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Abstract: Patient nonadherence to medication regimens and provider therapeutic inertia 

(failure to respond in timely manner to clinical data) are two primary contributors to ineffec-

tive chronic disease management. This 3-month proof of concept trial used an iterative design 

approach guided by self-determination theory and the technology acceptance model to develop a 

culturally sensitive, patient-centered, and provider-centered mobile health medication and blood 

pressure self-management program. Cellular connected electronic medication trays provided 

reminder signals for patients to take medications and smartphone messaging reminded patients 

to take at-home blood pressures using a Bluetooth-enabled monitor. Providers were given 

bimonthly feedback. Motivational and reinforcement text and audio messages were sent based 

upon medication adherence rates and blood pressure levels. Ten Hispanics with uncontrolled 

essential hypertension were randomized to standard care and Smartphone Medication Adherence 

Stops Hypertension (SMASH) intervention groups. Primary outcomes of provider and patient 

acceptability of the program were found to be high. Retention rates for the 3-month program 

were 100%, with mean ± standard deviation overall medication adherence for the SMASH group 

at 97.2% ± 2.8%, with all strongly believing the program helped them remember to take their 

medication. SMASH participants measured their blood pressure every 3 days 83.2% ± 6.0% of 

the time and completed 89.2% ± 19.06% of the expected readings. Nonparametric tests showed 

statistical significance for resting blood pressure changes between groups at months 2 (P = 0.016) 

and 3 (P = 0.008), with a pre-intervention to 3-month mean systolic blood pressure reduction 

of 47.2 mmHg for the SMASH group compared with a reduction of 12 mmHg for the standard 

care group. Change in scores between pre-intervention and months 1, 2, and 3 for ambulatory 

blood pressure values found that the SMASH group exhibited consistently greater reductions 

for 24-hour, wake, and sleep categories compared with little change in the standard care group, 

although statistical significance was not reached. Principles of patient-centered care highlight 

partnering with intended users and implementers are important when developing a culturally 

sensitive intervention that is meaningful and effective.

Keywords: medication adherence, clinical inertia, self-determination theory, mHealth, blood 

pressure control, essential hypertension, Hispanics

Introduction
Essential hypertension is the most commonly diagnosed chronic disease in the US, 

affects one third of adults, and is an independent risk factor for stroke, renal failure, 

congestive heart failure, and cardiovascular events.1 Despite improvements in aware-

ness, treatment, and control of essential hypertension, significant ethnic and racial 

disparities persist. Hispanics, the largest and fastest growing minority group in the 

US, have the highest rates of uncontrolled essential hypertension, the lowest rates 

S
m

ar
t H

om
ec

ar
e 

T
ec

hn
ol

og
y 

an
d 

T
el

eH
ea

lth
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/SHTT.S49633
mailto:sieverde@musc.edu


Smart Homecare Technology and TeleHealth 2013:1submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2

