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Abstract

Background—mDistinguishing pediatric bipolar disorder (BD) from attention-deficit
hyperactivity disorder (ADHD) can be challenging. Hyperactivity is a core feature of both
disorders, but severely disturbed sleep and circadian dysregulation are more characteristic of BD,
at least in adults. We tested the hypothesis that objective measures of activity, sleep and circadian
rhythms would help differentiate pediatric subjects with BD from ADHD and typically developing
controls.

Methods—Unmedicated youths (N=155, 97 males, age 5-18) were diagnosed using DSM-IV
criteria with Kiddie-SADS PL/E. BD youths (n=48) were compared to typically developing
controls (n=42) and children with ADHD (n=44) or ADHD plus comorbid depressive disorders
(n=21). Three-to-five days of minute-to-minute belt-worn actigraph data (Ambulatory Monitoring
Inc.), collected during the school week, were processed to yield 28 metrics per subject, and
assessed for group differences with analysis of covariance. Cross-validated machine learning
algorithms were used to determine the predictive accuracy of a four-parameter model, with
measures reflecting sleep, hyperactivity and circadian dysregulation, plus Indic's bipolar
vulnerability index (VI).
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Results—There were prominent group differences in several activity measures, notably mean 5
lowest hours of activity, skewness of diurnal activity, relative circadian amplitude and VI. A
predictive support vector machine model discriminated bipolar from non-bipolar with mean
accuracy of 83.1+5.4%, ROC area of 0.781+0.071, kappa of 0.587+0.136, specificity of
91.745.3% and sensitivity of 64.4+13.6%.

Conclusions—Objective measures of sleep, circadian rhythmicity and hyperactivity were
abnormal in BD. Wearable sensor technology may provide bio-behavioral markers that can help
differentiate children with BD from ADHD and healthy controls.
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(Childhood) Mania is characterized by the following cardinal symptoms: (1)
pathological jocularity (hyperthymia), (2) accelerated thinking, and (3) increased
psychomotor activity. Directly related to the increased psychomotor activity and
flight-of-ideas is sleep disturbance that almost always occurs in childhood mania.
In severe cases nearly complete insomnia can be observed.

Theodor Ziehen, 1917 (Baethge et al., 2004).

Introduction

Bipolar disorder (BD) is a recurrent or chronic dysregulation of mood, activity and sleep that
causes significant disruption of educational, vocational and interpersonal functioning. BD is
associated with elevated rates of morbidity and mortality (Murray and Lopez, 1996). Type-I
and -11 BD together have an estimated lifetime prevalence of 2.1% in adults (Merikangas et
al., 2007), and a recent meta-analysis (Van Meter et al., 2011) confirmed rates of 1.8% in
children.

BD frequently emerges before adulthood (Perlis et al., 2009, Leverich et al., 2007). Its
presentation in youths includes early clinical features that are often inconsistent with the
adult phenotype (Leverich et al., 2007, Geller et al., 2002, Faedda et al., 1995, Faedda et al.,
2004, Birmaher et al., 2009). Pediatric BD presents with symptoms of fluctuating intensity
and duration, often too short to be classified as ‘episodes’, and a tumultuous course of illness
referred to as ‘rapid cycling’ (Faedda et al., 1995, Faedda et al., 2004, Birmaher et al., 2009,
Axelson et al., 2011).

Differences in clinical presentation make the diagnosis of BD in children a challenging task.
To potentially aid in this task a new diagnostic entity called Disruptive Mood Dysregulation
Disorder (DMDD) was added to DSM-5 (American Psychiatric Association, 2013) to
separate children with severe non-episodic irritability from those with a more episodic or
classical presentation. Further, Criterion A for manic and hypomanic episodes was modified
to require both an abnormally and persistently elevated, expansive or irritable mood plus an
abnormal and persistent increase in goal-directed activity or energy (American Psychiatric
Association, 2013). Nevertheless, the diagnosis is still problematic as some criteria B
symptoms of mania, such as grandiosity, flight of ideas, increase in goal directed activity
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and excessive involvement in activities with a high potential for painful consequences (e.g.,
sex, spending) are difficult to assess in children (Geller et al., 2002, Faedda et al., 1995,
American Psychiatric Association, 2013), while other criterion B symptoms including
distractibility, talkativeness and psychomotor agitation are also prominent features of ADHD
(American Psychiatric Association, 2013). Hence, meticulous attention needs to be directed
to those features that are especially characteristic of BD.

