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Abstract
Youth living with HIV (YLWH) in the US have low rates of viral suppression (VS). In a prospective randomized clinical 
trial (ATN152) that enrolled 89 YLWH on antiretroviral therapy (ART) with detectable viral load, we evaluated a 12 week 
triggered escalating real-time adherence (TERA) intervention with remote coaching, electronic dose monitoring (EDM), and 
outreach for missed/delayed doses compared to standard of care (SOC). Median [Q1, Q3] percent days with EDM opening 
was higher in TERA (72% (47%, 89%)) versus SOC (41% (21%, 59%); p < 0.001) and incidence of numbers of 7 day gaps 
between openings were lower (TERA to SOC ratio: 0.40; 95% CI 0.30, 0.53; p < 0.001). There were no differences in VS at 
week 12 (TERA 35%; 95% CI 21%, 51% versus SOC 36%; 95% CI 22%, 51%; p > 0.99) or later time-points. The intervention 
improved adherence but not VS in heavily ART-experienced YLWH. Remote coaching more closely tailored to the unique 
dosing patterns and duration of need for youth struggling to reach VS warrants further investigation.
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Introduction

Youth (13–24 years) living with HIV (YLWH) have the low-
est rates of viral suppression (VS) among people living with 
HIV in the United States (US) [1, 2]. Among YLWH in the 
US, low rates of viral suppression, from 12% [3] to 30% 
[4] are attributed to loss across the HIV cascade of care 

(knowing one’s status, linking to care, receiving antiretrovi-
ral therapy (ART), adhering to ART and sustaining engage-
ment in care and ART). Among YLWH prescribed ART, 
about 60% are virally suppressed [5], far below the national 
target of 90% [6]. For youth with detectable viral load, nega-
tive consequences include worse clinical outcomes such as 
AIDS defining illness, hospitalization, death, issues related 
to chronic inflammation, and increased odds of repeat viro-
logic failure, as well as greater odds for onward transmission 
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[7–10]. Achieving and sustaining viral suppression in youth 
on ART depends primarily on consistent adherence [11]. 
ART has dramatically improved over the past decade in 
terms of tolerability, potency and pill-burden [9], and the 
US Food and Drug Administration (FDA) recently approved 
the first complete injectable long acting ART regimen for 
adults with suppressed viral load [12]. However, for youth 
with known difficulties achieving viral suppression, daily 
oral ART remains the main treatment strategy, suggesting 
that adherence interventions tailored to YLWH, and specifi-
cally to those with detectable viral load, remain critically 
needed [13, 14].

The Adolescent Medicine Trials Network for HIV/AIDS 
Interventions (ATN) 152 study (NCT03292432) was a Phase 
II, randomized, open-label trial that evaluated the efficacy 
of a 12  week triggered escalating real-time adherence 
(TERA) intervention in YLWH with detectable viral load 
on ART in the US. Enrollees were not virally suppressed 
at time of enrollment despite being prescribed ART for at 
least 24 weeks. The 12 week TERA intervention, described 
in greater detail previously [15], provided remote coach-
ing sessions at baseline, Weeks 4 and 12, and had several 
mHealth components, including actively monitored dosing 
using an electronic dose monitoring (EDM) device, with 
coach outreach by text and phone for delayed and missed 
doses. EDM devices were issued to all participants to use 
throughout study participation to measure adherence. We 
hypothesized that participants randomized to the 12 week 
TERA intervention would achieve viral suppression after 
12 weeks at higher rates than those continuing with standard 
of care (SOC).

We present the study’s primary and secondary outcomes 
using data collected before study visits were paused on 
March 20, 2020 due to the COVID-19 pandemic [16, 17]. 
All participants had reached or passed their Week 12 study 
visit before the pause. Given the potential impact of COVID-
19 on experiences and outcomes [18–21], we revised the 
protocol and approach to focus outcomes and related inter-
pretations on pre-COVID-19 pandemic data.

Methods

Study Design

Participants were recruited at ATN sites across the US, with 
a targeted enrollment of 120 youth. Inclusion criteria in addi-
tion to living with HIV (vertically or perinatally acquired) 
included: (i) 13–24 years of age, (ii) prescribed ART for at 
least 24 weeks, (iii) documented HIV-1 RNA plasma ≥ 200 
copies/ml within 45 days of study entry, (iv) on an ART 
regimen taken once daily, (v) having a cellphone able to 
send and receive text messages, (vi) able to communicate in 

spoken English, and (vii) willing to provide contact infor-
mation for at least one person who could assist in locating 
youth if the study team could not reach them directly. Use 
of EDM devices outside the study, enrollment in another 
active adherence intervention study, and issues that would 
impair or interfere with ability to provide informed consent 
or assent at enrollment were exclusion criteria. All partici-
pants completed consent procedures per site specific con-
sent and assent requirements. Enrollees were stratified by 
age (< 18 years vs. ≥ 18 years) and randomized with equal 
probability to TERA or continuing SOC. Stratification was 
to ensure balance in treatment assignment within age stra-
tum. Half the enrollees were randomly selected to engage 
in additional in-depth interviews about their experiences at 
Weeks 12 and 48. The qualitative data is presently undergo-
ing analysis for presentation elsewhere.

Participants were followed for 48  weeks with study 
visits at screening, entry (which could be the same day as 
screening), and Weeks 4, 12 (each ± 2 weeks), 24, 36, and 
48 (each ± 4 weeks). In addition to clinical data collection, 
participants completed an audio computer-assisted self inter-
view (ACASI) at each study visit except Week 4. Partici-
pants in both arms were given an AdhereTech™ EDM pill 
bottle (https://​adher​etech.​com/​how-​it-​works) to store ART 
medication and record dosing data (date and time for each 
bottle opening). Participants with multiple pills in their daily 
dose of ART were asked to store only one of their medica-
tions in the bottle, and use that prompt to remind themselves 
of all accompanying pills. For participants in the TERA arm, 
only the first 12 weeks (active intervention phase) involved 
active monitoring of the EDM data wirelessly transmitted to 
a central website and used by the intervention coaches and 
monitors to identify and respond to late or missed doses. 
For the SOC participants, EDM dosing data were collected 
passively (opening event date and time were captured and 
battery strength monitored, but no outreach for non-dosing) 
for the full 48 week study period; for the TERA participants, 
passive collection started post intervention (Week 12) and 
continued through to the end of their study participation.

