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Structured Abstract 

Scope: There is a well-known relationship between two of the main mood states in Bipolar 

Disorder (BD); mania and depression and disrupted sleep patterns. A reduction in sleep is 

an early warning sign of a hypomanic or manic episode. A disruption in sleep-wake 

patterns, either a reduction or an increase in sleep is associated with an episode of 

depression. With advances in actigraphy technology, wrist worn devices are increasingly 

being used to combat the impractical nature of other objective measures of sleep such as the 

polysomnography exam (PSG). Researchers can now assess sleep-wake patterns without 

the resources required for a formal sleep study. However, research to date has failed to 

assess the effectiveness of this new technology to examine the relationship between sleep-

wake cycles prior to mood states within clinical populations such as those with BD. The 

first part of this thesis presents a critique of the literature that explores the relationship 

between sleep-wake patterns and the mood states of BD. It also examines the technology 

advances currently being applied to objectively quantify sleep. The second part of this 

thesis presents an original research study, which investigates the relationship between sleep 

variables and mood states in people with BD by using an actigraphy device.   

Purpose: The aim of the current study was to explore the relationship between sleep-wake 

patterns and depressed and elevated mood states in adults with BD, utilising the Fitbit 

Charge HR as the objective measure of sleep and the Pittsburg Sleep Quality Index (PSQI) 

as the subjective measure of sleep. Specifically, we sought to investigate the sleep 

variables, sleep duration, sleep disturbances (times restless and times awake) and sleep 

efficiency as predictors of depressed and elevated mood states. We also sought to examine 

the effectiveness of the Fitbit Charge HR as an objective monitoring tool to track sleep-

wake patterns as an early warning sign of relapse. 
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Methodology: Participants were recruited via the research poster, which was displayed at a 

university campus and emailed to local public mental health services and local private 

psychiatrists and psychologists. The poster detailed a short description of the study and 

eligibility criteria and the chief investigators contact details. Interested individuals either 

self-referred to the chief investigator or were referred by their treating professional. Ten 

participants (1 Male and 9 Females), aged between 25 and 50 years (M = 35.3, SD = 7.83), 

with BDI (n = 4) and BDII (n = 6) were included in the current study. Individuals attended 

a baseline assessment where a member of the research team (a Clinical Psychologist and or 

a Provisional Psychologist) determined participant eligibility and conducted a semi-

structured demographics interview. Diagnosis of BDI or BDII was confirmed via a 

structured clinical interview and two clinician-rated measures assessed for the presence of 

hypomanic/manic or depressive symptomology. The participants completed a subjective 

sleep measure and a subjective mood survey. The participant was fitted with a Fitbit Charge 

HR, which continually monitored their sleep-wake patterns throughout the 3-month study. 

Thereafter, the participants attended a 1-week and a 3-month assessment, where all baseline 

measures were completed again. Participants were also asked to complete the subjective 

mood survey, via a weekly text message link sent to their phones.  

The study was longitudinal and observational in design. Linear mixed models with a sleep 

variable as the fixed effect and a random intercept to account for participant variability, 

tested hypothesised relationships between sleep variables and mood states. Likelihood ratio 

tests were conducted to test the significance of these relationships. Pearson correlation 

coefficients were calculated to investigate the association between the objective and the 

subjective sleep variables. 
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Results: Reduced sleep duration, sleep disturbances and sleep efficiency were not shown to 

be predictors of elevated mood states. Sleep disruption was not found to predict depressed 

mood states. However, a significant increase in sleep disturbances was found to predict 

depressed mood states. There was a trend found, approaching statistical significance, which 

indicated lower sleep efficiency was experienced prior to depressed mood states. The Fitbit 

and PSQI measures of sleep duration were strongly associated with each other.  

General Conclusions: Based on the Fitbit’s lack of specificity in detecting wakefulness 

not associated with movement, its ability to accurately measure sleep-wake periods is 

uncertain. This study lends further support to the relationship between an increase in sleep 

disturbances before depressed mood states in people with BD. Worse sleep efficiency may 

also be a contributing factor. Additionally, preliminarily findings indicate the PSQI 

measure of sleep duration could be substituted for the Fitbit measure of sleep duration, if 

this device was unavailable.  

Implications: The ability to successfully detect mood states via sleep-wake patterns, with 

the Fitbit Charge HR, within the BD population, is in its infancy. If this approach was to be 

implemented as an adjunct treatment for people with BD, further testing of the Fitbit 

Charge HR is required.  

 

 

 

 

 

 

Keywords: Bipolar disorder, sleep-wake patterns, Fitbit Charge HR, technology  
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Critical Literature Review 

The relationship between sleep and two of the main mood states in Bipolar Disorder 

(BD), depression and mania, has been well established. A reduction in sleep is a 

behavioural early warning sign of a (hypo)manic or manic episode (Bauer et al., 2009; 

Bostock, Kirkby, Garry, & Taylor, 2015; Jackson, Cavanagh, & Scott, 2003; Wehr, Sack, 

& Rosenthal, 1987). Sleep disruption, specifically a decrease or an increase in amount of 

sleep is a risk factor for an episode of depression (De Crescenzo, Economou, Sharpley, 

Gormea, & Quested, 2017; Eidelman, Talbot, Gruber, & Harvey, 2010; Proudfoot et al., 

2012). A change in sleep patterns is also a diagnostic criterion for both the manic and 

depressive features of BD in the Diagnostic and Statistical Manual of Mental Disorders (5th 

ed.; DSM-5; American Psychiatric Association [APA], 2013). Thus, the investigation of the 

relationship between sleep-wake patterns and mood is essential, as a change in sleep is both 

a potential early warning sign for relapse and a symptom of BD.  

Using subjective measures to self-report behaviour can be perceived as cumbersome 

due to the monotonous nature of completing hand written forms (Lane et al., 2011). 

Advances in technology are being utilised to combat this issue, by automatically and 

objectively tracking and recording people’s lifestyle behaviours, also referred to as 

lifelogging, with minimal input required from the individual. Actigraphy devices such as 

the Fitbit (Fitbit Inc, 2016) are becoming a common way to track behaviours such as sleep 

(de Zambotti et al., 2016).  These emerging new technologies are presenting an opportunity 

to improve the way we track behavioural patterns and monitor mood in clinical populations.  

To begin with, a summary will be provided of key diagnostic features of BD, the 

functional impact it can have and its aetiology. Secondly, a critique of the current literature 

will be discussed that explores the relationship between sleep-wake patterns and the mood 
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states of BD, investigates the current measures of sleep and examines the technology 

advances being implemented to objectively quantify sleep. Lastly a proposal for a research 

study that will address the gaps found within the literature will be made.   

Bipolar Disorder 

BD is characterised by recurring, persistent mood disturbances involving the 

experience of either elevated mood states only, such as mania, or the experience of elevated 

mood states such as hypomania or mania as well as low mood states such as major 

depressive episodes (APA, 2013). Individuals can also experience a mixed mood specifier,  

characterised by symptoms from both mania (or hypomania) and depression and are present 

within the same time period (APA, 2013). The chronic switching between euthymia, 

hypomania, mania and mild to severe depression is a result of severe affect dysregulation 

and is the core feature of BD (Miklowitz, 2014).  

During a manic episode, individuals will experience at least three elements of the 

following symptoms; perceived heightened, euphoric mood or an irritable mood; 

behavioural activation (an increase in goal-directed activity, a decreased need for sleep, 

participation in risky activities, escalation in talkativeness, pressured speech); and distorted 

cognitive functioning (grandiose delusions, an overstated sense of self-worth, racing 

thoughts, flight of ideas, distractibility). Symptoms are present for at least one week (unless 

hospitalisation is needed) and the mood disturbance is significant enough to cause 

substantial impairment in social and occupational functioning or the individual will require 

hospitalisation or psychotic features are present (APA, 2013). A hypomanic episode lasts 

for at least four days and has the same features of a manic episode. But is distinguished 

from mania, as the mood episode is not severe enough to cause substantial impairment in 
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the individual’s social and occupational functioning or require hospitalisation and there are 

no psychotic features evident (APA, 2013). 

During a major depressive episode individuals will experience at least five 

elements of the following symptoms; a depressed mood for the majority of the day; 

behavioural change (lack of interest or pleasure in activities, an increase or decrease in the 

need for sleep, psychomotor agitation, lethargy); and altered cognitive functioning (feelings 

of worthlessness, misplaced guilt, reduced ability to concentrate, ongoing suicidal ideation 

or suicidal action), for at least two weeks and the mood episode is severe enough to cause 

marked impairment in social and occupational functioning (APA, 2013).  

Bipolar Disorder I and Bipolar Disorder II 

Bipolar I Disorder (BDI) is defined by a manic episode and may be preceded by 

or followed with a hypomanic episode or depressive episode but these are not required for a 

diagnosis (APA, 2013).  If a person with BDI presents to health services during a manic 

episode they will usually not perceive they are in need of treatment and in comparison to 

their normal level of functioning they are likely to be cognitively, behaviourally, 

emotionally and physiologically impaired., Dell’Osso et al. (2015) found that when 

compared to BDII, BDI had higher rates of psychiatric hospital admissions and higher rates 

of psychosis. 

Bipolar II Disorder (BDII) is characterised by the presentation of a current or past 

hypomanic episode and a current or past major depressive episode (APA, 2013).  

Individuals with BDII will often present to a clinician during a major depressive episode. 

These individuals do not usually view their hypomanic symptoms as causing impairment; 

rather their distress originates from their consistent pattern of unpredictable fluctuations in 
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mood. Dell’Osso et al. (2015) found that when compared to BDI, BDII had more 

depressive symptoms, longer illness duration and at least ten preceding mood episodes. 

The Impact of Bipolar Disorder  

BD is considered one of the most debilitating illnesses with the World Health 

Organisation (WHO; 2004a) rating BD as the sixth leading cause of years lost due to 

disability (YLD) globally. BD ranks higher than physical illness such as cancer mainly due 

to BD’s early onset and chronic nature (Merikangas et al., 2011). BD has a 1.8% 12-month 

prevalence rate in Australia (Australian Bureau of Statistics [ABS], 2008) in comparison to 

a lower 0.6% 12-month BD prevalence estimate in the United States of America 

(Merikangas et al., 2007). The lifetime male-to-female incidence ratio of BD is estimated to 

be 1.1:1 respectively (Merikangas et al., 2007). The average age of BD onset is from mid-

adolescence through to early adulthood (APA, 2013). However, the average length of delay 

from onset to diagnosis has been found to be 12.5 years in Australia  (Berk et al., 2007). 

Additionally, researchers have found that compared to people without BD, individuals with 

BD have a poorer quality of life and generate greater socioeconomic burden (Miller, 

Dell’Osso, & Ketter, 2014; Wittchen et al., 2011). For example, compared with the general 

community, medical costs are 2.5 times higher for people who have BD (McGlinchey, 

Gershon, Eidelman, Kaplan, & Harvey, 2014). 

The functional consequences of BD can be far-reaching, with approximately 30% 

of individuals presenting with severe impairment in work roles, lowered socioeconomic 

status (SES) and cognitive impairments (APA, 2013).  Three-fourths of individuals with 

BD develop co-morbid anxiety disorders and over half have intermittent explosive disorder, 

attention-deficit hyperactivity disorder (ADHD) or conduct disorder (CD) (APA, 2013). 

Additionally, BD is linked to a higher lifetime risk of alcohol use disorder (APA, 2013) and 
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are two to three times more likely to smoke cigarettes compared to their general population 

counterparts (Heffner, Strawn, DelBello, Strakowski, & Anthenelli, 2013).  

BD is associated with a high level of morbidity where individuals with BD have 

an increased incidence of health conditions such as Type 2 diabetes, obesity, stroke and 

cardiovascular disease (CVD) (Galvez et al., 2014; Mcintyre, Konarski, Misener, & 

Kennedy, 2005; Prieto et al., 2014; Westman et al., 2013) compared to the general 

population. It is also linked to a high level of mortality due to the development of medical 

conditions, sometimes as a result of the medication used for that condition (Gustavsson et 

al., 2011), with individuals who have BD dying up to three decades earlier than those 

without (Colton & Manderscheid, 2006). Furthermore, individuals who experience BD 

have a 15 times greater suicide risk than those in the general population (APA, 2013), 

comprising a high proportion of those who are at risk for suicide.  

The Aetiology of Bipolar Disorder discussed  

The aetiology of BD is complex and multifaceted. However, genetics and 

circadian rhythms disruptions are the two models that will be discussed due to their 

relevance. BD has a heavy biological basis, as one of the strongest risk factors for the 

development of BD is genetic (APA, 2013). Having a family history of BD increases the 

likelihood of its progression in a relative, 10-fold (APA, 2013).  When conducting a 

genome-wide association study of BD, Baum et al. (2008) found that individuals with BD 

carried significantly more risk alleles when compared to controls. Baum’s et al. (2008) 

research suggests that BD is predominately a polygenic disease, where many genes 

influence the presence of BD, each one contributing in a small way. 

Circadian theories are of the assumption that the expression of circadian rhythms, 

a 24-hour cycle in the physiological courses of living beings and BD symptomology are 
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interwoven (Staton, 2008).  Circadian rhythms are involved with activities such as sleep, 

meal times and exercise and are modulated by exterior cues such as temperature and 

sunlight (Harvey, 2008). It has been proposed that individuals with BD have irregular or 

abnormal circadian systems and are therefore sensitive to the interactions they have with 

the world, causing fluctuation cycles between harmony and dysregulation (Harvey, 2008).  

Genes known to be important in the regulation of these circadian rhythms have been found 

to be associated with BD (Mansour, Monk, & Nimgaonkar, 2005).  

