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It is important to establish an objective index to differentiate mood disorders (i.e.,
bipolar disorder; BD and major depressive disorder; MDD). The present study focused
on the pattern of changes of physical activity in the amount of activity intraday, and
examined the relationship between activity patterns and mood disorders. One hundred
and eighteen inpatients with MDD or BD in a depressive state provided the activity data
by using wearable activity trackers for 3 weeks. In order to illuminate the characteristic
patterns of intraday activities, Principal Component Analysis (PCA) was adopted to
extract the main components of intraday activity changes. We found that some of the
PCs reflected the differences between the types of mood disorder. BD participants
showed high activity pattern in the morning and low activity pattern in evenings.
However, MDD showed the opposite. Our results suggest that activity tracking focused
on daytime activity patterns may provide objective auxiliary diagnostic information.

Keywords: depressive disorder, bipolar disorder, intraday activity pattern, inpatients, wearable sensors

INTRODUCTION

It can be challenging to diagnose major depressive disorder (MDD) on the first medical
examination. Generally, clinicians diagnose mood disorders through comparing the observed
symptoms and episodes with diagnostic criteria such as the Diagnostic and Statistical Manual of
Mental Disorders (DSM). The symptoms associated with mood disorders are generally investigated
with the use of a clinical interview. At the same time, clinicians may observe depressive symptoms
or states in their patients during each medical examination. Typically, the psychiatric diagnosis of
MDD is guided by this information. In this study, we focused on physical activity patterns which
are potentially useful tool to help inform the diagnosis of MDD, and have the added benefit of being
objectively assessed by non-invasive and easy to use equipment.

Regardless of current symptoms, obtaining a detailed history is vital to accurate diagnosis of
mood disorder. For example, if a patient presents with current depressive symptoms, it is important
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to know whether there is a prior manic episode, as this would
automatically lead to a diagnosis of bipolar disorder (BD) as
opposed to MDD (American Psychiatric Association, 2013).
Likewise, if manic symptoms appear following a major depressive
episode, the diagnosis would change from MDD to BD. In a
previous study, which surveyed participants with a diagnosis of
BD, researchers found that as many as one-third were initially
diagnosed with depression (Hirschfeld et al., 2003). Diagnosing
a mood disorder is particularly difficult during the depressive
phase, because depressive symptoms commonly appear in a
variety of physical and psychiatric disorders (Kupfer et al., 2012).
There are no clear differences in diagnostic criteria between
depressive symptoms found in MDD and those found in BD.
Therefore, at the time of the first depressive episode, it is
impossible to rule out the possibility of a bipolar depression.
Thus, in order to accurately diagnose mood disorders, especially
BD, it is important to monitor patients over time. Giving an
incorrect diagnosis will not only delay the onset of proper
treatment, but, in the case of BD, administering antidepressants
(e.g., Selective Serotonin Reuptake Inhibitors) to BD patients may
cause “rapid cycling” (i.e., the patient oscillates between brief
manic and depressive episodes) (Bowden, 2005). Therefore, early
and accurate diagnosis is critical in psychiatric disorders in order
to administer the most appropriate, evidence-based treatment
(Valentí et al., 2015).

There is a call amongst researchers in mood disorders
to investigate more objective indicators of depression or BD
including potential biomarkers (Holsboer, 2008). Several studies
have already reported the presence of genes that appear to be
associated with depression (Holsboer, 2008; Cai et al., 2015)
and the development of BD. There have additionally been some
associations found between depression and the hippocampus
(Sheline et al., 1996; Hori et al., 2016) and the volume of
the orbitofrontal cortex (Vythilingam et al., 2002). Furthermore
reduced volume and structural abnormality of white matter in
patients with BD (Ballmaier et al., 2004) has also been pointed
out. These studies have focused on the effects of new drugs on
neurons as well as their impact on the onset of mood disorders.
Such research does not, however, improve clinicians’ abilities to
diagnose a mood disorder. Brain activity observed during a verbal
fluency task may be an objective marker that can differentiate
between MDD and BD with depression (Benedetti and Bollettini,
2014; Kinoshita et al., 2016), but consistent results have not been
obtained (Nishimura et al., 2015). Thus, although many possible
biomarkers have been proposed to differentiate a number of
psychiatric disorders, there is still considerable research needed
to establish cost-effective and clinically useful indicators that can
be used to aid in accurate diagnosis.

