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Abstract

Background: Attention Deficit Hyperactivity Disorder (ADHD) is a heterogeneous disorder. Therefore it is important
to look for factors that can contribute to better diagnosis and classification of these patients. The aims of the study
were to characterize adult psychiatric out-patients with a mixture of mood, anxiety and attentional problems using
an objective neuropsychological test of attention combined with an assessment of mood instability.

Method: Newly referred patients (n=99; aged 18-65 years) requiring diagnostic evaluation of ADHD, mood or
anxiety disorders were recruited, and were given a comprehensive diagnostic evaluation including the self-report
form of the cyclothymic temperament scale and Conner's Continuous Performance Test Il (CPT-Il). In addition to the
traditional measures from this test we have extracted raw data and analysed time series using linear and non-linear
mathematical methods.

Results: Fifty patients fulfilled criteria for ADHD, while 49 did not, and were given other psychiatric diagnoses
(clinical controls). When compared to the clinical controls the ADHD patients had more omission and commission
errors, and higher reaction time variability. Analyses of response times showed higher values for skewness in the
ADHD patients, and lower values for sample entropy and symbolic dynamics. Among the ADHD patients 59 %
fulfilled criteria for a cyclothymic temperament, and this group had higher reaction time variability and lower scores
on complexity than the group without this temperament.

Conclusion: The CPT-ll is a useful instrument in the assessment of ADHD in adult patients. Additional information
from this test was obtained by analyzing response times using linear and non-linear methods, and this showed that
ADHD patients with a cyclothymic temperament were different from those without this temperament.
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Background

Attention Deficit Hyperactivity Disorder (ADHD) is a
heterogeneous disorder [1] and subgrouping traditionally
occurs according to symptoms that follow DSM-criteria
[2]. However, it is important to look for other factors
that can contribute to a better understanding of the bio-
logical basis of this disorder [3]. Mood instability may be
one such factor, and although it is not one of the core
criteria of ADHD it is an important clinical characteris-
tic [4] of these patients. This may represent a possible
link to bipolar spectrum disorders [5], that include
bipolar I, bipolar II, cyclothymia and cyclothymic tem-
perament [6]. The cyclothymic temperament (CT) is
characterized by mood instability, with intermittent cy-
cles with rapid oscillations between elevated and de-
pressed mood that characterize the habitual functioning
of the individual, and is present since at least early adult-
hood [7]. This temperament, defined according to the
criteria of Akiskal et al. [8, 9], is common in adult
ADHD patients [6]. Positive scores on a self-evaluation
form for this temperament separates a subgroup of
ADHD patients with higher scores on ADHD symptom
scales, a higher frequency of psychiatric symptoms, in-
cluding drug and alcohol abuse, and more impairment,
reflected in lower education and a reduced chance of be-
ing employed [6].

The diagnosis of ADHD is based on symptoms and be-
havioural criteria [2], but neuropsychological tests, such as
continuous performance tests, are often employed in the
assessment [10]. The Conner’s Continuous Performance
Test (CPT) is one such test, however opinions differ as to
how useful it is in the assessment of patients presenting
for evaluation of ADHD symptoms [11-13].

The CPT uses several different measures to characterize
the response patterns, one of them being variability. In
neuropsychological tests ADHD patients are characterized
by increased intraindividual variability of reaction times.
One reason for this variability is the presence of some very
long response times. In order to investigate this
phenomenon further different analysis methods have been
used, such as frequency domain analyses and ex-Gaussian
analyses [14]. A complementary approach can be to study
the complexity of times series [15, 16], employing
methods from the field of non-linear systems. In general
biological systems can seldom be fully characterized by
using simple linear models, and other mathematical tools
are usually required, obtained from the field of non-linear
systems, complexity theory and chaos theory. Increased
order and regularity may be a characteristic feature of dis-
eases affecting different physiological systems [17]. On this
background, non-linear methods, such as different mea-
sures of complexity and entropy, have in recent years been
employed to analyze and evaluate biological time series.
These methods are able to give information in addition to
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that obtained by traditional linear methods [15], and can
be used to identify underlying mechanisms of the system
being studied, and to predict how the system will change
over time. For instance, in cardiology, reduced complexity,
measured with approximate entropy and sample entropy,
has been found to predict ventricular arrhythmias death
[18]. Increased variability and changes in complexity mea-
sures have been found in patients with mood disorders
using actigraph registrations [15, 19], and depressed pa-
tients have shown increased variability of reaction times in
a neuropsychological test. We therefore wanted to see if
we could find similar changes in ADHD patients with
mood instability, defined by the presence of CT.

