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Purpose: Medication non-adherence remains a major barrier to effective long-term disease management. Smart packaging technol-
ogies offer digital solutions to monitor and support adherence. This study evaluated the usability and feasibility of a smart blister pack
(Cerepak™) for monitoring medication adherence, both with and without a mobile adherence app (MEMS®™ Mobile), in healthy adult
participants.

Methods: In this randomized controlled trial, 36 participants were assigned to use the smart blister pack either with the mobile
adherence app (intervention) or without the app (control) over eight weeks, simulating twice-daily medication intake. Usability was
assessed using the System Usability Scale (SUS) and user experience surveys. Semi-structured interviews explored user satisfaction,
barriers, and suggestions for improvement. Adherence was measured electronically and via pill counts.

Results: Usability scores were significantly higher in the intervention group (median SUS: 80.0) compared to the control group (67.5;
p = 0.0007). Participants appreciated the packaging’s visual layout and the app’s reminder and tracking features. Qualitative findings
highlighted improved structure, motivation, and ease of use with the app, alongside technical and packaging challenges. Electronic
adherence was 91.7% in the app group and 86.2% in the non-app group. Pill count adherence was 96.4% and 88.0%, respectively. No
statistically significant differences were observed. Intermittent data capture issues associated with the smart blister pack led to minor
performance inconsistencies in 10.4% of packages, which were accounted for in the analysis, ensuring data integrity.

Conclusion: The smart blister pack is usable and feasible for daily medication taking and tracking, particularly when supported by
a mobile app. These findings support further research into clinical populations and long-term implementation studies.
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Introduction
Medication non-adherence remains a major and costly challenge in the management of long-term conditions. Despite the
availability of effective pharmacological therapies, many patients do not take their medication as prescribed, leading to
suboptimal health outcomes, disease progression, and increased healthcare utilization. The World Health Organization
estimates that approximately 50% of patients with chronic conditions are non-adherent, underscoring the need for
effective adherence support strategies.' * Improving medication adherence may yield greater benefits than many current
medical interventions.'>* National policies emphasize the importance of digital innovations that promote self-
management and reduce unnecessary healthcare utilization.”

Medication non-adherence also affects the conduct and interpretation of clinical research, as protocol deviations
related to medication use can bias trial outcomes.”® However, accurate adherence measurement remains challenging.
Traditional methods such as pill counts and self-reports are prone to recall bias and overestimation, while patients often

receive limited feedback on their adherence behavior.>”'°
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Digital health technologies offer novel opportunities to monitor and support medication adherence.''™"* Electronic
medication packaging systems, including smart blister packs, can record medication-taking events but often lack
integration with mobile applications that provide real-time feedback and self-management support.'*'¢

Previous research shows that blister-based packaging interventions can improve medication adherence across chronic
conditions, although effects vary by population and intervention complexity.>® Studies of smart blister packaging
generally report good usability and acceptability, including among older adults, while also identifying design-related
challenges requiring further optimization.” ® Electronic blister monitoring has additionally been shown to provide a more
objective and conservative estimate of medication-taking behavior than self-report.'®

Despite these promising findings, most smart blister systems have been evaluated in observational or feasibility
studies. Evidence from randomized controlled trials, particularly those comparing use with and without mobile app
support, remains limited.'®!'”2' Therefore, studies that use a randomized controlled trial design to compare smart blister
packaging with and without mobile app support are required to fill this gap in evidence.

In this study, we aimed to evaluate the usability and feasibility of a novel smart blister pack, with and without mobile
app support, using quantitative usability scores, adherence measures, and qualitative user feedback. Because this study
focused on usability and feasibility rather than clinical effectiveness, it was conducted in a healthy adult population,
a common approach in early-phase usability research to enable controlled evaluation of user—technology interaction and
avoid exposing a clinical population to a suboptimal device.