Altered locomotor activity is one of the most prominent signs of psychopathology (Teicher,
1995). It is also a primary observable behavioral measure of the Arousal and Regulatory
Systems Domain as described in the Research Domain Criteria (RDOC) (NIMH, 2012)
(NIMH, 2012). Technology for assessing activity has evolved from hospital-based telemetry
systems (Kupfer et al., 1974), to reliable ambulatory instruments (Teicher, 1995), and now to
inexpensive consumer products such as the Nike+ Fuelband and Apple Watch. Actigraphy
provides quantitative, repeatable, non-invasive measures of bodily movements
(accelerations) and provides an accepted paradigm for assessing the three Arousal and
Regulatory Systems Domain RDOC Constructs of: arousal; circadian rhythms; and sleep-
wakefulness.

Prior studies have provided objective evidence of psychomotor agitation and retardation
during manic and depressed phases, respectively in adults (Teicher, 1995, Kupfer et al.,
1974, Wehr et al., 1980). Circadian dysregulation in the rest-activity rhythm has also been
proposed as a prominent feature of both unipolar and bipolar disorder in adults and children
(Teicher, 1995, Wehr et al., 1980, Teicher et al., 1993, Teicher et al., 1997). BD may also be
characterized by episodic fluctuations in activity levels. The most impressive effort in this
regard was by Indic et al (Indic et al., 2011) who developed a wavelet-based vulnerability
index (VI) for BD characterized by amplitude fluctuations across different time scales.

Additionally, actigraphy provides measures of sleep versus wakefulness (but not sleep states)
that accord well with polysomnography (PSG) in children and non-elderly adults (Jean-
Louis et al., 2001, Sadeh et al., 1991, Acebo et al., 1999). Use of this technique has been
validated for assessing sleep/wake in infants (Sadeh et al., 1991), children and adolescents
(Sadeh et al., 1991, Acebo et al., 1999), as well as in adults with bipolar disorder (Kaplan et
al., 2012). Therefore, actigraphy provides a convenient assessment of total sleep time and
can help determine whether loss of sleep is accompanied by daytime fatigue, as might be
expected in typically developing children, or by heightened levels of activity, as in mania.

Sleep disturbance is a diagnostic feature of bipolar disorder not ADHD, and circadian
dysregulation appears to be strongly linked to affective disorders (Teicher, 1995). However,
there is a subset of individuals with ADHD who have sleep and circadian abnormalities (Van
der Heijden et al., 2005, Van der Heijden et al., 2007, Arns and Kenemans, 2014, Singh and
Zimmerman, 2015). Nevertheless, individuals with ADHD and bipolar disorder appear to
differ in the frequency with which sleep and circadian abnormalities occur and in the nature
of their expression. In a direct comparison Geller et al. (Geller et al., 2002) reported that
significant sleep disturbances were 6.5-fold more prevalent in children with BPD than
ADHD. Further the primary sleep and circadian disturbance in children with ADHD appears
to be sleep onset insomnia characterized by a ~ 45 minute phase delay without attenuation of
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circadian amplitude or rhythmicity (Van der Heijden et al., 2005) and with inconclusive
effects on sleep maintenance and duration as assessed using actigraphy or polysomnography
(Van der Heijden et al., 2005, Snitselaar and Smits, 2014, Arns and Kenemans, 2014, Singh
and Zimmerman, 2015). In contrast, bipolar disorder in children is typically associated with
blunted circadian amplitude (Teicher, 1995) and diminished sleep efficiency and duration
(Mehl et al., 2006). Hence, actigraphic measures related to circadian strength and sleep
duration may have value in distinguishing between children with ADHD and bipolar
disorder.