Thus, in this study we wanted to further characterize
the time series from the CPT-II using linear and non-
linear methods [15]. Reduced complexity of reaction
times in a disorder of attention such as ADHD would be
in line with the idea that diseases are characterized by
increased order and regularity [17], and our a priori hy-
pothesis was therefore that ADHD patients would show
reduced complexity.

The aims of the study have been two-fold, first to
characterize an adult population of ADHD patients ac-
cording to scores on the CPT-second edition (CPT-II)
[20], and to compare these patients to a clinical control
group, with a mixture of mood, anxiety and attention
problems.

Secondly we aimed to examine whether ADHD pa-
tients, grouped according to the presence or not of CT,
differ in their profile of CPT-II scores.

Method

Ethics statement

The study protocol was approved by the Norwegian
Regional Medical Research Ethics Committee West.
Written informed consent was obtained from all partici-
pants involved in the study.

Subjects

Patients were recruited from the private psychiatric
practice of authors KM and WF, both of them certified
psychiatrists with long-standing clinical experience. The
patients were consecutive new referrals, between 18 and
65 years of age, in need of diagnostic evaluation of
ADHD, mood or anxiety disorders.

Exclusion criteria were inability to speak Norwegian
and not being able to comply with the study protocol.
None were excluded because of inability to speak
Norwegian. A total of 104 patients were recruited and
100 of them were tested with CPT-II. One of the pa-
tients had been treated with stimulants during testing
and was therefore omitted from the analyses, bringing
the total number of patients to 99, and these are re-
ported on in the present paper. The group consisted of
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48 women and 51 men, with an average age of 37.8 +
11.0 years (mean * SD), range 17-61.

74 % of the ADHD patients and 65 % of the clinical
controls were not prescribed psychotropic medications.
A summary of the drugs used by the patients is pre-
sented in Table 1.

After a comprehensive evaluation and consensus dis-
cussion, 50 patients fulfilled criteria for a diagnosis of
ADHD, while 49 did not. All these 49 patients were
given other psychiatric diagnoses, (clinical controls). The
gender ratio (male/female) and mean age are similar in
the two groups (Table 2).

Psychiatric assessment
All diagnostic assessments of the patients were per-
formed by either KM or WF using a clinical interview,
supplemented when possible with information from
collateral sources (relatives) concerning symptoms of
ADHD in childhood. The final diagnostic evaluation as-
sessment 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 (KM,
WE, OBF and J@B).

The following assessment instruments were employed:

The Mini-International Neuropsychiatric Interview
(MINI Plus, version 5.0.0), a module based semi-
structured interview for DSM-IV and ICD-10 diagnoses,
including a module on ADHD symptoms. All the
modules except the one on psychotic disorders were
administered [21, 22].

Wender Utah Rating Scale, 25 questions version
(WURS-25), is a 25-item self-rating scale that assesses
symptoms and signs of ADHD in childhood, using a
scale of 0—4 (0 = never, 4 = very often), yielding a range
of scores from 0 to 100. WURS-25 has been used in
previous studies in Norway [23].

Adult ADHD Self-Report Scale (ASRS). This is the
World Health Organization’s rating scale for current
symptoms of ADHD in adults. It consists of 18

Table 1 Psychotropic drug treatment (n, %)

ADHD (n=50)* Clinical controls
(n=497°
Antidepressants 10 (20 %) 10 (20 %)
Anxiolytics 3 (6 %) 2 (4 %)
Hypnotics 102 %) 2 (4 %)
Antipsychotics 0 (0 %) 2 (4 %)
Lithium 0 (0 %) 2 (4 %)
Mood stabilizers except lithium 0 (0 %) 4 (8 %)
No psychotropic drug treatment 37 (74 %) 32 (65 %)

@ Some patients received more than one type of medication, and the total for
each group therefore exceeds 100%
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questions that follow the DSM-IV criteria for ADHD,
and uses a 5 point scale of 0—4 (0 = never, 4 = very often),
with a range of scores from 0 to 72. The items from 1 to
9 cover symptoms of inattention and the items from 10
to 18 cover hyperactivity and impulsivity [23-25].
Hospital Anxiety and Depression Scale (HADS). This is
a self-assessment form for detecting current states of
depression and anxiety, and has been extensively used,
also in Norway [26].

