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Abstract 

Background: Most research on patterns of motor activity has been conducted on adults with mood disorders, but 
few studies have investigated comorbid attention-deficit/hyperactivity disorder (ADHD) or temperamental factors 
that may influence the clinical course and symptoms. Cyclothymic temperament (CT) is particularly associated with 
functional impairment. Clinical features define both disorders, but objective, biological markers for these disorders 
could give important insights with regard to pathophysiology and classification.

Methods: Seventy-six patients, requiring diagnostic evaluation of ADHD, mood or anxiety disorders were recruited. A 
comprehensive diagnostic evaluation, including the CT scale of the Temperament Evaluation of Memphis, Pisa, Paris 
and San Diego – Auto-questionnaire (TEMPS-A), neuropsychological tests and actigraphy, was performed. ADHD was 
diagnosed according to the DSM-IV criteria. There was a range of different conditions in this clinical sample, but here 
we report on the presence of CT and ADHD in relation to motor activity. Twenty-nine healthy controls were recruited. 
We analyzed motor activity time series using linear and nonlinear mathematical methods, with a special focus on 
active and inactive periods in the actigraphic recordings.

Results: Forty patients fulfilled the criteria for ADHD, with the remainder receiving other psychiatric diagnoses (clini-
cal controls). Forty-two patients fulfilled the criteria for CT. Twenty-two patients fulfilled the criteria for ADHD and CT, 
18 patients met the criteria for ADHD without CT, and 15 patients had neither. The ratio duration of active/inactive 
periods was significantly lower in patients with CT than in patients without CT, in both the total sample, and in the 
ADHD subsample.

Conclusions: CT is associated with objectively assessed changes in motor activity, implying that the systems regulat-
ing motor behavior in these patients are different from both healthy controls and clinical controls without CT. Find-
ings suggest that actigraphy may supplement clinical assessments of CT and ADHD, and may provide an objective 
marker for CT.
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Background
Attention-deficit/hyperactivity disorder (ADHD) and 
mood disorders are significant health problems, both 
in children and adults, and are often found in the same 
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patients [1]. There is a growing need to identify biologi-
cal markers for these disorders to gain insight into their 
pathophysiology and classification [2]. Alterations of 
motor activity are prominent features of both conditions 
[3, 4], but such findings have not often been applied in 
routine clinical practice.

Mathematical analyses of the variability and complexity 
of actigraphy showed that patients with ADHD did not 
differ from normal controls with regard to total activity 
level, but in short-term recordings had increased vari-
ability in the high frequency part of the spectrum using 
Fourier analysis [3]. When studying ADHD in children, 
the symptoms of hyperactivity ADHD are primarily an 
inability to regulate activity in specific situations. Hyper-
activity does however not refer to high levels of activity 
across times and situations. Excessive activity during 
reading class might be expected, but not in sports class 
[5]. Patients with depressive disorders differed from 
controls in short-term recordings, having a lower activ-
ity level and increased variability measured by standard 
deviation [6]. When studying actigraphic registrations 
from both patients and healthy controls, it is appar-
ent that intraindividual variability is very high, usually 
approximately equal to the mean values. There are often 
long periods with uninterrupted zero or very low activity 
counts, which do not occur only at nighttime, and con-
versely, long periods with continuous activity [7]. It has 
previously been thought that the time intervals between 
behavioral events usually occur randomly, following an 
exponential distribution and thus giving a straight line on 
a log-linear plot (probability vs. waiting time), meaning 
that very long interevent times should be very rare. There 
is now increasing evidence that many different types of 
human actions are characterized by bursts of activity 
separated by long periods of inactivity, such as sending 
emails or making telephone calls [8, 9]. Such actions will 
follow a heavy-tail distribution, and on a log-log plot 
(probability vs. waiting time), this will appear as a straight 
line, suggestive of a power-law distribution.

With this background, and using actigraphy to meas-
ure activity, it has previously been shown that the dis-
tribution of active and inactive periods differs between 
patients with depression and patients with schizophre-
nia, and that these distributions are different again from 
those of healthy controls [7, 10–12]. Furthermore, Naka-
mura et al. found that the organization of motor activity 
of mice displayed a similar pattern, with the distribution 
of resting period durations obeying a power-law distribu-
tion [13].