The correct identification of children with BD is essential as mood stabilizing agents and
atypical antipsychotic may be beneficial for children with early onset BD but are unlikely to
enhance attention in children with ADHD, and are associated with serious side-effects.
Conversely, stimulant medications have been shown to provide marked benefits in children
with ADHD, but cause disruptions in circadian rhythms and sleep that may negatively affect
mood regulation.

A key aim of the present study was to ascertain whether objective measures of locomotor
activity can potentially aid in the differential diagnosis of pediatric BD. To test this
hypothesis, measures of activity, sleep and circadian rhythmicity were compared in children
diagnosed with BD, ADHD, ADHD with a comorbid depressive disorder, and in typical
developing controls. In addition to evaluating group differences, predictive analytics were
used to assess how well a small subset of activity measures could discriminate children with
versus without BD in a way that would likely generalize to independent samples.

Children (age 5-18) were recruited either from consecutive referrals to a private outpatient
specialty clinic or via advertisements and assessment at a teaching Hospital. Parents
provided written informed consent and children provided informed verbal assent for this
IRB approved study

Diagnostic assessment

Trained mental health professionals (psychiatrists, psychologists or clinical nurse specialists)
interviewed all subjects and their parents. Diagnostic assessments were made using the
Kiddie-SADS by trained raters at the master's, M.D. or Ph.D. level, at the private clinic with
K-SADS-PL (Kaufman et al., 1996), and at teaching hospital initially with K-SADS-E
(Orvaschel and Puig-Antich, 1994) (79%) and later K-SADS-PL. Scores were reviewed to
obtain DSM IV-TR Axis | past, current and lifetime diagnoses, and to assess whether
subjects met Course and Outcome of Bipolar Youth (COBY) criteria for BD-NOS (Birmaher
et al., 2009). We included subjects with current or lifetime diagnoses of BD, ADHD (with or
without comorbid depressive disorders) and typically developing controls. Children with BD
more often than not meet criteria for ADHD (Kowatch et al., 2005) and children were
included in the BD group regardless of comorbid ADHD symptoms.
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Children were fitted with a belt-worn actigraphs (mini-motionlogger or motionlogger watch,
Ambulatory Monitoring, Inc.) for 3-5 days during the school week. Parents completed daily
logs with bedtimes, rise times, times of device removal (e.g., showers), and times of unusual
activity (e.g., horseback riding, driving in a car on a bumpy road), helpful for identifying and
rejecting artifacts, which was done by hand prior to data analysis by a skilled technician
blind to diagnosis.

Actigraph analysis

Activity was recorded in zero-crossing mode in one-minute epochs. Data were downloaded
and analyzed using routines written in R (The R Foundation for Statistical Computing,
version 3.0.0) or MATLAB (Mathworks, version R2013a) to provide conventional metrics
used in prior reports of activity disturbances in children (Glod et al., 1997, Teicher et al.,
1993, Glod and Teicher, 1996) plus Indic et al. bipolar vulnerability index (Indic et al.,
2011). Measures either focused on extent of diurnal activity (Teicher, 1995), levels of
nocturnal activity or sleep efficiency (Acebo et al., 1999), circadian regulation (Teicher and
Barber, 1990, Halberg and Panofsky, 1961) or scaling properties (Indic et al., 2011). The
final set consisted of 28 separate parameters (five additional measures were eliminated that
correlated r > 0.9 with the included parameters). Definitions of measures used, and degree of
cross-correlation, are provided in the online Appendix.