Several studies have shown that activity level can be a potential
index of mood disorders. There have been recent attempts to
assess mood disorders based on the amount of physical activity
exhibited by a patient (Ono et al., 2015). Traditionally MDDs
and other mood disorders are closely associated with abnormal
levels of activity (i.e., either an abnormal increase or decrease).
It has long been known that depressed patients are characterized
by diminished activity (Burton et al., 2013). For example, activity
level has traditionally been viewed as an important indicator of a

mood disorder amongst individuals such as Kraepelin. According
to his observations, patients with depression had little movement
all day, whereas others had the characteristic of getting very
excited and displaying hyperactivity, which he classified as mania
(Volkers, 2003). Thus, hyperactivity is a key diagnostic criterion
for patients with BD (Kraepelin, 1904). Even now and indeed,
level of activity is generally included in the diagnostic criteria
(American Psychiatric Association, 2013).

Traditional diagnostic methods in psychiatry include patient
self-report as well as behavioral observation. Furthermore, tools
such as self-report questionnaires have developed and used
frequently. However, in recent years it has been pointed out
that these questionnaires carry a certain amount of subjectivity
due to the fact that they are still based on self-report.
Self-administered questionnaires and simple monitoring tables
have been used to assess the degree of activity in participants
(Sadock et al., 2015), however, these subjective techniques have
proved problematic (Helmerhorst et al., 2012) as there have only
been small correlations found between activity measured by an
accelerometer and activity subjectively declared on self-report
questionnaires (Saint-Maurice et al., 2014).

There have been recent attempts to assess mood disorders
using activity trackers to obtain a more objective measure of
the amount of activity exhibited by patients (Tully et al., 2014).
Janney et al. (2014) found that level of activity provides a good
diagnostic indicator of BD (Kung et al., 2015). On the other
hand, research suggests that total activity levels are not necessarily
always related to symptoms of mood disorders. For example,
Razavi et al. (2011) examined the relationship between scores on
the Hamilton Depression Rating Scale and the activity level for 10
participants with a diagnosis of MDD. The authors did not find
a correlation between the severity of the depression (evaluated by
the total score of the measure), though it was found to be related
to the participants’ activity levels and the items related to changes
in psychomotor activity.

In this study we focused on the pattern of changes in activities
within a day, because it would be more useful than entire activity
level for diagnosis of MD. In the DSM-5, MDD, and BD share the
same criteria for the diagnosis of depression. In other words, no
distinction is made between MDD and BD at least on the basis of
diagnostic criteria for depressive state. However, it is also known
that there are certain differences in clinical symptoms between
these conditions. For example, during the depressive state of BD,
hypersomnic tendency, high fatigability, and weight gain become
more prominent, whereas early morning awakening is more
common in MDD (Bowden, 2005). Therefore, these features
could be reflected in daily activity patterns. It is well known that
depression and the activity in the autonomic nervous system are
related (Volkers, 2003). It is clear that individuals who tend to be
nocturnal are more likely to suffer from depression (Merikanto
et al., 2013). There are also reports that circadian rhythm sleep
disorders, including those related to sleep-wake rhythms, often
precede the worsening of symptoms in individuals with BD
(Murray and Harvey, 2010), and that the circadian rhythms of
individuals with BD are not stable (Jones et al., 2005). Also,
changes in intraday activity levels are strongly influenced by one’s
social environment (such as daily routines of work, commuting,
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and eating). Anhedonia, a core symptom of depression, reduces
the experience of reward felt when engaging in social activities. As
a result, depression may reduce one’s sensitivity to social stimuli,
and it may appear in features of activity patterns within the day.
So we think that it would be promising index to pay attention to
the pattern of changes in activities.

In this study, inpatients diagnosed with either MDD or bipolar
depression were instructed to use wearable activity trackers to
measure their sequential activity levels for 3 weeks in 2-min
epochs. We divided the 3-week data of each participant into
one-day intervals. To summarize the differences in intraday
activity changes, we extracted major intraday activity patterns by
using PCA. We examined the relationship between the major
components of activity changes and the diagnosis in order to
see whether there were different patterns existing amongst those
diagnosed with unipolar versus bipolar depression.

