate of 47.5% (0.28  log10) reduction in HIV viral load was 
observed, and pre- versus post-intervention self-reported 
ART adherence improved with an average 32% increase in 
doses taken (95th CI 11.2–53.3). We also observed signifi-
cant improvements in HIV treatment knowledge, and adher-
ence self-efficacy.

We attribute these findings to a number of factors, includ-
ing the mixed-methods study design with formative qualita-
tive work [40]. In-depth interviews allowed for HIV+ AYA 
expression and integration of their voices in the design, 
refinement, and implementation of the ACCESS interven-
tion. The inclusion of two adherence outcomes (HIV viral 
load and 3-day self-reported adherence) strengthened the 
study, as many larger adherence trials do not include viro-
logic outcome data [60]. Other strategies key to our success 
included a robust theory based protocol with clear concep-
tualization of study variables, establishment of functional 
partnerships across three domains (academic, clinical, and 
community), and a comprehensive peer training program 
[39]. Peer health coaches were retained for the entirety of 
intervention and demonstrated high fidelity to the interven-
tion protocol, most likely related to a comprehensive train-
ing program with didactic and practicum components. Peer 
health coaches were also integrated as core members of the 
study team, with a clearly defined scope of work and role, 
thereby supporting their professional identity and confi-
dence. Evidence to support the importance of training and 
work-place assimilation for CHWs is well described [61, 
62].

Of note, graduate and undergraduate nursing students 
completing research residencies were members of our 
study team. These students served in the role of actors for 
peer training practicums and role-playing sessions, allow-
ing for both peers and students alike to gain experience 
and knowledge in intervention delivery. We highly recom-
mend these immersion experiences as they allow students 
to connect and operationalize philosophical and theoretical 
underpinnings from the classroom to a real-world research 
lab, thereby preparing the next generation of scientists [63] 
and building capacity in the HIV behavioral sciences.

To date, HIV behavioral interventions have low com-
pletion rates, resulting in less impactful clinical and 
research outcomes; participant completion rates of 63% 
are described as high for a 3-session HIV prevention video 
meta-intervention with young adults [64]. Our observed 
high rates of intervention completion (97.5%) among 
HIV+ AYA study participants are thus remarkable, con-
sidering ACCESS included five sessions. Technology-
enabled adherence interventions incorporating multiple 
strategies show the greatest promise for improving HIV 
care [65]. The ACCESS intervention incorporated social 
support and videoconferencing technology to promote its 
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success. As such, participants were offered mobile access 
to individual-level social capital through peer support, 
facilitated by a neutral context for safe HIV self-disclosure 
and discussion of ART self-management [66, 67].

The ACCESS intervention was developed and imple-
mented before the current COVID-19 pandemic, and dur-
ing a time when videoconferencing platforms were not rou-
tinely used for social connection and communication. The 
COVID-19 pandemic underscores the importance of lever-
aging mobile approaches for optimal health care delivery 
[68]. In sharing our experience and lessons learned, we 
offer a blueprint for future peer-led interventions using 
technology directed to HIV+ AYA. Smartphone ownership 
is nearly universal among US AYA across race, gender, 
ethnic and socioeconomic backgrounds [36]. However, 
researchers need to acknowledge the digital health divide 
(gap between those with and without access to digital tech-
nology), especially among older individuals from lower 
socioeconomic strata and less educational attainment [69, 
70].

Study participants of mHealth interventions need func-
tional smartphones with uninterrupted internet access, 
and financial resources to pay for continued services. We 
addressed these structural barriers in the ACCESS pilot. Our 
study participants were provided with study funded smart-
phones to “bridge” this digital divide and ensure uninter-
rupted access to the study intervention. Upon study com-
pletion, all smartphones were returned by participants. Our 
success in participants returning study funded smartphones 
was dissimilar to the experiences of Jones et al. [71]; return 
of study funded phones in this trial was limited due to dam-
age, theft, and attrition.