Statistical analysis

Between group differences in activity parameters were assessed using analysis of covariance
(ANCOVA) with age and gender as covariates. Paired differences between groups were
assessed using Tukey's HSD test with modifications to handle unequal n's. Benjamini and
Hochberg's (Hochberg and Benjamini, 1990) false discovery rate was used to correct for
multiple comparisons, adjusting for the total number of ANCOVA and Tukey HSD
comparisons made (m=252).

Predictive modeling techniques (R library caret (Kuhn, 2008)) were used to evaluate the
capacity of activity parameters to distinguish bipolar from non-bipolar children. Typically,
biomarker studies analyze collected data to determine the degree to which subjects of
interest can be discriminated. This approach is prone to overfit the data and to overestimate
discriminability. What is important is not how well a predictive model discriminates subjects
in the data set on which it was derived, but how well it discriminates subjects in an
independent sample. Hence, we used cross validation to estimate predictive accuracy. The
sample was divided into a training set (75% of subjects) and test set (25%). A best-fitting
model was then developed on the training set using machine-learning strategies including:
random forest classification (RFC); artificial neural networks (ANN); support vector
machines (SVM), multinomial regression (MNR) and partial least squares (PLS) (see online
Appendix for description of these techniques). The test set was then used to evaluate the
goodness of fit of the model, as indicated by accuracy, kappa and area under the receiver
operating characteristic curve (ROC-AUC). This process was repeated 500 times on different
random splits of the data to obtain average levels of fit across the different splits.
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Data were obtained on 155 unmedicated children (97M/58F, 9.2 + 3.1 years old). The
sample included 48 children with bipolar disorder (23M/25F, 10.1 + 3.4 years), 42 typically
developing controls (23M/19F, 9.0 £ 3.2 years), 44 subjects with ADHD (33M/11F, 8.4

+ 2.2 years), and 21 subjects with ADHD and a comorbid depressive disorder (MDD or
dysthymia, 18M/3F, 9.5 + 3.1 years). Differences between groups in age fell slightly short of
significant F3 151 = 2.53, p < 0.06. Bipolar subjects were neither classically depressed nor
manic at the time of assessment but were best described as mixed or ultra rapidly cycling
with frequent fluctuations in mood, including periods of irritability, hyperactivity and
dysphoria.

Actigraphy was easily obtained, as most subjects and parents/guardians were cooperative.
There were no adverse events. Complaints were limited to discomfort during sleep or fear of
the device being noticed at school. At the teaching hospital there were 12 children who
refused to wear the device, 8 children who agreed but did not fully follow through (e.g., did
not wear the monitor to bed), 2 instances when the device failed to record any data, and two
participating families did not return the actigraphs. These subjects were not included in the
study, which is limited to the 155 subjects with actigraph measures.

Table 1 shows the least square mean and SD values for the different activity parameters
across groups, and main effects of group, age and gender. (See online Appendix for
representative plots). Overall, groups differed significantly on 22 of 28 measures. The most
significant differences were in time dependent coefficient of variance, diurnal skew, mean
nocturnal activity, percent time during the day at low activity levels, relative circadian
amplitude and vulnerability index. There were also strong main effects of age on 21 of 28
measures (especially absolute and relative circadian amplitude, acrophase, total sleep time,
fit to 3 oscillator cosine model and diurnal skew). No statistical effects of gender survived
correction for multiple comparisons.

Table 2 provides corrected p-values for all possible between group contrasts. Subjects with
BD differed significantly from controls, subjects with ADHD and ADHD plus depressive
disorders (ADHD+Dep) on 19, 8 and 11 activity parameters, respectively. The most
significant differences were in measures of nocturnal activity (mean, percent and 5 least
active hours of activity, total sleep time), diurnal skew, relative circadian amplitude and
vulnerability index. ADHD subjects differed from controls on 12 parameters mostly
reflecting differences in activity levels. Subject with ADHD+Dep only differed from
controls on 4 measures and with more modest levels of significance.