Interpersonal Social Rhythm Therapy  

 Environmental theories such as the social rhythm stability hypothesis (SRSH; 

Ehlers, Kupfer, Frank & Monk, 1993) propose that life events are associated with relapse in 

mood disorders. Life events associated with an increased level of stress such as the loss of a 

job or a relationship separation can cause instability in daily and social rhythms (social 

zeitbergers; time keepers) and have a higher probability of disrupting biological circadian 

rhythms such as sleep-wake, attentiveness, appetite and energy rhythms in individuals with 

BD (Ehlers et al., 1993). As a result people with BD tend to be more sensitive to these 

disruptions and an episode of hypomania, mania or depression may be induced as a result 

(Frank, Swartz, & Boland, 2007).  

Interpersonal Social Rhythm Therapy (ISPRT; Frank et al., 2007) utilises 

interpersonal therapy and provides education on biological rhythms to support individuals 

with BD to manage their tendency to experience extreme mood states (Frank et al., 2007). 

For example, individuals are asked to maintain a Social Rhythm Metric-II-Five Item 

Version (SRM II-5) chart that instructs the individual to record the ideal target time and the 

actual time they first get in and out of bed, the first contact they have with another person, 

when they start work and their meal times (Frank et al., 2007). They are asked to record the 
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people involved with each activity and to rate their mood each day on a scale of  -5 (very 

depressed) to +5 (very elated) (Frank et al., 2007). After reviewing the data the person is 

supported to identify possible disruptions to their routine. Once identified, they are assisted 

to implement strategies that will help to maintain regularity despite these disruptions (Frank 

et al., 2007). This method of lifestyle tracking is vital. Nevertheless, it is not conducive to 

data summarization and it is manual. Hence, it can be perceived as cumbersome and 

adherence to this schedule may be intermittent. However, MoodRhythm is an Android 

application (app) that is a digital replication of the self-report SRM II-5 chart (Voida et al., 

2013). This app utilises the smartphone’s pre-existing functions such as automatic objective 

sensing to record movement and conversation frequency for times when individuals may be 

too unwell to self-report sleep or time of first contact (Voida et al., 2013). This app aims to 

improve the paper-and-pencil format by combining subjective and objective data to identify 

how changes in an individual’s routine may impact how they feel (Voida et al., 2013). 

Currently there is no data available on the app’s effectiveness for people with BD in the 

general population, as it is yet to be released.  

The General Population and Sleep  

There have been many attempts at defining what constitutes good sleep as this 

may have different meanings for different people depending on their age, gender and 

context. Buysse (2014) has provided a comprehensive assessment of what sleep health may 

include. He proposes that sleep health can be defined by the duration of sleep obtained 

within a 24-hour time frame, the ease of being able to go to sleep or return back to sleep, 

the placement of the sleep, the ability to preserve attentiveness when required and the 

subjective assessment of the sleep quality to be good or poor (Buysse, 2014).  
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The National Sleep Foundation recommends that adults aged 18-64 years attain 

seven to nine hours of sleep a night (Hirshkowitz et al., 2015).  On average, Australian 

adults without a mental health illness sleep for eight hours a night (ABS, 2013). Good 

quality sleep is vital to our physical and psychological health (WHO, 2004b). The benefits 

of maintaining good quality sleep cycles has been found to be associated with good 

physical health, cognitive performance, psychological health and overall performance 

during the day (WHO, 2004b).  

Bipolar Disorder and Sleep 

 Individuals who suffer from chronic disrupted sleep-wake cycles are at an 

increased risk to develop hypertension (Duran, Esnaola, Rubio, & Itueta, 2001), stroke 

(Young, Peppard, & Gottlieb, 2002), motor vehicle accidents (MVA) due to fatigue 

(Connor et al., 2002) and work place injuries due to daytime sleepiness (Lindberg, Carter, 

Gislaso, & Janson, 2001). When assessing the quality of sleep-wake patterns of people with 

BD, Russo et al. (2015) found that people with BD experience a significant amount of sleep 

disruptions. Russo et al. (2015) also found that these higher levels of sleep disruptions were 

significantly associated with a negative clinical presentation in people with BD. 

Specifically, this negative clinical presentation involved a worsening of performance in 

social cognition, working memory and visual learning (Russo et al., 2015).  This research 

suggests that there is an adverse relationship between sleep quality and neurocognition in 

people with BD.  

 In a study comparing euthymic participants with BD and the general population, 

they found that 70% of euthymic participants with BD had clinically significant sleep 

disruption patterns compared to the general population (Harvey, Schmidt, Scarna, Semler, 

& Goodwin, 2005). These participants also had impaired sleep efficiency and significantly 
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increased levels of apprehension and fear about poor sleep when compared to the general 

population (Harvey et al., 2005). These results indicate that even when individuals with BD 

are euthymic they continue to experience disrupted patterns of sleep.  

The Bi-directional Role of Sleep in Bipolar Disorder  

 This relationship between the polarised mood states of BD and the disturbance in 

sleep patterns is bi-directional. A change in sleep patterns is a diagnostic criterion for both 

the manic and depressive phases of BD. Specifically, a decreased need for sleep (e.g. three 

hours can be enough to feel rested) and insomnia or hypersomnia encompass the features of 

a manic and a depressive episode, respectively (APA, 2013). Additionally, changes in sleep 

duration can act as a precursor for an impending mood change (Bauer et al., 2009; De 

Crescenzo et al., 2017; Proudfoot et al., 2012; Wehr et al., 1987).  

This bi-directional relationship between sleep and mood indicates that a reduction 

in sleep increases the likelihood of the occurrence of a manic state and once in this state, 

sleep reduction is a likely outcome, which may act to sustain the manic phase. Thus, the 

relationship between sleep loss and mania results in a self-perpetuating circle because of its 

reinforcing properties (Wehr et al., 1987). Furthermore, an estimated 40% of manic 

episodes occur after the commencement of a major depressive episode (APA, 2013). It 

could then be contended that the insomnia associated with depression could increase the 

individual’s vulnerability to experience a manic state. However, people with BD 

experiencing a depressive episode can remain in in this state for a lengthy period as their 

sleep duration tends to increase, further perpetuating their depressive symptomology (Detre 

et al., 1972).  

 The potential consequences of manic symptoms such as risk to reputation, 

relationships and health in addition to the potential consequences of depressive symptoms 
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such as social isolation and suicide can have devastating repercussions for the individual 

and their loved ones. The development of therapeutic approaches that objectively track 

behavioural patterns and monitor mood could provide individuals with BD the opportunity 

to help identify their mood states, consequently taking ownership of their health and 

reducing the likelihood of the potential harmful consequences of relapse. 

Measurement of Sleep in Bipolar Disorder 

In the literature, there is a trend to implement subjective measures of sleep in 

studies, often due to the ease and accessibility of these measures. Bauer et al. (2009) 

conducted a study examining sleep onset, sleep offset and sleep duration in individuals with 

BD to determine the most beneficial variable to monitor for an approaching elevated mood 

change. They found that sleep duration was the most useful variable, where a significant 

reduction in sleep duration the night before a change in mood towards hypomania or mania 

was found (Bauer et al., 2009). Whilst this information is extremely valuable, the 

researchers implemented one measure of sleep within the study, which was a formal self-

report measure. The use of objective, naturalist sleep measures such as actigraphy as well 

as subjective sleep measures can help to balance the data to gain a more impartial 

perspective of sleep.  

Historically, the limited number of studies that have implemented an objective and a 

subjective assessment of sleep, commonly utilise the objective polysomnography (PSG) 

exam. Zanini et al. (2015) assessed individuals without BD and compared them to 

individuals in sub-clinical phases of BD. The participants completed The Pittsburgh Sleep 

Quality Index (PSQI; Buysse, Reynolds, Monk, Berman, & Kupfer, 1989), which is 

considered the gold standard subjective sleep measure. Additionally, the participants 

undertook two PSG exams for two nights. Compared to the control group, PSQI results 
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indicated that the individuals with sub-clinical symptoms of BD significantly reported 

worse sleep quality overall and their PSG results indicated significant sleep latency and 

increased rapid eye movement sleep onset latency (Zanini et al., 2015). This study provides 

evidence that both an objective and subjective measure of sleep were consistent in findings 

of sleep disturbances being present in the early phases of the course of BD, indicating 

possible prognostic value.  

Whilst PSG exams are considered the gold standard for objective sleep evaluation, 

they require the participant to stay overnight(s) in an unfamiliar bed whilst their eye 

movements, cortical electroencephalographic activity and muscle tone are being assessed 

(de Zambotti et al., 2016). As a result, using a PSG exam as an objective measure of sleep 

has its limitations and due to the cost involved they are often seen as impractical or invasive 

for the participant and they require the use of well-trained technicians.  

Another commonly used research method in BD literature is to request participants 

to subjectively log their sleep-wake patterns for short periods of time, possibly due to 

reduced costs of this method and participant availability or engagement. For example, 

Eidelman et al. (2010) conducted a study where they investigated the relationship between 

total wake time (TWT), sleep efficiency (SE) and total sleep duration (TSD) (measured 

with a subjective sleep assessment) and retrospective mood episodes in participants with 

BD who were inter-episode over a week. They found having a larger number of depressive 

episodes was associated with lower SE and more variability in TWT, hence disrupted sleep 

patterns (Eidelman et al., 2010). The remaining results were found to be correlations of 

medium strength and were not statistically significant. Perhaps if the researchers had 

investigated the participant’s sleep-wake patterns over a longer duration the results may 

have been more robust. Furthermore, the participants reported night-time sleep only. 
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Interestingly, this is quite common in the literature, where little consideration is given to 

day-time sleep, which may be a useful variable to monitor. For example, day-time sleeping 

contributes to the overall amount of sleep in a 24-hour cycle and if this becomes excessive 

this may indicate disturbed functioning and hence trigger a shift in mood states.   

Bipolar Disorder, Lifelogging and Technology 

 Unfortunately, individuals with BD often receive minimal information on how 

lifestyle factors can impact their mood stability and usually the initial form of treatment 

offered is pharmacological, where mood stabilisers, antidepressants or antipsychotics are 

prescribed (Kemp, 2014). Research has indicated that due to the comorbid physical 

conditions that medications can elicit, a shift needs to be made in terms of the treatment of 

BD, with a concentration on psychotherapy and behavioural monitoring to identify mood 

instability triggers (Campleman, Smith, & Lobban 2015; Frye, 2011; Kemp, 2014; Ketter, 

Citrome, Wang, Culver, & Srivastava, 2011; Parikh, et al., 2015).   

Previously, self-report measures such as the SRM II-5 have been implemented to 

gain an understanding of daily routines in anticipation of determining signs of impending 

mood changes and patterns of relapse. However, using self-report measures can often lead 

to non-compliance issues due to the time-consuming and disengaging nature of these 

monitoring measures (Lane et al., 2011). To alleviate these complications, there has 

recently been a move towards harnessing new technologies that are automatic and objective 

such as smartphone apps and wrist-worn lifestyle tracking devices such as the Fitbit devices 

(Lane et al., 2011). This form of tracking is known as lifelogging and includes monitoring 

mood and lifestyle behaviours such as sleep, social and exercise levels. The theoretical 

underpinnings of IPSRT are now being complimented with this advanced technology and 
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provide people with the opportunity to be at the forefront of improving their psychological 

wellbeing (Faurholt-Jepsen et al., 2014a).  

One of the first long-term projects that has explored lifelogging in BD is a series 

of studies focused on the development of an android-based smartphone app called 

MONARCA (Bardram, Frost, Szanto, & Marcu, 2012). The MONARCA app allows 

people with BD to electronically complete subjective assessments regarding their mood, 

sleep length, medication taken, activity levels, stress levels and various other self-report 

assessments (Faurholt-Jepsen et al., 2014a). It also automatically and objectively collects 

data on the individual’s social activity measured by text messages, phone calls, speech 

activity and mobility (Faurholt-Jepsen et al., 2014a).  

The MONARCA studies have found evidence that the app is a useful self-

monitoring instrument and an automatic electronic biomarker of behavioural illness in 

people with BD. For example, they found a significant negative correlation between the 

amount of movement per day and increasing depressive symptoms (Faurholt-Jepsen et al., 

2014b). Furthermore, these studies found that objective real-time data and subjective 

participant assessment correlated with a clinician-rated manic measurement, the Young 

Mania Rating Scale (YMRS; Young et al., 1978) and a clinician-rated depression 

measurement the Hamilton Depression Rating Scale-17 item (HDRS-17; Hamilton, 1967), 

providing an argument that electronic technology can serve as a reliable marker of illness 

activity (Faurholt-Jepsen et al., 2015). Whilst this new development in technology enables 

people with BD to track their lifestyle patterns with ease, the MONARCA app does not 

include an objective measure of sleep, which is arguably one of the most vital behavioural 

indictors of relapse in either mood phases of BD.  
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In recent years, aside from PSG exams, an assortment of efficient and inexpensive 

wearable health sensors also known as actigraphy devices have emerged to objectively 

quantify sleep (Shelgikar, Anderson, & Stephens, 2016). Attractive aspects of these devices 

include researchers being able to automatically and longitudinally measure health 

behaviours such as sleep, with minimal intervention needed (Shelgikar et al., 2016). 

Actigraphy is a non-invasive technique that utilises an accelerometer to calculate 

movement and allows researchers to gather data on an individual’s sleep-wake cycle (de 

Zambotti et al., 2016). The raw data is converted to sleep-wake scores, which are based on 

computerised scoring algorithms (Sadeh, 2011).  

In a meta-analysis of the studies that have used actigraphy measures to detect 

fluctuations in sleep patterns in people with BD compared to people without BD, De 

Crescenzo et al. (2017) found that overall, people with BD have longer sleep duration 

(mainly in depressive phases) and a more disturbed pattern of sleep. A small number of 

studies also suggested that these sleep variables may be characteristic markers of mood 

states in BD, as they were present during euthymic phases, indicating they also function 

independent of acute mood phases (De Crescenzo et al., 2017). However, more research is 

required on sleep-wake patterns and their predictive validity towards changing mood states, 

rather than during mood phases.  

