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Abstract

Background: Recent advances in mobile technologies have created new opportunities to reach broadly into populations that
are vulnerable to health disparities. However, mobile health (mHealth) strategies could paradoxically increase health disparities,
if low socioeconomic status individuals lack the technical or literacy skills needed to navigate mHealth programs.

Objective: The aim of this study was to determine whether patients from vulnerable populations could successfully navigate
and complete an mHealth patient decision aid.

Methods: We analyzed usability data from a randomized controlled trial of an iPad program designed to promote colorectal
cancer (CRC) screening. The trial was conducted in six primary care practices and enrolled 450 patients, aged 50-74 years, who
were due for CRC screening. The iPad program included a self-survey and randomly displayed either a screening decision aid
or avideo about diet and exercise. We measured participant ability to complete the program without assi stance and partici pant-rated
program usability.

Results. Two-thirds of the participants (305/450) were members of a vulnerable population (limited health literacy, annual
income < US $20,000, or black race). Over 92% (417/450) of the participants rated the program highly on al three usability items
(90.8% for vulnerable participants vs 96.6% for nonvulnerable participants, P=.006). Only 6.9% (31/450) of the participants
needed some assi stance to compl ete the program. In multivariable logistic regression, being amember of avulnerable population
was not associated with needing assistance. Only older age, less use of text messaging (short message service, SMS), and lack
of Internet use predicted needing assistance.

Conclusions: Individualswho are vulnerable to health disparities can successfully use well-designed mHealth programs. Future
research should investigate whether mHealth interventions can reduce health disparities.

(JMIR Mhealth Uhealth 2017;5(4):e43) doi:10.2196/mhealth.7268
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Introduction

Income, education, and race are powerful socia determinants
of health. Low socioeconomic status (SES) individuals and
underrepresented minorities are at heightened risk for avariety
of poor health outcomes, including shorter life expectancy and
increased incidence of cancer and chronic diseases [1-4]. One
pathway by which limited income and education, in particular,
affect health negatively is by hampering theindividuals' ability
to access, acquire, and understand health information needed
to engagein preventive and self-care practices[5]. Some of this
effect is mediated by lower levels of health literacy [5,6].

Recent advances in mobile technologies have created new
opportunities to reach broadly into vulnerable populations,
potentially decreasing informational barriers. Over the last 10
years, the growing ownership of cell phones, smartphones, and
tablet devices has shrunk the digital divide. Over 90% of
Americans own a cell phone with no significant differences
seen by income, education, or race[7]. Additionally, two-thirds
of Americans own a smartphone, including over half of adults
with household incomes less than US $30,000 or only a high
school education [7].

Many health care professionals are now using tablets or other
mobile devices to assist patient care delivery [8,9], and there
are a growing number of cell phone- and smartphone-based
interventions published in the literature [10,11]. While the use
of mobile health (or mHealth) strategies could decrease health
disparities by better educating and empowering low SES
individuals, they could also paradoxically increase health
disparitiesif low SESindividualslack accessto or thetechnical
and literacy skills needed to use mHealth programs[12].

Colorectal cancer (CRC) is a source of health disparities.
Individuals who are less educated, poorer, and members of
minority populationsarelesslikely to be screened for CRC and
consequently, more likely to develop and die from CRC
[4,13-15]. Therefore, we designed an mHealth patient decision
aid about CRC screening specifically for use by individuals
with limited resources and limited literacy skills.

If members of vulnerable populations experience greater
difficulty using our mHealth program, our intervention could
increase, rather than decrease, CRC-related health disparities.
Indeed, prior studies found that members of vulnerable
populations frequently encounter difficulties using Web-based
or mHealth apps [16,17]. However, many of these previously
studied apps assumed users have basic computer skills.
Therefore, we sought to determine whether patients from
populations vulnerable to health disparities could successfully
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navigate our program, which was designed under the assumption
that users would have no prior experience with computers and
would have difficulty reading. We analyzed baseline data from
an ongoing randomized controlled tria (Trial ID NCT02088333)
that is testing the effect of the intervention on completion of
CRC screening. We compared usability metrics between patients
vulnerable to health disparities (low income, limited health
literacy, or black race) and other patients in the primary care
setting.

Methods

Program Design

We designed a user-friendly mHealth iPad program for use by
older individuals, many of whom we assumed would havelittle
prior technology experience. Because over one-third of
Americans have limited literacy skills, we also assumed many
users would have reading difficulties [18]. We chose a touch
screen interface, given its advantages over a mouse and
keyboard. Touch-screen input mimics a user’s natural way of
interacting with the world and requires less cognitive burden
than manipulating external input devices[19]. Usahility studies
have demonstrated that ol der adults compl ete tasks more quickly
and with less errors on touch-screen devices in comparison to
using a computer mouse [20,21]. Moreover, novice and expert
ol der users of touch-screen devices compl ete taskswith similar
low error rates [22]. Some older adults also view touch-screen
devices as less intimidating than computers [23].

Our program, called mPATH (mobile Patient Technology for
Health), begins with a self-administered survey to collect basic
health information. Each screen displays asingle question with
large intuitive response buttons, as recommended by others
(Figure 1) [19,24]. A narrator reads each question aswell asthe
answer the user selects, both reducing literacy barriers and
providing feedback that enhances usability [25]. The narrator
also gives users basic instructions for navigating the program,
such as instructing them how the “Back” and “Next” arrows
function. Following the self-survey, the mPATH program
displays a video about either CRC screening or hedthy
lifestyles, and then the program concludes with ashort follow-up
survey. All materia in the program was written at the sixth
grade level or below, which is a general recommendation for
the development of patient education materials [26].

A team of experts in mobile app development, health literacy,
and CRC screening devel oped the prototype, which was then
refined based on pilot testing with a convenience sample of 40
primary care patients.
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Figure 1. Sample screenshots from mobile Patient Technology for Health (mPATH) iPad program.

Have you EVER discussed the following topics with your primary
care doctor:

Getting tested for colon cancer?

Study Setting and Participant Recruitment

We enrolled English-speaking patients scheduled for aroutine
medical visit at one of six community-based primary care
practices affiliated with a large academic medical center in
North Carolina. All six practices shared a common electronic
health record. We queried the electronic health record weekly
to identify patients who were between the ages of 50 and 74
years and had no evidence of current CRC screening
(colonoscopy within the last 10 years, flexible sigmoidoscopy
within the last 5 years, or fecal testing for blood within the last
12 months).

We excluded patients who were already scheduled for a
colonoscopy, were flagged as needing an interpreter, had a
personal history of CRC, or had a potentialy short life
expectancy (receiving chemotherapy or radiation therapy for
cancer within the last year, having advanced stage cancer,
receiving hemodialysis, or being prescribed a medication for
dementia). A research assistant called potentially eligible
patientsto inform them of the study and confirm their eligibility
using a brief telephone survey. Additional study exclusion
criteria assessed in the telephone digibility survey included
having a prior history of colon polyps, having afamily history
of CRC, and presence of rectal bleeding in the last month.

Eligible patientswere asked to arrive at the clinic 45-60 minutes
before their scheduled medical visit to enroll in the study and
complete the mPATH iPad program. All participants provided
awritten informed consent, and the study was approved by the
Wake Forest Health Sciences Institutional Review Board (IRB#
00023575).

http://mhealth.jmir.org/2017/4/e43/
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Colonoscopy

Study Procedures

The participants completed the mPATH program in a private
location in the clinicimmediately before their scheduled medical
visit. They were given minimal instructions about how to use
the program. The research assistant simply handed the
participants the iPad, told them to touch the “start” button on
the screen when they were ready to begin, and stated the narrator
would walk them through the program. The research assistant
then waited outside the room while the participants completed
the program and instructed them to come to the door when they
needed help using the program.

As described previously, the mPATH program begins with a
29-item self-administered survey. Then it randomly displays
either aprevioudly validated 8.7-minute CRC screening decision
aid [27] or a4.3-minute video about diet and exercise produced
by the Center for Disease Control [28]. After the video, the
program closes with another 35-item self-administered survey
that includes 4 validated usability items [29]. The participants
who viewed the CRC screening decision aid were shown an
additional 1-4 items that allowed them to request a CRC
screening test and sign up for follow-up text messages (short
message service, SMS) or emails to support them through the
Screening process.