The Montgomery-Asberg Depression Rating Scale
(MADRS), a standard instrument for the assessment of
depression [27].

Mood Disorder Questionnaire (MDQ). This is a
screening instrument for bipolar disorder that has been
validated in both clinical and control populations. It is
a self-report form with 13 questions scored “Yes” of
“No”. Positive answer to at least 7 questions and
confirmation that the symptoms have occurred
together and caused problems is suggestive of a
bipolar disorder [23, 28].

Cyclothymic temperament scale is a self-report form
consisting of 21 questions covering the cyclothymic
temperament according to the definition of Akiskal

[6, 9]. The scale is part of the larger TEMPS-A auto
questionnaire [8].

Conner’s Continuous Performance Test Il (CPT-II) is a
computerized test [20] with stimuli consisting of letters
presented for 250 msec. The test comprises 360 trials,
across six blocks. The time interval (1, 2, or 4 s)
between the presented letter varies within each block.
Subjects are instructed to press the spacebar for all
letters except X, and target and nontarget letters
appear randomly. The CCPT-II takes 14 min to
complete. The following measures are reported:
Reaction time (RT) for correct responses, numbers (%)
of omission and commission errors, variability of the
standard error, that is the amount of variability the
individual shows in the separate segments of the test in
relation to the overall standard error and a clinical
ADHD Confidence Index score (range 0—100). In
addition to these measures, generated by the software
supplied by the producer, we have extracted raw data
from the test, that is continuous series of 360 reaction
times from each patient. Missing data were replaced
with the mean of all the other RTs in the series.
Patients with more than three successive missing
responses were excluded (n = 11; ADHD: n = 8, clinical
controls : # = 3). Since we have included information
from the CPT-II test in the diagnostic assessment of
ADHD this may of course have influenced the
association between ADHD and CPT-II measures.
We have therefore made separate correlation analyses
between scores on the ADHD module of MINI + and
CPT-II results.
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Table 2 Characteristics of the clinical sample
ADHD (n=50)* Clinical controls (n =49)* p d

Age (mean £ SD) 377+103 378+118 NS
Gender (m/f) 28/22 23/26 NS
WURS (mean + SD) 520+188 289+153 <0.001 1.34
ASRS (mean £ SD) 500122 31.6£127 <0.001 148
HADS

Depression (mean + SD) 47 +37 52+39 NS -0.13

Anxiety (mean + SD) 99+45 9.1+48 NS 0.17
MADRS (mean + SD) 134+72 13.9+8.1 NS 0.07
MDQ + (%) ° 47 30 NS
CT + (%)° 59 52 NS
Bipolar disorder (%) 30 42 NS
Unipolar depression (%) 32 29 NS
Anxiety disorder (%) 38 60 0.026
Alcohol or drug abuse (%) 26 13 NS
Other diagnoses (%) 28 29 NS

Student’s t-test or Chi square test were used to compare the two groups

@ The number of patients in each group varies somewhat for the different questionnaires and tests (WURS 48/45, ASRS 49/45, HADS 47/45, MADRS 49/47,

CT 49/46)
P Positive score on the Mood Disorder Questionnaire (MDQ)
¢ Positive score on the scale for Cyclothymic temperament (CT)

Mathematical analyses

For the time series raw data we calculated six measures.
Linear measures: 1) The mean RT,2) the standard devi-
ation (SD) of RT, expressed as percent of the mean RT,
3) the root mean square successive differences (RMSSD),
expressed as percent of the mean RT and 4) skewness.
Non-linear measures: 5) sample entropy, 6) symbolic dy-
namic analysis.