Sieverdes et al

of consistent primary medical care, and the highest rate of 

hypertension-related mortality.2–4

Two leading factors responsible for uncontrolled essential 

hypertension are medication nonadherence and therapeutic 

inertia.5–8 Medication adherence refers to whether patients 

take their medications at the correct times and dosages as 

prescribed by their physicians.9 Sustained adherence to medi-

cation regimens for essential hypertension has been shown 

to control blood pressure (BP) and reduce cardiovascular 

disease-related events.10,11 For example, using medication 

possession ratios, hypertensives who exhibited high medi-

cation adherence (80%–100%) were 45% more likely to 

achieve BP control.12 Despite this demonstrated efficacy, 

medication nonadherence is the leading modifiable barrier to 

BP control.6,7 More than 50% of new patients with essential 

hypertension stop taking their prescribed medications within 

the first year after diagnosis, and less than 65% remain 

in active care after 3 years.13 Perez reviewed the literature 

on self-management of essential hypertension among Hispan-

ics and identified the primary barriers, which included poor 

planning, forgetfulness, health care access, communication 

barriers, and affordability.14

The other leading factor, therapeutic inertia, is defined as 

the provider’s inaction to modify medical regimens (eg, dose 

titration, start new medications) when treatment goals are not 

attained. Therapeutic inertia may explain why patients remain 

hypertensive despite having high adherence to medical 

regimens.8,15 Absence of data regarding patients’ at-home 

BP and providers’ nonrecognition of best practice guidelines 

both contribute to this problem.8,16,17 A study that followed 

7,253 patients with uncontrolled essential hypertension in 

the Southeastern US found that, despite having in-clinic 

hypertensive BP values, medication adjustment occurred 

only 13.1% of the time.8

Status of trials on self-management of 
essential hypertension and clinical inertia
Recent reviews of a collective total of 133 randomized 

controlled trials (37 RCTs;5 78 RCTs;18 18 RCTs19) involv-

ing patients with uncontrolled essential hypertension 

concluded that BP self-monitoring (readings brought/mailed/

phoned into clinics), medication reminder tactics (live or 

automated phone reminders), and/or in combination with 

individual counseling, often improve adherence, reduce 

therapeutic inertia, and result in small but significant declines 

in BP. However, only 40%–50% of participants reached BP 

control (eg, clinic BP , 140/90 mmHg) and improvements 

often deteriorated following intervention cessation.5,18,19 

Several recent mobile health (mHealth) feasibility trials 

that have been done in patients with essential hypertension 

incorporated BP self-monitoring using Bluetooth-enabled 

devices and provider BP summary reports. Compared with 

standard care groups, mHealth groups showed significant 

BP reductions, although medical standards for BP control 

(BP , 140/90 mmHg) were not typically achieved.20 Lai 

conducted a quasi-experimental 9-month study in Hispanics 

with uncontrolled essential hypertension involving BP self-

monitoring and face-to-face pharmacist-delivered educational 

consultations.21 BP control was reached by 2 months (reduced 

from 150/95 mmHg to 133/83 mmHg) and was maintained 

throughout the study.

To our knowledge, no published study has incorporated 

a combination of mHealth technology-based medication 

intake and BP self-monitoring tactics with Hispanics, the 

underserved minority group with the highest rate of uncon-

trolled essential hypertension.2–4 Our research has confirmed 

other findings that Hispanics have high utilization rates of 

smartphones and are highly receptive to use health technol-

ogy to improve adherence to medical care regimens and 

communicate with health care providers.22,23 Before large-

scale trials can test the efficacy of this idea, smaller trials 

need to be performed to assess the acceptability of such 

an approach. Therefore, we conducted a 3-month proof of 

concept RCT involving Hispanics with uncontrolled essential 

hypertension. The primary purpose was to test the feasibility 

of a real-time medication reminder and BP self-monitoring 

system in conjunction with behavioral theory strategies to 

improve BP self-management, with the secondary purpose 

of investigating signals of clinical changes in resting and 

ambulatory BP.

Materials and methods
Participants
Potentially eligible patients were identified via medical records 

from two federally qualified health center practice sites that 

provide health care for individuals predominantly of lower 

socioeconomic status and living in rural, underserved areas 

within Charleston County, South Carolina. Inclusion criteria 

were: Hispanic or Latino ethnicity, diagnosed with essential 

hypertension, prescribed medication(s) for essential hyperten-

sion, and systolic BP . 140 mmHg on last clinic visit within 

the previous 12 months. Exclusion criteria were: ,21 years 

of age, inability to self-administer medications, measure own 

BP or use a smartphone, a history of psychiatric illness or 

substance abuse, medical diagnoses besides type 2 diabetes 

mellitus (eg, cancer treatment within previous 2 years, 
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stroke, myocardial infarction, Parkinson’s disease), pregnant, 

lactating, or intention of becoming pregnant during the trial, 

participating in another study, and inability to speak, hear, or 

understand English or Spanish. Patients who met the initial 

eligibility criteria were contacted by phone using Spanish-

speaking study staff and, if interested, scheduled for a clinic 

BP screening. The Medical University of South Carolina 

internal review board approved the study protocol.