Methods

Study Design

This two-arm randomized controlled trial (RCT) evaluated the usability and feasibility of a smart blister pack, with and
without a mobile medication adherence app. Participants were randomly assigned to either the intervention group (smart
blister pack + app) or the control group (smart blister pack only). Blinding was not feasible due to app installation and
instruction requirements. The study followed the FDA and Digital Medicine Society’s Verification, Analytical Validation,
and Clinical Validation (DiMe) V3 framework.?*?

Participants

Participants were recruited in February-March of 2024 in the Netherlands through convenience sampling across
healthcare, academic, and community settings. Eligible participants were at least 18 years old, English literate, and
generally healthy. Chronic conditions or medication use were allowed if participants were clinically stable. Clinical
stability was defined as no self-reported acute exacerbations, hospital admissions, or major changes in chronic medication
regimen over the last year. All required a compatible smartphone (Android 8+ or iPhone 7+ with i0S 13+). Participants
with diverse demographics were actively recruited for FDA recommendations.*?

Randomization
Participants were stratified by age and prior chronic medication use and randomized 1:1 using REDCap (version 15.0.15).

Intervention and Procedures

The smart blister pack technology used (Cerepak®™) integrates an inner electronically fitted drug blister card component
with an outer paperboard component. The system uses a 28-unit format to log blister openings and, when combined with
a mobile app (MEMS® Mobile), allows reminder delivery and manual correction of dosing events, and support of self-
management.

Participants in the intervention group used the application, which provided scheduled intake reminders via smart-
phone push notifications (snoozing or repeated reminder alerts were not enabled) and access to a calendar-based
medication history. Users had access to a medication history screen displaying date- and time-stamped blister opening
events in a calendar overview and could manually edit dosing events in case of missed or duplicate recordings. Control
participants used the smart blister pack without app access.
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Participants received four 28-unit smart blister packs containing placebo tablets and were instructed to expel one
tablet twice daily for eight weeks without ingestion, discarding tablets immediately after removal. Tablet use was
unsupervised to simulate real-world medication handling. This procedure was explained verbally and in written instruc-
tions at baseline to ensure consistent execution across participants. After eight weeks, participants completed usability
questionnaires and a semi-structured interview. Study materials are provided in Supplementary Material A. The end-of-

study questionnaires are provided in Supplementary materials A1-A4 (Figure S1-S4), and the semi-structured interview

questions are presented in Supplementary materials A5 and A6. Figures 1A and B illustrate the smart blister pack, and

Figures 2A and B show the mobile app interface.

New Cerepak®
Smart Adherence Package

Figure | Smart blister packaging. (A) Exterior of the smart blister package and (B) Interior of the smart blister package showing the medication blisters. Pictures are used
with permission from Westrock Healthcare Packaging (Atlanta, US) and AARDEX Group (Belgium).
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Figure 2 Adherence monitoring smartphone application. (A) Home screen of the adherence monitoring smartphone application. (B) Medication history overview in the
adherence monitoring smartphone application. Pictures are used with permission from Westrock Healthcare Packaging (Atlanta, US) and AARDEX Group (Belgium).
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Outcome Measures

The primary outcome was usability, assessed using the System Usability Scale (SUS; score range 0—100).>* Additional
Likert-scale items assessed user satisfaction. Semi-structured interviews explored user experiences, barriers, and sugges-
tions for improvement.

Medication adherence was a secondary outcome, assessed electronically and manually. Electronic adherence was defined
as the proportion of study days with two recorded blister openings. Electronic adherence data were reviewed for technical
irregularities, including confirmed packaging damage or persistent connectivity failures that resulted in missed recordings.
A technical malfunction was defined as a failure to record blister opening events due to such issues. Days affected by
confirmed technical malfunctions were excluded from adherence calculations to prevent misclassification of participant
behavior; no imputation methods were applied. Adjudication of technical issues was performed prior to analysis and was not
influenced by study group allocation. All adjustments were applied consistently across both study arms. Manual adherence
was assessed via end-of-study pill counts, corrected for returned medication and participant-reported deviations.

