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Introduction: This study tested the feasibility of a home-based salivary cotinine test for the remote
verification of smoking abstinence via a mobile-phone video call.
Methods: Korean American women were recruited into a pilot smoking cessation study by advertising
the study in online Korean American women’s communities and offline Korean ethnic newspapers.
Smoking abstinence was based on a combination of self-report and salivary cotinine test at post-quit
3-month follow-up. Those who self-reported smoking abstinence were invited to conduct a homeTM
based salivary cotinine test using a NicAlert test strip. Research staff monitored the whole process
of the test via a mobile-phone video call and read the result when it was ready.
Results: At 3-month follow-up, 20 women (20/49, 40.8%) reported smoking abstinence. Of the 20, 16
(80.0%) performed the home-based salivary cotinine test; three refused the test; and one was excluded
due to the use of nicotine patches. All but one yielded a level of 0 (cotinine concentration ≤ 10ng/ml)
on the test strip, which indicates abstinence. The women who yielded a higher level than 0 or did not
perform the test were all treated as smokers. Thus, the rate of biochemically verified smoking
abstinence was 30.6% (15/49).
Conclusion: There was a substantial difference (> 10.0%) between self-report and biochemical
verification although the difference was not statistically significant. The verification seems to be
crucial for the accurate assessment of smoking abstinence in Korean American women who tend to
underreport use.
Keywords: mobile-phone technology, smoking, nicotine addiction, salivary cotinine test, and
biochemical verification.
Journal MTM 7:1:1–8, 2018

doi:10.7309/jmtm.7.1.1

Introduction

The Society for Research on Nicotine and Tobacco
(SRNT) Subcommittee on Biochemical Verification
recommended that biochemical testing is not
necessary for large population-based or low-inten1
sity intervention studies. The recommendation was
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE
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made more than a decade ago. As smoking becomes
increasingly unacceptable, many smokers are now
2-4
more likely than ever to underreport the use. In
one smoking cessation study, the sensitivity of
self-reported abstinence was low at 29%, whereas the
specificity was 100% when compared with the results
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of a urinary cotinine test, using a cutoff point of
5
50ng/ml. Another study also reported a substantial
difference in abstinence rates between self-report
and biochemical measure even though it provided a
low-intensity smoking cessation treatment such as
6
brief face-to-face plus telephone counseling.
The veracity of self-reported abstinence has been
established by large population-based surveys with
the general population. However, some subgroups
of smokers, such as pregnant women, youth, and
racial and ethnic minorities, are likely to underreport use. For example, nondisclosure rates were
much higher among pregnant active smokers
7
(22.9%) than non-pregnant active smokers (9.2%).
In the same study, non-pregnant Mexican and
African American smokers (23.0%) were more
likely to conceal their smoking than were non-pregnant White smokers (7.9%). Ample evidence also
exists that Asian Americans, particularly women,
8-11
are likely to underreport.
A large population-based survey study in Korea found that more
than half of the women (59%) who were determined to be smokers based on urinary cotinine test
12
self-reported as non-smokers.
When the SRNT Subcommittee on Biochemical
1
Verification published their recommendations,
the optimal data collection method of a bodily
fluid sample was through the mail and hence, the
sample could be easily tainted if someone wanted
to underreport use. Furthermore, biochemical
tests then could be done only in a laboratory
setting, and the cost was highly expensive.

However, the availability of salivary cotinine test
kits and the advent of video call web applications
have enabled researchers to conduct a home-based
biochemical test with a modest cost ($12-15 per
13
test). The source of a bodily fluid sample can be
easily validated by having a person spit into a collection tube during a video call. Cotinine is the
first-stage primary metabolite of nicotine and has
14
a long half-life of approximately 15-19 hours.
Therefore, it has been used as a reliable biomarker
of nicotine exposure.
15,16

Dallery and colleagues
conducted a study of
voucher-based contingency reinforcement by
remotely validating smoking abstinence with breath
carbon monoxide (CO) tests. There are several types
of commercially available CO meters that measure
breath CO in parts per million (ppm) based on the
conversion of CO to a catalytically active electrode.
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

CO meters are highly expensive ($800-1200 per piece)
and may not be affordable for most researchers and
clinicians. More recently, an attempt was made to
develop a mobile-phone-based breath CO meter, and
its preliminary measures showed significant correlations with those from a commercially available CO
17
meter. The mobile-phone-based CO meter is still in
the early stage of development and not currently
available for use.
Unlike the overall decline in smoking prevalence
observed across other racial and ethnic groups, the
rate for Korean American women has been on the
18,19
rise.
This observation is alarming given that
the group is likely to underreport smoking because
of the strong cultural taboo against the use by
women in Korea and within Korean American
10
communities. For example, more than half of
the Korean American women who participated in
a smoking cessation study reported that they had
20
been keeping their smoking secret from others.
The rate of smoking among Korean American
women could be much higher than what has been
reported. What might have contributed to the
increase is beyond the scope of this study (for
interested readers, please read the article by Kim
10
and others ).
There is an urgent need for a smoking cessation
intervention that is effective for Korean American
women and its effectiveness should be evaluated
using a biochemically verified abstinence rate. The
present study was conducted to assess the feasibility of a home-based salivary cotinine test via a
mobile-phone video call. It was assessed by estimating the rate of participation among those who
were invited for the test and also the rate of results
that were readable among the tests conducted. The
test enables a researcher to verify self-reported
smoking abstinence of participants who are
remotely participating in a smoking cessation
study. Breath CO test was found to be not sensitive
enough to detect underreports of smoking in
20
Korean Americans.

Methods
Participants
The present study used data from a 2-arm randomized controlled trial testing the feasibility and acceptability of a videoconferencing smoking cessation
21
intervention for Korean American women. The
study compared the relative effectiveness of a
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videoconferencing intervention (video arm) with a
telephone voice call intervention (voice arm).
Selection criteria for participants are described in
Table 1. Participants were recruited by advertising
the study in various Korean online communities and
offline Korean newspapers in the United States. A
total of 49 Korean American women were recruited
into the study and approximately 44.9% of them
were from the west coast, 36.7% from the east coast,
and the remaining were from southern or central
states. The study was approved by the Institutional
Review Board of the University of Massachusetts
Boston. All participants provided a signed informed
consent form via a regular postage mail or e-mail.
Intervention Procedure
Participants were randomly assigned to either arm
at a ratio of 1:1. First, numbers were randomly generated by a computer-based randomizer and then
the generated numbers were sorted by the arm. Each
number was transferred to a paper and a black dot
was circled next to the number if it belonged to the
video arm. The paper was then stored in a sealed
envelope that had the same number written on the
outside. When a new person completed an informed
consent form and baseline questionnaires, the envelope was torn off, and the person was assigned to
either arm based on whether or not the paper inside
had a black dot. Both arms received the same cessation intervention—that is, a combination of 8 weekly
individualized counseling sessions, each for 30 minutes, and 8 weeks of active nicotine patches. The
only difference was the delivery mode of intervention: mobile-phone voice call versus mobile-phone
video call. Quit day was set between the third and
Inclusion Criteria
Identifying as a Korean American woman
Being in the age of 18 to 65
Being able to speak English or Korean

•
•
•

•

 aving smoked at least 10 cigarettes a day for
H
the past 6 months
Being accessible to a video call

•

•
•

Data Collection
Baseline assessment was done via telephone interviews or self-administration by mail delivery. All
measures had been translated and back-translated
through a rigorous process of cross-cultural validation and pilot-tested with Korean Americans before
the use. Findings pertaining to their psychometric
7, 22,23
functions have been reported elsewhere.
Demographic data. They included age, marital status, years of education, family income, employment,
and medical insurance coverage.
Acculturation. It was assessed using a brief version of
the Suinn-Lew Asian Self-Identify Acculturation
24
Scale. Instead of the full 21-item scale; a brief 5-item
scale was used (e.g., one’s familiarity with spoken and
written languages between English and Korean and
preference for ethnic identity). These items had the
25
highest item-to-total correlations among the 21 items.
The score of each item ranges from 1, “Korean-culture
oriented,” to 5, “American-culture oriented” and the
average of the scores of the five items is the scale score.
Cronbach’s alpha that is an indicator for the internal
consistency of the measure was 0.74.
History of smoking. The following information was
gathered: age at onset of regular smoking, any
indoor-house and office smoking within the past 7
days, the presence of other smokers in the family, the
average number of cigarettes smoked per day, and
any 24-hour or longer abstinence as a quit attempt
Exclusion Criteria

•
•
•

•

fourth counseling sessions. A detailed description
21
of the procedure has been reported elsewhere.

 eing willing to quit smoking within the next
B
4 weeks from the enrollment
Agreeing to use an approved form of birth
control

•

 eing Pregnant or lactating
B
Having an active skin disease
Currently receiving treatment for a mental illness and/or
alcohol use disorder
Currently using any illegal substances
 urrently receiving treatment (counseling and nicotine
C
replacement therapy) for smoking cessation

Table 1: Selection criteria for participants
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in the past year. In addition, participants were asked
about whether they had kept their smoking secret
from family, friends, or healthcare providers.
Nicotine dependence. The Fagerström Test for
Nicotine Dependence (FTND) was used. The total
score is the sum of the scores of six items and ranges
from 0 to 10, and high scores indicate more depen26
dence on nicotine. A Cronbach’s alpha of 0.32 was
obtained in this study. A previous study testing the
psychometric function of the measure reported that
the measure was neither valid nor reliable for use
23
with Korean American women.
Autonomy over Tobacco Scale (ATS). This measure is a reliable and valid measure of nicotine
addiction, assessing diminished autonomy over
27
tobacco use. It consists of 12 question items
assessed on a 4-point scale ranging from “not at all
to “very well.” Its face validity and other psychometric functions have been validated for the gen28
eral U.S. population. Because of the poor
psychometric findings of the FTND for Korean
women, the ATS was also used. To our knowledge,
this measure had never been used with Korean
Americans before the present study. It was translated and back translated with a rigor required for
21
cross-cultural validation. A Cronbach’s alpha of
0.87 was obtained in this study.
At post-quit assessment, use or non-use of any
tobacco products was assessed weekly during the
first 4 weeks of quitting and then monthly until
post-quit 3 months. The primary outcome was
7-day point prevalence abstinence meaning that
an individual had not smoked a single puff for the
29
past 7 days, which was assessed at each follow-up. The assessment was based on self-report
at the first two follow-ups because of the use of
nicotine patches and a combination of self-report
and saliva cotinine test at the third follow-up.
Participants were frequently (five times) informed
throughout the study from recruitment to each
follow-up assessment that they must perform a
home-based salivary cotinine test for the verification of smoking abstinence at the 3-month follow-up, and research staff would assist them via a
mobile-phone video call.
TM

The NicAlert test costs $12-15 and is based on
the principle of enzyme-linked immunosorbent
assay; the test strip displays seven zones that represent a range of cotinine levels from 0 (cotinine
concentration 0-10 ng/ml) to 6 (cotinine
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE
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concentration ≥ 2000 ng/ml). Given that the
standard salivary cotinine concentration cutoff
for determining smoking status is 14 ng/ml, a
cotinine level of 0 (cotinine concentration <10 ng/
ml), 1 (cotinine concentration 10–30 ng/ml), and
2-6 (cotinine concentration > 30 ng/ml) indicate
nonsmoking, secondhand smoke exposure or low30
level smoking, and regular smoking, respectively.
Compared with gas chromatography, the NicAlert
TM
had a specificity of 95% (95% CI [89%, 100%]),
a sensitivity of 93% (95% CI [85%, 100%]), a positive predictive value of 95% (95% CI [89%,
100%]), and a negative predictive value of 93%
30
(95% CI [86%, 100%]).
TM

The NicAlert
test was standardized and monitored via a mobile-phone video call. Participants
who self-reported abstinence for the past 7 days at
the 3-month follow-up received one single
TM
NicAlert test kit within 2-3 days via express mail.
When participants confirmed the arrival of the kit,
research staff scheduled the test and assisted them
in setting up a video call application if they had
never used the application before. Participants were
instructed not to open the sealed test strip until the
scheduled test time. They were also instructed not
to eat or drink anything for at least 30 minutes
before the test.
Participants first tore off the sealed envelope to
take out the test strip and lay on a dry flat surface
with the numbered levels facing up. They spat into
a collection tube through a small funnel until the
tube was half full. The funnel was then discarded,
and the tube was capped. Lastly, they held the tube
upside down and squeezed until at least eight full
drops of saliva dripped onto the white padded end
of the test strip. A female research staff closely
monitored the whole process via a mobile-phone
video call. She was not an interventionist but was
not blind to the treatment condition because she
assisted some participants in the video arm to set
up a video call application and transcribed audiotapes of therapy sessions for the assessment of
intervention fidelity. The test result was read by the
staff in about 20-30 minutes when the blue band on
top of the test strip disappeared. While awaiting for
the result, the staff administered follow-up research
questionnaires over the phone. Participants took a
photo of the test strip right after the video call and
sent it to the staff member. The photo was then
independently read by a third person, and the readings by the staff member and third person were
compared for interrater reliability. Those who
VOL. 7
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yielded a result that might not be in agreement with
their self-report would be asked to repeat the test in
a week.
Data Analysis
The parent study was conducted as a pilot study for
the estimation of a preliminary effect size comparing a videoconferencing smoking cessation intervention with a telephone counseling smoking
cessation intervention. For a pilot study, it was suggested that 24 subjects per arm generally yields
31
near an accurate estimate of an effect size. All
data analyses were performed using the Statistical
Package for the Social Sciences (New York, USA)
version 22.0. The feasibility of a home-based salivary cotinine test was the main objective of the
present study, and hence, descriptive statistics of
demographics and smoking-related variables were
performed with the total sample without comparison between the video and voice arms. Interrater
agreement was assessed using Cohen’s Kappa
statistics. Participants who self-reported abstinence
but refused to do the salivary cotinine test were all
treated as smokers. Based on the intention-to-treat
analysis, those who were missing at follow-ups were
also treated as smokers.