MATERIALS AND METHODS

Participants
All of the procedures employed in this study were approved by
the Ethics Committee of the Shiga University of Medical Science
(25-135-2) and was conducted in accordance with the principles
of the Declaration of Helsinki. All participants provided written
informed consent prior to participating in this study. Activity
data ware acquired between June 2009 and September 2013.
Participants diagnosed with MDD or BD were recruited from
the inpatient unit of the Department of Psychiatry, Shiga
University located at the Medical Science Hospital. Participants
were diagnosed by two independent psychiatrists on the basis of
DSM IV-TR criteria and were excluded from the study if they
were found to have organic central nervous system disorders,
epilepsy, mental retardation, substance-related disorders, or
severe somatic disorders. As a result, 94 inpatients provided
activity data (major depression: n = 59, 18 male and 41 female,
age 13–85 years, mean age = 53.7, SD = 18.6; BD with depression:
n = 35, 23 male and 12 female, age 16–85 years, mean age = 46.9,
SD = 20.5; participants with BD included 15, type I inpatients, 17,
type 2 inpatients, and three inpatients not otherwise specified)
after excluding certain participants according to the criteria
described in the next section. Participants demographic and
characteristics are shown in Table 1. All participants with BD
were confirmed to be in a depressed state through general clinical
interviews. Consensus diagnoses were made by two psychiatrists
independently using DSM-IV-TR criteria.

Activity Monitoring
In order to measure the activity of the participants, the
Actiwatch accelerometer (Philips Respironics, Murrysville, PA,
United States) was used. The Actiwatch is a long-term,
lightweight, activity-monitoring device that can be worn on the
wrist without discomfort. The Actiwatch was placed on the
non-dominant wrist of each participant for several weeks.

For each 24-h period, activity was scored in 2-min epochs,
resulting in 720 epochs per day. Activity data for the first three
3 weeks of consecutive epochs were adopted for each participant.

TABLE 1 | Demographic and clinical characteristics of the participants.

Variables MDD (n = 57) BD (n = 35)

Age (years)

Mean 53.7 46.9

SD 18.6 20.5

Gender (n)

Male 18 23

Female 41 12

Global assessment of functioning score

Mean 24.4 26.8

SD 8.3 12.0

Duration of illness (years)

Mean 6.5 6.7

SD 6.7 7.2

Medication (n)

Antipsychotics 12 17

Mood stabilizer 14 23

Antidepressants 49 3

Hypnotics/anxiolytics 28 6

No psychotropic medication 3 4

If the activity was zero at all the epochs of a day, all record of
the day was defined as missing values. Participants with missing
values (n = 31) were excluded from the analyses. The 3 weeks
of data were divided into days that start and end at 0:00. The
total number of days of the selected data was 1,239 days for the
participants with unipolar depression patients, and 735 days for
the participants with bipolar depression.

Activity Pattern Extraction
A dimensional reduction of the data space of time series is
required to comprehensively examine features of intraday activity
patterns. PCA is one popular dimension reduction techniques.
However, there is some controversy about the validity of
applying PCA to time series data, because in time series data,
neighboring data points are generally correlated each other (i.e.,
the order or relative position of data points includes important
information) that is incompatible with the assumptions of PCA.
To avoid this problem, in this study, we performed a Fourier
series expansion on each intraday activity sequence, and PCA
was performed on the coefficients of Fourier expansion (i.e.,
PCA was performed in the frequency domain instead of the
time domain) (Brillinger, 1981; Shumway and Stoffer, 2011).
A Fourier series expansion of the functions provides a set of
harmonic values that can be used to faithfully reconstruct the
intraday changes in activity through an inverse Fourier series
expansion: low-order coefficients describe the rough changes,
whereas high-order coefficients retain information at higher
frequencies. To apply this technique, it is necessary that the
cycle of interest is predetermined. This study, which deals
with intraday physical activity changes focused on a 24-h
cycle, so that it was possible to apply this technique to the
data.