The Triggered Escalating Remote Coaching 
Adherence (TERA) Intervention Condition

Described in detail elsewhere [15], the TERA interven-
tion paired participants with a remote coach for 12 weeks. 
The coaches were study team members with diverse edu-
cational backgrounds (undergraduate degree to Masters in 
Social Work) and unrelated to the clinical care sites where 
youth received treatment. Over the course of the study, 
four coaches of diverse ethnic and racial background and 
sexual and gender identity were trained and delivered the 
intervention. Although not a requirement, all coaches par-
ticipating in the study were at or below 30 years of age. 

https://adheretech.com/how-it-works
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Coaches completed basic Motivational Interviewing and 
TERA intervention training as part of study specific prepa-
ration. Coaches engaged with participants remotely through 
planned sessions on VSee, a secure video conferencing 
platform, at clinic visits at baseline, week 4 and week 12, 
and as needed through SMS and phone calls throughout the 
12 week period when the EDM signaled late or missed dos-
ing. Planned sessions included exploration of values and 
needs through a visual activity mapping out one’s “Lifes-
pace”, identification of facilitators and challenges to adher-
ence through an adapted Next Step Counseling approach, 
and development of an adherence plan. At week 4 and 12 
sessions, coaches additionally used a readiness ruler around 
adherence and reviewed participant dosing data presented 
in a calendar graphic display. For as needed outreach, when 
doses appeared late per EDM data, an automated text ask-
ing about dosing plans was sent to the participant’s cell 
phone with options of (a) taking now, (b) taking later, and 
(c) skipping. Follow-up from coaches was based on the spe-
cific answer provided or if there was no reply, and included 
two-way texting and phone-call outreach. Exploring the spe-
cific situation causing delays in dosing or missed doses and 
brainstorming potential solutions was generally the focus of 
follow-up outreach. Thus, the intervention approach used 
remote coaches and EDM data collection to provide support 
triggered by late dosing and escalating in terms of initiation 
and progression of outreach efforts.

Analysis Population and Follow‑up

Analyses included all enrolled participants with any data 
collected. Follow-up included data collected through March 
20, 2020, the start of the study’s COVID-19 pandemic 
related pause, by which time all participants had reached 
Week 12 and all but one had reached Week 24. The study 
pause followed FDA and regulatory guidelines applicable to 
our behavioral study [16, 17]. Because participant behavior 
after the study pause might differ [22], the protocol team 
revised the statistical analysis plan and study protocol to 
base primary results on data collected before the pause. A 
Letter of Amendment was released to the sites in June 2020 
modifying the post Week 12 secondary outcome measures, 
and institutional review board (IRB) approval obtained for 
the revised approach. Post COVID-19 pause data collection 
was completed in October 2020. While primary results focus 
on pre COVID-19 pandemic related pause data, we repeated 
analyses with all collected data as a supplement to the pri-
mary analyses [23, 24].

Virologic Suppression

The primary objective of the study was to estimate and 
compare HIV VS rates at the completion of the intervention 

phase of the study at Week 12. The primary definition of 
VS was a composite outcome where successful VS was 
defined as a plasma HIV-1 RNA < 200 copies/ml at Week 
12 (± 2 weeks) while failure was defined as either having 
a Week 12 HIV-1 RNA of ≥ 200 copies/ml or missing the 
viral load test. Thus, participants with no viral load collected 
within the 2 week window of the study visit for any reason 
except a non-HIV-related death before Week 12 were clas-
sified as failures for the primary analysis. Two supplemen-
tary analyses were conducted: HIV-1 RNA < 200 copies/ml 
at Week 12 (± 2 weeks) with missing HIV-1 RNA values 
excluded (complete case) and (ii) HIV-1 RNA < 200 copies/
ml with missing HIV-1 RNA values classified as failures, but 
allowing a wider window (8–18 weeks) for capturing HIV-1 
RNA (wide window). This set of analyses was repeated for 
HIV-1 RNA < 50 copies/ml.

Additional objectives included VS over longer time peri-
ods using both cross-sectional (HIV-1 RNA < 200 (or < 50 
copies/ml) at Weeks 24, 36, and 48 (± 4 weeks)) and lon-
gitudinal outcome measures (achieved HIV-1 RNA < 200 
copies/ml by Week 12 and maintain VS through Week 
48). Participants with no HIV-1 RNA measurement within 
the ± 4 week visit window for any reason besides non HIV-
related death were classified as failures. Because of the 
administrative censoring due to the COVID-19 pause, only 
participants with a study visit or with the opportunity to 
have had a study visit (i.e., time since randomization was 
longer than the acceptable upper window for the study visit 
to have taken place) before the COVID-19 pandemic related 
study pause were included in the primary post intervention 
analyses. For comparison, Week 48 results were also sum-
marized using all data collected through the end of the study 
for all participants.

Adherence Outcomes

Adherence was measured through the collection of bottle-
opening events from the EDM Smart Bottle, which regis-
tered the date and time of device opening, and transmitted 
this information wirelessly to a data collection dashboard 
through a cellular network. When out of network, the device 
stored the data, which were transmitted once the device was 
again in range. The scheduled daily dose time was stored 
on the dashboard and the Smart Bottle emitted a blue puls-
ing light around that dose time when the bottle remained 
unopened. This feature was active for all participants 
throughout the study to promote engagement with the EDM.

Following recommendations and relevant methodological 
guidelines for summarizing adherence [25, 26], a dose was 
considered as taken if the device was opened at least once 
during the 24 h period starting at midnight. Two adherence 
outcome measures were used to compare arms: (i) percent of 
days device was opened over a full 12 week period (PCT12), 
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and (ii) an incidence rate (IR) representing the number of 
7 day gaps (defined as 7 consecutive days without opening 
the EDM) over 12 weeks (GAP IR) calculated as:

When summarizing adherence with EDM data it was 
assumed that opening of the EDM device reflected actual 
dosing. To check this assumption, we evaluated the asso-
ciation between EDM openings and viral load (see sec-
ond paragraph of statistical methods) and only used EDM 
data for 12 week periods having statistically significant 
(p ≤ 0.05) correlations with viral load of at least moderate 
size (described below).

Statistical Methods

Categorical outcomes were summarized using proportions 
with exact (Clopper-Pearson) 95% confidence intervals (CIs) 
and arms compared using Fisher’s exact tests. Continuous 
outcomes were summarized using medians [Q1, Q3] and dis-
tributions compared by arm using Wilcoxon rank sum tests.

