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Abstract

Objective: We evaluated processing-speed and shift-cost measures in adults with depression or
attention-deficit hyperactivity disorder (ADHD) and monitored the effects of treatment. We
hypothesised that cognitive-speed and shift-cost measures might differentiate diagnostic
groups. Methods: Colour, form, and colour—form stimuli were used to measure naming times.
The shift costs were calculated as colour-form-naming time minus the sum of colour- and
form-naming times. Measurements were done at baseline and end point for 42 adults with
depression and 42 with ADHD without depression. Patients with depression were treated with
transcranial pulsed electromagnetic fields and patients with ADHD with methylphenidate
immediate release. Results: During depression treatment, reductions in naming times were
recorded weekly. One-way analysis of variance indicated statistical between-group differences,
with effect sizes in the medium range for form and colour-form. In both groups, naming times
were longer before than after treatment. For the ADHD group, shift costs exceeded the average—
normal range at baseline but were in the average-normal range after stabilisation with stimulant
medication. For the depression group, shift costs were in the average-normal range at baseline
and after treatment. Baseline colour—form-naming times predicted reductions in naming times
for both groups, with the largest effect size and index of forecasting efficiency for the ADHD
group. Conclusions: The cognitive-processing-speed (colour-form) and shift-cost measures
before treatment proved most sensitive in differentiating patients with depression and
ADHD. Reductions in naming times for the depression group were suggested to reflect
improved psychomotor skills rather than improved cognitive control.

Significant outcomes

Shift costs for depression were in the average range for healthy adults at baseline and
remained unchanged with treatment.

The largest statistical difference between the depression and ADHD groups occurred for
shift costs at baseline, which were larger in the ADHD group.

The processing-speed profile for adults with depression conformed to an additive model
in which the colour plus form times s equalled the time for colour—form +5s.

Limitations

The groups with major depressive disorders and with ADHD without depression were not
matched one-on-one for age or gender.

A clinical group with major depression and comorbid ADHD and a matching group of
healthy adult controls were not included in the study.

Findings cannot be extended to patients with depression in general, due to the selection of
patients with treatment-resistant major depression for the study.

Introduction

In psychiatric practice, research suggests that for patients with a diagnosis of attention deficit
hyperactivity disorder (ADHD), comorbid depression should not only be considered a possibil-
ity, but that depressive symptoms may have an additive effect on neurocognitive impairments
(Barkley & Brown, 2008; Larochette et al., 2011; McIntosh et al., 2009). In the same vein, comor-
bid ADHD should be considered in patients with depression, since as many as 80% of adults
with ADHD present with at least one neuropsychiatric disorder, most commonly in the form of
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depression, reported to occur between 20% and 50% of patients
with ADHD (Katzman et al., 2017). In depression, cognitive dys-
function is prominent within domains such as verbal and visual
memory, executive functions, psychomotor skills, and attention,
and the impairments are not always responsive to pharmaco-
therapy and may in part persist with clinical remission (Gonda
etal,, 2015). In clinical practice, it can be difficult to separate, which
cognitive domains may be affected in patients with depression, and
the presence of ADHD symptomatology can easily be overlooked
due to more alarming mood symptoms (Katzman et al., 2017).
Among individuals with ADHD, cognitive deficits that affect the
domains of attention, working memory, and set shifting, which
comprise the central executive, and processing-speed deficits,
are considered diagnostic hallmarks (Weigard & Huang-Pollock,
2017). Persistent cognitive dysfunction after treatment for either
ADHD or severe depression can have negative impacts on a variety
of daily, social, and work-related functions (Katzman et al., 2017).
There appears to be a need for the identification of simple cognitive
tests that can be used in everyday clinical practice to monitor and
predict treatment effects and identify non-responders among
patients with depression. These concerns prompted this study in
which a quick test of cognitive speed (AQT; Wiig et al., 2002;
Wiig et al., 2005), which probes perceptual- and cognitive-speed
and processing efficiency, was administered to adults with depres-
sion and ADHD without depression.

