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Background

Medication adherence is widely recognized as an essential 
component of effective disease state management, yet 
research demonstrates that less than 50% take their medica-
tion as prescribed, and typically fewer than half of the pre-
scribed doses are taken at all.1 Adherence to medications for 
chronic diseases are particularly problematic because these 
medications must be taken over a long duration of time, and 
the direct effect of taking or missing doses often are not 
readily perceived by the patient. This is particularly prob-
lematic for the treatment of hypertension—more than one 
third of patients with prescriptions for medications have 
uncontrolled blood pressure (BP), and nonadherence is 
hypothesized to be a major contributing factor.2,3 In fact, a 
recent study found that more than half of resistant hyperten-
sion could be attributed to patients’ poor adherence to medi-
cations.4 Annually, nonadherence costs an estimated $290 

billion to the US health care system.5 At the individual 
level, annual costs attributed to all-cause nonadherence are 
estimated to range from $5271 to $52 341 per person.6 
Reasons for nonadherence are multifactorial and include 
lack of access to medications, adverse effects associated 
with the medication, poor understanding of the dosing 
instructions or the need for adherence, and concerns about 
cost.7 Research also confirms that forgetfulness is also a key 
factor, accounting for more than 50% of nonadherence.8-11
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Abstract
Background: Medication adherence is widely recognized as an essential component of chronic disease management, 
yet only 50% of patients take their medication as prescribed. Newer technologies have the potential to improve 
medication adherence. Objective: To conduct a pilot study estimating the impact of a pharmacy-dispensed electronic 
reminder cap (SMARxT cap), which also records cap openings, on medication adherence and blood pressure (BP). 
Methods: After a 30-day run-in period, 28 individuals were randomized to receive a SMARxT or placebo cap on each 
BP medication. The primary outcome was adherence measured via (1) the medication possession ratio, (2) number of 
cap openings, and (3) self-report. The secondary outcome was the average of 2 BP readings at 6 months. Mean changes 
from baseline to 6 months were compared between the 2 groups. Results: The medication possession ratio increased 
2.7% in the SMARxT cap group and decreased 1.1% in the control group (P = .13), and cap openings increased 11.9% 
in the SMARxT cap group and 9.9% in the control group (P = .83). Self-reported adherence increased 1.1 points in the 
SMARxT cap group and 0.8 points in the control group (P = .64). Systolic BP decreased 8.2 mm Hg in the SMARxT cap 
group and 2.8 mm Hg in the placebo cap group (P = .35), and diastolic BP decreased to 6.2 mm Hg in the SMARxT cap 
group and was unchanged in the placebo cap group (P = .06). Conclusions: Use of SMARxT cap showed nonsignificant 
improvement in medication adherence and BP lowering. This technology has potential to characterize and improve 
medication-taking behavior.

Keywords
medication adherence, hypertension, blood pressure, electronic reminder devices, electronic medication packaging

https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/pmt
https://journals.sagepub.com/home/pharmatech

mailto:azillich@purdue.edu


Mehas et al	 235

Multiple adherence-enhancing strategies have been 
evaluated, yet studies routinely find inconsistent evidence 
of their effects on adherence.12,13 In addition to medication 
therapy management programs and other clinician-based 
interventions, technology now plays a larger role in pro-
moting patient adherence. One review of electronic 
reminder systems identified short-term effectiveness of 
electronic reminder devices (ERDs), yet another found 
insufficient evidence for broad recommended use of a vari-
ety of ERDs.14,15 A recent large-scale study of low-cost 
reminder devices without monitoring, including a standard 
pillbox, pill bottle strip with toggles, and a digital timer 
cap, found no difference in adherence among nonadherent 
patients taking medication(s) for chronic conditions.16 
However, electronic monitoring systems, which often 
include reminder functionality, have been shown to affect 
adherence and biomarkers in several diseases.17-21 In fact, 
digital displays that combine an audible reminder with the 
last time of container opening are associated with improved 
adherence.22 Differences among components of ERDs, the 
quality of existing studies, and variance in adherence mea-
surement and associated patient outcomes are some of the 
many challenges associated with estimating the impact of 
these devices.

This pilot study aimed to estimate the effect of an inex-
pensive pharmacy-dispensed electronic reminder cap, the 
SMARxT cap—an ERD that includes an audible alarm and 
display of the last container opening, on medication adher-
ence and BP. We hypothesized that patients with hyperten-
sion receiving the SMARxT cap would exhibit higher 
medication adherence and lower BP than patients receiving 
placebo caps.