For each 12 week interval, percentages of participants 
with VS and the difference in percentages between arms 
were summarized. Three covariates were identified a priori 
by the Study Team to be included in adjusted analyses: age 
(years), mode of transmission, and sex at birth. Any baseline 
characteristics with differences by arm at baseline (p < 0.05) 
and associated with the primary virologic outcome meas-
ure (p < 0.10) were also included in adjusted analyses. Log 
binomial regression models were fit on the VS outcomes 
with main effects for the intervention and adjusted for each 
covariate. Adjusted analyses were also fit using repeated 
measures log binomial models including VS at Weeks 12, 
24, 36 and 48. Models were fit using generalized estimat-
ing equations with an exchangeable correlation structure, 
robust variances, and included study visit week in the model. 
Median [Q1, Q3] HIV-1 RNA data (log10-transformed) were 
presented graphically and numbers of participants with at 
least a one log10 decline in HIV-1 RNA levels from baseline 
summarized.

We explored associations of EDM openings (adher-
ence) with viral load using Locally Estimated Scatterplot 
Smoothing (LOESS) curves and Spearman correlations 
(ρ) between each 12 week adherence outcome (PCT12 and 
GAP IR) and HIV-1 RNA levels (log10-transformed) at the 
end of the 12 week period. If dose monitoring was captur-
ing actual dose taking, the summary measures should be 
associated with the viral outcome. For each 12 week period 
where the adherence summary measures were associated 
with HIV-1 RNA levels (a moderate correlation of |ρ|> 0.35 
and p < 0.05) [27], distributions of PCT12 and GAP IR were 

GAPIR = 12 ∗

Number of seven day gaps

Number of weeks with data

compared by VS using Wilcoxon rank sum tests. By arm 
comparisons of PCT12 used Wilcoxon rank sum tests and 
IR ratios of GAP IR used generalized linear models with a 
Poisson link and Wald confidence limits.

Differences significant at the p < 0.05 level were high-
lighted in the text. No adjustments were made for multiple 
testing, and since there were many comparisons, results 
should be interpreted with care. Analyses were done in SAS 
9.4 (SAS Institute, Cary, NC).

Community Engagement

Components of the intervention and study procedures were 
reviewed by a youth advisory board who met virtually each 
month, facilitated by one of the intervention coaches. Each 
participating clinical research site was asked to identify 
one to two youth who could serve in the virtual youth advi-
sory board (vYAB). vYAB members could remain engaged 
throughout the entire study, and were compensated for their 
participation. Recommendations from the vYAB were incor-
porated throughout the study, including their feedback on 
interpretation of results and findings.

Ethics

Study procedures were reviewed and approved by a central 
IRB (the ATN Coordinating Center at University of North 
Carolina, Chapel Hill). In addition, participating research 
sites engaged their local IRB as per site policy. Sites var-
ied in their institutional approaches for obtaining informed 
consent versus assent with parental/guardian consent per 
their local guidelines. The study was reviewed by the ATN’s 
Safety Monitoring Committee (SMC) twice a year. The 
SMC reviewed any adverse events and made recommenda-
tions for the continuation of the study, given both safety and 
progress of the overall study in terms of recruitment and 
enrollment targets.

Results

Sample

Eighty-nine youth (74% of the targeted 120) were recruited 
at ten participating ATN sites located in the southern US 
(five sites), east coast (two sites), mid-west (one site) and 
western US (two sites) between April 2018 and Septem-
ber 2019. Accrual was closed before reaching enrollment 
targets per the recommendation of the SMC, which also 
recommended study follow-up continue as planned. Of 
the 269 participants approached for enrollment, 110 (41%) 
consented to being screened for eligibility. As indicated in 
Fig. 1, of the 108 screened for enrollment, three potential 
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participants did not return to the clinic for further evaluation. 
Of the 16 eligibility failures, the most common reason for 
ineligibility (15) was having an HIV-1 RNA less than the 
200 copies/ml minimum set by the inclusion criteria. One 
participant enrolled at a site that was immediately defunded, 
leaving 88 participants in the analysis population followed 
until March 20, 2020.

Sample Characteristics

Participants were 55% male, 85% Black, with a median 
age of 22 years (range 13–24) (Table 1). Forty-four per-
cent had acquired HIV at birth. When reporting sexual 
identity, 45% selected ‘gay’, 41% ‘heterosexual’, and 11% 
‘bisexual’. Twenty-percent (20%) were classified as having 
moderate to high alcohol use, 54% moderate to high can-
nabis use, just under half had used tobacco products (45%), 
but use of other substances was minimal (injection drugs 
(0%), amphetamine (5%), cocaine (6%), hallucinogens (1%), 

inhalants (2%), opioids (7%), sedatives (8%), other (2%)). 
Median HIV-1 RNA at screening was 3571 copies/ml (range 
210–1,440,000), with median values slightly higher in the 
TERA arm. About one third (32%) of participants had an 
ongoing psychiatric disorder and 18% (30% in the TERA 
arm and 7% in the SOC arm) were on at least one psychiatric 
medication at study entry. Most participants (49%) were on 
their second ART regimen, 30% were on at least their third 
regimen, and 22% were continuing on their first line regi-
men. Most participants (78%) were on an integrase strand 
transfer inhibitor based combination antiretroviral therapy. 
Nineteen participants (22%) had switched to a new regimen 
in the 30 days prior to entering the study. A total of eight 
participants (9%) switched regimens while on study and all 
were after Week 12 (3 in the TERA arm and 5 in the SOC 
arm).

Fig. 1   Consort diagram. Grayed text represents post COVID-19 pandemic related pause in data collection- not used in primary analyses
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Table 1   Baseline characteristics of analysis population (Triggered escalating real-time adherence intervention [TERA] versus standard of care 
[SOC])

Characteristic Level SOC (N = 45) TERA (N = 43) Total (N = 88)

Site N (%) Bronx-Lebanon 7 (16%) 8 (19%) 15 (17%)
Emory 4 (9%) 3 (7%) 7 (8%)
Ft. Lauderdale 6 (13%) 4 (9%) 10 (11%)
Jacksonville 3 (7%) 3 (7%) 6 (7%)
Johns Hopkins 4 (9%) 3 (7%) 7 (8%)
St. Jude 5 (11%) 6 (14%) 11 (13%)
Univ. of Alabama 0 (0%) 1 (2%) 1 (1%)
Univ. of Colorado 5 (11%) 6 (14%) 11 (13%)
Wayne State 11 (24%) 9 (21%) 20 (23%)

Sex at birth N (%) Female 19 (42%) 21 (49%) 40 (45%)
Male 26 (58%) 22 (51%) 48 (55%)