Physiologic measurements
Clinic-based anthropometric and resting BP evaluations 

were conducted prior to randomization (ie, pre-intervention) 

and again at months 1, 2, and 3. Patients were seated upright 

with their right arm resting on a table at heart level. Proper 

cuff size was applied on the right arm for a Dinamap Pro-

Care 200 (GE Healthcare, Buckinghamshire, UK) at each 

evaluation. The Dinamap has been validated using stan-

dard auscultatory methods from the British Hypertension 

Society and the Association for Advancement of Medical 

Instrumentation (AAMI) in adults.24 The Dinamap, as well 

as the other BP devices used in the study, were calibrated 

following the manufacturer’s specifications. Readings 

were immediately taken, again after a 5-minute rest, and 

two additional readings were taken separated by 2-minute 

intervals. The average of the last two readings was used in 

the analyses for initial eligibility and BP evaluations. Essen-

tial hypertension was defined as a systolic BP $ 140 mmHg 

using Joint National Committee (JNC) guidelines. Systolic 

BP was used as the BP control selection parameter since 

controlling systolic BP results in commensurate diastolic 

BP control for a majority of patients.1 In addition, height, 

weight, and waist circumference were taken using standard 

measurement protocols.25,26

Ambulatory BP evaluations
The 24-hour ambulatory BP was assessed pre-intervention 

and at months 1, 2, and 3. Measurements were automated 

to record BP readings every 20  minutes during daytime 

hours, and every 30 minutes during night-time hours using 

90207  monitors (SpaceLabs Inc., Issaquah, WA, USA). 

The instrument has been validated following the British 

Hypertension Society and AAMI protocols using standard 

auscultatory readings.27 Acceptability of ambulatory read-

ings was based on established criteria.28,29 Averages for 

all readings were created within designated categories of 

24 hours, wake (ie, 8 am to 10 pm), and sleep (ie, 12 am 

to 6 am). For each participant, a minimum of at least 50% 

of the expected number of readings was required for each 

time category, otherwise that category was considered 

missing.

MedMinder device
The MedMinder (model: Maya, MedMinder Inc., New-

ton, MA, USA) (Figure 1) medication tray uses an 110 V 

power source, has 28 compartments (up to four doses 

daily  ×7  days), and provides reminder signals through 

a cellular network to a Health Insurance Portability and 

Accountability Act compliant server. When the medication 

is to be taken, a blinking light from a specific dose compart-

ment activates. If the pill container is not opened, removed, 

and returned in 30 minutes, a loud chime also activates 

for 30  minutes after which an automated personalized 

reminder message is sent via phone call or text message. 

The medication tray dates and time stamps each sequence 

when one of the compartments is removed and sends the 

information wirelessly to the cellular network in real time. 

Failure to open the compartment after 90 minutes triggered 

an automated email message to the study coordinator.

Theory-based behavior change
Self-determination theory was used as the underlying 

behavioral change theory for this mHealth program. Self-

determination theory is directed at building confidence 

(ie, self-efficacy) in the ability to engage in and increase 

motivation to sustain desired behaviors. Building sustained 

motivation in self-determination theory focuses upon devel-

opment of autonomous regulation, which is fostered by 

inculcating a sense of ownership and meaning over one’s 

behavior change.30,31 Behaviors consistent with personal 

values and/or short-term and long-term life goals are more 

likely to be sustained than those resulting from external cues 

(eg, “doctor’s orders”) or negative internal (eg, shame, guilt) 

pressures.31 Based upon their disease management behaviors 

Figure 1 MedMinder medication tray.
Note: Maya, MedMinder Inc., Newton, MA, USA.
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(ie, medication adherence, BP monitoring), patients received 

personalized feedback and motivational messages (see 

Table 1 for a detailed explanation).

