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Abstract
Antiretroviral therapy (ART) adherence is key to achieving viral load suppression and ending the HIV epidemic but monitor-
ing and supporting adherence using current interventions is challenging. We assessed the feasibility, acceptability and appro-
priateness of MedViewer (MV), a novel intervention that provides real-time adherence feedback for patients and providers 
using infra-red matrix-assisted laser desorption electrospray ionization (IR-MALDESI) for mass spectrometry imaging of 
daily ART concentrations in patients’ hair. We used mixed methods to feasibility test MV at a busy Infectious Diseases (ID) 
clinic, enrolling 16 providers and 36 patients. Providers underwent standardized training; patients and providers watched 
an 8-min informational video about MV. We collected patient and provider data at baseline and within 24 h of clinic visits 
and, with patients, approximately 1 month after clinic visits. MedViewer was feasible, liked by patients and providers, and 
perceived to help facilitate adherence conversations and motivate patients to improve adherence.
Trial Registration: NCT04232540.
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Introduction

Worldwide, 84% of (~ 37.7 million) people with HIV 
(PWH) in 2020 knew their HIV status, 73% (~ 28.2 mil-
lion people) of them were accessing antiretroviral ther-
apy (ART) and 66% (~ 18.6 million) of those accessing 
it were virologically suppressed [1]. Viral load suppres-
sion (VLS), which requires access to ART and optimal 
adherence, is a key determinant of morbidity and mortal-
ity for PWH. In addition, VLS underpins the Undetect-
able = Untransmittable (U = U) campaign, a key tool in 
counseling PWH and reducing stigma [2]. Despite dec-
ades of research devoted to optimizing ART adherence and 
underscoring its benefits, daily ART adherence continues 
to present a challenge to achieving VLS for many PWH 
[3]. Over a lifetime, even people with habitually perfect 
adherence will likely encounter treatment disruptions [4]. 
Importantly, variations in adherence may not be evident 
to prescribing providers if PWH have VLS at scheduled 
visits.

Many systematic reviews documenting the multifacto-
rial nature of nonadherence to ART indicate that interven-
tions to support adherence need to account for its multi-
ple and individualized causes [5, 6]. It is not surprising 
that a broad range of approaches, including counseling, 
education, and those addressing health care delivery, can 
improve adherence, but often only modestly [7]. Optimiza-
tion of ART adherence may require augmentation of cur-
rently available interventions, such as targeting multiple 
factors.

One domain shown consistently to influence ART 
adherence is the patient–provider interaction: better 
patient–provider relationships have a positive effect on 
medication adherence, including for PWH [8-13]. Provid-
ing patients with objective adherence feedback via elec-
tronic measures or biomarkers, has also been shown to 
enhance ART adherence, particularly when coupled with 
counseling [14-17]. Improving physicians' sometimes 
limited knowledge of patients' ART adherence can enrich 
their ability to provide tailored counseling about adher-
ence [18]. Consequently, the ability to accurately, feasi-
bly, and acceptably monitor adherence in clinical settings 
is increasingly recognized as an important component to 
augment ART adherence programs [4, 19, 20].

Reviews of studies of pharmacologic measures of 
adherence have shown antiretroviral concentrations in hair 
to be a valid biomarker of ART adherence that closely 
correlates with viral suppression [16, 21]. While sys-
temic drug concentrations are incorporated into hair con-
tinuously as part of daily growth, routine methods of hair 
analysis require homogenization of strands or segments 

such that hair concentrations reflect an average of adher-
ence behavior over a period of weeks to months, depend-
ing on hair segment length. This measure of cumulative 
adherence behavior, like concentrations of intracellular 
metabolites in blood cells, can be combined with pharma-
cologic measures of recent behavior (e.g., from plasma, 
saliva, or urine) to provide a picture of both short-term 
and long-term behavior [21-23], but still cannot offer a 
long-term daily record. Because these methods require the 
hair sample to be homogenized, they only provide infor-
mation of cumulative or average adherence behavior over 
the period of growth associated with hair samples (typi-
cally 1 month or greater). Members of our research team 
(AK, ER, NW) have developed a novel method for profil-
ing ARV concentrations longitudinally along hair strands 
using infra-red (IR) matrix-assisted laser desorption 
electrospray ionization (MALDESI) technology for mass 
spectrometry imaging (MSI) to investigate both short-
term and long-term daily patterns of adherence behavior 
simultaneously [24, 25]. This method also eliminates the 
multi-step sample processing and reduces the amount 
of hair required by traditional methods of hair analysis, 
which may otherwise limit utility in clinical settings due 
to the time constraints and may not be acceptable to all 
patients [26, 27].With the goal of providing patients and 
providers more granular and detailed information about 
ART adherence in the month prior to the patient visit, 
we developed a novel intervention, named MedViewer 
(MV), utilizing this technology. We developed MV based 
on formative qualitative studies with patients and provid-
ers to understand their preferences for graphical display 
of and uses for real-time adherence feedback [28, 29]. 
As we described previously [29], the suggested uses of 
MV corresponded to constructs of the Information-Moti-
vation-Behavioral Skills Model (IMB Model) [30, 31] 
of Adherence: Information provided was the important 
relationship between ART adherence and viral suppres-
sion and accurate knowledge of one’s personal adherence 
history; motivation came from comparing one’s actual to 
ideal adherence and reinforcing higher adherence levels; 
behavioral skills learned from MV included identification 
of patterns of missing pills, associated adherence barriers 
and strategies to overcome them. Specifically, the MV 
intervention was designed to use real-time longitudinal 
IR-MALDESI MSI-based adherence feedback for patients 
and their providers at a scheduled clinic visit combined 
with provider training and patient education to stimulate 
an adherence conversation between patient and provider. 
We then conducted a pilot study of MV to test the feasibil-
ity, acceptability and appropriateness of its implementa-
tion in a clinical setting.
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Methods

Study Design

The study was a single-arm pilot trial to test several 
aspects of the feasibility, acceptability, and appropriate-
ness of implementing the MV intervention during rou-
tine ID clinic visits at a large tertiary care center in the 
southeastern United States [32]. The study was designed 
to evaluate the use of MV as an investigational clinical 
adherence-monitoring tool. All study procedures were 
approved by the appropriate Institutional Review Board 
at the University of North Carolina (UNC) at Chapel Hill 
and the Division of AIDS (DAIDS) at the National Insti-
tutes of Health (NIH).

