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BACKGROUND: Poor medication adherence contributes
to inadequate control of hypertension. However, the value
of adherence monitoring is unknown.
OBJECTIVE: To evaluate the impact of monitoring adher-
ence with electronic pill bottles or bidirectional text mes-
saging on improving hypertension control.
DESIGN: Three-arm pragmatic randomized controlled trial.
PATIENTS: One hundred forty-nine primary care pa-
tients aged 18–75 with hypertension and text messaging
capabilities who were seen at least twice in the prior
12 months with at least two out-of-range blood pressure
(BP) measurements, including the most recent visit.
INTERVENTIONS: Patients were randomized in a 1:2:2
ratio to receive (1) usual care, (2) electronic pill bottles for
medication adherence monitoring (pill bottle), and (3) bi-
directional text messaging for medication adherence
monitoring (bidirectional text).
MAINMEASURES:Change in systolic BP during the final
4-month visit compared with baseline.
KEYRESULTS:At the 4-month follow-up visit,mean (SD)
change values in systolic blood pressure were − 4.7 (23.4)
mmHg in usual care, − 4.3 (21.5) mmHg in the pill bottle
arm, and − 4.6 (19.8) mmHg in the text arm. There was no
significant change in systolic blood pressure between con-
trol and the pill bottle arm (p = 0.94) or the text messaging
arm (p = 1.00), and the two intervention arms did not
differ from each other (p = 0.93).
CONCLUSIONS: Despite good measured adherence, nei-
ther feedback with electronic pill bottles nor bidirectional
text messaging about medication adherence improved
blood pressure control. Adherence to prescribed medica-
tions was not improved enough to affect BP control or it
was not the primary driver of poor control.
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INTRODUCTION

Hypertension affects about 30% of US adults and is a leading
contributor to the global burden of disease.1–3 Despite sub-
stantial evidence that low-cost and readily available medica-
tions can improve clinical outcomes,4 only about half of
patients have adequately controlled blood pressure (BP).5

Many studies show that adherence to hypertension medica-
tions is low6 and that poor adherence is associated with poor
outcomes.7–10 Like many other chronic conditions, successful
management of hypertension requires patient engagement on a
daily basis, outside of clinical visits.11

Recent years have seen the introduction of technologies to
measure andmonitor medication adherence, such as electronic
pill bottles.12–15 These pill bottles can connect wirelessly to
software platforms to automate engagement with patients.
There is some evidence that patients who use these devices
and receive feedback have improved medication adherence in
chronic conditions such as HIVand cardiovascular disease.16–
21 However, these devices are costly to implement and chal-
lenging for some patients, as they may require patients to
decant medications from their original packaging into the
devices and may require complicated processes to establish
and maintain connectivity to wireless networks.
Text messaging holds promise for engagement of patients

about medication adherence. Text messaging is now a leading
communication channel and because of its ease and low
technical threshold, its use spans demographic and economic
barriers.22 Bidirectional text messaging offers the opportunity
to monitor adherence by daily questioning of patients about
whether they took their medications.23 These structured data
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responses might replace electronic pill bottle opening data, but
they might also be less reliable than observed pill bottle
openings. Patients can of course open pill bottles and not take
the medication, but that kind of intentional non-adherence is a
different clinical problem. Patients’ text responses might more
easily misrepresent actual pill taking.
Some studies have shown that both bidirectional and unidi-

rectional text messaging can improve medication adherence in
hypertension, but these studies have relied mainly on self-
report of adherence and do not consistently show improve-
ment in clinical outcomes.24–28 There are a few studies show-
ing that remote monitoring of BP in hypertension can improve
clinical outcomes, but these rely on nurses or pharmacists to
monitor the data, which can be costly for routine primary care
practices to sustain.29–31 Additionally, for many clinicians,
remote monitoring of BP creates an unwelcome sense of
responsibility to respond to readings out of range.
Monitoring of medication adherence has the potential to

improve hypertension management without creating the same
unwelcome sense of responsibility, but rigorous evidence is
needed about its effectiveness. In this study, we compare the
effectiveness of electronic pill bottles and bidirectional text
messaging at improving medication adherence and BP control
among patients with poorly controlled hypertension.

METHODS

Study Design

This was a three-arm pragmatic randomized controlled trial
comparing the following approaches to reduce blood pressure
among patients with uncontrolled hypertension: (1) usual care;
(2) electronic pill bottle to encourage medication adherence;
and (3) bidirectional text messaging to encourage medication
adherence. The University of Pennsylvania Institutional Re-
view Board approved the study. Patients provided informed
consent prior to enrollment. The protocol was registered at
clinicaltrials.gov (NCT02778542). The protocol and statistical
analysis plan appear as a Supplement.