Randomization process  
and intervention overview
Following the pre-intervention screening evaluations and 

informed consent, patients were randomized to either standard 

care control or the Smartphone Medication Adherence Stops 

Hypertension (SMASH) intervention groups. SMASHers 

received a Motorola Droid 2 or X (Motorola Inc., Schaum-

burg, IL, USA) with an application installed to automatically 

acquire and forward encrypted home-based BPs from their 

Bluetoothed BP device (A&D model UA-767PlusBT San 

Jose, CA, USA) to a secure server. The A&D monitor was 

calibrated and satisfied the British Hypertension Society and 

AAMI criteria for systolic and diastolic BP accuracy com-

pared with standard auscultatory readings.32 SMASHers were 

requested to record their BP in the morning and evening every 

3 days using the same protocol as mentioned previously for 

the clinic BP measurements. They also received a MedMinder 

electronic medication tray and were individually instructed 

on how to operate all devices and successfully demonstrated 

their use before beginning the study. A SMASH navigator (ie, 

research staff) and the SMASHer set the times that medications 

would be taken daily. All devices securely relayed all informa-

tion to our teleprocessing center. SMASHers received written 

and oral information on adherence criteria: take medications 

within 90 minutes before or after designated times (ie, 3-hour 

window) and take resting BP using the supplied A&D monitor 

in the morning and evening every 3 days.

In preliminary interviews, we found that God, family, 

and naturalistic healers (curanderos) played important roles 

in Hispanics’ health care-related behaviors. Thus, a bilingual 

research technician interviewed SMASHers to determine 

what their primary interests were and included life values, 

short-term and long-term goals, roles of cultural values (eg, 

familismo, machismo), and beliefs (eg, religiosity, curand-

eros) on health care behaviors. This information was used to 

generate personalized motivational and feedback messages 

along with other generic motivational and reinforcement 

messages (see Table 1 for examples). They received these 

messages based upon their medication adherence levels from 

the previous day during the first month, and then every several 

days afterwards via their preferred mode of delivery (text, 

email, voice mail). These messages were not automated dur-

ing the proof of concept study. They did receive immediate 

smartphone app feedback of average BPs after each session 

and could select charts from the app showing cumulative 

averages across weeks/months compared with threshold lines 

for BP control (ie, set at 140/90 mmHg). Reminders were sent 

every 3 days to the participants to prompt BP measurement 

adherence. If problems of BP measurement nonadherence 

or if the average of the last two BP readings per session was 

outside the threshold ranges, as specified by the practicing 

physician, the study coordinator would be alerted to contact 

the patient to obtain additional BP readings. If BP values 

persisted outside of threshold limits, the practicing physi-

cian’s nurse manager would be alerted. This never occurred 

during the study.

The health care providers chose to receive bimonthly 

medication adherence and BP summary reports by email. 

These reports were tailored based upon their guidance to 

respond to the reporting needs of the providers (eg, synopsis 

of weekly adherence within 90 minutes of patient-designated 

times). After the 3-month trial evaluation was completed, 

MedMinders and smartphones were returned, with each 

patient receiving a home BP monitor.

Feasibility measures
Feasibility was assessed for SMASHers using retention 

rates, recruitment rates, medication adherence, BP adher-

Table 1 Tailored motivational messages for SMASH group example

Example of participant in SMASH intervention arm 
 � Participant three is a 25-year-old unmarried male with EH and 

noninsulin-dependent type 2 diabetes (T2D). His family history 
includes a mother with EH, T2D, and chronic kidney disease (CKD) 
who recently received a kidney transplant, a father who suffers from 
EH, T2D, and CKD and receives dialysis, a brother who lost a foot 
due to T2D complications, and a sister who has T2D and EH

Personal values: strong religious beliefs, eg, following God’s word, one’s 
body is God’s temple

Short-term goals: increasing energy levels, to spend more time  
in music ministry, playing with children, engaging in soccer

Long-term goals: becoming healthier for marriage, able to raise children, 
watching children grow up, not repeating family history  
of premature disability

Condition: medication doses taken correctly over 24-hour period 
 � “Name, you are doing so well. You took your medication  

correctly today!” 
“You are making your body strong, healthy, and ready  
to enjoy God’s future blessings.”