Study Measures

The participants self-reported their race or ethnicity, cell phone
ownership, use of the Internet, and use of SM S text messaging.
We assessed health literacy using the validated item, “How
confident are you filling out medical forms by yourself?” with
responses varying on a 5-point Likert scale from “Extremely”
to“Not at all” [30]. Consistent with published recommendations,
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individuals answering “ Somewhat” (the midpoint) or lesswere
defined as having limited health literacy [30]. We classified
participants as members of a vulnerable population if they
reported limited health literacy, annual household income< US
$20,000, or black race. Races other than white or black
comprised less than 4% of our study sample. Income was
missing for 13 participants, and we classified those cases based
only on race and health literacy.

Our primary outcome of interest was program usability,
measured objectively and subjectively. Objectively, theresearch
assistant counted the number of times a participant cameto the
door to ask for assistance to complete the program. Theresearch
assistant also recorded if a caregiver was present and helped
the participant use the program. We measured the participants
subjective rating of the program using three items from the
System Usahility Scale (ease of use, ease of learning to use the
program, confidence using the program; scored on a 5-point
Likert scale from strongly agree to strongly disagree) and an
additional adjective rating of the overall user-friendliness
(excellent, good, ok, poor, or awful) [29].

Statistical Analysis

This study was designed to assess the impact of mPATH on
6-month CRC screening rates. The participants were randomly
assigned with equal probability to receive within the mPATH
program either the CRC screening decision aid or the diet and
exercise video. A total sample size of 450 participants was
required to detect a 12% absol ute difference in screening rates
between the two groups, with 80% power at the 5% two-sided
level of significance assuming a 20% screening rate in the
control group. The participants are still being followed for the
primary objective; in this paper we review the baseline data
associated with the usability of the mPATH program.

http://mhealth.jmir.org/2017/4/e43/
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The participants were classified as being a member of a
vulnerable population if they met the criteria described above.
Time spent completing the mPATH program was calculated in
minutes based on timestamps recorded by the iPad when the
program began and when it ended. Chi-square tests (or Fisher
exact tests) were used to assess the differences in
user-friendliness and the usability scale items between those
participants who were and were not classified as vulnerable.
Needing assi stance was dichotomized as none versus some, and
chi-square tests were used to assess the association of this
measure with demographic variables, health literacy, and
technology use.

Logistic regression was used to determine whether being a
member of avulnerable population was associated with needing
assistance after adjusting for other factors. Covariatesincluded
age, gender, owning a cell phone, Internet use, and frequency
of texting. Separate logistic models included the components
used to define vulnerability. To create more parsimonious
models, we used a backward stepping algorithm removing any
covariate that was not significant at alevel <.20. All analyses
weredoneusing SAS, version 9.3 (SASIngtitute, Inc); P values
< .05 were considered significant.

Results

Participant Demographic Characteristics

Between June 2014 and May 2016, we enrolled 450 partici pants,
al of whom completed the mPATH iPad program. Participant
demographics are displayed in Table 1. Over two-thirds of the
participants (305/450) were members of avulnerable population;
36.9% had limited health literacy, 52.9% had annual incomes
< US $20,000, and 37.6% were black. Many participants had
not used the Internet in the last 30 days (36.0%), but 88.6%
owned a cell phone.
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Table 1. Sociodemographic and technology use characteristics of the participants enrolling in a colorectal cancer screening trial (N=450).

Characteristics n (%)
Female 242 (53.8)
Agein years, median (range) 57 (50-74)
Member of vulnerable population? 305 (67.8)
Limited health literacy 166 (36.9)
Annual household income < US $20,000 (n=437) 231 (52.9)
Black race 169 (37.6)
Own acell phone (n=449) 398 (88.6)
Frequency of textingID
Daily or amost daily 219 (48.8)
3-5 days per week 33(7.3)
1-2 days per week 41 (9.1)
1-2 times per month 23(5.1)
Less than once per month 14 (3.1)
Never 120 (26.7)
Used the Internet in the last 30 days (n=445) 285 (64.0)

3/ulnerable population=limited health literacy, annual income < US $20,000, or black race.

PHow often a participant sends or receives a text message.

Subjective Usability

The participants rated the overall user-friendliness of mPATH
highly. Over 97% of both vulnerable and nonvulnerable
participantsrated the user-friendliness as “ excellent” or “good”
(Table 2). Similarly, over 90% of the participantsin both groups
moderately or strongly agreed with all threeitems of the System

http://mhealth.jmir.org/2017/4/e43/
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Usability Scale, although the percentage of participants who
strongly agreed to each question was significantly lower in the
vulnerable group (Table 2). Almost all participants from
vulnerable and nonvulnerable groups stated they preferred the
program over reading a brochure (97.7% and 95.2%,
respectively, P=.15).
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Table 2. Participant-rated usability of the mPATH mHealth program.
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Usability rating Vulnerable? participants, Nonvulnerable participants, P value
n (%) n (%)
Number of participants 305 (100) 145 (100)
Overall rating of user-friendliness .08
Excellent 241 (79.0) 128 (88.3)
Good 56 (18.4) 16 (11.0)
OK 7(23) 1(0.7)
Poor 0(0) 0(0)
Awful 1(0.3) 0(0)
System Usability Scaleitems?
The program was easy to use .001
Strongly agree 153 (50.2) 99 (68.3)
Agree 139 (45.6) 44.(30.3)
Neutral or less 13 (4.3) 2(0.7)
Most people would learn to use the program very quickly .008
Strongly agree 137 (44.9) 82 (56.6)
Agree 152 (49.8) 62 (42.8)
Neutral or less 16 (5.2) 1(0.7)
| felt very confident using the program .009
Strongly agree 148 (48.5) 92 (63.4)
Agree 146 (47.9) 51(35.2)
Neutral or less 11 (3.6) 219
Strongly agree to al three questions 118 (38.7) 76 (52.4) .006
Agreeto strongly agree to al three questions 277 (90.8) 140 (96.6) .03
Prefer program over abrochure 298 (97.7) 138 (95.2) A5

&/ulnerable population = limited health literacy, annual income < US $20,000, or black race.
BEach itemisrated on a 5-point Likert-type scale ranging from strongly agree to strongly disagree.

Objective Usability

The mean (standard deviation) time to complete the mPATH
program was 22.8 (5.2) minutes for the CRC screening version
(which included afew more survey items and alonger video),
and 17.6 (4.6) minutesfor the control version. Overall, adjusting
for arm, the vulnerable group averaged 3.9 (0.46) minutes |onger
in completing the mPATH program (P<.001).

Only 6.9% (31/450) of the participants needed some assistance
to complete the program (3.3% required only one episode of
assistance, 2.0% required two or more episodes of assistance,
and 1.6% had acaregiver help them use the program). Themain
reason that participants needed assistance was forgetting to

http://mhealth.jmir.org/2017/4/e43/

touch the “Next” button to advance the program. A few
participants became confused when they kept their finger too
long on a phrase, which triggered the iPad to highlight the text.
We prevented future occurrences of this user error by disabling
the “copy and paste” native functionality of the iPad.

In unadjusted analyses, 9.5% (29/305) of vulnerable participants
needed some assistance compared with 1.4% (2/145) of
nonvulnerable participants (P<.01). Factors associated with
needing assistanceto complete the program in bivariate analyses
included limited health literacy, low household income, older
age, and lesstechnology use (Table 3). Race was not associated
with the need for assistance.
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Table 3. Proportion of participants completing the mPATH mHealth program without any assistance.

