AIDS Behav (2012) 16:375-382
DOI 10.1007/s10461-011-9933-y

ORIGINAL PAPER

Real-Time Electronic Adherence Monitoring is Feasible,
Comparable to Unannounced Pill Counts, and Acceptable

Jessica E. Haberer + Gregory K. Robbins - Michele Ybarra -

Alexandra Monk - Kathleen Ragland - Sheri D. Weiser -
Mallory O. Johnson - David R. Bangsberg

Published online: 30 March 2011
© Springer Science+Business Media, LLC 2011

Abstract Second generation electronic medication
adherence monitors provide real-time data on pill bottle
opening behavior. Feasibility, validity, and acceptability,
however, have not been established. Med-eMonitor is a
multi-compartment adherence device with reminder and
education capacity that transmits data through a telephone
connection. Monthly adherence levels were measured for
52 participants over approximately 3 months using the
Med-eMonitor (unadjusted and adjusted for participant
confirmed dosing) and unannounced pill counts. HIV RNA
was assessed before and after the 3-month period.
Acceptability of Med-eMonitor was determined. Over 92%
of Med-eMonitor data was transmitted daily. Unannounced
pill counts significantly correlated with adjusted Med-
eMonitor adherence (r = 0.29, P = 0.04). HIV RNA sig-
nificantly correlated with unannounced pill counts (r =
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—0.34, P = 0.02), and trended toward a significant corre-
lation with unadjusted Med-eMonitor adherence (r =
—0.26; P = 0.07). Most, but not all, participants liked
using the Med-eMonitor. Med-eMonitor allows for real-
time adherence monitoring and potentially intervention,
which may be critical for prolonging treatment success.

Keywords Real-time adherence monitoring -
HIV antiretroviral therapy

Resumen La segunda generacion de monitores elect-
rénicos de adherencia a la medicacion proporcionan datos
en tiempo real sobre el comportamiento de la apertura de la
pildora botella. Viabilidad, validez y aceptacion, sin
embargo, no se han establecido. Med-eMonitor es un dis-
positivo de la adhesién de varios compartimentos con
capacidad de recordatorio y la educacién que transmite
datos a través de una conexion telefonica. Los niveles de
cumplimiento mensual se realizaron mediciones de 52
participantes para aproximadamente tres meses con el
Med-eMonitor (no ajustados y ajustados para que el par-
ticipante confirmado de dosificacion) y pildora no anunci-
adas recuentos. ARN del VIH se evalué antes y después del
periodo de tres meses. La aceptabilidad de Med-eMonitor
se determind. Mas del 92% de los datos de Med-eMonitor
se transmitié diariamente. Pildora no anunciadas recuentos
correlacioné significativamente con la adhesion ajustado
Med-eMonitor (r = 0,29, P = 0,04). ARN del VIH se
correlaciond significativamente con la pildora no anunci-
adas recuentos (r = —0.34, P = 0,02), y una tendencia
hacia una correlacion significativa con la adhesion sin
ajustar Med-eMonitor ARN (r = —0,26, P = 0,07). La
mayoria, pero no todos, los participantes le gustaba usar el
Med-eMonitor. Med-eMonitor permite supervisar el
cumplimiento en tiempo real y potencial de intervencion,
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que puede ser critico para prolongar el éxito del

tratamiento.

Introduction

Adherence to HIV antiretroviral therapy (ART) is the
strongest known predictor of viral suppression, drug resis-
tance, disease progression, and death [1-4]. There is, how-
ever, no gold standard for adherence monitoring. Several
approaches are associated with HIV viral suppression, but
each has limitations. Patient interview is imprecise [5],
pharmacy refill reflects maximum possible adherence [6],
unannounced pill counts are expensive and labor-intensive
[2], and electronic monitoring precludes the use of pill box
organizers, which are effective, simple, and inexpensive
adherence support tools [7]. Moreover, all these approaches
monitor adherence retrospectively, often detecting adher-
ence lapses weeks to months after they occurred.