In a previous study using data from Conner’s Continu-
ous Performance Test II, patients with ADHD differed 
from clinical controls on measures of variability and 
complexity, in a patient sample identical to the present 

study sample. However, these changes applied only to the 
subgroup of ADHD patients that fulfilled the criteria for a 
cyclothymic temperament (CT) [14]. Augmented mood, 
emotional instability, and hypersensitivity to external 
stimuli are characteristic of CT [15]. CT might be under-
stood as a trait related to a bipolar spectrum disorder, 
which is a chronic condition of subthreshold depres-
sion and hypomania [16] and not to be confused with 
the DSM-IV cyclothymic disorder. Cyclothymic disorder 
however is a subtype of bipolar disorder, and character-
ized by chronic but less extreme mood states [17, 18]. 
The prevalence of CT is relatively common in patients 
with affective disorders, as well as in adult patients with 
ADHD and is particularly associated with functional 
impairment [19, 20].

The aim of the present study was to reanalyze our pre-
vious actigraphic registrations of patients with ADHD 
and mood disorders to determine whether the distribu-
tion of active and resting periods can be used to differen-
tiate 1) ADHD patients from normal controls and from 
patients with mood and anxiety disorders; 2) patients 
with CT from patients without this type of temperament; 
and 3) ADHD patients with CT from ADHD patients 
without CT.

Methods
Ethics statement
The Norwegian Regional Medical Research Ethics Com-
mittee West approved the study protocol. Written 
informed consent was obtained from all participants 
involved in the study.

Subjects
Consecutive new referrals for a diagnostic evaluation 
of either ADHD, or mood/anxiety disorders at a private 
psychiatric practice were recruited as participants. Exclu-
sion criteria were inability to speak Norwegian and not 
being able to comply with the study protocol. One-hun-
dred and four patients were included. We were unable 
to obtain complete 6-day recordings for 28 patients for 
several reasons, due to logistics problems, patients for-
getting to wear the actigraphic devices and incomplete 
recordings. Therefore, actigraphic data for 76 patients are 
presented in the current paper. Most of the patients (n = 
49) were not taking any psychotropic drugs. The remain-
der were taking antidepressants or mood stabilizers, and 
two used a low dosage of antipsychotic. Patients using 
drugs at referral continued their normal use of these dur-
ing the actigraphic recordings.

The control group consisted of five medical stu-
dents, four patients without serious medical or psychi-
atric symptoms from a primary care office, and twenty 
employees from either Bergen University or a psychiatric 
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nursing home. None of the subjects had a history of 
mood or psychotic disorders. The controls were recruited 
during a separate study, presented in two previous papers 
[6, 21]. The controls used actigraphy equipment equiva-
lent to that used by the patients.

Psychiatric assessment
All diagnostic assessments of the patients were per-
formed by either KM or WF using a standard clinical 
interview, supplemented when possible with information 
from collateral sources. In addition, the following assess-
ment instruments were employed:

The Mini-International Neuropsychiatric Interview 
(MINI Plus, version 5.0.0), a module based semi-struc-
tured interview for DSM-IV and ICD-10 diagnoses [22, 
23]; the Montgomery-Asberg Depression Rating Scale 
(MADRS), a standard instrument for the assessment 
of depression [24]; and the Adult ADHD Self-Report 
Scale (ASRS), the World Health Organization’s rating 
scale designed to measure current symptoms of ADHD 
in adults. The ASRS includes 18 questions that follow 
the DSM-IV criteria for ADHD on a five-point scale (0 
= never, 4 = very often), with a possible range of scores 
from 0–72. Items 1–9 cover symptoms of inattention and 
items 10–18 cover hyperactivity and impulsivity [25, 26]. 
We also used the Wender Utah Rating Scale, 25-question 
version (WURS-25), a 25-item self-rating scale designed 
to assess symptoms and signs of ADHD in childhood, 
using a five-point Likert scale (0 = never, 4 = very often), 
yielding a possible score range of 0–100 [27]. The WURS-
25 has been used in previous studies in Norway [25].

The Mood Disorder Questionnaire (MDQ) was used 
as a screening instrument for bipolar disorder. It is a self-
report form that consists of 13 questions scored “Yes” 
or “No”. Positive answers to at least seven questions and 
confirmation that the symptoms have occurred together 
and caused problems is suggestive of a bipolar disorder 
[25, 28]. We also used the Cyclothymic Temperament 
Scale, a self-report form that consists of 21 questions 
covering CT according to Akiskal’s definition. This scale 
is part of the larger TEMPS-A auto-questionnaire [19, 29, 
30]. Finally, we used the Hospital Anxiety and Depres-
sion Scale (HADS), a self-assessment form for detecting 
current states of depression and anxiety, which has been 
extensively used, including in Norway [31]. The final 
diagnostic evaluation was made after an assessment of all 
available information, and a consensus diagnosis, based 
on DSM-IV criteria, was made after discussion of each 
case.

