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Abstract

Background—~Personal device technology has facilitated gathering data in real-time using
Ecological momentary assessment (EMA). We hypothesized that using smartphones to measure
symptoms in auto-generated surveys twice a day would be feasible in a group with bipolar
disorder (BD). A second exploratory objective of this study was to compare potential differences
in core symptoms between BD and healthy control (HC) groups.

Methods—A two-arm, parallel group, observational study was designed to measure completion
rates of surveys of symptoms of mood, energy, speed of thought, impulsivity, and social stress in
BD (N=10) and HC (N=10) participants. The surveys were auto-generated twice a day for fourteen
days, and subjects could also perform self-generated surveys. Completion rates were compared
between BD and HC groups. Scores were averaged for each participant over the 14 day period,
and group medians were compared.

Results—Median completion rates did not differ between groups: 95% in BD, 88% in HC
(p=0.68); the median completion rate of auto-generated surveys in the BD group was 79% and in
the HC group was 71% (p=0.22). The BD group had significantly lower median mood score
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(p=0.043) and energy score (p=0.007) than the HC group. Median scores of speed of thoughts
(p=0.739), impulsivity (p=0.123) and social stress (p=0.056) did not significantly differ between
BD and HC. The BD group had significantly higher range of variability of group median mood
(p=0.043), speed of thoughts (p=0.002) and impulsivity (p=0.005) scores over the course of 14
days than HC, while range of variability of energy (p=0.218) and social stress (p=0.123) scores
did not differ. Results were not significantly different between auto-generated and self-generated
surveys for BD or HC.

Limitations—This pilot study was conducted for a short time and with a small sample.
Conclusions—This study demonstrates feasibility of using EMA with a smartphone to gather

data on BD symptoms.
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1. Introduction

Bipolar disorder (BD) is a recurrent, episodic illness affecting 1-4.4% of the population
(Merikangas et al., 2007). While BD is defined by episodes of depression, mania and/or
hypomania, studies have shown that as many as half of patients have chronic, subsyndromal
symptoms (Judd et al., 2002). Core symptoms of BD, such as disturbances in mood state and
energy level are solicited by the healthcare provider through the use of clinical questioning,
and — in systems using best-practice standards — patient-rated questionnaires and mood
diaries between weekly or monthly appointments (Harding et al., 2011; Sachs et al., 2003).
This current model is generally successful in detecting large fluctuations in mood, yet is
limited by recall bias and the influence of manic or depressive states on recollection of
symptoms (Ghaemi, 2007).

There is growing interest in self-monitoring of mood and behavior on a daily basis, allowing
for observation of progression into episodic depressive or manic states (Bauer et al., 2007,
2008; Aan Het Rot et al., 2012). The capacity for frequent self-monitoring of symptomology
associated with BD, including prodromal symptoms, would allow clinicians to tailor
treatment approaches in a more timely manner, and to better study the effects of early
interventions on daily symptoms (Proudfoot et al., 2014; Judd et al., 2002). Additionally,
monitoring of medication changes and mood changes related to medication are important for
treatment (Bauer et al., 2013a, 2013b).

Ecological momentary assessment (EMA) is a data-capturing method related to experience
sampling that is designed to assess data as events happen in real-time (Csikszentmihalyi and
Larson, 1987; Johnstone et al., 1989; Terracciano et al., 2003; Ebner-Priemer and Trull,
2009; Trull and Ebner-Priemer, 2009; Shiffman et al., 2008). Emotions and behaviors can be
recorded in the moment they occur within the patient’s natural environment (Aan Het Rot et
al., 2012; Moskowitz and Young, 2006). EMA has been used in paper-and-pencil forms to
explore emotional reactivity to daily life stress among participants with psychosis and
affective disorder (Myin-Germeys et al., 2003; Havermans et al., 2007, 2010, 2011), and to
gather mood data to improve prediction of suicidal ideation in subjects with BD (Thompson
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et al., 2014). Several studies in BD have also investigated negative or positive affect on a
daily basis (Knowles et al., 2007; Myin-Germeys et al., 2003; Husky et al., 2010). Response
to negative events have been identified as more stressful for BD than HC (Havermans et al.,
2007), and correlated with higher cortisol levels (Havermans et al., 2011).