Results

Forty-nine Korean American women participated in
the study. Demographic characteristics and smoking
behaviors are presented in Table 2. The mean age of
the women was 45.1 years (SD = 12.1) and the mean
age of smoking onset was 23.1 years (SD = 6.3). The
average score of acculturation was 1.9 indicating
that the majority of the participants were Koreanculture oriented. Almost three out of four women
(71.4%) had not disclosed their smoker’s status to
family and/or friends, and more than one-third of
the women (36.7%) had not disclosed to healthcare
providers.
At 3-month follow-up, 20 (40.8%) reported abstinence for the past 7 days. Of these, one woman was
excluded from the test due to the report that she was
using nicotine patches at the time. Nineteen women
TM
received the NicAlert test kit, but three women
(15.8%) did not conduct the home-based test. The
test took approximately 25 to 30 minutes from opening a test kit to obtaining the result of the test. The
16 women who performed the test all yielded a result
that was readable, and all but one yielded a level of
0 (≤ 10ng/ml, Figure 1) showing an agreement with
their self-report. One woman who yielded level 2
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Variable (a possible score range)

Mean ±
SD/N (%)

Age (years)
Married or Living with a Partner
Education (years)
Employed (= yes)

45.1 ± 12.1
25 (51.0%)
13.6 ± 2.6
37 (75.5%)

Medical Insurance Coverage (= yes)

33 (67.4%)

Age at Smoking onset (years)

23.1 ± 6.3

Acculturation (1-5)
Number of Cigarettes per day
Nicotine dependence (0-10)
Indoor Office Smoking (= yes)
Indoor House Smoking (= yes)
Presence of other Smokers in the
Family (= yes)
24 Hours Abstinence in the past year
(= yes)
Hiding smoking from family or
friends (= yes)
Hiding smoking from healthcare
providers (= yes)

1.9 ± 0.5
16.2 ± 5.6
5.8 ± 1.7
3 (6.1%)
21 (42.9%)
17 (34.7%)
31 (63.3%)
35 (71.4%)
18 (36.7%)

Note. SD = standard deviation

Table 2: Comparison of baseline characteristics (N = 49)

was retested in 5 days, but the result was level 1.
Thus, she was treated as smokers. There was no discrepancy (Kappa = 1.0) in readings of the results
between the two raters. Those who were missing at
the follow-up (n = 11) and who did not perform the
test (n = 4) were all treated as smokers.
Figure 2 presents the rates of 7-days point prevalence abstinence from post-quit 1 month to 3 months
based on self-report. The rates were almost the same
between the first (57.1%) and second month of quitting (55.1%), whereas the rate suddenly dropped to
40.8% in the third month when the salivary cotinine
test was requested. The rate further declined to
TM
32.7% when it was verified with the NicAlert test
strip. There was no difference between the self-
reported and cotinine-confirmed abstinence rates at
post-quit 3 months.

Discussion

To the best of our knowledge, this is the first smoking cessation study that conducted a home-based
salivary cotinine test in real time while monitoring
VOL. 7
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60.0%
50.0%
40.0%
30.0%
20.0%
10.0%
0.0%

Post-Quit 1 Month

Post-quit 2 Months

Post-quit 3 Months

Figure 2: Seven-day point prevalence abstinence rate
over time by self report

TM

Figure 1: A picture of NicAlert test strip yielding
a level of 0

the whole process via a mobile-phone video call.
The test was feasible and highly cost effective.
Abstinence rates at post-quit 3-months showed no
difference between self-reports and salivary cotinine
tests, which might be affected by the small sample of
the study. Of note, women in this study had been at
least five times informed that they would be asked to
perform the salivary cotinine test at 3-month follow-up. Thus, they might be less likely to underreport than when the test was not required. Nonetheless,
five out of 20 women (25%) who self-reported abstinence could not be verified with the test and some of
the women might have underreported their relapse
to smoking. The rate was much higher than the nondisclosure rate (13%) found among general U.S.
3
smokers.
Another interesting finding from the present study
was the sudden drop in abstinence rates between
the second and third month of quitting. The self-reported abstinence rates did not change much
(-2.0%) between the first and second month of
quitting but suddenly dropped (-14.3%) between
the second and third month of quitting when the
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

salivary cotinine test was done. In contrast, most
Korean American women (12/18, 66.7%) who participated in a face-to-face smoking cessation intervention study relapsed to smoking within the first
month of quitting, only one (0.05%) relapsed afterward, and the remaining five maintained abstinence
till the last follow-up assessment (post-quit 12
20
months). The women received the same culturally
adapted smoking cessation intervention and the
same weeks of nicotine patches as those in the present study. The only difference was that the study
provided person-to-person cessation counseling in
an office setting and self-reported abstinence was
verified using a breath CO test at each follow-up
assessment.
In the present study, the breath CO test was not performed at the first two follow-up assessments because
the study was conducted with Korean American
women recruited remotely across the nation.
Individuals are likely to underreport smoking when
abstinence was based on self-report only due to recall
32
bias and social desirability. The possibility of underreports found in this study is troublesome given that
many smoking cessation studies including quit-line services continue to rely on self-report in the evaluation
33-35
of treatment effects on abstinence.
The researchers
based their rationale for not conducting biochemical
verification on the SRNT subcommittee’s recommendations without paying attention to possible high nondisclosure rates among certain subgroups of smokers.
Findings from the present study should be interpreted
with caution for the following limitations. First, the
study sample was relatively small, which might have
affected the non-significant difference in abstinence
rates between self-report and salivary cotinine test.
Second, salivary cotinine test could yield a false positive result if women in this study had been exposed to
VOL. 7

ISSUE 1

MARCH 2018 6

Original Article
secondhand smoke, which might be the case of the
woman who yielded a level of 1 (cotinine concentration 10-30ng/ml) at the retest. Third, participants in
this study were Korean American women who were
seeking treatment for smoking cessation and findings
might not be generalizable to those who are not seeking treatment. Ample evidence exists that many Asian
American women are not seeking treatment and they
are as likely to underreport the use as those who are
8-11
seeking. Fourth, approximately 19% of the women
(18/95) who were otherwise eligible could not participate in this study due to having no access to a video
21
call application.
Some Korean American women erroneously believed
that we were going to videotape their face during the
video call. They were more likely to be those in the
50s and 60s who might be less familiar with a video
call application than women under 50 years. The
women were afraid that some of the videotapes
could be accidentally disclosed to others who might
recognize them. Thus, assuring confidentiality and
security of transmitting their data is an important
strategy for recruiting and retaining participants in a
study utilizing a video call application. We had to
explain several times that video call is different from
videotaping and the present study did not entail videotaping their image.
Although the present study failed to find a significant difference in abstinence rates between self-report and biochemical test, the sudden decline at the
time of the biochemical test might suggest that some
women had been underreporting their smoking
when abstinence was based on self-reports only.
3-7
Evidence from other studies indicates that biochemical verification of smoking abstinence is necessary if we want to test accurately the efficacy of a
smoking cessation intervention. Irrespective of
treatment intensity, the verification should be mandated for such groups of smokers as pregnant
women, youth, and minority smokers, including
Asian American women, who tend to underreport
use. The majority of people, especially younger people under age 50 are now using a smartphone and
36
are familiar with a video call web application.
Thus, conducting a home-based salivary cotinine
test via a mobile-phone video call may be an ideal
approach to the verification.
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Web-based technological innovations are increasingly being utilized to enhance the quality of
healthcare. The UCLA Behavioral Health Checkup™ (BHC) is an innovative real-time, cloudbased behavioral health assessment and clinician decision making tool. This paper examines the
implementation and acceptability of the BHC within the UCLA Health System. The BHC was
successfully integrated into seven UCLA Behavioral Health Associates (BHA) behavioral health
collaborative care settings. Components of successful integration included training of administrative
and clinical staff in use of the BHC platform, including how best to introduce behavioral health
screening and measurement to patients and caregivers. BHA adult patients and caregivers of BHA
youth patients reported positive experiences with the BHC. As the BHC delivers results to providers
in real-time, it provides a unique occasion to engage patients through immediate discussion of patient
responses and to use results for guiding and customizing clinical care. In addition, the integration
of BHC results into a primary care system’s health record framework facilitates the coordination of
care over time, providing an opportunity for measurement based treatment to target and treatment
quality improvement.
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Background

The Triple Aim, set forth in the Patient Protection
and Affordable Care Act of 2010, seeks to improve
the health of the United States population while increasing the quality of care provided and containing
1
healthcare costs. In response to this charge, health
systems are increasingly adopting new strategies to
increase quality and accountability in healthcare.
Web-based technological innovations may be utilized to enhance care provided to patients through
screening, assessment, and tracking of health out2
3
comes, and guiding clinician feedback to patients.
This paper examines the integration process and
acceptability of the UCLA Behavioral Health
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE
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Checkup (BHC), an innovative real-time, cloudbased behavioral health assessment and clinician decision making tool, within seven behavioral health
collaborative care settings within UCLA Health
system.

Case Details
Organizational Context
UCLA Behavioral Health Associates (BHA) provides short-term (up to 12-month) behavioral health
services to adults (≥ 18 years) and youth (≤ 17 years).
Employing a collaborative care model, behavioral
health clinicians work together with a primary care
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team to provide behavioral healthcare. Within this
model, primary care providers identify patients with
behavioral health symptoms through routine monitoring, provide behavioral health interventions with
consultation, and refer patients to the embedded
BHA team when needed. BHA patients receive a)
assessment and evidence-based treatments by a master’s level therapist, b) medication consultation by a
psychiatrist, or c) assessment and treatment by both
a master’s level therapist and psychiatrist, as needed.
Care is coordinated among providers through an
electronic health record (EHR) and supported by a
care coordinator. BHA has been in operation since
November 2012, and has since expanded to seven
urban primary care locations, including one pediat4
ric clinic, within the Los Angeles area.
When building the BHA model, it was recognized
that a core component of collaborative care is baseline behavioral health assessment and tracking of
5
results to assess treatment progress and guide care.
In addition to incorporating these elements, the
leadership of BHA wanted to incorporate clinical
interpretation and guidance into the standardized
results. To accomplish these goals, the BHA leadership implemented the UCLA BHC into their existing clinics. The BHC is a cloud-based behavioral
health assessment and clinician decision making
tool that was adapted from its former application in
a large scale military family behavioral health prevention program where it served as an assessment
tool generating real-time results interpretation to

6

guide providers’ program sessions delivery. The
BHC was launched within BHA in February 2014,
and its added capability informs and enhances clinical care, outcomes tracking, and treatment to target
6
within BHA clinics.
UCLA Behavioral Health Checkup Platform
The BHC collects self-report data from patients (adults
and youth) and caregiver report data for youth (≤ 17
years) and provides real-time clinician guidance and
a patient registry for clinical monitoring. The BHC
assessments consist of psychometrically validated
measures that are free and available within the public domain, such as the Patient Health Questionnaire
7
(PHQ-9). Measures were chosen to provide clinical
information about common behavioral health symptoms, while considering the length of time required
to complete assessments. The selected assessments
can be comfortably completed within 15 minutes. See
Table 1 for a summary of measures.
Youth-Completed Assessments: Youth between 7
and 17 years of age completed age-specific behavioral health assessments, such as the Strengths and
8,9
Difficulties Questionnaire (SDQ)-Youth Version,
7
PHQ-9, Short Form-Moods and Feelings Question10
naire (MFQ-SF), Screen for Child Anxiety Related
11
Disorders (SCARED), and CRAFFT Screening
12
Test. CRAFFT stands for the key words in this
screening test for high risk alcohol and other drug
use (Car, Relax, Alone, Forget, Friends, Trouble).

Measure

Domains Measured

Patient Age

Reporter

Baseline

AUDIT-C
CRAFFT
DAST-10
FAD – GF
Subscale
GAD-7
MFQ-SF
PC-PTSD
PCL
PHQ-9

Alcohol Misuse
Alcohol Misuse
Drug Misuse
Family Functioning

18+
11-17
18+
4-17

Adult Self-Report
Youth Self-Report
Adult Self-Report
Caregiver Report

X
X
X
X

X
X

Anxiety Symptoms
Depression Symptoms
PTSD Screener
PTSD Symptoms
Depression Symptoms

SCARED
SNAP-IV
SDQ

Anxiety Symptoms
Attention Deficit/ Hyperactivity Symptoms
Behavioral Problems

18+
8-17
18+
18+
13-17
18+
8-17
6-17
11-17
3-17

Adult Self-Report
Youth Self-Report
Adult Self-Report
Adult Self-Report
Youth Self-Report
Adult Self-Report
Youth Self-Report
Caregiver Report
Youth Self-Report
Caregiver Report

X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X

Table 1: Description of Measures
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Caregiver-Completed Assessments: Caregivers of
BHA patients completed the SDQ parent version,
13
McMaster Family Assessment Device (FAD) Gen14
eral Functioning scale, and SNAP-IV. At 3-month
follow-up, caregivers completed an 8-item survey
querying their experience using the BHC.

that the patient is likely experiencing emotional and
functional symptoms of depression. The feedback encourages the provider to use emotional regulation and
cognitive restructuring tools to support the patient and
to continue to monitor and consider referral for behavioral health treatment.

Adult-Completed Assessments: BHA adult patients
completed the Alcohol Use Disorders Identification
15
7
Test (AUDIT-C), PHQ-9, General Anxiety Dis16
order scale (GAD-7), and Primary Care PTSD
17
Screen (PC-PTSD). If the adult scored positive on
the PC-PTSD, the screening tool gated the patient
18
to receive the PTSD Checklist (PCL). Patients also
completed a one-item substance use screener asking
“How many times in the past year have you used
an illegal drug or used a prescription medication for
non-medical reasons?” This question has a sensitivity of 92.9% and specificity of 94.1% for self-reported
19
current drug use. Patients who screened positive by
indicating one or more times on this screening question were gated to the Drug Abuse Screening Test
20
10-item (DAST-10). At 3-month follow-up, adult
patients completed an 8-item survey querying their
experience using the BHC.

The BHC tool was developed by the UCLA Semel
Institute within Salesforce, a third-party industry-leading database and customer relationship
management system. Salesforce signed a HIPAA
Business Associates Agreement with UCLA
Health system, which ensures the data housed
within Salesforce is encrypted, secure, and follows
UCLA Health policy. Assessment results are stored
within the EHR notes tab. The availability of results within the EHR allows for collaboration of
care amongst providers. This research protocol
was submitted to the UCLA Institutional Review
Board, and their determination was that this work
did not involve human subjects research and therefore did not require full review.