Sample entropy

For the analysis of sample entropy the data were nor-
malized, by transforming the time series to have sample
mean O and sample variance 1. The software used for
the estimation of sample entropy was from the Physio
Toolkit Research Resource for Complex Physiologic sig-
nals [29], see http://www.physionet.org. Sample entropy
is a nonlinear measure, indicating the degree of regular-
ity (complexity) of time series, and is the negative nat-
ural logarithm of an estimate of the conditional
probability that subseries of a certain length (m) that
match point-wise, within a tolerance (r), also match at
the next point. We chose the following values, m =2
and r=0.2. Sample entropy was employed since it can
be employed with comparatively short time series (>50)
and is robust with regard to outliers [30].

Symbolic dynamics

The time series were transformed into series of symbols
according to the method described by Guzzetti et al
[31] and Porta et al. [32]. The difference between the

maximum and minimum value was divided into 6 equal
portions (1-6), and each value of the series was assigned
a number from 1 to 6, so that the transformed time
series consisted of a string of numbers from 1 to 6. To
reduce the problem with outliers the maximum value
was set at no more than the mean +3 times the SD, and
the minimum value to no less than the mean -3 times
the SD. The series were then divided into overlapping
sequences of three consecutive numbers. The series thus
contained 358 such sequences, and the number of differ-
ent sequences was counted, giving an indication of the
complexity of the time series [33]. The maximum num-
ber of different sequences for such series will be 216.

Statistics

Student’s t-test was used to evaluate differences between
two groups, with the p-value set at 0.05. The Mann—
Whitney U test was used when data were not normally
distributed. Chi square test was employed when dealing
with categorical data. Analysis of variance (ANOVA),
with post-hoc Bonferroni corrections were used to com-
pare four groups. We have not used Bonferroni correc-
tions for the other analyses since many of the measures
are correlated. Where relevant we have used ANCOVA
to adjust for medication (use or no use of medication).
There were no interactions with medication use for any
of the measures reported. Effect sizes (d) are indicated
where relevant. Pearson’s correlation coefficient was
employed to evaluate correlations. SPSS version 21 was
used for the statistical analyses.
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Results

Clinical characteristics

Table 2 shows the clinical characteristics of the two
groups. The ADHD group had substantially higher
scores on both the WURS-25 (52.0 +18.8 vs. 28.9 +
15.3, p<0.001, d=1.34) and ASRS scales 50.0 + 12.2
vs. 31.6+12.7, p<0.001, d=1.48) than the controls.
For the questionnaires (HADS, MDQ, CT) and the
MADRS scale there were no significant differences
between the groups. The clinical diagnoses were
based on the MINI+ interview. There was a higher
number of patients with anxiety disorders in the
group without ADHD (60 % vs. 38 %, p=0.026). In
the ADHD group 62 % did not have an anxiety dis-
order. For the other diagnoses there were no signifi-
cant differences between the two groups.

CPT-Il performance for ADHD vs. control groups

In Table 3 the results from the CPT-II test are presented.
The reaction time was not different for ADHD patients
compared to the clinical controls, but the values for omis-
sion (3.5+5.0 vs. 0.8 + 1.1, p < 0.001, d = 0.74) and commis-
sion errors ( 55.5+24.2 vs. 35.0 + 18.6, 9 <0.001, d = 0.95)
and variability (14.9 + 14.2 vs. 6.6 £ 4.2, p <0.001, d=0.79)
were all significantly higher in the ADHD group. The
ADHD Confidence Index score was also elevated (65.0 +
21.8 vs. 44.5+20.3, p<0.001, d=0.97). Skewness (2.78 +
2.52 vs. 1.91 +2.37, p=0.011, d =0.36) and the two varia-
bility measures SD (33.1 £ 11.5 vs. 24.0 + 8.0, p <0.001,
d =0.93), and RMSSD (40.0 + 16.2 vs. 28.9 + 10.8, p < 0.001,
d = 0.81) showed higher values in the ADHD patients, com-
bined with lower values for the two complexity measures
sample entropy (1.57+0.25 vs. 1.77 +0.20, p <0.001,

Table 3 Patients with ADHD compared to clinical controls
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d= -0.89) and symbolic dynamics (76.6+16.2 vs.
89.0+£16. 2, p<0.001, d= -0.77).