Processing-speed tests have been used extensively in clinical
research of ADHD symptomatology in children and adults (Ryan
etal,, 2017; Wiig et al., 2002). The additive effects of depression for
adults with ADHD have been evaluated by comparing the process-
ing speed and verbal recall in adults with ADHD, with ADHD and
elevated depression symptoms, and with depression symptoms
without ADHD (Larochette et al., 2011). Findings indicated that
the group with ADHD and comorbid depression performed worse
on processing-speed tasks than either the ADHD or depression
groups. The processing-speed test used in this study contains
two single-dimension processing-speed tests, colour and form
naming, that measure perceptual speed (reactive attention) and
reflect reaction and retrieval and response time (Wiig et al,
2002; Wiig et al., 2005). It also features a dual-dimension naming
test, with combined colour-form naming, which measures cogni-
tive speed (active attention) and reflects the proficiency in control-
ling the added demands on attention, working memory, and
cognitive control. In addition, it features a derived measure of shift
costs that reflects processing efficiency calculated as colour-form-
naming time minus the sum of colour- and form-naming times.
The design of the AQT is, at first glance, a variant of the Stroop
Color-Word test, but the relatively low correlation between the
Stroop interference T-scores and AQT processing-speed measures
(r=-0.31; p=0.049) points to the differences in the underlying
constructs (Fleck et al., 2015). This is reflected in neuroimaging
(regional Cerebral Blood Flow) during colour-form naming that
consistently indicates bilateral temporal-parietal activation with
concurrent deactivation in the prefrontal areas (Wiig et al,
2002; Wiig et al., 2005; Wiig et al., 2009). The areas activated have
been associated with the central executive attentional and working
memory systems and with cognitive control (Baddeley et al., 1991;
Berryhill et al., 2011; Downing, 2000; Esterman et al., 2009). The
patterns of activation and functional systems involved suggested
that AQT might be used as a complement in clinical assessments
of neuropsychiatric disorders that affect executive functioning.
Concurrent validity studies provided further support for AQT col-
our—form naming as a complementary test of aspects of cognition,
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including attention, working memory, and set shifting (Fleck et al.,
2015; Nielsen et al., 2007). Thus, one study of consecutively admit-
ted patients for neuropsychiatric evaluation with subsequent
International Classification of Diseases, 10" Revision (ICD-10)
diagnoses of mild to moderate dementia, mild cognitive impair-
ment, and affective disorders indicated negative correlations with
large effect sizes between AQT colour-form naming and WAIS-III
Performance IQ and MMSE. A second study of 40 neurotypical
adults indicated a negative association, of moderate effect size,
between AQT colour—form-naming times and Montreal Cognitive
Assessment scores (Fleck et al., 2015).

The AQTs have been used in clinical research of adults with a
variety of neurocognitive disorders, among them patients with
Alzheimer’s disease (AD), dementia with Lewy bodies, ADHD,
and other neuropsychiatric conditions (Andersson et al.,, 2007;
Nielsen et al., 2004; Palmqvist et al., 2010; Nielsen & Wiig,
2011b; Nielsen & Wiig, 2013). It has also been used to assess
the stability of responses to medication in patients with AD
and to monitor the effects of incremental doses of methylphe-
nidate in adults with ADHD (Wiig et al., 2010; Nielsen et al.,
2017; Magell et al., 2018). This research suggested different
cognitive-speed and processing-efficiency (shift-cost) patterns for
healthy adults, adults with Alzheimer’s dementia, and adults with
ADHD of the combined type. In adults with AD, naming times
proved longer than for healthy peers of their age and cognitive
speed deteriorated with the progression of the disease, whereas
shift costs were within the average range for healthy adults (Wiig
et al., 2009; Palmgqvist et al., 2010). In contrast, among adults
with ADHD, for 80-90% of patients, colour—form processing
and naming times proved generally longer and shift costs larger
compared to healthy peers of their age (Nielsen & Wiig, 2011b;
Nielsen & Wiig, 2013; Nielsen et al., 2017; Magell et al., 2018;
Wiig & Nielsen, 2012). Dose-effect studies further indicated
that AQT can identify incremental reductions in colour-form
naming and shift costs with controlled increases in methylphe-
nidate immediate release (IR; Nielsen et al., 2017; Magell et al.,
2018). These studies indicated that cognitive speed and shift
costs were normalised with optimum doses of methylphenidate
in 90% or more of patients with ADHD.