The strengths of using a videoconferencing platform 
for peer-participant connection helped minimize structural 
barriers by increasing accessibility of services [30, 37] and 
indirectly decreasing the effect of stigma on service access 
[31]. By reducing the structural barriers of travel and stigma, 
technology-enabled interventions hold promise in reducing 
health disparities associated with access to services [14]. 
Yet, despite this promise, evidence from a recent integra-
tive review showed that only nine technology-enabled ART 
adherence interventions were conducted in the US during 
the past decade with HIV+ AYA; most of which were small 
pilots, and only three randomized controlled trials (RCTs) 
[72]. Four of these nine interventions used SMS text mes-
saging, with initial evidence of efficacy shown in two studies 
[72]. Similarly, texting is commonly implemented for ART 
adherence support in Low and Middle-Income Countries 
(LMIC) (i.e., Sub-Saharan Africa) [73, 74]. Multi-level 
interventions combining individual- and community-level 
targets are most likely to improve adherence in LMIC [74]. 
One such intervention for HIV+ AYA in Western Kenya, 
demonstrated feasibility and acceptability; participants were 

provided with study funded smartphones preprogramed with 
the WhatsApp mobile platform to connect with peer support 
and counseling [75]. The scalability and sustainability of 
technology-enabled interventions for people living with HIV 
in LMIC will require training of health workers, infrastruc-
ture development, and evaluation of cost [76].

Approaches incorporating health behavior theories are 
strongly recommended for HIV mobile interventions, and 
yet not universal in practice [77]. Evidence from a system-
atic review of mHealth behavioral interventions with under-
served populations shows similar findings with less than half 
of included studies integrating theoretical constructs [78]. A 
key strength of the ACCESS intervention is the application 
of the Information-Motivation-Behavioral Skills Model [38] 
to elucidate the mechanisms of adherence behavior. Infor-
mation (knowledge about ART treatment) and behavioral 
skills (adherence self-efficacy) were identified as needs of 
participating HIV+ AYA, and were responsive to the inter-
vention. Yet when applied to our qualitative inquiry [40], 
key constructs of this model did not fully explain the essence 
of adherence behavior, thus providing support for the need 
for more comprehensive models that incorporate multi-level 
contextual factors.

Retention in HIV care was proposed as a secondary out-
come for analysis [39] by calculating the proportion of kept 
to scheduled HIV care visits (range 0–100%); the denomina-
tor excluded canceled visits [79, 80]. Retention data were to 
be extracted from the medical record of study participants; 
however, this was not feasible due to heterogeneity in doc-
umentation of clinical encounters. Our challenges are not 
unique given evidence from a systematic review of interven-
tions designed to improve HIV linkage, retention/re-engage-
ment in care, and adherence to ART [81]. Of the studies that 
examined retention in HIV care, outcome measures were 
highly diverse and characterized by four categories: changes 
in clinic visits, laboratory tests, ART use, and HIV viral load 
suppression. Therefore, there is a need for consistent health 
care utilization metrics and definitions across interventions 
as part of the larger goal to end the HIV epidemic [81, 82].

Limitations

In addition to a non-randomized and underpowered study 
design, the sample population in this pilot included partici-
pants recruited from a discrete, urban geographic location, 
and may not be generalizable to other regions of the U.S. Our 
sample population is primarily represented by HIV+ AYA 
with perinatal HIV transmission. However, there is evi-
dence to show similarity in adherence outcomes between 
perinatally and behaviorally infected AYA [10]. Since the 
ACCESS intervention was a proof-of-concept study, pilot 
testing was conducted in one language and exclusive to 
English speaking participants. Self-reported ART adherence 
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estimates were subject to the potential for social desirability 
bias, but inclusion of HIV biomarkers (i.e., HIV viral load) 
strengthened rigor, reliability, and validity. Five HIV+ AYA 
completed the exploratory phase (qualitative interview), but 
did not later participate in the ACCESS intervention. This 
finding is most likely explained by the extended time interval 
between the first qualitative interview and implementation 
of the ACCESS intervention. Therefore, researchers using 
mixed-methods exploratory designs need to carefully con-
sider the overall timeline for completion of the exploratory 
qualitative phase, which is influenced by recruitment rates 
and data saturation.

Other considerations for this exploratory sequential 
mixed-methods design include HIV+ AYA participation 
in both the formative qualitative work and intervention. 
This decision was pragmatic, given the inherent challenges 
of recruiting and engaging the HIV+ AYA population in 
research. However, limitations of this approach are related to 
the potential effects of qualitative participation on variables 
of interest prior to initiating the ACCESS intervention. In 
terms of sampling and generalizability, another considera-
tion is that participants who are willing to engage in both 
qualitative and intervention research components may not 
be representative of the broader HIV+ AYA population for 
whom the intervention is designed.

Our peer training paradigm was successful as evidenced 
by retention of the two peer health coaches and 100% fidelity 
to the intervention protocol. We do recognize the limitations 
of this peer training paradigm, including the time and per-
sonnel resources needed. For example, the ACCESS study 
PI and other team members were physically on-site and 
available for discussion of participant sessions, pre and post 
intervention delivery. This approach may not be feasible in 
some resource limited contexts, and feasibility in the clinical 
setting remains to be determined.