The activity waveforms for each day can be regarded as finite
interval functions of time t (t = 1... T). Through a Fourier series
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expansion, an activity pattern of each day is represented as the
sum of trigonometric functions as follows:

f (t) =
a0

2
+

∞∑
n= 1

(
an cos

2πnt
T
+ bn sin

2πnt
T

)
(1)

Since the Fourier coefficients are a0, an for n : 1, . . . ,T/2 and bn
for n : 1, . . . ,T/2, a set of T + 1 coefficients are obtained through
the transformation for each day and each participant. In order to
analyze data with such large numbers of dimensions, a dimension
reduction technique such as a PCA is applied. PCA can transform
N dimensional data into a k-dimensional (k << N) principal
component (PC) score, or low-dimensional representation. With
these procedures, it is possible to project time-series activity data
varying on many sampling points into fewer dimensional data
that allows the investigation of relationships between a diagnosis
and activity patterns (Figure 1).

RESULTS

The average intraday activity pattern of all the participants is
shown by the solid line in Figure 2 (Intraday average activity
patterns). One can see that the average activity of participants
rose around 6:00, which corresponds to the regular hour of
rising in the inpatient unit where the data were collected. The
average activity level reached its first peak around 8:00 during
breakfast time. The second peak was around 10:00 corresponding
to the time doctors make their rounds and regular weekday
activities such as art therapy, social skill training, and recreation.
The third peak from 12:00 to 12:30 occurred during lunchtime,
and was followed by a relatively quiescent period. The fourth
peak occurred around 18:00 corresponding to dinnertime, after
which activity levels gradually decreased then fell off sharply
at bedtime around 21:00. The changes in average activity level
clearly correspond to the hospital schedule, which supports the
fact that the data obtained from the activity trackers accurately
reflect the activity of the inpatients.

Before investigating the relationship between intraday activity
patterns and mood disorders, we first examined the differences
between the average total daily activity levels (i.e., the sum total
of time spent in all activities for a day) between the participants
diagnosed with depression and participants diagnosed with BD.
We performed an analysis of variance (ANOVA) on the total daily
activities with diagnosis and gender as independent variables and
with age as a covariate. There was no significant relationship
between the diagnosis and total daily activities [F(1,1969) = 2.587,
p = 0.108, η2 = 0.001]. There was additionally no effect of gender
[F(1,1969) = 0.023, p = 0.879, η2 < 0.001].

There was a significant interaction between diagnosis and
gender [F(1,1969) = 13.881, p < 0.001, η2 = 0.006]. This result
suggests that total daily activity cannot be a sufficient index for
clinical diagnosis of mood disorders when used alone.

On the other hand, it can be seen from Figure 2 that the
average activity patterns of participants with a diagnosis of BD
(dotted line) were markedly different from the average activity
patterns of participants with a diagnosis of depression (dashed
line), particularly around 6:00, 9:00, and 12:00, thereby suggesting
that intraday activity patterns may reflect some significant
differences in pathology.

We performed a Fourier series expansion on each time
series of activity levels for each day up to the 360th harmonic.
Consequently, a sequential pattern of activity for each day was,
respectively, expressed as a set of 721 dimensional independent
values. To summarize the variations contained in the Fourier
coefficients, a PCA was performed on the coefficients of the
Fourier series expansion. Results indicated that the accumulative
contribution rate of the first 5 principal components (PCs)
were relatively large (PC1, 14.1%; PC2, 2.3%; PC3, 1.8%; PC4,
1.6%; PC5, 1.5%). The accumulative contribution rate of the
components was 21.3%. The scores of the derived principal
components were also calculated.

To interpret each PC of the intraday fluctuation patterns, the
Fourier coefficients along the first to fifth PCs (corresponding
to −1SD and +1SD of the theoretical values along each
PC) were calculated based on the PC loadings. By using the
Fourier coefficients, the differences in the waveforms of the

FIGURE 1 | The framework of the study. Fourier series expansion was performed on each intraday activity sequence. PCA was performed on the coefficients of
Fourier expansion. The waveforms corresponding to –1SD and +1SD of theoretical values along each PC were calculated based on the differences in Fourier
coefficients along each PC.
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FIGURE 2 | Intraday average activity patterns and Activity patterns ± 1SD variation along the principal components of intraday changes.

intraday activity patterns along each PC up to the 5th PC were
obtained (Figure 2, PC1-5). The first principal component was
found to be linked to the total level of activity. The higher
the first principal component score is, the more frequently a
participant moved. For the second principal component, the
+1SD. contour peaked in the morning whereas the −1SD.
contour peaked in the afternoon and evening hours, suggesting
that the second principal component was related to the ratio
of morning hour activity to afternoon and evening hours
activity. The third principal component was related to the
ratio of afternoon activity to evening activity. For the +1SD.,
the contour peaked around 13:30. On the other hand, the
−1SD. contour showed high activity in the evening. The fourth
principal component was positively linked to early morning
activity. The fifth principal component was positively related
to activity around 16:00. The first and the second PCs were
found to be related to entire features of intraday activities,
while the other components were linked to relatively local
features.