Recording of motor activity
Motor activity was monitored with an actigraphic device 
(Actiwatch; Cambridge NeuroTech, Cambridge, UK) 

worn on the right wrist. Activity is measured on the 
Actiwatch by a piezoelectric accelerometer that is pro-
grammed to record the integration of intensity, amount, 
and duration of movement in all directions. The sam-
pling frequency is 32 Hz and movements over 0.05 g will 
be recorded. A corresponding voltage is produced and 
is stored as an activity count in the memory unit of the 
Actiwatch. In actigraphy studies to record in 32Hz and 
analyze the one-minute mean is the common method 
[32]. The actigraph we used (Actiwatch; Cambridge 
NeuroTech, Cambridge, UK) delivers data in this for-
mat. However to use this method and data format, and 
loose motion data with a frequency of 16-20Hz, is not 
an important issue as explained by Khusainov [33]. The 
number of counts is proportional to the intensity of the 
movement. The right wrist was chosen to make the pro-
cedure more convenient for the participants because 
most of them wore their watches on the left wrist and it 
was considered cumbersome to have two such devices on 
the same arm. Previous studies have shown that there are 
small differences between the right and left wrists [34, 
35]. Total activity counts were recorded at one-minute 
intervals for a period of six days.

Mathematical analyses
For the motor activity time series we calculated the mean 
activity, the standard deviation (SD), expressed as per-
centage of the mean, and the root-mean-square succes-
sive differences (RMSSD), expressed as percentage of the 
mean [3, 36]. Each recorded interval (one minute) was 
then defined as either active or inactive. An active count 
was defined as above (or equal to) 10% of the mean for the 
whole recording period (8640 minutes) for that partici-
pant. An inactive count was defined as below 10% of the 
mean for the whole recording period (8640 minutes) for 
that participant. We have employed the 10 % threshold 
value, since this is the same threshold we used in our pre-
vious work with depressed and schizophrenic patients [7] 
and we found meaningful differences between the groups 
with this value. Nakamura who established this method 
tested several different threshold values, with very similar 
results for the different thresholds [11]. An active period 
was defined as a continuous sequence of counts defined 
as active. The same principle goes for inactive periods. 
Each recording was divided into active or inactive peri-
ods, with lengths from one minute upwards. For each 
recording, the cumulative probability (P) that an active 
or inactive period had a length of ≥A minutes was deter-
mined. For both active and inactive periods, the follow-
ing values of A were used: 1–5 with one-minute intervals, 
and 6–101 with five-minute intervals. For each partici-
pant, the following numbers were calculated: mean activ-
ity count for the whole recording period, mean duration 
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for active and inactive periods, and the longest active and 
inactive periods. In accordance with previous studies 
using this method [7, 10, 14], we plotted P vs. A on a log-
log graph using lengths from 1–35 min for active periods 
and 1–20 min for inactive periods, and calculated the 
slope of the line (scaling exponent) that best fitted the 
data, using the least squares method. The slope was nega-
tive, and absolute values are given in the tables. We also 
calculated the number of active periods (expressed as % 
of all the active periods) with a length (A) of 36 min or 
longer, and the number of inactive periods (% of all the 
inactive periods) with a length (A) of 21 min or longer.

Statistics
One-way analysis of variance (ANOVA) was employed to 
evaluate differences between groups, with post hoc Bon-
ferroni tests. Bonferroni corrections adjust for multiple 
comparisons when testing more than one hypothesis, 
the significance level adjust to avoid false positive results 
[37]. Chi-square tests were used to deal with categori-
cal data and Pearson’s correlation coefficient was used to 
evaluate correlations. Effects of age and sex were evalu-
ated using analysis of covariance (ANCOVA). SPSS soft-
ware (v. 25; IBM SPSS, Armonk, NY, USA) was used for 
the statistical analyses.

