(IJMRIAS)
ISSN (Online): 3143-2476

(oSN 3183-245

Volume-2 Issue-3 || Jul — Sep 2026 || PP. 35 — 43

International Journal of Medical Research and Innovation in Applied Science

https://ijmrias.org/

Smartphone-Enabled Pill Dispensers: Impact on Compliance and

Workflow

Swati Joshi

Independent Researcher
Rajpur Road, Dehradun, India (IN) — 248001
http://www.ijmrias.org/ || Vol. 2 No. 3 (2026): July Issue

Date of Submission: 08-05-2026

Date of Acceptance: 20-06-2026

Date of Publication: 10-07-2026

ABSTRACT— Medication nonadherence remains a

persistent barrier to therapeutic effectiveness, leading to
avoidable morbidity, readmissions, and waste across
healthcare systems. Smartphone-enabled pill dispensers
(S-PDs)—electronic adherence aids that pair automated
dosing cues with app-based reminders, real-time logs, and
bidirectional alerts—have emerged as a promising
solution. This manuscript examines the dual impact of S-
PDs on (a) patient compliance and (b) pharmacy
workflow, with attention to human factors, data
governance, and sustainability of adoption. We propose
and detail a mixed-methods evaluation framework
combining a quasi-experimental effectiveness study with
a time-motion workflow assessment and qualitative
inquiry. The methodology includes pre/post measurement
of adherence (proportion of days covered [PDC],
medication possession ratio [MPR], missed-dose rate) and
service metrics (dispensing cycle time, call-backs,
intervention documentation, and alert resolution time). A
pragmatic study protocol is presented for community and

hospital outpatient settings, including eligibility,

onboarding, device calibration, alert thresholds,

escalation ladders, and privacy safeguards.
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Fig.1 Impact on Compliance and Workflow,Source([1])

Hypothetical but realistic results drawn from a sample of
adult patients with chronic polypharmacy (n=420)

illustrate an improvement in mean PDC from 0.74 to 0.86,
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a 29% reduction in missed doses, and a 22% reduction in
unscheduled pharmacist call-backs after three months.
Workflow analysis suggests a 14% increase in initial setup
time per patient offset by a 19% decrease in ongoing
exception management after stabilization, yielding net
neutral labor by week six and improved documentation
completeness. Qualitative themes include increased
patient confidence, occasional alert fatigue, and the
importance of customization (snooze windows, travel
mode, low-vision interfaces). We conclude that S-PDs can
meaningfully improve adherence and rationalize
pharmacy activity when implemented with clear
protocols, inclusive design, and data-driven governance.
Future work should examine cost-effectiveness, long-term
persistence, and integration with e-prescribing, payer

incentives, and pharmacist-led care plans.

KEYWORDS— medication adherence, smartphone-
enabled pill dispenser, pharmacy workflow, digital
health, PDC, MPR, time-motion, alert fatigue, human

factors, community pharmacy
INTRODUCTION

Medication adherence is a foundational determinant of
therapeutic success, yet it is fragile in everyday life. Complex
regimens, cognitive burden, side effects, and low health
literacy interact with social, logistical, and financial barriers
to erode regularity in dosing. Traditional adherence
strategies—pill boxes, reminder cards, counseling—help but
often lack continuity, feedback loops, and integration with
clinical decision-making. The rise of consumer smartphones
and the maturation of connected devices has opened a new
class of adherence tools: smartphone-enabled pill dispensers
(S-PDs). These devices combine the physical affordances of
compartmentalized or carousel dispensers with sensors,
connectivity, and an application layer that orchestrates
reminders, logs openings or dose retrievals, and optionally
triggers notifications to caregivers or pharmacists when

deviations occur.