Race N (%) Black or African American 40 (89%) 34 (81%) 74 (85%)
Other 4 (9%) 6 (14%) 10 (11%)
Unknown 1 (2%) 2 (5%) 3 (3%)
Missing 0 1 1

Ethnicity N (%) Not Hispanic or Latino 41 (91%) 34 (81%) 75 (86%)
Hispanic or Latino 4 (9%) 5 (12%) 9 (10%)
Unknown 0 (0%) 3 (7%) 3 (3%)
Missing 0 1 1

Age (years) Median (Min, Max) 22.1 (16.5, 24.8) 22.3 (13.7, 24.8) 22.2 (13.7, 24.8)
Age category N (%) 13–17 yrs 5 (11%) 4 (9%) 9 (10%)

18–21 yrs 16 (36%) 13 (30%) 29 (33%)
22- < 25 yrs 24 (53%) 26 (60%) 50 (57%)

Mode of HIV transmission N (%) Horizontal 24 (53%) 25 (58%) 49 (56%)
Vertical 21 (47%) 18 (42%) 39 (44%)

Sexual identity N (%) Gay 21 (47%) 18 (43%) 39 (45%)
Heterosexual 20 (44%) 16 (38%) 36 (41%)
Bisexual 3 (7%) 7 (17%) 10 (11%)
Other/Prefer not to answer 1 (2%) 1 (2%) 2 (2%)
Missing 0 1 1

ASSIST [28] Any substance use N (%) Yes 35 (78%) 33 (79%) 68 (78%)
No 8 (18%) 9 (21%) 17 (20%)
Preferred not to answer > 1 question 2 (4%) 0 (0%) 2 (2%)
Missing 0 1 1

Alcohol risk score [28] category N (%) Never used/Low 34 (76%) 32 (76%) 66 (76%)
Moderate/High 10 (22%) 7 (17%) 17 (20%)
Used substance but invalid risk score 0 (0%) 3 (7%) 3 (3%)
Prefer not to answer 1 (2%) 0 (0%) 1 (1%)
Missing 0 1 1

Cannabis risk score [28] category N (%) Never used/Low 13 (29%) 19 (45%) 32 (37%)
Moderate/High 27 (60%) 20 (48%) 47 (54%)
Used substance but invalid risk score 2 (4%) 2 (5%) 4 (5%)
Prefer not to answer 3 (7%) 1 (2%) 4 (5%)
Missing 0 1 1
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Table 1   (continued)

Characteristic Level SOC (N = 45) TERA (N = 43) Total (N = 88)
N (%) N (%) N (%)

Ever used tobacco 
N (%)

Yes 22 (49%) 17 (40%) 39 (45%)
No 22 (49%) 25 (60%) 47 (54%)
Prefer not to answer 1 (2%) 0 (0%) 1 (1%)
Missing 0 1 1

Screening HIV-1 
RNA (copies/ml)

Median (Min, Max) 2630 (210, 209,000) 5010 (240, 1,440,000) 3571 (210, 1,440,000)

Screening log10 
HIV-1 RNA (cop-
ies/ml)

Median (Min, Max) 3.42 (2.32, 5.32) 3.70 (2.38, 6.16) 3.55 (2.32, 6.16)

Psychiatric disorder 
present N (%)

Yes 14 (31%) 14 (33%) 28 (32%)
No 31 (69%) 29 (67%) 60 (68%)

On psychiatric medi-
cations N (%)

Yes 3 (7%) 13 (30%) 16 (18%)
No 42 (93%) 30 (70%) 72 (82%)

Number prior ARV 
regimens N (%)

1 10 (22%) 9 (21%) 19 (22%)
2 21 (47%) 22 (51%) 43 (49%)
 ≥ 3 14 (31%) 12 (28%) 26 (30%)

Center for epide-
miological studies 
depression scale 
(CESD) [29–31] 
category N (%)

Not depressed (< 10) 22 (50%) 13 (33%) 35 (42%)
Depressed (≥ 10) 22 (50%) 27 (68%) 49 (58%)
Missing 1 3 4

Medical outcomes 
study social support 
survey [32] overall 
index score

N 43 39 82
Median (Q1, Q3) 72.4 (43.4, 94.7) 71.1 (52.6, 97.4) 71.7 (50.0, 96.1)

EQ-5D-Y [33, 34] 
VAS score

N 45 42 87
Median (Q1, Q3) 80.0 (70.0, 95.0) 80.0 (65.0, 90.0) 80.0 (70.0, 95.0)

Emotional regulation 
questionnaire (ERQ) 
[35, 36]: Cognitive 
reappraisal scale

N 43 41 84
Median (Q1, Q3) 31.0 (26.0, 38.0) 35.0 (27.0, 39.0) 32.0 (27.0, 38.5)

ERQ Expressive sup-
pression scale

N 44 41 85
Median (Q1, Q3) 18.0 (13.7, 22.0) 19.0 (13.0, 22.0) 18.0 (13.0, 22.0)

Adolescent decision 
making question-
naire (ADMQ) [37, 
38]: Self-confidence 
score

N 43 40 83
Median (Q1, Q3) 3.2 (2.8, 3.5) 3.0 (2.6, 3.5) 3.2 (2.7, 3.5)

ADMQ vigilance 
score

N 42 40 82
Median (Q1, Q3) 3.0 (2.5, 3.8) 3.0 (2.4, 3.6) 3.0 (2.5, 3.7)

ADMQ panic score N 42 39 81
Median (Q1, Q3) 2.3 (1.8, 2.8) 2.0 (1.5, 2.8) 2.0 (1.5, 2.8)

ADMQ evasiveness 
score

N 42 40 82
Median (Q1, Q3) 1.5 (1.3, 1.8) 1.4 (1.2, 2.2) 1.5 (1.2, 2.0)

ADMQ complacency 
score

N 42 38 80
Median (Q1, Q3) 1.8 (1.4, 2.1) 1.7 (1.4, 2.0) 1.8 (1.4, 2.1)

HIV stigma frame-
work (HIV stigma) 
[39–41]: anticipated

N 43 40 83
Median (Q1, Q3) 2.0 (1.0, 2.4) 1.9 (1.0, 2.3) 1.9 (1.0, 2.3)

HIV stigma: Enacted N 42 38 80
Median (Q1, Q3) 1.2 (1.0, 2.0) 1.0 (1.0, 1.7) 1.1 (1.0, 1.8)