The BHC has been integrated with UCLA Health System’s EHR, Epic. All BHC assessments are launched
through Epic and are completed by the patient/caregiver on a tablet in the clinic waiting room prior to
a behavioral health intake appointment and again at
3-month increments up to their 12-month appointment. Following completion of assessments, BHA
providers immediately receive their patient’s results
via the EHR, and reports are sent to their secured
email. If a patient indicates he or she is experiencing suicidal ideation on the PHQ-9, a separate email
alert is sent to the provider and the clinic manager to
flag this patient’s result. Since the BHC is completed
at point of service within the clinic, this ensures the
email alert is read promptly by the clinician.
The email reports provide clinicians with interpretation of results and empirically supported guidance in
addressing with the patient their protective and risk
factors ascertained in the assessment. The clinical guidance tool was developed using standardized cut-offs
for psychometrically validated measures to identify the
continuum of risk. Clinical feedback language was developed for each of the risk ranges for each measure to
guide patient psychoeducation on coping and cognitive behavioral skills. For instance, a BHC assessment
resulting in a PHQ-9 score of 15-19 (moderately severe
7
depression) will generate feedback to the clinician
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Implementation of UCLA Behavioral Health
Checkup within Clinics
Effective implementation of the BHC within seven
busy primary care clinic settings required integrating
the platform into the patient check-in workflow, with
particular sensitivity to the cultural shift that needed
to occur within the clinic to include the integration
of the tool at check-in. Fifteen BHA administration
and front desk staff were trained to navigate the BHC
platform. All staff received the BHC Welcome Manual
and an in-person training session. Staff were trained to
launch the BHC on a tablet when a patient arrived for
his or her appointment. In order to assist front desk
staff who initially expressed a lack of confidence with
introducing the purpose of the BHC to patients, they
were trained to introduce the platform as a tool to obtain a patient’s “behavioral health vital signs” which
are as important as obtaining blood pressure, pulse,
height and weight during a medical appointment to
21
provide a “whole-person” approach to care.
Twenty-one behavioral health clinicians were
trained to utilize the BHC assessment results and
clinical guidance with their patients. The clinicians
were encouraged to utilize summary scores and results to guide their clinical care and monitor their
patient’s improvement over time. After some experience with the BHC reports, the clinicians provided
feedback to BHA leadership regarding usability of
reports. Through an iterative process, reports were
VOL. 7
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enhanced to include specific details such as itemized questions and elevated responses endorsed by
a patient.
Utilizing the BHC data management capabilities,
BHA leadership receive monthly data summaries
which alert them to patients who have not shown
clinically significant improvement since beginning
5
treatment. This allowed providers to intervene at an
individual patient level and adjust treatment methods or to implement additional training at the provider and/or clinic level.
UCLA Behavioral Health Checkup Acceptability
Results
From March 7, 2014 to July 31, 2017, 3,884 adult
patients, 798 youth patients, and 898 caregivers of
patients completed BHC baseline assessments. All
BHC assessments were administered to BHA patients
as part of routine care within the collaborative care
model.
Participant experience with UCLA Behavioral Health
Checkup
Patient experience with the BHC was assessed at
3-month follow-up appointments using six rating scale items and two qualitative feedback items
adapted from existing satisfaction and acceptability
questionnaires utilized in various service delivery
projects at the center. Frequencies of each response
option for the six rating scale patient experience
items were determined. See Tables 2 and 3 for full
item text and distribution of responses.
The patient experience items were administered
to adult patients and the caregivers of pediatric
patients within the BHC platform at 3-month follow-up appointments. Three-month follow-up data
are available for 114 caregivers and 667 adult patients. Relative to the number of completed baseline
assessments, the number of 3-month follow-up assessments is small because some patients either: (1)
concluded treatment prior to the 3-month follow-up
interval, (2) did not attend a visit during the 3-month
interval, or (3) completed a baseline less than three
months prior to the end of data collection (July 31,
2017). Among the 114 caregivers and 667 adults
who completed the BHC at 3-month follow-up, 79
caregivers and 553 adult patients provided responses
for the patient experience items (81% response rate).
Among the 553 adult patients, 65% were female
and the mean age was 43.5 years (ranging from 18
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to 82 years). Gender and age was not collected for
caregivers.
Of the 79 caregivers who responded to the patient
experience items, 78.2% felt the questions themselves
were “very” or “somewhat important” to them,
62.1% were “very satisfied” or “satisfied” with the
assessments, 58.2% felt the time it took to complete
the assessments was “just right”, 83.5% thought the
questions were “very easy” or “easy” to understand,
and 86.1% felt that using the tablet to complete the
questionnaires was “very easy” or “easy”. See Table
2 for full results.
Of the 553 adult patients who responded to the
patient experience items, 75.1% felt the questions
themselves were “very” or “somewhat important”
to them, 62.3% were “very satisfied” or “satisfied”
with the assessments, 69.2% felt the time it took to
complete the assessments was “just right”, 82.4%
thought the questions were “very easy” or “easy”
to understand, and 85.5% felt that using the tablet
to complete the questionnaires was “very easy” or
“easy”. See Table 3 for full results.

Discussion

An important component of the health of a population is its behavioral health status. Despite the
usefulness of traditional behavioral health assessments, they are often experienced as cumbersome
to use in real-time within a busy clinic setting,
given time requirements for scoring, interpretation
22
of results, and patient data entry burden. The
BHC tool, powered by a cloud-based technology,
has provided an opportunity to personalize and
standardize patient care by providing customized
clinical guidance based on real-time patient results.
This information is automatically transmitted
into UCLA’s EHR for coordination of care over
time, providing an opportunity for measurement
based treatment to target and treatment quality
improvement.
The BHC was successfully integrated into a collaborative care setting within UCLA Health System.
Components of successful integration included
training of administrative and clinical staff in use of
the BHC, including how best to introduce behavioral
health screening and measurement upon appointment check-in. An important aspect of the training
included attentiveness to the cultural shift required
for BHA administrative staff to gain confidence
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Total Caregivers (N=79)
n (%)
1. The behavioral health assessment questions ask about information that is:
Very unimportant to me
Somewhat unimportant to me
Neutral
Somewhat important to me
Very important to me
2. The behavioral health assessment questions are:
Very unimportant to my behavioral health care
Somewhat unimportant to my behavioral health care
Neither important or unimportant to my behavioral health care
Somewhat important to my behavioral health care
Very important to my behavioral health care
3. Regarding my degree of satisfaction with the iPad behavioral health assessments, I am:
Very dissatisfied
Dissatisfied
Neither dissatisfied nor satisfied
Satisfied
Very satisfied
4. The time it took to complete the iPad behavioral health assessments was:
Very long
Long
A little long
Just right
5. The iPad behavioral health assessment questions were:
Very difficult to understand
Difficult to understand
Neither difficult nor easy to understand
Easy to understand
Very easy to understand
6. Using the iPad to complete the behavioral health assessment was:
Very difficult
Difficult
Neither difficult nor easy
Easy
Very easy

9 (11.4)
1 (1.3)
9 (11.4)
29 (36.7)
31 (39.2)
7 (9.0)
3 (3.8)
7 (9.0)
27 (34.6)
34 (43.6)
2 (2.5)
2 (2.5)
26 (32.9)
36 (45.6)
13 (16.5)
4 (5.1)
6 (7.6)
23 (29.1)
46 (58.2)
0 (0.0)
2 (2.5)
11 (13.9)
46 (58.2)
20 (25.3)
0 (0.0)
1 (1.3)
10 (12.7)
32 (40.5)
36 (45.6)

Table 2: Patient Experience Item Responses for Caregivers about Child

with discussing the purpose of behavioral health assessment with patients.

The selection of specific psychometrically-validated questionnaires was conducted in collaboration with BHA clinicians to maximize usefulness
of the BHC for the patient population. Through
an iterative process, BHA clinicians guided the
structure of assessment reports. Integration with
the EHR optimized workflow and allowed for ease
of examination of results by multiple providers involved with a patient’s care.
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

When behavioral health assessment results are
available to providers in real-time, they provide a
unique occasion to engage patients through immediate discussion of patient responses and use
of results to guide clinical care. BHA adult patients and caregivers of BHA youth patients reported positive experiences with the BHC. Use
of the BHC increased the patient-centeredness of
care.
The BHC is also utilized to monitor patient progress in treatment in order to assess treatment to
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Total Adults (N=553)
n (%)
1. The behavioral health assessment questions ask about information that is:
Very unimportant to me
Somewhat unimportant to me
Neutral
Somewhat important to me
Very important to me
2. The behavioral health assessment questions are:
Very unimportant to my behavioral health care
Somewhat unimportant to my behavioral health care
Neither important or unimportant to my behavioral health care
Somewhat important to my behavioral health care
Very important to my behavioral health care
3. Regarding my degree of satisfaction with the iPad behavioral health
assessments, I am:
Very dissatisfied
Dissatisfied
Neither dissatisfied nor satisfied
Satisfied
Very satisfied
4. The time it took to complete the iPad behavioral health assessments was:
Very long
Long
A little long
Just right
5. The iPad behavioral health assessment questions were:
Very difficult to understand
Difficult to understand
Neither difficult nor easy to understand
Easy to understand
Very easy to understand
6. Using the iPad to complete the behavioral health assessment was:
Very difficult
Difficult
Neither difficult nor easy
Easy
Very easy

46 (8.3)
36 (6.5)
121 (21.9)
168 (30.4)
181 (32.8)
43 (7.8)
35 (6.3)
60 (10.8)
194 (35.1)
221 (40.0)
23 (4.2)
17 (3.1)
167 (30.4)
240 (43.6)
103 (18.7)
11 (2.0)
19 (3.5)
139 (25.4)
379 (69.2)
1 (0.2)
11 (2.0)
84 (15.4)
279 (51.2)
170 (31.2)
2 (0.4)
8 (1.5)
69 (12.7)
213 (39.1)
253 (46.4)

Table 3: Patient Experience Item Responses for Adults

target outcomes. This quality of care monitoring is
an essential component of collaborative care and is
essential for organizations engaging in value-based
care contracts. Limitations of this paper include potential generalizability of results, as the BHC was
implemented within a large academic institution
with a well-developed behavioral health collaborative care program. Additionally, we cannot exclude
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

the possibility that a sampling bias may be present.
Individuals completing the patient experience items
at 3-month represent those who are still in care, or
whose children are still in care, at BHA. These individuals may be more motivated to participate in
treatment. Future papers will expand on use of the
BHC for measurement based treatment to target
and clinical outcomes monitoring.
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Conclusion

The UCLA BHC was successfully integrated into a
behavioral health collaborative care setting within
UCLA Health System. Adult patients and the caregivers of youth BHA patients indicated having a positive
experience with the platform. These findings affirm
that web-based technology platforms are well suited to
aid in achieving the goals of enhancing patient care.
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Using practical search strategies to identify
health apps: A case study with smoking
cessation
Patric Gibbons, MS4, Edwin D. Boudreaux, PhD, Brianna L. Haskins, MS University of Massachusetts Medical School

Background: Mobile applications (apps) to improve health are becoming increasingly popular among
patients. In order to keep pace with demand, clinicians, healthcare organizations, and insurers will
need practical methods to efficiently evaluate apps that are of potential benefit to their patients. This
case study aims to provide a practical framework for identifying and recommending health apps to
patients.
Methods: This paper uses a modified version of a previously published practical method to evaluate
and select health apps which target smoking cessation. The modified approach recommended the use
of the following strategies: (1) Review the scientific literature, (2) Search app clearinghouse websites,
(3) Social media query, (4) Search app stores, (5) Review app descriptions, ratings, and reviews, and
(6) Pilot the app using the “Mobile Application Rating Scale” (MARS) to assess key app features.
The apps returned from the first three steps were compared against the first 10 apps found through
app store searches (steps 4 and 5).
Conclusions: Case study results showed overlap among four apps identified using each of the search
and selection strategies. The MARS Application Rating Scale subsequently reduced the final list
to three apps that had adequate ratings. Healthcare stakeholders currently lack efficient, practical
strategies for evaluating the potential utility of a mobile application. The strategy to rapidly identify
potential apps and assess their quality outlined herein is feasible and yielded three potential apps for
smoking cessation by triangulating the results.
Journal MTM 7:1:16–23, 2018

doi:10.7309/jmtm.7.1.3

Introduction

The field of mobile health (mHealth) is flourishing and offers a platform for innovative and convenient methods to address patient health needs.
Commercial businesses, health organizations, and
app developers have been quick to take advantage
of this burgeoning market with over 100,000 health
and wellness applications (apps) currently avail1
able from the iTunes and Google Play stores. If
current trends persist, the health app market is expected to be valued at $26 billion by 2017 with over
1.7 billion people having downloaded at least one
health app.1,2 The healthcare industry has begun
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to recognize value in this trend of “do it yourself ”
healthcare as 86% of physicians now believe that
mobile apps will be an important tool in managing
the health of their patients over the next five years.3
Keeping pace with the exponential commercial development and dissemination of mobile apps has
been a tremendous challenge for healthcare professionals and researchers. Only apps that can be classified as “medical devices,” or those intended to help
diagnose, treat, or prevent disease, are under the purview of the FDA, and represent only a small portion
4
of apps available. Otherwise, there are currently
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no regulatory bodies to oversee the development of
health-related apps, such as those intended to track
and monitor progress in changing health behaviors.
Without such regulation, the onus lies with the clinician, healthcare organization, or insurer to offer
app recommendations. However, the inexhaustible
supply of apps has made it incredibly burdensome
for clinicians to isolate clinically beneficial apps and
to stay up to date with apps within their field.5
The goal of this paper is to provide direction for
clinicians faced with such a dilemma, to explore a
practical approach designed to guide healthcare
providers in their recommendation of health apps
which are effective and evidence based. This paper
will focus on health apps which are not intended
to diagnose, treat, or prevent disease, as those fall
4
under the regulatory jurisdiction of the FDA.
The approach to app evaluation and recommendation outlined below will combine a previously published series of app selection strategies proposed by
Boudreaux et al. (2014) with an innovative Mobile
Application Rating Scale. Together, these tools offer
a framework for app selection and recommendation
that is systematic, and offers a more objective, comprehensive, and reliable measure of app quality than
either tool offers on its own. Following a description
of methodology, the approach is demonstrated with
an illustrative example using smoking cessation.