MedViewer Intervention

The intervention materials were developed based on an 
extensive literature review, formative in-depth interviews 
(IDI) studies with 20 patients receiving HIV care and 19 
HIV care providers, input from two community advisory 
boards, and integration with the IMB Model [28-31]. The 
final MV intervention consisted of four components: (1) 
Standardized (in-person or virtual) 30–60 min training 
session for medical providers to learn about MV and how 
to incorporate it into routine adherence discussions with 
patients; (2) Informational (approximately 8-min) video 
for patients watched during informed consent about MV 
and its procedures; (3) MV assay, which included base-
line sample collection of 5 hair strands, an imaging sci-
entist running the assay in the lab and generating MV 
results reports (patient and provider versions) visually 
classifying 30 days of ART concentrations (see example 
reports Fig. 1), and report delivery to providers at the 
clinic visit; (4) One-page communication aid and refer-
ence sheet for providers to support their discussions of 
the MV reports with patients. Patient and provider ver-
sions of the MV reports (Fig. 1) were designed to provide 
information about the daily concentration level of ART 
in a patient’s hair as objective feedback for patient and 
provider. The patient version of the report was in calendar 
format (Fig. 1), with dichotomous daily color assignment 
indicating an optimal or sub-optimal medication concen-
tration. The provider version was a bar graph (Fig. 1) dis-
playing each median daily drug concentration as a ver-
tical bar with whiskers representing variability among 
the measurements between each hair strand, along with 
information about the acceptable drug level threshold, 
and sensitivity, specificity, and reliability of the lab assay.

Participant Eligibility, Recruitment, and Screening

To be eligible, providers (attending physicians, ID fellows, 
nurse practitioners, physician assistants, or a designated 
HIV pharmacist) had to provide HIV care to patients at the 
study clinic, be willing to undergo the training, and provide 
informed consent. We invited all clinic providers through 
an IRB-approved secure email. Provider participants were 
considered lost to follow-up if, after enrollment, they did 
not complete any intervention activity or did not complete 
study activities and  did not explicitly inform research staff 
that they would like to withdraw from the study AND were 
unreachable by phone, email, or in-person despite multiple 
attempts before study close.

Eligible patient participants had to: be a patient living 
with HIV at the study clinic for at least 90 consecutive days; 
be ≥ 18 years of age; have at least one HIV viral load assess-
ment per year over the 2 years before screening (to enable 
us to categorize them by viral load group); have attended at 
least one HIV appointment at study clinic within 365 days 
of enrollment; have been prescribed dolutegravir or emtric-
itabine ≥ 90 days before enrollment; have an appointment 
with a participating provider during the study, be literate 
in English; have at least 1.0 cm of natural caput hair; and 
provide informed consent. Patients were excluded if they 
met any of these criteria: had previously participated in the 
formative study; were deemed too ill to participate; had a 
history of clinically significant alteration of the gastrointes-
tinal system or drug absorption capability; or had chemical 
hair treatment, such as using dye, bleach, or relaxers, within 
4 weeks before hair, sampling. Screening was stratified by 
VL group (over the last 2 years, the first group—fully sup-
pressed—had all VLs below the limit of quantification and 
second group—not fully suppressed—had at least one VL 
above the limit of quantification at the study site clinical 
laboratory, which was less than 40 copies/ml) with a maxi-
mum of 25 within each group.

Each week, a dedicated research screener provided pro-
ject staff with a list of potentially eligible scheduled patients 
who were then contacted to verify their eligibility and invite 
them to participate.

Data Collection Procedures

At baseline patient participants completed an approximately 
10-min self-administered questionnaire on a tablet. Within 
24-h post-visit, patients completed a 12-item question-
naire that assessed their experience with MV. Prior to the 
COVID-19 pandemic, all study procedures for each patient 
were completed on the same day (January 20th, 2020, to 
March 16th, 2020). A hiatus in patient enrollment occurred 
from March 16th, 2020, to February 2nd, 2021, while study 
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procedures were revised and approved to accommodate 
COVID-19 pandemic conditions. From February 2nd, 2021, 
to October 8th, 2021, baseline data were collected remotely 
up to 4 days before the provider visit and the provider visit 
could be conducted in-person or by telemedicine.

Provider participants completed a baseline question-
naire approximately 24 h after the provider training that 
assessed their demographic features and their evalua-
tion of the training. Providers also completed a post-visit 
questionnaire within 48 h after each appointment with a 

participating patient to assess their experience with MV at 
that visit, including whether they showed and discussed it 
with the patient. Upon study completion, providers com-
pleted a questionnaire and an IDI to assess their experi-
ences with MV after they had seen at least 2 participating 
patients, or after study close.

Administrative logs were maintained to track timing of 
each intervention procedure including hair plucking, trans-
portation time, delivery of hair sample, start times of MV 
assay, and electronically time-stamped report delivery times.

Fig. 1  Example MedViewer report patient (calendar) version and provider (bar chart) version
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Variables and Measures

Feasibility

Primary Feasibility Outcome: proportion of patient partici-
pants receiving the MV report during their provider visit as 
planned (defined as “the report is delivered to designated 
research staff member within 2 h of initiation of hair pro-
cessing and discussed [by patient] with provider or phar-
macist within 4 weeks of hair collection”) was assessed by 
combining data from study tracking logs with responses 
to two multiple-choice questions in the patients’ post-visit 
questionnaires that asked “Who showed you a copy of your 
MV report at your visit today?” (Response options: No one; 
My usual HIV medical provider; The clinic pharmacist; A 
clinic nurse; Someone else, please specify) and “Did this 
person discuss your MV report with you at your visit today 
(yes or no)?”.

Other Feasibility Outcomes We assessed the total time to 
run the MV assay for each participant, and the proportion of 
assays completed within a 2-h window, using study tracking 
logs of MV assay start times and time-stamped electronic 
delivery times. We assessed time providers spent counseling 
patients about the MV report with one item on the provider 
post-visit questionnaire with 6 categorical response options 
(0, ≤ 1, 2–5, 5–10, 10–15, > 15 min). In instances in which 
patients did not receive and/or discuss the MV report with a 
provider, we assessed reasons using 2 multiple choice items 
from the provider post-visit questionnaire that included an 
open-ended “other” category.

We calculated the average per-patient cost for collect-
ing, running, reporting, and discussing the MV assay. The 
cost estimate included costs of personnel and clinic space 
while showing the educational video, travel for remote visits 
(round-trip minutes driven to collect hair sample and number 
of miles X the federal mileage reimbursement rate), chemist 
time to run lab assay, staff time to print, deliver and review 
the report, and provider time to counsel (number of minutes 
spent self-reported by providers on a post-visit question-
naire) as well as personnel and provider costs incurred dur-
ing the provider training and fixed costs for video production 
and equipment. All personnel times and training duration 
were documented using study logs in which activities were 
documented via start and stop time stamps as part of study 
administrative logs. The total cost of MV program delivery 
included fixed costs, such as cost of the machine, cost of 
creating the video and plus all summed variable costs (based 
upon aforementioned administrative cost data, as well as the 
cost of sample collection kits, lab analytes, and equipment 
maintenance, costs for utilizing clinical exam rooms). The 
total costs were then divided by the number of patients to 

whom the MV intervention was delivered for the estimated 
cost of delivery per person.

Acceptability

Primary Acceptability Outcome: Proportion of eligible con-
tacted patients who agreed to participate in the MV Inter-
vention pilot study was assessed using available participant 
screening questionnaires of patients who were contacted and 
found to be eligible and invited to participate in the study 
along with enrolled patient logs.

