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Abstract

Purpose—The purpose of this study was to determine whether diary-driven adjustment of
Medication Event Monitoring System (MEMS) data based on supplementary information
strengthens the relationship between measured antiretroviral medication adherence and plasma
HIV viral load (VL).

Methods—HIV+ adolescents on antiretroviral treatment were monitored with MEMS for 30 days
preceding a VL measurement. The primary outcome was VL =400 copies/ml. Handwritten diaries
were used to comprehensively record deviations from recommended use (bottle opened but dose
not taken or bottle not opened and dose taken). Data were adjusted (“cleaned”) based on diary
events. Data were “capped” at the prescribed number of doses/day. Receiver operator
characteristic analysis compared the relationships between 1) Raw MEMS data, 2) diary-cleaned,
3) capped, or 4) cleaned and capped MEMS data and VL.

Results—Over 30 days preceding VL measurements, 273 adolescents had 465 diary events.
Capping resulted in fewer patients classified as 95% adherent (65.2%) compared to raw data
(71.4%), p<0.001. Adherence was highly associated with VL (OR 1.05, p<0.001). The area under
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the ROC curve for continuous adherence compared to VL was 0.89 (95% CI: 0.82 — 0.95). Neither
diary-cleaning, capping, nor cleaning and capping MEMS data significantly altered the association
between adherence and VL (p = 0.14, 0.40, and 0.19, respectively).

Conclusion—MEMS data-cleaning based on diary entries did not affect the adherence-VL
relationship.

adherence; electronic monitoring; MEMS; self-report; HIV

Introduction

Electronic drug monitoring with devices such as Medication Event Monitoring System caps
(MEMS) is considered a “gold standard” for measuring adherence.! Each time a MEMS cap
is opened, a microelectronic monitor records the date and time as a presumed dose.?3
MEMS monitoring is subject to limitations including misclassification of adherence due to
patients opening bottles without taking doses and patients taking out multiple doses at a time
to avoid having to carry the monitoring devices with them. MEMS data underestimates
adherence when patients remove one or more doses to take at a later time.#> Conversely,
MEMS-data may overestimate adherence when the bottle is opened but no medication is
taken, as happens with pharmacy refills or “curiosity openings.”? Cleaning data based on
patient-reports of “irregular” MEMS use would be expected to provide more accurate
measures of adherence if all reports are true, but could decrease accuracy if patients report
taking doses that were not actually taken.2

For people infected with the human immunodeficiency virus (HIV), excellent adherence to
antiretroviral therapy (ART) is critical to achieving virologic suppression, which in turn is
associated with survival. HIV-infected adolescents are especially vulnerable to poor
adherence, poor virologic outcomes, and HIV-related mortality compared to younger
children and adults.5-8 At the same time, more perinatally HIV-infected children are
surviving into adolescence than ever before.? In 2012, the World Health Organization
(WHO) reported that approximately 2.1 million adolescents worldwide are infected with
HIV, of whom more than 80% live in sub-Saharan Africa.10-12 Poor adherence may result in
treatment failure and the development of viral resistance, a problem that is particularly
devastating in resource-limited settings with few treatment options.13 Adherence monitoring
is important both for research and for clinical care. In research, accurate monitoring allows
for a clearer understanding of the mechanisms of treatment failure. In clinical care, an
understanding of adherence patterns can allow for interventions to improve outcomes.

Adherence values calculated from MEMS data have been shown to better correlate with
HIV-RNA levels compared to other measures.3 However, little is known about whether the
accuracy of MEMS data for HIV treatment is improved or hindered by comprehensive data-
cleaning strategies. Social desirability bias may lead patients to intentionally misuse MEMS
caps. For example, study participants using MEMS have described “cheating,” that is,
opening their MEMS caps without taking a dose, out of fear of health care provider
disapproval of poor adherence.1* In general, adolescents and children are more susceptible
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to social desirability bias than adults.1>-17 Consequently, adolescents may be more at risk of
such deception.

MEMS data can be adjusted in various ways, including adding or removing electronically
captured “doses” based on patient reports or by capping the number of doses to limit
factitious “doses.” However, the effect of implementing different data-cleaning strategies on
the accuracy of MEMS data capture is unknown. We undertook this study to clarify whether
a comprehensive data cleaning strategy based on self-reported MEMS use irregularities
and/or capping of MEMS data at prescribed doses/day could improve MEMS adherence
accuracy among HIV-infected adolescents.

