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Abstract

Promoting physical activity is essential for addressing elevated cardiovascular risk and high
obesity rates affecting people with serious mental illness. Numerous challenges interfere with
exercise participation in this high-risk group including mental health symptoms, low motivation,
and limited access to safe and affordable options for physical activity. Wearable devices and
mobile health technologies may afford new opportunities for promoting physical activity and
supporting behavioral weight loss efforts. This exploratory study examined whether daily step
count measured using Fitbit wearable devices was associated with weight loss and improved
fitness among individuals with serious mental illness enrolled in a 6-month lifestyle program.
Participants (77=34) had a schizophrenia spectrum disorder (23.5%), major depression (50.0%), or
bipolar disorder (26.5%), and wore Fitbits most of the days (M=86.2%; SD=18.4%) they were
enrolled in the study. At 6-months, higher average daily step count was associated with greater
weight loss (F=5.07; df=1,32; p=0.0314), but not improved fitness (/=1.92; df=1,31; p=0.176).
These findings demonstrate that encouraging participants with serious mental illness enrolled in
lifestyle interventions to collect more steps may contribute to greater weight loss. This suggests
that wearable devices may offer a feasible and potentially effective strategy for supporting
behavioral weight loss in community mental health settings.
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1. Introduction

Rates of obesity are nearly twice as high among people with serious mental illness,
including schizophrenia spectrum and mood disorders, compared to the general population
(Allison et al., 2009). This dramatic disparity in obesity prevalence is largely due to the
combination of unhealthy lifestyle behaviors such as physical inactivity and poor diet,
metabolic effects of psychoactive medications, poverty, and the impact of mental health
symptoms on motivation and functioning (Allison et al., 2009). As a result, people with
serious mental illness experience elevated risk of cardiovascular disease and significantly
reduced life expectancy (Walker et al., 2015). Efforts are urgently needed to address the
early mortality health disparity affecting these individuals.

Recent randomized controlled trials have demonstrated that promoting physical activity as
part of lifestyle interventions for weight loss can contribute to clinically significant reduction
in cardiovascular risk in as many as half of participants with serious mental illness (Bartels
et al., 2013; Bartels et al., 2015; Daumit et al., 2013; Green et al., 2015). A robust body of
evidence supports the numerous benefits of physical activity participation for people with
serious mental illness. A systematic review of 39 trials found that engaging in regular
physical activity resulted in fewer depressive symptoms, greater aerobic capacity, and
improved quality of life among people with mental illnesses including schizophrenia and
bipolar disorder (Rosenbaum et al., 2014). Recent meta-analyses have also demonstrated
that physical activity contributes to reduction in mental health symptom severity among
people with serious mental illness (Dauwan et al., 2015; Firth et al., 2015a).

Despite well-documented benefits of physical activity for people with serious mental illness,
there are numerous challenges to effectively promoting more active lifestyles in this high-
risk group. Compared to the general population, people with serious mental illness are less
likely to participate in exercise (Daumit et al., 2005) and more frequently engage in
sedentary behaviors (Stubbs et al., 2016). Among individuals with schizophrenia, fewer than
one in five report engaging in moderate exercise at least once per week, and nearly 40% are
physically inactive (Brown et al., 1999). People with serious mental illness report many
barriers to physical activity including low confidence and low motivation due to symptoms
of depression, stress, fatigue and anxiety, as well as fears of discrimination, limitations due
to physical health conditions, and concerns about neighborhood safety (Browne et al., 2015;
Johnstone et al., 2009; McDevitt et al., 2006; Ussher et al., 2007). Consistent with other low-
income groups (Powell et al., 2006), inadequate access to safe and affordable options for
exercise such as local parks or recreation facilities is a likely contributor to physical
inactivity among people with serious mental illness. In addition, few public sector mental
health facilities offer supported opportunities for people with serious mental illness to
participate in physical activity programs (Dixon et al., 1999; Jeste et al., 1996; Richardson et
al., 2005). Finally, the effects of debilitating mental health symptoms, impaired information
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processing capabilities, and low-motivation likely create challenges for planning ahead to
meet weekly activity goals, prioritizing exercise over competing demands, and adhering to a
set exercise regimen over time (Richardson et al., 2005).