Characteristics n values (N=450) n (%) P value

Health literacy level .004
Limited 166 147 (88.6)
Normal 284 272 (95.8)

Annual household income .02
<US $20,000 231 209 (90.5)
= US $20,000 206 198 (96.1)

Race .20
Black 169 154 (91.1)
Nonblack 281 265 (94.3)

Vulnerable population? 002
Yes 305 276 (90.5)
No 145 143 (98.6)

Gender .90
Male 208 194 (93.3)
Female 242 225 (93.0)

Agein years <.001
<57 235 229 (97.4)
>57 215 190 (88.4)

Cell phone owner ship .006
Yes 398 376 (94.5)
No 51 43 (84.3)

Text messaging frequency <.001
>3 days per week 252 248 (98.4)
<3 days per week 198 171 (86.4)

Internet usein past 30 days <.001
Yes 285 279 (97.9)
No 160 136 (85.0)

3/ulnerable population = limited health literacy, annual income < US $20,00

In a multivariable logistic regression model, being a member
of a vulnerable population was no longer associated with
needing assistance (P=.11). As vulnerable population was not
significant, we looked at models that included the individual
components that defined it (race, health literacy, and income).

http://mhealth.jmir.org/2017/4/e43/

RenderX

0, or black race.

None of these components were statistically significant; only
older age, less use of SMS text messaging, and lack of Internet
use remained associated with needing assistance in both thefull
and reduced models (Table 4).
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Table 4. Odds of needing assistance to complete the mPATH mHealth program by sociodemographic factors.

Factors Full model P value Reduced model P value
OR®(95% CI) OR (95% Cl)

Texting <3 days per week 3.74 (1.12-12.5) .033 4.05 (1.26-13.0) .02
No Internet use in the past 30 days 3.63(1.19-11.1) 024 4.09 (1.50-11.1) .006
Age >57 years 3.69 (1.39-9.80) .009 3.63 (1.42-9.31) .007
No cell phone ownership 1.08 (0.41-2.87) 877 b
Limited health literacy 1.33(0.57-3.10) 515 -
Black race 1.19 (0.50-2.87) 693 -
Annual income < US $20,000 1.01(0.37-2.77) 991 -
Male gender 0.93 (0.41-2.14) .868 -

30R: Odds ratio.

BFactor was removed from the reduced model by the backward stepping agorithm.

Discussion

Principal Findings

In this multisite study in which two-thirds of the participants
were members of a low SES group or an underrepresented
minority, over 90% of individuals were able to complete the
mMPATH iPad program without any assistance. Similarly, the
participants rated ease-of-use very highly. In contrast, others
have found that members of vulnerable populations frequently
encounter difficulties in using Web-based or mHealth apps
[16,17,31,32]. In contrast to our mPATH program, many of
these apps require users to have advanced literacy, numeracy,
and computer skills[17,33-36].

Our program’s ease-of-use is likely dueto it being specifically
designed for those with low health literacy and low computer
literacy. We purposefully created a simple interface that
displayed only one question per screen and used large response
buttons, similar to what would be found at an automated teller
machine or self-checkout kiosk. Likewise, we used simple
language and included audio narration to assist those with
literacy barriers. Other health apps with more complex
navigational designs, denser text, and sophisti cated terminology
may explain the differences in usability observed.

Although low-income and low-literacy individuals were more
likely to need help using the mPATH program in unadjusted
analyses, this additional need for help disappeared after
controlling for age, Internet use, and frequency of sending or
receiving text messages. Thisindicates that older age and prior
experiences with technology are drivers of usability, which is
consistent with studies reporting that low-literacy and
low-incomeindividualsarelesslikely to usethe Internet or own
smartphones[7,37-39]. Relatedly, other studies have found that
prior computer or Internet experienceis associated with greater
ease of use of health apps[33].

How age affects ease of use after accounting for differencesin
prior experiences with technology is less clear. We did not
assess for the presence of health conditions that could affect
usability, such asvisua impairment, mild cognitive impairment,
or conditions affecting dexterity. We also did not assess

http://mhealth.jmir.org/2017/4/e43/

participants’ attitudes about technology, which could affect
their confidence in using the program. In particular, computer
anxiety may be a barrier for older adults [36,40,41].
Consequently, differencesin these health conditions or attitudes
may be responsible for the age-related differences in usability
observed.

Although the participants with less technol ogy experience were
more likely to need help using the mPATH app, approximately
six out of seven of these individual s were able to complete the
program with no help at al. When the participants did require
help, the most common reason for needing assistance was
forgetting to press the “Next” button to advance the program.
Simple changes to the design, such as highlighting the “Next”
button to draw attention to it, could provide additional cuesand
increase usability further.

Although our results indicate that carefully designed mHealth
programs can be used by vulnerable populations, care should
be taken to ensure mHealth interventions do not increase health
disparities[42-45]. The participants used our program on devices
in the clinic setting. Cell phone ownership is consistent across
socioeconomic strata, but an income- and education-related
digital divide persists for smartphones and home broadband
Internet access[7,46]. If the program wasinstead administered
as a home app or on the Internet, low-income and low-literacy
individuals would have less access. Similarly, the small
differencesin usability seen among older adults and those with
less prior technology experience highlight the importance of
ensuring apps are specificaly designed for those who are
computer naive. Asking patients about use of the Internet or
text messaging could be valuable screening questions for
predicting who may have difficulty navigating mHealth
programs.

Limitations

Our study has limitations. Whereas we tested our program in
several different clinic sites, we only included English-speaking
patients. We also did not assess patients for specific health
conditions that could impact usability (eg, vision impairment,
hearing loss, paresis); usability in specific subpopulations could
differ from what we observed. Finaly, to decrease participant
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response burden, we included only a subset of items from the Conclusions

System Usability Scale. In summary, we found that members of vulnerable populations
Future Work could successfully use an mHeath program designed for
individuals with limited literacy and technology skills. After
controlling for other factors, literacy level and income did not
predict usability. Race did not predict usability even in
unadjusted analyses. These results indicate that properly
designed mHealth interventions can reach broadly across
populations.

Future studies should investigate which program features are
most important for usability, and whether mHealth interventions
can reduce health disparities. Resultsfrom our study examining
the impact of mPATH on receipt of CRC screening will be
forthcoming.
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Abstract

Background: Mobile health (mHealth) apps have shown to improve health indicators, but concerns remain about the inclusion
of populations from low- and medium-income countries (LMIC) in these new technologies. Atrial fibrillation (AF) is achronic
condition with a challenging management. Previous studies have shown socioeconomic differences in the prescription of
anticoagulant treatment and shared decision strategies are encouraged to achieve better outcomes. mHealth can aid both doctors
and patients in this matter.

Objective: We describe the devel opment of an mHealth app (aFib) idealized to aid shared decision between doctor and patient
about anticoagulation prophylaxisin AF in alow-income and low-literacy population in Brazil. On the basis of our research, we
suggest the processes to be followed when devel oping mHealth appsin this context.

Methods: A multidisciplinary team collected information about the target population and its needs and detected the best
opportunity to insert the app in their current health care. Literature about the subject was reviewed and important data were
selected to be delivered through good navigability, easy terminology, and friendly design. The app was eval uated in amultimethod
setting.

Results: The steps suggested to devel op an mHealth app target to LMIC are: (1) characterize the problem and the target user,
(2) review the literature, (3) trandlate information to knowledge, (4) protect information, and (5) evaluate usability and efficacy.

Conclusions: We expect that these recommendations can guide the development of new mHealth appsin LMIC, on ascientific
basis.

(JMIR Mhealth Uhealth 2017;5(4):e41) doi:10.2196/mhealth.6510

KEYWORDS
mHealth; atrial fibrillation; low-income population

about a health condition [1], often using software programs, or
“apps’ of mobile health (mHealth) [2]. In 2016, there were
Mobile device usage has increased dramatically over the years around 3.2 hillion of downloadg of mHealth apps around the
and recent data has shown that 64% of adults in the United 9/0Pe [3]. Apps have shown to improve treatment adherence

States own amobile phone. About 62% of mobile phoneowners  [4] and risk factors control [2,5] for chronic diseases. However,
have used their phonesin the past year to look up information there are concerns about the proper inclusion of populations
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from low- and medium-income countries (LMIC) in this new
health care resource [2,6]. In Brazil, for instance, the current
number of mobile devicesin useis around 168 million [7], but
most of these are basic phones with poor or no Internet access,
which let their usersrel egated to the sidelines of thistechnol ogy.