Previous studies that used the AQT processing-speed tests,
included patients with depression or ADHD with comorbid
depression (Nielsen et al., 2007; Nielsen & Wiig, 2011b). However,
this is the first study to focus specifically on the use of AQT to assess
processing-speed and shift-cost patterns in a sample of treatment-
resistant depressed patients before, during, and after treatment.
AQT was administered but not reported in a previous, rando-
mised controlled trial that focused on the outcomes of using
low-intensity transcranial application of pulsed electromagnetic
fields (T-PEMF) for patients with antidepressant-resistant depres-
sion. The main outcomes indicated a superior antidepressant
effect on depression ratings with active T-PEMF treatment, with
61.0% in remission in the active T-PEMF group versus 33.9% in
the sham treated group at end point. For remission, the rates were
33.9% versus 4.1% at end point. This has been reported in two pre-
vious publications (Martiny et al., 2010; Bech et al., 2011). Because
the processing-speed data were not explicitly explored in those
studies, they were used in this study to compare AQT processing-
speed response patterns and profiles in adults with depression
and with ADHD without depression.

The specific aims of this study were to (a) evaluate the usability
of the processing-speed measures with severely depressed patients;
(b) assess and compare the relative degree of impairments related
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to attention, working memory, and set shifting in patients with
depression and patients with ADHD without depression; and
(c) identify specific processing-speed or shift-cost measures, which
might differentiate patients with depression from patients with
ADHD without depression. One hypothesis was that before treat-
ment (baseline), the cognitive-speed (colour-form) measures
would reflect slower than average processing speed in both clinical
groups compared to normative data for healthy adults in the same
age range. The second was that after specific treatment of depres-
sion or ADHD, the cognitive-speed measures would be normalised
to within the average range compared to data for healthy adults in
the same age range. The third was that the processing-efficiency
(shift-cost) measures for the depression group would be within
the average range at baseline and after treatment, whereas the shift
costs in adults with ADHD would be larger than average at baseline
but normalised after treatment with methylphenidate.

Materials and methods
Participants

Patients with treatment-resistant depression were referred from
specialists in psychiatry and from open psychiatric wards during
a 3-year period. Patients, who met criteria for inclusion, were
treated at a psychiatric specialist practice or a psychiatric research
unit, both located in the Greater Copenhagen area. Inclusion
criteria were (a) age above 18, (b) treatment resistance correspond-
ing to a score of 3 or above on the Sackeim criteria (Sackeim, 2001),
(c) major depression according to Diagnostic and Statistical
Manual of Mental Disorders, 4th Edition (DSM-1V), as assessed
by the Mini International Neuropsychiatric Interview (M.IN.I.)
instrument (Sheehan et al., 1998), (d) a score of 13 or above on
the 17-item version of the Hamilton Depression Rating Scale
(HAM-D; Bech et al., 2014; Hamilton, 1960; Martiny et al., 2013),
and (e) unchanged psychotropic medication for the previous
4 weeks. Exclusion criteria were (a) suicidal ideation correspond-
ing to a score of 2 or above on the HAM-D item 3, (b) alcohol or
drugs abuse during the last year, (c) previously having received
T-PEMF treatment, (d) any known antisocial, borderline, schizo-
typal, or psychotic disorders or dementia, and (e) any foreseeable
reason not to be able to comply with a minimum of 80% of the
daily treatments and weekly assessments. For women of reproduc-
tive age, pregnancy or insufficient contraception or lactation were
causes for exclusion.