Methods

Study Setting

This study was conducted with patients from 3 northwest 
Indiana locations that are part of a regional chain of  
22 community pharmacies (Fagen Pharmacies) located in 
Indiana and Illinois. These pharmacies were selected 
based on their commitment to participating in the study, 
ability of the chain to add more pharmacies to the study if 
required, and proximity to study personnel. Each of the 
pharmacies was open for business approximately 65 hours 
per week and employed 1 to 2 full-time and 2 to 3 part-
time pharmacists and 5 to 7 technicians. The pharmacies 
filled an average of 1800 prescriptions weekly and served 
a relatively diverse population of patients relative to the 
overall population of the region. All study procedures 
were approved by the Purdue University Human Research 
Protection Program.

Study Design

In this single-blind, randomized, controlled pilot study, con-
sented participants receiving 1 or more antihypertensive 
medications from 3 participating community pharmacies 
were randomized to receive either a SMARxT cap or match-
ing placebo cap affixed to all of their antihypertensive med-
ication vials. Patients returned their SMARxT or placebo 
cap to the pharmacy and received a new cap monthly.

SMARxT Cap System

This electronic reminder cap system, which fits standard 
prescription bottles, is programmed during the dispensing 
process within the pharmacy. The caps are programmed 
using a device attached to the pharmacy dispensing system, 
which automatically matches the prescribing instructions  
to the cap. The SMARxT cap is programmed to alert the 
patient with beeps and flashes when each dose of the medi-
cation is due to be taken. The device also has a visual timer 
(Figure 1) that counts the minutes and hours between doses. 
Each time the bottle is opened, the timer resets to zero. The 
cap records the time at opening and is an indicator of dos-
ing, which is used to estimate adherence to the prescribed 
regimen. The matching placebo cap physically resembles 
the SMARxT cap and also records bottle openings but does 
not exhibit the audio or visual alerts. The cost of each 
SMARxT cap is around $10 each.

Patient Recruitment

Subjects were recruited using a combination of active and 
passive strategies in the pharmacies. Passive strategies 
included posters and bag stuffers about the study. Active 
strategies included discussion with patients receiving anti-
hypertensive medications from the pharmacists and techni-
cians. To confirm interest and ensure eligibility, patients 
who were receiving antihypertensive medication(s) from 1 
of the 3 pharmacy sites and were interested in the study 
participated in an initial face-to-face screening with a 
research assistant. A BP of >140/90 mm Hg for patients 
without diabetes or >130/80 mm Hg for patients with  
diabetes or chronic kidney disease was necessary for trial 
consideration. Additional inclusion criteria included aged 
18 to 85 years, receiving at least 1 antihypertensive medica-
tion with no change in the regimen or dose in the past 4 
weeks, and receiving antihypertensive medication(s) regu-
larly from the pharmacy during the past 6 months with no 
plans to switch pharmacies in the next year.

Patients were excluded if they had stage 3 hypertension 
(BP ≥180/110 mm Hg), a myocardial infarction or stroke 
within the past 6 months prior to enrollment, New York 
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Heart Association Class III or IV heart failure, unstable 
angina, serious renal disease requiring dialysis, serious 
hepatic disease, pregnancy, poor prognosis with a life 
expectancy estimated at less than 1 year, dementia or cogni-
tive impairment preventing them from taking their medica-
tions without assistance, a score of <6 on the Rapid-PC 
screen for cognitive impairment, or were unable to open 
child-resistant medication caps or requested non-child-
resistant medication caps.

Data Collection

Prior to randomization, all eligible and consented patients 
completed a 30-day run-in period during which a placebo 
cap was placed on each BP medication. The purpose of the 
run-in period was to gather a baseline assessment of cap-
related adherence. At the end of the run-in period, addi-
tional baseline adherence measure data were collected 
including prescription refill data for the prior 6 months 
and self-reported medication adherence. At this time, we 
excluded patients with a baseline adherence of >80% to 
all of their BP medications based on the results of the  
run-in electronic cap adherence. A baseline BP was also 
collected at the end of the run-in period and prior to 
randomization.

Participants were randomized to either the placebo cap 
or SMARxT cap group and were monitored for 6 months. 
All patients in the SMARxT cap group received additional 
verbal and written information from the pharmacist regard-
ing the SMARxT cap’s features and alerting functions. At 
the 6-month follow-up assessment, self-reported medica-
tion adherence, prescription refill data for the 6-month 
study period, electronic cap-opening data, and BP were col-
lected for all patients using both an in-person interview and 
review of pharmacy records.