Other Acceptability Outcomes We recorded reasons 
patients gave for declining participation when provided. 
Among patient and provider participants, respectively, we 
assessed their overall perceived usefulness of MV by ask-
ing “If MV were available for routine use, how likely would 
you be to use it/recommend it to some of your patients in 
the future?” (Response options: definitely would not, likely 
would not, likely would, definitely would). We also assessed 
the acceptability of specific components of the intervention. 
First, we asked providers to rate the overall quality of the 
training (on a scale of 1-poor to 5-excellent). Second, we 
assessed patients’ satisfaction with intervention components 
(waiting time, hair plucking, the format of the report, and 
the MV discussion with the provider) on a 5-point response 
scale ranging from “very dissatisfied” to “very satisfied.” 
Third, after viewing the video, we asked patients how help-
ful they found the video for 5 aspects of preparing for the 
MV assay (on a 5-point scale ranging from “extremely” to 
“not at all” helpful). We also used IDIs with both patients 
and providers to assess their views of individual MV com-
ponents. Providers were asked open-ended questions about 
their views of the provider training. Patients and provid-
ers were asked open-ended questions about their views of 
both versions of MV reports, the educational materials, and 
several MV procedures, as well as what they thought about 
usefulness of MV (e.g., what aspects they liked and disliked 
and why and how they used them).

Appropriateness

Appropriateness of MV was assessed as providers’ perceived 
usefulness of MV to promote ART adherence, via the post-
visit and endline questionnaires (on 5-point scales ranging 
from “not at all” to “extremely” useful) and qualitatively 
during patient and provider IDIs. We also assessed, in IDIs, 
perceived impact of MV on patient–provider communication 
and relationships. Patients were also asked how difficult or 
easy it was for them to understand the information in the MV 
Report (on a scale from “very difficult” to “very easy”) and 
to rate their adherence levels 1 month after receiving MV.
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Statistical Analyses

We calculated descriptive statistics using SAS 9.4, SAS 
Institute, Cary, NC (mean and SD for continuous normally 
distributed variables, median and range for continuous non-
normally distributed variables, frequencies, and percentages 
for categorical variables) of the sample characteristics of our 
participants as well as for each of the outcome variables. 
For some acceptability and the appropriateness outcomes, 
we conducted descriptive statistics stratified by VL group.

Qualitative Data Analyses

All interviews were digitally recorded and professionally 
transcribed verbatim. Study staff conducted transcription 
quality checks and reviewed full transcripts for content 
with the audio-recording in a first pass for accuracy and to 
develop familiarity with the data, noting emergent themes 
via memos. Second, a list of structural codes related to the 
interview questions was developed with code definitions 
documented in codebooks (separately for patient and pro-
vider interviews). Coding was conducted using Dedoose 
[33]. Trained qualitative research assistants piloted the code-
book with 5 patient and 3 provider interview transcripts: 
each transcript was coded by 2 coders to reconcile code 
application, codes and rules for their application were modi-
fied as needed to achieve consensus, and new codes were 
added as needed. To ensure inter-coder consistency, 100% 
of the data were double-coded. Independent coders reviewed 
areas of discrepancy until complete agreement was achieved. 
We then summarized participant responses corresponding to 
each code and described variation in responses between indi-
viduals and subgroups and identified principal sub-themes 
within each topic using matrices. To better understand the 
salience of patients’ and providers’ perceptions of MV, we 
integrated the quantitative and qualitative results through a 
convergent mixed-methods approach during the interpreta-
tion phase [34, 35].

Results

Study Participation and Sample Characteristics 
(Table 1)

As a result of pausing study activities for several months 
due to the COVID-19 pandemic, we were able to recruit 
only 36 (74%) of the planned total of 50 participants. Spe-
cifically, while we recruited all of the 25 fully suppressed 
group participants during the amount of time available to 
conduct the study, we recruited only 11 (44%) of the 25 
planned from the group of participants who were not fully 
suppressed, as they made up a lower proportion (< 15%) 

of the total scheduled clinic population. On average, 22 
patients per week (68% in the fully suppressed group, and 
32% in the not fully suppressed group) were eligible to be 
contacted by research staff based on their medical records. 
Research staff attempted to contact all potentially eligi-
ble patients each week, enrolling patients at a weekly rate 
of 0.84 patients (1.25/week pre-COVID and 0.75/week 
during COVID) over the 44 weeks (10 months) of active 
patient recruitment for a total of 36 unique participants.

Of the 75 patients who met the eligibility criteria that 
could be determined by chart review and who were con-
tacted and completed a prescreening questionnaire, 7 (9.3%) 
were deemed ineligible during phone screening, 2 (2.6%) 
due to insufficient hair length, 3 (4.1%) due to hair treatment, 
1 (1.3%) was in hospice and 1 (1.3%) died before the visit) 
leaving 68 fully eligible 58 (85.3%) of whom were scheduled 
for an initial visit. Of these, 22 (37.9%) did not present for 
their study visit while 36 (52.9% of those eligible) unique 
patients enrolled.

Of the 34 providers invited by secure email to participate, 
24 (70%) responded and 20 (58%) agreed to participate in 
the study, all of whom completed the training. Of these 20, 
1 moved from the university, which discontinued their eligi-
bility, and they were moved off study. Of the remaining 19, 
3 were lost to follow-up, although 2 of them had never seen 
patients for MV purposes. On average, the 16 providers saw 
2.4 patients (SD 1.6 median 2 range 1–7). Three providers 
were lost to follow-up, including one who saw two patients 
on study but never completed endline data collection. One 
(6%) of the 16 providers said they were not available to com-
plete an IDI. The 3 (19%) providers who had provided HIV 
care to patients in this clinic less than 1 year had all seen 
patients for at least 3 months; 3 (19%) additional providers 
had seen patients > 1 to 5 years, 3 (19%) > 5–10 years, and 
7 (44%) > 10 years.

Descriptive characteristics of the 36 unique patients 
enrolled and of participating providers are shown in Table 1.

Feasibility of MedViewer

Primary Feasibility Outcome: Proportion of Participants 
Receiving the MedViewer Report During Their Provider Visit 
as Planned

Among the 37 patient participant clinic visits (represent-
ing 36 unique patients), the MV report was received and 
discussed 35 times (94%): 1 patient (not fully suppressed 
group) did not attend their scheduled clinic visit after the 
report was available, and for the other patient (fully sup-
pressed group), the provider did not share the report with the 
patient. This participant was reenrolled at a later clinic visit 
where they discussed the new version of their report with 
the provider as planned. Of note, 3 (8%) of these discussions 
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Table 1  Characteristics of patient and provider study participants

Patient participants Fully suppressed Not fully suppressed All

Variable N = 25 N = 11 N = 36

Age, median (IQR) 53.5 40–60 46 34.5–54 51.5 37.5–57.5
Gender, n (%)
 Male 16 67% 6 50% 22 61%
 Female 8 33% 6 50% 14 39%

Race, n (%)
 Black 12 50% 8 67% 20 56%
 White 10 42% 3 25% 13 36%
 Other 2 8% 1 8% 3 8.3%

Ethnicity, n (%)
 Non-Hispanic 23 96% 11 92% 34 94%
 Hispanic 1 4% 1 8% 2 5.6%

Sexual orientation
 Heterosexual 11 46% 7 58% 18 50%
 Homosexual 9 37% 3 25% 12 33%
 Bisexual 3 12% 2 17% 5 14%
 Queer 1 4% 0 0% 1 2.8%