Real-time electronic adherence monitoring creates the
opportunity to detect missed doses as they happen, poten-
tially allowing for intervention before virologic rebound
occurs [8]. A second-generation electronic medication
container, called the Med—eMonitor®, has multiple com-
partments similar to a pill box organizer and can transmit
data in real-time through a telephone connection. It has
been used successfully in the treatment of schizophrenia
[9, 10] and congestive heart failure [11].

This study examines the feasibility, validity, and
acceptability of real-time ART adherence monitoring with
the Med-eMonitor® among HIV-infected patients in San
Francisco.

Methods
Participant Description

Participants were recruited consecutively between August
2006 and January 2008 from (1) the Positive Health Program
HIV Clinic at San Francisco General Hospital, which serves
a publicly insured urban population, and (2) the Research in
Access to Care (REACH) cohort of HIV-infected homeless
and marginally housed individuals. The REACH cohort is
described elsewhere [12]. Briefly, REACH participants were
followed prospectively with monthly unannounced pill
counts, as well as socio-demographic questionnaires and
HIV RNA determination, every 3 months.

Inclusion criteria for the current study were age
18-64 years, current use of ART, personal ownership of a
landline telephone, and residence within 20 km of San
Francisco. The only exclusion criterion was cognitive
impairment severe enough to prevent informed consent.
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Participants were followed for approximately 3 months and
received a $20 incentive at the beginning and at the end of
this study.

Med-eMonitor Description

The Med-eMonitor (Fig. 1; www.informedix.com) stores
medications and electronically records the time and date of
every opening of its five child-resistant compartments. This
adherence data is stored in flash memory and downloaded
to a secure web site during pre-set time windows when
Med-eMonitor is placed into a modem cradle connected to
a telephone line. The device prompts users to take their
medication by sounding a chime. Additionally, an arrow on
a liquid crystal display (LCD) points to the container that
should be opened for each specific dose. Further custom-
ized information can also be displayed on the LCD screen
(e.g. a pill description for medication verification, reasons
for taking the pill). The device alerts users if they are
taking the wrong medication (i.e. opening the wrong
compartment) or taking a medication off schedule.

Other programmable features include the ability to
query the user about confirmed pill ingestion, side effects,
and/or symptoms on a regular basis. The device also pro-
vides for branching logic, whereby the response to a
question leads to additional questions or instructions spe-
cific to that response. For example, patients with high
symptom severity (e.g. elevated body temperature) can be
prompted to call or simply place the device in its modem
cradle to be automatically connected with support personal.

All participants in this study were trained on the use of
the Med-eMonitor device at enrollment and as needed
during the first 4 weeks of the study, including refill
instructions, use of prompts, and insertion of the device
into a modem cradle. On average, participants had three
training sessions lasting 15-30 min each. No run-in period
was included in the study design. All antiretroviral (ARV)

Fig. 1 The Med-eMonitor device
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drug names, dosing instructions, pharmacy dispensing
information, and clinician names were collected and con-
firmed. A licensed pharmacist dispensed all medications
into Med-eMonitor cassettes monthly. Participants were
provided with instructions for ongoing technical assistance,
if needed. The frequency of data transmission was set to
once daily in this study.

Feasibility Assessment

Feasibility of Med-eMonitor adherence monitoring was
determined by the receipt of Med-eMonitor adherence data
from each participant via the Internet, as well as the percent
of data transmitted daily. Types and frequency of trans-
mission errors were also recorded.

Adherence Measurements

Participants were monitored prospectively for 3 months.
Unadjusted Med-eMonitor adherence was defined as the
number of compartment openings for all ARVs divided by
the number of prescribed doses. Adjusted Med-eMonitor
adherence is the number of compartment openings for all
ARVs with confirmed doses divided by the number of
prescribed doses. Participants confirmed doses by pressing
a button on the device to indicate that the dose was
ingested, thus allowing for identification of compartment
openings without dosing. The number of treatment inter-
ruptions of all ARVs lasting greater than 48 h was also
determined. The 48 h time period was chosen, because it
represents a plausible length of time in which measurable
viral rebound could begin to occur [13].