Measures

Primary outcome measures included 3 estimations of med-
ication adherence: (1) the medication possession ratio 
(MPR), (2) electronic cap adherence, and (3) self-reported 
medication adherence. First, the MPR was estimated using 
prescription refill records spanning the 6 months prior to 
study enrollment for the baseline measure and during the 
6-month study period. Specifically, the MPR was calcu-
lated as the sum of the days’ supply of medication divided 
by the number of days in the refill interval. Medication-
specific MPRs were calculated and averaged for all sub-
jects’ BP medication.23 An MPR of ≥0.8 represents good 
adherence.24

Figure 1.  Image of SMARxT cap (left) and placebo cap (right) on a prescription medication bottle.
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Second, cap adherence was estimated using the propor-
tion of time that a patient takes his or her medication(s) at 
their specified dosing time, measured from electronic cap-
opening data. The proportion of doses taken “on time” was 
calculated using 10% as the maximum deviation window 
permitted from the time the dose was scheduled to be 
taken in order for a dose to be counted as “on time.” This 
percentage was averaged across all 6 months for each 
medication.25

Third, self-reported adherence was measured using the 
Morisky Medication Adherence Scale (MMAS-8), which is 
an 8-item questionnaire that measures self-reported adher-
ence based on medication-taking behavior. MMAS-8 scores 
range from 0 to 8, with scores of <6 reflecting poor adher-
ence, 6 to <8 reflecting medium adherence, and 8 reflecting 
high adherence.26-28

Secondary outcomes included mean changes in systolic 
BP (SBP) and diastolic BP (DBP) between groups from 
baseline to 6 months. At each time point, BP was measured 
3 consecutive times in the pharmacy by a trained research 
assistant using an automated BP device (Omron) following 
guidelines from the American Heart Association.29 The 
average of the second and third measurements was used as 
the BP reading.

Statistical Analyses

Descriptive statistics were used to characterize the baseline 
demographics of each group, and independent samples 
t-tests were used to compare the mean change in each pri-
mary and secondary outcome from baseline to 6 months 
between the placebo and SMARxT cap groups. Given that 
this was a pilot study, sample size calculations are noncon-
tributory. P values of <.05 were considered to be statisti-
cally significant. Data were analyzed using SPSS Statistics 
software.

Results

Of 28 patients enrolled in the study, 13 were randomized to 
the SMARxT cap group and 15 to the placebo cap group 
(Figure 2). No statistically significant differences were 
observed between groups at baseline (Table 1). At 6 months, 
the medication adherence estimates (MPR, cap adherence, 
and MMAS-8 score) were higher in the SMARxT cap group 
compared with the placebo cap group, but the improve-
ments were not statistically significant (Table 2). MPR 
increased 2.7 percentage points in the SMARxT cap group 
and decreased 1.1 percentage points in the placebo cap 
group (P = .13) from baseline to 6 months. Cap adherence 
increased 11.9% in the SMARxT cap group and 9.9% in the 
placebo cap group from baseline to 6 months (P = .83). 
From baseline to 6 months, self-reported adherence 

(MMAS-8 score) increased 1.1 points in the SMARxT cap 
group and 0.8 points in the placebo cap group (P = .64).

From baseline to 6 months, BP measures indicated SBP 
decreased by 8.2 mm Hg in the SMARxT cap group and 2.8 
mm Hg in the placebo cap group from baseline to 6 months 
(P = .35; Figure 3). For DBP, a decrease of 6.2 mm Hg was 
observed in the SMARxT cap group versus no change in the 
placebo cap group (P = .06).

Discussion

Findings from this pilot study indicate that electronic 
reminder packaging may play a role in improving patients’ 
adherence to their antihypertensive medication(s). Our data 
support evidence from other studies suggesting that ERDs 
can modestly improve patient adherence and short-term BP. 
Published data on results of ERD use are variable. In one 
review of studies on ERDs with audio visual reminders, 3 of 
7 studies showed significant improvement on adherence in 
the short-term, and defined as a follow-up period of less 
than 6 months.14 Within this review, one study focused on 
patients with hypertension (n = 71) who used a reminder 
alarm card (credit card–sized card with audible reminder 
alarm). Adherence measured by pill count was similar 
between those who used the alarm card and those who did 
not during months 1 and 2. The difference was statistically 
significant at 3 months (87.3% control group vs 97.3% 
intervention group; P = .011).30 Two other studies exam-
ined ERDs in patients with hypertension and did not find 
significant improvement in adherence.31,32 Furthermore, a 
recent study found that neither electronic pill bottles nor 
bidirectional text messaging improved adherence enough to 
affect BP or that adherence was not the primary driver of 
hypertension control.33 When combined with our findings, 
additional studies to determine the components of ERDs 
most likely to improve antihypertension adherence and BP 
are needed.