Results
The clinical group consisted of 35 women and 41 men 
with an average age of 37.9 years (SD = 10.9, range = 
17–61). The control group consisted of 18 women and 11 
males with an average age of 37.8 years (SD = 13.3, range 
= 21–66). Table 1 shows the clinical characteristics of the 
patients, grouped according to the presence or absence 
of ADHD, and the presence or absence of CT. Gender 
distribution were not significantly different between 
the groups for neither ADHD nor CT. For the presence 
or absence of ADHD groups, the scores on WURS and 
ASRS were significantly higher for the patients with 
ADHD. For the presence or absence of CT groups, the 
patients with CT were significantly younger, and scored 
significantly higher on ASRS, MADRS and MDQ, as 
well as on the HADS depression and anxiety scales. Fur-
thermore, Table  1 displays the clinical characteristics 
of the patients grouped into four groups: patients with 
both ADHD and CT present; patients with ADHD only; 
patients with CT only; and those with neither ADHD 
nor CT. There were one-way ANOVA statistically signifi-
cant differences between the groups for WURS, ASRS, 
MADRS, MDQ and HADS Depression scores. With Bon-
ferroni corrections we found significantly higher scores 
on the WURS and ASRS for the patients with ADHD and 
CT present compared to both patient groups without 
ADHD. In addition, the MDQ scores were significantly 

higher for the patients with ADHD and CT compared to 
both patients groups without CT.

Figure  1 illustrates a six-day Actigraphic recording 
from a patient with both ADHD and CT. Table  2 pre-
sents the features of the actigraph recordings from the 
patients with and without ADHD and the controls. Both 
patient groups present Bonferroni significant lower mean 
activity scores than the controls. The RMSSD variabil-
ity measure and the longest inactive sequence estimate 
were statistically significant elevated (ANOVA) for both 
patient groups compared to controls, although these dif-
ferences was only Bonferroni significant for the ADHD 
group. Furthermore, the longest inactive sequence and 
the scaling exponent for active periods were statistically 
significant higher (ANOVA) and active sequences ≥ 36 
minutes were significant lower for both patients group.

When controlling for age using analysis of covariance 
(ANCOVA), we found a significantly association for diag-
nostic group on the longest inactive sequence measure, 
besides significant interactions between age and diagnos-
tic group for the inactive period duration and inactive 
sequences ≥21 minutes variables (Supplemental table 1). 
When controlling for gender we found significantly 
associations for diagnostic groups for inactive period 
duration, ratio of active/inactive duration and inactive 
sequences ≥21 min. Furthermore, there were significant 
interactions between gender and diagnostic group for SD 
and RMSSD (Supplemental table 2).

Table  3 presents the features of the actigraph record-
ings when grouping the patients according to the pres-
ence of CT. Seven measures were statistically significant 
(ANOVA) when comparing the patients with CT, the 
patients without CT and controls, and the differences 
were in addition Bonferroni significant between CT 
patients and controls. For both patient groups the esti-
mates of mean activity, active period duration, active/
inactive duration and active sequences ≥36 minutes were 
lower than for controls, and the estimates of RMSSD, the 
longest inactive sequence and the scaling exponent for 
active periods were higher.

When controlling for age using analysis of covari-
ance (ANCOVA), we found no significant associations 
for CT group for any of the parameters, but there was 
a significant interactions between age and diagnostic 
group for the longest inactive sequence (Supplemental 
table 3). When controlling for gender we found a signifi-
cantly association for diagnostic group on the inactive 
period duration, ratio of active/inactive duration, inac-
tive sequences ≥21 min and scaling exponent for inactive 
periods, there were no significant interactions between 
gender and diagnostic group (Supplemental table 4).

When grouping the ADHD patients into those with CT 
and those without CT, and then comparing with healthy 
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controls applying ANOVA and post hoc Bonferroni cor-
rections, the only measure significantly differed between 
the ADHD groups was the duration of active periods/
duration of inactive period’s ratio. Furthermore, the 
ADHD patients with CT was significantly different from 
controls on this ratio, as well as for seven other variables 
presented in Table 4. The same comparisons in the group 
of patients without ADHD (19 with CT and 15 without 
CT) found none of the measures to be significantly differ-
ent (the ratio duration of active periods/duration of inac-
tive duration was 1.32 ± 0.36 vs. 1.44 ± 0.93).

When cross classifying the sample by ADHD and CT, 
and comparing with healthy controls applying ANOVA 
and post hoc Bonferroni corrections, we found ANOVA 
significant differences between all five groups for 

mean activity, RMSSD, duration of the longest inactive 
sequence, and scaling exponent-active periods. For the 
mean activity variable, we found Bonferroni significant 
differences between the control group and the patients 
with ADHD and CT and the patients without both 
ADHD and CT. Furthermore, we found significant differ-
ences between patients with ADHD and CT compared to 
controls for RMSSD, active period duration, longest inac-
tive sequence, active sequences ≥ 36 minutes and scaling 
exponent-active periods (Table 5).