One of the diseases that can have its management improved
with the help of mHealth is atrial fibrillation (AF), a common
arrhythmia largely associated with stroke risk [8].
Anticoagulation therapy reduces this risk [9], but it can be
challenging due to associated comorbidities and bleeding risk
[10]. Hence, it is paramount that decisions about AF treatment
be shared between health care providers and patients [11]. It is
recognized that there are socioeconomic differences in AF
treatment. Among different socioeconomic strata, those with
lower income were less frequently prescribed anticoagulants
[12].

mHealth apps targeted to low-resource settings must be
evidence-based, efficient, safe, and tailored to the users and
their needs. To achieve these goals and maintain usability,
special focus should be given to four specific themes: interface
design, feedback, navigation, and terminology [13]. However,
most of these recommendations are not followed and
systematically evaluated in a real-world setting before the
go-live phase[2,13].

In this paper, we describe the devel opment of an mHealth app
idealized to aid shared decision about anticoagulation in AF in
a low-income and low-educational level population in Brazil.
On the basis of our research and results, we suggest processes
and recommendationsto be followed when devel oping mHealth
apps adapted to usein LMIC.

Methods

aFib Study Overview

We devel oped an mHealth prototype, named aFib, targeted for
patients with AF and their doctors. The main purpose was to
facilitate shared decision on anticoagulation therapy during
clinical appointment.

Our study population comprised patients with AF followed at
the outpatient anticoagulation clinic of our institution. I nstituto
de Cardiologia do Rio Grande do Sul is a hospital specialized
in treating heart diseases, supported by the Brazilian public
health system. Every month, around 700 patients with AF are
followed by the anticoagulation clinic and the majority of them
have low-income and low-educationa level. Previous studies
showed that only half of these patients are adherent to therapy
or within the therapeutic range of international normalized ratio
(INR) [14,15], showing that existing strategies are not effective.

App Development Process

The aFib team comprised a cardiac electrophysiologist with
expertise in AF, a clinical cardiologist, a software developer,
and a designer. After a comprehensive literature review to
support al information provided by the app, we used the
behavioral intervention technology (BITs) model to ensure that
the development process was systematic and replicable [16].
Our process comprised the following steps:
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- Establishing the clinical aims (WHY): (a) increase
knowledge about AF, stroke risk, bleeding risk, and
anticoagulants [17,18] and (b) promote a shared decision
about the therapy [19].

« Selecting behavioral strategies to increase knowledge in
low-income populations and aid shared decision (HOW):
(8) education, (b) dialog with their doctors, and (c)
motivation enhancement.

- Designing app elements to deliver selected behavioral
strategies (WHAT): (a) a 1.5-min long educational video
about how AF can cause stroke; (b) a one-screen-only
calculator for the two most recommended risk scores for
stroke and bleeding [11]; (c) a screen with pictograms for
a better understanding of the scores by poor literacy
patients; and (d) an short message service (SMS) system
to continue delivering information to users about their
disease and treatment.

- Defining when and under what conditions the app will be
used (WHEN): asmany of our patients have basic handsets
that can accommodate only voice and SM Stext messaging,
our option was to provide this first mHealth interaction
during clinical consultation, using the physician’s maobile
device.

All information collected could be saved and reviewed later.
This was motivated by 3 reasons: (1) risk factors often change
over time, which means that risk stratification must be updated
and recalculated; (2) to allow a staff nurse to collect primary
datathat could be expanded and modified during the physician’s
appointment, providing greater ease of adoption of the app in
the primary care setting; and (3) to enable data transfer to other
devices, since we expect that our target population will likely
migrate to mobile phones in the following years.

aFib app prototype was delivered in Portuguese. Terminology
was adapted to both patients and health professional s according
to whom the information was directed to. Language in the
educational video, in the pictograms, and in the summarized
information about medications was directed to low-literacy
patients, whereas language of the risk scores and leaflets was
directed to their caregivers. Graphic design was developed to
be clear and intuitive, with few but meaningful graphics and a
color code to highlight risks and benefits of the treatment. The
first version was designed to Android tablets with 10.1-inch
screen to improve reading since the majority of patients with
AF are elderly and may have vision impairment. Security and
privacy were assured through unique 1D authentication, and
data transfer to central database was done using a Transport
Layer Security (TLS) with 128-bit encryption method. A privacy
policy was presented at the beginning of data collection with
appropriate information, purpose, and user rights. See
Multimedia Appendix 1 for main screens of aFib.

Three clinical cardiologists, 2 cardiac electrophysiologists, 1
medicine student, and 20 patients evaluated aFib in the pilot
phase and gave feedback about perceived ease of use, perceived
usefulness (two statements with a 5-point Likert scale),
relevancy of content, navigation, terminology, interactivity,
attractiveness, learnability (through a pre- and posttest
guestionnaire about the disease and treatment), and conflict
about decision process (measured by adecisiona conflict scale)
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[20]. Written informed consent was obtained from all
participants, and the Ingtitutional Ethics Committee approved
the study.

After adjustments that were made based on these feedbacks,
aFib is being currently evaluated in arandomized clinical trial
with the target popul ation described, with short- and long-term
outcomes previously established (improve knowledge, treatment
adherence, and maintenance of adequate levels of
anticoagul ation and cost-effectiveness of this strategy).

The main challenges in the development process were (1) in
the app contents, to summarizeinformation in away that would
maximize knowledge acquisition and maintain patient's
attention; (2) in the design, to minimize screensand to translate
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the percentages of risk in graphic information understandable
by low-literacy users; (3) in the technical area, to level the
knowledge of the development team in order to permit
brainstorming, that is, to provide the devel oper and the designer
with the medical information needed to understand the app
context and, at the same time, to provide physicians with the
technical information essential for structuring the app.

Results

Key Recommendations

On the basis of this experience, we created a short guide to the
development of mHealth apps (Figure 1), suitable for use in
other oncoming mHealth apps for usein LMIC.
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Figure 1. Processes and recommendations for creating mHealth apps for low-income populations, based on the aFib experience.

Processes and recommendations for creating
mHealth apps for low-income populations

1 ,g? CHARACTERIZE
(@Y The problem and the target user
What disease or condition will be addressed?
Who is your target user?
In which situations or devices will the app be used?

What benefit of the app will help solve their problem?
What goals do you want to achieve with the app?

2 REVIEW
The literature

Search for the best evidence: guidelines, meta-analysis, systematic reviews,
and randomized clinical trials, with preference to local studies. Identify scores,
outcomes and main information to be delivered. Provide references.

23 TRANSLATE

Information to knowledge

Build easy navigation

Stick to the main points and provide optional access to additional data
Invest in interface design and visual information

Adapt the terminology

PROTECT

Information

Review the laws from the country for which the app is being developed

Give user full access to their personal health information (PHI)

Authentication must be done with an unique ID

Use advanced cryptograph methods to secure PHI and data transfer

Present a privacy policy and a medical-legal disclaimer with all apropriate information

EVALUATE
Usability and efficacy

Use and describe standardized methods

Make a pilot

Test for short- and long-term outcomes

Provide feedback options The aFib team

@

is too broad, try to approach a key problematic aspect, like

Characterize the Problem and the Target User knowledge gaps, difficult choices, or complex treatments.

A solid project starts with understanding who the users are and

what problem do the app want to solve. If the subject in question AN MHealth app may be directed to patients or their relatives,

health care professionals, or even to healthy people looking for
disease prevention. It is important to understand not only the
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socioeconomic background and educational level of the target
population, but also their desires and doubts. What istheir most
pressing issue? Where do they get their information? What
benefit of the app will help solve their problem? All these
guestions must be answered in order to devel op a user-centered
mHealth app. It is important to think also about the Internet
connectivity and multimedia capability of the device in which
the app will be accessed. In the United States, low-income
groups are now using mobile phones as their primary method
for Internet access[21]. In other countries, it might be desirable
that the content can be downloaded to be accessed offline.
Usahility has to be planned foreseeing the worst scenario.

Review the Literature

Citizensfrom LMIC can haveinconsistent accessto their health
systems, and an mHealth app can be agreat opportunity to reach
these populations. Thus, it should provide the best available
evidence about the problem: guidelines, meta-analysis,
systematic reviews, and randomized clinical trials will be the
most helpful, with preference to local guidelines. Identify risk
scores, outcomes, and the coreinformation to be delivered. The
references should be provided in order to aid usersto make their
own judgment on its reliability.