In order to investigate the differences between intraday
activity patterns amongst participants with diagnoses of
depression and BD, the effects of pathology on the principal

component scores were examined. We conducted a multivariate
analysis of covariance (MANCOVA) on the principal component
scores up to the 5th principal component with diagnosis and
gender as independent variables and age as the covariate.
It was found that the principal component scores were
significantly associated with diagnosis [Wilks’s lambda = 0.989,
F(5,1965) = 4.55, p < 0.001, η2 = 0.011], gender [Wilks’s
lambda = 0.993, F(5,1965) = 4.55, p = 0.014, η2 = 0.007], and
age [Wilks’s lambda = 0.912, F(5,1965) = 38.11, p < 0.001,
η2 = 0.088]. The interaction between diagnosis and gender
was also significant [Wilks’s lambda = 0.986, F(5,1965) = 5.49,
p = < 0.001, η2 = 0.014]. These results suggest that activity
patterns may differentiate the different types of mood disorder as
well as gender and age.

Based on the outcome of the MANOVA, each dependent
variable (from the 1st to the 5th principal component
scores of the set of coefficients) was then examined using
a univariate two-way analysis of covariance (ANCOVA) with
diagnosis and gender as the independent variables and with
age as a covariate. Figure 3 shows the relationship between
diagnosis and the average principal component score for each
component.

Frontiers in Psychology | www.frontiersin.org 5 December 2018 | Volume 9 | Article 2314

https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-09-02314 December 5, 2018 Time: 12:38 # 6

Tanaka et al. Intraday-Activity Patterns in Mood Disorders

bipolar depression

P
C

 1
 S

C
O

R
E

−
50

0
50

FEMALE
MALE

bipolar depression

P
C

 2
 S

C
O

R
E

−
50

0
50

FEMALE
MALE

bipolar depression

P
C

 3
 S

C
O

R
E

−
50

0
50

FEMALE
MALE

bipolar depression

P
C

 4
 S

C
O

R
E

−
50

0
50

FEMALE
MALE

bipolar depression

P
C

 5
 S

C
O

R
E

−
50

0
50

FEMALE
MALE

FIGURE 3 | Mean PC scores of major depression and bipolar disorder.

The main effect of the pathology group on the 1st PC score was
insignificant [F(1,1969) = 2.022, p = 0.155, η2 = 0.001]. According
to Figure 3, the 1st PC was related to the total level of activity.
This suggests that there was no clear relationship between the

total level of the activity and the clinical diagnosis. There was
a significant relationship between the 2nd PC scores and the
pathology group [F(1,1969) = 6.151, p = 0.013, η2 = 0.003],
suggesting that BD was characterized by morning hyperactivity
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while depression was characterized by morning hypoactivity.
The 3rd PC was also significantly related to the difference in
pathology [F(1,1969) = 4.070, p = 0.044, η2 = 0.002]. For
this component, BD was correlated with higher activity in the
evening, whereas depression disorder was positively correlated
with activity in the afternoon. For the 4th PC that reflected
differences in early morning activity, the effect of the pathology
group was also significant [F(1,1969) = 5.154, p = 0.023,
η2 = 0.003], thus indicating that low activity in the early morning
is clearly linked to depressive disorder. The fifth principal
component was mainly related to high levels of activity around
16:00 – that is during visiting hours – and the component was
positively related to depression [F(1,1969) = 5.232, p = 0.022,
η2 = 0.003]. Moreover, the interactions between pathology
groups and gender were significant for PC1 and PC2 [PC1:
F(1,1969) = 15.236, p< 0.001, η2 = 0.008; PC2: F(1,1969) = 7.176,
p = 0.007, η2 = 0.004; PC3: F(1,1969) = 0.824, p = 0.364,
η2 < 0.001; PC4: F(1,1969) = 2.668, p = 0.103, η2 = 0.001; PC5:
F(1,1969) = 0.146, p = 0.703, η2 < 0.001].