HIV stigma: Internal-
ized

N 43 39 82
Median (Q1, Q3) 2.7 (1.0, 4.0) 2.8 (1.0, 4.0) 2.8 (1.0, 4.0)



3904	 AIDS and Behavior (2022) 26:3897–3913

1 3

Study Status as of COVID‑19 Pause

By March 20, 2020, all 88 participants in the analysis popu-
lation were evaluable for Week 12 VS analyses (i.e., had 
been enrolled at least 14 weeks before the study pause), 87 
for Week 24, 68 for Week 36, and 54 for Week 48. Thirty-
nine (44%) participants (22 in the TERA arm and 17 in the 
SOC arm) had completed the Week 48 clinic visit and 29 
(33%) remained on study (Fig. 1). Seven (8%) participants 
went off study before 14 weeks of follow-up and an addi-
tional 13 went off study after Week 14 and before complet-
ing the Week 48 visit (Fig. 1). Reasons for early study dis-
continuation included three deaths, 14 losses-to-follow-up, 
and three withdrawals. Time to off study did not differ by 
arm (Logrank p = 0.31).

Attendance at each study visit among participants on 
study was above 85%, although visits were not always 
within the required visit windows. Among participants 
who attended study visits, only three ACASIs (one at study 
entry), two qualitative interviews, and two coaching sessions 
were not completed. Problems with the EDM device were 
reported for eight SOC and nine TERA arm participants over 
the course of the study. Two participants in the SOC arm and 
five in the TERA arm required new devices due to devices 
being lost, stolen or otherwise no longer available.

Adverse Events

Up to the COVID-19 study pause, ten serious adverse events 
(SAEs) in seven participants had been reported and none 
were related to the study. In the SOC arm, three partici-
pants (7%) experienced one SAE each: cardiac event result-
ing in death at 35 weeks follow-up (not HIV-related), gun-
shot resulting in death at 51 weeks (not HIV-related), and 

hospitalization due to esophageal candidiasis and pelvic 
inflammatory disease. In the TERA arm, four participants 
(9%) experienced seven SAEs: abscess, death due to AIDS 
complications at 13 weeks (HIV-related), pneumothorax 
(twice), and one participant with herpes simplex virus proc-
titis, pneumonia and cellulitis. No additional SAEs were 
reported between March 2020 and when follow-up was 
completed in October 2020.

Intervention Effect on Virologic Success at Week 12

All 88 participants were included in the Week 12 analy-
sis, including the one HIV-related death which occurred 
within the Week 12 study visit window. Virologic success 
(primary: HIV-1 RNA < 200 copies/ml measured between 
weeks 10–14) was achieved in 16 of 45 (36%; 95% CI 22%, 
51%) SOC arm participants and 15 of 43 (35%; 95% CI 
21%, 51%) TERA arm participants (Table 2). The difference 
between arms (TERA–SOC) was − 1% (95% CI − 21%, 
20%; p > 0.99). About half (56%) the failures were HIV-1 
RNA measurements ≥ 200 copies/ml (62% in the SOC arm 
and 50% in the TERA arm). One third (32%) of participants 
had no HIV-1 RNA measurements available within a wider 
window of 8–18 weeks (31% in the SOC arm and 32% in 
the TERA arm). The rest (12%) had an HIV-1 RNA < 200 
copies/ml measurement within the wider window (7% in 
the SOC arm and 18% in the TERA arm). The potential 
impact of these small imbalances in reasons for failure were 
explored through the two supplementary analyses described 
in the next paragraph. Numbers of participants within sites 
were small (Table 1) and differences between arms within 
sites highly variable, ranging from – 32–50% (data not 
shown).

Table 1   (continued)

Characteristic Level SOC (N = 45) TERA (N = 43) Total (N = 88)
N (%) N (%) N (%)

Information motiva-
tion behavioral ART 
adherence question-
naire (IMB-AAQ) 
[42, 43]: Informa-
tion score

N 43 39 82

Median (Q1, Q3) 3.6 (3.1, 4.1) 3.8 (3.3, 4.1) 3.7 (3.2, 4.1)

IMB-AAQ: Motiva-
tion scale

N 43 39 82
Median (Q1, Q3) 3.3 (2.7, 4.1) 3.0 (2.6, 3.9) 3.2 (2.7, 4.0)

IMB-AAQ: Personal 
motivation scale

N 43 39 82
Median (Q1, Q3) 2.8 (2.3, 4.0) 2.5 (2.0, 3.8) 2.8 (2.0, 3.8)

HIV adherence 
self-efficacy scale 
(HIV-ases) [44, 45]: 
Overall self-efficacy

N 43 39 82
Median (Q1, Q3) 5.3 (5.0, 6.0) 5.3 (5.0, 6.3) 5.3 (5.0, 6.0)
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Using only complete case HIV-1 RNA measurements 
within the Week 12 window, VS rates were 44% in both 
arms. Expanding the allowable window for viral load data 
while retaining the missing equals failure approach (wide 
window) resulted in a slight but non statistically signifi-
cant advantage for those in the TERA arm (47%; 95% CI 
31%, 62%) versus (40%; 95% CI 26%, 56%) in the SOC arm 
(p = 0.67). Also presented in Table 2 are results of analyses 
using the more stringent VS definition of HIV-1 RNA < 50 
copies/ml. VS rates were comparable across approaches, 
with small, non-statistically significant advantages in the 
SOC arm.

No covariates (those summarized in Table 1) met cri-
teria to be included in adjusted analyses. In an unadjusted 
log binomial model, the relative risk of achieving HIV-1 
RNA < 200 copies/ml (± 2 weeks, primary) for TERA to 
SOC was 0.98 (95% CI 0.56, 1.73). In all log binomial 
regression models with study arm and each covariate iden-
tified a prior for inclusion in adjusted analyses (age (years), 
mode of transmission, and sex at birth), the magnitude of 
the risk ratios (RR) for TERA to SOC changed very lit-
tle (a maximum of 0.03). Older YLWH were less likely to 
achieve VS using the wide window outcome (age (years): 
RR = 0.91; 95% CI 0.85, 0.98; p = 0.014 and age ≥ 21 years 
vs. < 21 years: RR = 0.67; 95% CI 0.42, 1.07; p = 0.09). Nei-
ther sex at birth nor mode of infection were associated with 
levels of viral suppression at Week 12.