Discussion
The main finding of the present study is that the distri-
bution of active and inactive periods in actigraphically 
assessed motor activity differentiates patients with CT 

Fig. 1 An actigraphic registration over six days from a patient with cyclothymic temperament and ADHD
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from normal controls and from patients without CT. 
This adds to previously published findings of actigraphy 
in patients with depression and schizophrenia. These 
results demonstrate that the construct of affective tem-
perament, in this case CT, is associated with objectively 

assessed changes in motor activity, implying that the sys-
tems regulating motor behavior in these patients are dif-
ferent from both clinical controls and normal controls.

The ratio of active to inactive period duration seems 
to be the most interesting parameter in this study. When 

Table 2 Actigraphic recordings, six days motor activity; ADHD, without ADHD and controls

All data are given as mean ± standard derivation. Durations are given in minutes. The numbers for active sequences 36 minutes and the number of inactive sequences 
21 minutes are given in percent of the total number of sequences
*  One-way ANOVA, significance level p < 0.05

Post hoc Bonferroni tests (significance level p < 0.05):
#  p < 0.05 Controls vs. ADHD or not ADHD

Controls ADHD Not ADHD ANOVA *

(n = 29) (n = 39) (n = 37)

Activity count/min 286 ± 87 231 ± 90 # 221± 94 # F(102,2) = 4.724, p = 0.011
SD (% of mean) 147 ± 20 159 ± 22 157 ± 26 F(100,2) = 2.427, p = 0.093

RMSSD (% of mean) 103 ± 16 116 ± 19 # 113 ± 21 F(100,2) = 4.654, p = 0.012
Active period duration 9.6 ± 2.0 7.8 ± 2.3 8.0 ± 2.7 F(102,2) = 2.933, p = 0.058

Inactive period duration 5.9 ± 1.0 6.0 ± 1.6 6.0 ± 1.5 F(102,2) = 0.047, p = 0.954

Active/inactive duration 1.55 ± 0.31 1.33 ± 0.38 1.40 ± 0.68 F(102,2) = 1.677, p = 0.192

Longest active sequence 254 ± 166 187 ± 73 218 ± 159 F(102,2) = 2.013, p = 0.139

Longest inactive sequence 77 ± 19 192 ± 204 # 178 ± 208 F(102,2) = 4.051, p = 0.020
Active sequences ≥36 min 6.5 ± 2.2 5.2 ± 2.5 5.1 ± 2.3 F(102,2) = 3.589, p = 0.031
Inactive sequences ≥21 min 7.3 ± 2.3 6.2 ± 2.2 6.4 ± 2. F(102,2) = 2.216, p = 0.114

Scaling exponent:

 Active periods 0.733 ± 0.125 0.810 ± 0.145 0.807 ± 0.126 F(102,2) = 3.359, p = 0.039
 Inactive periods 0.825 ± 0.101 0.890 ± 0.128 0.896 ± 0.142 F(102,2) = 3.053, p = 0.052

Table 3 Actigraphic recordings, six days motor activity; CT, without CT and controls

All data are given as mean ± standard derivation. Durations are given in minutes. The numbers for active sequences 36 minutes and the number of inactive sequences 
21 minutes are given in percent of the total number of sequences
*  One-way ANOVA, significance level p < 0.05

Post hoc Bonferroni tests (significance level p < 0.05):
#  p < 0.05 Controls vs. CT

Controls CT Not CT ANOVA *

(n = 29) (n = 41) (n = 33)

Activity count/min 286 ± 87 221 ± 82 # 232 ± 104 F(100,2) = 4.684, p = 0.011
SD (% of mean) 147 ± 20 159 ± 22 158 ± 26 F(100,2) = 2.519, p = 0.086

RMSSD (% of mean) 103 ± 16 116 ± 21 # 113 ± 19 F(100,2) = 4.654, p = 0.012
Active period duration 9.6 ± 2.0 7.5 ± 2.5 # 8.4 ± 2.4 F(100,2) = 4.262, p = 0.017
Inactive period duration 5.9 ± 1.0 6.2 ± 1.7 6.0 ± 1.3 F(100,2) = 0.338, p = 0.714