The diagnoses of major depression and comorbid conditions
were made using M.LLN.I. to secure that patients, at inclusion,
which fulfilled the diagnostic criteria for major depression,
and to assess the level of comorbidity. Self-assessed levels of
depression were obtained by the major depression inventory
(Bech et al., 2015), which covers the DSM-IV criteria. The level
of treatment resistance was assessed by the antidepressant treat-
ment history form (Sackeim, 2001) with a score of 3 or above
required for inclusion with the currently used antidepressant
drugs (range 0-5, with 5 signifying the highest level of treatment
resistance). Response to treatment was defined as a reduction of
50% or more on the HAM-D; scale, and it was used as the pri-
mary depression outcome scale with patients being assessed once
weekly for 5 weeks. The Hamilton 6-item subscale (HAM-Dy;
Martiny et al., 2013) and the melancholia scale (MES; Bech
et al., 2014) evaluated secondary depression outcomes. The
UKU (Udvalget for Kliniske Undersagelser) scale evaluated the
side effects (Lingjaerde et al., 1987).
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For patients with depression, the number of participants for
the original study (Martiny et al., 2010) was determined on the
assumption that active treatment with T-PEMF would reduce
the HAM-D score with 12.5 points from baseline to end point
and that sham treatment with T-PEMF would reduce the score
with 9 points. With a power of 80 %, an expected standard
deviation (SD) of 4 and a type I error of 5 %, the number of par-
ticipants was calculated to at least 44. The intention-to-treat
principle was applied and all randomised patients (N = 50) were
included in the analyses and 47 patients were evaluated with the
AQT at baseline. In the present study, we excluded one outlier
from the T-PEMF and one from the sham treatment group, each
with atypically long colour-form-naming times that exceeded
100 s. Of the remaining 45 patients, who were evaluated with
AQT at baseline, we included the 42 patients that completed
at least four assessments.

The study was carried out in accordance with the Declaration
of Helsinki and the EU directive of Good Clinical Practice and
was monitored continually throughout the study period (Encorium
Denmark, Horsholm, Denmark). The local Committee on
Biomedical Research Ethics and the Danish Central Data Register
approved the study. Patients were given information about the study
by following the guidelines for inclusion procedures set out by the
Committee on Biomedical Research Ethics. All patients signed an
informed consent after having received oral and written information
concerning the study.

Patients with ADHD were referred by primary physicians or
specialists in psychiatry to regional psychiatric hospitals in
Vistervik and Wixsjo, Kalmar Region, Sweden, during a 3-year
period. Prerequisites for inclusion in the study were that patients
must have (a) Swedish as their primary/native language; (b) IQ at
80 or above; (c) a diagnosis of ADHD according to Swedish stan-
dards; (d) no substance abuse at the time of study; (e) no evidence
of antisocial, borderline, schizotypal, or psychotic disorders or
dementia; (f) no concomitant diagnosis of depression; and (g)
no or well-controlled diabetes or thyroid dysfunction. The original
diagnoses of ADHD were obtained by assessments with behaviou-
ral rating scales, including ADHD-Adult ADHD Self Report Scale
(ASRS)-v.1.1 and Brown’s Attention Deficit Disorder (ADD)
scales (Silverstein et al., 2018; Rucklidge & Tannock, 2002) and
psychological evaluations that included the WAIS-IV measures
of verbal and non-verbal intelligence, working memory, perfor-
mance speed (Theiling & Petermann, 2016), and test of variables
of attention (Greenberg & Waldman, 1993) were also administered
to the majority of the participants.

We identified 42 patients, ranging in age between 17 and
60 years, all of whom were diagnosed with ADHD (F90.0B) with-
out comorbid depression, and they served as participants in
this study.

Because the participants were of legal age, the diagnostic
process did not include relatives. Psychiatric interviews at the time
of the study indicated that none of these, previously medicated
patients showed actual evidence of classical depression. The
patients participated in earlier published, incrementally controlled
methylphenidate dose-effect monitoring studies (Nielsen et al.,
2017; Magell et al.,, 2018). Patients in the depression and ADHD
groups were not matched for gender or age, as studies have indi-
cated no statistical differences between healthy men and women
and minimal increases in processing speed of 1s per decade till
age 60 years and 1s per 7 years between ages 61 and 85 years
(Jacobson et al., 2004; Wiig et al., 2007). The original methylphe-
nidate dose-monitoring studies were carried out in accordance
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with the Declaration of Helsinki and the EU directive of Good
Clinical Practice. Authorities in the Region Kronoberg approved
the studies. After receiving oral or written information about
the study, all participants with ADHD signed an informed consent,
in accordance with the Declaration of Helsinki.