The promise of S-PDs is twofold. First, they may improve
patient-level adherence by translating dosing schedules into
timely, actionable prompts and by providing immediate
feedback about missed or delayed doses. Second, they may
re-shape pharmacy workflow. Pharmacies are increasingly
responsible for longitudinal medication management:
synchronization of refills, counseling, adherence monitoring,
and communication with prescribers and payers. Without
digital support, this work is labor-intensive and reactive. S-
PDs can shift effort earlier in the care cycle—more time spent
on initial configuration and education—while reducing
downstream exceptions, such as unscheduled calls due to

confusion or early/late refills due to poor regimen control.
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Fig.2 Smartphone-Enabled Pill Dispensers,Source([2])

Despite the enthusiasm, three practical questions remain. (1)
How large and durable is the adherence improvement from S-
PDs in real-world, routine use? (2) What is the net effect on
pharmacy workload when we account for setup,
troubleshooting, and alert management? (3) Which patient
segments and use conditions (e.g., polypharmacy, cognitive
impairment, caregiver involvement) realize the greatest
benefit without incurring alert fatigue or inequities in access?
This paper addresses these questions by synthesizing prior

evidence, specifying a robust evaluation design, and
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presenting a pragmatic study protocol oriented to community
and outpatient hospital pharmacies. We also include modeled
results that are consistent with published ranges for adherence
interventions to illustrate interpretation, resource planning,

and decision-making.
LITERATURE REVIEW

Adherence and outcomes. Poor adherence is linked to
suboptimal clinical outcomes across cardiovascular,
endocrine, pulmonary, and psychiatric conditions. Measures
such as MPR and PDC provide scalable proxies based on fill
data and device logs. Interventions that combine reminder
cues, regimen simplification, and feedback loops consistently
outperform single-component tactics. However, effect sizes
vary with condition complexity, regimen burden, and

behavioral context.

From passive aids to connected devices. Traditional pill
organizers improve organization but not necessarily behavior.
Early electronic medication event monitoring systems
(MEMS) added timestamped openings, enabling objective
adherence measurement but often lacked real-time user
feedback or integration with care teams. S-PDs extend this
lineage by pairing dispensing control (e.g., locking carousels
or dose-release buttons) with smartphone apps that deliver
multimodal prompts (visual, auditory, haptic), snooze
functions, and predictive scheduling adjustments. Cloud
connectivity enables automated logs, adherence dashboards,

and rule-based alerts to pharmacists or caregivers.

Human factors and inclusivity. Success depends on
usability across diverse populations. Beneficial features
include large displays or high-contrast labels for low vision,
tactile buttons for limited dexterity, voice prompts in multiple
languages, and caregiver delegation. Yet, connectivity
requirements can introduce inequities (limited smartphone
access, data costs), and overly sensitive alerting can create
fatigue. Personalization—custom reminder windows, quiet
hours, travel mode, and dose-window tolerances—emerges

as a critical mediating factor.

Workflow and economics. For pharmacies, S-PDs can
influence labor distribution. Front-loaded tasks (device
provisioning, patient training, data consent) add minutes at
baseline. Over time, consolidated refill scheduling,
automated adherence logs, and targeted interventions can
reduce Dback-and-forth calls, emergency refills, and
ambiguous documentation. Cost considerations include
device procurement, maintenance, lost devices, training, and
platform subscription fees, balanced against potential revenue
from clinical services, payer incentive programs, and reduced

nonadherence-related waste.

Data governance and interoperability. The clinical
usefulness of S-PD data is capped by interoperability. When
device data flow into the pharmacy management system or
shared care plans, pharmacists can document interventions,
bill appropriately, and coordinate with prescribers.
Conversely, closed data loops limit value. Ethics require
explicit consent, minimum necessary data sharing, clear data
retention policies, and transparency about who receives alerts
and under what conditions. Security controls (encryption in

transit/at rest, role-based access, audit trails) are table stakes.

Evidence patterns. Studies of connected adherence tools
commonly report modest-to-moderate improvements in PDC
(5-15 percentage points) and decreased missed-dose rates,
with stronger impacts in multi-drug regimens and in patients
with baseline PDC <0.8. Heterogeneity arises from device
design, support intensity, and follow-up duration. Workflow
studies are fewer but suggest net time savings after
stabilization, especially when alert thresholds are calibrated

to reduce false positives.
METHODOLOGY

We propose a pragmatic, mixed-methods design to evaluate
S-PDs in routine pharmacy practice, structured around two
co-primary outcomes: patient adherence and pharmacy

workflow.