Feasible and effective strategies are needed to overcome these diverse challenges and to
promote physical activity participation among people with serious mental illness. Mobile
health technologies and wearable devices are particularly promising for supporting physical
activity as part of lifestyle interventions for these individuals. In a series of pilot studies, we
demonstrated the feasibility and acceptability of using popular wearable devices among
people with serious mental illness (Naslund et al., 2015a; Naslund et al., 2016b). These
devices offer a user-friendly platform and interface that includes several features that are
motivating and make being physically active enjoyable such as reminders, goal setting,
rewards for achieving milestones, social connection and competition with peers, and ability
to track individual performance over time (Patel et al., 2015). As mobile technologies
become increasingly affordable and more widely available among people with serious
mental illness (Firth et al., 2015b), there are opportunities to use wearable devices to support
broader health promotion efforts targeting weight loss and cardiovascular risk factors in this
vulnerable group. However, it is not clear whether these devices can support a lifestyle
intervention targeting weight loss and fitness, and whether data captured using wearable
devices is associated with improved outcomes.

In this exploratory study, participants with serious mental illness who were enrolled in a
community-based group behavioral weight loss program were given Fitbit wearable devices
to support their physical activity and weight loss goals. We examined whether average daily
step count measured using the wearable devices over the 6-month study duration was
associated with weight loss and improved fitness. We hypothesized that higher average daily
step count would be associated with greater weight loss and improved fitness at 6-months.
We then explored whether changes in step count over time (such as increasing or decreasing
steps) was associated with weight loss or improved fitness (i.e., a time-varying relationship).
We did not have a specific hypothesis regarding timing of steps and associated changes in
weight and fitness, but we hypothesized that increased steps at any time during the course of
the study would be associated with greater weight loss and improved fitness.

2. Methods

2.1 Participants and Setting

Participants in this study were enrolled in a 6-month group behavioral weight loss program
targeting fitness and healthy eating through an urban community mental health center in
southern New Hampshire. Participants were age 21 or older; had serious mental illness
defined by an axis | diagnosis of schizophrenia, schizoaffective disorder, major depressive
disorder, or bipolar disorder; spoke English; were on stable pharmacological treatment
defined as receiving the same psychiatric medications over the prior 2 months; and had
obesity defined as body mass index (BMI) =30. Participants were excluded if they had any
medical contraindication to weight loss; were pregnant or planning to become pregnant
within the next 6 months; or had a current diagnosis of an active alcohol-use or substance-
use disorder. Participants received medical clearance from a primary care provider prior to
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starting the program and had to be able to walk at least one city block. Committees for the
Protection of Human Subjects at Dartmouth College and the New Hampshire Department of
Health and Human Services approved all study procedures.

2.2 Wearable Devices

Participants were given Fitbit Zip wearable devices and smartphones to use for the 6-month
study duration. The Fitbit Zip is a compact wearable accelerometer that clips onto
participants’ clothing. It tracks number of steps and it synchs wirelessly with a free
companion smartphone application. The Fitbit rewards milestones such as reaching daily
step goals with colorful trophies, and it allows users to compare steps and progress with
others through the smartphone application. We elected to use Fitbit Zip wearable devices
because in our previous work we found that these devices were both feasible and acceptable
for use among people with serious mental illness (Naslund et al., 2015a; Naslund et al.,
2016b). Participants attended two brief 30- minute training sessions with a member of the
research staff for instruction in using the Fitbit wearable devices and synching the Fitbit with
the companion smartphone application. Technical support for using the Fitbit or companion
mobile application was provided to participants on an as needed basis by a member of the
research team over the study duration.