Processing-speed measures

The AQT colour, form, and colour-form combination processing-
speed tests, each with 40 visual stimuli, consisting of four rando-
mised coloured squares (black, blue, red, and yellow), black
geometric forms (circle, line, square, and triangle), or combinations
of the colours and forms, were administered to all participants by
the attending psychiatrists. Short, untimed familiarisation trials
with colours, forms, and colour—form combinations were admin-
istered to establish adequacy and consistency in naming the
experimental test stimuli. Subsequently, the tests were adminis-
tered in the prescribed order, first colour, then form, and then
colour-form. Before each test, participants were instructed to
name the visual stimuli as fast and accurately as possible, proceed-
ing line-by-line from left to right as in reading. The total time (s)
for naming the 40 stimuli in each test was measured digitally,
beginning immediately after the instruction to start and ending
with the naming of the last stimulus on each test plate. In the
patients with treatment-resistant depression, the AQT test was
administered approximately 1h after T-PEMF treatment.

The processing-speed tests have been norm- and criterion-
referenced with healthy adolescents and adults in the age range from
15 to 85 years. They show a high degree of test-retest reliability
with intraclass correlations (r) of .91 for colour, .92 for form, and
.95 for colour-form naming. Criterion-referenced cut-off times
(s), using the naming time distributions for age cohorts of healthy
adults, have been established for the average (<+1.0 SD of the
mean), slower than average (between +1.0 and +2.0 SDs), and
atypical naming time ranges and shift costs (<+2 SD). The
cut-off criteria ranges are identical for Danish and Swedish, due
to the identical syllable length of the stimulus labels. There has been
no evidence of gender bias or effects on learning or habituation with
repeated trials (i.e. over 10 min) and cognitive speed has been
observed to decline by about 1 s per decade under age 60 and about
1 s/7 years above age 60 years in healthy adults.

The design of the tests allows for the calculation of shift cost,
which assesses processing efficiency. Shift cost is calculated by
using the formula [CF - (C 4 F)], and this measure has been estab-
lished to be less than +5s in healthy adults. Among adults with
AD, shift costs generally fall within the limits for average perfor-
mance, but the overall speed of naming deteriorates for all tasks
with progression of the disease. In adults with ADHD in the age
range below 60 years, the colour-form and shift costs are
generally longer/larger than average (i.e. >55s and >#5s, respec-
tively). With methylphenidate, the processing speed can generally
be normalised to <25 s for colour, <30s for form, and <55 s for
colour—form naming, and shift costs to <%5s.

Treatment procedures

For patients with depression, treatment was designed as a double-
blind parallel randomised controlled trial and patients were
assigned to either active or sham T-PEMF treatment. The psycho-
pharmacological treatment (antidepressants, mood stabilisers,
antipsychotics, tranquilisers, and hypnotics), unchanged during
the previous 4 weeks, was maintained at the same dosage level
throughout the study. T-PEMF treatment was self-administered
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by patients on all weekdays for 5 weeks, but with supervision from
health personnel at the psychiatric research unit or the psychiat-
ric specialist practice. The T-PEMF condition (sham or active)
was blinded for both researchers and patients. The original study
procedures and primary outcomes were reported in detail in an
earlier publication. Trained health staff secured an accurate acti-
vation of the generator and compliance with the 30 min daily ses-
sion of supervised treatment. Zopiclone, with a maximum daily
dosage of 7.5 mg, was permitted to treat emergent sleep disturb-
ances. No other change in ongoing psychopharmacological treat-
ment was allowed.

For patients with ADHD, controlled treatment with increasing
doses of methylphenidate IR was administered during scheduled
annual reviews, and psychiatrists administered the tests over a
period of 3-4 days. After 2 days (weekend) without the prior pre-
scribed methylphenidate medication, a processing-speed baseline
was obtained. This was followed by the ingestion of two equal doses
of IR methylphenidate hydrochloride tablets, equivalent to 8.79/
17.39 mg methylphenidate (Medikinet IR). Processing speed was
re-assessed after the ingestion of the first methylphenidate dose
(low-dose condition) and then after an added dose of methylphe-
nidate (high-dose condition) administered at about 1-h intervals.
The measurements obtained at baseline and at end point, after the
ingestion of the equivalent of 17.39/34.78 mg methylphenidate,
were used in the present study. The dose-monitoring procedures
and incremental treatment outcomes were described in greater
detail in the earlier published studies (Nielsen et al., 2017;
Magell et al., 2018).