CPT-II performance for ADHD subgroups

The only significant difference between the groups
two subgroups of ADHD patients, combined type and
inattentive type, was in the reaction time, which was
higher in the combined subtype (419 +120 vs. 346 +
58, p=0.008, d =0.76). Among the patients with com-
bined type ADHD 17 of 26 (65 %) have positive
scores on the CT questionnaire compared to 12 of 23
(52 %) in the inattentive group, but this difference
was not significant.

Correlations between CPT-II results and scores on the ADHD
adult module of MINI+

Table 4 shows correlations between results from the
CPT-II test and sum scores on the ADHD adult
module of MINI+ . Concerning the traditional CPT-
II results there were significant correlations between
ADHD scores and omission errors (0.391, p=<
0.001), commission errors (0.395, p <0.001), variabil-
ity (0.330, p=0.001) and ADHD Confidence Index
scores (0.430, p <0.001). There were significant posi-
tive correlations between ADHD scores and values
for the two variability measures SD (0.315, p = 0.004)
and RMSSD (0.284, p=0.009), and significant nega-
tive correlations between ADHD scores and the two
complexity measures sample entropy (-0.316, p=
0.004) and symbolic dynamics (-0.316, p=0.004).
We have not applied any post-hoc corrections to these
analyses.

| Traditional CPT-Il results

ADHD (n =50)
Reaction time 386£102
Omissions (%) 35+50
Commisions (%) 5554242
Variability 149+ 142
ADHD Confidence Index 650+21.8

I Analyses based on extraction of raw data from the CPT-II test

ADHD (n=42)
Reaction time 380£103
SD (% of mean) 331+115
RMSSD (% of mean) 400+16.2
Sample entropy 1.57+0.25
Symbolic dynamics 766+ 16.2
Skewness 278+252

Clinical controls (n =49) P d
390+ 74 NS -0.04
08+1.1 0.001 0.74
350+ 186 < 0.001 0.95
66+4.2 < 0.001 0.79
445+203 < 0.001 097
Clinical controls (n = 46) P d
389+75 NS 0.01
240+80 < 0.001 093
289+108 < 0.001 081
1.77 £0.20 < 0.001 -0.89
89.0+ 16.2 0.001 -0.77
1914237 0011° 036

? MannWhitney U-test, t-test for the other data
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Table 4 Correlations with sum scores on the ADHD adult
module of MINI+

| Traditional CPT-Il results (n = 94) P
Reaction time —-0.024 NS
Omissions 0.391 <0.001
Commisions 0.395 <0.001
Variability 0.330 0.001
ADHD Confidence Index 0430 <0.001

I Analyses based on extraction of raw data from the CPT-Il test P
(n=283)

Reaction time -0.110 NS
SD (% of mean) 0315 0.004
RMSSD (% of mean) 0.284 0.009
Sample entropy -0316 0.004
Symbolic dynamics -0.329 0.002
Skewness 0.143 NS

CPT-Il performance in relation to CT, MDQ and bipolar
disorder

Among the ADHD patients 59 % had a positive score on
the test for cyclothymic temperament. In Table 5 are
shown CPT-II data from these patients, separated into
two groups based on scores on this test. For reaction
time, omission and commission errors, variability and
ADHD Confidence index there were no significant dif-
ferences between the two groups. However, the ADHD
group with cyclothymic temperament had higher values
for SD (37.2 +12.1 vs. 26.8 £7.5, p =0.004, d = 0.98) and
RMSSD (45.6+17.7 vs. 31.3+9.4, p=0.005, d=0.95)
and also lower values for sample entropy (1.48 + 0.25 vs.
1.68 £0.20, p=0.011, d= -0.86), while skewness was

Table 5 ADHD patients with and without cyclothymic
temperament

| Traditional CPT-Il results

CT+ (=29 CT-(n=20 P d
Reaction time 384+97 383112 NS 0.01
Omissions 31+£32 40+70 NS -0.18
Commisions 570+257 5274228 NS 0.03
Variability 151£102 150£19.0 NS 0.01
ADHD Confidence Index  66.6 +20.9 61.0+223 NS 0.26