2.3 Group-based Lifestyle Program

The group-based lifestyle program focused on achieving weight loss through healthy eating
and increasing physical activity. The program was modeled after the evidence-based
Diabetes Prevention Program, and included weekly group sessions led by lifestyle coaches.
Full descriptions of the program are available elsewhere (Aschbrenner et al., 2016;
Aschbrenner et al., 2015). Participants shared an activity goal of reaching 150 minutes of
exercise each week. As part of the program, participants received 3-5 text messages from
research staff each week as reminders to attend optional exercise classes, to be more active
as part of their daily routines, to provide encouragement for finding new ways to be more
active, and to support participants in reaching the program’s weekly physical activity goal.
Additionally, participants were encouraged to set daily step goals on their Fitbits, and they
were given the opportunity to review and revise these goals each week. Participants had
varying capabilities to engage in physical activity, and some participants had mobility issues.
As a result, the goal-setting component of the program was personalized to meet
participants’ physical abilities, whereby participants set individual daily step goals that they
felt that they could reach.

2.4 Measures

Step Count—Daily step count data for the 6-month study duration was exported from
participants’ personal Fitbit accounts into an Excel spreadsheet. Days where participants
recorded no steps were coded as ‘missing’. If participants wore the device and the device
was functioning properly then it would be highly unlikely to obtain zero steps in a day.
Missing step data typically occurred due to technical malfunctions with the Fitbit device or
dead battery, or in cases where participants forgot to wear the device or temporarily lost the

Psychiatry Res. Author manuscript; available in PMC 2017 October 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Naslund et al. Page 5

device. The reliability of the Fitbit wearable device for measuring steps has been previously
demonstrated (Case et al., 2015).

Weight—Weight was measured in pounds and reported as the change in body weight from
baseline to 6- months.

Fitness—Fitness was measured using the 6-Minute Walk Test (6-MWT), which measures
the distance in feet that an individual can walk in six minutes. The 6-MWT is considered a
reliable and valid measure of fitness (Beriault et al., 2009; Larsson and Reynisdottir, 2008)
and has demonstrated reproducibility in people with serious mental illness (Vancampfort et
al., 2011). Change in fitness was calculated as the change in feet on the 6-MWT from
baseline to 6-months.

2.5 Statistical Analysis

To test our first hypothesis (average daily step count would be associated with weight loss
and improved fitness), we used linear regression models to evaluate the association between
average daily step count over the 6-month study duration and the pre-post changes in
participants” weight and fitness. To test our second hypothesis (increased steps at any time
would be associated with greater weight loss and improved fitness), we used penalized
functional regression (Goldsmith et al., 2011) models to evaluate the time-varying
association between daily step count collected using the wearable devices (intensive
repeated-measure variable) and the pre-post changes in participants’ weight and fitness
(individual-level outcome measures). This analysis allowed for observation of patterns in
increased steps over the course of the study and tested whether there are certain patterns that
confer greater weight loss or an increase in fitness. For example, with this analysis, we could
test whether earlier increases in step count were more predictive of weight loss than later
increases in step count. Change in weight and fitness were calculated as the post-
intervention measure minus the baseline measure. Significance of the functional predictor
(steps) was evaluated using a permutation test (Ramsay et al., 2009). A p-value of 0.05 was
considered statistically significant.