Sample Size
Thirty-six participants were aimed for, meeting the target range of 3040, based on prior evidence that 15-20 users
identify ~98% of usability issues.*’

Statistical Analysis
Descriptive statistics summarized participant characteristics, usability scores, and adherence outcomes. Between-group
comparisons used Mann—Whitney U or #-tests for continuous variables and chi-square or Fisher’s exact tests for
categorical variables. Post-hoc exploratory subgroup analyses were conducted using non-parametric tests. Statistical
significance was set at p < 0.05. Analyses were performed in R (version 4.4.1).

Interview transcripts were thematically analyzed using an inductive approach. Coding was performed in Atlas.ti
(version 25) and iteratively discussed within the research team to ensure analytical rigor.

Ethics
The Medical Ethics Review Board of the University Medical Center Groningen (METc UMCG; reference number 2023/
163) reviewed the study and determined that it did not fall under the Dutch Medical Research Involving Human Subjects
Act (WMO), as no health-related interventions or risks were involved and only healthy volunteers participated.
Therefore, formal medical ethics approval and prospective trial registration were not legally required.

For transparency, the study was voluntarily registered at ClinicalTrials.gov (NCT07099612). Written informed
consent was obtained from all participants before the initiation of the study. The study was conducted in accordance
with the Declaration of Helsinki and the EU General Data Protection Regulation (GDPR).

Results
Study Population

A total of 36 participants were randomized. Due to a system-related irregularity during the final allocation step, the resulting
group sizes were slightly imbalanced (19 intervention vs 17 control participants), despite the intended 1:1 randomization
ratio. The allocation sequence remained random and was not influenced by researchers. One control participant dropped out
after three days and was excluded from follow-up analyses. Baseline characteristics were balanced, with a median age of
41.5 years, a female proportion of 63.9%, and 50% reporting prior chronic medication use (Table 1).

Usability

Both study arms completed the SUS. The intervention group evaluated the smart blister pack used with the mobile
medication adherence app, reporting a median score of 80.0 [IQR 73.8-82.5], indicating good to excellent usability.
Usability scores were significantly higher in the intervention group compared to the control group (p = 0.0007). The
control group assessed the smart blister pack without the app, scoring a median of 67.5 [IQR 55.0-70.6], which reflects
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Table | Baseline Characteristics of Study Participants, Overall and by Study Arm. All Values are Presented as Numbers
(Percentages) Unless Otherwise Indicated

Participant Characteristics Total (n = 36) | Intervention (n = 19) | Control (n = 17) | p-value *
Gender 1.000
Male 13 (36.1) 7 (36.8) 6 (35.3)
Female 23 (63.9) 12 (63.2) Il (64.7)
Age in years 45.1 (16.2) 455 (16.2) 44.71 (16.7) 0.889
Mean (SD)
Age group (years) 0914
18-34 11 (30.6) 6 (31.6) 5(294)
35-64 20 (55.6) 10 (52.6) 10 (58.8)
= 65 5(13.9) 3 (15.8) 2(11.8)
Highest education ® 0.549
Primary or vocational education 11 (30.6) 5 (26.3) 6 (35.3)
Higher professional education 11 (30.6) 7 (36.8) 4 (23.5)
Academic education 14 (38.9) 7 (36.8) 7 (41.2)
Prior experience with chronic medication 1.000
Yes 18 (50.0) 10 (52.6) 8 (47.1)
Professional work 0.752
Healthcare 17 (47.2) 8 (42.1) 9 (52.9)
Other 19 (52.3) 11 (57.9) 8 (47.1)
Software system type 0.657
iOS 13 (36.1) 8 (42.1) 5(294)
Android 23 (63.9) Il (57.9) 12 (70.6)

Notes: * p-values calculated using the Pearson Chi-Square test or the independent t-test as appropriate. ® According to the Dutch education system.

average usability. Figure 3 presents the comparative usability outcomes from the SUS, offering a visual summary of
overall participant ratings. While Figure 3 summarizes overall usability scores, Figures S5 and S6 (in Supplementary
Material B) present the item-level distribution of responses to the SUS questions for the intervention and control groups,
respectively. Item-level responses that detail specific aspects, such as ease of use and integration, are visualized in
Supplementary Material B.