Another review of 37 studies of ERDs, of which 9 stud-
ies focused on hypertension, concluded that many varieties 
of ERDs exist and there are limited data supporting their 
use. There were more data supporting ERD models that 
were more complex and those that were integrated into 
health care delivery. Useful features of devices appeared to 
be the ability to monitor adherence using both digital dis-
plays and audio alarms and store data.22 While the SMARxT 
caps used in this pilot study were integrated into the phar-
macy-dispensing process and included the ability to moni-
tor and store adherence information with digital and audio 
alarms, the improvement in adherence over 6 months was 
small, and it varied according to the measurement method.

Adherence sensitivity might be improved with electronic 
monitoring. This method is useful when the timing of doses 
is likely to affect drug efficacy or adverse effects, such as 
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Figure 2.  Flow diagram of patient enrollment.

for certain medications such as contraceptives and antiret-
rovirals.34,35 There also might be additional medications for 
which the timing of nonadherence impacts therapeutic out-
comes, such as was shown in one study with patients taking 
lipid-lowering drugs.36 The effect of taking medication(s) 
exactly at the specified time each day is limited for antihy-
pertensive drugs but bedtime dosing might be important for 

achieving outcomes.37 Studies have shown that more opti-
mal-dosing execution leads to improved persistence with 
chronic medications over time.35

Adherence is a complex issue that often requires a com-
bination of reminder-type devices plus other support depen-
dent on electronic monitoring (eg, text messages for missed 
doses) to overcome unintentional nonadherence, and other 
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Table 1.  Baseline Characteristics (n = 28).

Characteristics Control (n = 15) Intervention (n = 13) Pa

Age (years), mean ± SD 62.8 ± 13.0 57.8 ± 9.9 .27
Male gender, n (%) 6 (40%) 6 (46.2%) .75
Race, n (%) .78
  White 9 (60%) 9 (69.2%)  
  Black 5 (33.3%) 3 (23.1%)  
  Other 1 (6.7%) 1 (7.7%)  
Married, n (%) 4 (26.7%) 5 (38.5%) .52
Education status, n (%) .75
  Less than high school 1 (6.7%) 0  
  High school 8 (53.3%) 7 (53.8%)  
  Some college/completed college 6 (40%) 6 (46.2%)  
Employment status, n (%) .68
  Employed 2 (13.3%) 2 (15.4%)  
  Out of work 2 (13.3%) 3 (23.1%)  
  Retired 6 (40%) 3 (23.1%)  
  Disabled 4 (26.7%) 5 (38.5%)  
  Other 1 (6.7%) 0  
Comorbid conditions
  Body mass index, mean ± SD 31.2 ± 7.1 32.6 ± 7.5 .61
  Current tobacco use, n (%) 6 (40%) 4 (30.8%) .79
  Asthma, n (%) 5 (33.3%) 3 (23.1%) .57
  Arthritis, n (%) 10 (66.7%) 10 (76.9%) .57
  Diabetes, n (%) 2 (13.3%) 6 (46.2%) .07
  “Heart trouble,” n (%) 4 (26.7%) 2 (15.4%) .49
  Stroke, n (%) 1 (6.7%) 1 (7.7%) .88
  Systolic blood pressure (mm Hg), mean ± SD 142.9 ± 19.7 132.2 ± 25.2 .22
  Diastolic blood pressure (mm Hg), mean ± SD 84.0 ± 11.8 84.7 ± 10.8 .87
  Blood pressure medications, mean ± SD 2.3 ± 1.2 2.2 ± 1.1 .82
Adherence measures
  Medication possession ratiob for all blood 

pressure medications, mean ± SD
92.7 ± 6.8 89.1 ± 9.8 .27

  Cap adherencec, mean ± SD 55.1 ± 27.3 60.7 ± 33.0 .63
  MMAS-8 scored, mean ± SD 5.7 ± 1.3 6.2 ± 1.1 .29

aCalculated using χ2 test, Fisher’s exact test, or student’s t test, as appropriate.
bMedication possession ratio (MPR) refers to the proportion of days that a patient had blood pressure medication available to take during the 6 months 
prior to study enrollment (based on prescription refill records).
cCap adherence refers to the proportion of time that a patient takes his or her medication at their specified dosing time; measured from cap-opening 
data.
dMorisky Medication Adherence Scale (MMAS)-8 score is obtained from a medication-taking behavior, 8-item questionnaire that measures self-
reported adherence. Scores range from 0 to 8, where a score <6 reflects poor adherence.26-28

Table 2.  Medication Adherence Results (n = 28).