3. Results

The current analysis included 34 participants who completed the 6-month post-intervention
assessments and for whom step data were collected over the entire study duration.
Participants' baseline characteristics are presented in Table 1. Initially, a total of 43
participants enrolled in the 6-month group lifestyle intervention were given Fitbit Zip
wearable devices to support their physical activity goals as part of the program. Nine
participants were lost to follow-up or stopped participation due to various concerns
including serious medical issues (17 = 2), mental health concerns (7= 3), pregnancy (7= 1),
work commitments (7= 2), and other behavioral issues (7= 1). The 34 participants included
in this analysis did not differ on any baseline characteristics from the 9 participants who
were lost to follow-up or who stopped participation.
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3.1 Wearable Device Use

Participants had their Fitbits to use for an average of 181.7 days (SD = 34.7), with a median
of 181.5 days (interquartile range = 169 to 196). This variation in length of time with the
Fitbit occurred due to rolling enrollment at the start of the study. Participants wore their
Fitbits for a mean of 86.2% (SD = 18.4%) of the days that they had the Fitbit to use (median
= 94.0% of the days, interquartile range = 82.0% to 97.0%).

3.2 Average Daily Step Count and Weight Loss and Improved Fitness

Participants achieved an average of 4453.5 (SD = 2707.4) steps each day, with average daily
step counts ranging from 1037.6 (SD = 767.9) steps to 11,366.3 (SD = 3416.9) steps. In
total, 21 (61.8%) participants achieved 10,000 steps or more on at least one day during the
study. These 21 participants achieved 10,000 daily steps or more for a mean of 16.1% (SD =
21.0%) of the days that they had the Fitbit to use (median = 25.7% of the days, interquartile
range = 0.9% to 25.7%). Three (8.8%) participants achieved 10,000 daily steps or more on at
least half of the days that they were enrolled in the study.

There was a significant association between participants’ average daily step count and
weight loss. Figure 1 shows that for every 1000 step increase in participants’ daily average
step count, they experienced a decrease in weight of 1.78 pounds (F=5.07; df=1, 32; p=
0.0314). The relationship between average daily step count and change in fitness was not
significant. However, as illustrated in Figure 2 the direction of the relationship is consistent
with our hypothesis. If participants average daily step count increased by 1000 steps, it
corresponded to an increase of 18.79 feet on the 6-Minute Walk Test (F=1.92; df=1, 31; p
=0.176).

3.3 Time-Varying Relationship Between Step Count and Weight Loss and Improved Fitness

In the penalized functional regression models, it was observed that the time-varying
relationship between daily step count and weight loss (permutation test statistic = 0.180; p=
0.264) and improved fitness (permutation test statistic = 0.076; p= 0.574) were not
significant. This suggests that there was no specific period of time for which an increase in
steps was significantly associated with either weight loss or improved fitness.

4. Discussion

The findings from our exploratory study suggest that wearable devices and their companion
smartphone applications may serve as valuable tools for supporting community-based
weight loss efforts for people with serious mental illness. Importantly, we observed that a
higher average daily step count over the 6-month program duration was associated with
greater weight loss. Therefore, it appears that providing participants with serious mental
illness the recommendation to collect more steps each day and maintain a high average daily
step count throughout participation in a lifestyle intervention may contribute to greater
weight loss. These are preliminary findings and should be interpreted with caution, but they
offer promise regarding the potential benefits of using wearable devices to support lifestyle
interventions delivered through community mental health settings.
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While we did not observe a significant relationship between average daily step count and
improved fitness, the direction of the association was positive suggesting that with a larger
sample size this relationship could have been significant. Also, we found that there was no
time- varying association between steps and changes in weight or fitness. That is, it was not
particularly important for an increase in steps to happen at a specific time during the
intervention (at the beginning, for example). This finding is indicative of the wide variety of
patterns of steps over the course of the study, and no specific pattern appeared predictive of
changes in weight or fitness as long as the overall average step count was higher over the
course of the study.

Research in the general population has demonstrated that devices such as pedometers can
help support weight loss efforts. Prior systematic reviews have highlighted that using
pedometers to track daily steps can contribute to modest weight loss when used over long
durations (Richardson et al., 2008) and when individuals set daily step goals (Bravata et al.,
2007). A cross-sectional study of sedentary adults also found that number of steps per day
was associated with lower rates of hypertension and better overall cardiovascular health (Lee
etal., 2013).