The Fitbit Devices 

The Fitbit Charge HR (Fitbit Inc, 2016) is a wrist-worn device that tracks sleep 

with a 3-axis accelerometer (de Zambotti et al., 2016).  This device can automatically and 

objectively record what time a person went to bed, woke up, their sleep duration, sleep 

disturbances (how many times the person woke up and how many times the person was 

restless) and their sleep efficiency (de Zambotti et al., 2016). The advantage of the Fitbit 



 
 
 
 

 
 
 BIPOLAR DISORDER AND SLEEP TRACKING                                                        25 

Charge HR is that it is pragmatic, easy to use, affordable and non-invasive. These devices 

allow the individual as well as the researcher to collect real time patient physiological data 

(Onnela & Rauch, 2016). In other words, this technology allows us to rejuvenate what was 

initially an individual’s subjective and fixed measurement of response to an impartial and 

dynamic evaluation, informing the participant-researcher interaction with easily available 

figures (Onnela & Rauch, 2016). This notion of “digital phenotyping” is changing how we 

track and monitor behaviour and when utilised correctly, may lead to intervention before 

relapse (Onnela & Rauch, 2016). 

Research investigating the validity of the Fitbit Charge HR to measure sleep-wake 

patterns is in its infancy. Using a healthy adolescent population de Zambotti et al. (2016) 

found that when compared to PSG, the Fitbit Charge HR had a strong 97% sensitivity in 

detecting sleep but it rated poor on specificity (wake detection) at 42% (de Zambotti et al., 

2016). It is common for actigraphy devices to have poor specificity and good accuracy in 

sensing sleep, as not all wakefulness is associated with movement (de Zambotti et al., 

2016). For example, an individual can be lying still but still be in a state of alertness such as 

when they are watching television.  

 The research to date that has utilised Ftibit devices to objectively monitor well-

being behaviours has predominantly concentrated on healthy populations (Dominick, 

Winfree, Pohlig, Papas, 2016) rather than clinical populations or monitored behaviours 

other than sleep, such as physical exercise. For example, using a healthy adult population, 

Diaz et al. (2015) found that the Fitbit One and Fitbit Flex (Fitbit Inc, 2016) reliably 

counted steps compared to manual counting of video recording in minute epochs.  

In a first single case design study conducted by Heath and Murray (2016), a 20-

year-old male with BD wore an Actiwatch, which monitored his sleep-wake patterns and 
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activity levels for 14 weeks. The participant suffered a manic episode and was hospitalised 

at the end of the 14th week. In a retrospective analysis, the raw actigraphy data showed that 

in the five days before hospital admission, his sleep-wake patterns changed from normal 

activity to a 48-hour cycle, demonstrating a reduction in sleep and indicating a behavioural 

precursor for a manic episode. This study is critical in terms of understanding how an 

actigraphy measure can be applied to investigating the relationship between sleep prior to a 

mood episode. However, these results require replication using a larger sample size, 

observation over multiple mood states and comparison with a subjective sleep measure 

would be beneficial.  

Conclusion  

 Studies on the mood states of BD and sleep-patterns tend to implement only 

subjective measures of sleep (Bauer et al., 2009), which makes it difficult to ascertain an 

impartial perspective of the relationship between participant’s sleep-wake patterns and their 

mood. Alternatively, the objective PSG measure of sleep can be costly and impractical for 

people with BD to access. There is a pattern in the research to design studies over short 

periods of time, which can limit the potential robustness of findings and to overlook day-

time sleep as a variable (Eidelman et al., 2010).  

 With the underpinnings of IPSRT in mind, the recent introduction of the term 

lifelogging and the development of easy to use, non-invasive, automated, inexpensive and 

objective technology, research has begun to investigate the efficacy of these wrist-worn 

lifestyle-tracking devices such as the Fibit. However, studies have mainly focused on non-

clinical populations (Dominick et al., 2016), predominately tracked well-being behaviours 

other than sleep (Diaz et al., 2015) and have primarily investigated sleep-wake patterns 

during manic or depressive episodes, rather than as an early warning sign of relapse (De 
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Crescenzo et al., 2017). Furthermore, it would beneficial to monitor sleep-wake patterns 

with an objective and subjective measure of sleep, within a population larger than a single 

case study, over multiple mood states and for a significant period of time. 

 Based on the current review, future research should investigate the effect of sleep 

variables, sleep duration, sleep disturbances and sleep efficiency, as predictors of depressed 

and elevated mood states, by implementing the Fitbit Charge HR to monitor day and night-

time sleep, as well as the subjective sleep measure, the PSQI, for a period of three months. 

Research should also examine the effectiveness of an objective monitoring tool such as the 

Fitbit in tracking sleep-wake patterns. To date and to the best of our knowledge there is no 

evidence of empirical studies being undertaken to address the proposed research. We 

believe that by undertaking this project, we will discover idiosyncratic, real-time changes in 

sleep-wake patterns via the use of technology that will assist individuals with BD to predict 

their mood states.  
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Abstract 

Background: Advances in actigraphy technology enables researchers to examine the link 

between sleep and Bipolar Disorder (BD), objectively and in real-time. The current study 

investigated the sleep-wake patterns in adults with BD prior to elevated and depressed 

moods.  

Method: Participants included ten individuals aged between 25 and 50 years (M = 35.3, SD 

= 7.83), with BD. Participants attended a baseline, 1-week and 3-month assessment, where 

they completed the PSQI (subjective measure of sleep) and their mood was objectively 

assessed. The participants completed a weekly self-report mood survey to determine mood 

state and the Fitbit objectively monitored their sleep patterns throughout the study.  

Results: Reduced sleep duration was not shown to predict elevated mood states. No 

relationship was found between sleep disruption and depressed mood states. A significant 

increase in sleep disturbances predicted depressed mood states. A trend for lower sleep 

efficiency prior to depressed mood states was found. There was a strong association 

between the Fitbit and PSQI measure of sleep duration.  

Limitations: This study was limited by a small sample size and a lack of mood variability 

within the hyo/mania spectrum.  

Conclusions: There is preliminary support for the Fibit Charge HR being an efficient 

measure of sleep disturbances in participants with BD. Sleep disturbances predicted 

depressed mood states. If the Fitbit was unavailable, clinicians could consider using the 

PSQI measure of sleep duration as an alternate method for tracking sleep. Further testing of 

the Fitbit Charge HR with more participants with BD for a longer duration is required.  

 

Keywords: Bipolar disorder, sleep-wake patterns, Fitbit Charge HR, technology.   
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Introduction 

Bipolar Disorder (BD) is rated as the sixth leading cause of years lost due to 

disability (YLD) globally (World Health Organisation [WHO], 2004). BD has a 1.8% 12-

month prevalence rate in Australia (Australian Bureau of Statistics [ABS], 2008) and 

relapse rates as high as 73% over the first five years (Proudfoot et al., 2012). BD is 

associated with an increased incidence of medical conditions such as type 2 diabetes, 

cardiovascular disease, stroke and obesity (Galvez et al., 2014; Mcintyre et al., 2005; Prieto 

et al., 2014; Westman et al., 2013). Accompanying the development of medical health 

conditions, sometimes as a result of medication for the disorder (Gustavsson et al., 2011), 

individuals with BD can die up to three decades earlier than those without BD (Colton and 

Manderscheid, 2006). Furthermore, individuals who suffer from BD have a 15 times 

greater suicide risk than those in the general population (American Psychiatric Association 

[APA], 2013).  

Sleep disruption is a trademark feature of BD. A decreased need for sleep is a 

feature of mania or hypomania and insomnia or hypersomnia is a feature of depression 

(APA, 2013). Additionally, a reduction in sleep is an early warning sign for an episode of 

hypomania or mania (Bauer et al., 2009; Bostock et al., 2015: Jackson et al., 2003; Wehr et 

al., 1987) and a disruption in sleep-wake patterns (either an increase or decrease in sleep) is 

a risk factor for an episode of depression (De Crescenzo et al., 2017; Eidelman et al., 2010; 

Proudfoot et al., 2012). With advances in actigraphy technology, wrist worn devices such 

as the Fitbit (Fitbit Inc, 2016) device are increasingly being used to combat the impractical 

nature of other objective measures of sleep such as the polysomnography exam (PSG) (de 

Zambotti et al., 2016). Researchers can now assess sleep-wake patterns without the 

resources required for a formal sleep study. However, research to date has failed to assess 
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the effectiveness of a Fitbit device to examine the relationship between sleep-wake cycles 

prior to mood states, within the clinical population of BD (De Crescenzo et al., 2017; Diaz 

et al., 2015; Dominick et al., 2016) 

Interpersonal Social Rhythm Therapy  

The social rhythm stability hypothesis (Ehlers et al., 1993) proposes that life 

events associated with an increased level of stress cause instability in daily rhythms. These 

events have a high probability of disrupting biological circadian rhythms such as sleep-

wake and activity rhythms in individuals with BD and relapse may occur as a consequence 

(Frank et al., 2007). Interpersonal Social Rhythm Therapy (IPSRT; Frank et al., 2007) 

implements self-report methods such as the Social Rhythm Metric-II-Five Item Version 

(SRM II-5) chart to track behaviours to identify possible disruptions to the individual’s 

routine and maintain mood regularity despite them (Frank et al., 2007). However, these 

self-report methods may be perceived by the patient to be burdensome, impacting adversely 

on their commitment to this schedule (Lane et al., 2011).  

Bipolar Disorder and Sleep 

 Bauer et al. (2009) implemented a formal self-report measure of sleep to compare 

sleep onset, offset and duration in individuals with BD to determine the most beneficial 

variable to monitor for an approaching elevated mood change. They found that sleep 

duration was the most useful variable, as a significant reduction in sleep duration occurred 

the night before a change in mood towards hypomania or mania was found (Bauer et al., 

2009).  

Eidelman et al. (2010) investigated the relationship between total wake time (TWT), 

sleep duration (SD) and sleep efficiency (SE) and retrospective mood episodes in 

participants with BD who were inter-episode over a week. They found having a larger 
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number of depressive episodes was associated with lower SE and more variability in TWT, 

hence disrupted sleep patterns. The participants reported night-time sleep only. Day-time 

sleep may be a valuable variable to include in the 24-hour sleep cycle to indicate excessive 

sleep duration.  

Polysomnography (PSG) exams are considered the gold standard for objective sleep 

evaluation (Zanini et al., 2015). Zanini et al. (2015) assessed individuals without BD and 

compared them to individuals in sub-clinical phases of BD. The participants undertook two 

PSG exams for two nights and completed The Pittsburgh Sleep Quality Index (PSQI; 

Buysse, et al., 1989). Compared to the control group, PSQI results indicated that the 

individuals with sub-clinical symptoms of BD significantly reported worse sleep quality 

overall and their PSG results indicated significant sleep latency and increased rapid eye 

movement sleep onset latency (Zanini et al., 2015). This study provides evidence that both 

an objective and subjective measure of sleep were consistent in findings of sleep 

disturbances being present as an early warning sign.  

Whilst PSG exams are the gold standard objective sleep measure, they necessitate 

the participant stay overnight(s) in an unfamiliar bed whilst their eye movements, cortical 

electroencephalographic activity and muscle tone are being assessed (de Zambotti et al., 

2016).  As a result, PSG exams are expensive, the participant often views them as invasive 

and they require the use of well-trained technicians (de Zambotti et al., 2016).  

Fitbit Devices  

Actigraphy devices such as the Fitbit (Fitbit Inc, 2016) device are becoming a 

common way to objectively, longitudinally and automatically track lifestyle behaviours, 

with minimal intervention needed (de Zambotti et al., 2016).  The Fitbit Charge HR (Fitbit 

Inc, 2016) is a wrist-worn device that tracks sleep with a 3-axis accelerometer (de Zambotti 
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et al., 2016).  Relative to the PSG exam, the advantage of the Fitbit Charge HR is that it is 

practical, affordable and non-invasive. This form of objectively tracking lifestyle 

behaviours is known as lifelogging and includes monitoring mood, sleep, social and 

activity levels. 

Research investigating the effectiveness of the Fitbit Charge HR to measure 

sleep-wake patterns is in its infancy. Using a healthy adolescent population de Zambotti et 

al. (2016) found that when compared to PSG, the Fitbit Charge HR had a strong 97% 

sensitivity in detecting sleep but it rated poor on specificity (wake detection) at 42% (de 

Zambotti et al., 2016), as not all wakefulness is associated with movement. It is a common 

finding for actigraphy devices to have poor specificity and good accuracy in sensing sleep 

(de Zambotti et al., 2016). 

Research to date has primarily focused on utilising the Ftibit devices to track 

lifestyle behaviours in the general population (Dominick et al., 2016) or to monitor 

behaviours other than sleep, such as physical exercise (Diaz et al., 2015). Additionally, 

research involving actigraphy devices has primarily focused on the assessment of sleep-

wake patterns of people with BD during manic or depressive episodes, rather than prior to 

(De Crescenzo et al., 2017).  

In a first single case study conducted by Heath and Murray (2016) a 20-year-old 

male with BD wore an Actiwatch, which monitored his sleep-wake patterns for 14 weeks. 

The participant suffered a manic episode and was hospitalised at the end of the 14th week. 

In a retrospective analysis, the raw actigraphy data showed that in the five days before 

hospital admission, his sleep-wake patterns changed from normal activity to a 48-hour 

cycle, indicating a reduction in sleep and signifying a precursor for a manic episode (Heath 

and Murray, 2016). This study is important in understanding how actigraphy can be utilised 
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to assess the relationship between sleep prior to a mood episode. However, these results 

require replication using a larger sample size, observation over multiple mood episodes and 

comparison with a subjective sleep measure would be valuable.  