I Analyses based on extraction of raw data from the CPT-II test

CT+ (=25 CT-(nh=16) P d
Reaction time 369+93 393+£118 NS -0.23
SD (% of mean) 372+121 268+75 0.004 0.98
RMSSD (% of mean) 456+17.7 313+94 0.005 0.95
Sample entropy 148 +0.25 1.68+0.20 0011 -0.86
Symbolic dynamics 741 +£17.2 804+ 149 NS 0.39
Skewness 345+293 1.86+1.29 0032°% 065

? MannWhitney U-test, t-test for the other data
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higher (3.45+2.93 vs. 1.86+1.29, p=0.032, d=0.65).
For the clinical controls those with cyclothymic tem-
perament had similar scores on the CPT-II test as those
without this temperament (data not shown). For these
four measures we also tested the difference between all
four groups using ANOVA. This showed significant re-
sults for all measures except symbolic dynamics: F
(80,3) =12,232, p<0.001 for SD; F (80,3) =10,560, p <
0.001 for RMSSD; F (80,3) = 10,977, p < 0.001 for sample
entropy and F (80,3) = 3,059, p < 0.033 for skewness. Post
hoc Bonferroni tests showed that the ADHD + CT group
was significantly different from all the three other
groups for SD (P =0.003, <0.001 and <0.001), RMSSD
(P =0.004, <0.001 and <0.001), and sample entropy (P =
0.027, <0.001 and <0.001). For skewness the ADHD +
CT group was not significantly different from the ADHD
and no CT group.

When the ADHD patients are separated into two
groups based on the presence or not of positive score on
the MDQ questionnaire there were no significant differ-
ences (data not shown). Similarly, for ADHD patients
with a comorbid bipolar diagnosis, there were no signifi-
cant differences (data not shown).

Discussion

The main findings of the present study are first that
adult patients with ADHD differ from clinical controls
on the CPT-II test not only in increased variability, but
also reduced complexity. Secondly these changes in vari-
ability and complexity are only found in the subgroup of
ADHD patients that fulfill criteria for a CT.

For the whole group of patients, omission and com-
mission errors, variability and skewness, discriminate
well between patients with ADHD and those with other
psychiatric diagnoses, mainly mood and anxiety disor-
ders. The results are similar to previous studies using
Conner’s CPT in adult patients. Epstein et al. [34] found
more omission and commission errors in ADHD pa-
tients than in normal adults, but no difference in reac-
tion time and variability. Similar findings concerning
omission and commission errors were reported by Mur-
phy, Barkley and Bush [35], but in addition they found
higher RT variability. This was also the conclusion in a
meta-analysis by Hervey, Epstein and Curry [10]. The re-
sponse time distribution of ADHD patients is character-
ized by some very long response times and consequently
high skewness, shown in studies both on children and
adolescents [36—38]. This was also found in the present
study, and higher skewness separated the patients with
ADHD from those without this diagnosis.

We think these data support the notion that the CPT-
II is a useful test in the assessment of patients with
mixed complaints, including mood, anxiety and atten-
tional problems, in an adult outpatient setting. This is in
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contrast to previous studies that have found little sup-
port for the usefulness of the Conner’s CPT in evaluat-
ing adult psychiatric out-patients. Walker et al. [12]
found that adults with ADHD performed more poorly
than normal adults, but that the test did not discrimin-
ate ADHD-patients from patients with mood and anx-
iety disorders. Similarly, Solanto, Etefi and Marks [13]
found that the CPT-test was of little value in the differ-
ential diagnosis of adult ADHD vs. mood and anxiety
disorders. Both these studies used control groups of psy-
chiatric patients with a range of comorbid disorders,
similar to what we had in our clinical control group.
However, in the study of Walker et al. [12] the patients
in the clinical control group were older and had higher
depression scores compared to the ADHD patients, and
in the study of Solanto, Etefi and Marks [13] the clinical
controls were also older and a larger number had de-
pressive disorders than in the ADHD groups. We think
that these factors may have contributed to the lack of
ability of the CPT to discriminate ADHD from other
psychiatric disorders. Neuropsychological assessment is
today not a part of the diagnostic process in adult
ADHD. However, we think there is a need for more ob-
jective tests, such as CPT, in adult psychiatry, but these
contrasting findings clearly show that further studies
must be performed to establish the role of this test.