However, a recent review of studies in the general population demonstrated that technology
appears most effective for supporting weight loss efforts when combined with other
evidence- based practices (Levine et al., 2015). For example, technology can serve an
important role to facilitate strategies that are known to contribute to successful weight loss
such as self-monitoring, feedback, or encouragement and lifestyle coaching (Levine et al.,
2015). This notion was supported in a study of adults with serious mental illness who
received pedometers combined with established motivational interviewing strategies that
resulted in greater physical activity and weight loss after 12-weeks (Methapatara and
Srisurapanont, 2011). In our study, the Fitbit wearable devices were integrated as part of the
behavioral weight loss program, and were used as a way to support self-monitoring, goal
setting, and tracking progress over time.

Our study contributes to a small number of preliminary studies that have explored the use of
wearable sensors among people with serious mental illness (Ben-Zeev et al., 2016; Naslund
et al., 2015b), and to our knowledge is the first study to highlight an association between
data collected using wearable devices and weight loss in this high-risk group. As Patel and
colleagues (2015) caution, there remains a considerable gap between recording individual-
level information using wearable devices and contributing to meaningful and lasting health
behavior change (Patel et al., 2015). While it is possible that the wearable devices in our
study helped participants monitor their activity over time and may have provided them with
additional encouragement, we also know that participants were highly engaged in the
lifestyle program and had access to social and informational support from other participants
as well as the lifestyle coaches who led the weekly group sessions (Aschbrenner et al., 2016;
Aschbrenner et al., 2015). Therefore, the success of the wearable devices in contributing to
weight loss may have been largely driven by the theoretically based components of the
group lifestyle intervention that supported changes in participants’ physical activity and
dietary behaviors. Wearable devices alone are unlikely to contribute to behavior change,
especially given surveys that have found that many people are quick to stop using these
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devices (Ledger, 2014). The success of wearable devices likely relies on whether they can
leverage key principles of behavior theories including self-monitoring, self-efficacy, or
social competition, and whether there are strategies to sustain user engagement (Patel et al.,
2015).

In our study, we observed that the recommendation to collect more steps each day was
acceptable and easily understood by participants. Wearable devices may be useful for
simplifying physical activity recommendations for high-risk and low-health literacy groups
such as people with serious mental illness. Encouraging people to get more steps over the
course of their daily routines is an easier and more straight forward message that avoids the
executive function demands to plan and schedule ahead to meet the 150 minute weekly
physical activity guidelines. This may also be beneficial for sedentary individuals with
chronic health conditions who may be overwhelmed with the prospect of exercising for 150
minutes each week. For example, walking is a preferred type of activity among people with
serious mental illness (Ussher et al., 2007), and it is important for low-income individuals
because it does not require access to a gym, expensive equipment, or a costly fitness trainer.
Walking is especially appropriate for individuals who were previously sedentary or who
experience mobility difficulties (Siegel et al., 1995) and appears to contribute to improved
cardiorespiratory fitness among people with serious mental illness (Strassnig et al., 2012).
Wearable devices may help to reinforce the benefits of walking by offering a tangible reward
in the form of steps that can be tracked over time, and that connects with individuals’ mobile
devices.

It is promising that an increasing number of people with serious mental illness have
smartphones that can connect to the companion mobile applications for popular wearable
devices (Firth et al., 2016; Naslund et al., 2016a). However, the costs of the actual wearable
devices remain a significant barrier that cannot be overlooked. In this study, the Fitbit
devices cost about $60 each, which may be a barrier for low-income individuals with serious
mental illness to purchase these devices on their own. To date, use of wearable devices has
largely been among more affluent individuals who are living healthy lifestyles and who are
interested in tracking their progress (Piwek et al., 2016). The sustainability and potential for
widespread health benefits of using wearable devices will only be realized if the individuals
who stand to benefit the most from these devices, such as low-income individuals with poor
overall health and with chronic health conditions, are able to easily obtain access to these
devices (Patel et al., 2015).