Aims 

 The current study aimed to investigate the relationship between day and night-

time sleep-wake patterns prior to mood states in adults with BD with the utilisation of the 

Fitbit Charge HR and the PSQI. Specifically, we sought to explore the effect of sleep 

duration, sleep disturbances and sleep efficiency on depressed and elevated mood states. 

We intended to examine the predictive validity of the Fitbit sleep variables and the 

association between the Fitbit relative to the established PSQI sleep measure. We also 

sought to examine the effectiveness of the Fitbit Charge HR as an objective monitoring tool 

to track sleep-wake patterns. 

Hypotheses 

We hypothesised that a) participants will have less sleep duration prior to elevated 

mood states b) participants will have sleep disruption (more or less sleep duration) prior to 

depressed mood states c) The Fitbit Charge HR variable sleep duration will be the best 

predictor of depressed and elevated mood state, followed by sleep disturbances (times 

restless and times awake) and sleep efficiency, d) the Fitbit Charge HR objective recordings 

of sleep duration, sleep efficiency and sleep disturbances (times restless and times awake) 

will correlate with the corresponding subjective variables on the PSQI.  

 

Method 

Ethics 
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 Human Research Ethics and Methodological approval was granted via the Hunter 

New England Human Research Ethics Committee (HNEHREC; Reference No: 

16/03/16/4.05) and the Human Resources Ethics Committee (HREC; see Appendix A), 

approval number H-2016-0067. 

Participants 

Participants included ten individuals (1 Male, 9 Females), aged between 25 and 50 

years (M = 35.3; SD = 7.83), with BDI (n = 4) and BDII (n = 6). See Table 1 for more 

specific participant details and demographics. Eligibility criteria included individuals with 

BDI or BDII, seeing a General Practitioner (GP) or psychiatrist, English as their first 

language, aged between 18 and 50 years of age, stable on medication and who used a 

Android smartphone. Exclusion criteria included individuals who were acutely unwell, 

psychotic, suicidal, had a brain injury, intellectual impairment or learning disorder or who 

had a diagnosis of Cyclothymia. Participants were recruited via the research poster (see 

Appendix B), which was displayed at a university campus and emailed to local public 

mental health services and local private psychiatrists and psychologists. Interested 

individuals either self-referred to the chief investigator or were referred by their treating 

professional. Prior to participation, individuals were given an information statement to read 

(see Appendix C) and provided informed consent (see Appendix D).  

Measures   

Demographics interview. During the baseline assessment (see Appendix E) the 

participants were asked questions regarding their demographics and illness history.  

Clinician-Rated Measures 

SCID-5-RV. The BD section of the Structured Clinical Interview for DSM-5-

Research Version (SCID-5-RV; First et al., 2015a) was used to confirm a diagnosis of BDI 
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or BDII. The SCID-5-RV is a structured clinical interview designed to be administered by a 

clinician or researcher (First et al., 2015b).  

YMRS. The Young Mania Rating Scale (YMRS; Young et al., 1978; see Appendix 

F) is an 11-item clinician-rated measure assessing the severity of hypo/manic symptoms in 

people with BD, over the previous 48-hour period. Items are rated on a 5-point scale (0-4), 

and yield a global score of 60. There was a good level of internal consistency found for this 

scale in the current study (Cronbach’s α = .60), which was consistent with previous 

findings using the YMRS where it was found to have a good internal consistency (α = .81) 

(Leidy et al., 1998).   

BDRS. The Bipolar Depression Rating Scale (BDRS; Berk et al., 2007; see 

Appendix G) is a 20-item clinician-rated measure, designed to measure depressive and/or 

mixed symptoms, specifically in a BD population, over the previous 48-hour period. Items 

are scored on a 4-point scale (0-3) and yield a global score of 60. There was a high level of 

internal consistency found for this scale in the current study (Cronbach’s α = .96), 

consistent with previous findings where it was found to have robust internal reliability, (α 

= .92) (Berk et al., 2007).  

Subjective Measures 

PSQI. The Pittsburgh Sleep Quality Index (PSQI; Buysse et al., 1989; see 

Appendix H) has 19-self-rated items, which form seven component scores. These 

component scores assess subjective sleep quality and subjective sleep disturbances over the 

last month. Items are scored on a 4-point scale (0-3) and yield a global score of 21. There 

was a strong level of internal consistency found for this scale in the current study 

(Cronbach’s α = .71), which was consistent with previous findings where it was found to 

have high internal reliability (α = .83) (Buysee et al., 1989). 
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LIME Mood Survey and Mood State Definition.  The research team designed a 

web-based mood survey via the online LIMEsurvey program (see Appendix I). The 

participants were asked to rate their mood state for “today” on five dimensions: depressed, 

elevated, irritable, anxious and psychotic on a 4-point ordinal scale: none, mild, moderate, 

severe (0-3). The research team designed the mood survey as an ecological momentary 

assessment (EMA) to provide a quantitative description of each participant’s mood state in 

real-time. The participants were sent an automated text message via MessageMedia 

containing a link to the mood survey each week.  

Objective Measure 

Fitbit Charge HR. The Fitbit Charge HR (hereafter Fitbit; Fitbit Inc, 2016) is a 

wrist-worn device that records sleep by tracking movement with a 3-axis accelerometer. 

This device can automatically and objectively record sleep duration (total sleep duration - 

time spent awake/time spent restless), sleep disturbances (how many times restless and how 

many times awake) and their sleep efficiency [100* sleep duration/(sleep duration + 

minutes spent restless + minutes spent awake during sleep)] (Fitbit Inc, 2016). Fitbit 

documentation (available from http://help.fitbit.com/) explains that the Fitbit detects sleep 

when the person has been at rest and unmoving for a duration longer than one hour. A 

restless state is logged when the person is making movements that require greater activity 

than a restful position, for example, rolling over in bed. An awake state is recorded when 

the person is moving to such a great extent that restful sleep would not be possible.  

The Fitbit band was placed on the participant’s non-dominant hand, “ a finger’s 

width above the wrist bone” (Heart rate FAQs, 2016). The sleep setting was set at “normal” 

which is “appropriate for most users” (Sleep tracking FAQs, 2016). Day-time sleep that is 

less than an hour can be manually recorded. When the person is not moving for a long 

http://help.fitbit.com/
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period of time, but also not asleep, for example, when watching television or reading on a 

kindle, the tracker may falsely record sleep, which can be deleted (Sleep tracking FAQs, 

2016).  

Procedure  

Participants attended a baseline assessment (see Appendix E) conducted by a 

Clinical and/or Provisional Psychologist at a university Psychology Clinic. Eligibility was 

determined and the semi-structured demographics interview was administered. A member 

of the research team administered the BD section of the SCID-5-RV BD to confirm a 

diagnosis of BDI or BDII. The clinician-rated measures, the YMRS and BDRS were 

conducted and the participants completed the PSQI and the LIME mood survey. The 

participants were provided with a Fitbit, general care instructions (see Appendix J) and 

were given a specifically developed username and password to create their Fitbit account, 

which the researchers had access to. The participants were informed that the Fitbit would 

need to be charged up to every 5 days and were advised to do this during the day to 

minimise sleep recording disruption. The participants were assisted to download and install 

the Fitbit companion app to their Android smartphone and were given a demonstration of 

the functions of the Fitbit device, its companion website page and smartphone app. Lastly, 

a letter was sent to the participant’s treating professional (see Appendix K) informing them 

of their client’s involvement with the research, along with their signed consent-to-liaise 

form. 

The 1-week (to mainly assist participants with Fitbit technology-related issues) and 

3-month assessments (see Appendix L) consisted of a shorter semi-structured interview that 

explored how the participant had been in the preceding time frame as well as their 

experience of the Fitbit. All baseline measures were administered with the exception of the 
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SCID-5-RV. Participants reported possible inaccurate recordings of sleep (recordings of 

wakefulness not associated with movement) at the 3-month assessment. These reports were 

based on multiple variables, such as whether they considered themselves “day-time 

nappers” or not.  

Participants were able to keep the Fitbit device and were given a $20 Coles and 

Myer gift voucher for their time at the baseline assessment and a $10 gift voucher for their 

time at the 1-week and the 3-month assessment. The current study was part of a larger 

project where participants were monitored over a 12-month period.  

Design and Analyses 

The present study was longitudinal and observational in design. Of the 10 

participants, one participant ended their time in the study after 9 weeks and 1 day due to 

work commitments. A second participant, though staying in the study for 3 months, did not 

attend their 3-month assessment. Therefore, neither of these participant’s had 3-month 

assessment data. With permission, their previously retained data was used in analyses. 

 Analyses were conducted using the statistical computing program R (within the R 

studio environment; R Core Team, 2017). Linear mixed models were created to assess the 

validity of the weekly mood surveys. The elevated dimension was compared to the 

clinically validated YMRS measure and the depressed dimension to the clinically validated 

BDRS measure at time-points: baseline, 1-week and 3-month assessment. The clinician-

rated measures were analysed as continuous variables and a random effect was added to the 

analysis to account for variability between participants such as age, individual sleep-wake 

pattern variability and medication usage Likelihood ratio tests were conducted to test the 

significance of these relationships. Day and night time sleep were included in all analyses.  
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Linear mixed models with a sleep variable as the fixed effect and a random intercept 

to account for participant variability, tested hypothesised relationships between sleep 

variables and mood states (dimensions from the self-report mood surveys). Likelihood ratio 

tests were conducted to test the significance of these relationships. Values of the elevated 

mood dimension were related to the sleep duration averaged over the period prior to each 

mood survey time-point. Values of the depressed mood dimension were related to the 

absolute deviation from individual participant average daily sleep duration, averaged over 

each mood survey time-point. This measure of variability of sleep duration was used to 

indicate sleep disruption. Averages based on only a single day’s Fitbit data were removed 

from the analyses due to inadequate data for analyses.  

The relative importance of sleep duration, sleep disturbances and sleep efficiency in 

predicting depressed and elevated mood states was also investigated. Sleep disturbances 

and sleep efficiency were averaged over the period prior to each mood survey time-point in 

the same way that the sleep duration average was obtained (as described above). Linear 

mixed models with each of these sleep variables as the single explanatory variable were 

compared to determine the best predictor for depressed and elevated dimensions. 

Comparisons were based on likelihood ratio tests comparing each of these models to the no 

relationship model. 

Pearson correlation coefficients were calculated to explore the association between 

the objective and the subjective sleep variables. The Fitbit recordings of sleep duration, 

efficiency and disturbances were averaged and compared to the corresponding subjective 

variables on the PSQI. The Fitbit data was averaged over the 30 days prior to the 3-month 

assessment, as the PSQI measure asks participants to respond based on their last month’s 

sleep.   
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Results 

Sample 

After the initial recruitment drive, participants were admitted in to the study as they 

were referred. Participants were in the study for an average of 92.6 days, over the duration 

of November 2016 to May 2017.The Fitbit logged day and night-time sleep on a total of 

792 out of a possible 926 days. Therefore, total participant Fitbit data available was 

85.53%. Participants slept on average for 7.63 hours over a 24-hour sleep-wake cycle.  No 

participants scored within the mania range on the YMRS at the three assessment time 

points.  

The Mood Survey Dimensions and the Clinically Validated Measures  

The relationship between the depressed dimension and the BDRS measure was 

shown to be statistically significant based on a likelihood ratio test for the fixed effect, X2 

(1) = 21.941, p = 2.8 x 10-6 (see Figure 1). The relationship between the elevated dimension 

and the YMRS measure was not statistically significant based on a likelihood ratio test for 

the fixed effect, X2 (1) = 1.15, p = 0.28 (see Figure 2).  

Sleep Characteristics Prior to Elevated and Depressed Dimensions  

There was no significant relationship found between average sleep duration and the 

elevated dimension, based on a likelihood ratio test for the fixed effect, X2 (1) = 0.288, p = 

0.3 for a one-tailed test, but the relationship is negative as expected (see Figure 3). There 

was no significant relationship found between averaged differences of sleep duration from 

individual averages and the depressed dimension, based on a likelihood ratio test for the 

fixed effect, X2 (1) = 0.8991, p = 0.343 (see Figure 4).  

Predictors for Elevated and Depressed Dimensions 
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As mentioned above, there was no significant relationship found between average 

sleep duration and the elevated dimension. The relationships between the variables average 

sleep disturbances and sleep efficiency and the elevated dimension were not found to be 

statistically significant either, based on likelihood ratio tests for the fixed effects; X2 (1) = 

2.9025, p = 0.09 and X2 (1) = 1.5704, p = 0.21 respectively.  

As mentioned above, there was no significant relationship found between averaged 

differences of sleep duration from individual averages and the depressed dimension. The 

relationship between participant average sleep disturbances and the depressed dimension 

was shown to be statistically significant, based on a likelihood ratio test for the fixed effect, 

X2 (1) = 5.861, p = 0.01, in the expected positive direction (see Figure 5). The relationship 

between participant average sleep efficiency and the depressed dimension is approaching 

statistical significance at the 5% level, based on a likelihood ratio test for the fixed effect, 

X2 (1) = 3.171, p = 0.07, in the expected negative direction. 

The Association Between Objective and Subjective Measures of Sleep  

A moderately strong association between the Fitbit and PSQI measures of sleep 

duration was found, with a correlation co-efficient of 0.71. However, the correlation 

coefficients between the Fitbit and PSQI measures of sleep disturbances and sleep 

efficiency were only 0.11 and 0.15 respectively.   