We included participants from an on-going prospective cohort study examining
antiretroviral therapy (ART) adherence among 300 HIV-infected adolescents (10 — 19 years)
with confirmed HIV infection who are being treated at the Botswana-Baylor Children’s
Clinical Centre of Excellence in Gaborone, Botswana.18 All patients had been on treatment
for at least 6 months prior to the start of monitoring. To increase the likelihood that
adherence to therapy would be associated with virologic response, we excluded 1) patients
with genotypic evidence of high level resistance to their current regimen and 2) patients
awaiting resistance tests. Eligible participants had at least one plasma HIV viral load (VL)
drawn between 61 days after initiation of monitoring and the date of their Month 6 visit.
Subjects must have had MEMS data for the 30 days preceding their most recent (month 6 or
month 3) VL.

MEMS Data and Diaries

All participants were given a MEMS® 6 monitor (MeadWestvaco/AARDEX, Richmond,
VA USA)8 and a MEMS diary (Appendix 1) and were instructed to only open the bottle
with the MEMS cap at the times of dose-taking and pharmacy refills. If the cap was opened
and a dose was not taken or the cap was not opened and a dose was taken, the participants
were instructed to record the date, time, and a brief description of the event in the MEMS
diary in their primary language (Setswana or English). The staff at the study site was blinded
to the MEMS data which were uploaded directly to the off-site study team (MedAmigo
software, MWV, Richmond, VA USA) 3-monthly. MEMS diaries were uploaded into a
secure web-based database.1?

Events recorded in the MEMS diaries were coded as excluded events (E), inserted events
(N), or uninterpretable events (U). Excluded events were those in which the monitored bottle
was opened but no pills were removed and/or taken, while inserted events were those in
which the MEMS bottle was not opened but pills were taken. Un-interpretable events, which
do not affect data cleaning, are events that are not recorded clearly or completely enough to
be coded as excluded or inserted (e.g. event recorded without a date).

Exposure and Outcome Variables

Mean percent adherence was calculated for each individual patient for 30 days prior to the
VL drawn on their Month 6 visit date. If no VL was drawn on at the Month 6 visit date, the
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last VL before the Month 6 visit date was used as long as it was at least 61 days after study
entry. Only VLs drawn at least 61 days following commencement of MEMS monitoring
were included in the analyses to account for a potential Hawthorne Effect. The Hawthorne
effect suggests that individuals in a study behave differently due to their sensitivity to being
observed.20 A three-month study by Deschamps et al. proposed that the MEMS caps
themselves may function as a short-term intervention, significantly improving average
adherence rates of adult patients for approximately 40 days. After this time, the
“intervention effect” is thought to decline until adherence rates plateau at levels more
indicative of pre-study behavior.2! In this study, the inclusion of MEMS monitors might
have amplified the effect, despite blinding of the patients, parents, and study team members
with patient-contact to the MEMS data. If a patient with poor adherence and a detectable VL
pre-study had excellent adherence at the beginning of the study due to the Hawthorne Effect,
adherence may have been a worse predictor of VL if the virus did not have adequate time to
reach undetectable levels with short-term improved adherence.

A detectable VL was defined as = 400copies/mL. Raw percent adherence values included all
events recorded in the MedAmigo database in the specified interval (Equation 1).

Diary-cleaned percent adherence values were generated by subtracting excluded events from
and adding inserted events to the total number of MedAmigo events (Equation 2).

Data were also cleaned by “capping” data at prescribed doses per day, where a “day” is
defined as 3:00 AM — 2:59 AM local time (e.g. for a patient following a twice daily
regimen, total doses per day could not exceed 2). Capped mean percent adherence could not
exceed 100% (Equation 3).

“Cleaned-capped” percent adherence values were calculated in the same manner as diary-
cleaned percent adherence except the numerator could not exceed prescribed doses/day.
Adherence was defined as the mean percent adherence in the 30 days prior to the VL
measurement and was dichotomized at >95% = “optimal” versus <95% = “suboptimal.”22

Statistical Analyses

Normality was determined graphically and using a Shapiro-Wilk test. For nonparametric
data, Wilcoxon Signed Rank Test determined whether there was a significant difference
between the percent adherence values calculated from raw MEMS data compared to those
calculated from cleaned and/or capped MEMS data. T-tests were planned for parametric
data. Kruskal-Wallis test followed by Dunn’s test was used for multiple comparisons
between adherence measures for non-parametric data. Cohen’s kappa measured agreement
between dichotomized (adherent vs. non-adherent) raw and cleaned and/or capped
adherence variables. McNemar’s test assessed the difference in proportion of patients
classified as adherent or non-adherent before and after data cleaning and/or capping.