Participants received unannounced monthly home visits,
as previously described [14]. Briefly, on a random day
without advance notification, a research assistant per-
formed a medication inventory and counted pills. Partici-
pants from the REACH cohort had received at least
3 months of unannounced pill count monitoring prior to
enrollment in this study, whereas participants from the
Positive Health Program had not received prior unan-
nounced pill counts. Unannounced pill count adherence
was defined as the number of pills prescribed minus the
number of pills counted, all divided by the number of pills
prescribed for the interval between home visits.

Med-eMonitor Acceptability

Participants received an in person quantitative interview at
the end of the 3-month study period to assess device
acceptability. Questions aimed to understand the partici-
pants’ perception of the device as a useful tool in
remembering to take their medications, likes and dislikes
of the device, whether they would recommend the device

to a friend, and whether they would use it again. Responses
were recorded on five-item Likert scales ranging from very
strongly disagree to very strongly agree.

Laboratory Testing

CD4 cell count and HIV RNA testing were performed at
baseline and 3 months using flow cytometry and the
Amplicor ultrasensitive assay, version 1.5 (detection limit
of 50 copies per milliliter; Roche Diagnostics, USA),
respectively.

Statistical Analysis

Participant characteristics, feasibility, adherence distribu-
tions, and acceptability data were assessed by descriptive
statistics. Monthly adherence values were averaged for
each individual over the 3-month period for comparisons,
and adherence distributions were tested for normality by
the Shapiro-Wilk test. Unadjusted and adjusted Med-
eMonitor and unannounced pill count adherence measure-
ments were compared with Wilcoxon signed rank test and
Spearman’s correlations. Spearman’s correlation was also
used to assess the relationship between the each adherence
measure and log HIV RNA. For participants who also
participated in the REACH cohort, a paired t-test and
Wilcoxon signed rank test were used to compare unan-
nounced pill count adherence for the 3 months prior to this
study with unannounced pill count adherence for the
3 months during the study to determine if Med-eMonitor
use may have had an effect on adherence behavior. Uni-
variate logistic regression analysis was used to assess for
an association between each of the three adherence mea-
sures and the acceptability question about the likelihood of
using the Med-eMonitor again (i.e. very strongly disagree,
disagree, or neither disagree or agree versus somewhat or
very strongly agree that the participant is likely to use the
Med-eMonitor again). All analyses were conducted in SAS
9.0 (Cary, North Carolina).

Ethical Considerations

This study was approved by the ethical review board of the
University of California San Francisco, and all participants
provided written, informed consent.

Results

A total of 23 individuals were recruited from the Positive
Health Program HIV Clinic and 29 individuals were

recruited from the REACH Cohort. No participants were
excluded due to cognitive impairment. As shown in
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Table 1 Cohort characteristics (N = 52)

Characteristic Value
Age (mean years, =SD) 49.8 (6.4)
Male sex 75.0%
Race/ethnicity
White 42.3%
African-American 40.4%
Latino 5.8%
Other 11.5%
Education level
Completed less than high school 21.2%
Completed high school or more 78.9%
Employed currently 11.5%
Men who have sex with men 64.0%
Injection drug use ever 63.5%
ART
NNRTI-based regimens® 14 (26.9%)
PI-based regimens 10 (19.2%)
Boosted PI-based regimens 26 (50.0%)
PI/NNRTI-based regimens 2 (3.8%)

Months of ART exposure at baseline 49.5 (30.0-97.5)

(median, IQR)®

CD4 cell count nadir at baseline
(median cells/ml, IQR)

HIV RNA <50 copies/ml at baseline

430.0 (267.5-642.0)

36 (69.2%)

SD standard deviation, /QR interquartile range, NNRTI non-nucleo-
side reverse transcriptase inhibitor, P/ protease inhibitor

* Two subjects took a three-drug fixed-dose combination

° Data only available for participants recruited through the REACH
cohort (N = 29)

Table 1, the cohort characteristics consisted largely of
middle-aged black and white men who had relatively high
levels of education. The majority were men who have sex
with men and injection drug users, and 69% had unde-
tectable viral load at enrollment. Median follow-up time
was 85 (IQR 72-90) days. Data on Med-eMonitor adher-
ence was missing for two participants due to lack of
interest in participating after enrollment, and HIV RNA
was missing for another participant due to a missed study
visit. Complete data was available for all other participants.
Additionally, no devices were lost, stolen, or broken. At
least one transmission error occurred in all but two par-
ticipants, and errors consisted of the lack of a detected
cradle connection, lack of a dial tone, a modem initiali-
zation error, and a busy signal. These errors, however,
were typically transient, and a median of 92.4% (IQR
72.8-98.4%) of data was transmitted daily during the fol-
low-up period.