Methods
Practical Search and Selection Strategies
Six strategies adapted from Boudreaux et al. (2014)
were utilized and include: (1) Review the scientific
literature, (2) Search app clearinghouse websites,
(3) Conduct a social media query, (4) Search app
stores, (5) Review app descriptions, user ratings,
10,13
and reviews, and (6) Pilot the apps.
For each
of the first three strategies, the investigators
recorded up to 10 apps that were recommended
from each strategy. For the fourth and fifth strategy, the investigators searched the app stores and
chose up to 10 from each based on their listing
in the app store, which generally aligns with the
popularity of the app. This allows for comparison
between the five strategies and yields a list of apps
that can be piloted. Apps can be subsequently recommended or discouraged after piloting with the
Mobile Application Rating Scale (MARS) tool
in the sixth strategy, which is the aforementioned
new addition to the original Boudreaux et al.
(2014) framework.
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Strategy 1: Review the Scientific Literature
A PubMed search was conducted using the
term “smoking cessation app” targeting more
comprehensive reviews such as meta-analyses.
Strategy 2: Search App Clearinghouse Websites
Boudreaux et al. (2014) provides a summary of
available clearinghouses. To conduct an application clearinghouse search, three highly recommended clearinghouses were surveyed: The
National Center for Telehealth and Technology,
iMedicalApps, and the NHS Choices Health Apps
6,7,8
Library.
The clearinghouses were searched
for “smoking cessation app” and “smoking” and a
list was compiled of the most reviewed and recommended or certified apps from each of the three
clearinghouses.
Strategy 3: Conduct a Social Media Query
The social media query was executed by searching for the term “smoking cessation app” on Twitter©. The top 150-200 tweets were analyzed for
whether they were sent by a physician or healthcare organization or if a certain app appeared in
more than two tweets, which helped serve as a
gauge of popularity.
Strategy 4: Search App Stores
A search of the iTunes store for smoking cessation apps revealed the first 10 apps as of May 2016
(Table 1). To identify these apps, app stores were
searched using the terms “quit smoking.” The first
10 relevant or “top” apps per search term, for each
app store, were documented. Included apps offered
education or assistance with smoking cessation,
while apps for clinicians, advertisements, and apps
9
that were pro-smoking were excluded.
Strategy 5: Review App Descriptions, User Ratings,
and Reviews
The apps listed in Table 1 were examined to ensure
the app received an approximate rating greater than
or equal to 3 stars, and to ensure that no excessive
“malfunctions” were reported in the reviews. User
ratings can be reviewed for the presence of any
“malfunctions” which for the purposes of this paper
was defined as any occurrence in the app that hinders usability. For example, apps that frequently
crash (close without warning) or freeze will often be
reported in user reviews.
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Top 10 iTunes Apps
Top 10 iTunes Apps
1. Smoke Free – Quit smoking now and stop for good (David Crane)
2. LIVESTRONG MyQuit Coach – Dare to Quit Smoking (Demand Media, lnc)
3. My Last Cigarette Free – Stop Smoking Stay Quit (Mastersoft Mobile Solutions)
4. Quit it Lite – stop smoking today (Tommy Kammerer)
5. Quit Smoking – QuitNow! (Fewlaps, S.C.)
6. Quit Smoking Hypnosis FREE (Surf City Apps LLC)
7. Kwit – quit smoking for good (Geoffrey kretz)
8. Quit Pro: Stop smoking now (Bitsmedia Pte Ltd)
9. My Last Cigarette – Stop Smoking Stay Quit ((Mastersoft Mobile Solutions)
10. Quit Smoking Now Max Kirsten (Craig Ray)
Table 1: Top 10 apps as of May 2016 in the iTunes store

Synthesis
After compiling a list of 10 apps from each of the
first three strategies, the list was compared against
the top 10 apps resulting from the fourth and fifth
strategies. This comparison effectively allows the
user to determine if there is any overlap between
what is most recommended by the scientific literature and other vetting sources, and what is most
likely to be available to the patient population. The
method described in this paper uses the iTunes
store as an example; however, the process is easily
replicated for other platforms such as Google Play
(Android).
Strategy 6: Pilot the Apps
After identifying top apps using one or more of the
strategies outlined, the next step is to pilot the apps.
This can be done informally or using a structured
process like the Mobile Application Rating System
10
(MARS). One dedicated reviewer was used for the
MARS by the authors. A second reviewer was used
to check the inter-observer reliability using four random apps as a test. Apps are scored on scale from
0 to 5, with 5 being the best possible score. When
deciding which apps to advise, MARS authors recommend a score of 4.0 or above. This ensures that
the app is held to higher standards and will therefore
have a greater chance to address the health needs of
patients.
The proposed strategies and their recommended
data collection approaches are described below and
outlined in Figure 1.
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Results: Case Study
Strategy 1: Review the Scientific Literature
Our search yielded two meta-analyses, which were
subsequently used to generate a list of 10 of the
11,12
most highly recommended apps (Figure 2).
Strategy 2: Search App Clearinghouse Websites
After searching for smoking cessation apps within
The National Center for Telehealth and Technology,
iMedicalApps, and the NHS Choices Health Apps
Library, a total of 9 apps were discovered, which are
shown in Figure 2.
Strategy 3: Conduct a Social Media Query
A social media query yielded four potential apps for
smoking cessation (Figure 2).
Strategy 4: Search App Stores
The top 10 iTunes apps generated from this strategy
are shown below in Table 1.
Strategy 5: Review App Descriptions, User Ratings,
and Reviews
None of the apps listed had any significant malfunctions reported and all had an approximate rating of
3 stars or greater.
Synthesis
As seen in Figures 2 and 3, the comparative list generated from the study design yielded a very small
amount of overlap between strategies. From this approach, four apps were found to have overlap for the
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Figure 1: Flow chart summarizing four strategies used in an algorithm to produce a list of potentially useful apps
for patients. For each of the first three strategies above, the user will then compare the top apps found against
the top 10 apps returned from searching an app store. This comparison allows the user to compare and contrast
the most effective apps as viewed by the medical community with the most popular apps among the
public. Comparisons should also be made among strategies (e.g. looking for overlap between the social
media query and the app clearinghouse search).

iPhone platform: SmartQuit, SmokeFree, LIVESTRONG My Quit Coach, and Quit Smoking Now
with Max Kirsten.
Strategy 6: Pilot the Apps
The MARS evaluations conducted on these four
apps yielded scores shown in Table 2, with SmartQuit
having the highest rating.
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Discussion

Boudreaux and colleagues (2014) outlined several
practical search and selection strategies that attempt
to balance the need to be practical with the need
to find effective apps that have evidence or credible
13
content with expert evaluation to support their use.
This case study builds upon the work of Boudreaux
et al. (2014) by adapting six of their original seven
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(b)

(c)

Figure 2: Comparison of each step in the algorithm with the top 10 apps downloaded from the iTunes store. (A) Two apps
were found in both the iTunes store top 10 and the literature search. (B) One app was found in common among the app
clearinghouses search and the top 10 iTunes apps. (C) No overlap was found with the social media query.

strategies into a modified framework that is practical for physicians and other vested parties to utilize,
and tests the modified approach through a tobacco
cessation case study.
Strategy 1: Review the Scientific Literature
A practical strategy is to rely on systematic reviews
13
and meta-analyses, when available. Search terms
should be targeted when reviewing databases such
as PubMed and include the word “app.” Providers
should be aware of several caveats as they review
the published literature. (1) mHealth is constantly
evolving and literature can become outdated rather
quickly. To account for this, it is best to try to use the
most recent literature, if available. (2) Some reviews
do not list names of specific apps, so contacting the
corresponding author is the best recommendation in
that scenario. (3) The search itself, even if focused
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Figure 3: Overlap of mobile applications (shown in yellow)
among all categories of the search and selection strategy.
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Application

MARS Rating

SmartQuit
Smoke Free – Quit smoking now and stop for good
LIVESTRONG MyQuit Coach – Dare to Quit Smoking
Quit Smoking Now with Max Kirsten

4.6
4.5
4.4
2.4

Table 2: Summary of MARS ratings for the four apps returned from steps 1-3 of the search and selection strategy.

on meta-analyses and review articles, can be timeconsuming; however, collaboration with colleagues
and resources such as medical librarians can help
reduce the amount of labor involved.

Strategy 2: Search App Clearinghouse Websites
Due to the paucity of scientific literature surrounding some apps, healthcare providers may find it
difficult to find evidence for or against the use of
a particular app. Fortunately, many app clearinghouses have taken the responsibility of orchestrating systematic reviews of health apps and providing
13
recommendations regarding their use.
Clearinghouses, although useful for reviewing brief
articles about apps and quickly assessing whether
they are found acceptable by a content rater, have
important limitations worthy of mention. Some
clearinghouses do not provide extensive detail regarding the process they use to review apps. Other
clearinghouses have individual authors and editors making recommendations, which introduces
the potential for bias or influence of subjectivity.
Finally, some clearinghouses may be sponsored
by commercial entities with potential conflicts of
13
interest. Nonetheless, clearinghouses are useful for interested parties and have the potential
to become more rigorous and standardized as the
field of mHealth continues to expand. The clearinghouses used for this paper were chosen because
of their independence from potential financial conflicts of interest and popularity among the medical
community.
Strategy 3: Social Media Query
If there is scarce literature or app clearinghouse
reviews for a particular condition or health behavior, it is advisable for consumers or physicians
to see what colleagues have found useful in the
field. Other social media websites may be useful
but Twitter is the most practical due to its ease of
use for finding trending items and its enormous
popularity.
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Strategy 4: Search App Stores:
Any strategy for searching app stores is complicated by the fact that there are multiple platforms
(e.g. iTunes for the iPhone and Google Play for the
Android), which rely on unpublished ranking algorithms. Search terms are therefore important and
need to be focused and specific to avoid apps that
are irrelevant to the condition of interest. A search
term that combines the pathology or health behavior with the desired outcome is best. For example,
“smoking cessation” or “alcohol abstinence” or
“blood pressure management” are effective search
13
terms. Inevitably, some apps will return from this
search that are either unrelated to the topic or have
no basis in the outcome of interest (e.g. games or
advertisements) and they should be removed from
consideration.
Strategy 5: Review App Descriptions, User Ratings,
and Reviews
Ratings and reviews helped determine the quality
of app functionality. User ratings can be helpful in
sifting through the top apps found in Strategy 4, determining not only the popularity of the app based
on the number of ratings, but also to briefly assess
the usability and functionality. Apps with hundreds
or thousands of positive ratings may reflect features
that make them more interactive, used more frequently, or make them more effective. Apps with low
ratings or descriptions that do not seem in line with
the desired health outcome can be removed from the
consideration lists. Generally, on a five-star system,
it is advisable to avoid recommending apps with an
13
average rating of less than three stars.
Synthesis
Figures 2 and 3 yielded a comparative list from the
strategies and shows the four apps that were found
to have some overlap across them. The overlap between strategies allows the user to narrow his or her
focus. In other words, overlap in the apps returned
from strategies 1-4 indicate that those apps are likely
to have some combination of evidential support
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and/or clinical utility among the healthcare community and should be considered for evaluation using
the MARS tool.
Strategy 6: Pilot the Apps
As seen from Table 2, it would be advisable to recommend SmartQuit, Smoke Free, or LIVESTRONG
due to their high MARS ratings. SmartQuit was
given the highest MARS rating due to the fact that
it had several randomized controlled trials to support its use, which accumulates more points for the
app in the MARS rating system. Overall, the list of
4 apps that was found using strategies 1-5 was able
to be narrowed down to a final list of 3 due to the
low MARS score for Quit Smoking Now (Table 2).
During the testing of the MARS, it demonstrated
excellent inter-observer reliability (ICC = 0.79),
which allows the consumer to be confident in being
10
the only reviewer for a particular app. With that
said, the authors encourage multiple raters, if available, to ensure valuable and satisfactory results. If
this strategy of multiple testers is used, the MARS
developers recommend that evaluators meet to clarify any terms they find puzzling and to pilot and review ratings together until an appropriate level of
inter-rater reliability is achieved. The MARS also
offers three videos on YouTube that serve as training
modules, which can be useful for the team.
Integration of the MARS tool into the sixth strategy
outlined by Boudreaux et al. (2014) aims to provide a
more objective measure of a mobile application’s over10
all quality. Furthermore, the MARS yields a quantitative value that can be useful in comparing potential
applications and thereby strengthens the confidence of
the evaluator in selecting apps for potential use with
patients. The two reviewers in this paper showed a high
level of inter-observer reliability with an average percent difference in ratings of 3.22%. This gives further
credence to the MARS as a reliable and objective measure of an app’s quality and to its utility in the search
and selection process described by the authors.

Limitations

The two main limitations of the strategy presented in
this paper are time and cost. Providers already pressed
for time may find it cumbersome to prowl through
literature and app clearinghouses; however, to date
there are no other algorithms as rigorous or efficient
to determine whether an app is suited to help patients
achieve a clinical outcome or behavior change. Cost
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

is another major limitation and should be considered
when discussing applications with patients. A subscription to the full, upgraded version of SmartQuit,
which was found to be one of the more highly recommended apps in our search, costs $49.99. If patients
are unable to afford this particular app, the provider
or interested party should recommend the next highest rated app returned from the search strategy (e.g.
“Smoke Free” in this case study).
Another limitation is the lack of RCTs that have
been conducted on mobile applications outside
of SMS services. For smoking cessation, although
some of the meta-analyses rate a significant number of apps, the adherence indices of these apps to
established national guidelines and clinical practices
14,15
are incredibly low.
Therefore, it is easy to gather
a list of apps from meta-analyses; however, most of
these apps are low-quality and will most likely not
be of benefit to the patients. The MARS tool helps
to adjust for this and can filter apps that are unlikely
to be of benefit but still made it through the initial
stages of the search and selection process.