 

Discussion 

Objectively tracking day and night-time sleep-wake patterns prior to mood states is 

an integral element of psychosocial interventions for improving the quality of lives of those 

with BD. To our knowledge, this is the first study to utilise the Fitbit Charge HR to explore 

the relationship between sleep duration, disturbances and efficiency prior to elevated and 
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depressed mood states in people with BD. We also set out to compare an objective and 

subjective sleep measure. 

Participant Demographics 

 The average number of years between age of onset of BD symptomology 

and BD diagnosis was 14.4 years. This is a concerning amount of time and could be due to 

factors such as delayed presentation to mental health services or the issue of misdiagnosis. 

All participants were on psychotropic medication, which is representative of the target 

population (De Crescenzo et al., 2017). There were no participants that scored highly on the 

YMRS scale at the three assessment time-points that were analysed. Hence, no participants 

experienced a clinical manic mood episode at these three time points. Additionally, 

participants were highly educated, with 90% holding tertiary qualifications.   

Sleep Reduction, Predictors and Elevated Mood States  

Inconsistent with previous research (Bauer, et al., 2009; Heath and Murray, 2016) 

we did not find the expected reduction in sleep duration prior to elevated mood states. In a 

systematic review of the validity of consumer-wearable activity trackers, when the Fitbit 

was compared to the PSG, it over-estimated total sleep time and under-estimated wake 

during sleep (Evenson et al., 2015). This is due to the Fitbit’s poor specificity in accurately 

detecting wakefulness that is not associated with movement (de Zambotti et al., 2016). At 

the 3-month assessment, the participants identified possible inaccurate sleep logs, as 

researchers were aware of the potential for these anomalies. Some examples of activities 

reported were measuring sedentary activity as sleep (because they were associated with 

minimal movement) such as watching television, reading, sitting on a plane and listening to 

music. Due to findings like these, perhaps there was an over-saturation of sleep within our 

study and thus reduced sleep was not found to predict elevated mood states.  
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Notably, the elevated dimension of the mood survey was not validated by the 

YMRS. This was due to the lack of variation in mood of participants as they were never in 

a manic state on the YMRS during the three assessment time points. This may be an 

explanation for why we did not find the expected sleep predictors (sleep duration, 

disturbances and efficiency) before elevated mood states, as we were not able to provide a 

reliable assessment of the elevated mood dimension.    

Sleep Disruption and Depressed Mood States 

Past research (De Crescenzo et al., 2017; Eidelman et al., 2010) has indicated that 

sleep disruption (an increase or decrease in sleep duration) is a risk factor for an episode of 

depression. Contrasting to these studies, our analysis did not show that sleep disruption 

predicts depressed mood states. Perhaps the predicted relationship was not found because it 

did not occur within our sample. However, again it is reasonable to propose the potential 

over-saturation of sleep within the study may have impacted on the results. It is clear that 

the objective device utilised to track sleep-wake patterns prior to mood states in people with 

BD needs to be more specific in its measurement of detecting wakefulness to accurately 

measure sleep-wake periods.  

Sleep Disturbances, Sleep Efficiency and Depressed Mood States  

The results of the current study extend previous research (Eidelman et al., 2010; 

Zanini et al., 2015) by showing that an increase in sleep disturbances is a predictor of 

depressed mood states in people with BD. The present findings also suggest there is a trend 

for participants to experience worse sleep efficiency before a depressed mood state. This 

finding provides preliminary evidence that with a larger sample size, a significant finding 

may be found, which would confirm that worse sleep efficiency is a precursor to depressed 

mood states and the Fitbit is a valid way of measuring this. The Fitbit has a 3-axis 
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accelerometer, which is a highly sensitive motion detector (Fitbit Inc, 2016). Therefore, it is 

not surprising that it was able to efficiently detect sleep disturbances and measure sleep 

efficiency, as sleep disturbances is measured based on movement and sleep efficiency is 

partly measured based on movement. We note that the possible inaccurate recordings of 

sleep within the study have potentially impacted on the sleep disturbances and efficiency 

results.  

Subjective and Objective Measure of Sleep Duration  

In line with our hypotheses, there was a strong association between the PSQI 

measure and the Fitbit measure of sleep duration, indicating people with BD have a strong 

capacity to subjectively assess their own sleep duration. However, contrary to predictions, 

weak relationships were found between the measures of subjective and objective sleep 

disturbances and efficiency. Perhaps it is more challenging to subjectively ascertain the 

number of sleep disturbances acquired through the night, as the process of the sleep-wake 

cycle has commenced and the cognitive process is distorted. Hence, also impacting on the 

ability to assess sleep efficiency.  

Limitations 

There are several limitations in the current study. The sample was 90% female and 

highly educated, limiting its generalisability. The small sample size in the current study 

may be a reflection of the large time commitment (12 months in the larger study) being 

asked of the participants. It also suggests that the initial recruitment drive did not produce a 

robust sample size. However, time constraints did not permit for a second recruitment 

drive.  

Another possible limitation of the study is that the participant’s sleep-wake patterns 

were only analysed prior to mood states via the mood survey data, rather than prior to mood 
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episodes. This may have decreased the size of the effect shown in the sleep-wake patterns. 

Some participants experienced clinical mood episodes. However, as the clinician rated 

measures were only administered at three-time points (to reduce participant burden) there 

was insufficient data to run analyses. 

Clinical Implications  

Whilst the Fitbit can over-estimate total sleep time (Evenson et al., 2015), its ability 

to detect sleep is highly accurate 97% (de Zambotti et al., 2016). This study provides 

evidence that for PSQI sleep duration there is a good correlation to the objective Fitbit 

sleep duration scores. Hence, the PSQI measure of sleep duration would be a useful 

substitute tool for clinicians to have their clients complete if the Fitbit was unavailable.  

There is preliminary support for the Fibit Charge HR being an efficient measure of 

sleep disturbances in participants with BD based on the results of the current study. 

Consequently, if future research is able to replicate these findings, the Fibit Charge HR may 

be implemented as a successful objective-monitoring tool to help predict depressed mood 

states in people with BD, via their sleep disturbances, hence contributing to a better quality 

of life. .  

Future Research 

Future research should involve a larger sample size, followed for a longer time 

period, with the inclusion of more male participants and include the assessment of mood 

episodes in addition to states. Clinically, it is premature to say whether the Fitbit Charge 

HR is a valid way of measuring sleep-wake periods, based on its lack of precision in 

detecting wakefulness not associated with movement. Clinicians need to be aware of this 

shortcoming of the Fitbit Charge HR. Further testing of the Fitbit and wearables in general, 

in clinical populations is required.   
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Conclusions 

Based on the findings in this study, the potential for utilising the Fitbit Charge HR 

to determine sleep variables as predictors of mood states for individuals with BD, is still in 

its infancy. However, future research should replicate the significant finding that an 

increase in sleep disturbances is a predictor of depressed mood states in people with BD 

and confirm whether an attainment of worse sleep efficiency is also an contributing factor. 

Consequently, the monitoring of mood and objectively tracking lifestyle patterns could 

become an integral component of treatment for BD, particularly to offset relapse and could 

potentially be more appealing than medication-only regimes. Furthermore, this process 

would allow people with BD to be at the forefront of managing their illness by supporting 

them to identify their individual early warning signs of relapse.  
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Descriptive Statistics  

Table 1 

 Participant Demographics 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note. F = Females, M = Males, RS = Relationship Status, FT = Full Time, PT = Part Time, DSP = Disability Support Pension, CA = Carers’ 
Allowance, UE = Unemployed, BMI = Body Mass Index, BA = Baseline Assessment.  
 
 
 

 

 
 

Participant 
Number 

 
 
 

Age 

 
 
 

Gender 

 
 
 

Diagnosis 

   Variables 
 

Income 
Bracket 

 

 
 
 

RS 

                    
  
Education        Work      BMI Range 
     Level           Status          at BA      
     
  
 

1 

 

 

26 F BDII $37,001-80,000 Engaged    Tertiary          FT           Overweight 

2 33 F BDI $0-18,200 Married    Tertiary          PT           Overweight 

3 35 M BDII $180,000 + Married    Tertiary          FT           Overweight 

4 50 F BDI $0-18,200 Defacto    Tertiary         DSP             Obese         

5 41 F BDII $89,000-180,000 

 

Married    Tertiary          PT           Overweight 

6 36 F BDII $0-18,200 Divorced    Tertiary          CA          Overweight 

7 25   F BDII $37,001-80,000 Single    Tertiary          FT           Overweight 

 

 

8 

 

 

 

32 F 

 

 

BDII $37,001-80,000 Single   Secondary       FT              Obese         

 

 

9 

10 

 

 

 

 

 

44 

31 

F 

F 

BDI 

BDI 

$18,201-37000 

     $0-18,200          

   

Divorced

Married 

   Tertiary         DSP             Obese  

   Tertiary          UE            Normal 
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Table 1 cont.  

Participant Demographics 

Note. Psychiat = Psychiatrist, Psychol = Psychologist, THC = Tetrahydrocannabinol. 

 

 

Participant 
Number 

 

 

 

 

 

 
 

Age of 
First BD 

Symptoms 

 

     
        
         Age               Psychiat 
  Diagnosed           and or 
    with BD            Psychol 
 

  Variables 

  
    Substance       Alcohol         
         Use                 Use                              

 
 
 
Medication 
       Use 

 
 
    
   Suicide 
  Attempts 

1 
 
 

        14         18                  Psychiat THC              Yes Yes         1      

2        7                  32                 Psychiat  No                No Yes         6        

3        15          34                 Psychiat  No               Yes Yes         0          

4        17         47                 Psychol  No               Yes Yes      >100  

5        7        31                  Neither  No                No Yes         2     

6        17        28                  Neither    Past methadone/    Yes  
     codeine abuse 

  

Yes         0      

7   17        23                    Both   No                Yes Yes         0      
 
 8 

 
 
 

       15 
 
 

         28                   Psychol  No                No Yes         0 
 
           

 9 
 

10                               
            
 

 
 

     7 
  

     11       

          9                   Psychiat 
 
                 21                 Psychol        

    Past alcohol          Yes 
      use disorder         
             No                Yes                    

Yes  
 

Yes                     

        5    
     
        0 
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Figure 1. The relationship between the depressed dimension and the BDRS. Scores were 
compared across time-points: baseline, 1-week and 3-month assessment.  
The bolded line denotes the overall average effect. The unbolded lines denote each 
participant, where the participant variability has been modelled using a random intercept. 
Individual data values are plotted using the participants’ identification numbers. 

 

 

 

 

 

 

 

 

Figure 2. The relationship between the elevated dimension and the YMRS. Scores were 
compared across time-points: baseline, 1-week and 3-month assessment.  
The bolded line denotes the overall average effect. The unbolded lines denote each 
participant, where the participant variability has been modelled using a random intercept. 
Individual data values are plotted using the participants’ identification numbers. 



 
 
 
 

 
 
   BIPOLAR DISORDER AND SLEEP PATTERNS                                                  69 

 

 
 
 
 
 
 

 

 

 
 

Figure 3. The relationship between average sleep duration prior to the mood survey and the 
elevated dimension across all participants.  
The bolded line denotes the overall average effect. The unbolded lines denote each 
participant, where the participant variability has been modelled using a random intercept. 
Individual data values are plotted using the participants’ identification numbers. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. The relationship between averaged differences of sleep duration from participant 
averages prior to the mood survey and the depressed dimension.  
The bolded line denotes the overall average effect. The unbolded lines denote each 
participant, where the participant variability has been modelled using a random intercept. 
Individual data values are plotted using the participants’ identification numbers. 
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Figure 5. The relationship between participant average sleep disturbances and the depressed 
dimension. The bolded line denotes the overall average effect.  
The unbolded lines denote each participant, where the participant variability has been 
modelled using a random intercept. Individual data values are plotted using the 
participants’ identification numbers.  
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Appendices 

Appendix A: Notices of Ethical and Methodological Approval  
with HREC and HNEHREC 
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Appendix B: Research Flyer 
 
A/Prof Frances Kay Lambkin 
Principal Investigator 
Lecturer, School of Medicine and Public Health 
Old Waratah Post Office  
22 Turton Road,  
Waratah NSW, 2298                

DO YOU HAVE BIPOLAR DISORDER? 
Are you interested in participating in a 12-month study using the Fitbit 

Charge HR? 
 

A study is being conducted which will track existing patterns of sleep, physical activity,   
socialisation and mood in people who have a diagnosis of Bipolar Disorder I or II.  
The Fitbit Charge HR will be provided to participants.  

Individual face-to-face meetings with a member of our research team will also be required 
periodically over the course of the study at The Psychology Clinic at UoN. 
 

The assessments including the time frame: 

1. Initial assessment (2 hours) 
2. Week 2 assessment (1 hour) 
3. 3-month assessment (1 hour 
4. 6-month assessment (1 hour) 
5. 9-month assessment (1 hour) 
6. 12-month assessment (1 hour) 
7. 1-month post-study review (1 hour) 
8. 3-month post-study review (1 hour) 
9. 6-month post-study review (1 hour) 

 
Participants will receive a small reimbursement for each stage of their participation. 
Eligible participants will: 
 

• have English as their first language; 
• be aged between 18 and 50 years of age; 
• currently be under the care of a GP/Psychiatrist; 
• not have a serious medical condition (e.g. epilepsy, diabetes); 
• have an Android smartphone. 

 
If you would like to participate, or if you would like any additional information, please contact Dr 
Tanya Hanstock by email at Tanya.Hanstock@newcastle.edu.au or by phone on (02) 4921 5641. 
 