Marital status
 Married 4 17% 2 17% 6 17%
 Widowed 2 8% 1 8% 3 8%
 Divorced/separated 2 8% 2 17% 4 11%
 Living together, unmarried 3 12% 1 8% 4 11%
 Single, never married 13 54% 6 50% 19 53%

Highest education level
 Middle school or less 2 8% 0 0% 2 6%
 Some high school 2 8% 3 25% 5 14%
 High school graduate/GED 4 17% 5 42% 9 25%
 Junior college 2 8% 0 0% 2 6%
 Technical college 0 0% 1 8% 1 3%
 Some college (4-year) 3 12% 3 25% 6 17%
 College graduate (4-year) 9 37% 0 0% 9 25%
 Advanced degree 2 8% 0 0% 2 6%

Yearly income (past year)
 Number who replied to this item 23 11 34 34
 < $5000 3 13% 3 27% 6 18%
 $5,000–$10,000 3 13% 2 18% 5 15%
 > $10,000-$20,000 6 26% 4 36% 10 29%
 > $20,000–$50,000 6 26% 1 9% 7 21%
 > $50,000–$100,000 4 17% 1 9% 5 15%
 > $100,000 1 4% 0 0% 1 3%

Current employment status
 Number who replied to this item 24 10 34 34
 Part-time 5 21% 1 10% 6 18%
 Full-time 6 25% 3 30% 9 26%
 Unemployed 4 17% 3 30% 7 21%
 Stay-at-home caregiver 1 4% 0 0% 1 3%
 Retired 1 4% 0 0% 1 3%
 Disabled 4 17% 3 30% 7 21%
 Other 3 12% 0 0% 3 9%
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Table 1  (continued)

Patient participants Fully suppressed Not fully suppressed All

Variable N = 25 N = 11 N = 36

Health Insurance

 Number who replied to this item 24 11 35 35
 Medicaid 4 17% 3 27% 7 20%
 Medicare 4 17% 1 9% 5 14%
 Medicare/Medicaid 2 8% 1 9% 3 9%
 Employment-based private 6 25% 3 27% 9 26%

Individual private 3 12% 0 0% 3 9%
 None 5 21% 3 27% 8 23%

Medication coverage
 Number who replied to this item 23 12 35 35
 ADAP/Ryan White 8 35% 4 33% 12 34%
 Medicaid 2 9% 3 25% 5 14%
 Medicare Part D 2 9% 0 0% 2 6%
 Medicare Part D/Out-of-Pocket 1 4% 0 0% 1 3%
 Medicare Part D/Medicaid 2 9% 0 0% 2 6%
 Medicare Part D/ADAP/Ryan White 1 4% 1 8% 2 6%
 Private Insurance 7 30% 3 25% 10 29%
 Other 0 0% 1 8% 1 3%

Confidence in next 30 days…
 Take ART correctly
  Very sure cannot 0 0% 0 0% 0 0%
  Somewhat sure cannot 1 4% 0 0% 1 3%
  Neither sure or unsure 0 0% 1 8% 1 3%
  Somewhat sure can 4 17% 2 17% 6 17%
  Very sure can 19 79% 9 75% 28 78%

 Do better at taking ART 
  Number who replied to this item 21 11 32 32
  Very sure cannot 2 10% 0 0% 2 6%
  Somewhat sure cannot 1 5% 0 0% 1 3%
  Neither sure or unsure 0 0% 0 0% 0 0%
  Somewhat sure can 2 10% 1 9% 3 9%
  Very sure can 16 76% 9 82% 25 78%
  Cannot do better 0 0% 1 9% 1 3%

 Take ART correctly if tempted not to
  Number who replied to this item 23 12 35 35
  Very sure cannot 1 4% 0 0% 1 3%
  Somewhat sure cannot 0 0% 0 0% 0 0%
  Neither sure or unsure 0 0% 0 0% 0 0%
  Somewhat sure can 4 17% 4 33% 8 23%
  Very sure can 18 78% 8 67% 26 74%

Importance in next 30 days…
 Taking ART correctly
  Not at all important 0 0% 0 0% 0 0%
  A little important 1 4% 0 0% 1 3%
  Very important 14 58% 8 67% 22 61%
  Extremely important 9 37% 4 33% 13 36%
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were deferred by the provider to a clinic pharmacist or other 
provider. Among the 37 visits, 30 (81%) had the assay com-
pleted within 2 h of initiation of hair processing. In total, of 
the 37 patient participant clinic visits, 28 (76%) had both 
their assay completed within 2 h of initiation of hair process-
ing and the report discussed.

Secondary and Exploratory Feasibility Outcomes

Among the 35 patient/provider discussion pairs, 23 (66%) 
spent 2–5 min discussing the MV report, while 12 (34%) 
spent 5–10 min. One provider elected not to discuss the MV 
report with a patient as it appeared that a hair product may 
have interfered with the assay.

The mean assay duration was 1.8 h (SD 0.4). Among the 
10 assays conducted before the COVID-19 modifications, 5 
(50%) reports were delivered within 2 h of hair collection; 

the mean combined duration was 2.1 h (SD 0.2, median 2.0, 
range 1.8–2.6).

The average cost of the MV assay per patient was $198.17 
($172.17 for pre-COVID real-time visits and $224.16 for 
remote visits during COVID). Of this, $20 was related to 
supplies used in running the assay, $58.93 to chemist time 
to run the assay and $4.77 to other staff time to print and 
deliver the report to providers, while the mean cost of pro-
viders counseling patients using the report was $5.16 (range 
$3.17—$8.09). The remaining $109.31 was due to other 
costs (e.g., clinic space, staff sample collection and travel 
time, vehicle costs etc.). On average, patients indicated they 
would be willing to pay out-of-pocket a maximum of $16.73 
(SD 29.2 median $10, range $0-$150) for the MV assay if 
it were to be routinely available in the future. Roughly 44% 
(16/36) reported they would pay a maximum of $10-$25 
out-of-pocket, while 25% (9/36) reported they did not know 
how much they would be willing to pay.

Table 1  (continued)

Provider participants Enrolled providers Providers who saw study patients

Variable N = 20 N = 16

Mean age (range) 46 31–64 47 31–64

Median age (IQR) 44.5 37–53 46 38.5–53
Gender, n (%)
 Male 7 35% 5 31%
 Female 13 65% 11 69%

Race, n (%)
 Black 1 5% 1 6%
 White 17 85% 13 81%
 Other 2 10% 1 12%

Ethnicity, n (%)
 Non-Hispanic 20 100% 16 100%

Provider type, n (%)
 Attending physician 13 65% 10 62%
 ID fellow 1 5% 1 6%
 Nurse practitioner 3 15% 2 12%
 Physician assistant 2 10% 2 12%
 Pharmacist 1 5% 1 6%

Clinic hours/week, n (%)
 0–3 h/week 2 10% 1 6%
 > 3–10 h/week 13 65% 11 69%
 > 10–20 h/week 1 5% 0 0%
 > 20–30 h/week 0 0% 0 0%
 > 30 h/week 4 20% 4 25%

Years at ID clinic, n (%)
 < 1 year 4 20% 3 19%
 1–5 years 5 25% 3 19%
 > 5–10 years 3 15% 3 19%
 > 10 years 8 40% 7 44%
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Acceptability of MedViewer

Primary Acceptability Outcome: Proportion of Eligible 
Contacted Patients Who Agreed to Participate 
in the MedViewer Intervention Pilot Study

Of the 68 eligible patients contacted, 10 (14.7%) declined 

participation. Of these 10, 3 declined because they were 
unable to come to the clinic 2 h early, 3 had general time 
constraints, and 4 no longer wanted to participate in research 
in general.