System Usability Scale - Scores per study group
100

90
80
70

60

System Usability Scale score

50 °

40

[ Intervention group (with app) Il Control group (without app)

Figure 3 System Usability Scale (SUS) scores for the intervention group (with app) and control group (without app).

Patient Preference and Adherence 2026:20 https: 5


https://www.dovepress.com/article/supplementary_file/567253/567253_%5B567253%5D%20Supplementary%20Materials_Corrected%20%281%29.docx
https://www.dovepress.com/article/supplementary_file/567253/567253_%5B567253%5D%20Supplementary%20Materials_Corrected%20%281%29.docx
https://www.dovepress.com/article/supplementary_file/567253/567253_%5B567253%5D%20Supplementary%20Materials_Corrected%20%281%29.docx
https://www.dovepress.com/article/supplementary_file/567253/567253_%5B567253%5D%20Supplementary%20Materials_Corrected%20%281%29.docx
https://www.dovepress.com/article/supplementary_file/567253/567253_%5B567253%5D%20Supplementary%20Materials_Corrected%20%281%29.docx

Eikholt et al

Subgroup Analysis

Subgroup analyses were conducted on an exploratory, post hoc basis and were not powered for between-subgroup
comparisons. Within the control group (n=16), female participants rated the usability of the smart blister pack used
without the app lower than male participants (median SUS: 62.5 vs 72.5; p = 0.017). Given the small sample size and
multiple subgroup comparisons, this finding should be interpreted cautiously as a hypothesis-generating result. No other
subgroup differences were observed (see Supplementary Material C: Table S1).

User Experience and Thematic Analysis of Semi-Structured Interviews

To explore user experience in depth, we performed a thematic analysis of the interviews and integrated relevant user
satisfaction data. This resulted in six overarching themes: usability and technology, technical obstacles, structure and
routine, motivation and positive experience, suggestions for improvement, and physical challenges with packaging.

Usability & Technology

Participants in both groups reported high satisfaction with the smart blister pack. Nearly all found the printed instructions clear
and appreciated the calendared blister card layout printed with sun and moon icons (Figure 1B), which supported dose tracking
and daily structure. Some recommended replacing generic “Day 1-7” labeling with actual weekdays (eg, “Monday”) for better
alignment with routines. Participants in the intervention group generally found the mobile adherence app intuitive and easy to
use. This aligns with the quantitative finding that 84.2% of users rated the interface as easy to use, and 73.7% reported that it
met their expectations (based on the additional questionnaire, Supplementary Material A, Figure S3). Some participants

suggested including a short onboarding video in the app to further improve accessibility.

Technical Obstacles

Despite overall positive experiences, users reported technical issues with a proportion of packages (10.4%), including
delayed scan recognition and difficulties with NFC connectivity. Feedback was provided after scanning, but occasional
delays led some users to double-scan out of uncertainty, which raised concerns about duplicate entries. In total, 31.6% of
users manually edited at least one dosing event (178 edits in total, accounting for 5.1% of all entries), primarily to correct
missed or duplicate scans or to reflect pocket dosing (ie, when patients take their medication out of its packaging to keep
in a pocket or bag for later use, which may prevent the dose from being registered at the actual intake moment). This
helps contextualize the prevalence of manual edits observed in the quantitative adherence data.

Structure & Routine

Many participants in both the control and intervention arms reported that using the smart blister pack, particularly when
paired with the mobile adherence app, helped establish a daily rhythm. Users described the act of scanning and taking the
mock medication as a “task” or even a “ritual”, which provided structure and reinforced routine behavior. This was
especially appreciated by individuals without prior experience with regular medication use.

Motivation & Positive Experience

Several users from the intervention group described the app as a “silent coach” that subtly encouraged adherence without
being intrusive. Even though the medication was a placebo, participants reported feeling accountable and motivated to
maintain the routine. This sense of involvement and “doing something good” was particularly strong among digitally
engaged users. App usage patterns varied: while some participants explored nearly all features, others used the system
more selectively, relying primarily on reminders and visual dose tracking.