Conclusion

Using smoking cessation as a case study, the strategies outlined effectively provided three potential
apps for physicians to help motivate their patients
to quit smoking. Due to market growth exceeding
the pace of scientific scrutiny and a lack of regulatory bodies to examine mHealth applications that
fall outside the jurisdiction of the FDA, concerns remain about the validity, efficacy, and safety of many
apps. Moreover, physicians have few if any tools to
help guide them through the process of validating
an application. This paper outlines a more robust
methodology for healthcare professionals to conveniently examine the scope of mobile healthcare technology and help their patients make more informed
decisions as to whether mHealth applications are a
suitable option for their individual health needs.
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Background: Using electronic directly observed therapy (eDOT) to remotely monitor tuberculosis
(TB) patients’ treatment is now a viable option due to the advancement and expansion of technology.
Aims: To determine the utilization levels, benefits, barriers, and outcomes of public health departments
using eDOT to treat TB.
Methods: The Center for Connected Health Policy, in collaboration with the National Tuberculosis
Control Association, developed an online survey to answer the study aim. In December 2015, the
survey was disseminated to 68 Federally Funded TB programs (50 states, eight large cities, and 10
United States territories).
Results: There were 113 qualified respondents. Seventy-six percent (n=86) of respondents were
using, implementing, or planning to use eDOT. Reported benefits were high and centered on patient
and provider satisfaction, cost savings, and staff safety. Medication adherence and treatment
completion rates of eDOT users were reported to be about the same or higher when compared to
in-person DOT users. The primary technical concern about eDOT was internet connectivity;
Health Insurance Portability and Accountability and confidentiality were the highest reported
legal concerns. A majority of the respondents indicated that no reimbursement existed for eDOT
or in-person DOT.
Conclusion: Established guidelines on use of eDOT as well as policies on reimbursement and
training programs should alleviate many of the existing hindrances that are currently preventing
many health departments from implementing eDOT. Staff and patient satisfaction is high, outcomes
are positive, and eDOT is cost effective so efforts should be made to break down the existing
barriers to expansion.
Keywords: Mobile Health, mHealth, Tuberculosis, Directly Observed Therapy, Medication Adherence
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Introduction

Tuberculosis (TB) is one of the most widespread
infectious diseases in the world, infecting an average
1
of 9 million people annually . Although TB is curable, more than 1 million TB-related deaths occur
1
globally each year . In March of 2016, the Centers
for Disease Control and Prevention (CDC) noted
that after over two decades of decline in the United
2
States TB cases have plateaued .
The CDC recommends the use of directly observed
therapy (DOT) for administering medication to
3
TB patients . DOT consists of observing patients
taking their medication to assure adherence to a
course of treatment. Strict adherence to ingesting
the medication is necessary because patients who
take their medications inconsistently or stop early
are at risk for disease progression and death,
transmission of the disease to others, and development of drug-resistant strains of the TB bacteria that are much more difficult and expensive to
treat.
In the last few years, there has been an increase in
the use of technology, particularly smartphones,
as a tool to provide healthcare services. With technological advances combined with budget
decreases for public health organizations, conducting DOT remotely with the use of technology
(called eDOT) has become a viable option.
Patients can schedule a time to meet with the
healthcare worker (HCW) using live video (synchronous eDOT) or the patient can record him or
herself taking the medication and forward the
video to the HCW (asynchronous eDOT) to be
reviewed at a later time.
However, utilization of technology by public health
departments to administer DOT has been limited.
The research that does exist on using technology to
treat patients with infectious diseases is outdated
and used antiquated technology or telephones (landlines). One recent study on asynchronous eDOT utilized nine focus groups with asynchronous eDOT
patients (n=16) and providers (n=47); four with
patients (n=8) and two with providers (n=14) in San
Diego, CA and one focus group with patients (n=8)
and two with providers (n=33) in Tijuana, B.C.,
Mexico. The study participants were accepting of
the technology and, when compared to in-person
DOT, found it to be less burdensome and more confidential. United States patients valued the greater
autonomy that asynchronous eDOT provided and
Mexican patients valued improved privacy; the
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

researchers concluded that this difference was
4
related to culture . To further explore the potential
utilization and expansion of eDOT, the California
Health Care Foundation funded two companion
studies: one to look at the efficacy of eDOT and the
other to look at potential barriers to employing
technology to deliver DOT in treating TB. The latter
study was conducted by the Center for Connected
Health Policy (CCHP). While the CCHP study was
broad, this article focuses on one aspect of it, specifically determining the scope of utilization of eDOT
to treat TB by public health departments and what
are the barriers to using it.

Methods

CCHP, in collaboration with the National
Tuberculosis Control Association (NTCA), developed an online survey to assess eDOT utilization,
outcomes, and support needs. The Chair of the
NTCA Survey Research Committee spearheaded
the creation of a national workgroup. The 16 workgroup participants, including two from CCHP, were
professionals with experience in TB, policy, and/or
research. The majority of participants were TB
control professionals in federal, state, and county
agencies from six states.
A draft survey was developed by CCHP and shared
with the workgroup. A one-hour conference call was
conducted on October 8, 2015 to develop the survey
objectives and discuss the draft survey. The survey
objectives were:
1. Determine extent to which programs are using
eDOT
2. Determine feasibility and outcomes
3. Summarize the benefits and barriers for eDOT
4. Determine economic considerations
5. Assess training needs for eDOT
6. Identify programs willing to share protocols and
other materials
Following the call, revisions to the survey were made
by CCHP staff and the survey was disseminated to
the workgroup for a second review. Another onehour conference call was held on October 22, 2015.
The workgroup submitted their comments by
November 4, 2015 and the comments were compiled
and survey revised by the CCHP lead researcher.
Final changes were made via email correspondence.
The final survey included 49 closed ended and two
open-ended questions. The closed-ended questions
were multiple choice and ranking and some included
an ‘other’ category where respondents could type in
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information. There were several skip logic patterns
so that only relevant questions appeared for the
respondent.
The survey was entered into SurveyGizmo by
two interns at NTCA. SurveyGizmo is a Health
Insurance Portability and Accountability Act compliant survey software program. The survey was
then pilot tested by the workgroup. Changes were
made and the survey was re-disseminated on
December 3, 2015 to the workgroup. The workgroup
had two days to pilot test the survey, changes were
made, and the survey was disseminated to the target
audience on December 8, 2015. The Chair of the
NTCA Survey Committee emailed 74 of their contacts at 68 Federally Funded TB programs (50 states,
eight big cities, and 10 United States territories). It
was expected that the survey would take 20 minutes
to complete. If local TB programs were referred to
NTCA by one of the people who received the initial
survey, the requestor was forwarded the survey.
A reminder email was sent December 14, 2015 to
the 53 non-respondents. Between December 18 and
December 23, 2015, two NTCA staff members
made telephone calls and sent emails to the non-
respondents. As of December 17, 2015, 23 jurisdictions (states, big cities, territories) had not responded.
Staff person one focused on 23 jurisdictions. Between
December 18 and December 21, 2015, she disseminated 25 emails (six were custom emails and 19 were
generic), and made 18 phone calls. Staff person two
focused on four jurisdictions. On December 22 and
23, 2015 she disseminated four custom emails and
made four phone calls.

states were not represented. The findings are presented here in the following sections: utilization,
benefits, concerns, clinical outcomes, and resources
and training.
Utilization
There is a strong interest in using eDOT, illustrated
by the large number of programs currently using or
planning to implement an eDOT program (see
Figure 1). Slightly over three-quarters (76%, n=86)
of respondents are using, implementing, or planning to use eDOT. Only two programs discontinued
using eDOT. One stated that they discontinued
using eDOT because they had only one patient on
it and that patient moved out of their jurisdiction.
Why the other program discontinued its use is
unknown.
While synchronous eDOT is the most commonly
used format (see Figure 2), 23 percent (n=11) of programs used both asynchronous and synchronous
eDOT. Providing patients with choices allows them
to use the method that will work best for his/her
lifestyle. The majority of patients (see Figure 3) use
their smartphone for eDOT.

Not considering,25,
22%

Planning, 25, 22%

Items in the ‘other’ category were recoded when it
was determined by two researchers that the item fit
an existing category. The data was analyzed using
SAS. Descriptive statistics were used to analyze the
data.
Ethics Statement
The study was approved by the Institutional Review
Board at the Public Health Institute.

Results

There were 120 respondents. Seven did not qualify
as they did not use in-person DOT or eDOT. Half
of the respondents (n=60) were from local jurisdictions, 38 percent from state (n=46), eight percent
(n=9) from big cities, and four percent (n=5) from
territories. Respondents were from 47 states; three
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Currently using,
47, 42%

Discontinued, 2,
2%

Implementing, 14,
12%

Figure 1: Programs usage of eDOT
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Figure 2: The types of eDOT used by programs
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Most of the programs that use eDOT have less than
10 percent of their patients using it (see Table 1). The
reason for the low percentage of patients using the
modality is unknown and needs further exploration.

eDOT Challenges and Concerns
The primary technical concern about eDOT was
internet connectivity (see Table 3). Most respondents reported not having legal concerns (see
Figure 4), although Health Insurance Portability
and Accountability (HIPAA) and confidentiality
were the highest reported legal concerns and were
also the second highest technical concern of information technology policies preventing the use of
the software.

eDOT Benefits
The reported benefits were high and centered on
patient and provider satisfaction and cost savings
(see Table 2). Staff safety also was a highly rated
benefit. In some TB programs, in-person DOT workers would go out in pairs to see patients; due to budget cuts in-person DOT workers now go out solo
when seeing patients. eDOT improves staff safety as
visiting unsafe places is eliminated. eDOT also
reduces staff exposure to TB.

Four programs (9%) that use eDOT are reimbursed for both DOT and eDOT (see Figure 5).
For programs that are reimbursed for in-person
DOT and not eDOT, the lack of reimbursement
can be a larger barrier to utilization. For example,
in California in-person DOT is reimbursed by
Medi-Cal but the payer does not reimburse for
eDOT.
Outcomes
Patients tend to stay on eDOT (see Table 4). More
than half (58%, n=33) of respondents said that
patients were never or rarely taken off of eDOT.
Too early to know
Software update issues
Old/out-dated computers
None
Inadequate IT support
Problems with smartphone/tablet
operating systems (e.g., IOS, android)
Program’s IT policies prevent use of
preferred software
Lost/cut connections during sessions
Other
Quality of Internet

Figure 3: The type of devices that patients use for eDOT

10% or less
11 to 30%
31 to 50%
71 to 90%
91% or more
Do not know

29
8
5
1
1
1

Table 1: Percent of Patients on eDOT

Staff safety
Treatment completion
Increase DOT
Adherence
Cost effective
Staff satisfaction
Patient satisfaction

2
6
7
7
8
8
11
12
12
22

Table 3: The ratings of the technical concerns of eDOT

Major benefit

Moderate benefit

Minimal benefit

No benefit

Not sure

11
13
13
16
25
30
34

18
13
5
12
12
12
9

6
8
7
10
1
0
1

1
4
9
2
2
0
0

8
5
9
3
4
2
0

Table 2: The ratings of the benefits of eDOT

JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

VOL. 7

ISSUE 1

MARCH 2018 27

Original Article
When patients are taken off, it is most often due to
the patient missing doses.

Figure 4: The legal challenges that programs encounter
when using eDOT

* Health Insurance Portability and Accountability Act (HIPAA) is a federal
law designed to protect the security and privacy of protected health
information.

Medication adherence rates of eDOT users when
compared to in-person DOT users were reported
to be about the same or higher by 91 percent
(n=45) of respondents (see Figure 6). Two percent
(n=1) reported medication adherence rates to be
lower among eDOT users when compared to
in-person DOT users. Treatment completion rates
are important as well. None of the respondents
reported lower completion rates for people using
eDOT when compared to in-person DOT (see
Figure 7). All of the respondents who knew about
completion rates when compared to in-person
DOT reported that they are about the same or
higher than in-person DOT.

Figure 6: Medication adherence rates for eDOT compared
to in-person DOT
Figure 5: Insurance reimbursement for in-person DOT
and eDOT

I don’t know why people are removed
This happens because of excessive/
inappropriate use of technology or lost/
broken hardware
Other
This has rarely happened
This happens because of missing doses
This has not happened

3
4
6
10
11
23

Table 4: Health department’s experiences with taking
patients off of eDOT (n=57)
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Figure 7: Medication completion rates for eDOT
compared to in-person DOT
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These outcomes are related to managing side effects
as patients may discontinue taking the medication if
it makes them not feel well and hence, adherence
and completion rates could drop. To address side
effects, the survey respondents stated that it is most
frequently handled by the patient being informed to
go to the clinic or a provider contacts the patient
after the session (see Figure 8). Most of the people
who selected the ‘other’ category stated that the provider is notified.
Training and Resources
There was not a training topic that stood out to be
much higher than the others included in the survey
(see Figures 9 and 10). Therefore, a training program that covers a range of topics is needed. The
training could be conducted in conjunction with TB

Figure 8: How patient side effects are handled by
healthcare workers

conferences or in the form of web-based videos,
toolkits, or webinars. Best practice guidelines have
been found via an Internet search, but no federal
agency, such as the CDC, has published eDOT
guidelines.

Discussion

The survey results indicate that the use of eDOT is
more prevalent than hypothesized. Forty-two percent of the respondents indicated they are currently
using eDOT to treat TB patients and an additional
37 percent are planning or implementing it.
However, most of the eDOT programs that use it
have less than 10 percent of their patients enrolled in
it. Determining the exact causes for this low number
is beyond the scope of this specific survey. The reason for programs using eDOT with so few patients is
worth future exploration.
A reason for approximately a quarter of the programs not considering using eDOT, and for programs that use it with a low percentage of patients,
may be due to the reported technical concerns.
The primary technical concern was connectivity.
Additional technical concerns centered on equipment issues such as software problems. Sporadic
connections or technological glitches can lead to
lost information and general frustration on both
ends that would leave patients and health care workers unwilling to utilize the technology. This may be
more problematic in rural areas, but that cannot be
confirmed via this study. For areas with frequent
connectivity problems, asynchronous eDOT may be
a better option than synchronous as the stored date
and timed stamped video can be transmitted when
connectivity is resumed.
Among the legal or policy barriers, HIPAA and confidentiality were identified as the greatest concerns.