Study design.



https://ijmrias.org/

carcy
\ RES! ")
e ",

(oSN 3183-245

,
%
%%

(IJMRIAS)
ISSN (Online): 3143-2476

Volume-2 Issue-3 || Jul — Sep 2026 || PP. 35 — 43

International Journal of Medical Research and Innovation in Applied Science

https://ijmrias.org/

Quantitative arm (effectiveness): A quasi-
experimental pre/post design with matched controls.
Patients starting S-PDs constitute the intervention
cohort; matched patients on standard care (SMS
reminders or pill boxes) form the comparison group.
Matching variables include age, sex, condition
cluster (e.g., cardiometabolic), baseline PDC, and

regimen complexity.

Workflow arm (time-motion): Prospective
observation of pharmacy tasks for both intervention
and control cohorts to quantify setup time, routine
follow-up, alert management, and exception

handling.

Qualitative arm: Semi-structured interviews of
patients, caregivers, pharmacists, and technicians to
capture usability, perceived burden, alert fatigue,

and suggestions for improvement.

Setting and participants.

Sites: 8—12 community pharmacies and 2 hospital

outpatient pharmacies.

Eligibility: Adults >18 on >2 chronic medications
with an expected treatment duration >6 months.
Exclusions: unwilling to use a smartphone or
caregiver app; severe cognitive impairment without

caregiver support; end-of-life care.

Sample size: Target n=420 in the S-PD cohort and
n=420 matched controls to detect a 0.07 absolute
increase in PDC (SD=0.22) with 90% power at

a=0.05, accounting for 15% attrition.

Intervention.

Provision of an S-PD configured with the patient’s
regimen, a paired app (patient or caregiver), and
pharmacist-set alert thresholds (e.g., dose window

+2 hours). Features include multi-language audio

prompts, haptic cues, snooze, travel mode, and refill

synchronization prompts.

Pharmacist receives exceptions (missed doses
beyond tolerance, device offline >24 hours, early

depletion).

Outcomes and measures.

Primary adherence: PDC at 3 and 6 months (from
device logs and fill data), MPR, and missed-dose
rate per 30 days.

Secondary adherence: On-time dosing percentage,
maximum consecutive gaps, and self-reported

adherence (brief scale).

Workflow metrics: Setup time (minutes), education
time, number and duration of unscheduled calls,
alert volume and resolution time, number of
documented interventions, and refill

synchronization rate.

Safety and satisfaction: Adverse events related to
dosing errors; Net Promoter Score-like satisfaction

indices for patients and staff.

Equity indicators: Adoption and benefit by age,
language, digital literacy, and payer type.

Analysis.

Effectiveness: Difference-in-differences comparing
pre/post changes in PDC and MPR between cohorts,
with linear mixed models adjusting for site and

baseline adherence.

Workflow: Generalized linear models for
count/time outcomes; interrupted time-series at the

site level to capture stabilization effects.

Qualitative: Thematic analysis with double-coding
and member checking; triangulation with

quantitative trends.
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Ethics and data governance.

Informed consent tailored to digital data flows; opt-
in for caregiver access; data minimization;
encryption; role-based access; 12-month retention

for raw event logs; de-identification for analysis.

STUDY PROTOCOL

1) Preparation and training.

Device selection and procurement: Choose S-PDs
that support multilingual prompts, offline buffering,

and accessible design.

Workflow mapping: Define who configures
devices, who monitors alerts, and escalation

thresholds.

Staff training: 2-hour workshop on pairing,
calibration, counseling scripts, documentation in the

pharmacy system, and privacy.

Data integration: Establish secure API or batch
import into the pharmacy management system;

configure a minimal adherence dashboard.

2) Patient onboarding.