To confirm whether the difference in BD subtypes affected
activity patterns, we conducted a two-way ANCOVA on the
PC scores of BD patients with the subtype (type I and type
II) and gender as the independent variables and with age as a
covariate, for each PC. type I was associated with lower levels
of the 1st PC score and higher levels of the 5th PC scores than
type II [PC1: F(1,667) = 36.971, p < 0.001, η2 = 0.053; PC2:
F(1,667) = 0.717, p = 0.397, η2 = 0.001; PC3 F(1,667) = 1.010,
p = 0.315, η2 = 0.002; PC4: F(1,667) = 0.499, p = 0.480, η2 = 0.001;
PC5: F(1,667) = 13.247, p < 0.001, η2 = 0.019]. No other
significant main effect of BD subtypes on PC scores was observed.
The interactive effect between BD subtype and gender was found
in PC1 [PC1: F(1,667) = 8.712, p = 0.003, η2 = 0.013; PC2:
F(1,667) = 0.593, p = 0.442, η2 = 0.001; PC3: F(1,667) = 0.126,
p = 0.723, η2 = 0.000; PC4: F(1,667) = 0.998, p = 0.318, η2 = 0.001;
PC5: F(1,667) = 2.735, p = 0.099, η2 = 0.004]. These results
suggest that BD subtype might also be linked to differences in
intraday activity patterns.

DISCUSSION

The results demonstrated that several temporal patterns of
intraday activities are associated with the differences between
unipolar depression and bipolar depression. Using wearable
activity trackers, we measured the intraday fluctuations of activity
levels of participants with a diagnosed mood disorder who had
been admitted to a psychiatric hospital. To describe intraday
activity pattern differences with a small number of variables,
the intraday activity level sequences were analyzed with a
combination of a Fourier series expansion and PCA. Each of
the five dimensions extracted represents the typical differences in
intraday activity patterns, although their activities were impacted
by the different clinical diagnoses; the first PC was related to
the total amount of activity occurring in each day, whereas the
second PC was linked to the ratio of the morning activities to
the afternoon and evening activities. The third to the fifth PCs
were related to the activity in the evening, early morning and

late afternoon, respectively. Among them, the second to fifth PCs
were found to be related the difference in the diagnosis of mood
disorders.

There was no significant difference between the first PC scores
of BD depressive state and that of MDD. The first PC was
found to be related to the daily total activity levels according
to Figure 2 (Intraday average activity patterns), suggesting that
there was no clear relationship between the total activity levels
and the diagnosis. This finding is supported by the result that
the daily average activity levels of participants with a diagnosis
of bipolar depression were not significantly different from those
of MDD. However, there was a significant difference in the first
PC score between BD I and BD II. Moreover, both the first
PC scores and the average activity levels were dependent on
the interactions between gender and diagnosis. These results
indicate complex relationships between various mood disorders
and daily total activity levels. Total activity levels cannot be
an index to distinguish between bipolar depression and MDD,
at least within a hospital environment in which the daily
lives of inpatients (e.g., going out and bedtime), are strictly
controlled.

On the other hand, unlike the total daily activity, the ratio
of morning to afternoon activity level was shown to be related
to the difference between MDD and BD based on the results
of the second PC. While the participants with MDD appeared
to demonstrate a lower activity level in the morning and a
rising activity level in the afternoon, the participants with bipolar
depression demonstrated higher activity levels in the morning
and lower activity levels in the evening. These results are
consistent with a study (Monteleone and Maj, 2008) that has
reported that typical unipolar depression has a characteristic
malaise and activity level reduction in the morning and that these
tendencies appear more strongly in female patients. There was
an interactive effect of gender and diagnosis on the second PC
score. This may reflect the fact that participants with bipolar
depression differed in their symptom presentations depending
on gender, as previous research has shown based on interviewing
(Bhattacharya et al., 2011).

It was found from the comparison of the third PC scores
that the participants with BD had relatively higher activity
levels during the night from 19:00 to 22:00 than participants
with a diagnosis of MDD, whereas patients with BD showed
relatively lower activity during the daytime (13:00 to 15:00). Our
results are consistent with the results of a polysomnography
study (Nofzinger et al., 1991) and consultation interview study
(Benazzi, 2009) that both found a decrease in the need for sleep
amongst individuals with BD. It should be noted that there was
no clear difference between the activity levels amongst those
diagnosed with BD and MDD from 22:00 to 6:00 as these were
fixed sleeping hours within the hospital. This may be due to the
fact that the sleeping hours of the inpatients were controlled in
several cases through the use of medication.