The sensitivity and specificity for correctly classifying “optimally adherent” vs. “sub
optimally-adherent” patients as virologically suppressed/not virologically suppressed was
calculated. As a secondary analysis, a lower cut-point (=90% = “optimal” versus <90% =
“suboptimal’”) was compared. Pearson’s chi-squared tests assessed the relationship between
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dichotomized adherence variables and VL. Spearman’s test was planned for parametric data.
Logistic regression was used to assess the odds of virologic failure based on adherence.
ROC analyses were used to examine the relationship between continuous adherence and VL.
The AUC of cleaned and/or capped adherence measures were compared to the AUC of the
raw adherence measure.

All analyses were performed with a two-sided alpha-level of 0.05 using STATA/SE 12.1
software23. The study had 80% power to detect a difference of 3% or more between groups.
The study was approved by Institutional Review Boards at University of Pennsylvania,
Baylor College of Medicine, and the Health Research Development Committee (HRDC) of
Botswana.

Results

Three hundred patients were enrolled in the source cohort. The final sample size for this
sub-study was 273 patients (Figure 1). Confirmed or suspected non-suppressible virus status
resulted in the exclusion of 3 and 8 patients, respectively. Two patients were excluded due to
unusual circumstances that resulted in lack of MEMS data for the monitored period.
Fourteen patients were excluded because a VL was not available during the required time
period. Table 1 summarizes participant characteristics.

Data Cleaning Based on Diary Entries

Data cleaning required approximately 10 minutes per diary after translation of comments
made in the local Setswana language and uploading of diaries into the electronic system.
This resulted in over 100 hours spent cleaning per 3 month monitoring interval. Of the total
events (n = 1156) coded for Month 3 diaries, 479 (41%) were un-interpretable events. Of the
remaining events, 611 (90%) were excluded events and 66 (10%) were inserted. Of the total
events (n=1154) coded for Month 6 diaries, 347 (30%) were un-interpretable events. Of the
remaining events, 718 (89%) were excluded events and 89 (11%) were inserted.

Comparing Continuous Adherence Variables

Descriptive statistics for all adherence measures are summarized in Table 2. Continuous
adherence variables were left-skewed (raw: Mg = 101.6, cleaned: Mg = 100.0, capped: Mg
=100.0, clean-capped: Mg = 100.0). Calculated median (IQR) percent adherence was 101.6
(91.9 - 103.2) using raw data, 100.0 (90.3 — 101.6) using diary-cleaned data, 98.4 (87.1 —
100) using capped data, and 100 (90.3 — 100) using data that was both diary-cleaned and
capped. Raw data were statistically significantly different from diary-cleaned (p < 0.001),
capped (p < 0.001), and clean-capped data (p < 0.001). However, capped data were not
significantly different from clean-capped data (p = 0.06). The absolute difference between
the raw median percent adherence and the cleaned, capped, and clean-capped percent
adherence values was small, ranging from 1.6% to 3.2%.

Comparing Dichotomous Adherence Variables

When optimal adherence was dichotomized at 95%, diary-cleaned data agreed 100% with
clean-capped data. Thus, for dichotomized adherence analyses, clean-capped data results are
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not reported separately. Raw dichotomized adherence data had high agreement24 with
dichotomized diary-cleaned (kappa = 0.92, 95% CI: 0.87 — 0.97) and capped (kappa = 0.86,
95% CI: 0.79 — 0.92) data. Diary-cleaning did not cause a significant change in the
proportion of patients classified as adherent or non-adherent (p = 0.10). However, capped
data classified significantly fewer (65%) patients to be classified as adherent compared to
raw data (71%, p < 0.001) (Table 3).