Table 2  Acceptability: providers’ perceived acceptability of the MedViewer intervention

Overall usefulness of MedViewer

If MedViewer were available for routine use, how likely would you be to recommend it to some of your patients in future?

All who saw study patients and completed endline questionnaire (N = 15)

N %

Definitely would not 0 0
Likely would not 0 0
Likely would 7 47
Definitely would 8 53

Usefulness of specific components of MedViewer

How would you rate the provider training? All trained (N = 20)

N %

Poor 0 0
Fair 0 0
Good 0 0
Very good 1 5
Excellent 19 95

Satisfaction rating with…
…the content of the MedViewer report for providers? All who saw study patients and completed endline questionnaire (N = 15)

N %

Very, somewhat dissatisfied 0 0
Neither dissatisfied nor satisfied 0 0
Somewhat satisfied 2 13
Very satisfied 13 87

…the format of the MedViewer report for patients??
N %

Very dissatisfied 0 0
Somewhat dissatisfied 0 0
No dissatisfied nor satisfied 0 0
Somewhat satisfied 2 13
Very satisfied 13 87

…the adherence discussions you had with your patients?
N %

Very dissatisfied 0 0
Neither dissatisfied nor satisfied 2 13
Somewhat satisfied 5 33
Very satisfied 6 40
N/A 2 13
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Table 3  Patients’ perceived acceptability of MedViewer intervention

Overall usefulness of MedViewer to patients

If MedViewer were available for routine use, how likely would you be to use it in future?

All (N = 36) Fully suppressed group (N = 25) Not fully suppressed group 
(N = 11)

N % N % N %

Definitely would not 0 0 0 0 0 0
Likely would not 1 3 1 4 0 0
Likely would 7 19 5 20 2 18
Definitely would 28 78 19 76 9 82

Usefulness of specific MedViewer components

How satisfied or unsatisfied are you with…

…the experience of having your hair plucked?

All (N = 36) Fully suppressed group (N = 25) Not fully suppressed group 
(N = 11)

N % N % N %

Very dissatisfied 1 3 1 4 0 0
Somewhat dissatisfied 0 0 0 0 0 0
Neither dissatisfied nor satisfied 2 6 2 8 0 0
Somewhat satisfied 7 19 3 12 4 36
Very satisfied 26 72 19 76 7 64

…waiting time, from when your hair sample was collected to when you saw your medical provider?

N % N % N %

Very dissatisfied 1 3 1 4 0 0
Somewhat dissatisfied 0 0 0 0 0 0
Neither dissatisfied nor satisfied 2 6 2 8 0 0
Somewhat satisfied 2 6 1 4 1 9
Very satisfied 31 86 21 84 10 91

…the format of the MedViewer calendar report?

N % N % N %

Number of responses 34 94 23 92 11 100
Very dissatisfied 0 0 0 0 0 0
Somewhat dissatisfied 0 0 0 0 0 0
Neither dissatisfied nor satisfied 0 0 0 0 0 0
Somewhat satisfied 5 15 2 9 3 27
Very satisfied 29 85 21 91 8 73

…the discussion you had with your medical provider today about your ART adherence using the MedViewer report?

N % N % N %

Number of responses 34 94 23 92 11 100
 Very dissatisfied 0 0 0 0 0 0
 Neither dissatisfied nor satisfied 0 0 0 0 0 0
 Somewhat satisfied 1 3 0 0 1 9
 Very satisfied 33 97 23 100 10 91



3897AIDS and Behavior (2023) 27:3886–3904 

1 3

Table 3  (continued)

How helpful was the video for each of the following?

…to help you understand what would happen to you if you took the MedViewer test

All (N = 37) Fully suppressed group (N = 25) Not fully suppressed group 
(N = 12)

N % N % N %

Number of responses 29 78 17 68 12 100
 Extremely helpful 16 55 11 65 5 42
 Very helpful 12 41 6 35 6 50
 Moderately helpful 0 0 0 0 0 0
 A little helpful 1 3 0 0 1 8
 Not at all helpful 0 0 0 0 0 0

…to help you decide whether or not you wanted to take the MedViewer test

N % N % N %

Number of responses 29 78 17 68 12 100
 Extremely helpful 18 62 12 71 6 50
 Very helpful 7 24 3 18 4 33
 Moderately helpful 3 10 2 12 1 8
 A little helpful 1 3 0 0 1 8
 Not at all helpful 0 0 0 0 0 0

…to help you understand how to interpret your MedViewer report

N % N % N %

Number of responses 29 78 17 68 12 100
 Extremely helpful 17 59 12 71 5 42
 Very helpful 10 34 4 24 6 50
 Moderately helpful 1 3 1 6 0 0
 A little helpful 1 3 0 0 1 8
 Not at all helpful 0 0 0 0 0 0

…to help you feel more comfortable about having the MedViewer test

N % N % N %

Number of responses 29 78 17 68 12 100
 Extremely helpful 17 59 10 58 7 58
 Very helpful 8 28 4 24 4 33
 Moderately helpful 3 10 3 18 0 0
 A little helpful 1 3 0 0 1 8
 Not at all helpful 0 0 0 0 0 0

How much patients enjoyed watching video

N % N % N %

Number of responses 29 78 17 68 12 100
 Enjoyed it a lot 20 69 13 76 7 58
 Enjoyed it some 6 21 3 18 3 25
 Enjoyed it a little 3 10 1 6 2 17
 Did not enjoy it at all 0 0 0 0 0 0
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Secondary and Exploratory Acceptability Outcomes 
(Tables 2, 3)

Overall Provider Perceived Usefulness of  MedViewer 
(Table 2) All 15 providers who reviewed MV reports with 
patients and completed the endline questionnaire said 
they would recommend (8 (53%) “definitely” and 7 (47%) 
“likely”) MV testing to some of their patients if available 
for routine use in the future. Nineteen (75%) patients in fully 
suppressed group and 9(82%) of those in the not fully sup-
pressed group, respectively, said they “definitely would use” 
MV in the future if available. In IDIs, most providers stated 
their likelihood of recommending future MV testing to spe-
cific patients would depend on patients’ individual needs. 
Most providers stated that they would target it to patients 
with a history of detectable VL. Some providers said future 
MV testing for a wide spectrum of patients would be valu-
able as “just (be)cause someone is suppressed, doesn’t mean 
they’re fully adherent” and, for those who are, it “validates” 
their ongoing adherence.