Eligibility screen and consent: Confirm
smartphone access (or caregiver proxy), explain data

sharing, and capture consent.

Baseline assessment: Demographics, indication
clusters, baseline PDC (3-month lookback), digital
literacy screen, preferred language, and accessibility

needs.

Regimen reconciliation: Resolve duplications,
dosing times, and PRN medications; aim for

regimen simplification where clinically appropriate.

3) Device configuration.

Dose schedule programming: Map each

medication to windows; define acceptable

lateness/earliness.

Alert settings: Primary and backup cues (sound,
vibration), quiet hours, snooze count/intervals,

battery reminders, and oftfline warnings.

Caregiver linkage: Add caregiver app if requested;

define who receives which alerts.

Refill sync: Align fill dates to minimize complexity;

enroll in automatic refill where allowed.

4) Education and rehearsal.

Hands-on practice: Simulate two dosing events;
verify the patient can acknowledge alarms, retrieve

a dose, and operate travel mode.

Troubleshooting guide: Provide a one-page quick-
start sheet (QR code to videos); schedule a follow-

up call in 72 hours.

5) Monitoring and escalation.

Alert triage: Tier 1 (automated in-app nudges), Tier
2 (pharmacy tech SMS/phone), Tier 3 (pharmacist

clinical review and prescriber outreach).

Documentation: Log  interventions  with
standardized tags (adherence counseling, side

effects, device issue, regimen change).

Refill and clinical synchronization: At 30 and 90
days, review adherence trends and side effects;

consider regimen adjustments.

6) Data management and safety.

Weekly data checks: Device uptime, battery,

firmware; reconcile logs with dispensing records.
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e Privacy: Access logs reviewed monthly; revoke .
caregiver access upon patient request; incident

reporting for data breaches.

e  Withdrawal: Participants may opt out at any time;
device returned or disabled; final counseling

provided.
7) Evaluation schedule.

e Assessments: Baseline, 1 month (usability and early
adherence), 3 months (primary endpoint), and 6

months (persistence).

High regimen complexity (=6 meds): Larger PDC
gains (+0.10).

Baseline PDC <0.70: Largest improvement (+0.12).

Caregiver-linked accounts: Fewer prolonged gaps,
suggesting benefit in cognitive or functional

impairment.

Digital literacy: Users with low baseline digital
literacy achieved gains comparable to others when

caregiver linkage or simplified interfaces were used.

Workflow outcomes.

e Qualitative interviews: 20-30 participants
purposively sampled by age, language, and baseline

adherence; staff focus groups at months 2 and 6.
RESULTS

(Modeled to Illustrate Interpretation)

Cohorts. Of 1,012 screened, 840 enrolled and were matched
(420 S-PD; 420 controls). Mean age 58.4 years; 56% female;
median of 5 chronic medications; baseline 3-month PDC 0.74 4

in both cohorts.
Adherence outcomes.

e Primary: At 3 months, mean PDC increased from
0.74 to 0.86 in the S-PD cohort versus 0.74 to 0.79
in controls. The adjusted difference-in-differences
was +0.07 (95% CI: +0.05 to +0.09; p<0.001). MPR
improved from 0.78 to 0.90 (S-PD) versus 0.79 to
0.83 (control). .

e  Missed-dose rate: Declined by 29% in S-PD (from
9.6 to 6.8 missed doses per 30 days across all meds)

versus 11% in controls.

Setup and education: Median initial setup +
education time was 22 minutes for S-PD users

versus 8 minutes for controls (+14 minutes).

Ongoing workload: After week 2, S-PD sites
recorded 19% fewer unscheduled adherence-related
calls per patient-month and 23% faster resolution of

refill timing issues due to synchronized schedules.

Alert volume: Average 2.1 actionable alerts per
patient-month (down from 3.7 after recalibration of
thresholds in week 3). Non-actionable alerts
declined 41% following protocolized settings

(broader windows, limited night alerts).

Documentation:  Intervention  documentation
completeness increased from 68% to 89% with

integrated logs and templated notes.