Statistical analyses

The analysis of the weekly colour-form-naming times and shift
costs for the active T-PEMF and sham treatment groups with
depression used a mixed model. It included baseline AQT naming
times, week, treatment group, the interaction of week and treat-
ment group, and (for the exploratory analyses) depression scores
as covariates. The interaction in the model tested the identity of the
two treatment groups. The mixed model was also used to test for
any predictive values of AQT baseline naming times on end point
depression scores (visits 5 or 6). Correlations were obtained by the
Spearman rank method due to the lack of normality of the naming
times. Statistical significance for rejection of the null hypothesis
was set at a p < 0.05. All analyses were performed using the SAS
9.4 software.

Baseline and post-treatment processing-speed times and shift
costs in each diagnostic group, depression or ADHD, were com-
pared by one-way analysis of variance (ANOVA) with post hoc
analyses (Scheffe), following log normal (In) transformation, if cri-
teria for normality were rejected (Shapiro-Wilk W). Correlations
(Spearman r) were obtained to assess the association between var-
iables, when distributions did not meet the criteria for normality.
The level of statistical difference for rejecting the null hypothesis
for main effects was set at p <0.01 to avoid bias. For the post
hoc analysis, statistical differences were accepted at p < 0.05. The
analyses were performed using the SAS 9.4 or StatPlus: macPro
v5.9.92 (Analyst Soft Inc., Walnut, CA, USA) software.

Results
Sociodemographics

ADHD patients (n = 42) had a mean age of 34.2 (SD = 12.3) years
with 38.1% females (16/42). All patients fulfilled the ICD-10
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Table 1. Mean AQT naming time and overhead (s) at baseline and following
treatment by group, T-PEMF active or sham (n =47)

Colour Form Shift cost*

Week mean (SD) mean (SD) C-F mean (SD) mean (SD)
Baseline

Active 27.0 (7.6) 33.2 (8.6) 61.4 (17.1) 1.2 (7.1)

Sham 26.9 (5.2) 32.4 (7.0) 60.9 (13.1) 1.6 (8.1)
Week 1

active 26.1 (8.1) 30.9 (8.4) 61.6 (19.3) 4.6 (8.0)

sham 25.4 (3.6) 30.9 (5.6) 58.4 (11.5) 2.0 (8.5)
Week 2

active 26.0 (5.1) 30.0 (6.4) 57.4 (17.6) 1.5 (10.5)

Sham 23.9 (4.6) 29.3 (5.8) 55.0 (10.5) 1.7 (6.5)
Week 3

active 25.8 (7.1) 28.4 (7.8) 58.3 (17.3) 4.1 (9.6)

sham 23.7 (4.0) 28.6 (5.1) 54.4 (10.6) 2.1 (7.4)
Week 4

active 25.8 (6.7) 28.5 (6.2) 59.3 (17.3) 49 (8.1)

sham 22.7 (4.0) 28.0 (5.5) 54.4 (10.6) 3.8 (7.6)
Week 5

active 25.0 (7.3) 28.1 (6.6) 55.9 (18.3) 2.8 (7.9)

sham 24.1 (4.4) 28.4 (5.3) 53.1 (10.1) 0.6 (7.5)

*Shift cost = [colour-form - (colour + form)] in seconds
Abbreviation: C-F = colour-form

diagnostic criteria for ADHD (F90.0), four patients also fulfilled
the ICD-10 criteria for major depressive disorder, single episode,
mild (F32.0), and one patient also fulfilled the ICD-10 criteria
for generalised anxiety disorder (F41.1). The ASRS version 1.1 A
and B baseline score was 42.7 (12.9). The treatment-resistant
depressed patients (n=42) had a mean age of 52.4 (SD =11.3)
years with 69.0 % females, a current duration of depressive episode
of 50.6 (SD = 98) months, and a baseline HAM-D;, score of 20.9
(SD =3.7). All treatment-resistant patients were in actual treat-
ment with one or more antidepressant drugs (Martiny et al,
2010). There was no statistically significant relation between
AQT outcomes (naming times and shift costs) and duration of
actual depressive episode.