Providers’ Views of  Acceptability of  Provider Training 
and Educational Materials (Table 2) Providers’ mean rating 
of the overall quality of the training on a scale from 1 (poor) 
to 5 (excellent) was 4.95 (SD 0.2 median 5 range 4–5). 
Many providers spoke positively in IDIs about the train-
ing session, reporting that they gained understanding of the 
study process and left feeling prepared to discuss and review 
the MV report in the clinic. Many found it helpful to be in a 
group training where they could hear each other’s thoughts 
and questions about MV. As one provider put it, “to hear 
other people’s language or other people’s ideas about how 
to use the tools,” was helpful. Two providers suggested pro-
viding opportunities to practice delivering reports during 
training. Very few providers felt that the training session 
was more elaborate than needed. Providers described the 
communication aid and FAQ sheets as “helpful” references 
and “good reminder[s]” of the information discussed in the 
training, particularly for their first patient visit using MV. 
The educational video was also well-received by providers; 
several described it as creating a “shared experience” with 
patients that made the MV intervention feel “collaborative.”

Patients’ Views of  Acceptability of  Educational 
Video Patients’ ratings of how helpful aspects of the video 
was to them are reported in Table 3. Most found the video 
“useful” to help them understand the intervention and pre-
pare them for their MV visit with their providers. Partici-
pants liked that the video explained the entire MV process 
“from the hair sample on down to the end results” in a 
detailed and visual manner that was "informative, “straight-
forward, and “simple” for people of all literacy levels to 

understand. Participants also found the video was “pleasing 
to watch” and “culturally diverse,” reflecting the diversity of 
the HIV community. For one patient, while the video was 
helpful and informative, watching it led to feelings of anxi-
ety and guilt related to ART nonadherence.

Acceptability of MedViewer Procedures Among the 37 vis-
its (n = 36 patients), all patients reported being comfortable 
and willing to provide hair samples for future MV testing, 
26 (72%) reported being very satisfied with the hair pluck-
ing procedures, and 31 (86%) reported being very satisfied 
with the amount of time waiting for results. In IDIs, patients 
described the hair sampling experience as very easy, refer-
ring to it as “seamless,” “cool,” “exciting,” “painless,” and 
“without complications.” Patients felt excited to try some-
thing new and learn more about what was “in their system.” 
Patients were unconcerned about their hair being trans-
ported to the lab.

Acceptability of  MedViewer Reports Delivery, Format, 
and Content While some providers said they initially had a 
concern that incorporating the MV report into a routine visit 
might disrupt clinic flow, most reported that it integrated 
well into their clinic routine as illustrated by this quote:

I guess [I thought] if all of my patients had another 
sheet of paper that I had to go through, it could be dis-
ruptive, but someone handed me a folder at the begin-
ning of my clinic session... and it was not disruptive.

Some providers said they anticipated disruptions if MV 
were implemented routinely for all patients due to additional 
questions. Some suggested that receiving the reports earlier 
to allow more time to review them before the patient visit 
could facilitate integration into clinic flow. As one provider 
put it, “… ideally, always it’s nice to, like, have a little bit 
more lead time to be able to review [the report] before, like, 
going in with a patient.”

Patient participants consistently stated that they would 
like to review the report with the clinic staff with whom they 
had the best rapport, which, for most, was their provider. As 
one patient put it, “I liked it because we have a really good 
rapport. Um, if it was a different provider, I might feel weird. 
… —it’s nice to have the one that you see [routinely] give 
you the information.” Some said they would be comfort-
able receiving their report from research staff, the phleboto-
mist, or HIV care pharmacist but they wanted that person to 
have competent understanding of the medication, be able to 
answer questions, and respect privacy concerns.

Most providers found the calendar version of the MV 
report to be helpful, simple and interpretable, using words 
such as “straightforward,” and “practical’ to describe it. Pro-
viders found the calendar report was easier to understand 
than the bar graph report and some said, as such, it helped 
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them better “visualize the patients’ adherence during con-
versations.” Its dichotomous nature seemed to have made the 
calendar more digestible for patients.

Most patients in both groups found the calendar report 
easy to understand (22 (88%) in the fully suppressed group, 
11 (100%) in the not fully suppressed group). Those who 
indicated having some difficulty comprehending the report, 
found the color scheme (Fig. 1) “unclear” and “unintuitive.” 
When asked to describe contents of the MV report, some 
participants incorrectly confused the colors representing no 
missed dose with that representing a possible missed a dose.

Among providers, 87% reported being “very satisfied” 
with the format and content of MV results (Table 2). Most 
providers thought the bar graph version of the reports helped 
them understand the test results. As one provider put it, “I 
think the bar graph is really—was helpful. It’s-it’s, uh, from 
a provider perspective, very visual… So, it—I think it rep-
resented the information appropriately… I wouldn’t change 
the structure of the report.” Providers who reported unsat-
isfactory experiences with the bar graph shared that they 
sometimes had a difficult time interpreting the data them-
selves. Understanding the threshold for indicating a missed 
dose was a particular point of confusion for a few providers. 
One provider explained, “I had some questions about sort of 
what the threshold was… I think the scale of the bar graph 
was a little bit confusing.”

While the provider training session explained that the bar 
graph version was mainly for provider use, approximately 
half of the providers chose to share the bar graph with their 
patients. Those who did considered it easy for most patients 
to interpret, allowing for a more detailed, “nuanced interpre-
tation of adherence” that better emphasized trends. Providers 
said reviewing the bar graphs with patients served to jump-
start more nuanced adherence discussions. One provider 
elaborated,

I think it showed very general trends for patients, and I 
think that was a good starting point. I think one of the 
obvious things you can see is kind of the undulation of, 
like, the general trend, which is helpful. I thought that 
was especially helpful in having conversations with 
people who had consistent virologic suppression, um, 
and especially interesting for people who had detect-
able viral load but below 40—to kind of show them 
how variations in drug levels could be seen through 
this methodology.

Some providers viewed the bar graph report as only useful 
for certain patients and generally “more information that’s 
not really clinically significant” and “not necessarily any 
more helpful than the calendar view” for most patients.

I think it's maybe a little bit more confusing and 
nuanced to explain, like, why on certain days it was 

so much higher— than on other days ... so I think … 
maybe some training on how to sort of explain that to 
the patients could be helpful.

Appropriateness (Usefulness of MedViewer 
to Promote Adherence and Patient–Provider 
Communication) by Viral Load Group (Table 4)

Perceived Usefulness of MedViewer to Promote ART 
Adherence

In IDIs, the fully suppressed group participants found MV 
useful to externally motivate them to continue medication 
compliance. Patients that expressed high confidence in their 
adherence liked having a “visual representation” confirming 
that they were taking their medication well; they described it 
as something that “felt good”. As one participant described, 
“It would—it would just continue to empower me to do what 
I’m doin’ because I’m seein’ phenomenal results”. Some 
fully suppressed group participants reported little to no 
impact on their medication taking after the MV intervention 
because their existing strategies already supported optimal 
adherence. Several suggested that MV may be most benefi-
cial for individuals newly diagnosed with HIV or struggling 
with medication adherence.