Adherence values are shown in Table 2. Median
adherence was 97.1% (IQR 99.7-105.5%) for unannounced
pill count, 96.8% (IQR 70.2-123.4%) for unadjusted
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Med-eMonitor, and 89.8% (IQR 77.1-102.5%) for adjusted
Med-eMonitor. Unannounced pill count adherence was
similar to unadjusted Med-eMonitor adherence, although it
trended toward a difference (Wilcoxon signed rank test,
P = 0.07), and was significantly higher than adjusted Med-
eMonitor adherence (P = 0.01). Unannounced pill count
adherence was not significantly correlated with unadjusted
Med-eMonitor adherence (Spearman r = 0.20; P = 0.17),
but was significantly correlated with adjusted Med-eMon-
itor adherence (r = 0.29; P = 0.04).

Figure 2a, b provide scatter plots presenting each par-
ticipant’s 3-month average unannounced pill count adher-
ence with his or her 3-month average unadjusted and
adjusted Med-eMonitor adherence, respectively. The dis-
crepancies seen on the left side of these plots likely indi-
cate non-use of the Med-eMonitor device while still taking
the pills, whereas discrepancies on the right side likely
reflect extra openings without removal of pills (also known
as curiosity events). Fewer right-sided discrepancies are
seen with the adjusted Med-eMonitor data compared to the
unadjusted Med-eMonitor data, as confirmed dosing should
remove most curiosity events.

Fifty-three percent of participants had one or more
interruptions of at least 48 h according to both unadjusted
and adjusted Med-eMonitor data. Among participants with
any interruptions of at least 48 h, the median duration of
interruptions was 93.6 (IQR 57.6-151.2) hours for unad-
justed data and 103.2 (IQR 67.2-158.4) hours for adjusted
data. For the subset of participants who were also in the
REACH cohort, the mean adherence level by unannounced
pill count was 5% higher in the 3 months of the study
period compared to the prior 3 months, with this difference
nearing statistical significance (91.0 £ SD 12.4% versus
94.6 &+ SD 7.8%; paired t-test, P = 0.06). Median values,
however, were more similar (96.0% [IQR 88.9-99.2%]
versus 97.1% (IQR 99.7-105.5%], respectively; Wilcoxon
signed rank test, P = 0.26).

Figure 3 presents the distribution of adherence by
unannounced pill count and unadjusted and adjusted
Med-eMonitor, revealing wider variation in both types of
Med-eMonitor adherence measurements compared to the
unannounced pill count.

The number of participants with viral suppression
remained constant during the 3-month study period
(N = 36). HIV RNA suppression was significantly corre-
lated with unannounced pill count adherence (Spearman
r = —0.35, P = 0.01), trended toward significance with
unadjusted Med-eMonitor adherence (r = —0.24; P =
0.10), and was not significantly correlated with adjusted
Med-eMonitor adherence (r = —0.18, P = 0.22).

As shown in Table 3, subjects generally found the Med-
eMonitor device acceptable and useful; however, not all
features were as appealing as others. For example, 79%
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Table 2 Monthly adherence levels over the 3-month study period

Unannounced pill count

Med-eMonitor

Unadjusted Adjusted
Median (IQR) adherence 97.1% 96.8% 89.8%
(99.7-105.5%) (70.2-123.4%) (77.1-102.5%)
Mean (SD) adherence 94.6% 101.0% 89.5%
(£7.8%) (£27.0%) (£20.7%)

Number of subjects by absolute adherence level

100%+ 15 (28.9%) 22 (42.3%) 9 (17.3%)

95-99.9% 20 (38.5%) 6 (11.5%) 6 (11.5%)

90-94.9% 8 (15.4%) 11 21.2%) 9 (17.3%)

80-90% 6 (11.5%) 5 (9.6%) 17 (32.7%)