Ascertain the prevalence, incidence, and other important
measures of impact, effect, and association of the problem in
thetarget population. Thiswould help to justify the app contents
and/or interventions and establish outcomes.

If the subject had been addressed before by other apps, then
identify which knowledge gaps are till blank and how to fill
local population needs.

Translate I nformation to Knowledge

Once the problem has been defined globally and the content is
evidence-based, the main challenge is to transform a huge
amount of datain best quality and well-presented information,
tailored to the user. Low literacy can beabarrier to the adoption
of usual solutions. The 4 topics that should be kept in mind to
better achieve the goal of transmitting knowledge are discussed
below.

Build Easy Navigation

This refers to the way a user navigates throughout the app to
complete tasks. If it is expected that the app will be used in a
context of frequent interruptions, multitasking, and increased
cognitive load, bad navigation may result in errors of attention
and attribution [22]. Icons, tab views, and buttons should be
easily recognizable[13]. It is possible to reduce cognitive load
by creating steps, unifying scores, and gathering information
to optimize time and minimize the number of screen switching.
Screen size must also be taken into account since the smaller
screen of a mobile phone will need more screen switches
compared with the larger screen of atablet.

Stick to the Main Points

There are several ways to reduce the amount of information,
but any such reduction is also limited by the potential 10ss of
critical information [22]. Main information must be highlighted,
but the app should provide ways to access more complete
references (eg, through hyperlinks or information buttons).
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Although an app is a pull technology, additional reinforcement
can be achieved by employing push technology like SMS. Push
and pull technology is widely used in LMIC; some examples
are the improvement of early infant diagnosis of human
immunodeficiency virus (HIV) in Zambia [23] and health
education through messages in Benin, Maawi, and Uganda
[24]. Personalized messages are seen as the most easily
implemented and most effective strategy in changing patient
behavior [3].

Invest in Interface Design

This theme refers to the design and layout, including
consistency, location of icons, functions on each screen, font,
color, density, placement, and images [13]. People learn better
fromvisua information [25]. In alow-literacy scenario, cartoons
can be used to simplify the message. The right images can
improve comprehension, trigger emotions, and stick inlong-term
memory, but theincorrect use can deter instructiveness. mHealth
users’ main complaints about app design arerelated to visibility
(aswell as small screen space), hard to read fonts, lack of color
coding, and poor graphic displays [26]. An effective visual
communication include (1) appropriate and legible typography,
(2) use of no more than five colors in the layout, (3) ssimple,
easy to understand, and universal iconography, (4) spare use of
calouts to highlight only key information, (5) significant
negative space between messages, (6) use of illustration only
if it enhances the content, and (7) maintain alogical hierarchy
of the contents[27].

Adapt the Terminology

Terminology reflects the user’s ability to identify with and
understand the language used within the app [13]. Linguistic
and cultural customization of health-related contents improve
the involvement of low-income populations and the first step
of this process is related to the first recommendation of this
tutorial, that is, to characterize the target user [28]. Appsamed
at poor literacy populations must adopt health vocabulary that
they use routinely. It can aso be useful if the correct
terminology is mentioned, between parentheses, for example,
for learning purposes. Consultantsthat represent thetarget user’s
population should revise all contents in the pilot evaluation.
Important questionsthat can be asked are (1) What wasthe main
idea? (2) Was it easy to read or understand? (3) Would you
change any term to improve understanding?

Protect | nformation

Security and privacy in mHealth appsisavast subject, and laws
regul ating these aspects vary widely between countries. A recent
review addressed this issue and suggested minimum
requirements for developers[29], summarized here:

«  The user should be able to control access to their personal
health information (PHI) at any moment.

«  Authentication must be done with aunique ID.

«  Use advanced encryption standard (AES) to encrypt PHI,
with a cryptographic key of at least 128 bits.

« Before PHI is collected, present a privacy policy with all
appropriate information, including data retention, purpose,
and user rights.

JIMIR Mhealth Uhealth 2017 | vol. 5 | iss. 4 |e41 | p.18
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

- Data transfer should be done with TLS with 128-bit
encryption methods or virtual private networks (VPNS).

«  Cryptographic methods must be used in securing the body
sensor networks for authentication and key distribution.

« In case of a PHI breach, the competent authority and the
affected user must be notified as soon as possible (1-3 days)
and possible consequences must be relieved.

We strongly recommend a comprehensive review of the laws
from the country for which the app is being developed since
these minimum regquirements can be insufficient in some cases.

A built-in medical-legal disclaimer with the terms of use
agreement is of special interest if the app is widely available
for download by doctors and patients, to help clarify the
publisher’s responsibilities and thereby reduce the legal risks
associated with the use.

Evaluate Usability and Efficacy

Recent studies about mHealth usability suggest the use of a
multimethod approach and standardized methods and tools in
mHealth eval uations, which can result in amore comprehensive
identification of usability issues, more specific redesign
recommendations, and better reproducibility of results across
studies. For users, improved mHealth design and usability could
result in improved interactions, greater use of mHealth apps,
and perhaps even increased adherence to suggested interventions
and therapeutic [30].

To date, there is a paucity of published studies on the efficacy
of mobile phone apps for health promotion in low-income
populations. More research and evaluation is necessary about
both internal and external vaidity and sustained health outcomes
[31].

Internal validity of mHealth apps for low-income populations
can be threatened by selection bias (eg, participants with
sociocultural characteristics that do not represent the target
population), instrument changes (eg, version updates of the
app), regression toward the mean (eg, in knowledge evaluation
of low-literacy participants), between other factors. Toimprove
and standardize evaluation reports of mHealth interventions, a
validated framework like CONSORT-EHEALTH [32] or
RE-AIM [33] isrecommended. Thefollowing are the stepsthat
can be followed to validate an app.

Make a Pilot

For formative usability tests, 5-8 users are able to detect 80-85%
of usability problems[34]. A pilot study of the app isimperative
to adjust design and navigability based on user-centered data.

Test for Short-Term Outcomes

First rea-world trial of the app should analyze short-term
outcomes, such as knowledge increase, user satisfaction,
behavioral changes, and improvementsin validated tests, scores,
or modifiable risk factors.

Test for Long-Term Outcomes

If the proposed new health caretool can act positively on factors
mentioned above, it could possibly improve long-term outcomes
as well. The ideal scenario is to test the mHealth app in a
randomized trial with preestablished clinical outcomes, and to

http://mhealth.jmir.org/2017/4/e41/

Stephan et al

evaluate cost-effectiveness when compared with existing
strategies. Burke et a [2], on its recent review about current
science on mHealth, have proposed some interesting questions
that future mHealth apps will have to answer: Does the product
work best when used in certain settings or among specific patient
groups? Does the app potentiate impact when it is combined
with other traditiona interventions? In what cases can the
findings be generalized among similar technologiesin the class?
Are the effects seen durable? Are there any unintended
consequences associated with the device and program in which
it isused? [2] We need to embrace the challenge of producing
this needed evidence.

Provide Feedback Options

After go-live phase, it is important that users can continue
evaluating al of the aforementioned aspects. All app stores have
this option, but users can be stimulated to give their opinions
and a customer service should be organized to answer main
doubts.

Discussion

Principal Findings

Achieving successin health prevention and treatment in LMIC
is challenging and require approaches and tools that (1) have
proven clinical benefit, (2) can be scaled to reach a global
population and (3) are affordable. Mobile technologies provide
apotential platform to facilitate these needs [35].

mHealth is empowering individuals to assume a more active
role in monitoring and managing their chronic conditions and
therapeutic regimens, as well as their health and wellness [2].
But, this new health tool needsto be adapted to local language
and reality [6].

This tutorial was based on the experience acquired while
developing the app “aFib,” and describes processes and
recommendations to aid developers who are interested in
creating or adapting mHealth apps to low-income popul ations.
A problem-targeted and user-centered strategy appearsto be a
logical trend to the devel opment of these apps. A comprehensive
review of literature must be the base of the project. The best
efforts should be made to transate information to knowledge
and it should be kept in mind that good navigability,
terminology, and interface design can help on this task.
Protection of user information is essential, and local laws on
the matter should be studied beforehand. Usability and efficacy
must always be evaluated in a variety of scenarios.