Study Population

The study population included primary care patients at
four general internal medicine practices at the University
of Pennsylvania serving a demographically and socioeco-
nomically diverse population in Philadelphia. Patients
were identified from June 2016 to January 2017. We
included patients between 18 and 75 years old with a
diagnosis of hypertension (ICD-10 I10), a visit to their
primary care provider at least twice in the prior 12 months,
and at least two out-of-range blood pressure measure-
ments according to JNC8 guidelines (< 150/90 or < 140/
90 if aged 21–59 years or with diabetes or non-diabetic
chronic kidney disease), including the most recent visit.
Initial blood pressure measurements were obtained from

the electronic health record during office visits as recorded
by routine clinical practice. Patients needed to have a
cellular phone with text messaging capabilities and be
on one of the JNC8 medications for hypertension
(Online Appendix Table 1). Patients were excluded if they
had dementia, severe cognitive impairment, end-stage re-
nal disease, cirrhosis, or metastatic cancer.

Recruitment and Randomization

All eligible participants received recruitment letters, followed
by up to three phone calls from study staff to explain the study,
and provide informed consent. After consent, they were asked
to complete a brief medication adherence survey. Participants
were randomized to usual care, electronic pill bottle, or bidirec-
tional text messaging in a 1:2:2 ratio using variably sized
permuted blocks. Randomization was conducted via the Way
to Health (WTH) platform, an NIH-funded software platform
that facilitates and automates many aspects of study design and
intervention implementation.32 Participants received $25 for
participation, and an additional $75 for completing the follow-
up appointment at the end of the 4-month study period. Inves-
tigators and data analysts were blinded to arm assignment;
patients were not blinded due to the nature of the interventions.

Interventions

Patients in both the pill bottle and bidirectional texting arms
received daily feedback about their adherence the day before,
along with a reminder to take their medication that day, which
was automated by the WTH platform. Participants in the pill
bottle arm were mailed a wireless electronic pill bottle
(AdhereTech) to be used for one hypertension medication.
The pill bottles electronically monitor openings and transmit
them toWTH. Participants received one of two daily feedback
messages, depending on their adherence the day prior: “Con-
gratulations for taking your medication yesterday! Remember
to take your medication today” or, “It looks like you did not
take your medication yesterday. Remember to take your med-
ication today.”
Participants in the bidirectional texting arm received text

messages via the WTH platform, prompting the participant
to reply via text with his/her adherence for that day. Since
adherence for this arm is patient reported, participants
received the following initial message the day of enroll-
ment, “Did you take your medication today? Text back Yes
if you have.” Mirroring the pill bottle arm, the subsequent
days the feedback either stated, “Congratulations for taking
your medication yesterday! Did you take your medication
today? Text back Yes if you have.” Or, “Our records
indicated that you did not take all of your medications
yesterday. Did you take your medication today? Text back
Yes if you have.”
Patients in the pill bottle and text messaging arms were

monitored for 4 months. Patients randomized to the control
arm received usual care as provided by the clinical practice.
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Follow-up Assessment

All participants were invited to an in-person follow-up ap-
pointment 4 months after enrollment. Participants received
phone calls and text message reminders for the follow-up
appointment. Follow-up appointments were also accepted
from a month before to a month after the study end date.
Study staff performed the follow-up blood pressure mea-
surement at one of the primary care practices using the
Omron 10 blood pressure cuff, which is the same machine
that is used for routine office visits. Patients were instructed
to sit for 5 min prior to taking their blood pressure. The
Omron 10 device takes three readings and uses the average
of the three. All participants repeated the brief medication
adherence survey at the follow-up appointment. Participants
in the pill bottle and text messaging arms were also asked
“Please rate how likely you would be to recommend the
Way2Text Program to others who are prescribe blood pres-
sure medication on a scale from 0-10? (0 = Not At All Likely
/ 10 = Extremely Likely).”