Assignment of an ADHD diagnosis has been based on
the fulfillment of formal diagnostic criteria. Even though
CPT-II has only been used as supplementary informa-
tion in the diagnostic process we have used correlation
between MINI+ scores and CPT-II measures to get an
independent verification of the association between
CPT-II and ADHD. These correlations showed the same
pattern as we found when CPT-II measures were listed
according to the presence or not of a final ADHD
diagnosis.

In a number of studies it has been shown that in-
creased intraindividual variability of reaction times is a
characteristic feature of ADHD [1, 39, 40]. Variability,
measured with the SD, is also an important parameter in
a wide range of other conditions and disorders [41, 42].
Increased intraindividual variability has been found in
behavioural studies with spontaneously hypertensive
rats, an animal model of ADHD [43]. In agreement with
this, in the present study we found an increased variabil-
ity in patients with ADHD, both when assessed with
variability of the standard error and with SD calculated
for the whole time series. RMSSD has been less well
studied as a measure of variability, but gave very similar
results compared to the SD, indicating that the short
term variability, from one response to the next is not
substantially different from the overall variability. We
have however not tried to look at variability in different
frequency spectra.
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Although variability has been offered much attention
in the field of ADHD research, complexity has not been
given a similar focus. Analysis of the complexity of the
present time series show that sample entropy and sym-
bolic dynamics gave very similar results, indicating that
in adult ADHD patients there is reduced complexity of
response time series, meaning increased order and pre-
dictability. This is in agreement with the suggestion that
reduced complexity is associated with disease states and
aging [17]. In a rat model of depression Friedman et al.
[44] found reduced complexity of the firing pattern of
dopaminergic neurons. On the other hand the degree of
complexity may depend on the dynamics of the system
that is being studied. Vaillancourt and Newell [45] sug-
gested that systems characterized by intrinsic oscillations
may show increased complexity, and this has for in-
stance been found in a study of the motor activity of
schizophrenic patients [15]. The patients we have stud-
ied all had psychiatric disorders, but problems with at-
tention are clearly more characteristic of the ADHD
patients, and we think it is meaningful that changes in
variability and complexity are seen in just these patients.
The present findings indicate that the study of RT vari-
ability in ADHD would benefit from including methods
derived from the study of non-linear systems. This could
contribute to the a better understanding of attentional
fluctuations and possibly also fluctuations in mood and
behaviour [46].

In neuropsychological tests, increased variability has
been reported in patients with depression [42], and in
studies using mood ratings over long time periods both
increased variability [47] and reduced complexity [48]
have been reported in patients with mood disorders.
Similarly, altered variability and complexity have been
found in actigraph recordings from patients with depres-
sion and bipolar disorder [19]. There is a close connec-
tion between mood disorders and ADHD, and mood
symptoms in ADHD usually show a pattern with rapid
and short fluctuations [5, 6]. This is reflected in the
questions used in the CT questionnaire. The CT is part
of the more comprehensive Temperament Evaluation of
Memphis, Pisa, Paris and San Diego, auto questionnaire
version (TEMPS-A), with subscales also of dysthymic,
hyperthymic, irritable and anxious temperaments [8, 9].
The questions are chosen to cover behaviour and experi-
ences reflecting traits that are characteristic of the per-
son over time, and not only episodic manifestations as
seen in depressive and manic episodes. There is substan-
tial evidence that these affective temperaments are re-
lated to broadly defined bipolar spectrum disorders [49].