This tutorial has several limitations. First, the literature about
mHealth isincreasing quickly and new models are being tested
every day to improve the development process, which can soon
overwhelm the models we used here. Second, it islikely that a
single experience cannot provide insight about every step of
this process. Third, other diseases or conditions can present
with different challenges related to low-income populations.
Finally, the characteristics of low-income populations vary
widely between countries, with cultural and social differences
that may need distinct adaptations.
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Degspite these limitations, we believe that it can encouragethe  Conclusions
devel opment and eval uation of mHealth appsin LMIC. mHealth
is a low-cost strategy and appear to be an appreciated,
easy-to-use, and promising aid to improve knowledge and
engage individuals from LMIC in the management of their
illness, supporting healthy behavior change and potentially
improving population health.

As mobile technologies become increasingly ubiquitous, apps
adapted to local usein low-income populations are needed. This
tutorial expects to stimulate the development of mHealth apps
for low-income populations, on a scientific base. Future work
should address other possible ways to reach this special group
and the extent to which this new health resource will affect their
health care.
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Abstract

Background: Mood disorders are dynamic disorders characterized by multimodal symptoms. Clinical assessment of symptoms
iscurrently limited to relatively sparse, routine clinic visits, requiring retrospective recollection of symptoms present in the weeks
preceding thevisit. Novel advancesin mobiletools now support ecological momentary assessment of mood, conducted frequently
using mobile devices, outside the clinical setting. Such mood assessment may help circumvent problems associated with infrequent
reporting and better characterize the dynamic presentation of mood symptoms, informing the delivery of novel treatment options.

Objectives. The aim of our study was to validate the Immediate Mood Scaler (IMS), a newly developed, iPad-deliverable
22-item self-report tool designed to capture current mood states.

Methods: A total of 110 individuals completed standardized questionnaires (Patient Health Questionnaire, 9-item [PHQ-9];
generalized anxiety disorder, 7-Item [GAD-7]; and rumination scale) and IMS at baseline. Of thetotal, 56 completed at |east one
additional session of IMS, and 17 completed one additional administration of PHQ-9 and GAD-7. We conducted exploratory
Principal Axis Factor Analysisto assess dimensionality of IMS, and computed zero-order correlationsto investigate associations
between IMS and standardized scales. Linear Mixed Model (LMM) was used to assess IMS stability across time and to test
predictability of PHQ-9 and GAD-7 score by IMS.

Results:  Strong correlations were found between standard mood scales and the IMS at baseline (r=.57-.59, P<.001). A factor
analysisrevedled a 12-item IMS (“IMS-12") with two factors: a“depression” factor and an “anxiety” factor. IMS-12 depression
subscale was more strongly correlated with PHQ-9 than with GAD-7 (z=1.88, P=.03), but the reverse pattern was not found for
IMS-12 anxiety subscale. IMS-12 showed less stability over time compared with PHQ-9 and GAD-7 (.65 vs .91), potentialy
reflecting more sensitivity to mood dynamics. In addition, IMS-12 ratings indicated that individuals with mild to moderate
depression had greater mood fluctuations compared with individual s with severe depression (.42 vs.79; P=.04). Finally, IMS-12
significantly contributed to the prediction of subsequent PHQ-9 (beta=1.03, P=.02) and GAD-7 scores (beta =.93, P=.01).

Conclusions: Collectively, these datasuggest that the 12-item IMS (IMS-12) isavalid tool to assess momentary mood symptoms
related to anxiety and depression. Although IMS-12 shows good correlation with standardized scales, it further captures mood
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fluctuations better and significantly addsto the prediction of the scales. Results are discussed in the context of providing continuous
symptom quantification that may inform novel treatment options and support personalized treatment plans.

(JMIR Mhealth Uhealth 2017;5(4):e44) doi:10.2196/mheslth.6544

KEYWORDS

mood disorders; mobile; ecological momentary assessment; depression; anxiety

Introduction

Mood disorders such as anxiety and depression &fflict a
significant portion of the population and pose a huge burdenin
total disability-adjusted years among midlife adults[1-5]. Mood
disorders are often dynamic disorders, with symptoms showing
high interpatient variability, aswell as high intrapatient changes
over time. However, our ability to accurately characterize
day-to-day variation in these symptoms is limited by current
standard of care, which is composed primarily of retrospective
self-reports and subjective clinical impression, often during
infrequent clinical visits [6-10]. Thus, despite their clinical
significance, most symptoms are not continuously tracked
outside the clinical setting or between treatment sessions [11].

Monitoring patients more frequently outside of the clinical
setting, in “the real world” may improve clinical care and help
facilitate timely interventions. First, capturing the relationship
between mood dynamics and disease profile may pave the way
for abetter understanding and classification of disease and allow
for improved accuracy of diagnosis and personalization of
treatment [12,13]. Severa recent studies have showntheclinical
significance of temporal fluctuationsin mood symptoms, noting
the dynamic nature of mood characteristics that often go
unreported, and the lost potential to better guide treatment
planning [9,14-17]. Specifically, variations in positive and
negative affect have been linked to the current level of
depression, and increased variability in mood ratings predicted
future depressive episodes[18-22]. However, thereisan ongoing
debate as to how mood fluctuations and variability in mood
symptoms over time are associated with the severity of disease
at onset (see [21] for arecent review), which may be resolved
by data collected through consistent mood tracking that should
provide better disease classification and ultimately improved
personalized diagnosis and treatment.

Second, mobile mood tracking may help eliminate the potential
reporting bias which arises when patients are required to
retrospectively recall and rate symptoms, often of a distressing
nature, that occurred over the past weeks or months [23,24].
Such mood reporting, particularly among those experiencing
mood disruptions, isknown to be associated with alarge number
of recall biases and erroneous judgments [25-29], such as
“reconstruction” of memories [30,31] or excessive reliance on
cognitive heuristics[32,33]. It hasfurther been shown that mood
reporting at the time of recall can also bias memory, making
mood-congruent information more prone to be reported [34].
Finally, individuals suffering from mood disorder have been
shown to have cognitive limitations, such as working memory
deficits, which may obscure the utility of such reporting [35-41].

http://mhealth.jmir.org/2017/4/e44/

Third, identification of environmental factors relevant to mood
symptoms and intervention can lead to personalized and more
effective care. In addition to inaccurately captured mood
fluctuations and potential biases, standard assessment in the
clinic, rather than in the individua’s natural ecologically
relevant settings, is likely to significantly limit the ability to
assess true mood state. Assessing a person’s mood in their
everyday settings, with further understanding of typical
scenarios that influence mood state, may provide better and
more compl ete avenues for treatment, more easily incorporated
into day-to-day activities. The fact that more than 75% of
patients suffer a depressive episode again within 2 years of
treatment [42], which has been partly accounted for by poor
continuity of care, further necessitatesimmediate mood tracking,
performed under more ecologically valid conditions and outside
of standard care.

Recent advances in mobile “smart” technologies may now
facilitate remote tracking and monitoring of patientswith mood
disorders in their natural environment, and may thus help
overcome barriers to treatment success and reporting biases,
and ensure better continuity of care[8-10,14,43-45]. Aspatients
with mood disorders are increasingly using mobile technology
[10], mobile mood apps offer a convenient ecological
momentary assessment mechanism to capture patients status
in real time [8]. Approaches to ecological momentary mood
assessment in psychiatric patients have received some research
support in studies showing feasibility of use in depression
screening using a mobile phone app [7,12,13,17,46], and in
patients capability to fill out questionnaires for quantitative
data entry [6,47,48]. Similar results were reported by Torous
et al [49], who used a mobile phone app to administer a subset
of PHQ-9 questions to capture depressive symptoms in
psychiatric outpatients. Others [16,50,51] have also examined
the feasibility of daily or weekly short message service
(SM S)—-based mood ratings and found these ratingsto beavalid
monitoring strategy for depressed participants. Such studies
provide initial promising evidence for the utility of remote
momentary assessments, and additional evidenceisrequiredin
order to better establish the usability of such tools. Notably,
although data from some of these studies suggest that daily
mood reporting may provide more accurate indicator of
longitudinal symptoms [16,47], further understanding of the
nature of mood fluctuations captured on a mobile device in
ecologically valid setting is necessary and would potentially
provide a powerful tool to inform treatment in patients with
mood disorders.