Study Outcomes

The primary outcome was the change in systolic blood pres-
sure from the baseline systolic blood pressure reading obtained
from the EHR to the 4-month follow-up visit. Additional
outcomes were the percent that had controlled blood pressure
(according to JNC8 guidelines) during the 4-month visit and
the change in diastolic blood pressure from baseline to 4-
month visit. We tracked BP measurements from the electronic
health record that was obtained through office visits. We also
compared medication adherence between patients with the
electronic pill bottles and the patients with bidirectional mes-
saging. Medication adherence was measured as the proportion
of days that the patient opened the pill bottle or responded to
the text message. Strict adherence for pill bottles started im-
mediately at the enrollment date. A more relaxed adherence
measure started after the first bottle opening. Strict adherence
for text messaging only included valid “yes” responses. Re-
laxed adherence for text messaging counted any confirmation
of adherence.

Total Pa�ent Charts Reviewed
1239

Total Pa�ents Contacted
724

Total Ineligible Pa�ents at Chart Review
515

Enrolled
151

Ineligible 140
-New BP screening in range a�er recruitment 
le�er mailed (n=71)
-Health Diagnosis Exclusion (n=27)
-Not on study Medica�ons (n=20)
-Unable to text (n=18)
-Ac�ve in another study (n=2)
-Unable to give informed consent (n=1)
-Does not self-administer medica�ons (n=1)

Decline 126

Unreachable 307

Bi-direc�onal Tex�ng
54

Pill Bo�le
63

Usual Care
34

Follow-up Completed 
Tex�ng

47 (87%)

Follow-up Completed 
Pill Bo�le
51 (81%)

Follow-up Completed 
Usual Care
28 (82%) 

Withdrawn (n=2, Pill 
Bo�le Arm)

Follow-up Appointment Completed
126 (83%)

Figure 1 CONSORT diagram.
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Statistical Analysis

Assuming 5.3 mmHg standard deviation of systolic blood
pressure (SBP) (given variability of BP over time) and a
two-sided significance level of 0.017 (to accommodate three
pairwise comparisons), our planned sample size of 60 in each
intervention arm and 30 in the control arm provided 80%
power to detect a difference in SBP reduction of 3.75 mmHg
between either intervention and usual care, and a difference in
SBP reduction of 3.1 mmHg between the electronic pill bottle
and bidirectional text messaging arms. Primary analysis in-
cluded only those patients who attended the follow-up visit.
BP measures were compared using Student’s t test, and chi-
squared analysis was used to compare proportion with con-
trolled blood pressure. For missing follow-up BP, we conduct-
ed multiple imputation with linear regression using 10 impu-
tations and included study arm indicators, demographic vari-
ables, and baseline blood pressures as predictors. Analyses
were conducted in Stata 14.0 (StataCorp).

RESULTS

Patient Characteristics

We conducted chart review on 1239 patients, of whom 724
were sent outreach materials (Fig. 1); 151 enrolled in the trial
and were randomized, 34 to usual care, 63 to the electronic pill
bottles, and 54 to bidirectional text messaging. Those who
declined or were unreachable had similar baseline blood pres-
sure, comorbidities, and gender to the enrolled participants,
but were slightly older (mean age 56.0, SD 11.6). Two partic-
ipants were withdrawn after they were determined to be inel-
igible after enrollment, and 126 (83%) completed the follow-
up visit; 149 were included in the intent-to-treat analysis.
Participants had a mean age of 53.1 (SD 10.5); 93 (62.8%)
were female; 131 (88.5%) were black; 79 (53.4%) had diabe-
tes; and 15 (10.1%) had chronic kidney disease. There were no
significant differences across arms (Table 1). The intervention
was conducted between June 2016 and June 2017, ending
after meeting pre-specified enrollment goals and the follow-
up time frame.

Blood Pressure Outcomes

At baseline, the mean (SD) systolic blood pressure was
151.6 (11.2) mmHg in the usual care arm, 152.0 (11.0)
mmHg in the electronic pill bottle arm, and 152.4 (12.5)
mmHg in the bidirectional text messaging arm. At the 4-
month follow-up visit, mean (SD) change in systolic blood
pressure was − 4.7 (23.4) mmHg in usual care, − 4.3 (21.5)
mmHg in the pill bottle arm, and − 4.6 (19.8) mmHg in the
text arm (Table 2). There was no significant change in
systolic blood pressure between control and the pill bottle
arm (p = 0.94) or the text messaging arm (p = 1.00). The
two intervention arms did not differ from each other (p =
0.93). The proportion that had controlled blood pressure at
follow-up was 37.5% in the usual care arm, 28.1% in the
pill bottle arm, and 25.0% in the text messaging arm, with
no statistically significant difference by arm with p values
ranging from 0.23 to 0.72. There was also no statistically
significant change in diastolic blood pressure across arms.
After accounting for missing data with multiple imputation
and multivariable adjustment, there was also no difference
by arms (Online Appendix Tables 2 and 3).