Suggestions for Improvement

Participants in the intervention arm noted that while the scanning function was accessible from the home screen, certain
actions required multiple steps within the app. They suggested that a redesigned home screen with more direct access to
key features could improve usability. Additionally, participants expressed interest in enhanced motivational feedback to
support adherence. Some also requested a more flexible way to log missed doses, to avoid being penalized for technical
issues or accidental omissions.
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Table 2 Median Adherence Measured by Electronic Monitoring and Manual Pill Count, Overall and by Study Arm.
Values are Presented as Median [Interquartile Range], Unless Otherwise Noted

Median Adherence Total (n = 35) | Intervention (n = 19) | Control (n = 16) | p-value *

Digitally measured adherence (%) 0.1835
Censored data® 88.2 [79.0-96.4] | 91.7 [82.8-96.4] 86.1 [72.8-91.7]

Manual adherence 0.0666
Manual pill count (out of 112 pills) 103 [96-110] 108 [99-112] 98.5 [92.5-107]
Adherence based on manual pill count (%) | 92.0 [85.7-98.2] | 96.4 [88.4—100] 88.0 [82.6-95.5]

Notes: * p-values from the Mann—Whitney U-test. ® Censored data excludes days where technical malfunctions prevented recording.

Physical Challenges with Packaging
A recurring barrier was the stiffness of the inner blister card component of the smart blister pack. Older participants and
those with reduced hand strength (eg, due to tremors or arthritis) reported difficulties pressing out tablets.
Recommendations included softer materials, larger Child Resistance/Senior Friendly (CR/SF) opening button pressure
zones, and a more ergonomic design. For mobility, some users suggested a slimmer or more portable format.
Sustainability was also a concern, with several participants advocating for eco-friendly or reusable packaging options.
These themes reflect a generally positive but nuanced user experience, highlighting both the potential and the areas
for optimization of this early-phase digital health innovation.

Medication Adherence

After excluding days affected by confirmed technical malfunctions, electronically measured adherence was 91.7% in the
intervention group and 86.1% in the control group (p = 0.1835). Manual pill counts showed median adherence of 96.4%
in the intervention group and 88.0% in the control group (p = 0.0666; Table 2). No statistically significant differences in
adherence were observed between study arms.

Discussion

This study evaluated the usability and feasibility of a smart blister pack, both with and without a mobile adherence app,
in a healthy adult population. Overall usability was rated positively in both study arms, with significantly higher usability
scores observed in the app-supported group. No statistically significant differences in adherence outcomes were detected.
Qualitative findings provided important context for these results by elucidating user experiences, perceived benefits, and
technical barriers.

Participants described the smart blister pack as intuitive and easy to integrate into daily routines. While the standalone
smart blister pack provided structure, the addition of the mobile adherence app was particularly valued for offering reminders,
feedback, and engagement. These findings align with prior research demonstrating that simple, visually intuitive, and user-
centered digital adherence technologies can enhance user satisfaction and support medication routines.'®*®*’ The visual
design of the smart blister pack, particularly the calendar layout featuring sun/moon icons, was appreciated for promoting
daily structure, aligning with earlier evidence on the role of visual cues in adherence behavior. '

The mobile application was generally well-received, with users reporting that reminders and dose history visualiza-
tion improved awareness of medication intake. Engagement with optional features varied, which is consistent with
previous research indicating that sustained use of mHealth tools depends on perceived usefulness and
personalization.'®*% Suggestions for interface improvement further underline the importance of user-centered designs
in tailoring digital adherence tools to user preferences.'>**

Exploratory subgroup analyses suggested lower usability ratings among female participants in the control group
compared with males. Given the small subgroup sizes, this post hoc finding should be interpreted with extreme caution
and considered hypothesis-generating only. Nonetheless, it is consistent with prior studies reporting gender differences in
perceived ease of use and confidence with digital health technologies.*® Importantly, this difference was not observed in

the app-supported group.’*"'
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The system demonstrated good feasibility for unsupervised daily use. Most participants incorporated scanning into
their routines with minimal effort, and technical issues were infrequent and generally resolved independently. These
findings support the practicality of implementing smart blister systems outside clinical settings and are consistent with
previous research on digital adherence technologies designed for real-world use.?*~%*3 Interestingly, even participants in
the control group expressed interest in app-based features after learning about them, suggesting broader receptiveness to
digital adherence support when tools are intuitive and well integrated.'?