Most not fully suppressed participants found MV had a 
positive impact by increasing their motivation to adhere to 
ART medication or reinforcing pre-existing adherence strat-
egies. Some suggested that MV would most benefit individ-
uals who struggle with memory/cognitive challenges with 
adherence, while others believed “all patients would benefit 
from it.” Participants in the group not fully suppressed felt 
that the MV assay raised awareness of the importance of 
medication adherence, facilitated conversations with pro-
viders. MV was seen as a complement to routine CD4 and 
viral load counts. It was somewhat concerning that one not 
fully suppressed individual, however, viewed their adequate 
ART levels in the MV report, despite intentional periods 
of “medication vacations,” as evidence that they could use 
MV to monitor their medication vacations. Although the 
test is not validated for nor would it be recommended for 
this purpose, the participant stated: “It would definitely—it 
wouldn’t make me wanna take it every day… It would just 
let me know that I’m safe with how I’m takin’ it and to just 
continue to follow my own little guideline for my body.’”

Perceived Impact of MedViewer Use on Patient–Provider 
Communication and Relationship

In general, participants from the fully suppressed group 
described MV as having minimal impact on their relation-
ship with their provider but felt it did support their adherence 
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conversations with the provider by leading them to discuss 
specific strategies. Some not fully suppressed group patients 
said they felt afraid that their provider may think of them as 
“reckless” if future MV tests showed continued poor adher-
ence. Some not fully suppressed patients saw MV as a way 
to show providers that they are “doing their best.” Patients 
across both groups felt that MV served as a useful commu-
nication tool that “holds you at a standard of bein[g] kinda 
honest about what’s goin’ on—honest about how you’re 
takin’ your meds.” Another put it this way, “… you know 
because I—you don’t wanna disappoint people. You don’t 
want them to ever think you’re not doin’ your part to take 
care of yourself. I want—it’s confirmin’ to her that I’m tryin’ 
everything.” One patient who reported recent suboptimal 
medication adherence felt that more transparent than usual 
discussions stimulated by reviewing MV enhanced their 
patient–provider relationship.

When providers were asked to rate the likely effect of 
implementing regular MV testing on their relationship with 
patients, 8 (53%) reported no change, 2 (13%) reported a 
somewhat positive effect, and 5 (33%) reported a very posi-
tive effect. No providers expected a negative effect. Sev-
eral providers felt the MV report allowed them to be “less 

accusatory” when counseling patients, particularly when a 
discrepancy occurred between a patient's VL and their self-
reported adherence.

Discussion

We developed the MV intervention, a novel hair-based clini-
cal ART monitoring and feedback tool, as a new way to 
engage patients and providers to work together to address 
patients’ adherence. By providing them with a visual repre-
sentation of the daily amount of medication in the patient’s 
body to review together, MV offers patient–provider dyads 
a tool to stimulate and support discussions about patients' 
medication-taking. This approach provides the advantage of 
assessing longer periods of adherence behavior than do other 
novel point-of-care adherence testing approaches currently 
under development (21,40) Before directly testing its effi-
cacy to improve ART adherence, an important first step was 
to assess how feasible it would be to use in clinic, including 
how patients and providers felt about using it. In this mixed-
methods study, we found that the MV intervention was gen-
erally feasible, acceptable, and appropriate for use in a busy 

Table 4  Patients’ perceptions of appropriateness of MedViewer

Each provider could have more than one patient. Among 16 providers that saw patients: mean PVQ/provider: 2.4 (SD 1.67), median PVQ/pro-
vider: 2 (IQR 1–3.5) (range 1–7)

Patients’ perceived comprehensibility of MedViewer report

How difficult or easy was it to understand the information in the MedViewer report?

All (N = 36) Fully suppressed group (N = 25) Not fully suppressed 
group (N = 11)

N % N % N %

34 94 23 92 11 100
 Very difficult 0 0 0 0 0 0
 Somewhat difficult 1 3 1 4 0 0
 Somewhat easy 5 15 2 9 3 27
 Very easy 28 82 20 87 8 73

Appropriateness of MedViewer to promote adherence

Patients’ perceived ART adherence at 1-month follow-up

Percent adherence (self-reported)

All (N = 24) Fully suppressed group (N = 15) Not fully suppressed 
group (N = 9)

N % N % N %

23 96 14 93 9 100
 50–< 80% 0 0 0 0 0 0
 80–< 90% 1 4 1 7 0 0
 90–< 95% 2 9 1 7 1 11
 95–< 100% 7 30 4 29 3 33
 100% 13 57 8 57 5 56
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tertiary care ID clinic as a complement to routine provider-
delivered ART adherence counseling. Providers’ receipt of 
MV reports before routine clinic visits proved to be practical 
and was perceived as beneficial to review at the visit.

Each of the many aspects of the intervention that we 
assessed were found to be relatively feasible. During most 
MV visits, patients received the MV report as planned, 
which in our protocol was defined as “delivered within 2 h of 
initiating sample processing and discussed during the visit.” 
Because patients came to their appointment 2 hours early 
for the sample collection OR had it collected at locations 
that were remote from the clinic within 3 days before their 
clinic visit, MV did not impose undue burden on providers 
or interfere with clinic flow. That said, the low rate of patient 
enrollment partly reflects the fact that not all patients were 
willing or able to come to their appointment 2 hours early, 
which makes the MV less feasible when this time restriction 
is required. Use of remote hair collection, which was ini-
tially done in response to the COVID-19 pandemic, proved 
to make the use of MV more convenient and feasible for 
patients. The amount of time it took providers to discuss 
MV with patients was quite low. Furthermore, although in 
our formative studies some providers expressed concern that 
using MV might negatively affect their relationships with 
patients, when they actually used it in this study, providers 
reported no negative, and in many cases positive, effects 
[29]. MV was also found to be relatively affordable: only 
$79.00 was directly related to labor and supplies needed to 
run the assay itself. Both providers and patients found MV 
to be comprehensible, useful, and enjoyable, rating specific 
intervention components (e.g., video, educational materials, 
hair sampling process, etc.,) very favorably.

While our findings indicated that MV was feasible, 
acceptable, and appropriate, assessment of efficacy and 
optimal applications will require further study. The ques-
tion remains regarding those for whom MV will most 
enhance adherence. All participating providers said they 
would recommend MV to their patients in the future, if it 
were available, but most thought they would order it mainly 
for their patients with detectable viremia. A few providers, 
however, believed that MV would benefit all patients since 
intermittent VLS represents adherence for only small win-
dows of time. Most patients said they would “definitely” 
use MV in the future if available because it helped moti-
vate them to adhere, regardless of their VLS status. For 
many patients, the MV report represented an expression of 
praise or applause. These findings are consistent with our 
previously published adapted IMB Model on which MV 
was based [30-32] as it elucidates how objective adherence 
feedback information from the MV report can enhance rou-
tine adherence approaches by furnishing positive reinforce-
ment. A few patients with consistent VLS, however, saw 
no impact of MV on their motivation as they believed they 

were already optimally adherent. While most patients were 
inclined to think all patients could benefit from MV, some 
believed that the MV assay would be particularly useful to 
new or struggling patients. Our findings are consistent with 
other studies suggesting that real-time adherence feedback in 
clinical settings, including those using biomedical data, are a 
potentially useful approach but without agreement on which 
patients would benefit most [14-17, 36-39]. In diabetes care, 
adherence researchers demonstrated that targeting interven-
tions to less adherent patients led to better clinical outcomes 
overall [40]. The same may be true for HIV care and future 
studies of MV and other ART adherence interventions that 
offer biomedical adherence feedback as part of clinical care 
will need to evaluate different tactics to targeting the inter-
vention to determine for whom these interventions are most 
effective and most cost-effective [41].