Condition: medication taken but not at correct time 
 � “Taking medicine is good, taking it at the prescribed time is better! 

Try today. Your family history does not have to be your future!”
Condition: missed medication doses over 24 hours 
 � “Oops, looks like the last day or so have been really busy for you!  

Try and remember to take your medicine every day! God made  
you, and you are taking care of His gift of life!”

Abbreviations:  SMASH, Smartphone Medication Adherence Stops Hypertension; 
EH, essential hypertension.
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ence, and assessments from a health belief scale at the 

end of the 3 months. The provider was asked at the end of 

the trial if they would like to continue using the program for 

patient care. Medication adherence levels for the SMASH 

group from the MedMinder device were assessed using a 

modification of the Russell et al algorithm.33 Participants were 

instructed that in order to be fully compliant, all medications 

must be taken in a 3-hour window of the dosing time. Doses 

taken beyond 3 hours but within 6 hours (within 3 hours 

before or after the designated time) would receive a half 

score, and a missed dose was given a score of 0. Daily scores 

ranged from 0 to 1, with all daily scores averaged over the 

study length for adherence values.

BP adherence was assessed using the data received from 

the A&D devices via the smartphone. BP adherence was 

measured by using total readings received divided by the 

total expected readings (six readings every 3 days). On-time 

BP adherence was measured by assessing the frequency with 

which participants measured BP at least 3 days after the last 

reading. This was calculated based on the following formula 

(100% – [total number of time frames BP was monitored that 

were greater than 3 days/total possible number of 3-day time 

frames in the study]). Both adherence values had a maximum 

allowable score of 100% per individual. In addition, the 

number of times the interval was greater than 3 days was 

reported, including the maximum interval.

The health belief scale used four questions to assess 

the acceptability of the program. Questions were asked in 

Spanish and translate to: do you expect that the telehealth 

program would be effective in helping you to lower your 

blood pressure? Do you expect that the telehealth program 

would be effective in helping you to increase your consistency 

of taking your medication? Do you expect that the telehealth 

program would be effective in improving your overall health? 

Do you expect that the telehealth program would improve 

your general well-being? Score ranged on a 0–4 Likert scale 

with the responses: 0, not at all; 1, a little; 2, somewhat; 3, 

a lot; 4, very much.

Statistical analyses
Primary statistical analyses were conducted for feasibility 

measures, including statistics involving medication adher-

ence data, BP adherence data, and results from the health 

belief scale for the SMASH group using averages and 

standard deviations. Recruitment and retention rates were 

also measured. Demographics were described using means 

and standard deviations, including calculation of body mass 

index (kg/m2). Secondary outcomes for resting and ambu-

latory BP between the SMASH and standard care groups 

assessed longitudinal changes both within and between 

each group. These were examined at pre-intervention, and 

months 1, 2, and 3 using independent-samples Mann–Whitney 

U nonparametric tests to examine between-group differences, 

while Wilcoxon signed-rank tests were used to compare 

changes between pre-intervention and successive intervention 

months. Statistical significance was set at P = 0.05.

Results
Twelve of 14 patients (86%) approached who met the 

initial inclusion criteria consented to participate in the BP 

screening. The two who did not consent stated that they 

were not interested in sharing their personal information 

or address. Ten of these 12 patients subsequently showed 

uncontrolled systolic essential hypertension during the 

screening process and all consented to participate in the trial. 

After randomization, all ten completed the 3-month trial 

protocol. Table 2 shows that pre-intervention demograph-

ics and anthropometrics were comparable between the two 

groups, with the SMASH group having a higher body mass 

index on average. Medications were taken in the morning, 

at night, or at both times.