Active/inactive duration 1.55 ± 0.31 1.24 ± 0.33 # 1.48 ± 0.68 F(100,2) = 4.288, p = 0.016
Longest active sequence 254 ± 166 193 ± 86 214 ± 160 F(100,2) = 1.670, p = 0.193

Longest inactive sequence 77 ± 19 211 ± 241 # 160 ± 151 F(100,2) = 4.969, p = 0.009
Active sequences ≥36 min 6.5 ± 2.2 4.9 ± 2.5 # 5.5 ± 2.3 F(100,2) = 4.200, p = 0.018
Inactive sequences ≥21 min 7.3 ± 2.3 6.2 ± 2.5 6.5 ± 2.3 F(100,2) = 2.079, p = 0.130

Scaling exponent

 Active periods 0.733 ± 0.125 0.832 ± 0.142 # 0.778 ± 0.123 F(100,2) = 4.858, p = 0.010
 Inactive periods 0.825 ± 0.101 0.894 ± 0.129 0.881 ± 0.136 F(100,2) = 2.794, p = 0.066
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looking at the whole patient group, this ratio was signifi-
cantly lower in patients with CT than those without CT, 
and furthermore, in the ADHD group, this ratio was also 
lower in patients with CT than patients without CT. We 

have previously studied the same group of patients using 
the CPT-II test [14] and found that changes in variabil-
ity and complexity in the ADHD patients were only seen 
in the subgroup that also fulfilled the criteria for CT. The 

Table 4 Actigraphic recordings, six days motor activity; ADHD and CT, ADHD without CT, and controls

All data are given as mean ± standard derivation. Durations are given in minutes. The numbers for active sequences 36 minutes and the number of inactive sequences 
21 minutes are given in percent of the total number of sequences
*  One-way ANOVA, significance level p < 0.05

Post hoc Bonferroni tests (significance level p < 0.05):
#  p < 0.05 Controls vs. ADHD + CT
^  p < 0.05 ADHD + CT vs. ADHD not CT

Controls ADHD + CT ADHD Not CT ANOVA *

(n = 29) (n = 22) (n = 18)

Activity count/min 286 ± 87 205 ± 78 # 259 ± 95 F(66,2) = 5.556, p = 0.006
SD (% of mean) 147 ± 20 163 ± 21 # 155 ± 22 F(66,2) = 3.701, p = 0.030
RMSSD (% of mean) 103 ± 16 122 ± 21 # 111 ± 16 F(66,2) = 7.453, p = 0.001
Active period duration 9.1 ± 1.9 7.1 ± 2.0 # 8.5 ± 2.5 F(66,2) = 5.557, p = 0.006
Inactive period duration 5.9 ± 1.0 6.3 ± 1.9 5.7 ± 1.0 F(66,2) = 1.225, p = 0.300

Active/inactive duration 1.55 ± 0.31 1.17 ± 0.28 # 1.51 ± 0.40 ^ F(66,2) = 9.434, p < 0.001
Longest active sequence 254 ± 166 186 ± 86 183 ± 58 F(66,2) = 2.722, p = 0.073

Longest inactive sequence 77 ± 19 228 ± 235 # 142 ± 147 F(66,2) = 6.148, p = 0.004
Active sequences ≥36 min 6.5 ± 2.2 4.6 ± 2.5 # 5.8 ± 2,4 F(66,2) = 4,231, p = 0.019
Inactive sequences ≥21 min 7.3 ± 2.3 6.2 ± 2.5 6.2 ± 1.9 F(66,2) = 2.297, p = 0.109

Scaling exponent

 Active periods 0.733 ± 0.125 0.847 ± 0.144 # 0.765 ± 0.132 F(66,2) = 4.660, p = 0.013
 Inactive periods 0.825 ± 0.101 0.892 ± 1.36 0.891 ± 0.119 F(66,2) = 2.700, p = 0.075

Table 5 Actigraphic recordings, six days motor activity; all patients groups and controls

All data are given as mean ± standard derivation. Durations are given in minutes. The numbers for active sequences 36 minutes and the number of inactive sequences 
21 minutes are given in percent of the total number of sequences
*  One-way ANOVA, significance level p < 0.05

Post hoc Bonferroni tests (significance level p < 0.05):
#  p < 0.05 Controls vs. ADHD + CT or Not ADHD Not CT

Controls ADHD + CT ADHD Not CT Not ADHD + CT Not ADHD Not CT ANOVA *

(n = 29) (n = 22) (n = 18) (n = 19) (n = 15)