In HIV care, point-of-care viral load (VL) monitoring 
has been shown to be cost-effective in improving viral sup-
pression [36-38]. Real-time ART adherence monitoring has 
the additional potential to identify and address each indi-
vidual’s adherence challenges early in treatment, to help 
tailor interventions to specific challenges that arise during 
ongoing treatment, and to motivate continued consistently 
high adherence [39]. So far, only few randomized trials have 
tested an intervention in the US to improve adherence to 
ART treatment specifically by giving medical providers a 
detailed objective adherence report before their visit with 
a patient [18]. Using Medication Event Monitoring System 
(MEMS) data for feedback to providers, the trial found no 
effect on adherence. However, their analyses of the audio-
taped patient–provider dialogues indicated that the feedback 
alone was insufficient; providers also needed training on how 
to communicate with patients about their adherence, such 
as that we provided in the MV intervention. Other studies 
have also shown that HIV providers benefit from training in 
adherence counseling techniques [42]. Moreover, the lack of 
effect in the trial by Wilson et al., may also be attributable 
to the limitations of MEMS data which reflect interactions 
with the pill bottle rather than actual pill ingestion and do 
not correlate well with pharmacologic adherence measures. 
A similar trial in China, in which providers received MEMS 
feedback for patients with adherence < 95% and reviewed 
the feedback with these patients, counseling them on med-
ication-taking strategies, showed improved adherence at 
12 months [16]. Similarly, a multi-site randomized trial in 
the Netherlands of objective MEMS feedback delivered by 
nurses trained to use the feedback to counsel patients on 
adherence strategies showed modest improvement in VLS 
[17]. These studies suggest that objective feedback used by 
providers to counsel patients can be effective. Like our study, 
a recent study of PrEP adherence among men who have sex 
with men, found that a digital pill feedback system to be 
feasible and acceptable [43]. MV goes beyond MEMS data 
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because it provides patients with information about what is 
happening daily in their bodies regarding their medication 
[44], something that patients mentioned as being particularly 
reinforcing and motivating for them.

While our findings suggest MV warrants testing of its 
effectiveness to promote adherence in a randomized trial, 
we did identify areas for improving MV before conducting 
a larger trial. The slow rate of recruitment in our study indi-
cates that many patients are either ineligible, difficult to con-
tact in advance, or uninterested in participating, suggesting 
it will not be a good option for all patients. Before COVID-
19, 3 participants declined participation because they were 
unable to come the requisite 2 h before their scheduled clinic 
appointment. Thus, offering an option to have one’s hair col-
lected a few days before the scheduled clinic appointment, 
as was done and found feasible during COVID-19, would 
enhance acceptability and feasibility by adding flexibility to 
accommodate patients’ differing circumstances. Similarly, as 
22 of the 58 patients scheduled for a MV visit did not show 
up, most of whom had histories of detectable viral loads 
and thus perhaps were among those most likely to benefit 
from MV, we can modify the intervention to work better 
for patients with poor access to clinic [41, 45]. The rise of 
telemedicine suggests the option of going to such patients 
to collect the sample of hair, as we did during COVID-19, 
and providing the clinic visit by videoconference. This tac-
tic could improve access to adherence support for hard-to-
reach patients as was shown in a recent pilot study among 
African American women living with HIV and depression 
[46]. Additional considerations might include hair sample 
self-collection and mailing. Also, while most patients found 
that MV motivated them to improve (or continue their good) 
adherence, one patient with a history of having a detectable 
VL incorrectly concluded that despite having taken “medi-
cation vacations,” their ART levels remained sufficient; in 
this case MV unintentionally provided informational support 
for continuing medication vacations. This case emphasizes 
further the importance of training providers to have more 
nuanced conversations with patients about the complex 
interplay among medication-taking, dose-timing, drug con-
centrations, and thresholds, as some providers had requested. 
In addition, providers disagreed about exactly how much 
information to provide patients. About half of the providers 
shared the bar graph with their patients (although it was 
primarily intended for provider use) and found it helped 
prompt more nuanced conversations about the effects of pill-
taking behavior on drug levels. Finally, while all providers 
and most patients found that MV had generally positive or 
no effects on the patient–provider relationship, a few non-
adherent patients worried that their provider would judge 
them negatively. Future MV components should incorporate 
techniques for supporting patients and allaying these fears.

Interpretation of the findings of this study must con-
sider its limitations. First, self-report measures in survey 
research and IDI responses may be subject to social desir-
ability biases. Respondents may have underreported socially 
undesirable attitudes toward the intervention, although 
questionnaires were self-administered on computers/tablets 
whenever possible, and the confidentiality of responses was 
made clear to participants to mitigate bias. Second, because 
MV relies on patients having sufficient amounts of untreated 
hair, it may not be an option for all patients. Seven percent 
of potentially eligible patients were ineligible due to either 
having hair that was too short or having recently treated their 
hair with chemical products. Third, we did not collect infor-
mation regarding why some providers spent more time than 
others discussing MV with their patients. This may be an 
important area to explore in future studies. Fourth, although 
the age distribution of our patient sample reflects the clinic’s 
population, the older median age means our findings may not 
generalize to younger patients. Also, the procedural changes 
made in response to the COVID-19 pandemic to limit in-
person contact to ensure the safety of patients, research staff, 
and providers limited impeded our exploration of the dura-
tion of conducting all assay procedures on the same day but 
did provide an opportunity to test new methods of imple-
menting MV via telehealth. In addition, while the cost of 
the intervention was found to be not prohibitively expensive 
for a US context, and some of the costs might be lower in 
low and middle income countries, the costs of technology, 
such as mass spectrometry imaging and its associated main-
tenance, still might be prohibitive for use in routine care in 
low and middle income countries.

Despite these limitations, the current pilot study presents 
the first effort to investigate how a novel longitudinal meas-
ure of hair concentrations as a reflection of adherence can 
stimulate and support adherence discussions in a clinical 
setting among PWH. Previous studies indicate that advanced 
technologies to measure ART using hair can be objective 
and reliable metrics of adherence [21]. Our findings indicate 
that MV is an appropriate, useful, and promising new tool to 
noninvasively measure and monitor ART daily longitudinal 
adherence.

Conclusion

The novel hair-based clinical ART monitoring tool, MV, 
with its visual representation of the daily amount of medica-
tion in the patient’s body, offers an exciting new approach to 
engaging patients and providers to collaborate to optimize 
patient adherence. This feasibility study lays the groundwork 
for a larger trial in the future to identify which patients to 
focus on for MV to achieve the most cost-effective outcomes 
and evaluate the impact of this monitoring on subsequent 
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adherence. Our findings add a novel slant to a growing 
body of evidence of adherence monitoring tools’ impact to 
improve and sustain VLS, strengthen provider-patient com-
munication, and improve engagement in long-term HIV 
care.
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