70-80% 1 (1.9%) 2 (3.9%) 4 (7.7%)

<70% 2 (3.9%) 6 (11.5%) 7 (13.5%)
Total # treatment interruptions (>48 h) n/a 83 93
Number of interruptions

0 n/a 24 (47.1%) 24 (47.1%)

1 n/a 14 (27.5%) 13 (25.5%)

>1 n/a 13 (25.5%) 14 (27.5%)
Among subjects with treatment interruptions (>48 h)

Median (IQR) # treatment interruptions n/a 1.0 (1.0-3.0) 2.0 (1.0-5.0)

Median (IQR) hours of treatment interruptions n/a 93.6 (57.6-151.2) 103.2 (67.2-158.4)
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Fig. 2 Scatter plots of unannounced pill count versus adjusted
(a) and unadjusted (b) Med-eMonitor adherence. Data from the same
participant are aligned vertically and are ordered from lowest to
highest unannounced pill count adherence

stated that the device made it easy to remember when to
take their pills, while 65% found the chimes annoying.
Although not statistically significant, all three adherence
measures were associated with a higher likelihood of using
the Med-eMonitor again (OR 8.43 for unannounced pill
count, P = 0.71; OR 4.8 for unadjusted Med-eMonitor,
P =0.52; and OR 68.8 for adjusted Med-eMonitor,
P =0.29).

Discussion

The results of this proof-of-concept study indicate that the
Med-eMonitor is a feasible adherence measure in that data
were obtained from all but two participants; no devices
were lost, stolen, or broken; and the majority of data were
transmitted at least daily. Its validity is supported by sim-
ilarity in median adherence values between the unadjusted
data and the unannounced pill count, as well as the cor-
relation between the adjusted data and the unannounced
pill count. Moreover, the trend toward significance in the
correlation between HIV RNA suppression and unadjusted
Med-eMonitor adherence is of similar strength as the sig-
nificant correlation between HIV RNA suppression and
unannounced pill count adherence.
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Fig. 3 Distribution of adherence by unannounced pill count, unad-
justed Med-eMonitor and adjusted Med-eMonitor

The variations in similarity and correlation among the
three adherence measures and HIV RNA in this study
reflect the inherent challenges of adherence monitoring.
Namely, all adherence measurements have limitations and
true adherence behavior can only be estimated through
comparison of multiple measures and adjustment for
known shortcomings [14]. For instance, adherence values
>100% by both unannounced pill count and Med-eMonitor
data suggest that participants may have lost pills or opened
the compartment without taking out a pill, respectively.
Such curiosity events have been reported in first generation
electronic medication event monitors [15]. Moreover, a
small number of participants had adjusted Med-eMonitor
adherence values >100%. These participants may have
mistakenly pressed the indicator button because of curi-
osity or a misunderstanding of its intended use. This
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Table 3 Acceptability of the Med-eMonitor device

% Participants who
somewhat or very
strongly agree

Device made it easy to remember 79
when to take their pills

Device easily integrated into their 70
daily schedule

Easy to get medication in and out of the 60
compartments

Device is appropriately sized 81

Chimes are annoying 65

Information on the LCD display was useful 63

Warnings against taking the wrong 70
medication were useful

Recommend the device to a friend 61

Likely to use the device again 66

finding highlights the importance of proper training and
re-training, which can be accomplished in real-time
through active monitoring of the received data. Such
unintended use of the indicator button may have lead to
under or over-estimation of adherence with the Med-
eMonitor adjustment and its lack of association with viral
load. Each participant’s true adherence behavior is not
known, but likely lies somewhere between the unadjusted
and adjusted estimates.

Additional variability is seen in the distribution of
adherence. Both unadjusted and adjusted Med-eMonitor
adherence had a wider distribution of adherence measure-
ments compared to that found with unannounced pill
counts. Less precise measures of adherence by definition
have a limited ability to distinguish high and low adherers.
The wider range of adherence values with Med-eMonitor
compared to those with unannounced pill count therefore
suggests that the Med-eMonitor may better identify indi-
viduals with low adherence.