For predictive modeling we selected diurnal skew and L5 as arousal and sleep duration
measures that showed the greatest statistical difference between BD and ADHD or ADHD
+Dep. Relative circadian amplitude and VI were selected as circadian and wavelet measures
that differed significantly in BD subjects versus subjects in the three other groups. As these
parameters were significantly influenced by age they were covaried to remove error variance
attributable to age to improve the assessment of group differences, which are illustrated by
scatter plots in Figure 1.
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Predictive modeling showed that children with BD could be discriminated with considerable
accuracy from typically developing controls on one hand, and from children with ADHD on
the other hand, based solely on these four age-covaried activity parameters (see Table 3).
The strongest results were obtained using SVM or MNR as artificial intelligence learning
algorithms. Both of these machine-learning strategies provided average kappa coefficients
for agreement with clinical assessment of 0.587. The distribution of accuracy, kappa and
ROC-AUC measures across the 500 random splits are shown in Figure 2. Altogether, the
aggregate predictive model correctly identified 33/48 subjects with BD and 99/107 non-BD
subjects. All of the potential false positive cases were from the ADHD (n=5) or ADHD+Dep
(n=3) groups, not controls.

Virtually identical predictions could be made using the selective combination of just two or
three activity parameters. The best three-parameter combination consisted of diurnal skew,
L5 and circadian amplitude (accuracy = 0.833+0.054, kappa 0.597+0.128, ROC area =
0.793+0.068). The best two-parameter combination consisted of diurnal skew and circadian
amplitude (accuracy = 0.835+0.051, kappa 0.601+0.126, ROC area = 0.795+0.067).

Discussion

One of the strengths of the study is that current participants were medication-free or naive,
as activity levels may be significantly influenced by medications. Another key consideration
is that activity data was collected during the school week in children attending school, where
they are expected to periodically inhibit activity to low levels. Levels and patterns of activity
can be quite different on weekends or vacations. Porrino et al (Porrino et al., 1983) found
that hyperactivity boys were objectively hyperactive during lesson times but not during
recess.

A number of limitations need to be acknowledged. First, cases were recruited from a private
outpatient clinic or by advertisement looking for “moody kids with sleep troubles” or
“Attention-Deficit Hyperactivity Disorder?” Therefore the sample is not necessarily
representative of the majority of pediatric BD cases. Moreover, most of the BD subjects
were recruited from the private clinic (n = 35) producing a significant potential confound.
However, the same actigraphs were used at both sites, eliminating the possibility that
diagnostic differences were simply an artifact of different recording devices. We did not
collect consistent measures of symptom severity across diagnoses and were unable to
correlate actigraph measures and symptom scores. Finally, prepubertal and pubertal cases
were combined in each group, as the number of subjects evaluated did not provide sufficient
power to analyze separate age groups.

Activity measures

There were numerous activity differences between typically developing controls and both
children with BD and children with ADHD without comorbid mood disorders. Overall, this
study confirms prior reports of hyperactivity in subjects with mania or hypomania (Teicher,
1995). Among the manic symptoms, increased energy and goal-directed activity were
reported in studies of adult (Merikangas et al., 2007) and pediatric BD (Kowatch et al.,
2005). Hyperactivity is an observable behavior, easier to remember and to elicit in the
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anamnesis and therefore more useful than mood change when probing for a past history of
(hypo)mania (Angst et al., 2003).

Interestingly, there were fewer differences between controls and children with ADHD+Dep.
The presence of a comorbid mood disorder appeared to attenuate the severity of
hyperactivity seen in ADHD, whereas the presence of ADHD appeared to attenuate the
severity of circadian rhythm disturbances previously observed in children with mood
disorders (Glod et al., 1997, Teicher et al., 1993). There were more significant differences
between BD and ADHD+Dep disorders than between BD and ADHD without affective
comorbidity. Hence, objective measures of activity may prove to be particularly helpful is
sorting out cases with multiple overlapping clinical symptoms.