Advancing technology, including internet services and smartphones, has enhanced the
ability to gather data in the field and has been well-accepted. Using at-home computer-based
software, Bauer et al (2004) demonstrated a greater than 80% completion rate for more than
90% of participants over a 3-month period; reliability between self-report and clinician-
report (Bauer et al., 2004); and that the use of the computer does not bias data collection
based on comparable demographics (Bauer et al., 2005). As part of a trial of a new
intervention, (Miklowitz et al., 2012) developed a text or email-based system to report
scores of self-rated scales to the study team, and subjects responded to 71% of the daily
prompts and 88% of the weekly prompts. (Faurhopsen et al 2013) developed a system for
detecting prodromal symptoms and reported participation using this system in a randomized
controlled trial of 66.1%. (Depp et al., 2012) found higher compliance using paper-and-
pencil data collection when compared to using mobile phones in 56 participants with BD,
however, mobile phones were better able to capture intra-participant variability.
Concordance between self- and clinician-ratings has been found to be greater for depressive
symptoms than manic symptoms (Faurholt-Jepsen et al., 2014; Depp et al., 2012).

We hypothesized that using smartphones to capture EMA ratings of mood symptoms would
be feasible in those with BD, as measured by completion rates. To measure symptomology
of BD, we selected a visual analog scale for mood, energy, speed of thoughts and
impulsivity. These four areas correspond to independent factors of mania shown through
factor analysis: dysphoric mood (mood), psychomotor pressure (energy), psychosis (not
conducive to self-report measure), increased hedonic function (impulsivity) and irritable
aggression (Cassidy et al., 1998a; 1998b). Additionally, mood, energy and intellect
(thoughts) are the three areas noted through careful, longitudinal study of phenomenology
by Emil Kraepelin to cycle out of sync, producing mixed states (Kraepelin, 1921;
Mackinnon and Pies, 2006). It was hypothesized that the BD group would demonstrate
lower mood and energy; and higher speed of thoughts, impulsivity and social stress. We
hypothesized that greater variability in all symptoms would be present in the BD group.

2. Methods

2.1. Design and sample

The study was approved by the institutional review board of the Hershey Medical Center
(PSU COM IRB # 00251, approval 3/28/2014). A two-arm, parallel group, observational
study was designed to measure a method of capturing information on symptoms of mood,
energy, speed of thought, impulsivity and stress in a BD and a HC group. Personal health
information collected for this study was stored in Research Electronic Data Capture System
(REDCap), a secure data-management system supported by the Penn State Clinical
Translational Science Institute.
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A small sample size (n=20) was selected to gather pilot data for this feasibility study. We
recruited 10 participants with BD | or 1l and 10 HC. Individuals with BD and HC were
recruited from a database of individuals who participated in our research program in the past
and agreed to be contacted for future studies. Eligibility criteria for the BD group included
minimum age of 18, and BD diagnosis established using the Mini International
Neuropsychiatric Interview, version 5.0 (MINI 5.0). Subjects could be in any mood state at
the time of enrollment. The HC group included minimum age of 18, and individuals without
personal or family history of major psychiatric illness including mood or anxiety disorders,
established using the Mini International Neuropsychiatric Interview, version 5.0 (MINI 5.0).
Exclusion criteria for both groups included inability to read English and discomfort using
smartphone technology. Informed consent was obtained at the time of enrollment for all
participants. Individuals with BD were engaged in outpatient care by a psychiatrist.

2.2. Technology and security of data transfer

Smartphone devices were distributed to participants to collect data for this study.
Smartphones were provided to subjects to ensure that all subjects had the same device, and
to ensure that data was encrypted and secure. Ensuring confidentiality and secure transfer of
data is a key ethical concern in studies using electronic means to gather data.

Smartphones were preset with unique identification numbers. Upon enrollment, participants
were randomly assigned these devices and were identified by this number for the duration of
the study. Smartphones (Motorola Droid RazrM) were obtained and programmed through
the Survey Research Center at Penn State University Park Dynamic Real-Time Ecological
Ambulatory Methodologies (DREAM). Data was collected on a system developed by
DREAM on a secure ITS-hosted virtual server running Windows Server 2008. Data
collected via the smartphones were transmitted to a set of PHP scripts on the server, and the
data were stored in a local MySQL database. Data stored in the SQL.ite database on the
smartphones was protected by a 256-bit AES encryption provided by the SQLCipher library.
Data stored in text files on the phone was also protected with AES encryption provided by
the javax cipher library. All web requests to the server were protected by AES 256-bit SSL
encryption. The PHP pages that allow dataset retrieval by researchers were also password-
protected to ensure data confidentiality.