Activity count/min 286 ± 87 205 ± 78 # 259 ± 95 239 ± 85 200 ± 110 # F(98,4) = 3.666, p = 0.008
SD (% of mean) 147 ± 20 163 ± 21 155 ± 22 154 ± 22 162 ± 31 F(98,4) = 1.868, p = 0.122

RMSSD (% of mean) 103 ± 16 122 ± 21 # 111 ± 16 111 ± 20 115 ± 24 F(98,4) = 3.344, p = 0.013
Active period duration 9.1 ± 1.9 7.1 ± 2.0 # 8.5 ± 2.5 7.9 ± 3.0 8.3 ± 2.5 F(98,4) = 2.373, p = 0.057

Inactive period duration 5.9 ± 1.0 6.3 ± 2.0 5.7 ± 1.0 6.0 ± 1.5 6.3 ± 1.6 F(98,4) = 0.740, p = 0.567

Active/inactive duration 1.55 ± 0.31 1.17 ± 0.28 1.51 ± 0.40 1.32 ± 0.37 1.44 ± 0.93 F(98,4) = 2.463, p = 0.050

Longest active sequence 254 ± 166 186 ± 86 183 ± 58 202 ± 88 252 ± 227 F(98,4) = 1.386, p = 0.244

Longest inactive sequence 77 ± 19 228 ± 235 # 142 ± 147 191 ± 254 181 ± 159 F(98,4) = 3.668, p = 0.037
Active sequences ≥36 min 6.5 ± 2.2 4.6 ± 2.5 # 5.8 ± 2.4 5.2 ± 2.6 5.2 ± 2.2 F(98,4) = 2.363, p = 0.058

Inactive sequences ≥21 min 7.3 ± 2.3 6.2 ± 2.5 6.2 ± 1.9 6.2 ± 2.5 7.0 ± 2.7 F(98,4) = 1.256, p = 0.292

Scaling exponent

 Active periods 0.733 ± 0.125 0.847 ± 0.144# 0.765 ± 0.132 0.814 ± 0.142 0.793 ± 112 F(98,4) = 2.653, p = 0.038
 Inactive periods 0.825 ± 0.101 0.892 ± 136 0.891 ± 119 0.896 ± 125 0.869 ± 0.157 F(98,4) = 1.439, p = 0.227
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present results therefore support the notion that divid-
ing ADHD patients into subgroups may in many ways be 
more meaningful if mood symptoms are used rather than 
the traditional division into hyperactive, inattentive and 
combined types [27, 38, 39]. There might be a risk of bias 
that patients with CT also had higher scores on MADRS 
and HADS depression scale.

In our previous study of depressed and schizophrenic 
patients [7] we found that the cumulative probability dis-
tribution (P) of active periods and duration (A) ≤35 min 
followed a straight line on a log-log plot, suggestive of a 
power-law distribution. Similarly, for inactive periods, 
with duration ≤20 min, P vs. A also followed a straight 
line on a log-log plot. In the present study, the results 
were very similar; using log-log plots of P vs. A for active 
periods ≤35 min and inactive periods ≤20 min, all curves 
followed fairly straight lines. We did not perform a rig-
orous study to see if these distributions follow a strict 
power-law function [36]; our purpose was to determine 
this, but to use these relationships to look for differences 
between diagnostic groups. Nakamura et  al. [11] found 
that for both healthy controls and depressed patients the 
distribution of active periods followed a stretched expo-
nential function, while inactive periods followed a power-
law function. Chapman et al. [9] found that for patients 
with bipolar disorder, active period data were best 
described by a power-law function while inactive period 
duration obeyed a truncated power-law function. How-
ever, differences in the methods (placement of sensors), 
selection of patients and length of time sequences make a 
direct comparison between the three studies difficult [9].

When calculating the slope of these lines (the scal-
ing exponent) we found only small differences between 
patients with and patients without ADHD. However, 
when using the presence or absence of CT to group the 
patients we found a significantly higher absolute value of 
the scaling exponent for active periods in the CT patients. 
It is not easy to translate these numbers into meaningful 
clinical concepts. However, after considering the meas-
ures we used—average length of active periods and the 
percentage of active periods with a length ≥36 min—this 
becomes easier to grasp. The percentage of active peri-
ods with a very long duration (≥36 min) was also lower 
in CT patients, and patients without CT had intermedi-
ate values. From a clinical perspective, these findings are 
compatible with the notion inherent in the definition of 
the CT construct that these patients are more variable 
in terms of behavior than other patients, shifting more 
rapidly from activity to inactivity, and are less likely to 
engage in long activity sequences. In addition, patients 
with CT had a lower total activity level compared with 
normal controls, and the average duration of their active 
periods was significantly shorter, while patients without 

CT had intermediate values. With regard to inactive peri-
ods, scaling exponent, duration and percentage of very 
long periods did not differ significantly between the three 
groups. These findings are consistent with the results 
from our study of depressed patients. Similar to the CT 
group in the present study, the depressed patients were 
characterized by lower duration of active periods and a 
lower percentage of very long active periods [7].