Sleep measures—Children with BD in the present study also had substantially reduced
measures of total sleep time and increased nocturnal activity relative to controls and to
children with ADHD. Impaired sleep, in this study, was a relatively specific characteristic or
indicator of BD. The finding of decreased sleep duration and markedly increased nocturnal
activity early in the course of bipolar illness in unmedicated children underscores its
potential importance in differential diagnoses and possible utility as a primary target
symptom.

Previous research supports the idea that sleep disturbances occur frequently in children with
BD (Geller et al., 2002, Faedda et al., 2004, Kowatch et al., 2005, Staton, 2008, Lofthouse et
al., 2007, Baroni et al., 2012, Lofthouse et al., 2008) and are more prevalent in BD than
ADHD: Geller et al. (Geller et al., 2002) reported in a large study of children (90 BD, 90
ADHD, 90 controls) that sleep disorders were present in 39% of BD, 6% of ADHD and 1%
of normal controls. This is in agreement with parents' reports that nearly all children with
BD have sleep disturbances or parasomnias: 95.1% - 96.2% of interviewed families (Faedda
et al., 2004) and 96.9% of parents of children with BD that completed a web-based survey
incorporating the Children's Sleep Habits Questionnaire (Lofthouse et al., 2008). Finally,
sleep disturbances occurred in 84.5% of 130 consecutively assessed 3-17 year old with BD
diagnosed by semi-structured interview using modified DSM-IV criteria (Staton, 2008).
Children with BP-I and BP-NOS experience comparable levels of impaired sleep, which
were inversely related to their global assessment of functioning (Baroni et al., 2012).
Although prior studies have reported subjective and objective difficulties with sleep in
ADHD (e.g., bedtime resistance and increased sleep latency, reduced sleep efficiency,
decreased daytime wakefulness) (Cortese et al., 2009, Singh and Zimmerman, 2015), no
significant differences were observed between ADHD and controls on actigraphic measures
of sleep duration, latency or efficiency. ADHD subjects were more active at night than
controls, without interfering with actigraph-assessed sleep. Our actigraphic sleep findings in
children with ADHD were consistent with some (Corkum et al., 2001, Wiggs et al., 2005)
but not all (Hvolby et al., 2008) prior reports.

Circadian regulation—Reduced relative circadian amplitude was a significant
distinguishing feature between BD and other groups. This confirms previous studies
indicating the importance of circadian dysregulation in affective disorders (Teicher, 1995,
Wehr et al., 1980, Salvatore et al., 2008, Glod et al., 1997, Teicher et al., 1993, Teicher et al.,
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1997). While this parameter differed significantly between BD versus ADHD or controls, it
is unlikely, by itself, to distinguish between unipolar and bipolar depression (Teicher, 1995,
Teicher et al., 1993).

Bipolar vulnerability index—This study provides independent replication of the
potential utility of Indic's bipolar vulnerability index (Indic et al., 2011), which appeared to
discriminate BD from ADHD and healthy controls, but not ADHD from controls (Table 2).
The bipolar vulnerability index is an empirically derived and non-intuitive measure
calculated as the integrated area of shape coefficients of the gamma function fit to the
distribution of Morlet wavelet coefficients at scales from 0.2 — 2 hours (Indic et al., 2011).
Interestingly, the bipolar vulnerability index is calculated across the entire time series and
includes both daytime and nighttime epochs. It correlated most strongly with sleep duration
(r =-0.702) and mean nocturnal activity level (r = 0.657) suggesting that it may reflect
differences in scaling behavior between daytime and nighttime activity across multiple time
scales. The bipolar vulnerability index clearly warrants further scrutiny as a biomarker.