Feasibility
Feasibility of the program was shown in all the measures of par-

ticipant acceptance. Both the SMASH and standard care groups 

had 100% retention rates throughout the 3-month trial. For 

medication adherence, the SMASH participants demonstrated 

high overall protocol acceptability with monthly and overall  

percentages (month 1, 98.6% ± 1.9%; month 2, 96.8% ± 5.4%; 

month 3, 96.3%±7.0%; overall, 97.2%±2.8%). On-time BP 

adherence values showed that participants measured their BP 

Table 2 Individual and group baseline descriptive and anthro
pometric characteristics

Groups Age (years) Sex BMI (kg/m2) Waist (cm)

SMASH
1 25 Male 46.3 135
2 52 Female 30.8 95
3 51 Male 32.4 112
4 44 Female 57.1 150
5 41 Female 23.8 75
Mean (SD) 42.6 (10.9) 38.1 (13.4) 113.4 (30.1)
SC
1 24 Male 26.6 91
2 46 Male 43.6 135
3 54 Female 25.3 91
4 40 Female 25.3 81
5 39 Male 34.5 116
Mean (SD) 40.6 (11.0) 31.1(8.0) 102.8 (22.2)

Abbreviations: SC, standard care; SD, standard deviation; BMI, body mass index; waist, 
waist circumference; SMASH, Smartphone Medication Adherence Stops Hypertension.
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every 3 days 83.2% ± 6.0% of the time. Overall BP adherence 

for the total of expected readings was 89.2% ± 19.06%. On 

average, SMASH participants had 5 ±  1.8 episodes where 

subsequent BP readings were greater than 3  days, with a 

maximum interval of 8.6 ± 4.0 days. Results from the health 

benefits scale (scored 0–4) resulted in scores of 3.6 or higher 

on all items. All SMASH participants chose the highest rating 

(4) for the first three questions pertaining to the program being 

effective to help lower their BP, helping them increase taking 

their medications, and improving their overall health. The fourth 

question on improving general well-being averaged 3.6, with 

only one person not scoring the highest rating.

There were two providers in this study serving as primary 

care physicians for the SMASH participants. In routine 

clinical operations, the providers used a clinic nurse coor-

dinator to review the medication adherence and BP reports. 

The providers showed acceptance of the program and used 

the summary reports to titrate medications when needed. 

One patient in the SMASH group had their dosages titrated 

(ie, dosage change) twice during the first month. For the 

first change, the physician mandated that the patient make 

a separate clinic visit to verify that their BP was elevated. 

The second medication change was made remotely based 

upon home BP data. Medication updates were made by the 

research technician in the MedMinder file. No medications 

were changed in the standard care group. Providers requested 

to keep using the SMASH system and indicated that it would 

be useful with other patients.

Resting BP
Resting BP showed a marked drop in the SMASH group 

from pre-intervention across the 3 intervention months. For 

example, by the third month, the SMASH group’s systolic BP 

had declined by 47.2 mmHg compared with 12 mmHg in the 

standard care group. Mann–Whitney U tests showed between-

group differences at months 2 (P = 0.016) and 3 (P = 0.008), 

which are shown in Figure 2. The SMASH group showed 

significant decreases in BP from pre-intervention values to 

months 1, 2, and 3 (all P = 0.043). The standard care group 

also exhibited a significant change from pre-intervention 
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to month 3 (P  =  0.043). Decreases in systolic BP in the 

standard care group were due to one patient initiating and 

maintaining medication adherence based upon patient self-

report. The other standard care participants did not show BP 

declines. All but one participant from the SMASH group had 

resting systolic BP values (range 111–125 mmHg) below 

the 120 mmHg threshold for JNC7 normal BP, whereas the 

standard care group had no participants below 120 mmHg 

(range 128–144 mmHg).