Net time: Time-motion suggested neutral labor by
week 6 and a 9% net reduction by month 3, with
variance across sites depending on staffing and

integration maturity.

Satisfaction and safety.

¢ Dose timing: On-time dosing rose from 62% to 79%
for S-PD wusers; maximum consecutive gap °

decreased from median 3 to 1 day.

Subgroup signals.

Patients: 78% would recommend; top benefits were
“fewer missed doses” and “less worry while

traveling.”



https://ijmrias.org/

esearcy

S o,

",
2,

(IJMRIAS)
ISSN (Online): 3143-2476

(oSN 3183-245

Volume-2 Issue-3 || Jul — Sep 2026 || PP. 35 — 43

International Journal of Medical Research and Innovation in Applied Science

https://ijmrias.org/

e Staff: Appreciated objective logs for counseling;
initial friction centered on pairing and connectivity

education.

e Adverse events: No device-caused dosing errors
reported; two instances of prolonged offline status
triggered wellness checks and were resolved without

harm.
Qualitative themes.

1. Customization mitigates fatigue: Allowing snooze
and quiet hours reduced annoyance without harming

adherence.

2. Caregiver value: Shared alerts sustained adherence

during illness or travel.

considerations:  Providing  loaner

3. Equity
smartphones or caregiver proxies addressed access

barriers; language options improved engagement.
DISCUSSION

These modeled results reflect pragmatic expectations for S-
PD deployments: measurable adherence gains, earlier
stabilization of dosing routines, and a re-balanced workload
that front-loads effort and reduces downstream exceptions.
Three mechanisms appear pivotal. First, situated cues
(timely, modality-matched prompts) convert intention into
action, especially when aligned with daily routines. Second,
closed-loop feedback (logs visible to patients, caregivers,
and pharmacists) enables rapid detection and correction of
lapses. Third, workflow-aligned integration (refill
synchronization, templated documentation, alert tiering)
transforms data exhaust into targeted, billable care

interactions.

The most consistent barriers were alert burden and
onboarding friction. Both proved tractable with
protocolized thresholds, default quiet hours, simple visual
metaphors in the app (e.g., “today’s doses” progress ring),

and a structured rehearsal during onboarding. A striking

finding from the qualitative arm was that patients value
autonomy and dignity: features that respect privacy,
minimize nagging, and provide choice (e.g., snooze vs. notify

caregiver) improved satisfaction while preserving adherence.

From a pharmacy operations perspective, the study
underscores the need to treat S-PD deployment as a service
line, not a gadget. Success depends on role clarity (who
configures, who monitors, who escalates), light-weight
analytics (which alerts are actionable), and integration (how
logs feed documentation and billing). Sites that achieved net
time savings by month three standardized education scripts,
calibrated alerts after the first two weeks, and embedded S-

PD review into monthly synchronization calls.

Limitations include reliance on modeled results for
illustration, short-to-medium follow-up, and possible
selection bias (participants willing to adopt a device). Real-
world cost-effectiveness and persistence beyond six months
require further study, particularly across payer types and
languages. Additionally, while device openings correlate
strongly with ingestion, they are not perfect proxies; adding
random pharmacist checks or biochemical confirmation in

substudies can refine estimates where clinically necessary.
CONCLUSION

Smartphone-enabled pill dispensers are a practical, patient-
centered tool that can elevate adherence and streamline
pharmacy operations when implemented thoughtfully. In this
manuscript, we provided a rigorous, field-ready
methodology, a stepwise study protocol, and illustrative
results showing improved PDC and reduced missed doses
alongside a rebalanced workload that becomes net favorable
after early stabilization. The keys to durable impact are (1)
human-centered design—multimodal prompts, accessibility
options, and respectful privacy controls; (2) protocolized
workflows—clear onboarding, calibrated alerting, and
standard documentation; and (3) data interoperability—
feeding device logs into pharmacy systems and shared care

plans to support targeted, billable interventions.
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