2.3. Survey tools

Demographic data including age, sex, employment status, ethnicity, race, and marital and
status were gathered.

Surveys were composed of two types of scales:

1. A Visual Analog Scale was utilized to record ratings for each of the following
variables: mood, energy, speed of thought and impulsivity. Participants were able
to choose any point along the scale ranging from 0 to 100 by positioning a marker.
The middle mark of 50 was the default position. During the training, participants
were instructed that 0 and 100 represented the most extreme states they could
imagine experiencing for each item, and were provided examples to illustrate these
points, i.e. 0 on the mood variable was described as being the most “down or
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depressed” one could imagine feeling, and 100 was described as the most “up or
elated” one could imagine feeling; 50 was described as “normal mood”. Subjects
were taught to position the VAS marker at the point on the scale that they believed
best described their feelings and behavior at the time the device generated a survey.

2. A Likert scale was used for social stress (Myin Germeys et al., 2003). Two items
formed the measure of social stress: “l am with others” and “I would rather be
alone.” The response for the item “I am with others” was dichotomous (yes, no).
The scoring for “I would rather be alone” utilized a 7-point Likert Scale where 1=
“strongly agree” and 7= “strongly disagree,” if the response to “I am with others”
was “no.” If the response to “I am with others” was “yes,” then the Likert Scale
scoring was reverse-coded (1= “strongly disagree, 7= “strongly agree”). Using this
scoring method, incongruence between current social state and desired social state
(i.e. being with others while preferring to be alone) was rated a “7” or high-stress
situation. Congruence between current state and desired state (i.e. being with others
and desiring that company) was rated as “1,” depicting a low-stress situation.

2.4. Procedures

The Survey Research Center at Penn State University Park Dynamic Real-Time Ecological
Ambulatory Methodologies (DREAM) group provided on-site training to the research team
on how to use the smartphone devices, survey software, and data collection tools. DREAM
staff also instructed the research team on the use of a standardized protocol for subject
participation. The research team developed a checklist to guide orientation of the
participants to the phone.

At the initial visit, participants were provided a smartphone programmed with the survey
application and were trained on how to use the device and application by the study team
using the orientation checklist. Participants were responsible for completing surveys twice a
day at random, requesting information regarding mood state, energy and stress levels, and
other symptoms. Once signaled to respond, participants had 30 min to complete the survey,
with the option to delay survey completion for up to 20 min via a snooze feature. Each auto-
generated survey timed out after 30 min if the participant did not complete and submit the
survey. In order to best implement the EMA model, participants were instructed to complete
the surveys at the time that they were generated by the device. However, participants could
manually enter a survey any time that day if they missed an automated prompt. Participants
could refuse to answer questions at any time. The surveys were active for fourteen days.
Please see Fig 1 for screen shots of the survey.

2.5. Qualitative feedback

When participants returned the smartphones, qualitative feedback was solicited regarding
the study. Participants were asked a series of satisfaction questions including, “if you
previously participated in studies using written surveys, how did your experience with the
smartphone survey compare to your experiences with written questionnaires?” and “ how
would you describe your experience with the survey tool and its delivery.”
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2.6. Statistical analysis

3. Results

Completion rates were calculated as the number of surveys answered divided by the total
number of surveys expected over the fourteen-day period. Survey entries were identified as
either auto-generated or self-generated, contingent on whether the participant responded to
the prompt by the smartphone or manually entered the survey, respectively. Analysis was
conducted on the combined data, and on auto-generated surveys alone. Median completion
rates are reported and groups were compared using Mann-Whitney U test due to non-normal
distribution.