Figure 9: Topics for trainings needed to implement or
continue an eDOT program
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Figure 10: Types of support needed to implement or
continue an eDOT program
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A majority of the respondents indicated that no
reimbursement existed for eDOT or for in-person
DOT. This lack of reimbursement, while not specifically identified as a barrier in the survey, may be a
cause or factor in the utilization of eDOT. When
asked what support would be helpful in implementing or continuing eDOT, the survey respondents
ranked reimbursement high, but also noted the need
for guidelines around best practices and the technology. That lack of sound operational guidelines also
could contribute to the hesitation of establishing an
eDOT program.
Synchronous eDOT is the mostly commonly used
form of DOT. Asynchronous eDOT provides some
additional benefits to synchronous eDOT, such as
weekend monitoring and more scheduling flexibility
for DOT workers and patients. Asynchronous eDOT
also provides another option for patients. Additional
exploration is needed to determine the reason for
programs opting to use synchronous more often.
Numerous benefits were reported. Respondents
noted high adherence and completion rates in their
programs. For adherence, 91 percent of the respondents said that they had about the same or higher
rates; seven percent did not know. For about the
same or higher completion rates, the responses
totaled 83 percent; 11 percent did not know.
Additional benefits included staff safety (minimizing exposure to an infectious disease as well as
reducing travel for the health worker into potentially
dangerous environments) and cost effectiveness. The
respondents also noted that both staff and patients
view eDOT favorably. With so many positive outcomes, additional resources should be used to
expand the use of eDOT as it is a viable option for
treating TB and possibly other health issues, as well.
Respondents indicated that training and resources
are needed. Providing these to programs should
assist with the expansion of this effective and efficient treatment modality.
With the numerous benefits and positive clinical
outcomes of eDOT, it appears that it is worth exploring the use of this modality for other health issues.
Patient nonadherence to prescribed medications is
associated with poor therapeutic outcomes, progression of disease, and increased healthcare costs.
Patients with infectious diseases, mental health
problems, and chronic conditions may benefit from
using this medication delivery method, as well.
Using eDOT for communicable diseases or health
problems that require the use of expensive
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

medications may benefit from the application of
eDOT and would be worth exploring.
Limitations
A limitation of this study is that three states were
not represented, and it is unknown if rural areas
were adequately represented in the survey. As an
online survey, the opportunity to further explore the
results was not present. For example, it would have
been useful to know why most programs had a low
percentage of patients on eDOT. Another limitation
is that the factors that make a patient a poor candidate for using eDOT (e.g., language barriers or disabilities) was not explored and would be useful with
identifying best practices.

Conclusion

The use of eDOT is a viable and more widely utilized means of treating TB patients than initially
expected by the researchers. Public health departments that have been utilizing this technology have
found it to be beneficial in meeting adherence and
completion goals in DOT. However, while the benefits are apparent, barriers to widespread expansion
exist. Identified issues are primarily related to technology, training, and security. Addressing these
issues will lead to greater and more efficient utilization of eDOT by public health departments.
Established guidelines on use of eDOT and policies
on reimbursement should lead to more comfort
in operating the equipment and supporting the
program.
More research is needed on eDOT for TB as well as
other infectious diseases or health issues. A large
scale national study is needed where lessons learned
and best practices could be extracted and shared.
Common metrics are needed for such a multi-site
study.
A summary of the learning points from this include
that eDOT:
•
•
•

•

is rarely reimbursed by payers, even in states
where in-person DOT is reimbursed
eliminates or reduces travel time and cost for
both the public health agency and the patient
provides flexibility of schedules if utilizing asynchronous eDOT as no set appointment time
must be kept by both the DOT worker and
patient
asynchronous eDOT allows for observation of
medication ingestion during weekends and holidays, when DOT workers typically do not work
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•
•
•
•
•
•
•
•
•
•

allows for observation when a patient is
travelling
increases worker safety and reduces exposure to
TB for the DOT worker by not having to travel
and be in direct contact with the patient
patients using eDOT are usually not taken off
of it
patient and staff satisfaction levels are high
medication compliance and treatment completion rates are the same or better when compared
to in-person DOT
connectivity issues are a concern
programs are in need of training
there is a significant percentage of programs
using eDOT or interested in using the modality
has no national guidelines established for
its use
the technology can possibly be utilized for other
infectious diseases and health issues
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Background: In orthopaedic surgery residency, traditional methods of education are being challenged
by more technologically advanced modalities, specifically smartphone and tablet applications.
Although these tools have become increasingly popular among orthopaedic surgeons, uncertainty
remains about the widespread use of applications in orthopaedic residency.
Aims: This study aims to evaluate the perception of orthopaedic residents regarding the use of
applications to support their education and clinical decision-making.
Methods: An anonymous, 25 question survey regarding the use of clinical and educational applications
during residency training was distributed to 50 orthopaedic residents at two different ACGMEaccredited programs. Statistical analysis was performed using two tailed t-tests for analysis of means,
and chi-squared tests of independence of categorical variables, with significance defined as a p<0.05
a priori.
Results: Thirty-seven residents (Response Rate: 74%) completed the survey. Most residents use a
specific free orthopaedic reference application on a weekly basis (86.1%). Thirty-six residents (97.3%)
believe that there is an educational benefit from medical applications, however, the majority of
residents (54.05%) believe that senior physicians look down upon the use of applications during
clinical practice. Over 90% of residents agree that the cost of an application affects the decision to
download and use it.
Conclusion: Most orthopaedic surgery residents use a wide variety of applications on a daily basis.
Despite the increasing role of applications, the perception among residents that senior physicians
look down upon the use of applications could be a barrier to widespread implementation.
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Introduction

The American Board of Orthopaedic Surgery
(ABOS) was established in February 1934 with the
intention of creating a universal standard of education. By 1936, the ABOS instituted the first formal
requirements for certification in order to monitor
1
physician quality and to ensure public trust. In
addition to the certification examination administered by the ABOS, the American Academy of
Orthopaedic Surgeons (AAOS) developed the
Orthopaedic In-Training Examination (OITE) to
assess whether each orthopaedic residency program
was attaining its educational goals.
The establishment of the ABOS and the implementation of the OITE by the AAOS, led to high expectations for the quality of orthopaedic residency
education. Previous studies have evaluated the types
of resources that residents use to prepare for standardized examinations, specifically, traditional
methods such as didactic lectures, case conferences,
2
and textbooks. However, like many fields of medicine, orthopaedic residency education has changed
rapidly as advancements in technology, specifically
smartphone applications, have evolved.
With the advent of smartphones and tablets, physicians can now access a large amount of information
from a single device through downloadable applications. A survey was distributed to all Accreditation
Council for Graduate Medical Education (ACGME)
training programs in 2011 to evaluate the prevalence of
smartphone use across medical specialties. The study
found that over 85% of respondents, which included
residents, fellows, and attendings, owned a smartphone
3
capable of accessing medical applications. Along with
widespread smartphone use, applications have become
integrated in many medical specialties. In urology,
applications exist that allow patients to record intake
and output and provide a way for practicing urologists
4
to access the Oxford Handbook of Urology. In dermatology, there are over 200 applications with uses
that range from general dermatology reference to edu5,6
cational aid. Likewise, there are more than 340 applications available for ophthalmology, ranging from
educational flashcards to virtual surgery applications
7
that detail the steps of common operations. The number of applications available for educational and clinical purposes is rapidly expanding with more
applications being targeted at individual specialties,
8,9
including orthopaedic surgery. From 2010 to 2014,
orthopaedic residents increased their use of smartphone applications in the clinical setting from 60% to
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84%, whereas attending use increased from 41% to
10
61%. During this same time period, 70% of orthopaedic surgeons believed their institution/hospital
10
should support mobile device use.
Despite the rapid expansion and use of available medical applications, questions remain about their safety,
11-14
validity, and role in educational and clinical settings.
Several recent studies have demonstrated that some
orthopaedic applications, such as those that measure
gait, range of motion, and degree of spinal deviation
in scoliosis, are as accurate as more traditional measur15-20
ing devices.
While many applications have been
thoroughly evaluated for accuracy, there remains a
paucity of standardized testing protocols creating a
wide variability in the usefulness, quality and accuracy
of available applications. Ongoing uncertainty therefore exists regarding how the advancement of applications will affect traditional teaching in orthopaedic
training programs. The objective of this study was to
evaluate the perception of orthopaedic surgery residents regarding the use of educational and clinical
smartphone and tablet applications to support their
training and decision making.

Methods
Survey
An anonymous 25-question online survey was formulated focusing on questions about frequency of application use, common barriers encountered, and
opinions regarding application use during orthopaedic surgery residency (Appendix). The survey was distributed via Survey Monkey (SurveyMonkey Inc.,
Palo Alto, California, USA) to all current orthopaedic surgery residents at two university-affiliated residency programs in the United States (50 residents
total). Demographic variables collected included current postgraduate-year and residency program.
Eleven questions regarding use of applications and
opinions toward application use were answered by
selecting a categorical variable or by using a five-point
Likert scale (“disagree”, “somewhat disagree”, “neutral”, “somewhat agree”, “agree”), while the remaining questions were answered by selecting a categorical
variable (Appendix A) Participation was anonymous
and voluntary, however, follow-up emails were sent to
residents at 2 and 4 weeks to encourage more
participation.
Analysis
Statistical analysis was performed using two tailed
t-tests for analysis of means, and chi-squared tests of
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independence of categorical variables, with s ignificance
defined as a p<0.05 a priori. Outcome variables were
statistically analyzed using data 
analysis software
(StataCorp. 2015. Stata Statistical Software: Release
14. College Station, TX: StataCorp LP).
IRB Approval
This study (IRB ID: 1609004847) was approved by
the Institutional Review Board (IRB) at the principal investigator’s institution* and complies with all
relevant federal, state, and local regulations (* the PI
was faculty at Drexel University College of Medicine
at the time of IRB approval and initial manuscript
submission, but is now a practicing physician at
Tulane University School of Medicine).

information for clinical decisions. Furthermore, four
residents (10.8%) think that applications do not play
an important role in clinical decision making
(Figure 2). Two residents (5.4%) believe that their
colleagues depend too much on applications. Twenty
residents (54%) somewhat agree or agree that senior
physicians “look down upon” application use during
clinical practice. In addition, 17 residents (45.9%)
believe that patients think less of a physician who
uses applications during a clinical encounter, while
13 residents (35.1%) do not have this perception
(Figure 3).
There were no difference between junior residents
(PGY1-3) and senior residents (PGY4-5) in trusting

Results
Use of applications
Thirty-seven residents (74% response rate) from the
two orthopaedic surgery residency programs completed the survey. The number of applications and
frequency of use varied, with the majority of residents using 1 to 4 applications (78.4%), 1 to 4 times
per day (81.1%) (Figure 1). Thirty-two of the residents who responded (86.1%) use a specific free
orthopaedic surgical reference guide application on
a weekly basis. Smartphones are used more often
than tablets for both educational (89.7%) and clinical (78.8%) purposes.
Opinions about applications
Thirty-six residents (97.3%) believe that medical
applications provide an educational benefit and that
they allow for improved efficiency in an educational
or clinical setting. Only one resident (2.7%) believes
that applications cannot be trusted to provide

Figure 1: Frequency of educational and clinical
application use among orthopaedic residents.
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Figure 2: Resident response to “I think applications play
an important role in clinical decision making.”

Figure 3: Resident response to “I feel that older physician
look down on application use during clinical practice.”
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applications for clinical decisions (86.9% versus
76.8%, p=0.236, CI: -31.0-31.0), believing applications play an important role in the clinical setting
(86.9% versus 78.6%, p=0.482 CI: -44.6-44.6), noticing an educational benefit of applications (100%
versus 92.8%, p=0.250, CI: -22.8-22.8), believing
that applications make them more efficient (100%
versus 92.8%, p=0.213, CI: -21.0-21.0), and believing peers rely too much on applications in the clinical setting (21.7% versus 42.8%, p=0.410, -95.9-95.8)
(Table 1).

regards to application use, or attitudes toward application use. Eighty-four percent of residents surveyed
reported using the same clinical application on a
daily basis.
With the rapid growth of technology in society and
medicine, an increasing number of specialty-specific
medical applications have become available includ3,4,8,9
ing numerous related to orthopaedic surgery.
Many of these applications have been shown to be
accurate, and several are supported by subspecialty
15
societies. Despite this, there is a paucity of literature describing the appropriate use of educational
and clinical applications, and few professional societies have issued formal statements or policies on
8
their use.

Factors influencing the use of applications
Thirty-four orthopaedic surgery residents (91.9%)
agree that cost affects the decision to download and/or use an application and 22 respondents
(59.4%) were willing to pay between $1-$10. Poor
utility and design, along with high cost, were
the most significant personal barriers to application use.

The educational guidelines for orthopaedic residency programs have become increasingly stringent
in recent years, in an effort to standardize the quality
of training provided to future orthopaedic sur1
geons. As the requirements become more exacting,
the amount of time that residents are allowed to
21,22
devote to patient care continues to decrease.
In
2003 and again in 2011, the ACGME mandated
increasingly strict guidelines limiting the amount of
time residents can spend in the hospital taking care
of patients, and learning in a clinical setting. By providing residents with a more facile way of accessing
educational materials, applications may improve the
ability of residents to augment the education they
may be missing as their time in the hospital is
3
increasingly limited. Additionally, applications that
are focused on patient care, may help residents
streamline the more time consuming aspects of clinical work, allowing them to spend more of their
already limited time in the hospital actively engaged
in educational endeavors. Although smartphone

Discussion

Smartphone and tablet technology have become
pervasive throughout society and reshaped the
workplace across a variety of disciplines, including
medicine. Applications designed for smart phone
use are now common place in hospitals, with specialty-specific tools being used as a routine part of
3,4,5,7,9
patient care.
This study demonstrates that the
majority of orthopaedic surgery residents surveyed
use smart phone, or tablet applications in a clinical
setting. Furthermore, only one resident surveyed did
not trust the information provided in these applications and only two residents surveyed believed that
their colleagues are too dependent upon applications. There were no statistically significant differences between junior and senior residents with

Agree or Somewhat Agree (%)
Question

Junior Residents
(PGY1-3, %)

Senior Residents
(PGY4-5, %)

p-value

95% Confidence
Interval

86.9
86.9
100
100

76.8
78.6
92.8
92.8

0.236
0.482
0.25
0.213

-31.0 - 31.0
-44.6 - 44.6
-22.8 - 22.8
-21.0 - 21.0

21.7

42.8

0.41

-95.8 - 95.8

I trust apps to make clinical decisions
I believe apps play an important clinical role
I notice an educational benefit from apps
I believe apps increase efficiency in a clinical
setting
I believe apps act as a “crutch” for education

Table 1: Perception of the value of smartphone application use among junior (PGY1-3) and senior (PGY4-5)
orthopaedic surgery residents.
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applications can improve educational and patient
care opportunities, our study showed that more than
half of our respondents believe that attending orthopaedic surgeons do not agree with frequent use of
these tools.
The present study is limited by its descriptive nature,
and survey-based methodology. Additionally, the
small group of residents (n = 50) surveyed may limit
extrapolating broad generalizations of national and
temporal trends. Conclusions extrapolated to national
trends are limited as the surveys were completed by
two urban teaching hospitals. It is possible that rural
programs in the same state or region may have differing opinions regarding the role of applications in
educational and clinical settings. A broader based
survey querying a diverse group of programs around
the country would be necessary to make more definitive conclusions of national trends. Additionally, we
only surveyed trainees, thus we cannot comment specifically on the opinions of senior surgeons with
regard to the use of smartphone applications. The
present study did however experience a high response
rate (74%). While conclusions should not be made on
national trends, the study does demonstrate a substantial need to quantify the current usage of, as well
as the present need to study the efficacy, safety, and
accuracy of these applications.