Ambulatory BP
Comparing ambulatory readings between the SMASH and 

standard care groups at each month showed large reductions 

in systolic BP for the SMASH group, even though statistical 

significance was not met using nonparametric statistics (all 

P $ 0.25), see Figure 3. Additionally, statistical significance 

was not met for either group when comparing pre-intervention 

with subsequent follow-up months. Changes in scores (follow-

up month – pre-intervention month) for SMASH and standard 

care groups for 24-hour readings showed differences of -14.3 

versus -3.0 (1 month), -13.1 versus 4.8 (2 months), and -17.0 

versus 3.5 (3 months), respectively. Differences between the 

SMASH and standard care groups for wake readings between 

pre-intervention and the follow-up months showed differences 

of -14.0 versus -1.8 (1 month), -9.3 versus 0.7 (2 months), 

and -15.6 versus 2.0 (3 months), respectively. Differences 

between the SMASH and standard care groups for sleep read-

ings between pre-intervention and follow-up months showed 

differences of -14.1 versus -4.9 (1 month), -15.1 versus 5.5 

(2 months), and -17.1 versus -0.1 (3 months), respectively.

Discussion
The current study involved an initial proof of concept evalu-

ation of an mHealth medication and BP self-management 

system. We observed high acceptability via high study 

recruitment (86%), retention (100%), and good to excellent 

adherence to the mHealth program (average 97% adherence 

to medication regimen across trial, 83% adherence to 3-day 

BP protocol, 89% to total BP readings). SMASH participants 

felt that the program helped them take their medications and 

improved their health. Provider acceptance showed that the 

feedback reports were helpful in modifying patients’ medica-

tions quicker than would otherwise occur with clinic visits 

typically 3–6 months apart. It is important in a feasibility 

study to assess whether the target population can be readily 

recruited, determine if the protocol is acceptable to the parties 

involved, and whether there are data to support potentially 

meaningful clinical findings if an efficacy pilot study that was 

adequately powered was instituted. Data showed supportive 

results in all these areas. Anecdotally, after trial completion, 

two SMASHers reported purchasing inexpensive pill boxes 

and used their own cell phones to remind them to take their 
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Figure 3 Overall change scores (intervention month – pre-intervention) for 24-hour, wake, and sleep ABP for SMASH (n = 5) and standard care (n = 5) groups. Error bars 
represent standard error of the mean. Wake represents readings between 8 am to 10 pm and sleep represents those between 12 am to 6 am. Differences compared between 
groups used independent-samples Mann–Whitney U tests (all P $ 0.25). Within-group differences in changes between pre-intervention to intervention months was analyzed 
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medications. We believe these behaviors suggest that the two 

primary components of self-determination theory needed to 

sustain engagement in the desired behaviors were achieved, 

ie, high self-efficacy and autonomous regulation.30,31 Future 

RCTs will include self-report measures of these constructs 

to gauge how well the personalized motivational and rein-

forcement messages are impacting these constructs. These 

constructs may also support the notion of developing life 

skills and habits that may be reinforced by environmental 

triggers or cuing mechanisms.34 For example, having the 

MedMinder reminders may have created a daily cue that 

corresponded with a specific event in the patients’ schedules, 

such as breakfast, brushing teeth, or other contexts that per-

sisted after the device was taken away.