The association between MDD and low activity level in the
morning was shown from the result of the fourth PC in addition
to the second PC. The fourth PC was found to be linked to activity
levels in the early morning (from 500 to 700), indicating that
participants with MDD tended to have lower activity levels in
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the early morning. Several studies have shown that individuals
with a melancholic-type MDD demonstrate a strong mood
deterioration in the early morning (Stallone et al., 1973; Bouhuys,
1991; Murray, 2007). Thus the low activities of the participants
with MDD in the early morning hours may have been related to
a melancholic-type of MDD.

The results of this study suggest that activity tracking can
provide objective auxiliary diagnostic information for mood
disorders by focusing on intraday activity patterns. Activity
tracking devices have the advantage of being non-invasive and
highly portable, enabling continuous observation of patients with
mood disorders. Thus, the activity monitoring of patients may
enable real-time assessment of pathology as well as assessment of
effects of antidepressant medications such as SSRIs. Furthermore,
it may elucidate the process that occurs from the onset to
the remission of each mood disorder. In the future, it would
be necessary to verify whether the relationships between the
activity patterns and each mood disorder are robust based on the
activities of individuals with diagnosed mood disorder patients
other than inpatients.

There are certain limitations to this study: Firstly, the analyzed
data were obtained from hospitalized patients whose activity is
restricted. Therefore, it was not clear whether similar activity
patterns would be observed even among outpatients with the
ability to freely conduct activities. Moreover, we could not
investigate whether activity patterns of hospitalized patients were
abnormal compared to those of healthy people because there
was no healthy control group in this study. However, it is
difficult to hospitalize healthy people to be a control group for
comparing the results of hospitalized patient. The main aim of
the current research was to clarify differences in activity patterns
between BD and MDD groups, and a different pattern of activity
seen in hospitalized situations, which is well-controlled, might
more closely reflect characteristics of the disease itself. Another
limitation is that the ratio of men to women in our study was
different. The prevalence rate of MDD is 1.5 to 3 times higher
in females compared to males (American Psychiatric Association,
2013), and it seems that it affects the ratio of male to female of this
subject this time. The biased ratio of participants’ gender reflects
gender differences in the prevalence of MDDs. Therefore, such a
bias unavoidable for an observational study such as this.

In addition, this study did not take the relationship between
the severity of depressive symptoms and the activity level into
consideration. Symptoms of serious depression might affect the
degree of activity. It is suggested that future research use a scale to
assess symptoms. Similarly, it is possible that anxiety symptoms
could also have an effect on the amount of activity. However, the
presence and severity of comorbid anxiety were not investigated

in this study. A comprehensive assessment would contribute to
clarify the association with physical activity.

The cumulative contribution ratio up to the fifth PC was
relatively low (21.3%). This might be partially due to the
methodology of our approach. Though our method could
identify global activity patterns from considerably noisy activity
data obtained from the activity trackers, the microscopic
structure of activity levels might have been ignored. Krane-
Gartiser et al. (2014, 2015) have pointed out that activity changes
occurring over a relatively short time range are associated with
symptoms of mood disorders. Therefore, we cannot rule out
the possibility that either such micro fluctuations or certain
higher order components (above the sixth PC) could be linked
to differences between MDD and BD.

It should be noted that multiple independent dimensions
of activity patterns were found to be related to each mood
disorder. This suggests that multiple mechanisms are responsible
for the activity pattern differences between MDD and bipolar
depression. It has been pointed out that several subtypes may
exist in both MDD and BD (e.g., BD type I and type II). It
is possible that each independent component is corresponding
to such a subtype of pathology, respectively. In that sense, the
difference between BD I and BD II in PC5 that was found
through additional analyses could be interpreted as a feature that
distinguishes both subtypes. Future research will need to consider
which subtype of mood disorder is associated with which activity
pattern and may make it possible to create a detailed classification
of mood disorders where the symptoms of each subtype of
depression can correspond with adequate treatments such as
medications.
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