Intervention Effect on Virologic Suppression 
at Weeks 24, 36 and 48

Figure 2 (primary) and Table 2 show cross-sectional per-
centages of participants with HIV-1 RNA < 200 copies/ml 
from Weeks 12–48. There were no consistent differences 
between arms across study visits (Fig. 2a). At least half 
the failures at each timepoint were HIV-1 RNA measure-
ments ≥ 200 copies/ml within ± 4 weeks (58% at Week 24, 
57% at Week 36 and 50% at Week 48), with higher percent-
ages in the TERA arm, i.e., more failures due to missing 
HIV-1 measurements in the SOC arm.

In repeated measures log binomial regressions, the RR of 
viral suppression across Weeks 12 to 48 for the primary VS 
outcome (HIV-1 RNA < 200 copies/ml) for TERA to SOC 
was 0.90 (95% CI 0.58, 1.41). This RR varied little in mod-
els adjusted for age, mode of transmission, or sex at birth. As 
with the cross-sectional analysis at Week 12, older age was 
associated with a lower risk of achieving HIV-1 RNA < 200 
copies/ml (wide window) (age (years): RR = 0.94; 95% CI 
0.88, 0.99; p = 0.032) and age ≥ 21 years vs. < 21 years: 
RR = 0.72; 95% CI 0.48, 1.06; p = 0.09). There were 
marginally significant associations of sex at birth with 
HIV-1 RNA < 200 (and < 50) copies/ml (complete case), 
with females less likely to achieve VS than males (HIV-1 

RNA < 200 copies/ml RR for females vs. males = 0.69; 95% 
CI 0.45, 1.05; p = 0.09 and for HIV-1 RNA < 50 copies/
ml = 0.63; 95% CI 0.38, 1.03; p = 0.07).

Intervention Effect on Sustained Virologic 
Suppression

Of the 54 participants with the opportunity for follow-up 
to Week 48, 14% (4 of 29) in the TERA arm and 8% (2 of 
25) in the SOC arm achieved consistent HIV-1 RNA < 200 
copies/ml (TERA–SOC: 6%; 95% CI − 15%, 25%; p = 0.67) 
(Table 2). Among the 31 participants with HIV-1 RNA < 200 
copies/ml at Week 12, 15 had the opportunity for 48 weeks 
of follow-up. Of the 15, two of five in the SOC arm (40%; 
95% CI 5%, 85%) and four of 10 in the TERA arm (40%; 
95% CI 12%, 74%) had sustained virologic control through 
Week 48.

Intervention Effect on HIV‑1 RNA (Continuous)

Median [Q1, Q3] log10 HIV-1 RNA (copies/ml) by week is 
graphed in Fig. 2b. There were no statistically significant 
differences between the arms in HIV-1 RNA levels at any 
timepoint (p ≥ 0.31). However, over half the participants in 
each arm experienced at least a 1 log10 HIV-1 RNA decline 
at Week 4 (TERA 64%, SOC 50%), 12 (TERA 59%, SOC 
53%), and 24 (TERA 52%, SOC 59%).

Intervention Effect on Post COVID‑19 Pandemic 
Related Pause Week 48 Viral Suppression

By the time study visits resumed after the COVID-19 pan-
demic related pause, all participants were approaching or 
past their Week 48 visit. Using all HIV-1 RNA data, the pro-
portion of participants with VS at Week 48 (using the pri-
mary (MEF) definition including all enrolled participants not 
dying from non HIV-related causes (N = 86)) in the TERA 
arm was 26% (95% CI 14%, 41%) versus 23% (12%, 39%) 
in the SOC arm (p > 0.99). Proportions able to achieve (by 
Week 12) and maintain HIV-1 RNA through Week 48 were 
12% (95% CI 4%, 25%) in the TERA arm and 7% (95%CI 
2%, 19%) in the SOC arm (p = 0.71). These results were con-
sistent with results in the pre-COVID-19 pandemic related 
timepoint analysis showing no differences between arms in 
long term VS.

EDM Openings and Association with VS

There were statistically significant associations between 
VS (HIV-1 RNA < 200 copies/ml) and adherence per EDM 
dosing (PCT12) over the initial 12 weeks (52% virally sup-
pressed among those with 80% or higher adherence (11/21) 
versus 30% among those with lower than 80% adherence 
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Table 2   Percent (95% confidence interval (CI)) of participants achieving primary and secondary VS outcome measures by study arm (Triggered 
escalating real-time adherence intervention [TERA] versus standard of care [SOC])

Outcome Week Arm VS (N) Total (N) VS (%) VS (%) (95% CI) TERA–SOC pa

% (95% CI)

HIV-1 RNA < 200 copies/ml at 12 weeks
  ± 2 weeks (Primary MEF) 12 SOC 16 45 35.6 (21.9, 51.2)

TERA 15 43 34.9 (21.0, 50.9) − 0.7 (− 20.9, 19.6)  > 0.99
  ± 2 weeks (Complete case) 12 SOC 16 36 44.4 (27.9, 61.9)

TERA 15 34 44.1 (27.2, 62.1) − 0.3 (− 24.6, 23.1)  > 0.99
 8—18 weeks (Wide window, MEF) 12 SOC 18 45 40.0 (25.7, 55.7)

TERA 20 43 46.5 (31.2, 62.3) 6.5 (− 14.9, 27.1) 0.67
HIV-1 RNA < 50 copies/ml at 12 weeks
  ± 2 weeks (Primary MEF) 12 SOC 11 45 24.4 (12.9, 39.5)

TERA 9 43 20.9 (10.0, 36.0) − 3.5 (− 21.8, 15.2) 0.80
  ± 2 weeks (Complete case) 12 SOC 11 36 30.6 (16.3, 48.1)

TERA 9 34 26.5 (12.9, 44.4) − 4.1 (− 25.4, 17.7) 0.79
 8—18 weeks (Wide window, MEF) 12 SOC 13 45 28.9 (16.4, 44.3)

TERA 12 43 27.9 (15.3, 43.7) − 1.0 (− 20.1, 18.4)  > 0.99
HIV-1 RNA < 200 copies/ml at 24, 36 and 48 weeks
  ± 4 weeks (MEF) 24 SOC 18 44 40.9 (26.3, 56.8)

TERA 12 43 27.9 (15.3, 43.7) − 13.0 (− 32.7, 7.3) 0.26
36 SOC 7 32 21.9 (9.3, 40.0)

TERA 12 36 33.3 (18.6, 51.0) 11.5 (− 11.2, 32.8) 0.42
48 SOC 8 25 32.0 (14.9, 53.5)