Predictive modeling—Based on the average sensitivity and specificity statistics for the 4-
parameter model it appeared that a positive score was associated with a 18.7-fold (95% ClI:
7.7 - 45.3) increase in odds of receiving a bipolar diagnosis. The false positive rate was low
(8.4%) while the false negative rate was moderate (35.4%). Since there is no absolute gold
standard we do not know if the model simply failed to detect 35% of the bipolar participants,
or if the false negative cases constituted a subgroup that differed from the true positives in
some important way. Perhaps these cases represent a less severely ill — good-prognosis
cohort, with better chance of recovery. In this regard, 30% (n = 202/658) of subjects in the
COBY Study recovered from their index episode and did not experience a recurrence during
four years of follow-up (Birmaher et al., 2009). Longitudinal follow-up of true positive and
false negative cases may prove enlightening. The superior fit of the SVM and PLS models
strongly suggest that the different actigraphy measures contribute independently to the
prediction. ANN and RFC would likely have provided superior fits if there were complex
interactions between the measures (see online Appendix).

The kappa coefficients for agreement in diagnosis of BD between clinical evaluation using
structured diagnostic interviews and predictive modeling of actigraphy measures is quite
promising. Only 5 of 33 disorders assessed in the DSM-5 field trials showed superior
between rater interclass reliability kappa coefficients (i.e., k = 0.6) with acceptable error
variance: (i.e., PTSD, major neurocognitive disorder and complex somatic symptom disorder
in adults and autistic spectrum disorder and ADHD in children (Regier et al., 2013)). BD in
adults had a pooled interclass kappa of 0.56 (95% CI 0.45 — 0.67), BD in children had a
single site kappa of 0.52 with an unacceptable margin of error (95% CI 0.13-0.80), and
DMDD had a barely acceptable pooled kappa of 0.25 (95% CI 0.15-0.36).

The predictive model developed in the present study will need to be evaluated in an
independent sample to provide a definitive assessment of reliability. However, we do not
believe that biobehavioral markers or laboratory tests need be used or judged as stand alone
diagnostic alternatives. What we envision are future diagnostic criteria that blend clinical
signs, symptoms and laboratory measures. A good example is the American College of
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Rheumatology's diagnostic criteria for Systemic Lupus Erythematosus, which requires 4 of
11 criteria, 3 of which can be determined by blood tests. Adding objective measures to the
criterion would likely enhance interrater reliability and possibly validity, but this remains to
be determined.

Several features make actigraphy a potentially useful laboratory test for psychiatric research
and practice. It is non-invasive, inexpensive, well tolerated, free of side effects, and provides
accurate measures of sleep continuity and circadian regulation. Further, the technology is
now being incorporated into a vast array of consumer products so that millions of individuals
own or will soon own the necessary hardware. If these findings are confirmed, actigraphy
might add an objective component and increase the accuracy and reliability of assessment of
children for early onset bipolar disorder.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key points

Bipolar Disorder and ADHD are common psychiatric disorders that share
several clinical features and often co-occur, complicating diagnosis and
treatment.

Wrist-worn devices containing accelerometers (i.e., actigraphs) can record
minute-to-minute levels of physical activity.

Children with bipolar disorder differed from typically developing children and
children with ADHD (with or without comorbid depression) on measures of
sleep, circadian rhythmicity and amplitude fluctuations.

Children with ADHD differed from typically developing controls on measures
of daytime hyperactivity but not in measures of sleep or circadian rhythmicity.

Predictive modeling indicated that bipolar and non-bipolar children could be
distinguished with high accuracy (kappa ca 0.6) using either 2, 3 or 4 measures
with strength of the circadian rhythm and intensity of daytime activity the most
critical.
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Figure 1.

Scatter plots showing between group differences in age-covaried measures of (A) diurnal
skew, (B) mean of lowest five hours, (C) relative circadian amplitude, and (D) Indic et al

bipolar vulnerability index (Indic et al., 2011)
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Distribution of fit statistics for cross-validated predictive models from 500 random splits of
the data with 75% of the data in each split used to train a multinomial regression model
which was evaluated on the remaining 25%
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