With regard to BP changes, meaningful clinical reduc-

tions in resting and ambulatory SBP were observed for the 

SMASH group whereas the standard care group showed 

little to no changes. In regard to clinic-based BP changes, 

we found that each SMASHer achieved JNC7-designated 

BP control by month 2 (ie, ,140/90 mmHg in clinic) and 

maintained this control across the trial.1 Sustained control 

of BP levels in SMASHers was evident across the 3-month 

trial and coincided with their high adherence measures 

observed with mobile devices. Previous BP self-monitoring 

trials have observed significant BP reductions, but the 

degree of reduction observed in the present study was 

larger compared with previous studies (eg, systolic BP at 

3 months was -47.2 mmHg versus an average of -8 mmHg 

across previous RCTs.5,18,19 The study by Lai which involved 

Hispanic hypertensives using face-to-face consultation 

sessions with their pharmacists was successful in reduc-

ing their BP levels to the stage 2 pre-hypertensive range 

(ie, 130–139/85–89  mmHg) in their 6-month trial.21 The 

SMASH system further reduced Hispanics’ BP to stage 1 

pre-hypertension (121–129/81–84 mmHg) or optimal normo-

tensive levels (ie, ,120/80 mmHg). Collectively, the large 

degree of sustained BP reductions observed is quite remark-

able given the relative simplicity and low contact method of 

the mHealth program compared with multimodal face-to-face 

educational and cognitive behavioral skills-based approaches 

used in previous RCTs.5,16,18,19 Although these improvements 

in BP control are promising and show some indications 

that meaningful changes in BP control were observed, they 

should be interpreted cautiously due to the limited sample 

size. It is possible that although the groups were randomized, 

the intervention group may have included all highly moti-

vated individuals, although we have previously found high 

acceptability when using mHealth technology in Hispanic 

groups.22 A future properly powered efficacy trial will help to 

address such potential issues and determine whether effects 

are replicated across a longer time period.

The primary purpose of this study was to test a patient-

centered mHealth medication and BP self-management 

program in Hispanic hypertensives and determine its 

acceptability and possible clinical impact. Even though our 

limited sample size should be considered carefully when 

interpreting the results of the study, our preliminary results 

show great potential to enhance medication adherence rates 

and improve BP outcomes. The high level of success of the 

SMASH mHealth program in reaching and sustaining JNC 

7-designated BP control among previously uncontrolled 

hypertensives may be partly attributable to our utilization of 

an iterative design process guided by patient and health care 

provider feedback and suggestions using behavioral change 

theory and technology acceptance model tenets.30,35 A criti-

cal component to the success of any mHealth program is the 

willingness and ability of the target population and providers 

to adopt and effectively utilize the technology. In addition, 

program design should be based upon theoretical behavioral 

change principles shown to be effective in sustaining the 

desired behaviors.36–38 Following these principles, we initially 

conducted key informant interviews with Hispanic hyperten-

sives and health care providers, followed by formal survey 

evaluations to determine Hispanics’ use of mobile technology, 

attitudes toward mHealth, and development of SMASH proto-

type designs.22 These concepts have been useful in our team’s 

development and implementation for both face-to-face and 

mHealth-delivered cognitive behavioral change programs, 

resulting in sustained behavior changes and improvements 

in associated biofunction indices.28,39–41 This repeated contact 

with Hispanic patients and their health care teams enabled us 

to develop and refine our approach to implement a personal-

ized program aimed at initiating and sustaining motivation to 

adhere to medical regimens by improving self-efficacy and 

autonomous regulation.30 Physicians determined when their 

clinic nurse coordinator should be immediately contacted if 

and when a patient’s BP exceeded threshold levels. They also 

determined the content and delivery format for patients’ sum-

mary reports to help ensure timely medication adjustments. 

This iterative focus enabled each component of the SMASH 

system to be developed, modified, optimized, and refined 

before the SMASH system was formally evaluated in the 

proof of concept RCT.

Principles of patient-centered care highlight partner-

ing with intended users and implementers are important 

when developing a culturally sensitive intervention that is 
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meaningful and effective. Our research involving ethnic 

minorities has found that cultural heritage, attitudes, beliefs 

of treatment efficacy, and buy-in play significant roles in 

the degree to which an intervention is adopted.28,29,39,41 This 

information has and will continue to guide the iterative 

design, evaluation, and refinement process of the SMASH 

program. With newly capable data management systems in 

place to automate personalized messages, this intervention 

can be scaled to a large population. Next steps will include 

a small-scale efficacy RCT followed by further refinement 

and a subsequent multisite efficacy/effectiveness RCT. Ulti-

mately, the goal is to reach large-scale dissemination and 

utilizing programs such as this for best practice health care 

models in self-management of essential hypertension.
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