Complaints about this research: This project has been approved by the University’s Human Research Ethics Committee, 
Approval No. H-2016-006708/08/2016. Should you have concerns about your rights as a participant in this research, or 
you have a complaint about the manner in which the research is conducted, it may be given to the researcher, or, if an 
independent person is preferred, to the Senior Human Research Ethics Officer, Research Office, The Chancellery, The 
University of Newcastle, University Drive, Callaghan NSW 2308, Australia, telephone (02) 49216333, email human-
ethics@newcastle.edu.au 
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Appendix C: Information Statement 

Associate Professor Frances Kay Lambkin 
School of Health & Public Medicine 
University of Newcastle 
University Dr, Callaghan NSW 2308 
Phone: (02) 49854309  
Email: Frances.Kaylambkin@newcastle.edu.au  
 

 

Information Statement for the Research Project: 

Lifelogging and Bipolar Disorder  

Document Version 3: 13/07/16 

The Research Team: 

Associate Professor Frances Kay-Lambkin, School of Medicine & Public Health 
 
Dr Tanya Hanstock: Senior Lecturer, School of Psychology and PhD Candidate in the 
School of Medicine & Public Health 
 
Nicole Carter, Clinical Psychology Masters Candidate 
 
Madeleine Drew, Clinical Psychology Masters Candidate 
 
Catherine King, Clinical Psychology Masters Candidate 
 
Conjoint Associate Professor Rachel Heath, School of Psychology 
 
Professor Simon Dennis, School of Psychology 
 

You are invited to participate in the research project Lifelogging and Bipolar Disorder, 
which is being conducted by members of the above Research Team at the University of 
Newcastle. 

The research is part of the studies of three students (Nicole Carter, Madeleine Drew, and 
Catherine King) in the Master of Clinical Psychology program at the University of 
Newcastle. It is also part of Dr Tanya Hanstock’s (Senior Lecturer in the School of 
Psychology) PhD candidature in the School of Medicine and Public Health. These students 
are being supervised by Professor Simon Dennis (School of Psychology) and Associate 
Professor Frances Kay-Lambkin (School of Health and Public Medicine) and assisted with 
data analysis by Conjoint Associate Professor Rachel Heath (School of Psychology). 
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Why is the research being done? 

This research project examines how lifestyle patterns can predict symptom changes in 
people diagnosed with Bipolar Disorder. We are particularly interested in examining 
patterns of sleep, physical activity, and social stimulation (how much socialising you do) as 
shown by people with Bipolar Disorder. Over a 12-month period, we will monitor these 
lifestyle activities via a Fitbit Charge HR (a fitness tracker), and two free android 
smartphone applications; Unforgettable Me (designed by researchers at the University of 
Newcastle), and the IF app which is commercially available. You will also be sent a text 
message with a link to a short online mood survey, which we will ask you to complete once 
a week. We hope that this research will help clinicians to predict and potentially prevent 
relapse in patients diagnosed with Bipolar Disorder.  

 

Who can participate in the research? 

You are invited to take part in this study because you responded to an advertisement that 
described the research project and what would be required of you. This study will be 
suitable for you if you: 

• have a formal diagnosis of Bipolar Disorder Type I or Type II; 
• have English as your first language; 
• are aged between 18 and 50 years of age; 
• are currently under the care of a GP or Psychiatrist; 
• are stable on medication; and 
• have an Android smartphone. 

 
This study is not suitable for you if you have another serious medical condition (such as 
epilepsy or diabetes) or if you are acutely unwell, suicidal, have a brain injury, intellectual 
impairment or learning disorder. 
 

What would you be asked to do? 

If you agree to participate, you will be asked to attend the University of Newcastle 
Psychology Clinic (see attached map and parking information) on a Wednesday for six 
face-to-face assessments over the course of a 12-month period. These will include an initial 
assessment, an assessment one-week later to discuss any questions or concerns you might 
have about the study or the devices we are using to measure your behaviour, as well as 
assessments at 3, 6, 9, and 12 months after the initial assessment. We will also invite you to 
attend three follow-up visits; at 1, 3 and 6 months after we have completed the data 
collection. Each assessment will last for approximately one hour, except for the first visit, 
which will take up to two hours.  
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During the first face-to-face assessment, you will be asked to complete a number of 
questionnaires. These will ask you to provide information about your diagnosis, symptom 
severity, and lifestyle habits. We will also record your height and weight. At subsequent 
assessments, we will repeat some of these measures. The measurement devices we are 
using in this study will also be set up for you at this time. 

At the first assessment, you will be provided with a Fitbit Charge HR (a wrist-worn fitness-
tracking device), which we would like you wear for the 12 months of the study. The device 
will record your sleep-wake cycles and levels of physical activity. We will also set up the 
Android smartphone apps for you, and demonstrate how you can access the weekly online 
mood-rating questionnaire. Please see below for further information about how we will use 
these devices. 

At this first assessment, you will also be asked for your consent so that the person 
conducting this assessment (Catherine, Nicole, Madeleine or Tanya) can communicate with 
the health professional overseeing your mental health care and treatment. This person will 
be able to verify your diagnosis for our research purposes and ensure that your safety and 
wellbeing are maintained throughout the study. Please see the consent form for more 
information about the circumstances under which your health care professional may need to 
be contacted. 

 

A Summary of the Assessments, their Durations and Reimbursements: 

1. Start of study (2 hours) $20 
2. Week 2 assessment (1 hour) $10  
3. 3-month assessment (1 hour) $10 
4. 6-month assessment (1 hour) $10 
5. 9-month assessment (1 hour) $10 
6. 12-month assessment (1 hour) $10 
7. 1-month post-study review (1 hour) $10 
8. 3-month post-study review (1 hour) $10 
9. 6-month post-study review (1 hour) $10  

 
All assessments will occur at The University of Newcastle Psychology Clinic. When you 
complete the study, your total reimbursement will be $100. We would also like to contact 
you after the study has been completed to invite you to take part in future studies related to 
Bipolar Disorder. 

 

What choice do you have? 

Participation in this research is entirely voluntary. Before you can take part, your informed 
consent will be required. Whether or not you decide to participate, your decision will not 
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disadvantage you or affect the current treatment you are receiving, nor will it adversely 
affect your relationship with the University of Newcastle or the researchers.  

Even if you do decide to participate in this project, you may withdraw at any time without 
giving a reason by contacting Associate Professor Kay-Lambkin whose contact details are 
at the top of this Information Sheet. If this does occur please let us know so we can assist 
you to deactivate all apps and accounts involved in data collection. 

How much time will it take? 

The data collection for this long-term project will take about 12 months with follow-up 
interviews occurring up to six months later. We will ask that you wear the Fitbit Charge HR 
device at all times, where possible, for a period of 12 months and attend six face-to-face 
assessments during this time. As stated above, the first assessment will take up to two 
hours, and each subsequent assessment will take approximately one hour. It should only 
take you about five minutes each week to complete a brief online mood-rating questionnaire 
once a week. When the 12-month data collection period has concluded, we will invite you 
to attend three face-to-face follow-up assessments after one, three and six months, each of 
these assessments taking approximately one hour. 

 

What are the risks and benefits of your participating in this project? 

Each participant will receive a Fitbit Charge HR. You will also be given a gift voucher at 
each face-to-face assessment you attend in order to reimburse you for your time associated 
with this research.  

You may not benefit personally from participating in this research study. However, we 
hope to use the information you provide to monitor the progress of people diagnosed with 
Bipolar Disorder and improve our ability to predict relapse. By so doing, we hope to 
improve the quality of life for people diagnosed with Bipolar Disorder. 

Some people experience skin irritation from wearing the Fitbit Charge HR on their wrist. 
Please contact the researchers if this occurs, as we will suggest other ways you can wear the 
Fitbit device so that this problem can be avoided.  

A clinical psychologist, Dr Tanya Hanstock, will be available should you require 
psychological support during the face-to-face assessments. We have also provided you with 
the contact details of appropriate mental health services at the end of this document should 
you experience any distress while participating in this study. 

 

How will your privacy be protected? 

Only the members of the research team will have access to your identifiable information 
while they conduct face-to-face assessments with you, and contact your treating health 
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professional in regards to these appointments. For all other research purposes, you will be 
given a participant number. In order to protect your confidentiality, this number will be 
used to identify all the information you provide for this project. 

For specific information on how the automatically collected Fitbit and smartphone data will 
be accessed by the researchers, please read the technology information provided below. 
Wherever possible, we have indicated how you can examine and then possibly withdraw 
your data prior to it being accessed by the researchers.  

Any information collected by the researchers that might identify you will be stored securely 
at the University of Newcastle and be accessible only by the researchers, unless you 
consent otherwise. There are limits to confidentiality, as required by law, and these will be 
discussed with you in detail in the first face-to-face meeting, prior to beginning the 
assessment. Data will be retained for at least five years. Your information will only be used 
for the purpose of this research study and it will only be disclosed without any personal 
identification with your permission.  

 

How will the information collected be used? 

The information collected from this research project will form a substantial component of 
the Masters theses to be submitted by the student researchers, Nicole Carter, Madeleine 
Drew and Catherine King. It also forms part of PhD research being conducted by Dr Tanya 
Hanstock. It is anticipated that the results of this research study will be published and/or 
presented in a variety of public forums. In any publication and/or presentation, information 
will be provided in such a way that you will not be able to be identified. Your data without 
identifiers may also be shared with other research groups to further our knowledge of 
Bipolar Disorder. 

You have a right to receive feedback about the overall results of this study. If you request it, 
this feedback will be provided via email or post after the study has been completed.  

 

What do you need to do to participate in this research project? 

Please read this Information Statement carefully and be sure that you understand its 
contents before you consent to participate. If there is anything you do not understand, or if 
you have any questions, please contact Associate Professor Frances Kay-Lambkin, whose 
contact details are provided below. 

If you would like to participate, please complete the attached Consent Form and return it 
directly to the researchers. Alternatively, you can return it to us via mail, addressed to 
Associate Professor Kay-Lambkin at the address at the top of this form. Please ensure you 
keep a copy of this Participant Information Statement for future reference throughout the 
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study. A member of the research team will then contact you to arrange a convenient time 
for the initial interview. 

 

Further information 

If you would like further information about this study, please contact: 

Associate Professor Frances Kay-Lambkin 

School of Health & Public Medicine 
University of Newcastle 
University Dr, Callaghan NSW 2308 

Phone: (02) 49854309  

Email: Frances.Kaylambkin@newcastle.edu.au  

Thank you for considering this invitation. 

 
Complaints about the Conduct of this Research Project 
 
This research has been approved by the University of Newcastle’s Human Research Ethics 
Committee, Reference H-2016-0067. 
 
Should you have concerns about your rights as a participant in this research, or if you have 
a complaint about the manner in which the research is being conducted, you may contact 
Associate Professor Kay-Lambkin, or if you would prefer to discuss the matter with an 
independent person please contact: 
 
The Senior Human Research Ethics Officer   

Research Office, The Chancellery,  

The University of Newcastle,  

University Drive, Callaghan,  

NSW, 2308, Australia 

Phone: (02) 4921 6333 or  

Email: human-ethics@newcastle.edu.au. 

mailto:human-ethics@newcastle.edu.au
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INFORMATION ABOUT THE DEVICES AND COMPUTER PROGRAMS WE 
WILL BE USING IN THIS PROJECT 

Fitbit Charge HR 
 

Fitbit Account Set-up and Privacy: 
 

A Fitbit account and password has been set up for you using a free Gmail address and your 
participant ID instead of your name. This means that the researchers will only be able to see 
this code and they will not know whether the data belongs to you. Your information will be 
stored securely and only accessed by necessary members of the research team, using your 
participant ID, so that your identity will be protected and privacy maintained at all times. 
No identifiable data will be published. Your name will not appear on any data sets. 

At the initial assessment the research team will assist you to install, then log in to the Fitbit 
app on your Android phone. You will be able to view your Fitbit results on your phone app 
or on the Fitbit Dashboard, which can be viewed on any web browser. The researchers will 
securely store these login details for the purposes of remotely accessing and downloading 
your data for analysis by logging into the Fitbit web interface.  
Once your participation in the study has concluded we will assist you to transfer the Fitbit 
login to your name and to change the password. Once complete the research team will no 
longer have access to your account or data.  
 

Password Recovery: 
 

The Fitbit app will only require you to login once during set up. However, if your device is 
reset, or the application is re-installed you will need to re-enter your password. If you forget 
your password during the study, please contact Dr Tanya Hanstock for assistance. Please do 
not use the Fitbit password recovery service. Doing so will send a password reset request to 
the research team. 
 

Setting Up Your Fitbit Charge HR: 
 

In the initial appointment you will be shown how to turn on, calibrate, and sync your Fitbit 
with your Android smartphone. 
 

How to wear the Fitbit Charge HR: 
 

It is recommended that you wear the Fitbit charge HR on your non-dominant hand, one 
finger’s width above the wrist bone, and not too tight, as suggested by Fitbit 
documentation. For better heart rate readings during exercise, it is recommended that you 
wear the band so that it’s secure, but not too tight, and to wear the band higher on your 
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wrist (about 2-3 finger widths above your wrist bone) and then to lower the band and 
loosen it after exercise, as suggested by Fitbit documentation. Please note that the Fitbit 
Charge HR can cause skin irritation if worn constantly. If this occurs, please remove the 
device, seek first aid if necessary, and contact the Project Manager. 
 

When to Wear the Fitbit Charge HR: 
 

Please be aware that the Fitbit Charge HR is not waterproof. It will need to be removed 
before showering or partaking in aquatic sports and replaced as soon as possible afterwards. 
Please wear the Fitbit Charge HR throughout the day and while sleeping, except when 
showering, partaking in aquatic sports, and during recharging. During sleep recording, 
please leave the setting as “Normal,” which is indicated as “appropriate for most users” by 
Fitbit documentation.  

Charging the FitBit Charge HR: 
 

The Fitbit Charge HR needs to be charged through a USB connection on either a computer 
or directly using a USB charging device, such as the one you use to recharge your Android 
smartphone. The battery lasts for up to five days, and it will need to be connected for 
several hours to recharge. You will receive a warning on the small screen of the Fitbit and 
in the app when you need to recharge the device. Try to recharge the Fitbit during the day 
so that the sleep measurements will not be disrupted.  
 