TERA 8 29 27.6 (12.7, 47.2) − 4.4 (− 29.5, 20.7) 0.77
 ± 4 weeks (Complete case) 24 SOC 18 34 52.9 (35.1, 70.2)

TERA 12 31 38.7 (21.8, 57.8) − 14.2 (− 37.9, 10.5) 0.32
36 SOC 7 22 31.8 (13.9, 54.9)

TERA 12 29 41.4 (23.5, 61.1) 9.6 (− 18.7, 35.5) 0.57
48 SOC 8 16 50.0 (24.7, 75.3)

TERA 8 20 40.0 (19.1, 63.9) − 10.0 (− 41.9, 23.3) 0.74
 ± 6 weeks (Wide windows, MEF) 24 SOC 19 44 43.2 (28.3, 59.0)

TERA 13 43 30.2 (17.2, 46.1) − 12.9 (− 32.9, 7.7) 0.27
36 SOC 10 32 31.3 (16.1, 50.0)

TERA 13 36 36.1 (20.8, 53.8) 4.9 (− 18.3, 27.7) 0.80
48 SOC 9 25 36.0 (18.0, 57.5)

TERA 8 29 27.6 (12.7, 47.2) − 8.4 (− 33.6, 17.3) 0.57
HIV-1 RNA < 50 copies/ml at 24, 36 and 48 weeks
  ± 4 weeks (MEF) 24 SOC 16 44 36.4 (22.4, 52.2)

TERA 10 43 23.3 (11.8, 38.6) − 13.1 (− 32.1, 7.2) 0.24
36 SOC 5 32 15.6 (5.3, 32.8)

TERA 7 36 19.4 (8.2, 36.0) 3.8 (− 16.0, 22.6) 0.76
48 SOC 6 25 24.0 (9.4, 45.1)

TERA 8 29 27.6 (12.7, 47.2) 3.6 (− 21.8, 27.4)  > 0.99
  ± 4 weeks (Complete case) 24 SOC 16 34 47.1 (29.8, 64.9)

TERA 10 31 32.3 (16.7, 51.4) − 14.8 (− 38.7, 9.5) 0.31
36 SOC 5 22 22.7 (7.8, 45.4)

TERA 7 29 24.1 (10.3, 43.5) 1.4 (− 24.2, 26.2)  > 0.99
48 SOC 6 16 37.5 (15.2, 64.6)

TERA 8 20 40.0 (19.1, 63.9) 2.5 (− 30.8, 34.5)  > 0.99
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(20/66); Wilcoxon p-value < 0.001), and with occurrence of 
at least one gap of at least 7 days between openings (51% 
of participants with no gaps (20/39) were suppressed versus 
23% among those with at least one gap (11/48), Wilcoxon 
p-value 0.001). As illustrated in Fig. 3, the median percent-
age of days opening the EDM device by week declined in 
both arms over time. To determine the appropriateness of 
using EDM data to characterize adherence at more distal 
timepoints, we evaluated associations of the 12 week sum-
mary adherence measures (PCT12 and GAP IR) with viral 
load over the course of the study. Figure 4 shows scatter 
plots of HIV-1 RNA levels against each adherence sum-
mary measure with a LOESS curve superimposed (smooth-
ing parameter of 95%). HIV-1 RNA levels were consistently 
negatively correlated with PCT12 and positively correlated 
with GAP IR. Associations were statistically significant 
(p < 0.05) up to Week 36 for both measures (ρ ≥ 0.39 for 
GAP IR and ρ ≤ − 0.38 for PCT12). Accordingly, arm com-
parisons of EDM data were conducted up to Week 36.

Intervention Effects on Adherence and Gaps 
in Adherence

As presented in Table 2, the distribution of PCT12 during 
the intervention period was higher for participants in the 
TERA arm (median [Q1, Q3] of 72% [47%, 89%]) versus 
41% [21%, 59%] in the SOC arm (p < 0.001). Adherence in 
the TERA arm remained significantly higher than the SOC 
arm during the 12 weeks following the intervention. GAP 
IRs were significantly lower in the TERA arm (TERA to 
SOC IR ratio 0.40; 95% CI 0.30, 0.53) during the inter-
vention (Table 2) and remained significantly lower for the 
12 weeks following the intervention.

Discussion

In our sample of YLWH in the US with detectable viral 
load despite being prescribed ART at least 24 weeks, while 
a 12 week Triggered Escalating Real-Time Adherence inter-
vention compared to standard of care was associated with 
improvement in indicators of EDM assessed adherence to 
medications, there was no association with improved viral 
load suppression. It is sobering to note that achieving viro-
logic success at 12 weeks (HIV-1 RNA < 200 copies/mL 
within a 4 week window) was realized by only about 35% 
of study participants (Table 3).

ART attributes and participant characteristics may pro-
vide some insight into why the TERA intervention was 
not associated with improved virologic success (primary 
outcome measure) despite an association between EDM-
estimated adherence and virologic success, and signifi-
cantly higher adherence (secondary outcome measure) in 
the TERA arm. As an overarching consideration, contem-
porary combination ART regimens are highly efficacious 
when taken and relatively forgiving to non-adherence in the 
short term. In hindsight, the 12 week intervention period 
may have been too short to assess the impact of the TERA 
intervention. The study participants were treatment experi-
enced, some to multiple regimens. Nearly half (44%) had 
perinatally acquired HIV, 30% were on or beyond their third 
ART regimen, and three in four participants continued on 
the same ART regimen they were on prior to study entry. 
These ART history attributes may have blunted virologic 
response in the short run and with it the ability to ascertain a 
clinically meaningful difference in viral suppression between 
the two study arms within the 12 week intervention period. 
At the same time, the greater than 1 log10 drop in HIV-1 

Table 2   (continued)

Outcome Week Arm VS (N) Total (N) VS (%) VS (%) (95% CI) TERA–SOC pa

% (95% CI)

HIV-1 RNA < 50 copies/ml
  ± 6 weeks (Wide windows, MEF) 24 SOC 17 44 38.6 (24.4, 54.5)

TERA 11 43 25.6 (13.5, 41.2) − 13.1 (− 32.4, 7.2) 0.25
36 SOC 8 32 25.0 (11.5, 43.4)

TERA 8 36 22.2 (10.1, 39.2) − 2.8 (− 24.1, 17.9)  > 0.99
48 SOC 7 25 28.0 (12.1, 49.4)

TERA 8 29 27.6 (12.7, 47.2) − 0.4 (− 25.4, 24.1)  > 0.99
Sustained HIV-1 RNA < 200 copies/ml Weeks 12–48