To assess the average symptom score of mood, energy, thought, impulsivity and social
stress, the mean value for each symptom for the 14-day period was calculated for each
individual. The group medians of the individual 14-day means were compared between
study groups by the Mann-Whitney U test. To assess differences in variability between BD
and HC groups, the range for each individual over the 14-day period was calculated for the
scores of mood, energy, speed of thoughts, impulsivity and social stress. The median ranges
were compared between study groups using the Mann-Whitney U test. Alpha level was set
at less than 0.05 for determining statistical significance. SPSS Version 22, IBM Statistics,
IBM Corporation, Armonk, New York, USA was used to perform all statistical
computations.

3.1. Completion rates

Demographic characteristics of the control and BD groups are presented in Table 1. Groups
did not differ by age, sex or employment rate. Eighteen out of twenty participants completed
the full 14 days of the study; one BD participant dropped out on day 10 due to development
of a manic episode, and one HC participant dropped out on day 12 due to a family
emergency. Descriptive data on the completion of surveys are presented in Table 1. Median
completion rates of surveys were not significantly different between groups: 95% in the BD
group, and 88% in the HC group (Table 1, p=0.68). Completion rates for auto-generated
surveys alone did not differ by group — in the BD group, the median completion rate was
79% of the surveys through the auto-generated survey, and in the HC group, 71% (p=0.22,
Table 1). Similarly, completion rates for self-generated surveys did not differ between group
—in the BD group, median completion rate was 15% and in the HC group, 19% (p=0.53,
Table 1).

3.2. Group differences in mood symptoms (Table 1)

The median scores of the 14-day mean mood and energy in the BD group was significantly
lower than in the HC group, while speed of thoughts, impulsivity and social stress were not
significantly different. The median scores of the 14-day range for mood, speed of thoughts,
and impulsivity did differ from HC, while energy, and social stress did not differ. Please see
Fig 2, which shows the individual scores for mood over the 14-day period for HC (Fig 2a)
and BD (Fig 2b).
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A secondary group comparison was done to determine if there was a difference in results
between auto- and self-generated survey data. No significant difference in the medians was
found between the auto-generated and self-generated surveys for either group (data not
shown). Data from the auto-generated and self-generated surveys were therefore reported
together.

3.3. Qualitative feedback

Qualitative feedback from all study participants was elicited at the end of the 14-day data
collection period. Participants were asked a series of satisfaction questions including,

“If you previously participated in studies using written surveys, how did your experience
with the smartphone survey compare to your experiences with written questionnaires?” and
“how would you describe your experience with the survey tool and its delivery.” Responses
from the study participants indicated that smartphone EMA was well accepted. Some
participants with BD compared the experience with the smartphone to experiences with
written diaries in previous studies and/or treatment interventions, and those participants
reported that mobile devices were more convenient, more preferable and user-friendly.
Research subjects with BD also reflected that they gained personal insight into mood and
other symptoms as a result of participating in this study.

4. Discussion

Completion rates for this study demonstrated that the use of EMA on a smartphone device is
a feasible modality for data collection in BD. The majority of the surveys were completed
through the auto-generated survey, reflecting true EMA. While technological methods for
capturing data are generally well-accepted, some have shown less compliance with
smartphones than pencil-and-paper (Depp et al., 2012). However, capitalizing on
technological methods quells concerns for factors that may generate bias, such as
completing the assessments at the instructed times instead of retrospectively or prospectively
(Wenze and Miller, 2010) and the bias reconstruction of past experiences (Ebner-Priemer
and Trull, 2009). Although allowing subjects to complete ratings through self-generated
surveys when auto-generated surveys are missed improves convenience and may have
improved compliance, this protocol may introduce bias. Subjects may not be able or may
choose not to answer surveys for a particular symptom-related reason, or may choose to
generate surveys at a particular time with regard to how they are feeling. The software used
in this study allowed for time-stamping of surveys, and coded the distinction between auto-
generated and self-generated surveys. We therefore compared results from auto-generated
and self-generated surveys. We found no quantitative difference between auto-generated and
self-generated entries in mean or variability, which may indicate no systematic bias related
to the symptoms we were measuring. However, these findings are preliminary due to the
small sample. A longer study with a larger sample will be beneficial in answering if the
auto-generated surveys truly differ from self-generated surveys. The positive qualitative
feedback reflected the high completion rate seen in the study and is promising that the
technology can be productively used in future studies, echoing high acceptability found in
other studies (Depp et al., 2010).
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A notable strength of this study was the exploration of a broad range of symptomology
associated with BD. While many reports of EMA methods in BD have measured mood, this
study also supports that EMA measurement of energy, impulsivity, speed of thought and
social stress assessed using the same technique.