Table 1 Demographic Characteristics by Group Assignment

Control
(n = 34)

Pill bottle
(n = 61)

Texting
(n = 54)

Female (%) 24 (71) 35 (57) 34 (63)
Age, mean (SD) 52.7 (11.2) 55.2 (9.6) 51.0 (10.7)
Race (%)
Non-Hispanic White 3 (9) 6 (10) 7 (13)
Black 31 (91) 55 (90) 46 (85)
Other 0 (0) 0 (0) 1 (2)

Insurance type (%)
Commercial 16 (47) 37 (61) 29 (54)
Medicare 8 (24) 12 (20) 9 (17)
Medicaid 9 (26) 12 (20) 12 (22)
Uninsured 1 (3) 0 (0) 4 (7)

Annual income $,
mean (SD)

50,514
(22,063)

47,242
(15,248)

47,736
(19,073)

Diabetes (%) 17 (50) 37 (61) 26 (48)
Chronic kidney
disease (%)

6 (18) 5 (8) 4 (7)

1st baseline SBP,
mean (SD)

154.7 (13.5) 153 (14.6) 152.4 (9.7)

1st baseline DBP,
mean (SD)

86.3 (9.7) 87.1 (11.5) 91.0 (8.3)

2nd baseline SBP,
mean (SD)

151.6 (11.2) 152.0 (11.0) 152.4 (12.5)

2nd baseline DBP,
mean (SD)

85.9 (10.2) 87.0 (11.7) 88.9 (12.3)

Given three pairwise comparisons, significance threshold is p < .01667.
There are no statistically significant pairwise differences

Table 2 Unadjusted Outcomes by Group Assignment

1. Control
(n = 32)

2. Pill bottle
(n = 57)

3. Texting
(n = 48)

p value 1v2 p value 1v3 p value 2v3

Post
Systolic, mean (SD) 147.3 (22.8) 147.3 (21.6) 148.3 (16.6) 0.99 0.83 0.79
Diastolic, mean (SD) 89.1 (14.0) 93.6 (14.9) 95.8 (12.9) 0.16 0.03 0.44

Change
Systolic, mean (SD) − 4.7 (23.4) − 4.3 (21.5) − 4.6 (19.8) 0.94 1.00 0.93
Diastolic, mean (SD) 4.0 (12.6) 6.5 (15.2) 7.3 (14.4) 0.44 0.31 0.79

Controlled blood pressure
Controlled blood pressure, no. (%) 12 (37.5) 57 (28.1) 48 (25.0) 0.36 0.23 0.72

Raw p values reported. Given three pairwise comparisons, significance threshold is p < .01667
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Medication Adherence

Medication adherence rates were 70.8% and 77.0% during the
intervention for patients in the electronic pill bottles and
bidirectional text messaging arms, respectively, using strict
criteria (Fig. 2). Using relaxed criteria, pill bottle adherence
was 77.2% and text messaging adherence was 79.4%. There
was no significant correlation between adherence with pill
bottles or bidirectional text messaging and change in systolic
blood pressure (Table 3).

Follow-up Survey

We found no difference in response to self-reported medica-
tion adherence between arms during the baseline and follow-
up assessments. Among the 98 out of 117 participants in the
pill bottle and text messaging arms who completed the follow-
up survey, there was a mean likelihood to recommend score of
9.0 out of 10 (SD 2.0), with a median of 10.

CONCLUSION

In this trial, patients with uncontrolled hypertension were
provided with electronic pill bottles or bidirectional text mes-
saging to monitor medication adherence and provide daily
automated feedback for encouragement. Despite high mea-
sured medication adherence in both intervention arms, the
reduction in systolic blood pressure or blood pressure control
was not significantly different than in the control group. We
also did not find any correlation of medication adherence
measurement with blood pressure control.