SOC 2 25 8.0 (1.0, 26.0)
TERA 4 29 13.8 (3.9, 31.7) 5.8 (− 14.6, 25.3) 0.67

Complete case—based on available viral load data (missing excluded); Wide windows—extended windows to include any available viral load 
data within ± 6 weeks from study visit (− 4– + 6 weeks for Week 12 timepoint)
VS viral suppression per definition of outcome measure, MEF missing equals failure 
a Fisher’s exact p-value
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RNA relative to baseline through 12 weeks in more than 
half the participants in both study arms demonstrates the 
effect of participating in the study and with it for many study 
participants, potentially re-engaging in care. This may have 

further blunted the ability to ascertain differences in HIV-1 
viral load in the short-term between the two study arms. 
We examined the possibility of whether youth in the TERA 
arm may have made an effort to open and close the device 

Fig. 2   Viral Suppression and Viral Load Outcomes
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Fig. 3   Median percent days 
EDM device opened by week

Fig. 4   Scatterplot (LOESS line) 
of log10 HIV-1 RNA vs. GAP 
IR and percent days opened 
(PCT12) by 12-week period
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to “quiet” coach outreach or just because they were aware 
of the study’s “ask” to do so. While the possibility of such 
cannot be ruled out, the significant association of the EDM 
data with virologic suppression at week 12, would indicate 
that if such “gaming” of the system was being done by the 
participants, it was an exception rather than the norm and 
unlikely to explain the results.

Because using the EDM device waned over time, with 
very few devices in use after 36 weeks, robust longitudinal 
modeling of EDM adherence and viral load outcomes was 
not possible. Other intervention research has found similar 
effects on adherence in the absence of viral load effects [14, 
46–50], although these were typically with self-reported 
adherence measures. Reasons for affecting EDM measured 
adherence but not viral load are not clear. In addition to 
adherence, factors influencing viral suppression include viral 
load at diagnosis, history with viral suppression, subopti-
mal pharmacokinetics, lower genetic barriers to resistance, 
drug resistance and drug-drug interactions [51]. Resistance 
testing, pharmacokinetics and other relevant moderators or 
mediators of an adherence-to-viral load relationship were 
not assessed in this study.

Study limitations include the small sample size, which 
limited ability to evaluate the intervention in relation to geo-
graphic or clinic-level differences. The study did not reach 
enrollment targets (n = 120) due to slow accrual. Participat-
ing network sites were all well-established clinical care cent-
ers and had variable success reaching and enrolling viremic 
youth who are often not engaged in clinical HIV-care. 
We used a composite outcome measure for viral success, 
which required attendance at clinics for viral load testing 
within relatively narrow permissible study windows, and 
which proved difficult. For 44% of participants, failure was 
because we had no viral load result within the 2 week win-
dow surrounding the Week 12 study visit. A planned sen-
sitivity analysis using a wider window from 8 to 18 weeks 
but retaining the missing equals failure criterion, resulted 
in 32% of participants with missing values set to failure. 
Using wider windows and using only complete cases yielded 
results similar to the primary analysis, so there were no indi-
cations the primary results were biased by differential miss-
ingness by arm. Our intervention focused on engaging youth 
both at clinic visits, and extensively outside of clinic visits, 
with monitoring and outreach. The focus on adherence did 
not expressly include retention in care. Future interventions 
that either facilitate viral load monitoring outside of a clini-
cal care setting (e.g., home testing) or that incorporate strat-
egies to assist in showing up for clinical care visits should 
be considered.

EDM data, while high resolution compared to snapshot 
assessments based on participant recall, also had some 
limitations when estimating adherence. Although EDM 
devices similar to the one used in this study have been used Ta
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in numerous studies and amassed considerable validation 
data, they have limitations [51]. Such devices can create a 
‘bump’ in adherence (increased adherence through novelty 
of and reactivity to the device [52]) that dissipates around 
40 days into use [53], they measure adherence related behav-
iors rather than ingestion of a dose, and require adherence 
to the monitoring device itself [25]. In our study, we saw an 
initial drop in viral load in both arms, which may have been 
facilitated by study participation, and specifically use of the 
EDM bottle. Over time, however, participants did appear to 
disengage with the EDM. Limited research is available for 
validity of EDM data over extended periods of time [54]. 
We observed periods of association between EDM dosing 
data and viral outcomes, and later periods when the EDM 
was only passively monitored and youth appeared to have 
largely abandoned its use. In these later periods there were 
no associations between EDM and viral load.

Overall, our results show improvement in ART adher-
ence during the active TERA intervention phase that was not 
sustained post intervention. A similar tapering of benefits 
post intervention has been reported with directly observed 
therapy interventions [55], which share some similarity with 
TERA in daily monitoring of dosing. While the results did 
not indicate an effect on viral suppression, the impact on 
improved adherence is clinically meaningful and warrants 
future studies to examine alternate approaches to deploy the 
TERA intervention including longer or tailored/titrated or 
pulsed delivery. Investigations into the potential impact of 
the intervention on psychosocial factors (e.g., adherence 
related information, motivation or skills, decision making, 
emotional regulation, mental health or stigma) are underway. 
Qualitative data are being examined for perceived impact 
of the intervention and related recommendations. With the 
recent proliferation of mHealth remote service delivery strat-
egies due to the COVID pandemic, components of TERA, 
such as use of a remotely located coach, as-needed SMS-
based outreach and video-conference support sessions, are 
well-matched to services offered outside of brick-and-mortar 
clinical care sites. Based on our experiences with implemen-
tation of TERA and data gathered to date, adaptations to the 
intervention that could potentially improve adherence further 
and assist youth in reaching viral suppression include: (1) 
untethering the coaching session from attendance in clinic, 
allowing for more and as-needed full coaching sessions in 
places of highest convenience for youth, (2) opening com-
munication channels between remote coaches and the on-site 
clinical care team to coordinate efforts or alert local out-
reach teams of potential gaps in adherence, and (3) allowing 
greater flexibility in implementation which would allow for 
shortening the intervention experience for those who do not 
“need” the support and elongating it for those who do. There 
are a multitude of barriers to optimal adherence to medica-
tions in youth living with HIV and tailoring of interventions 

to improve adherence to each individual remains important. 
We have shown the feasibility of the TERA intervention 
and its short-term impact on adherence. Pending the noted 
additional studies the TERA intervention holds promise both 
as an adherence improvement intervention in itself as well 
as providing the platform to incorporate and deliver other 
intervention strategies.
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