This study was designed to assess the utility of a novel mobile
mood tracking scale, the Immediate Mood Scaler (IMS), aquick
22-item scale which asks participants to rate mood-related
constructs in the moment. IMS was delivered along with
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standardized mood-related questionnaireswithin asingle mobile
app (the Mobile Mood Tracker), thus alowing us to evaluate
its efficacy for accurately characterizing the current level of
depression or anxiety (ie, mood) outside the clinic. We further
aimed to assess the dynamic range of mood ratings over time,
and test the hypothesis that the variability of mood ratings
provides additional information in predicting levels of
depression and anxiety [52].

Methods

Recruitment and Enrollment

A convenience sample of 110 participants was included in the
study and completed the assessments using iPads (see details
below). Participants were recruited from three sites: 75
participants were patients at the Epilepsy Monitoring Unit
(EMU) of the University of California, San Francisco (UCSF)
Medical Center, 24 participants were recruited through the
University of California, Berkeley (UCB) Department of
Psychology, and 11 participants were recruited through Posit
Science (PSC).

Participants at UCSF EMU were recruited as part of broader
efforts to examine daily mood fluctuations, while participants
were hospitalized for seizure monitoring and probing neural
correlates  with  electroencephalography  (EEG) and
electrocorticography (ECoG) [53]. These participants were
enrolled in the study during their stay at the EMU. UCB
participants were recruited through the Research Participant
Pool and received course credit for completing the study. PSC
participantswere recruited through Web-based ads. UCSF EMU
patients were consented for research studies, including mood
assessment with the app, on a study-provided mini iPad. UCB
and PSC participants gave written informed consent before
using the app. The study was run under the institutional review
board (IRB) approvals from UCSF, UCB, and Western IRB.
Participants were not paid for their participation in the study.

Note that athough we have two separate subgroups in our
sample (considering the PSC and UCB samples to be similar),
and that we estimated that they would be quantitatively
independent groups per intraclass correlations (ICC), random
coefficient models suggested that the cohorts did not observe
different associations between variables. Thus, because the
correlations between variables were similar across groups, we
decided to treat the group as one sample in the analysis.

Study Procedures

Following informed consent, participants were given an iPad
mini (Model # A1454, iPad mini WiFi 16GB; Apple, Inc) and
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were asked to log in to PSC's Mobile Mood Tracker app with
aunigue password-protected login to complete the tasks (Figure
1). UCSF EMU participants completed the procedure during
their hospitalization (in clinic) and UCB or PSC participants
completed it in the lab at UC Berkeley or at the PSC officesin
San Francisco. Datawere saved on apassword-protected Health
Insurance Portability and Accountability Act
(HIPAA)—compliant server, accessible to study investigators
only through a Web browser. Study participants completed at
least one session (with a variable number of assessments
completed, see below). To obtain repeated-use data, 56 of the
participants (all EMU patients) agreed to repeat IMS
administration at least one more time. Of them, 17 participants
also repeated the PHQ-9 and GAD-7 questionnaires a second
time. Below is the list of mobile assessments completed by
study participants:

Immediate Mood Scale (IMS)

A novel 22-item measure developed to assess dynamic
components of mood. Participants were asked to rate their
current mood state on a continuum using 7-point Likert scales
(eg, happy-sad, distracted-focused, sleepy-alert, fearful-fearless.
For each item, an integer score between 1 and 7 was derived.
The total score for this scale is the sum of the scores on all 22
items. To make this scale in-line with the scores derived from
the PHQ-9 measure, we then inverted the total score received,
such that higher scores reflect more negative mood states.
Baseline IMS data were obtained from all 110 participants. A
complete list of the 22 IMS items can be found in Multimedia
Appendix 1 and a video demo of the IMS can be found in
Multimedia Appendix 2.

Patient Health Questionnaire, 9-1tem (PHQ-9)

A standardized, validated 9-item self-report questionnaire used
to assessDSM-V-TR [55] symptoms of depression experienced
inthe 2 weeks preceding administration in adults [54]. We used
this measure to classify participants into the following
categories, per PHQ-9 cut-off scores (total scoresrange from 0
to 27): minima depression (0-4), mild depression (5-9),
moderate depression (10-14), moderately severe depression
(15-19), and severe depression (20 and over). Baseline PHQ-9
data were obtained from al the 110 participants. PHQ-9 isthe
most commonly administered self-report tool for depression,
has good diagnostic and psychometric properties, and has been
shown to be valid across numerous modes of administration
[56].
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Figure 1. Posit Science’'s mobile mood tracker app. Left: the app’sintro screen on the iPad. The user clicks on any tile to start the assessment. Right:
single example items from PHQ-9, GAD-7, Rumination, and IM S are shown. PHQ-9: patient health questionnaire, 9-item. GAD-7: generalized anxiety

disorder, 7-item. IMS: Immediate Mood Scaler.
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Generalized Anxiety Disorder, 7-Item (GAD-7)

A standardized, validated 7-item self-report questionnaire used
to assess symptoms of anxiety experienced in the 2 weeks
preceding administration [57]. We used thismeasureto classify
participants in the following categories, per GAD-7 cut-off
scores (total scoresrange from 0 to 21): minimal anxiety (0-4),
mild anxiety (5-9), moderate anxiety (10-14), and severe anxiety
(15 and over). Baseline GAD-7 data were obtained from 93 of
the 110 participants (84.5%) since this scale was added at alater
stage. GAD-7 has good reliability and validity metrics.

Ruminative Responses Scale (Rumination)

A standardized, validated 22-item self-report questionnaire used
to assess level of rumination experienced in the 2 weeks
preceding administration [58]. As this scale was added to app
a a later stage of the study, baseline rumination data were
obtained from only 64 of the 110 participants (58.1%).

Data Analysis

All statistical analyses were conducted using Stata (StataCorp
LP). Sample demographics (age and gender) were analyzed
using descriptive dstatistics, and were compared using
independent sample t tests with the Welch-Satterthwaite
correction (age) and with Pearson chi-sguare test (gender).

To examine relationship between IMS and standard scales
(PHQ-9, GAD-7, rumination) at baseline, we computed
zero-order correlations using Pearson r to investigate possible
associations between PHQ-9, GAD-7, rumination, and IMS.
The difference between correlations was examined using the
test for comparing elements of a correlation matrix [59], using
a Web-based tool [60].

To perform dimensionality reduction and factor analysisof IMS,
we conducted an exploratory principal axisfactor analysiswith
Promax rotation on all items comprising the IM S, with the global
item removed. We used parallel analysis [61] with 1000
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simulations of the raw data to identify the number of factorsto
retain, and considered factors present if they exceeded the
simulated eigenvalue. Internal consistency of the solution was
tested using Cronbach’s apha.

Totest stability of thetotal IM S score and subscales acrosstime
(repeated observations), we used alinear mixed model (LMM
[62]) which alows for repeated observations and tolerates
missing data, a common occurrence in repeated-measures
designs. Stability was estimated using |CC.

Finally, to test predictability of PHQ-9 and GAD-7 scores by
IMS, we conducted an exploratory analysis on the subset of
participants that had multiple data points for these scales using
LMMs. Due to the smal sample size, we used restricted
maximum likelihood estimation and applied Satterthwaite
degrees of freedom to provide a more conservative test of
significance. Predictors in these models were standardized
before analysis to facilitate interpretation of the coefficients.

Results

Characterization of Study Sample

Participants’ age range was 18-63 years old (average: 34 years,
SD 11.8). Of the 110 participants, 64 (58.1%) were female, 32
were classified as having minimal or no depression (PHQ-9
scores of 0-4; mean age 31, SD 11.8), 28 with mild depression
(PHQ-9 scores of 5-9; mean age 30, SD 8.3), 27 with moderate
depression (PHQ-9 scores of 10-14; mean age 37.3, SD 13.5),
12 with moderately severe depression (PHQ-9 scores of 15-19;
mean age 36.2, SD 10.6), and 11 with severe depression (PHQ-9
scores of 20-27; mean age 46.8, SD 6.9). The study sampleis
depicted in Multimedia Appendix 3 and in Figure 2.