Comparing Adherence Variables to VL

There was a highly significant association between dichotomized adherence and VL for all
adherence measures with the odds of virologic failure with adherence <95% vs. =95%
ranging from 19 (95% CI: 6-65) with capped data to 27 (95% CI: 8-94) with raw data.
Considering adherence as a continuous variable resulted in an odds ratio of 1.05 (p<0.0001)
for all measures of adherence. The area under the ROC curve (AUROC) for continuous raw
adherence compared to VL was 0.89 (95% CI: 0.82 — 0.95). The AUROC for continuous
diary-cleaned and capped adherence compared to VL was 0.90 (95% ClI: 0.84 — 0.96) and
0.89 (95% CI: 0.82 — 0.96), respectively. Neither cleaning (p = 0.14), capping (p = 0.40),
nor clean-capping (p = 0.19) significantly altered the adherence-VL relationship (Figure 2).
The percent of patients for whom adherence <95% was associated with lack of virologic
suppression was 88.5% (69.8-97.6) for all adherence measures. Those patients for whom the
classification (“optimal adherence” vs. “not optimal adherence” at the 95% cut-point) varied
based on data cleaning and/or capping were all virologically suppressed. The percent of
patients for whom adherence =95% was associated with virologic suppression for raw,
diary-cleaned, capped, and clean-capped data was 78.1% (95% CI: 72.3-83.1), 76.0% (95%
Cl: 70.2-81.2), 71.1% (95% CI: 65.0-76.7), and 76.0% (95% CI: 70.2-81.2) respectively.
Lowering the “optimal adherence” cut-point to 90% lowered the percent for whom
suboptimal adherence (<90%) was associated with lack of virologic suppression for raw data
to 66.7% (95% Cl: 44.7-84.4) and to 79.2% (57.9-92.9) for all diary-cleaned, capped, and
clean-capped data. Sensitivity and specificity of ROC analyses at 95%, 90% and 80% cut-
points are displayed in Table 4.

Discussion

Although some studies attempt to account for MEMS data irregularities through tools such
as in-depth interviews and patient diaries, data cleaning methodology is not standard across
studies and sometimes cleaning does not occur at all.2>26 A study by Bangberg et al. that
found that data from an electronic monitor that had been “adjusted” by patient self-report led
to less misclassification compared to unadjusted data.2’ However, the Bangsberg study
compared adjusted electronic monitoring results to unannounced pill counts, not viral load.
Pill counts, like MEMS data, can be altered by patients seeking to hide non-adherence. Viral
loads are more objective measures of successful treatment.

Not Enough Juice for the Squeeze

This study found no significant advantage to cleaning data obtained from MEMS bottles,
despite approximately 100 hours dedicated to this process for every 3-month interval for a
cohort of 300 patients. At the same time, concerns that the use of diaries might defeat the
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objective nature of MEMS were not justified by our results. Incorporating subjective data
into the mechanically-collected dataset did not significantly weaken the relationship
between adherence and VL although the data were collected from adolescents, the age group
most susceptible to biasing study results towards socially-desirable responses.15-16 While we
had some concern that incorporating diary data could actually weaken the adherence:VL
relationship due to attempts to make adherence appear better than it actually was, patient
“cheating” appeared to be minimal. Diary cleaning and capping would be expected to be
most useful in situations in which patients are “misusing” their MEMS caps (i.e. taking out
multiple doses to be taken at multiple time points with a single bottle opening or opening the
bottle when they are not taking doses).

In all cases, adherence was significantly associated with VL. With an AUC near 0.89 for the
comparison of raw MEMS data to virologic failure, there was little room for improvement.
MEMS alone appears to have captured nearly true adherence. All adherence measures
showed comparable sensitivity and specificity at the 95% adherence threshold. The
specificity of the test (i.e. correctly predicting an adherent patient to have an undetectable
VL) is of particular clinical importance in resource-limited settings due to the relative
difficulty of obtaining VL tests.28 If virologic failure can be effectively ruled out based on
adherence, researchers and clinicians can more rationally prioritize which patients would
benefit most from having a VL drawn. The more conservative estimate of who is adherent,
derived with the simple step of capping data, may be preferable to reduce the risk of
misclassifying patients with borderline adherence.

Clinical versus Statistical Significance

Although there were several statistically significant differences between the raw data and the
cleaned and/or capped data, the clinical significance of these differences is marginal, at best.
Near perfect antiretroviral adherence should always be the goal, yet viral suppression may
be achieved at adherence rates much lower than the conventional 95% benchmark.2? In our
study, lowering the adherence threshold to 90% did not improve the ability to discriminate
those without virologic suppression. Recent studies have shown that patterns of adherence
and non-adherence may be even more important than average adherence for predicting
virologic outcome. For example, Oyugi et al. found that treatment interruptions that
exceeded two days were significantly associated with non-nucleoside reverse transcriptase
inhibitor drug resistance.30 Parienti et al. found that, for patients with <80% mean
adherence, the number of consecutive days of treatment interruption was significantly
associated with virologic rebound (p < 0.02) while average adherence was not (p = 0.65).31
These studies demonstrate that adherence ought to be thought of in a more sophisticated way
than strict dichotomous thresholds. Thus, relatively small changes in the calculated mean
adherence resulting from cleaning and/or capping the raw MEMS data are unlikely to be of
clinical importance.