Control group (n = 15) Intervention group (n = 13)

Δa Pb   Baseline 6 months Change Baseline 6 months Change

MPR %, mean ± SD 92.7 ± 6.8 91.7 ± 8.6 −1.1 ± 6.0 89.1 ± 9.8 91.8 ± 8.9 2.7 ± 6.7 3.8 .13
Cap adherence %, mean ± SD 55.1 ± 27.3 65.0 ± 28.0 9.9 ± 22.5 60.7 ± 33.0 72.6 ± 28.3 11.9 ± 26.8 2.0 .83
MMAS-8 score, mean ± SD 5.7 ± 1.3 6.5 ± 1.5 0.8 ± 1.3 6.2 ± 1.1 7.2 ± 1.1 1.1 ± 1.4 0.3 .64

Abbreviation: MPR, medication possession ratio; MMAS, morisky medication adherence scale.
aRefers to the difference between the change from baseline to 6 months in the control and intervention groups.
bRefers to the comparison of change from baseline to 6 months between the control and intervention groups using an independent samples t test.
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Figure 3.  Blood pressure results (n = 28).
* P = .35 for the comparison of systolic blood pressure change from baseline to 6 months, calculated using an independent samples t test.
^ P = .06 for the comparison of diastolic blood pressure change from baseline to 6 months, calculated using an independent samples t test.
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interventions, like counseling by a pharmacist to help over-
come intentional nonadherence. Electronic reminder caps 
themselves require minimal clinician intervention and are 
less resource intensive than other strategies, but they can be 
included in more complex adherence strategies.22 It also is 
possible that reminder features of the cap need improve-
ment and individualization. Additionally, some patients 
might benefit more from an alternative electronic reminder 
system to be actively alerted to take their medication, for 
example, through electronic mobile phone messages rather 
than through a system physically incorporated into the med-
ication packaging. Historically, ERDs have not been cov-
ered by health insurance, which has been a barrier to more 
widespread use.34 The cost of the ERD used in this project 
is minimal (around $10 each), which would allow insurers 
to benefit from its use by lowering the overall cost of 
care.38,39 However, cost-effectiveness studies of these 
devices are needed.

Study Limitations

One major limitation of this pilot study was the small num-
ber of participants, which diminished our ability to draw 
conclusions about the impact of the caps on adherence and/
or blood pressure. Our sample size was not adequate to 
detect statistically significant changes in BP. However, the 
difference in decrease in both SBP and DBP in the SMARxT 
cap group was clinically meaningful. This suggests the need 
for future studies in larger populations. The results of this 
study could be useful to estimate effect size and calculate a 
sample size in future trials. In previous surveys, patient 
interest in using the device was very high, but only a small 
percentage of the patients recruited for this project responded 
to the invitation to participate. As mentioned, other studies 
of ERDs also have been limited by small numbers of sub-
jects, a problem that highlights the need to better understand 
the reasons why patients are reluctant to adopt an ERD and 
tailor recruitment strategies to overcome this barrier.

Additionally, the baseline measures of adherence were 
high, suggesting that a ceiling effect likely limited our abil-
ity to observe more dramatic improvements in adherence. 
Similarly, our simple randomized design, while balancing 
most of our measures of baseline characteristics, may not 
have accounted for other unobserved characteristics that 
affect adherence. The caps used in this study had some tech-
nical development issues, which delayed recruitment of 
some subjects and prevented inclusion of others. Finally, 
while electronic monitoring has been shown to provide a 
more accurate and detailed representation of actual dosing 
than other methods (eg, self-report and pharmacy claims 
data), this system is still an indirect adherence measure, 
because the opening of the medication bottle is assumed to 
be an indicator of a dose being taken by the patient.35,40

Conclusions

Use of SMARxT cap showed nonsignificant improvement 
in medication adherence and BP lowering. In addition to 
serving as a reminder device, this health technology can 
potentially provide clinicians with an additional source of 
data to characterize patient medication-taking behavior. 
Further research with a larger sample size is needed to more 
accurately estimate the impact of the SMARxT and other 
ERDs on patient adherence and health outcomes.
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