Comparing the two participant groups in our sample (UCSF,
and UCB or PSC samples) showed that the two groups differed
significantly in age (t54,=4.3, P<.001), but not in PHQ-9 (t5;=1.8,

P=.07) or in gender (x,=.5, P=.76).
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Figure2. (A) PHQ-9 (red bars) and GAD-7 (blue bars) score distribution.
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Since the GAD-7 scale only has 4 categories and PHQ-9 has 5 categories,

we haveincluded PHQ-9 scores of moderately severeto severeinthe“Mod to Severe” category. (B) PHQ-9 individual score correlation with the GAD-7
scale. (C) Correlation between PHQ-9 (red) and GAD-7 (blue) scales and the rumination scale. (D) Correlation between PHQ-9 (red) and GAD-7 (blue)
scoreswith thefull IMS score. PHQ-9: patient health questionnaire, 9-item. GAD-7: generaized anxiety disorder, 7-item. IMS: Immediate Mood Scaler.
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Correlation Between M easures at Baseline

We examined the correlation between PHQ-9, GAD-7, and
rumination scale, aswell asthe correlation between these scales
and IMS. As expected, the standardized depression scale
(PHQ-9) was highly correlated with the standardized anxiety
scale (GAD-7; r=.78, P<.001; Figure 2), pointing to the frequent
comorbidity of depression and anxiety. Furthermore, the PHQ-9
and GAD-7 were both highly correlated with the rumination
scale (r=.69 and .70, P<.001 for PHQ-9 and GAD-7,
respectively; Figure 2). The IMS total score was highly
correlated with PHQ-9 (r=.59, P<.001; n=110) and with GAD-7
(r=.57, P<.001; n=93) scales (Figure 2), as well as with
rumination scale (r=.57, P<.001; n=64; data not shown).

Dimensionality Reduction and Factor Analysisfor the
Immediate Mood Scaler (IMS)

To assess factoria validity and to identify which items needed
to be removed from the IMSto provide briefer assessment, we
conducted an exploratory principal axis factor analysis.
Although our sample size was not ideal for a factor analysis
(N=110), the Kaiser-Meyer-Olkin (KMQO) [63] measure of
sampling adequacy (.91) and Bartlett Test of Sphericity [64]
(x%53,=1560.35, P<.001) indicated that a factor analysis was
appropriate for the data. Wefirst identified the number of factors
to retain through paralel anaysis [61] on the raw data with
1000 simulations. A factor was considered present if it exceeded
the simulated eigenvalue. This procedure resulted in three
underlying factors, which were applied to the data (see
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Multimedia Appendix 4). Dueto the high comorbidity between
anxiety and depression, we used an oblique (Promax) rotation
to alow the factors to correlate. Because our goal was to first
reduce the number of itemsinthe M S, we examined the pattern
matrix and removed items with low loadings (<.40) or items
that loaded on more than one factor. We then subjected the
remaining 16 itemsto the same process as outlined above. This
resulted in the same 3-factor solution with adepression subscale,
an anxiety subscale, and another, weaker 3-item subscale (g5,
g6, and g7) which represented energy level. Because our aim
was to identify a brief but reliable instrument, we removed the
3-item energy subscale. Thisresulted in aclear 2-factor solution
with excellent internal consistency for the total scale
(Cronbach’s alpha=.93) and for the subscales (Cronbach’s
alpha=.90 and .93 for depression and anxiety, respectively).
This brief 12-item measure (IMS-12) has a near-perfect
correlation with the full 22-item IMS scale (r=.97, P<.001),
indicating inconsequential information loss.

The IMS-12 factor analysis results are summarized in Table 1.
Items g3, g8, 9, q10, g11, 12, and q16 load between .64 and
.83 on factor 1, which seems to capture depressive states (eg,
apathetic vs motivated, pessmistic vsoptimistic). Itemsq18-g22
load between .73 and .84 on factor 2, which captures anxiety
(eg, worried vs untroubled, anxious vs peaceful).

Following this exploratory analysis, we derived 3 metrics: (1)
IMS-12 total score (the sum of the 12 IMSitems), (2) IMS-12
depression subscale (a sum of the items loading on factor 1),
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and (3) an IMS-12 anxiety subscale (asum of theitemsloading  on factor 2).

Table 1. Factor analysis pattern matrix for IMS-12 items.
IMSitem Factor 1 Depression Factor 2 Anxiety
a3 Worthless Valuable 642 13
g8 Pessimistic Optimistic .69 -.06
q9 Apathetic Motivated 75 .20
gq10 Guilty Proud .69 24
gll Numb Interested .83 -.01
012 Withdrawn Welcoming 71 .16
q16 Hopeless Hopeful 71 -.15
q18 Tense Relaxed .03 .83
q19 Worried Untroubled .03 .83
q20 Fearful Fearless 17 73
21 Anxious Peaceful .09 .84
q22 Restless Cam .01 .81

8/alues are denoted in italics for the factor they loaded more for.

Figure 3. Correlations between IMS-12 and standardized scales. Correlations between IMS-12 total (left, gray), IMS-12 depression (middle, red), and
IMS-12 anxiety (right, blue) with PHQ-9 (A; top row), GAD-7 (B; middle row), and rumination (C; bottom row) scales. Pearson r values and number
of subjects are shown for each graph. PHQ-9: patient health questionnaire, 9-item. GAD-7: generalized anxiety disorder, 7-item. IMS: Immediate Mood

Scaler.
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Relation Between Baselinel M S-12 and Basdline L evels
of Depression and Anxiety

We next examined whether IM S subscal eswere correlated with
the PHQ-9 and GAD-7 scales. Correlation results are shown in
Figure3and in MultimediaAppendix 5. TheIMS-12, similarly
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to the full 22-item scale, was highly correlated with PHQ-9
(r=.59, n=110, P<.001) and GAD-7 (r=.54, n=93, P<.001) and
rumination (r=.59, n=64, P<.001) scales, proving that the same
correlation is maintained even with a scale featuring a subset
of theitems (left panels of Figure 3). Of note, we found similar
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correlations between IMS-16 (with 3 factors) and PHQ-9 and
GAD-7 (data not shown).

Similarly, strong correlationswerefound for IMS-12 depression
subscale, which was highly correlated with the PHQ-9 (r=.57,
n=110, P<.001), with GAD-7 (r=.46, n=93, P<.001) and with
rumination (r=.53, n=64, P<.001). Similarly, the IMS-12 anxiety
subscale was highly correlated with PHQ-9 (r=.49, n=110,
P<.001), GAD-7 (r=.51, n=93, P<.001) and with rumination
(r=.53, n=64, P<.001). Because we hypothesized that IMS-12
depression would have a stronger correlation with the PHQ-9
than with the GAD-7, wetested for the differencein correlations
using a one-tailed test of significance. Indeed, the correlation
between IMS-12 depression and PHQ-9 was stronger than that
of IMS-12 depression and GAD-7 (z=1.88, P=.03; using Steiger
test). However, the correlation between IMS-12 anxiety and
GAD-7 was as strong as the correlation between IMS-12 and
PHQ-9.

Timeto Administer Scales

Given our goals of producing an efficient measure of mood, we
calculated the average time required to complete each of the
assessments. On average, it took participants 12.65 s (SD 8) to
complete aPHQ-9 item, 8.35 s (SD 4.8) to complete a GAD-7

Nahum et al

item and 6.54 s (SD 3.4) to complete an IMS item. An analysis
of variance (ANOVA) with Greenhouse-Geisser correction
confirmed that the time to complete an IMS item was
significantly shorter than the other scales (n=107; Fy 59 137~77.7,

P<.001).

We further derived the average time it should take to complete
the entire scale: PHQ-9 takes, on average, 113.9s(SD 73.7) to
complete, GAD-7 takes 59.5 s (SD 33.5), and IMS-12 takes,
on average, 78.4 s (SD 63.8) to complete.

Analyses of Repeated Administration of IMS

A total of 56 participants completed two or more sessions during
the course of the study, and had IMS data for al repeated
sessions they completed. Participants had a variable number of
data points, ranging from 2 to 49 (Figure 4), with most
participants having 2 or 3 data points of IMS collected (mean
6.