Conclusion

This study adds to the discussion of how technology can be used in the current medical and educational landscape in orthopaedic residency training
programs. The vast majority of residents surveyed
use applications on a regular basis and trust the
content they provide. There were no significant
differences in the attitudes towards applications

between junior and senior residents. However, there
was a perception by the majority of respondents
that senior orthopaedic surgeons look down upon
the use of applications. The use of applications by
orthopaedic surgeons and the number of applica10
tions available continue to increase. The current
study speaks to the potential utility of applications
in orthopaedic training; however, further studies are
needed to determine the optimal use of applications
in clinical and educational orthopaedic settings.
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Survey:

Appendix A

PGY Year
• 1
• 2
• 3
• 4
• 5
• 6/attending
Sex
• M
• F
Affiliation
• Brown
• Drexel
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Which of the following do you use most for applications related to education?
• Smartphone
• Tablet
Which of the following do you use most for applications related to clinical practice?
• Smartphone
• Tablet
How many applications do you use for education or
as a clinical tool?
•
•
•
•
•

None
1−2
3−4
5−6
7+

On average, how many days/week do you use
applications?
•
•
•
•
•

None
1−2
3−4
5−6
7

On average, how many times/day do you use
applications?
•
•
•
•
•

None
1−2
3−4
5−6
7+

I notice an education benefit from medical applications
•
•
•
•
•

Disagree
Somewhat disagree
Neutral
Somewhat agree
Agree

Applications allow me to be more efficient in a clinical or educational setting.
•
•
•
•
•

Disagree
Somewhat disagree
Neutral
Somewhat agree
Agree
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I believe that applications act as a crutch for
education.
•
•
•
•
•

Disagree
Somewhat disagree
Neutral
Somewhat agree
Agree

I trust basing medical decisions on information provided by an application.
•
•
•
•
•

Disagree
Somewhat disagree
Neutral
Somewhat agree
Agree

I think my colleagues depend on applications too
much.
•
•
•
•
•

Disagree
Somewhat disagree
Neutral
Somewhat agree
Agree

I think applications play an important role in clinical decision making.
•
•
•
•
•

Disagree
Somewhat disagree
Neutral
Somewhat agree
Agree

I feel that older physicians look down on application
use during clinical practice.
•
•
•
•
•

Disagree
Somewhat disagree
Neutral
Somewhat agree
Agree

I feel that patients think of a physician differently
if they use an application during a clinical
encounter.
•
•
•
•
•

Disagree
Somewhat disagree
Neutral
Somewhat agree
Agree
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I feel comfortable using my smartphone/tablet.
•
•
•
•
•

Disagree
Somewhat disagree
Neutral
Somewhat agree
Agree

The amount of memory an application uses affects
my decisions to us/download it.
•
•
•
•
•

Disagree
Somewhat disagree
Neutral
Somewhat agree
Agree

I use an application less if it uses a significant
amount of battery life.
•
•
•
•
•

Disagree
Somewhat disagree
Neutral
Somewhat agree
Agree

The cost of an application affects my decision to
download/use it.
•
•
•
•
•

Disagree
Somewhat disagree
Neutral
Somewhat agree
Agree

What is the maximum price range you would
be willing to pay for an education/clinical
application?
•
•
•
•
•

0
1−5
6−10
11−15
15+

The presence of advertisements deters me from
using certain applications
•
•
•
•
•

Disagree
Somewhat disagree
Neutral
Somewhat agree
Agree
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Negative stigma affects how much I use my application in a clinical setting
•
•
•
•
•

Disagree
Somewhat disagree
Neutral
Somewhat agree
Agree

Rank in order (1-most, 6-least), the most significant
personal barrier to application use
•
•
•
•
•
•

High cost
High memory use
Poor design
Poor utility
Negative stigma
Advertisements

Please select which application you use on a weekly
basis
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

QxMD
Endnote
iNotes
MedCalc
Epocrates
Remote EMR access applications
OpTech Live
Traumaline
SLIC
Mobile Coder Orthopedics
AO Surgery Reference
Orthopedics Terminology
Orthopedics Glossary
Orthopedics Today Helio for iPhone
Learning Orthopedics Quiz
Goniometer pro
Orthopedics Encyclopedia
iDo Now Orthopedics
Muller AO Classification of Fractures
Case Files Orthopedic Surgery
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•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

ICJR
RadTechPro
SportsMed
OrthoAnatomy
OrthoEvent
OrthoKeys
Aesculp Spine Cervical
OrthoRef Lite
Acta Orthopaedics Journal
Multiplier
Bone Ninja
Knee Goniometer
Orthopaedics Today Europe
Bone Feed
Spinal News International
Sports Health
OITE Strategy
Surgical Instrument Quiz
MSK Injections
Cyber PT Tx
Osteoporosis by AZoMedical
OrthoMind
Electromyography Multilingual
BoneCase
TherapyWhiz
BoneTest Miscellaneous
OrthoRef
UCSF MSK Exam Tutor
Cobb Reader
ShoulderDox
Orthoclass
Rotho Traumapedia
Orca MD Series
DrawMD Orthopedics
Orthopedic Patient Education
CORE
iOrtho+
Realworld Orthopedics
T&O Curriculum
Tumorpedia
MyATLS Trauma
Insights Orthopedics
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Remote monitoring via CareLink Express™
improves patient and physician satisfaction
and reduces economic costs in acute
care centers
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Objective: Patients with Medtronic implantable devices were evaluated addressing both clinical and
nonclinical aspects. An observational, prospective study compared patients in the CareLink arm
(active) to Non-CareLink arm (control) in patients with Medtronic implantable devices presenting to
the emergency department.
Materials and Methods: Data was collected from a community hospital ED (South Lake Hospital –
Lake County, FL) over 12 months. Fifty patients were enrolled in the study. Data sources included
health records, implant reports, initial demographic data collection and questionnaires.
Results: Length of hospitalization was longer in the control group than in the CareLink group
(4.04 vs. 2.21 days). Notably 91.3% of physicians preferred the use of CareLink Express over standard
interrogation methods. Patients reported shorter wait time for device results with CareLink Express
and “felt less anxious” compared to standard interrogation methods with corresponding p-values of
0.009 and 0.01. Control group arrival to interrogation time ranged from 91-3,022 minutes while the
CareLink group ranged from 18-1,551 minutes. Significantly less time was required for interrogation
in the CareLink group (422 min) than that of the Control group (1150 min, p < 0.001).
Discussion: Our data indicates that express monitoring technology using the CareLink Express system
provides a satisfactory and expedient alternative to programmer interrogation.
Conclusion: The current process of device interrogation requires a company representative to come
to the ED assess the patient’s device. Depending on representative availability this can be a timeconsuming process, especially in rural settings. The CareLink Express reduces interrogation times
significantly.
Keywords: CareLink Express System, Pacemaker, Implantable Cardiac Defibrillators, loop recorder,
ICDs, AICDs, Emergency Medicine, Cardiovascular Disease, Electrophysiology
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Background and significance

The 2009 world survey of cardiac pacing and
implantable cardiac defibrillators (ICD) showed that
there were 1,002,664 devices implanted of which
737,840 were new implants and 264,824 were replacements (ref 1). The United States of America (USA)
had the largest number of cardiac pacemaker implants
(225,567) and Germany the highest new implants per
million populations (927). The survey also involved
328,027 ICDs, with 222,407 new implants and 105,620
replacements. Virtually all countries surveyed showed
a significant rise in the use of ICDs with the largest
implanter being the USA (133,262).
In the USA, increased healthcare expenditures
are of significant concern. This has put pressure on
the healthcare system to change the way hospitals
and physicians are reimbursed for their services.
One solution has been to replace the traditional fee-
for-service model with a new pay-for-performance
model where compensation is tied to meeting quality measures and payments to hospitals and providers are bundled to align their financial interests. In
this new model, the emergency department (ED),
being the front door to the hospital, has the first and
most critical opportunity to influence both patient
perception of care and clinical quality. In October
2012 (FY2013), hospitals were assessed based on
their performance in both of these areas. At that
time, the Center for Medicare and Medicaid Services
(CMS) began calculating hospital reimbursement
based on their performance in 17 core measures
(70 percent) and Hospital Consumer Assessment of
Healthcare Providers and System (HCAHPS) survey results (30 percent). Additionally, the American
College of Emergency Physicians (ACEP) recognized the importance to educate physicians about
working closely with hospital administrators to
utilize patient satisfaction surveys, as this may

result in better outcomes and improve reimburse2-4
ment for their facilities. Although CMS’s payfor-performance measures only use HCAHPS scores
from inpatients, there is a strong correlation between
ED performance and overall hospital performance.
CMS began collecting data on two ED metrics on
January 1, 2012: median time from ED arrival to
admission (patient leaves the ED to go to the inpatient room) and the ED median time from the physician’s admission decision to when the patient leaves
the ED to enter the inpatient room. In general, these
surveys reveal that hospitals with highly ranked
Emergency Departments perform well on inpatient
HCAHPS surveys. Moreover, hospitals whose EDs
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are rated poorly by patients tend to perform poorly
on HCAHPS surveys.
The increasing role of remote monitoring has
improved the follow-up of patients with implantable
devices among clinical and economic outcomes.
A recent observational study evaluated outcomes in
both clinical (event detection and time to d
 iagnosis)
and nonclinical (patient’s satisfaction and economic
costs) aspects among office patients utilizing the
5
CareLink Express System (Medtronic, Minnesota).
This small observational, longitudinal, prospective
study was conducted with patients from a Portuguese
central hospital sampled during 1 week (43 patients).
Data was collected at four different times: two in-
office visits and two remote evaluations, reproducing one year of clinical follow-up. Data sources
included health records; implant reports, initial
demographic data collection, follow-up printouts,
and a questionnaire.
Clinically, 15 events were detected (9 by remote
monitoring and 6 by patient-initiated activation),
of which only 9 were symptomatic (p = 0.028).
Moreover, the mean diagnosis anticipation in
patients with events was approximately 58 days
(p < 0.001). Although researchers observed high
patient satisfaction (67%) with using remote monitoring technology, still 8 patients (53%) stated that
they preferred in-office visits.
When patients present to the emergency department with a history of a Cardiac Implantable
Electronic Device (CIED), the emergency room
personnel often request a prompt evaluation of the
device for diagnostic and therapeutic purposes. This
interrogation procedure frequently requires a specialized technician to assess the device function.
The process is time consuming for both the patient
and the healthcare staff, therefore increasing costs
and decreasing patient satisfaction.

Objective

We evaluated the utility of the CareLink Express™
(Medtronic, Minneapolis, MN) Service remote
monitoring system by comparing its use in patients
with implanted devices presenting to the emergency
department to patients treated using standard support. In this trial, we hypothesized that prompt
intervention in the CareLink arm will result in
improvements in patient and physician satisfaction.
We also hypothesized that CareLink will reduce
device interrogation latency, which would indirectly

VOL. 7

ISSUE 1

MARCH 2018 41

Original Article
improve financial outcomes by facilitating disposition in the ED, time to diagnosis, and/or reduce the
length of hospital stays.

Materials and methods

This is an observational, prospective, longitudinal
study. The study protocol was submitted to an expert
panel for validation of the methodology and of the
questionnaire applied during the investigation. The
protocol was approved by the Institutional Review
Board at Orlando Health in Orlando, Florida. All
participants gave informed consent prior to participation in this study.
Selection Criteria
The population was sampled by convenience
among all patients with an implanted pacemaker,
defibrillator (ICD), loop recorder or cardiac resynchronization device (CRT) who presented to the
Emergency Department at South Lake Hospital
between April 2014 and April 2015. Study participants were required to provide informed consent
and have a Medtronic CIED. Patients with a
Medtronic CareLink Express implantable device
were placed in the CareLink arm.
System Costs
The equipment for device interrogation was provided
by the manufacturer, with no associated costs for the
hospital or the patient. Transmission over the phone
line was also provided by the manufacturer at no cost.
Study Variables
Beyond socioeconomic data, the following clinical
data was considered: type of implanted device, generator model, implant date, cause of admission, time
to interrogation. Finally, questionnaires were distributed and measured with results based on a 5
point Likert scale to assess level of comfort, ease of
use, physician satisfaction, and patient satisfaction
(1= strongly agree, 2 = agree, 3 = indifferent, 4 = disagree, 5 = strongly disagree).
The Physician Questionnaire inquired about the following: how helpful was CareLink in your evaluation, did it improve decision-making, was monitor
set-up easy, was there overall satisfaction with
CareLink, would the provider use CareLink again,
and lastly, does the provider prefer CareLink to the
use of the Medtronic Programmer.
The Patient Questionnaire inquired about the following: did the healthcare staff provide an
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

explanation of your plan of care, was there short
wait time in exam room, was there short wait time
for device results, was there short wait time for ED
physician diagnosis/decision, did the experience
reduce anxiety, and what was the overall satisfaction
with the visit. The scale for the patient questionnaire
was scored so a lower number indicated increased
satisfaction.
Data Collection
Data collection was performed in the emergency
department at South Lake Hospital (Lake County,
FL). Data was obtained by consulting the patient’s
health record, implant report, initial socioeconomic
data collection and the questionnaire administered
at the initial evaluation.
Statistical Analysis
Mean values were calculated from the physician and
patient questionnaires. These mean values revealed
differences in quality, patient and physician satisfaction as well as clinical parameters. A Student T-test
was also applied to the collected data to determine
if these differences were of statistical significance.