4.1 Limitations

There are several limitations that should be considered when interpreting these findings.
First, this study had a small sample size that lacked racial or ethnic diversity, and therefore
these findings may not generalize to other community mental health settings. Second, the
analyses presented here were based on the program participants who received the Fitbit
wearable devices, remained engaged in the research study, and used the devices over the 6-
month study duration. Participation in a concurrent 6-month lifestyle intervention may limit
the generalizability of these findings. Third, we were unable able to determine if participants
who dropped out of the study may have experienced difficulty participating in physical
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activity or using the Fitbit to measure their daily steps, though participants who dropped out
did not differ from completers on any characteristics at baseline. Lastly, all participants in
this study were receiving services through community mental health settings, indicating that
these findings are likely not representative of individuals with serious mental illness not
currently receiving services.

5. Conclusions

This exploratory study highlights the potential to use wearable devices to help people with
serious mental illness enrolled in lifestyle programs track their physical activity and achieve
greater weight loss. Wearable devices can potentially simplify how physical activity
recommendations are targeted at high-risk groups such as people with serious mental illness,
and may be effective for supporting walking programs and other lifestyle interventions
delivered through community mental health settings. Further research is necessary to
investigate whether wearable devices and companion smartphone applications can serve as
effective tools for helping people with serious mental illness to reach the weekly physical
activity guidelines. Future large scale studies using randomized controlled designs are also
needed to determine whether use of wearable devices as part of lifestyle interventions
delivered through community mental health settings can contribute to reduction in
cardiovascular risk and sustained benefits over time for individuals with serious mental
illness.
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Highlights

. People with serious mental illness used wearable devices to support
weight loss.

. Participants wore Fitbit devices for most of the days enrolled in the
study.

. Higher average daily step count was associated with greater weight
loss.

. Wearable devices could simplify efforts promoting physical activity in
this group.

. Wearable devices appear effective for supporting behavioral weight loss
programs.
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Figure 1. Association between average daily steps and weight loss?
@ The association between participants’ average daily step count and weight loss (measured

in pounds) was statistically significant (F=5.07; df=1, 32; p=0.0314).
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Fitness Gain by Average Steps
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Figure 2. Association between average daily steps and gain in fitness®
@ The relationship between participants’ average daily step count and change in fitness

(measured in feet using the 6-Minute Walk Test) was not significant (F=1.92; df=1, 31; p
= 0.176); however, the direction of the relationship is consistent with our hypothesis.
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Baseline demographic and clinical characteristics of participants

Table 1

Characteristic

Total Sample (N=34)

Demographic Characteristics
Mean Age (SD)
Female (%)
Non-Hispanic white (%)
Education
Less than high school
High school
Some college
College degree
Living situation
Living independently
Living with family
Assisted or supported housing
Marital status
Never married
Currently married
Previously married
Currently Employed (part or full-time)
Enrolled in Medicaid only
Enrolled in Medicare only
Dual Eligible (enrolled in Medicaid and Medicare)
Clinical Characteristics
Mental illness diagnosis (%)
Schizophrenia spectrum disorders
Major depressive disorder
Bipolar disorder
BMI (kg/m?) (SD)
Weight (Ibs)
Fitness

Current smoker

50.2 (11.0)
21 (61.8%)
34 (100%)

2 (5.9%)
11 (32.4%)
13 (38.2%)
8 (23.5%)

27 (79.4%)
6 (17.7%)
1(2.9%)

11 (32.4%)
3 (8.8%)
20 (58.8%)
7 (20.6%)
8 (23.5%)
8 (23.5%)
18 (52.9%)

8 (23.5%)
17 (50.0%)
9 (26.5%)
38.5(9.3)
231.9 (46.7)
1303.8 (323.2)
6 (17.7%)
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