Participant feedback identified several opportunities for system optimization, particularly regarding physical aspects
of the blister pack, clarity of labeling, and visibility of key app functions. Difficulties expelling tablets, preferences for
weekday-aligned labeling, and interest in more prominent app navigation features were recurrent themes. Sustainability
considerations, including interest in reusable or eco-friendly packaging, further emphasize the importance of incorporat-
ing user feedback into future hardware and software refinements.

Strengths and Limitations

This study has several strengths. First, the mixed-methods approach, which combines usability scores, objective adherence
data, and qualitative feedback, provided a well-rounded understanding of user experience and system performance.** Second,
by including both an app-supported and a standalone version of the smart blister pack, we were able to assess the added value
of digital support. The use of electronic monitoring alongside manual pill counts also allowed for internal validation of
adherence outcomes. Notably, adherence percentages derived from manual pill counts were higher than those measured by
smart packaging. This difference can be explained by the fact that electronic monitoring accounts for the exact date and time of
pill intake, thereby assessing whether patients adhered to the prescribed dosing regimen (eg, taking one pill twice daily). In
contrast, manual pill counting was conducted retrospectively, which means that, at least hypothetically, participants could have
expelled multiple pills at once. While this would still appear as full adherence in a manual count, it does not necessarily reflect
true adherence to the prescribed dosing schedule.

However, several limitations should be acknowledged. This study was conducted in a healthy, motivated adult population,
which may limit the generalizability of findings to clinical populations. Participants were generally well-functioning, digitally
literate, and willing to engage with adherence technologies, which may lead to higher usability and adherence scores compared
to patients with chronic conditions, cognitive impairments, or limited digital access.>> Convenience sampling may also have
affected representativeness, despite efforts to include participants with diverse backgrounds.36 Secondly, the modest sample
size limited statistical power to detect small adherence differences, and the 8-week duration precluded evaluation of long-term
engagement, alert fatigue, and sustainability. Finally, although technical performance was generally reliable, occasional
malfunctions indicate the need for further hardware optimization.

Implications for Future Research and Practice

These findings demonstrate that smart blister packaging is usable and feasible for short-term, unsupervised medication
handling, particularly when combined with mobile app support. App-based reminders, feedback, and visualization appear
to enhance engagement and perceived usability. Future studies should evaluate smart blister systems in clinical popula-
tions, with longer follow-up and sufficient power to assess sustained use, adherence outcomes, and real-world effective-
ness. User feedback should continue to inform iterative refinement of both packaging and app design prior to large-scale
implementation.

Conclusion
This study demonstrated that a smart blister package is usable and feasible for short-term medication handling in healthy
adults, with higher usability observed when combined with mobile app support. Although no significant differences in
adherence were found, qualitative findings highlighted user experiences, technical barriers, and features that may support
engagement with medication routines.

These findings suggest that smart blister packaging, particularly when paired with a mobile application, has potential
as a user-friendly adherence support tool. Further research in clinical populations with longer follow-up is needed to
assess real-world effectiveness and inform optimization for diverse user needs.
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Data Sharing Statement
Individual de-identified participant data underlying the results reported in this article will be available from the
corresponding author upon reasonable request. The data to be shared include anonymized quantitative study data (eg,
usability scores and adherence measures). Additional study documents, including the study protocol and statistical
analysis code, will be made available upon request.

Data will be shared for academic research purposes, subject to approval of a methodologically sound proposal and
execution of a data sharing agreement. Requests should be directed to the corresponding author, Dr Job F M Van Boven
(j.f- m.van.boven@umcg.nl). Data will be available beginning 3 months after publication and for a period of 5 years.
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