Results

We identified 50 potential patients with Medtronic
devices who were randomly assigned to the control group or CareLink group, 5 of which were not
included in final statistical analyses due to incomplete data. Patients with CareLink devices were randomly assigned to either group while patients with
other Medtronic devices were placed in the control
group (as their devices are not compatible with
CareLink software). Table 1 identifies baseline characteristics and patient demographics in each arm.
The mean age of the study groups were 76.5 for
the control group and 74.5 for the CareLink group.
On average, there was a larger number of female
patients (23) and patients with pacemaker devices
(10.8%) who were placed in the CareLink group.
There was no major difference identified between
the two groups in regard to admitting diagnosis with
the majority of patients presenting with non-device
related events, chest pain being the most frequent
(22.7% in control group and 34.7% in CareLink
group). Significantly more patients in the control
group (54.7% vs. 34.8%) presented with an established diagnosis of heart failure. However, there was
no significant difference in baseline ejection fraction
(0.41 vs. 0.43). On average, the control group’s length
of hospitalization was significantly longer than that
of the CareLink group (4.04 vs. 2.21 days), likely
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Demographics

Control (n = 22)

Age
Male, (%)
Female (%)
Type of Device
Pacemaker (n%)
ICD (n%)
CRT (n%)
Loop Recorder (n%)
Admitting diagnosis
Device related (n%)
Not device related (n%)
Admitting diagnosis
Chest pain (n%)
CHF (n%)
Dizziness (n%)
Shortness of breath (n%)
Syncope (n%)
Atrial fibrillation (n%)
Other (n%)
Heart failure (n%)
Ejection fraction (n%)
Average days in hospital
Intervention based on Interrogation
No need for intervention (n%)
Changes in medical therapy (n%)
Programming performed, n (%)

CareLink (n = 23)

76.5
75
25

74.5
52
48

54.5
36.3
9.0
0.0

65.2
13.0
17.3
4.3

18.1
81.8

21.7
78.2

22.7
4
18.1
9.0
9.0
13.6
22.7
54.5
41
4.04

34.7
8.7
13.0
8.7
17.3
4.3
13.0
34.7
43
2.21

13.6
18.1
3 (13.6)

13.0
17.4
2 (8.7)

Table 1: Clinical Variables

Figure 1: Physician Questionnaire Results

due to the higher percentage of patients admitted
for heart failure in the control group. Five total
patients had reprogramming of their implantable
cardiac device after initial interrogation, of which
three (13.6%) were from the control group.
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

Physician assessments of ease of use and satisfaction are depicted in Figure 1. There were no statistical
significances drawn from the two groups, as physician
satisfaction was not collected in the control (standard) group. In all measured categories clinicians
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were reported to strongly agree with all categories
indicating overall satisfaction with the performance
of the interrogation techniques. The results were significant as physicians “strongly agreed” in all measured categories, including 91.3% of physician’s who
preferred the use of CareLink Express to that of
standard methods with a Medtronic Programmer.

Discussion

Patients ease of use and satisfaction are depicted in
Table 2. These values were compared between the
control and CareLink groups. Student t-test analysis
revealed two statistically significant areas showing
clear benefit with use of the CareLink Express
Remote Monitor, “Short wait time for device results”
and “feeling less anxious” with corresponding
p-values of 0.009 and 0.01. The clinical relevance of

Healthcare staff provided explanation of plan of care
Short wait time in exam room
Short wait time for device results
Short wait time for ED physician diagnosis/decision
Feeling less anxious
Overall satisfaction level with visit

this data is hard to predict, as patients could not
have participated in both groups to have an accurate
comparison. Those that have experienced device
interrogations prior to this study may have contributed to the data showing a reduction in anxiety and
wait time with the CareLink Express.
The economic analysis was driven by the “arrival to
device interrogation” time between the two groups,
depicted in Figure 2. The rationale supporting this is
CMS using median time from ED arrival to admission
(patient leaves the ED to go to the inpatient room) and
the ED median time from the physician’s admission
decision to when the patient leaves the ED to enter the
inpatient room as quality metrics for emergency departments. Reducing arrival to device interrogation times
would help improve both m
 etrics by giving physicians
data about the patient earlier in their visit. Control
CareLink arm (mean)

Control arm (mean)

P-value

4.59
4.48
4.33
4.20
4.3
4.43

4.52
4.52
4.52
4.52
4.52
4.52

0.66
0.44
0.009
0.15
0.01
0.25

Table 2: Patient Satisfaction Survey

Figure 2: Arrival to device interrogation
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group arrival to device interrogation times ranged from
91-3,022 minutes while the CareLink group ranged
from 18-1,551 minutes. Less time elapsed before interrogation in the CareLink group 422 min (SD 489) than
in the Control group 1150 min (SD 792), a statistically
significant difference (P < 0.001). Furthermore, because
of the CMS metrics and physician satisfaction with the
CareLink System, this reduced time to device interrogation has clinical significance as well. Further economic analysis was limited by the sample size and
multiple other variables associated with financial data
collection, making it difficult to extrapolate any further
conclusions from the overall data.
Limitations
The main limitation is the small sample size. The sample may have included patients who may have never
visited the ED before, so their expectations were not
comparable to any past experience. Similarly, patients
did not serve as their own controls, so it was difficult
to compare one patient’s experience to another from a
patient quality perspective. Patients who have had previous experiences with their condition in the ED likely
provided the most useful data in our group, but it was
unclear how many in our sample had previous emergency department experiences for this condition.
The survey design of this study was weakened by
the time patients spent in the ED between shifts. The
survey was completed by the last physician who saw
study participants in the ED, who may not have fully
appreciated the amount of time patients have spent
in the ED.
Another limitation is the lack of financial data under
the new Medicare bundled payment program. With
more financial data, an accurate economic analysis
of this product could be performed. Additionally,
ED data about patient volumes and average wait
times for this presentation could be another foundation for data analysis to assess the productivity
improvements with such a device.

Conclusions

Our data indicate that remote monitoring technology with CareLink Express Remote Monitor system
provides a safe, practical, and cost-effective alternative to time-consuming, device-dependent programmer interrogation. The system was easy to use and
both the patients and hospital staff were satisfied
with it. Physicians preferred use of the CareLink
Express Remote Monitor when available.
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The introduction of remote monitoring technology
has the potential to reduce total follow-up costs.
Remote monitoring using CareLink is being utilized
to acquire impedance and sensing information in
routine, clinic follow-up in patients with suspected
6
lead failure. CareLink has also been valuable for
tachycardia detection performance in patients with
7
implantable loop recorders.
This study demonstrates that the CareLink Express
system identifies areas that need improvement in
both clinical and nonclinical aspects of care. Our
results indicate that there is no statistical difference
in diagnosis of arrhythmia- or device-related issues,
provided that the technology works seamlessly and
transfers the same information that is generated with
a Medtronic programmer device interrogation. We
found statistically significant differences in the distribution of the variable mean time to device interrogation between the two groups. While no definitive
economic analysis could be established, the overall
ED patient wait times would drastically be reduced
with use of this system and likely generate cost effectiveness due to improved turnover of patients in the
ED from reduced time to interrogation.
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Case Report

First report of a wearable fitness tracking
device capturing a cardiac arrest
1

1

Ruby Groome, Doctor MBBS, BSc (Hons) , Petra Polgarova, Research Nurse, BSc, MSc , 
1
Jonathan Martin, Consultant, MRCP, FFICM
1

ICU Addenbrooke’s Hospital, Cambridge, UK
Corresponding Author: Rubygroome@googlemail.com

We report the first case of a wearable fitness tracking device, capturing an out of hospital cardiac
arrest.
A previously healthy 37 year old man, with no risk factors, sustained a cardiac arrest whilst running a
half marathon. During the event, he was using a fitness tracking device (Fitbit Surge, Fitbit Inc. San
Francisco). The time and location of the arrest was determined from the Fitbit data when the pace
fell to zero, indicating a lack of movement (Figure 1). Interestingly, at the time of the arrest the heart
rate decreased but did not fall to zero as expected. These heart rate inaccuracies may be related to
cardiopulmonary resuscitation (CPR) interference.
In the future, this wearable fitness tracking device data could be vital for the emergency services at the
time of a collapse; locating a patient/athlete using the device’s GPS location service and estimating
the patient’s ‘down time’ prior to return of spontaneous circulation (ROSC). This has the potential
to improve post arrest care.
As fitness products become more advanced and affordable with wireless/cellular connectivity,
there is opportunity for their wearers and subsequently medical professionals to be made aware of
subclinical heart rate abnormalities; tachycardia or bradycardia. In high risk individuals wearing
the device, emergency services could be dispatched to its location if malignant rhythms are coupled
with lack of movement and users do not respond to a challenge from the dispatcher.
Keywords: Cardiac Arrest, Arrhythmias, Tracker, Wearable device, Mobile Health.
Journal MTM 7:1:47–49, 2018
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Case details

A thirty seven year old gentleman suffered a cardiac arrest whilst running a half marathon. Bystanders initiated near immediate CPR and
paramedics diagnosed pulseless electrical activity
(PEA). As per ALS guidelines 1mg of A
 drenaline
was administered. Subsequently, he developed ventricular fibrillation (VF) and received one 200J
biphasic DC shock before return of spontaneous
circulation (ROSC). On admission to hospital it
was noted that he was wearing a fitness tracking
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE
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device (Fitbit Surge, Fitbit Inc. San Francisco)
and with consent from his family we proceeded to
interrogate the device to see what information it
contained. Data was collected from the Fitbit app,
an interface for all Fitbit devices to upload and
store activities via Bluetooth. Within the app we
reviewed the patient’s exercise map, pace, heart rate
and speed displayed graphically. Figure 1 demonstrates the point of cardiac arrest through a drop
in heart rate and a simultaneous lack of movement
displayed in the pace graph.
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Figure 1: Showing the Fitbit Surge data; y axis showing average pace (minutes) and average heart rate (bpm), x axis; time
(hours). Box 1 indicates the point at which the patient collapsed and Box 2 indicates the change in heart rate.

During his post arrest care on the Intensive Care
Unit (ICU) he was investigated for the cause of his
cardiac arrest. He had a markedly elevated cardiac
troponin I 4884 ng/L (<0.01 ng/L) and creatinine kinase 1156 U/L increasing to 51507 U/L (24195U/L). He was treated with the rhabdomyolysis
protocol. He had a normal CT coronary angiogram,
echocardiogram and cardiac MRI. His CT and MRI
brain were normal. He was successfully extubated
on day three. He was discharged with a newly fitted
implantable cardioverter defibrillator (ICD) after 13
days of hospitalisation. He had a Glasgow Outcome
Score of five indicating an excellent recovery.

Discussion

We report the first case in the literature of a consumer wearable fitness tracking device capturing
the point of cardiac arrest. The Fitbit Surge detects pace and location using GPS and has a 3 axis
accelerometer and altimeter to detect movement
1
and elevation . The time of the arrest was detected
JOURNAL OF MOBILE TECHNOLOGY IN MEDICINE

when the pace dropped to zero, indicating a lack of
movement, F
 igure 1. Simultaneously, the heart rate
also showed a significant drop, Figure 1. The device
measures heart rate by using ‘PurePulse™’ LED
light. These reflect onto the skin to detect blood
1
volume changes . Stahl SE, An H-S, Dinkel DM et
al studied the validity of heart rate monitoring of
a Fitbit Charge during exercise. The results showed
2
that if worn correctly, heart rate data was accurate .
Given the initial rhythm of PEA one would expect
the heart rate to drop to zero at the point of cardiac
arrest. However, this is not the case. Fitbit documents
inaccuracy of heart rate through physiology, location of wear, type of movement and gives guidance
1
on how to wear the device to improve accuracy . It is
possible the rapid initiation of CPR may have caused
interference, or indeed the restoration of a perfusing
circulation which may mimic the intrinsic pulse. The
Fitbit Surge data showed no evidence of the absence
of a pulse, despite documentation of the lack of a
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perfusing rhythm on the paramedic’s cardiac monitor. Unfortunately, no ECG tracings were available
from the event. In this case of a fitness tracking device being worn during a cardiac arrest the most useful information gained has been time and location of
arrest. If the time of ROSC had been documented
at this arrest, an accurate calculation of ‘down time’
could have been made for the individual (Figure 1).
The authors foresee that with the development of
these devices and increased frequency of use, there
will be a role in identifying more benign disturbances of pulse in the asymptomatic population.
Wearable devices are being investigated to discover
their potential value in meeting the health needs of
3
the population . Furthermore, in those at higher
risk, in combination with a mobile phone, these devices may use lack of movement coupled with malignant rhythm detection to prompt a challenge to
the wearer in the form of a phone call or device interaction to stand-down the dispatch of emergency
services to the device’s GPS location.
From the patient’s perspective, this gentleman now
uses his fitness tracking device to monitor his heart
rate out of hospital regardless of whether he is exercising. The device offers him both heart rate monitoring and psychological support.

Conclusion

Wearing a fitness tracking device during exercise allowed the retrospective establishment of the time
of cardiac arrest through a lack of movement and a
drop in heart rate. In the future, these wearable devices
could play a role in continuous heart rate monitoring
for individuals at risk of malignant heart rhythms. The
device information could be vital for the emergency
services using GPS to locate the collapsed patient, initiate faster treatment and estimate ‘down time.’
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Abbreviations

ALS-Advanced Life Support
Bradycardia- Heart rate less than 60 beats per minute
BPM- Beats per minute
CPR- Cardiopulmonary Resuscitation
CT- Computerised Tomography
DC shock- Direct Current Cardioversion
‘Down time’- Time that a patient is unresponsive,
without a pulse, to the time of return of spontaneous circulation
ECHO- Echocardiography
GPS- Global Positioning System
MRI- Magnetic resonance imaging
PEA-Pulseless electrical activity
ROSC- Return of spontaneous circulation
Tachycardia- Heart rate greater than 100 beats per
minute
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