Conclusion and Next Steps

We developed ACCESS for Black and Hispanic HIV+ AYA 
in response to critical methodological challenges with con-
ventional approaches [72, 83] and persistent health dispari-
ties leading to poor HIV virologic control [84, 85]. Improv-
ing ART adherence and HIV viral load suppression for 
Black and Hispanic HIV+ AYA is an urgent public health 
matter, particularly in the face of the COVID-19 pandemic. 
Given evidence from our qualitative inquiry [40] and other 
recent studies showing influence of contextual factors (HIV 
stigma, psychological distress and related substance use) 
on ART adherence, there is a pressing need for multi-level 
frameworks, expanded intervention content, and novel strat-
egies to address these challenges.

In resource limited countries, there is greater availability of 
CHWs for HIV care, and research is being directed to devel-
oping, testing, and establishing community based models for 
support of adherence and retention in care [86]. However, 
recommendations to optimize the CHW role for HIV support 
in LMICs calls for improved training and supervision, better 
care coordination, integration of patient centered mHealth 
approaches, and increased funding [87, 88]. In the US, the 
CHW role in HIV care and research continues to evolve, and 
best practices for training, retaining and integrating CHWs 
into clinical and research teams remain to be determined. In 
fact, the evidence base is sparse with regard to efficacy data 
and clinical/virologic outcomes of peer-led HIV interventions 
[27, 33]. Hence, findings from the ACCESS intervention pro-
vide important information on the preliminary efficacy of a 
peer-led intervention on HIV biomarkers (HIV viral load), 
self-reported adherence, knowledge and beliefs about ART 
treatment, and adherence self-efficacy. Moreover, findings 
from the ACCESS intervention provide support for a com-
prehensive training protocol and the integration of peer health 
coaches as core members of the study team.

Research aimed to better understand moderating effects 
of peer-led interventions and mediators of the processes 
by which peer-led interventions facilitate HIV-related out-
comes is also needed [33]. We recognize the necessity for 
transparency in the level and type of training offered to 
CHWs; this description is essential to understand their 
impact on HIV study outcomes. Moving forward, stand-
ardized training protocols delineating core requisites of 
peer-led behavioral interventions are essential. Addition-
ally, based on our experience with undergraduate and grad-
uate students in the ACCESS research lab, we recommend 
these immersion experiences as part of the larger goal of 
building student competencies and workforce capacity in 
evidence-based practice and research [89].

In conclusion, we established proof of concept for 
the first known peer-led, mHealth, cognitive behavio-
ral ART adherence intervention, and showed promising 
virologic and adherence outcome data. Our multicompo-
nent approach (i.e., technology and peer health coaches) 
is highly promising for HIV behavioral science, with 
potential broad effect on clinical treatment and preven-
tion. Additionally, our success with implementation of 
synchronous videoconferencing for intervention deliv-
ery to HIV+ AYA lends itself to application by trained 
research staff for related study procedures (i.e., electronic 
consent, qualitative and quantitative data collection). Yet 
the sustainability and scalability of technology-enabled 
ART adherence interventions for HIV+ AYA will require 
economic evaluation of cost-effectiveness [90], clinical tri-
als of efficacy, increased collaboration, and information 
sharing among HIV behavioral scientists [14].
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Appendix: Training Protocol for ACCESS Peer 
Health Coaches

Dates PHASE I: Didactics—Instructive 
Lectures & Interactive Discus-
sions

6/28/2017 (2 h) Week 1: ACCESS Research 
Study Overview

∙ Study overview—presented by 
principal investigator

∙ Ethical considerations (Health 
Insurance Portability and 
Accountability Act (HIPAA), 
NYS AIDS Law)

∙ WebEx lecture—presented by 
information technology special-
ist

7/5/2017 (2 h) Week 2: HIV Bootcamp
∙ Basic HIV epidemiology
∙ Adherence to HIV medications

7/12/2017 (2 h) Week 3: Peer Mentoring Role in 
the ACCESS Study

∙ Research ethics and compliance
 ∙ Introduction to Collaborative 

Institutional Training Initiative 
(CITI)

∙ Peer mentoring and the ACCESS 
Study

∙ Working on a research team
∙ Communication skills & tech-

niques
∙ Assessment of harm and related 

reporting procedures
∙ Cultural competency; Stigma 

and HIV
∙ Stages of change
∙ Introduction to open questions, 

affirmation, reflective listening, 
and summarizing (OARS)

∙ Homework—complete Institu-
tional Review Board (IRB) CITI 
 requirementsa

Dates PHASE II: Motivational Inter-
viewing (MI) Didactics, Written 
Practice, & Role Playing