Landaas et al. [6] studied the same CT questionnaire
in a sample of adult ADHD patients and found that
71 % of these patients had a cyclothymic temperament.
We have extended these findings to a mixed out-patient
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clinical population, and find a comparable figure, 59 %
prevalence of CT in adult ADHD patients. When analyz-
ing the raw data from the CPT-II test the ADHD patients
with a CT were different from those without this tempera-
ment on the two variability measures, skewness and sam-
ple entropy, even though the traditional CPT-II measures
did not differentiate them. We did not find such a
relationship when looking at the subgroups with comorbid
bipolar disorder or positive scores on the MDQ question-
naire. This may indicate that even though episodic bipolar
disorder, assessed by the MINI + or positive MDQ scores,
are frequent in ADHD patients, the affective instability de-
fined by the CT scale may reflect a more basic similarity
between bipolar spectrum disorders and a large group of
adult ADHD patients. The findings also attest to the use-
fulness of extracting raw data and performing separate an-
alyzes on these data sets.

The present results are in apparent direct contrast
with the findings of Hopwood and Morey [50], that
emotional problems may suppress the relationship be-
tween continuous performance test results and ADHD
symptoms. However, the designs of the studies are so
different that a direct comparison is not possible.

Lundervold et al. [51] in a study on adult ADHD pa-
tients using the Attention Network Test, found that pa-
tients with affective fluctuations, defined by positive
scores on the MDQ questionnaire, were more alert, but
slower and more easily distracted than those without
such fluctuations. Such results also attest to the import-
ance of subdividing adult ADHD patients into subgroups
based on affective symptoms.

The only difference we found between the inattentive
and combined ADHD subgroups was in reaction time,
while none of the other measures differed between
groups. In adults Tucha et al. [52] found only small dif-
ferences between ADHD subgroups using a computer-
ized test battery measuring different aspects of attention,
while Solanto et al. [13] found that the inattentive sub-
group generally performed worse on the CPT-test com-
pared to the combined subtype. We suggest that the
presence of affective instability can be a more useful fac-
tor, especially in adults, to subgroup ADHD patients.
This is in agreement with studies that also have sepa-
rated ADHD patients according to temperament [3].

Strengths and limitations

The patients reported on in this study may not be repre-
sentative of ADHD patients in a general population.
Most of them have comorbid psychiatric disorders in
addition to ADHD and it is therefore difficult to know
the effect of ADHD compared to the contribution from
these other conditions. On the other hand, when these
patients are seen in an adult psychiatric setting, comor-
bidity with other disorders is the rule, and also in
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epidemiological studies the comorbidity is high [2]. It is
therefore reasonable to regard the study group as repre-
sentative of adult ADHD patients coming for evaluation
in a psychiatric out-patient clinic. The ADHD patients
have been compared to a control group with other psy-
chiatric disorders, but it would of course have been de-
sirable to make comparisons also with a normal control
group, matched for age and gender.

The clinical interviews were performed by two differ-
ent psychiatrists, but the use of the same diagnostic in-
struments and a final common evaluation of each case
by these two, in addition to two other experienced psy-
chiatrists, make it likely that the diagnostic assessment is
reasonably accurate.

The time interval between the presented letters (ISI)
varies randomly in the CPT, and each individual there-
fore received a different presentation of intervals.
Randomization of intervals between stimulus events has
been shown to reduce variability compared to fixed in-
tervals in a go/no-go test [53]. It is therefore conceivable
that presentation rate may have influenced the non-
linear measurements we have made, in particular sym-
bolic dynamics. This should be taken into consideration
when designing further studies using these methods.

We do not think medication is a likely confounding
factor. Most of the patients were not using any medica-
tion, and among those that did use psychopharmacologi-
cal agents, antidepressants were the most common
medications, and with equal frequency in the ADHD
and clinical control groups.

Conclusion

In contrast to some previous studies, we have found that
the CPT-II is a useful supplement in the diagnosis of
ADHD in adult patients with a mixture of mood, anxiety
and attentional problems. Furthermore, it is possible to
gain additional information from this test by extracting
raw data and performing separate analyzes using linear
and non-linear methods. With such an approach we have
found that patients with ADHD differ from clinical con-
trols not only in showing increased variability, but also re-
duced complexity, and that these changes are restricted to
the subgroup of ADHD patients that fulfil criteria for a
cyclothymic temperament. We suggest that this may be
employed not only in subtyping of ADHD patients, but
also when trying to predict treatment effects.
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