Medi-eMonitor has two critical advantages over unan-
nounced pill counts. First, it does not require time-, labor-,
and cost-intensive home visits. Second, Med-eMonitor has
the capacity to transmit adherence information in real time
when it is linked to a phone modem, thus enabling inter-
vention prior to the loss of viral suppression. The devices in
this study were set to transmit data on a daily basis rather
than after each dose, although multiple data transmissions
widows are possible. Either way, logistical considerations,
such as busy clinical or research schedules, may limit the
practical ability to act on adherence information to once
daily. Moreover, once daily transmission provides data
frequently enough to identify treatment interruptions
with the potential for viral rebound [13]. Such treatment
interruptions were indeed not uncommon in this study,
emphasizing the need for timely intervention.
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The trend toward a statistically significant improvement
in mean adherence of 5% after the introduction of the Med-
eMonitor could suggest a beneficial intervention effect
comparable to that observed with pill box organizers [7].
This finding highlights the potential of this device for
intervention, as well as better monitoring and patient
education. Additional studies with a larger sample size and
randomization, however, would be needed to determine
intervention effects.

Med-eMonitor was also found to be acceptable to most
participants, although many did not agree that it was easy
to get pills in and out of the compartments, would not
recommend it to a friend, and were not likely to use the
device again. Further qualitative research drawing on
technology acceptance models would be useful to optimize
the design features in various target populations [16]. This
study involved urban poor individuals, and other popula-
tions likely have differing opinions. Acceptability may be
increased through additional training, including help desk-
style support to assist users when needed. Such “just in
time” assistance has been previously shown to be effective
for device training [17]. The educational and reminder
features should also be explored for their impact as
interventions.

This study has several other limitations. First, it has a
relatively small sample, which limits statistical analysis.
Second, the sample was biased in that all participants
owned landline telephones and none had significant cog-
nitive impairment, which is common in individuals with
HIV-related co-morbidities and/or substance abuse. Indeed,
the levels of adherence seen in this subset of individuals are
higher than those in the larger REACH cohort [12]. Gen-
eralizability of the results may therefore be limited, and
other measures, such as unannounced pill counts, may be
needed for these populations. Second, the high levels of
adherence limit the ability to detect associations among
measures and viral load (known as a ceiling effect). Third,
while the unannounced pill count is considered an objec-
tive measure of adherence, it is possible that it is not a
sufficiently precise referent measure and may also change
adherence behavior. Finally, pharmacists dispensed the
medications for this study and self-dispensing outside of a
research context may introduce more medication error.

This study shows promise for real-time antiretroviral
therapy adherence monitoring and potentially intervention.
eHealth, or the use of electronic devices to support the
delivery of health care, enables real-time adherence mon-
itoring and is gaining momentum in a variety of applica-
tions [18, 19], although little data exists on the feasibility
and acceptability of specific devices and approaches. This
study provides evidence that the Med-eMonitor can be
used successfully to monitor adherence in an urban
population and is acceptable to most participants. While

additional studies are warranted to test Med-eMonitor in
diverse populations and at scale, real-time monitoring and
intervention may help mitigate the high cost of poor
adherence in both developed and developing settings
[20, 21].

Acknowledgments The authors thank the National Institute of
Mental Health (SBIR MH077502; RO1IMH54907, K23MH087228,
KO01AI062435, K24MH87227) and the UCSF Clinical Translational
Research Institute (UL1RR024131) for funding this research. They
also thank Randy Dulin, Bruce Kehr, David Guzman, and all study
participants. The manufactures of Med-eMonitor had no role in the
analysis or preparation of the manuscript and the authors have no
financial interest in Med-eMonitor.

References

1. Paterson DL, Swindells S, Mohr J, et al. Adherence to protease
inhibitor therapy and outcomes in patients with HIV infection.
Ann Intern Med. 2000;133(1):21-30.

2. Bangsberg DR, Hecht FM, Charlebois ED, et al. Adherence to
protease inhibitors, HIV-1 viral load, and development of drug
resistance in an indigent population. AIDS. 2000;14(4):357-66.

3. Bangsberg DR, Perry S, Charlebois ED, et al. Non-adherence to
highly active antiretroviral therapy predicts progression to AIDS.
AIDS. 2001;15(9):1181-3.