Syncing Your Data: 
 

The Fitbit device is automatically synchronized with your smartphone app whenever 
Bluetooth is enabled. If you are flying, setting your smartphone to airplane mode will not 
affect the recording of Fitbit data but no data will be transferred to your app during this 
time. Once you switch off airplane mode, Bluetooth will be enabled and data 
synchronization will resume. Whenever you attach your Fitbit to a computer via the USB 
cable, data will be automatically transferred to the application. Please see 
https://help.fitbit.com for further information on device compatibility and features.  
 

Technical Assistance: 
 

If you have any problems with the technology for this study, please contact Dr Tanya 
Hanstock via email at Tanya.Hanstock@newcastle.edu.au 
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Mood Survey 

You will be asked to complete a brief, online mood-rating survey each week. A weekly 
reminder will be sent to your mobile phone prompting you to complete the survey via a 
web link contained within the SMS message. The survey should take no more than a few 
minutes to complete. The survey is most effective when completed as close to the time it is 
received as possible. 

The survey asks you to rate how you feel at the moment and gives you a four-choice scale 
that you can use to rate your feelings. There is also a section for you to add additional 
comments if you wish. Your data will be sent to the researchers using your participant ID. 
No one will know that this data comes from you. 

Technology Assistance: 
If you have any problems with the technology for this study, please contact Dr Tanya 
Hanstock via email at tanya.hanstock@newcastle.edu.au 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

  

mailto:tanya.hanstock@newcastle.edu.au
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Mental Health Services Contact Details 

24 Hour Emergency Support: 

Lifeline (free call from mobile) 13 11 14 

Lifeline Crisis Support Chat www.lifeline.org.au/Get-Help/Online-Services/crisis-chat 

Suicide Call Back Service 1300 659 467 

NSW Mental Health Line 1800 011 511 
 

Men’s Helpline 1300 789 978 
 

NSW Rural Mental Health Line 1800 656 463 

Psychiatric Emergency Care Centre 
Mater Mental Health Centre 
Edith St Waratah NSW 2298 
Phone: 1800 011 511 
 

Lake Macquarie Mental Health 
Mater Mental Health Centre 
Edith St Waratah NSW 2298 
Phone: 4033 5336 
 
Mental Health Substance Use (North) 
Edith St Waratah NSW 2298 
Phone: 4033 5460 

Mental Health Substance Use (South)  
Edith St Waratah NSW 2298 
Phone: 4033 5440 
 

Newcastle Adult Mental Health and Rehabilitation Team 
Barrack Building 
James Fletcher Campus 
72 Watt St Newcastle NSW 2300 
Phone: 4964 7000, 4964 7001 

Lake Macquarie Adult Mental Health and Rehabilitation Team 
James Fletcher Campus 
72 Watt St  
Newcastle NSW 2300 
Phone: 4904 9000, 4904 9049 

https://www.lifeline.org.au/Get-Help/Online-Services/crisis-chat
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Mental Health and Substance Use 
McAuley Building 
Mater Campus 
Edith St Waratah NSW 2298 
Phone: 4033 5600, 4033 5606 

Hunter Valley Hospital Inpatient services: 

Short Term Acute 
Maitland Hospital 
550 High St 
Maitland NSW 2320 
Phone: 4939 2456 

Adult Mental Health 
555 High St 
Maitland NSW 2320 
Phone: 1800 011 511 

Hunter Valley Rehabilitation Team 
555 High St 
Maitland NSW 2320 
Phone: 4939 2940 
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Appendix D: Consent Form 

 

Associate Professor Frances Kay Lambkin 
School of Health & Public Medicine 
University of Newcastle 
University Drive,  
Callaghan  
NSW 2308 
Phone: (02) 49854309  
Email: Frances.Kaylambkin@newcastle.edu.au  
 

Consent Form for the Research Project: 
Lifelogging and Bipolar Disorder  

Document Version 2: 28/05/16 
 

 

I,   …………………………………………………………………, agree to participate in the above 
(name of participant) 
research project and give my consent freely. 

I understand that this project will be conducted as described in the Participant 
Information Statement, a copy of which I have retained. 

I understand that I can withdraw from the project at any time and do not have to give 
any reason for withdrawing, and that this will not affect the current or future care I 
receive from health services and any current or future association with the University 
of Newcastle. I understand that I have the right to withdraw from the study and not 
have any of my data used or I can withdraw from the study and choose to have my 
existing data used in the research. 

I consent to: 

a) an initial and a one-week follow up face-to-face assessment. 
b) ongoing face-to-face assessments at 3, 6, 9 and 12 months after the start of the 

study.  
c) wearing of the FitBit Charge HR for 12 months. 
d) receiving a weekly text message with a link to an online mood survey for me to 

complete.  
e) being invited to participate in three follow up face-to-face assessments 1, 3 and 

6 months after the 12-month period of data collection has finished. 
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f) the researchers having access to my data obtained during my time in the study, 
including data from the FitBit charge HR, online survey, face-to-face 
assessments, and smartphone applications used in the study  

 

I am also aware that the researchers will contact my treating General Practitioner 
(GP), Psychiatrist and/or Psychologist about my mental health history and treatment. 
The researchers and my treating professional/s will liaise with each other if I am 
showing signs of a relapse or have a relapse.  

I give consent for the researchers to contact the following professionals who are 
involved in my treatment: 

Name of Treating Professional Place of Work 
 
 

 

 
 

 

 
 

 

 
 

 

  

I understand that my personal information will remain confidential to the researchers, 
except as required by law and departmental policy. 

 

I have had the opportunity to have questions answered to my satisfaction. I am aware 
that I may not receive any personal benefit from participating in this project.  

 

I understand I will be given personal feedback after each assessment is completed.  

 

I would like a copy of the summary of research results.  

                         ☐   Yes           ☐   No 

 

I would like to be contacted regarding future related research projects. 

                                    ☐   Yes           ☐   No 
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I consent for my unidentified data to be available for future related projects that 
receive ethics approval. 

                                  ☐   Yes           ☐   No 

 

 

……………………………                                             ……………………………… 

Signature of participant    Signature of witness 

 

 

 

 

…………………………………                                ………………………………… 

 

Name of participant     Name of witness 

 

 

 

 

………………………                                                    …………………… 

Date       Date 
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Appendix E: Baseline Assessment Form 

Initial Intake of Participants in The Bipolar Study 

Hi my name is …………………… and I’m a Clinical Psychologist/Provisional Psychologist and a member 
of the Bipolar Disorder research team.  Thank you for coming in today and taking part in our study. 
As you may be aware, the study is about monitoring people with bipolar disorder for 12 months to 
see if we can identify early warning signs for a relapse. Today I’ll be asking you some information 
about you and your bipolar disorder. This initial assessment will go for 2-3 hours. I just want to 
check you have our parking voucher on your dashboard and that you have parked in the 
Psychology Clinic car spaces? Your future review appointments will be much shorter (30mins to 1 
hr) as we won’t have to ask a lot of this information again. Are you Ok to start? 

(Give information form and go through this and the consent form) – limits to confidentiality  

(Ask participant to sign the consent form) 

1. How did you hear about the study? 

Demographics 
(Date of Initial Assessment): 
 
(Assessing psychologist/title):  
 
(Name of Participant): 
 
(Participant Number): 
 
(Gender): 

2. What is your date of birth? 
 

3. What is your address? 
 

4. What is your mobile number? 
 

5. What is the best email address to contact you on if needed? 
 

6. Who is your GP? 
 

7. Do you have a treating Psychologist/Clinical Psychologist? (if so, who is this, how long 
have you been seeing them and how often do you see them?): 

 

8. Do you have a treating Psychiatrist? (if so, who is this, how long have you been seeing 
them and how often do you see them?): 
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9. If there was an emergency or if we could not easily contact you, who would be the best 

contact for you? (Name, relationship and mobile number): 

 
Background Details 

1. How would you describe your relationship status (e.g., single, married, in a de-facto 
relationship, divorced)? 
 
 

2. Do you have any children (if so ages and gender)? 

 

3. What is your current employment/study/financial benefit? 

 

4. What is your highest level of education? 

 

5. What is your current income (0-$18,200, $18,201-$37,000, $37,001-$80,000, $80,001-
$180, 000, $180,000 and over) 

 

6. What is your current household income? (use above tax brackets) 

 
History and Symptoms of BD  

7. How old where you when you think you first had any symptoms of Bipolar Disorder? 

 

8. How old were you when you were actually diagnosed (and year)? 

 

9. What are your current diagnoses (include comorbidities)? 

 

10. How many hospital admissions have you had? (at what age/year?) 

 

11. Have you ever attempted suicide (age/year)? 

 

12. Have you ever engaged in self-harm (age/year)? 
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13. Do you currently use any substances (type, how much and how often)? 

 

14. Do you drink alcohol (type, how much and how often)? 

 

15. Do you currently smoke cigarettes (how much and how often)?  

 

16. What are your current medications? 

 

17. How compliant are you with taking them? 

 

18. Do you have any side effects from your medication? 

 

19. Have you received any psychological help (when, for how long, what type of therapy, 
what type of psychologist)? 

 

20. Are there any family history of MH Issues (esp. BD)? 

 

21. Has anyone in your family died by suicide? 

 

*Administer the SCID-5 RV (BD section only)* 

Clinician Rated: 

BDRS 

YMRS (this can be done after if needed) 

 

Physical Health Details 

22. Do you have any physical health issues? 
 
 

23. Are you on any medications for these (which medication for which conditions, dose)? 
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24. Have you ever used a lifestyle-monitoring device before (if so which one/s, how long, 
how did you find it)? 

 

25. Have you ever used a Mental Health phone app before (if so which one/s, how long, 
how did you find it)? 

 

Measure the following for the client: 

Weight: 

Height: 

Calculate BMI: 

 

Administer Measures 

Client: 

PSQI 

IPAQ-SF 

DSSI-10 

Personal Network  
*Make sure participants have the same amount of time to complete this (15 mins) 

 
Travel 

 
Socialisation 

 
 

Risk assessment using risk assessment sheet- only if this has been indicated that it is needed in 
the assessments 

Devise safety plan using safety plan sheet – may need to ask their permission to contact the 
person they live with to let them know the situation and when you write to their treating 
professional include your assessment of the situation 
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Fitbit Charge HR 

Now I will tell you everything you need about your FitBit Charge HR. Here is the written 
information sheet as well so it can help you remember this information. A Fitbit Charge HR 
Account has been set up for you using a free Gmail address and password that are securely 
stored by the research team for the purpose of remotely accessing and downloading your 
data for analysis. The account is registered using your participant ID. Your information 
will be stored securely and only accessed by necessary members of the research team, 
using your participant ID, so that your identity will be protected and privacy maintained at 
all times. No identifiable data will be published. Your name will not appear on any data 
sets. Once your participation in the study has concluded we will assist you to transfer the 
Fitbit login to your name and to change the password. Once complete, the research team 
will no longer have access to your account or data. You will be able to view your Fitbit 
results on the Fitbit phone app, which we will download with you shortly. 

 
Password Recovery: 

The Fitbit app will only require you to log in once during set up. However, if your device is 
reset, or the application is re-installed you will need to re-enter your password. If you 
forget your password during the study, please contact Dr Tanya Hanstock for assistance. 
Please do not use the Fitbit password recovery service. Doing so will send a password 
reset request to the research team. 

 

Setting Up Your Fitbit Charge HR: 

*The participant's phone must not be connected to the university’s Wi-Fi or the university’s 
guest Wi-Fi because the apps will not download on this. Make sure the participant has 
their Wi-Fi turned off and this will connect them to their external Wi-Fi or their providers 
Wi-Fi.  

I will now show you how to turn on, calibrate, and sync your Fitbit with your Android 
smartphone - do this: 

1. Go to www.fitbit.com and follow the prompts and this will set up the fitbit web 
browser.  

2. Download app and log in. Select “add device” and follow prompts 

3. Use the Fitbit Instructions sheet and go through sections of the fitbit app and fitbit 
web browser and then read the information below.  

 

 

 

http://www.fitbit.com/
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How to wear the Fitbit Charge HR: 

It is recommended that you wear the Fitbit charge HR on your non-dominant hand, one 
finger’s width above the wrist bone, and not too tight, as suggested by Fitbit 
documentation. wrist (about 2-3 finger widths above your wrist bone) and then to lower the 
band and loosen it after exercise, as suggested by Fitbit documentation.  
Please note that the Fitbit Charge HR can cause skin irritation if worn constantly. If this 
occurs, please remove the device, seek first aid if necessary, and contact the Project 
Manager. 

 
When to Wear the Fitbit Charge HR: 

Please be aware that the Fitbit Charge HR is not waterproof. It will need to be removed 
before showering or partaking in aquatic sports and replaced as soon as possible 
afterwards. Please wear the Fitbit Charge HR throughout the day and while sleeping, 
except when showering, partaking in aquatic sports, and during recharging. During sleep 
recording, please leave the setting as “Normal,” which is indicated as appropriate for most 
users by Fitbit documentation. 

Charging the Fitbit Charge HR: 

The Fitbit Charge HR needs to be charged through a USB connection on either a computer 
or directly using a USB charging device, such as the one you use to recharge your Android 
smartphone. The battery lasts for up to five days, and it will need to be connected for 
several hours to recharge. You will receive a warning on the small screen of the Fitbit and 
in the app when you need to recharge the device. Try to recharge the Fitbit during the day 
so that the sleep measurements will not be disrupted.  