There are a few reasons why the interventions in the trial did
not show any improvement in blood pressure control in this
population. First, adherence to prescribed medications may not
be the primary factor leading to poor blood pressure control.
Patients need to take the medications, but they also need to have
their doses escalated or additional medications prescribed if their
blood pressures are persistently elevated. There is evidence from
multiple studies demonstrating the frequent inadequacy of med-
ication intensification, which can be attributed to uncertainty
about patient adherence, provider inertia, and the visit-based
primary care system in which providers have competing de-
mands.33–35 Future interventions could encourage dose escalation
among providers by incorporating adherence data with targeted
messaging to providers in the EHR.36 Practices could also assign
specialized clinicians to focus on the management of hyperten-
sion and reduce the cognitive load on primary care providers.
Second, medication adherence may not have improved

enough to have an effect on blood pressure control. While
the measured adherence was high in both intervention arms,
patients may have needed to have even higher adherence to
demonstrate improved blood pressure control as compared
with the usual care group. The primary form of motivation
was provided through frequent feedback and alerts, which has
been shown to increase participation in other studies, although
the primary outcomes were measures of medication adherence
and not clinical outcomes.17, 37 However, there is an opportu-
nity to leverage additional insights from behavioral science
such as social influence, financial incentives, and manipula-
tions of choice architecture.18, 38–41 For example, friends or
family members could be engaged to encourage adherence or
medications could be provided to patients automatically as the
default. Medication adherence also may not have been an
accurate reflection of true medication adherence as patients
may have simply been opening the bottles or responding “yes”
to the text messages to avoid negative feedback. There are
studies showing that electronic pill bottles are an accurate
measure of adherence,12, 14, 15 but there is limited evidence
for bidirectional text messaging.
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Figure 2 Medication adherence for electronic pill bottle and bidirectional text messaging arms.

Table 3 Correlation Between Medication Adherence and Change in
Systolic Blood Pressure

Change systolic blood pressure
(SBP)

Pearson’s
correlation

p
value

Pill bottle (strict) − 0.14 .32
Pill bottle (relaxed) − 0.11 .43
Bidirectional text (strict) 0.21 .15
Bidirectional text (relaxed) 0.13 .37
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Third, our patient population may have blood pressure that
is particularly difficult to treat. It was mostly African Ameri-
can, who may have blood pressure that is more challenging to
treat and control.42–46 Additionally, the patient population at
this urban academic primary care practice may have had social
and economic issues impeding their ability to take their med-
ications. The participating clinics had also initiated different
pilot programs such as provider feedback and dedicated hy-
pertension management programs, which may have selected
the participants in the study to be particularly difficult to
control. Thus, there may be a ceiling effect in this population
making remote monitoring less effective, while it may have
worked in other patient populations with fewer barriers to
control or fewer existing efforts.
Finally, the control group also showed an improve-

ment in blood pressure control, which may have ex-
plained the lack of relative benefit in the intervention
groups. Those changes might reflect regression to the
mean. In addition, control group participants consented
to the study, received a financial incentive to participate,
and also attended the follow-up blood pressure visit.
Each of these elements may have encouraged the pa-
tients to take medications and improve their blood pres-
sure. There was also just one follow-up reading of
blood pressure, so patients could have simply taken their
medications immediately before the last visit and shown
improved control.
There are some important limitations to the trial. The

patients in this urban academic primary care practice
may not be representative of other populations of hy-
pertension patients. We relied on a single blood pressure
reading for the primary outcome,47 and the initial blood
pressure readings were obtained through routine clinical
office visits. Our estimate for the standard deviation of
systolic blood pressure was lower than what we found
during the trial, which limited power to detect the
changes in blood pressure. Revised power calculations
assuming a standard deviation of 20 mmHg indicate that
power would have been approximately 80% to detect
changes in SBP of about 12 mmHg between interven-
tion arms and 16 mmHg between intervention and con-
trol arms. Over half of the patients that we attempted to
contact were either unreachable or declined to partici-
pate, so the enrolled participants may not reflect the
characteristics and motivation of the target population.
We did not provide feedback to providers about patient
medication adherence in this study, and provider feed-
back might have promoted medication intensification.
This study also has strengths, including the patient-level

randomization and the pragmatic nature of the interven-
tion, which was embedded in routine primary care opera-
tions. This intervention focused on a particularly vulnera-
ble urban population that included a high proportion of
African Americans, a group that is known to have dispar-
ities in access and outcomes.48 It focused on an important

clinical outcome of blood pressure control, measured re-
liably in a clinic visit. It also addressed an important need,
which is to evaluate low-cost and sustainable interventions
to improve blood pressure control and increase patient
engagement outside of office visits.
Nevertheless, this study suggests that providing elec-

tronic pill bottles or bidirectional text messaging with
feedback to patients is not sufficient to improve blood
pressure control. Future efforts could provide feedback
to providers to escalate prescribing of antihypertensive
medications, incorporate remote monitoring of blood pres-
sure readings with ongoing feedback to patients, or lever-
age additional insight from behavioral science to encour-
age greater engagement and iterative improvement.
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