Study Limitations

These results may only be generalized to similar cohorts (HIV+ adolescents living in a
resource-limited setting). However, since adolescents are generally more-likely than adults
to give socially-desirable rather than true answers,1>-17 the fact that cleaning and capping
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data from adolescents didn’t appreciably improve or worsen MEMS adherence values is
meaningful. Eight patients were excluded due to pending unavailability of resistance test
results and 14 patients were excluded simply due to lack of VL in the appropriate time
interval. Moreover, a notable number of events (approximately 40% at the 3 month study
visit and 30% at the 6 month study visit%) were considered un-interpretable and were
excluded from the analysis because they lacked sufficient detail to allow for data cleaning.
Examples of unverified events include those that had illegible dates or explanations and
those that described “extra” bottle openings that did not correspond with openings recorded
by the MEMS caps. Collecting reliable diary data requires a high level of commitment from
study participants.> Many study participants provided extremely detailed information (e.g.
“bottle opened at 06:31 and dose not taken until 06:43"). However, for other participants
there was repeated reporting of unverifiable information (e.g. reported openings that did not
correspond with MEMS openings) even with repeated coaching from the research team.

Conclusion

Our data suggest that adherence researchers should cap MEMS data at prescribed doses per
day as this method does not weaken the adherence-outcome relationship but may confer
improved specificity. Cleaning data with patient diaries, however, provides no clear
advantage and it is a time-consuming endeavor. By eliminating routine diary-cleaning from
protocols, researchers and participants can save time and effort without sacrificing data
accuracy.
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Key Points

e Modifying MEMS data with prospectively-collected self-reports of deviations
from recommended MEMS cap use did not improve the relationship between
adherence and HIV viral load relative to unadjusted data

e Capping MEMS data at prescribed doses per day classified significantly fewer
patients as adherent compared to unadjusted data, but did not strengthen the
relationship between adherence and viral load outcome.

«  Efforts to “improve” microelectronic adherence data capture with supplemental
data may not improve data quality.
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N =300
Non-suppressible VL or pending GART
(N=11)
N =289
Missing MEMS Data (N = 2)
N =287
VL not in required time interval
(N = 14)
N =273

Figure 1.
Sample size flow chart (VL = viral load; GART = genotypic antiretroviral resistance test;

MEMS = medication event monitoring system)
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Capped MEMS Data
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Diary-cleaned MEMS Data
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Figure 2.
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1 - Specificity
Area under ROC curve = 0.8934

Receiver operating characteristic (ROC) curves exhibiting the relationship between raw,
diary-cleaned, capped, and clean-capped medication event monitoring system (MEMS) data

and viral load (VL)
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Total Observed Doses

Raw P t Adh =
AW FEreen CreN® = Total Prescribed Doses

Equation 1.
Raw Percent Adherence calculation
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(Observed Doses —Excluded Events + Inserted Events)

Diary — cleaned Percent Adherence = T T o—

Equation 2.
Diary-cleaned Percent Adherence calculation
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Observed Doses (Observed Doses/Day < Prescribed Doses/Day)

Capped Percent Adherence = [

Total Prescribed Doses

Equation 3.
Capped Percent Adherence calculation
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Table 2

Comparison of percent adherence values calculated from raw and adjusted medication event monitoring
system (MEMS) data

Adherence Variables Mean (SD) %  Median (IQR) %  p-value? MultipleComparisonb

Raw 91.2(225)  101.6 (91.9-103.2) A
Cleaned 89.5 (22.5) 100.0 (90.3-101.6)  <0.001 B
Capped 87.7 (22.1) 98.4 (87.1-100)  <0.001 C

Clean-capped 88.7 (22.0) 100 (90.3-100) <0.001 C

a\NiIcoxon signed-rank test,
b . . A
Kruskal-Wallis/Dunn’s test for all comparisons between raw, cleaned, capped, and clean-capped percent adherence values. All pair-wise

comparisons occur simultaneously. Letters indicate significant differences. A- raw is different from cleaned, capped and clean-capped. B-cleaned is
different from capped. C-capped is not different from clean-capped.

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2016 December 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Eby et al. Page 20

Table 3

Changes in adherence classification from using raw and adjusted medication event monitoring system
(MEMS) data, where =95% adherence is “adherent” and <95% adherence is “non-adherent”

Variable Adherent Non-Adherent  Test statistic? P-value@
Raw 195 78
Cleaned 190 83 2.78 0.10
Capped 178 95
(Clean-capped)* 17.00 <0.001

a . . . . .
McNemar’s Test tests the null hypothesis that the number of patients classified as adherent and non-adherent using raw data is the same as the
number of patient classified as adherent and non-adherent using the cleaned, capped, and clean-capped data

Note: results of capped and cleaned-capped identical
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