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Abstract

Objectives: This brief report demonstrates the proof of concept of the Tension Tamer (TT) smartphone appli-
cation, which integrates photoplethysmograph capabilities with breathing awareness meditation (BAM), to

reduce stress and measure heart rate and adherence.

Design: Methods for objectively measuring heart rate and adherence to BAM were developed as part of a future

randomized controlled trial.

Setting/Location: The study was conducted at Jerry Zucker Middle School of Science and the Medical University

of South Carolina, Charleston.

Subjects: The subjects were three prehypertensive male teachers.

Intervention: The method used was smartphone delivered BAM.

Outcome measures: Objective measures included heart rate, adherence, and ambulatory blood pressure (BP).
Results: Adherence data was successfully collected by the TT application. Increased adherence to TT coincided
with increased improvements in ambulatory BP over a 3-month period.

Conclusions: TT shows promise as a simple inexpensive program for administering BAM and capturing ad-

herence data in future clinical trials.

Introduction

MEDITATION IS A WELL-STUDIED method for reducing
stress and concomitant detrimental physiological ef-
fects. Research from original studies, as well as meta-analytic
reviews, have demonstrated efficacious results in reducing
blood pressure from various forms of meditation exercises.'™
However, across these studies, a considerable amount of
variability remains unexplained in determining why benefi-
cial physiological change differs across participants. In
previous work, we have examined and demonstrated that
stress-related gene x environment contributions can modulate
the benefit of a meditation intervention in terms of ambula-
tory blood pressure reduction.” Another potential modulator
that we have not fully examined is adherence.

Less is known about adherence among meditation studies,
which often includes in-class sessions and prescribed home
self-practice.” When it is reported, adherence has been typi-
cally collected through self-report survey or phone calls.
Although this is an improvement, there is no objective

measure to validate accuracy. In addition, clinical trials ex-
amining meditation have reported difference in adherence
across treatment groups.” However, whether these differ-
ences in adherence affect outcome is unknown.

In a recent study an iPod touch-based application called the
iMINDr was examined as part of a proof of concept study.®
The iMINDr is described as a custom software application to
more accurately track adherence. Participants were provided
with an iPod Touch (Apple Inc., Cupertino, CA) and instructed
to practice meditation using the embedded iMINDr software,
which included a 20-minute audio track meditation presenta-
tion. Upon returning the iMINDr, information collected from
the application (date, time, action [start, stop, pause, volume
change]) was provided and uploaded to a local computer
server. The study showed the iMINDr was capable of col-
lecting the described adherence information, and that partici-
pants subjectively reported greater adherence than was
objectively implied by the iMINDr.

In order to better assess adherence as part of our own
research, we recently developed an Android based
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smartphone application called Tension Tamer (TT). This
tracks heart rate (HR) data through photoplethysmography
(PPG) using the camera lens, plays an audio-delivered
breathing meditation, and transmits time-stamped HRs from
the session back to our servers for real-time adherence col-
lection.’ Among a diverse group of participants, the PPG of
the TT application was previously found to provide valid
heart rates compared to electrocardiograph across three dif-
ferent conditions (i.e., resting, oral reading under observa-
tion, challenging video game).'” The purpose of this brief
report is to demonstrate the proof of concept of the TT as a
stress reduction program integrating a breathing awareness
meditation (BAM) component with the PPG capabilities of
the TT. Instructor-delivered BAM has been previously found
to be an effective intervention for reducing resting and am-
bulatory blood pressure (BP) and reduction of sodium ap-
petite (i.e., reduced urinary sodium excretion)."

Materials and Methods

TT is an objective adherence-measuring program that in-
tegrates BAM and PPG to provide date, time-stamp, and
physiological heart rates obtained during 10-minute sessions
of the BAM protocol that is administered through an An-
droid-based smartphone. The TT program includes graphical
user interface (GUI), which allows users to see their HR and
receive audio or visual instructions of the BAM protocol.
While engaged in the session, an optional display allows
users to see a 4-beat rolling average of their HR in real-time
along with a timer that provides a count down of their ses-
sion. Following the session, data are transmitted to a local
server and the GUI provides a graph of the session showing
average beats per minute for each minute of the session and
a written description of the average beat per minute for the
entire session, as well as the maximum beat per minute de-
crease obtained during the session. Outside of the session,
the GUI allows the user to select a cumulative graph that
displays their average HR per session across the current day
and previous 7 days.

Three adult males (ages 26, 34, and 49 years) were recruited
as part of a BP screening, which indicated they were pre-
hypertensive based on three consecutive days of resting BP
measurements (systolic BP [SBP]=120-139 mm Hg). Partici-
pants had an initial visit that included assessment of height,
weight, and waist and hip circumference; psychosocial ques-
tionnaires; and 24-hour BP monitoring with a Spacelabs
Healthcare (Issaquah, WA) 90207 ambulatory monitor using
previously validated settings described elsewhere." Participants
wore the Spacelabs 90207 24-hour BP monitor on the day of
baseline testing and again at follow-up evaluations, which oc-
curred at 1, 2, and 3 months. After the baseline evaluation,
participants were given a smartphone with the TT application
installed and taught how to maneuver the GUI and complete a
TT session. The were instructed to use the TT twice a day for 10-
minute sessions, but were not restricted to only using the pro-
gram twice a day. Adherence and HR data from the TT were
automatically sent from the TT application to university servers.

Results

Three participants used the TT for a 3-month period. Due
to the small number of participants valid statistical tests were
not possible. Figure 1 displays the baseline and ambulatory
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FIG. 1. Twenty-four-hour systolic blood pressure at base-

line and across 3 months with Tension Tamer heart rate (HR)
and adherence rate (AR).

24-hour SBP data change collected by the Spacelabs 90207
over the 3-month period along with the HR in average beats
per minute and adherence rate (AR) collected by the TT over
each month (calculated as two 10-minute sessions per day).

Conclusions

Although preliminary, our data suggested that AR im-
pacted the amount of benefit received by using the TT ap-
plication. Subject 2 had poorer adherence than subjects 1 and
3 and in general did not benefit from its use. Subject 1 ex-
hibited a continued reduction of 24-hour SBP across the
2-month period and maintained generally stable adherence
rates across those periods with an average of 85.48%. Subject
3 displayed reductions across months 1 and 2 and displayed
a slight increase in month 3 (i.e., +1mm Hg). Subject 3 also
increased adherence during month 3 and was completing
more than two 10-minute sessions a day with 120.97% ad-
herence. HR collected by the TT seemed to follow the same
overall pattern coinciding with AR and SBP reductions. A
future version of the TT will establish criteria to determine
meditation session quality, an important component that
many previous meditation studies have ignored. It is cur-
rently unknown as to whether HR is sensitive enough to
adequately assess the quality of the meditation session.
However, it may be possible for TT algorithms to be updated
to capture HR variability and estimated respiratory rate us-
ing the acquired PPG signal; these measures could provide a
more sensitive and useful meditation quality assessment.
Future studies will examine these possibilities.

In conclusion, the TT shows promise as a simple, easy-to-
use program for administering BAM and capturing adher-
ence data. However, future clinical trials implementing its
use remain to be conducted.
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