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Purpose: To examine the feasibility of using MEMS® bottles to assess adherence among adolescents and emerging adults with sickle 
cell disease.
Patients and Methods: Eighteen non-Hispanic Black participants with HbSS (M = 17.8 years; 61% male) were given a MEMS® 

bottle to store hydroxyurea (n = 14) or deferasirox (n = 4).
Results: One hundred percent initiated MEMS® use and 61% sustained use through the 18-week study; at follow-up, only 11% 
returned their bottle on time. Barriers to MEMS® use included medication changes and transition to adult care; facilitators included tip 
sheets and reminders.
Conclusion: While MEMS® is acceptable to this population, ensuring sustained use and timely provision of bottles will require 
additional supports.
Keywords: adherence, MEMS, medicine, sickle cell anemia

Introduction
Due to advancements in uncovering the mechanisms underlying sickle cell disease (SCD), the landscape of SCD 
treatment is rapidly evolving.1 Three new medications have been approved for this population in recent years, with 28 
potential therapies currently under investigation.1 However, the ultimate impact of these therapies on health outcomes 
will depend on patient adherence. Adolescents and emerging adults (ie, teens through the early twenties)2 with SCD are 
at particular risk for suboptimal adherence,3,4 contributing to increased rates of disease complications and early death 
during this period.5,6 Identifying accurate, acceptable, and feasible adherence assessment methods for adolescents and 
emerging adults with SCD is critical for treatment effectiveness research and clinical care.

Electronic adherence monitoring devices (EAMDs) are medication bottles with built-in technology that records date- 
and time-stamps of device openings and are considered a gold standard for adherence assessment across many pediatric 
populations.7 However, little is known about their feasibility among individuals with SCD. Berkovitch et al8 documented 
significant challenges using Medication Event Monitoring System (MEMS®) bottles for young children with SCD (<7 
years) due to technological difficulties (eg, bottles breaking after being dropped or liquid formulation penetrating the 
device). A recent study using an alternative EAMD (ie, GlowCap) reported similar issues with equipment malfunctioning 
among youth with SCD ages 2–21 years.9 Conversely, among a small sample of SCD patients ages 7–18 years, use of 
MEMS® was described as a highly practical method of assessing adherence over the course of one year.10 While these 
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studies offer useful preliminary data on the feasibility of EAMDs in pediatric SCD, they were conducted in samples with 
broad age ranges and did not explore unique barriers and facilitators during adolescence and emerging adulthood.

To address this gap, this study sought to examine MEMS® bottle use among adolescents and emerging adults with 
SCD (ages 13–21 years) to: 1) evaluate the feasibility of MEMS® bottle use, defined by the percentage of participants 
that initiated MEMS® bottle use, continued to use the bottle over the study period, and returned the bottle at study visits 
for data download; and 2) explore barriers and facilitators to MEMS® bottle use. Based on existing retention guidelines 
for observational prospective studies and randomized trials,11,12 we defined cut-points for feasibility as follows: 100% of 
participants who enrolled in the study would initiate MEMS®, >80% would use MEMS® through the final study 
endpoint, and >60% would return the bottle within two weeks of scheduled study visits. We expected that adolescents 
and emerging adults with SCD would report modifiable barriers and facilitators to MEMS® use.

Materials and Methods
As part of a larger study of a self-management intervention,13 participants were asked to use a MEMS® bottle to store 
and administer their daily oral medication (ie, hydroxyurea or deferasirox) for the 18-week (126 days) study duration. 
The larger study included baseline (day 1), post-treatment (day 42), and follow-up assessments (day 126). Participants 
were instructed to provide their MEMS® bottle for data download at the post-treatment and follow-up assessment visits. 
A survey assessing barriers to and facilitators of MEMS® use was administered at both post-treatment and follow-up. 
Participants were compensated $20 at post-treatment and $20 at follow-up if they returned the MEMS® bottle for data 
download. Study procedures were approved by the local institutional review board. This study complies with the 
Declaration of Helsinki.

Study participants were English-speaking individuals diagnosed with SCD who were between the ages of 13 and 21 
years and had an active prescription for hydroxyurea or deferasirox at the time of study enrollment. Exclusion criteria 
included presence of a neurocognitive disability based on medical record review. All eligible adolescents and emerging 
adults received a letter and flyer in the mail followed by a phone call to explain the study. Patients were also recruited 
during clinic visits and hospitalizations. Of the 19 patients approached, 18 (94.7%) agreed to participate and enrolled in 
the study. Informed consent was obtained from a parent or legal guardian for patients under 18 years of age and from 
adult patients ages 18+ years; assent was obtained from teens ages 13–17 years.

Participant demographic characteristics were assessed via a self-report (for participants ages 18+ years) or parent- 
report questionnaire (for participants ages 13–17 years). MEMS® 6th generation TrackCap bottles (AARDEX Group, 
Boulder, CO) were used for electronic adherence monitoring. MEMS® bottles have an embedded computer chip that 
digitally records when they are opened. Data obtained from MEMS® bottles were downloaded when the participants 
returned the bottles at post-treatment and follow-up assessments. Two open-ended survey questions developed by our 
team based on prior research were used to assess participant self-reported barriers (eg, reasons for missing doses) and 
facilitators (eg, strategies such as alarms and reminders) to MEMS® use: “What are some reasons you might have missed 
a dose of your medicine?” and “What types of things help you to remember to take the medicine?”.