The findings from the variability measures (SD and 
RMSSD) are also compatible with the notion of higher 
variability in the CT group; both measures were higher in 
the CT patients, although only RMSSD significantly so.

Patients with ADHD did not differ significantly from 
those without ADHD in either age or gender distribu-
tion. ADHD is increasingly recognized as a disorder 
that manifests in adulthood where, in contrast to ADHD 
that manifests in childhood, the prevalence of ADHD 
in females is approximately equal to that of males. The 
mean age of patients with CT was somewhat lower than 
for patients without CT, which is consistent with a large 
population study of MDQ that showed a decreasing 
prevalence of bipolarity with increasing age [40].

Actigraphy has been useful in sleep studies, and it is 
possible that analysis of active and inactive periods, com-
bined with mathematical analyses of periods with con-
tinuous motor activity, will yield a biological “signature” 
that can be used for diagnostic purposes. In behavioral 
studies, it is obviously important that objective registra-
tions of motor behavior are added to subjective clinical 
impressions. It will also be interesting to see if a combi-
nation of such measures, with the help of machine-learn-
ing techniques, can be employed to predict treatment 
effects. Other possibilities include using new technologi-
cal developments, such as smartphones combined with 
activity registrations [9].

We used six days of registration in the present study, 
and 12 days in our previous study. However, we have also 
shown that these methods can be applied to analyses of 
shorter periods (24 hours) [10], and this is, of course, 
more applicable to routine clinical practice.

There are some limitations to this study, as this is a 
small sample which may have impacted the statistical 
power. We have thus not controlled for sex, age and body 
mass index. However, to our knowledge no differences in 
activation have previously been identified between sexes, 
but physical properties such as increased age and body 
mass index have previously been found to affect mean 
motor activity [2]. Treatment with psychotropic medica-
tion may, of course, have also influenced results, but the 
majority of patients in our sample were not taking psy-
chotropic medication.

Sleep parameters, which are also altered in many of 
our patients, were not analyzed separately in this study. 
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Although this may have influenced our results, it would 
be difficult to separate such effects from other effects on 
rest and activity rhythms. All the patients in this study 
were outpatients, but we did not collect information that 
may have allowed us to compare activity schedules with 
those of the controls. This is a source of bias that is dif-
ficult to evaluate. Diagnoses were assessed non blind, but 
the actigraphic registrations and subsequent mathemati-
cal analyses did not require subjective evaluations. Par-
ticipants were asked to remove the actigraphic devices 
while taking a bath or showering, but this accounts for 
only short time periods, and is unlikely to have biased the 
results. Despite the declared limitations, our main find-
ings remain robust and well-grounded.

Conclusions
We found that the distribution of active and inactive 
periods in actigraphically assessed motor activity differ-
entiated patients with CT from normal controls and from 
ADHD patients without CT. This provides an objective 
way to differentiate between patients with more severe 
disorders [34] and an opportunity to tailor treatment 
accordingly, to avoid setting off rapid cycling and irrita-
ble depression [41, 42]. There is substantial support for 
mood symptoms being a part of adult ADHD [27, 38, 
43]. Dividing ADHD into subgroups according to mood 
symptoms seems to be more meaningful than the tradi-
tional division into hyperactive, inattentive and combined 
types. Moreover, mood instability should be assessed in 
patients with ADHD, as recommended by Wender’s use 
of the WURS [27, 43] and the use of the Wender-Reim-
herr Adult Attention Deficit Disorder Scale (WRAADS) 
later by Reimherr [39]

CT is associated with objectively assessed changes 
in motor activity, implying that the systems regulating 
motor behavior in these patients are different from both 
from clinical controls without CT and from normal con-
trols. Actigraphy provides a more objective measure for 
activity and instability and clearly differentiates between 
patients with CT and not, especially in ADHD patients.
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