Syncing Your Data: 

The Fitbit device is automatically synchronized with your smartphone app whenever 
Bluetooth is enabled. If you are flying, setting your smartphone to airplane mode will not 
affect the recording of Fitbit data but no data will be transferred to your app during this 
time. Once you switch off airplane mode, Bluetooth will be enabled and data 
synchronization will resume. Whenever you attach your Fitbit to a computer via the USB 
cable, data will be automatically transferred to the application. Please see 
https://help.fitbit.com for further information on device compatibility and features.  

 
Technical Assistance: 

If you have any problems with the technology for this study, please contact Dr Tanya 
Hanstock via email at Tanya.Hanstock@newcastle.edu.au 
  

https://help.fitbit.com/
mailto:Tanya.Hanstock@newcastle.edu.au
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Mood Survey 

You will be asked to complete a brief, online mood-rating survey each week. A weekly 
reminder will be sent to your mobile phone prompting you to complete the survey via a web 
link included in your SMS message. The survey should take no more than a few minutes to 
complete. The survey is most efficient when completed as close to the time it is received as 
possible. 

The survey asks you to rate how you feel at the moment and gives you a four-choice scale 
that you can use to rate your feelings. There is also a section for you to add additional 
comments if you wish. Your data will be sent to the researchers using your participant ID. 
No one will know that this data comes from you. 

We will now ask you to complete the mood survey to check that it works.  

Technology Assistance: 
If you have any problems with the technology for this study, please contact Dr Tanya 
Hanstock via email at Tanya.Hanstock@newcastle.edu.au  
 

  

mailto:Tanya.Hanstock@newcastle.edu.au
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Final details: 

Write down the username and password for the fitbit app and web browser/IF app/UM app and 
web browser for the participant – these should be the same for each participant. 

 

Show them the list of health professionals on the PCIF form if they become unwell and need to 
see a health professional and can’t get into their usual treating professionals.  

 

Here are the dates/time of next follow up session (let them know we can post the parking pass 
out closer to the date) but if it is straight after the initial, can give them their one week post 
follow up parking pass then. 

 

Here are the details of who you can contact between now and the follow up appointment if they 
have any questions or concerns. 

 

Let them know we will be sending a letter to their treating professional stating they are now 
engaged in the study.  

 

Do you have any questions or concerns re: the study? 

 

Here is your gift voucher for coming today – make sure you mark it off the chart using the 
specific code 

 

After they leave – do the scoring of each assessment using the spreadsheet if you have time 

 

   Send the letter to their treating professional  
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Appendix F: Young Mania Rating Scale (YMRS; Young et al., 1978) 
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Appendix G: Bipolar Depression Rating Scale (BDRS; Berk et al., 2007) 
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Appendix H: Pittsburgh Sleep Quality Index (PSQI; Buysse et al., 1989) 
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Appendix I: Weekly Mood Survey 

Weekly Mood Rating 
How do you feel today?  

Please choose the appropriate response for each item: 

  None Mild Moderate Severe 
Depressed 

    

Elevated 
    

Irritable 
    

Anxious 
    

Psychotic 
    

 

Any comments about your mood this week?  

Please write your answer here: 

  
 
 
 

Thanks for filling in this report. You can now close this window. 
 
 
Submit your survey. 
 

Thank you for completing this survey.  
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Appendix J: Fitbit Charge HR Instructions 

Fitbit Web Interface: 
 

• To sync data from the Fitbit wrist device to the Fitbit web interface, you need to 
connect the Fitbit device to your computer via the USB cable.  

• You can add exercise by pressing the log tab, then activities tab if you forget to 
wear the Fitbit during exercise.  

• You can add sleep by pressing the log tab, then sleep tab if you forget to wear 
the Fitbit during sleep or have a nap that is less than one hour. 

• You can edit sleep by pressing the log tab, then sleep tab, then edit tab if you do 
not agree with the amount of sleep the Fitbit has tracked you as having (you may 
have been lying on the lounge watching TV and the Fitbit has interpreted it as 
sleep but you have not fallen asleep).  

• On the dashboard there is a resting heart rate section which explains the different 
heart rate sections that will appear when you are exercising (you can read this in 
own time) but we are flagging this for you now.  

• Aim is 10,000 steps a day with Fitbit community users. 
• Can track weight, calories, liquid and write meal plans if wish to do so. 
• Badges are provided as incentives.  

 

Fitbit Application: 

• Bluetooth needs to be turned on in phone to sync data from Fitbit wrist device to 
Fitbit app. 

• Can set up main dashboard how you want to by pressing edit in the top right 
hand corner. 

• The Fitbit app has the feature of how many steps you do each hour. 
• In the sleep section if you press the cog wheel (top right) you can set a time 

asleep goal, bedtime and wakeup time and a bedtime reminder if you wish. 
• The + symbol will also allow you to add a sleep log if you had a nap under one 

hour.  
• In the exercise section the timer symbol (top right) will allow you to log exercise 

if you did not wear the Fitbit during the exercise 
 

General Wear: 

           Fitbit.com recommends: 
• Make sure you wear your Fitbit Charge HR band so that it is not too tight and it 

can move back and forth on your wrist. It is recommended that you wear the 
band on your non-dominant hand, one finger’s width above the wrist bone. For 
better heart rate readings during exercise, it is recommended that you wear the 
band so that it’s secure, but not too tight, and to wear the band higher 
on your wrist (about 2-3 finger widths above your wrist bone) and then to lower 
the band and loosen it after exercise.  

• Regularly clean your band and wrist, especially after working out or sweating. 
Do NOT use hand soap, body soap, dish soap, hand sanitizers, cleaning wipes or 
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household cleaners which could get trapped beneath the band and agitate your 
skin.  

• To remove build-up of lotions and oils (such as sunscreen, insect repellent and 
moisturizers) that can be trapped beneath the band, we recommend that you use 
a soap-free cleanser like Aquanil, rinse thoroughly and always dry the band well 
before putting it back on. 

• For tough spots and stains on your band, scrub with a wet soft-bristled 
toothbrush. 

• If you have eczema, allergies or asthma you may be more vulnerable towards 
developing a skin irritation or allergy from a wearable device. 

• Whether you have the conditions above or not, if you start to experience    
redness or skin irritation on your wrist, remove your device.  

• If symptoms persist longer than 2-3 days after having removed your band, 
contact a dermatologist. 

• If you sweat for more than two hours while wearing your Fitbit band, wash your 
band and your wrist using the directions above to avoid skin agitation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  



 
 
 
 

 
 
   BIPOLAR DISORDER AND SLEEP PATTERNS                                                  118 

Appendix K: Letter to Treating Professional 

Associate Professor Frances Kay Lambkin 
School of Health & Public Medicine 
University of Newcastle 
University Drive,  
Callaghan  
NSW 2308 
Phone: (02) 49854309  
Email: Frances.Kaylambkin@newcastle.edu.au  
 

DATE 

 

To health care provider, 

Re: PARTICIPANT’S NAME’s Participation in Our Study (H-2016-0067) 

We are writing to inform you that your client, PARTICIPANT NAME has commenced in our 
study ‘Utilising Life Logging and New Technologies to Help Predict Relapse in Bipolar Disorder’ 
(H-2016-0067) on the DATE. Please see attached their written consent form to liaise with you. 
Our study involves monitoring people with Bipolar Disorder with a Fitbit Charge HR, a 
smartphone app, as well as self-reports and clinician-rated measures. We will see your client 
for an initial assessment as well as every 3 months and then at 3, 6 and 12 months post study 
completion.  

To assist us with our study, can you please let us know if your client experiences a relapse in 
their Bipolar Disorder? We define a relapse as when they are becoming unwell with 
manic/hypomanic symptoms, depressive or psychotic symptoms, require a new scheduled 
appointment with you, a change in their medication and/or a hospital admission. We will also 
inform you if we are concerned about your client when they present to their appointments or 
contact us. We will also write to you every 3 months to check if your client has experienced 
any of the above definitions of a relapse. Lastly, we will inform you in writing when your client 
is no longer in our study.  

Please do not hesitate to contact us regarding this study and your client’s involvement. At the 
conclusion, we will give you an option of seeing the study results, where all patient and health 
care data will be de-identified for confidentiality reasons. 

 

Yours Sincerely, 

A/Prof Frances Kay Lambkin                                              Dr Tanya Hanstock 

Principal Investigator                                          Co-Investigator and PhD Candidate 

  



 
 
 
 

 
 
   BIPOLAR DISORDER AND SLEEP PATTERNS                                                  119 

Appendix L: 1-Week and 3-Month Assessment Form 

Follow Up Review of Participants in The Bipolar Study 

Remind the participant who you are, and that this is a follow up appointment for the Bipolar 
Study. Explain what number and length of time the follow up is (for example, this is the follow 
up appointment number and the next appointment will be 3 months from their initial 
assessment appointment). Explain to them how many more you would like them to attend. 
Check the dates with them regarding these. Explain that this will take 1hr. Make sure they 
have a parking pass. 

 

Demographics 

(Date of Follow up Assessment): 

(Assessing psychologist/title):  

(Name of Participant): 

(Participant Number): 

Ask them if they have any changes to their contact details since they started in the study? For 
example have they moved, change phone numbers etc? 

Have you had any changes as to who is your: 

GP: (if so write the details of the new GP) 

Psychiatrist: (if so write the details of the new Psychiatrist) 

 

Ask them how their BD has been since they entered the study? Write a short narrative 

 

 

 

Have they had any episodes of: 

Depression (if so how many and for how long was each one) 

Hypomania/Mania (if so how many and for how long was each one) 

Psychosis? (if so how many and for how long was each one) 

Self-harm? (if so how many and for how long was each one) 

Suicide attempts? (if so how many and for how long was each one) 
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Did they have to go to their GP or Psychiatrist for any appointments? 

(Check whether these were previously scheduled or if they had any extra appointments) 

Have they had to change medication? (if so what are they now on) 

Have they had a hospital admission? (if so, where and for how long) 

Physical Health Details 

Have you had any changes in substance use? 

Have you had any changes with alcohol intake? 

Have you had any changes in smoking? 

Have you had any changes in sleep/wake cycle? 

Have you had any changes in exercise? 

Have you had any changes in socialising? 

Weight: 

Calculate BMI (let them know this): 

 

Administer Measures 

Client: 

PSQI -  

IPAQ-SF 

DSSI-10 

Personal Network Map 

Travel  

Socialisation  

 

Clinician Rated: 

BDRS -  

YMRS 

Risk assessment if needed 
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FitBit Information 

Remind the client what the study involves again 

Ask them how they have been finding the fitbit (record some of the narrative) 

 

What have they enjoyed about it? 

 

Have they had any problems with it? 

 

Have they been looking at their data? 

Ask the participant if they think any of their sleep logs may have been when they were lying 
down still for over an hour (e.g watching t.v). If so, go through their sleep-wake data on the 
web browser and make a note of these logs here.  

 

Give them their gift voucher for coming today. 

Remind them of the dates/time of next follow up session (can give them parking permit on the 
day they next come in) 

Give written details of who the client can contact between now and the follow up 
appointment if they have any questions or concerns – info on their participant information 
form  

Did the client have any questions or concerns re: the study? 

Is the participant still keen to be in the study? 

Have they completed the mood survey? 

Let them know you will be writing to their treating professional asking about their relapses. 

Thank the participant for their time and for taking part in the study. 
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Appendix M: Conference Abstract for the International e-mental Health 
Conference (presented at the Hunter Medical Research Institute [HMRI], Newcastle, 

NSW Australia, November, 2016) 
 

Wearable and Smart Phone Technology for Predicting  
Relapse in Bipolar Disorder 

 
Background: Bipolar disorder (BD) is a chronic and often relapsing condition. It is 
ranked as the sixth most debilitating disorder worldwide. It is associated with high rates 
of hospital admission as well as a high suicide risk. Being able to predict relapse and 
quickly respond may reduce the number of hospitalisations, improve morbidity and 
mortality rates for individuals with BD as well as reduce economic costs for public and 
private health services. Australian researchers (Heath & Murray, in press) have shown 
that relapse in mania can be detected using activity measurement and have a sensitive 
methodology for predicting mood-related change using activity data. 

Methods: Thirty adults (aged 18 to 50 years) with BD, recruited through public health 
services as well as in the community, will undertake a 12-month monitoring study of 
lifestyle and symptom variables to identify early and subtle signs of relapse. Participants 
will have an initial assessment followed by four three-monthly assessments and one-, 
three- and six-months post follow-up assessments. BD symptoms and lifestyle variables 
(including sleep/wake cycles, activity levels and social stimulation) will be measured by 
a Fitbit Charge HR, a smartphone application that captures audio, accelerometry and 
GPS information continually and various commonly used psychological measures. 

Results: Using machine learning techniques, we aim to be able to predict signs of a 
relapse at least one week if not two weeks before clients present to health professionals 
with symptoms. Although each participant may have subtle idiosyncratic signs of 
relapse, we expect a group outcome of changes in sleep/wake cycles, activity and social 
stimulation that together will predict relapse. 

Conclusion: Helping clients gain better insight into their subtle, idiosyncratic and early 
warning signs of relapse is a helpful intervention. This may be made possible with new 
commonly used technologies such as wearable and smartphone devices. 

Hanstock, T.L., Kay-Lambkin, F., Dennis, S., Heath, R., Drew, M., Carter, N., & King, 
C. (20016). Wearables and smartphone technology for predicting relapse in bipolar 
disorder. Paper presented at the e-mental Health International Conference, Newcastle, 
Australia 
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Appendix N: Journal of Affective Disorders Guide for Authors 

 

JOURNAL OF AFFECTIVE         
DISORDERS 

                                Official Journal of the International Society for Affective Disorders 

                                      AUTHOR INFORMATION PACK 

           

TABLE OF CONTENTS 

 

 

 

 

 

 

 

 

 

http://www.elsevier.comhttps/www.isad.org.uk/default.asp
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