As a pilot study, there are several limitations. Short duration of monitoring may not capture
the full spectrum of symptomatology. Future studies will explore using an increased
duration to confirm sustainability of completion rates over extended periods of time. The
length of time for optimal monitoring will depend on the purpose of that monitoring. To
detect prodromal symptoms of an impending major episode, prolonged monitoring, perhaps
for months, may be required. To detect subsyndromal symptoms that may be a target for
optimization of inter-episode treatment, a shorter time period may be sufficient.

Additionally, although all participants received training utilizing a standardized instructional
manual, participant understanding and interpretation of the visual analog scales are difficult
to ensure and are subjective. Participants in the BD group were all receiving active
outpatient psychiatric treatment. These techniques could be investigated in subjects in
different treatment settings to explore the sensitivity of detection of changes in symptoms.
Lastly, the ability to generalize the results to the population at large is limited secondary to
the study sample size and selectivity of the results is limited given that there was not another
comparison group with a different psychiatric diagnosis that might have overlapping
symptoms. Future studies could address this by using several comparison groups.

This study enriches current literature demonstrating feasibility and positive participant
experience by those with BD when EMA smartphone technology is used.
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Figure 1.
Screet shots of smartphone interface. A VAS scale was used for mood (a), energy (b), speed

of thoughts (c) and impulsivity (d) measures. The two items comprising the social stress
measure are shown in e and f.
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Figure 2.
Ranges for mood variable for HC group (a) and BD group (b).

J Affect Disord. Author manuscript; available in PMC 2017 February 01.

Page 12



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Schwartz et al.

Table 1

Demographic and mood survey information by group.

BD (N=10) HC (N=10) p-value
Age, mean £ SD 48.94 £16.8 39.66 + 14.2 0.2
Sex, N (% female) 7 (70%) 8 (80%) 0.61
Employed, N (%) 7 (70%) 8 (80%) 0.61
Caucasian Race, N (%) 8 (80%) 8 (80%) 0.61
Non-Hispanic Ethnicity, N (%) 10(100%) 9 (90%) 0.69
Married 2 (20%) 6 (60%) 0.95
Bipolar I, N (%) 10 (100%) N/A N/A
Completion of surveys, mean + SD 254 +3.6 240+5.1
Completion of surveys, median (IQR) 26.5 (3.75) 245 (7.25)
Completion of surveys, min 17 14
Completion of surveys, max 29 30
Auto completion of surveys, mean + SD 21.1+6.0 18.2+6.0
Auto completion of surveys, median (IQR)  22.0 (6.25) 20.0 (13.0)
Auto completion of surveys, min 8 9
Auto completion of surveys, max 28 25
Self completion of surveys, mean + SD 43+3.7 58+45
Self completion of surveys, median (IQR) 4.0 (6.75) 5.0 (7.5)
Self completion of surveys, min 0 0
Self completion of surveys, max 11 14

Median (IQR)  Median (IQR)
Completion rate 95% (13) 88% (26) 0.68
Auto-completion rate 79% (22) 71% (46) 0.22
Self-completion rate 15% (24) 19% (27) 0.53
14-day mean of mood 48.6 (25.2) 53.2 (22.9) 0.043%
14-day range of mood 48.0 (20.3) 32.5(25.0) 0.043%
14-day mean of energy 44.7 (25.7) 52.1(22.3) 0.007"
14-day range of energy 46.5 (34.3) 36.5 (51) 0.218
14-day mean of thoughts 53.0+18.6 50.0+16.8 0.739
14-day range of thoughts 59.5 (30.8) 26.5(31.8) 0.002%
14-day mean of impulsivity 36.9+10.3 145+379 0.123
14-day range of impulsivity 76 (31.3) 28.5 (46) 0.005°
14-day mean of social stress 3.4 (0.67) 3.0 (0.43) 0.056
14-day range of social stress 5.7 (1) 5.7 (1.3) 0.123

*
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p < 0.0.5 is statistically significant. The scale for mood, energy, thoughts, impulsivity ranges from 0 to 100; the scale for social stress is 1-7.
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