4. Wood E, Hogg RS, Yip B, et al. Effect of medication adherence
on survival of HIV-infected adults who start highly active anti-
retroviral therapy when the CD4+ cell count is 0.200 to
0.350 x 10(9) cells/L. Ann Intern Med. 2003;139(10):810-6.

5. Lu M, Safren SA, Skolnik PR, et al. Optimal recall period and
response task for self-reported HIV medication adherence. AIDS
Behav. 2008;12(1):86-94.

6. Grossberg R, Gross R. Use of pharmacy refill data as a measure
of antiretroviral adherence. Curr HIV/AIDS Rep. 2007;4(4):
187-91.

7. Petersen ML, Wang Y, van der Laan MJ, et al. Pillbox organizers
are associated with improved adherence to HIV antiretroviral
therapy and viral suppression: a marginal structural model anal-
ysis. Clin Infect Dis. 2007;45(7):908-15.

8. Bangsberg DR, Deeks SG. Spending more to save more: inter-
ventions to promote adherence. Ann Intern Med. 2010;152(1):
54-6; W-13.

9. Bendle S, Velligan D, Mueller J, et al. The Med-eMonitor™ for
improving adherence to oral medication in schizophrenia.
Schizophr Bull. 2005;31(2):519.

10. Ruskin PE, Van Der Wende J, Clark CR, et al. Feasability of
using the Med-eMonitor™ system in the treatment of schizo-
phrenia: a pilot study. Drug Inf J. 2003;38:1-8.

11. Artinian N, Harden J, Kronenberg M, et al. Pilot study of a web-
based compliance monitoring evice for patients with congestive
heart failure. In Paper presented at international congress of
schizophrenia research 2005; San Antoinio.

12. Moss AR, Hahn JA, Perry S, et al. Adherence to highly active
antiretroviral therapy in the homeless population in San
Francisco: a prospective study. Clin Infect Dis. 2004;39(8):
1190-8.

13. Parienti JJ, Das-Douglas M, Massari V, et al. Not all missed
doses are the same: sustained NNRTI treatment interruptions
predict HIV rebound at low-to-moderate adherence levels. PLoS
One. 2008;3(7):e2783.

@ Springer



382

AIDS Behav (2012) 16:375-382

14. Bangsberg D, Hecht F, Charlebois E, et al. Comparing objectives
measures of adherence to HIV antiretroviral therapy: electronic
medication monitors and unannounced pill counts. AIDS Behav.
2001;5(3):275-81.

15. Samet JH, Sullivan LM, Traphagen ET, et al. Measuring adher-
ence among HIV-infected persons: is MEMS consummate tech-
nology? AIDS Behav. 2000;5(1):21-30.

16. Holden RJ, Karsh BT. The technology acceptance model: its past
and its future in health care. J Biomed Inform. 2010;43(1):
159-72.

17. Drews FA, Picciano P, Agutter J, Syroid N, Westenskow DR,
Strayer DL. Development and evaluation of a just-in-time support
system. Hum Factors. 2007;49(3):543-51.

@ Springer

18.

19.

20.

21.

Wyatt JC, Sullivan F. eHealth and the future: promise or peril?
BMIJ. 2005;331(7529):1391-3.

Kaplan WA. Can the ubiquitous power of mobile phones be used
to improve health outcomes in developing countries? Glob
Health. 2006;2:9.

Goldie SJ, Paltiel AD, Weinstein MC, et al. Projecting the cost-
effectiveness of adherence interventions in persons with human
immunodeficiency virus infection. Am J Med. 2003;115(8):
632-41.

Nachega JB, Leisegang R, Bishai D, et al. Association of anti-
retroviral therapy adherence and health care costs. Ann Intern
Med. 2010;152(1):18-25.



	Real-Time Electronic Adherence Monitoring is Feasible, Comparable to Unannounced Pill Counts, and Acceptable
	Abstract
	Resumen
	Introduction
	Methods
	Participant Description
	Med-eMonitor Description
	Feasibility Assessment
	Adherence Measurements
	Med-eMonitor Acceptability
	Laboratory Testing
	Statistical Analysis
	Ethical Considerations

	Results
	Discussion
	Acknowledgments
	References