Descriptive statistics were calculated to assess MEMS® bottle feasibility, defined as initiation (ie, percentage of those 
enrolled that initiated MEMS® use), sustained use (ie, percentage of participants that continued to open the MEMS® 

bottle at least once per week over the study period), and bottle provision at study visits (ie, percentage of participants that 
returned MEMS® bottles for data download ±2 weeks of scheduled study visit = “on time”). While not the primary focus 
of this study, we also calculated adherence rates based on data recorded via MEMS®. Specifically, the number of days 
that the MEMS bottle was opened was divided by the total number of study days (ie, 126) for each participant; 
descriptive statistics were then calculated to examine adherence rate for the sample. Open-ended survey responses 
regarding barriers and facilitators to MEMS® use were reviewed and summarized.

Results
Eighteen non-Hispanic Black/African American adolescents and emerging adults (n = 11 male; M = 17.8 years old, SD = 
2.6) with SCD (n = 18 HbSS) were enrolled in the study and asked to use a MEMS® bottle to store and administer their 
hydroxyurea (n = 14) or deferasirox (n = 4). On average, participants started taking their medication 4.4 years prior to 
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enrolling in the study (Range = 0–10, SD = 3.8). Half of the sample (n = 9) reported annual family income of ≤ $10,000, 
n = 2 reported $13,000–$20,000, and n = 3 reported $30,000–$50,000; n = 4 did not provide data on income. Regarding 
health insurance, most participants (n = 10) had public insurance, n = 4 had private insurance, and n = 3 had 
a combination of public and private insurance coverage.

All 18 participants (100%) initiated MEMS® use and 11 (61.1%) sustained MEMS® use through the final study 
endpoint. Eight (44.4%) and 2 (11.1%) participants provided their MEMS® bottle for download “on time” at post- 
treatment (42 days) and follow-up (126 days), respectively. Participants took a median of 26.2% of doses across the 126 
days (SD = 22.4; Range=0.79%–79.3%; see Figure 1). Barriers to MEMS® bottle use included medication changes (ie, 
medication holds due to labs [n = 2, 11.1%], dose changes due to weight loss/gain [n = 1, 5.6%]), running out of 
medication (n = 3, 16.7%), forgetting to take medication (n = 4, 22.2%), and transitioning from pediatric to adult care 
(n = 1, 5.6%). Facilitators included setting a timer (n = 1, 5.6%), tip sheets (eg, places to store the MEMS® bottle; n = 1, 
5.6%), reminders to place refills in bottle (n = 1, 5.6%), mobile apps (n = 1, 5.6%), and reminder calls (n = 1, 5.6%).

Discussion
As SCD management increasingly includes self-administration of oral medications, adherence assessment has become 
a critical component of research on medication effectiveness and clinical care. Our findings suggest that while 
adolescents and emerging adults with SCD appear receptive to initiating electronic adherence monitoring via MEMS®, 
ensuring sustained use and timely provision of bottles for data download will likely require additional supports. For 
example, EAMDs that automatically transmit data in real-time via Bluetooth or cellular connections would eliminate the 
need for patients to bring bottles to study visits for data downloads. With remote monitoring capabilities, researchers 
could conduct intermittent data downloads to track and address equipment malfunctioning and user error, thereby 
enhancing the completeness and accuracy of data obtained.7 These features may be particularly important for adolescents 
and emerging adults with SCD, who often experience social determinants of health barriers that can impact adherence 
monitoring (eg, transportation barriers, economic instability, lapses in health insurance coverage).

Other features offered by some electronic monitoring devices (eg, alarms, text message reminders, adherence calendars, 
caregiver notification, refill due notice)7,14 may also help to minimize barriers reported by adolescents and emerging adults 
with SCD in this study. Prior research suggests that for adolescents and young adults with SCD, daily medication reminders 

Figure 1 Daily adherence rates. 
Note: Red line indicates overall mean adherence across the study period.
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and medication logs are among the most preferred features of technology-based adherence interventions.15 Support strategies 
should be tailored to an individual’s unique barriers to yield the greatest impact. However, it should be noted that features that 
go beyond passive monitoring can influence medication adherence behavior and may not be appropriate for all studies (eg, 
observational designs and run-in, baseline, and post-treatment phases of intervention trials).7 Regardless of the specific EAMD 
features enabled, it is recommended that researchers conduct pilot testing to identify and proactively address equipment issues 
as well as carefully educate patient, healthcare provider, and study staff on appropriate device use to enhance data quality.

Several limitations should be noted. Consistent with prior pilot studies and research using EAMDs in pediatric SCD, 
sample size for this study was small. Moreover, we did not administer other adherence assessments (eg, self-report, 
prescription refill data) or examine associations between adherence and demographic and clinical characteristics. Larger 
studies are needed to evaluate concordance between rates of adherence obtained via EAMDs and other assessments and 
to validate electronically monitored medication adherence with relevant clinical outcomes. In addition, data on barriers to 
and facilitators of MEMS® bottle use were limited in that they were drawn from open-ended responses to investigator- 
developed survey items; future studies should consider conducting interviews and formal qualitative analysis of factors 
influencing feasibility of electronic adherence monitoring within this population. Future research should also consider 
screening for social determinants of health and exploring how these impact electronic adherence monitoring.

Conclusion
This study suggests that MEMS® bottles are potentially feasible for tracking adherence to oral medications among 
adolescents and emerging adults with SCD. Electronic monitoring devices are not a solution to medication adherence, but 
rather, one component of an adherence support strategy. Given the rapid development of additional treatment options for 
individuals with SCD, identifying accurate, acceptable, and feasible adherence assessments for this population is a high 
research and clinical priority for the field.
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