7/19/2017 (2.5 h) Week 4: Motivational Learning
Guest speaker: Kathleen Sciacca, 

M.A
∙ Motivational Interviewing 

(MI)—history, past and present 
techniques, definitions

∙ Handouts—glossary of terms, 
MI Resource List, OARS, 
Change Talk

∙ Homework—responding to open 
questions with affirmation and 
reflection

Dates PHASE II: Motivational Inter-
viewing (MI) Didactics, Written 
Practice, & Role Playing

7/26/2017 (3 h) Week 5: Motivational Learning
Guest Speaker: Kathleen Sciacca, 

M.A
∙ Motivational Interviewing 

(Therapists’ Pitfalls in Tradi-
tional counseling)

∙ Four elements & strategies of 
Motivational Interviewing

∙ OARS—core skills
∙ Reflective listening
∙ Body & Soul MI  videoc (20-min 

presentation)
∙ EARS (elaboration, affirming, 

reflecting, summarizing)
∙ Change-talk exercises based on 

Body & Soul MI video
8/2/2017 & 8/9/2017 (2 h) Self-Directed Learning Activi-

ties—No In-Person Meeting/
Training

∙ Peer counselor guide (read—
adapted from National Cancer 
Institute)b

∙ Homework—responding to 
change talk—practice exercises

8/16/2017 (2 h) Week 6: Peer Health Coach 
Practice Exercises

∙ Review and discuss homework
∙ OARS model—essential com-

munication skills
8/23/2017 (2 h) Week 7: Peer Health Coach 

OARS/EARS Exercises
∙ Review Team Members’ Fall 

2017 Schedule
∙ Role play—peer health 

coaches—practice with each 
other

∙ Video clip exercises—values & 
 motivationc (30 min)

∙ Role of the peer
Weeks 8 & 9 Transition to Integration and Application of MI 

Skills with ACCESS Protocol
8/30/2017 (2 h) Week 8: Role Play

∙ Review of last week (refresher)
∙ Review informed consent
∙ Review homework—practice 

exercise using OARS & EARS
 ∙ How to manage different ques-

tions coming from peers?
∙ Role play—(Peer Health 

Coaches—practice with each 
other for 60 min)
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Dates PHASE II: Motivational Inter-
viewing (MI) Didactics, Written 
Practice, & Role Playing

9/8/2017 (2 h) Week 9: Role Play; Review 
Protocol

∙ Review project timeline
∙ Warm-up review—OARS 

exercises
∙ Role play—intervention session 

1 (60 min)

Dates PHASE III: ACCESS Protocol 
Practice: Live Role Play using 
Student Actors & WebEx

9/13/2017 (2 h) Week 10: Practice/Role Play 
Session 1

∙ WebEx role play—intervention 
session 1 (60 min)

∙ Question & answer about inter-
vention protocol

9/22/2017 (2 h) Week 11: Practice/Role Play 
Session 1 & 2

∙ WebEx role play—ACCESS 
intervention session 1

∙ WebEx role play—ACCESS 
intervention session 2

9/29/2017 (2 h) Week 12: Practice/Role Play 
Session 2 & 3

∙ WebEx role play—ACCESS 
intervention session 2

∙ WebEx role play—ACCESS 
intervention session 3

10/4/2017 (1 h) Self-Directed Learning Activi-
ties—No In-Person Meeting/
Training

∙ Independent practice of 
ACCESS sessions 2 & 3

10/11/2017 (2 h) Week 13: Practice/Role Play 
Session 3

∙ WebEx role play—ACCESS 
intervention session 3

10/18/2017 (2 h) Week 14: Practice/Role Play 
Session 4

∙ WebEx role play—ACCESS 
intervention session 4

10/25/2017 (1 h) Self-Directed Learning Activi-
ties—No In-Person Meeting/
Training

∙ Independent practice of 
ACCESS sessions 4 & 5

11/01/2017 (2 h) Week 15: Practice/Role Play 
Session 5

∙ WebEx role play—ACCESS 
intervention session 5

11/08/2017 (2 h) Week 16: Practice/Role Play—
Revisit Session 1

∙ WebEx role play—ACCESS 
intervention session 1 review

a 5 h to complete CITI training
b https:// rtips. cancer. gov/ rtips/ viewP roduct. do? viewM ode= produ ct& 
produ ctId= 10818 42

c https:// rtips. cancer. gov/ rtips/ viewP roduct. do? viewM ode= produ ct& 
produ ctId= 10818 73
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