Depression treatment outcomes

We first performed statistical analyses of the processing-speed
time measures (s) obtained weekly by patients with depression
during active T-PEMF or sham treatment. The colour, form,
and colour-form tests were administered during the daily treat-
ment sessions for each week and naming times and shift costs were
recorded. Table 1 shows the mean AQT naming times at baseline
and all the following visits for each treatment group with SDs.
Mixed model analysis results for colour (F,;, ¢ = 6.49; p = 0.0146),
form (Fy,, o=17.20; p =0.0002), and colour-form-naming times
(Fs0, 9=27.41; p <0.0001) diminished moderately and indicated
statistical differences after each week of treatment. In contrast, shift
costs were unchanged with time (visits) (Fy,,, = 0.00; p = 0.97) and
showed considerable inter-individual variability but remained
within the normal range (<+5s) throughout treatment. When
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entering depression scores (HAM-D,;, HAM-Dg, or MES) into
the full model, there was a statistical effect on all naming-time mea-
sures for the three tasks. The effect was largest for the HAM-Dg on
the colour-form naming task with a parameter estimate of 0.74
(F135 =19.29, p < 0.0001). The interpretation is that an increase
in one point on the HAM-Dg scale corresponded to an increase
in naming speed on the colour—form task of 0.74 s at any visit.

Subsequently, we compared naming times and shift costs at
baseline and post-treatment (end point) for the active T-PEMF
(n=22) and sham (n=20) treatment groups with depression.
This analysis used patients with a baseline AQT colour-form-
naming time less than 100s or who had completed more than
4 visits. Table 2 shows the means and SDs for colour, form, and
colour—-form naming and shift costs (s) for Group A, receiving
T-PEMEF (n = 22), and Group B, receiving sham treatment (n = 20)
before and after 5 or 6 weeks of daily treatments. At baseline, the
means for the two treatment groups (active and sham) were slightly
above the average range for healthy adults for colour and form (i.e.
>25 and 30 s, respectively), and for the colour-form combinations
the mean approached the upper limit of the average range (i.e. 55-
60s) (Wiig et al., 2002; Wiig et al., 2005). After treatment all
processing-speed measures were within the average-normal range
(i.e. colour <25, form <30 s, and colour-form <55 s) and shift
costs were well within the average range at baseline and after treat-
ment (i.e. <*5 s) (Nielsen & Wiig, 2011a).

With normality accepted for all distributions (Shapiro-Wilks
W), one-way ANOVA, using naming times in seconds, indicated
no statistical differences between groups at the a priori set level
of significance (p<0.01) for colour (Fs; go=142; p=0.24;
1 2=0.05), form (F;, go = 3.48; p =0.02; n >=0.12), colour—form
naming (Fs, go = 1.91; p=0.14; n 2= 0.07), or shift cost (F5 g =
0.88; p=0.46;  >=0.03) and effect sizes were generally low. Post
hoc analysis indicated no statistical between-group treatment
effects between groups at baseline or end point for colour, form,
colour—form naming or shift costs, and the results were accepted
to indicate that the two treatment groups could be combined for
further analyses.

Comparing depression and ADHD

After combining the two depression groups (Groups A and B), there
were 42 adults with major depression and 42 with ADHD without
depression. Table 3 shows the means, SDs, mean standard errors
(MSEs) for colour, form, colour-form naming, and shift costs before
and after the respective treatments. At baseline, the means for colour
and form for both clinical groups were slightly above or at the upper
limits of the average range, compared to healthy adults in the same age
range (ie. >25 and >30s, respectively). The mean for colour-form
combinations was within the average range for the depression group
but slightly above the average—normal range for the ADHD group (i.e.
>55s). Shift costs were in the average-normal range (<+5s) in the
clinical group with depression but exceeded the average range in
the group with ADHD without depression. At end point, the naming
time measures for both diagnostic groups (colour, form, and colour—
form) were within the average-normal range (ie. <25, <30, and
<55 s, respectively). Shift costs for patients with depression remained
well within the average range post-treatment, whereas the average
shift costs for adults with ADHD were reduced from the upper limits
of the average-normal range at baseline to well within the average
range after optimum treatment with methylphenidate.

With normality rejected for several of the distributions
(Shapiro-Wilks W), naming times (s) were submitted to log
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Table 2. Means, standard deviations, and mean standard error (MSE) for adults with depression, receiving active T-PEMF treatment

(Group A) (n=22) or sham T-PEMF (Group B) (n =20)

Colour 2650 (5.33) 1.14 23.77 (4.23) 0.90 24.15 (5.14) 1.15 23.95 (5.31) 1.19
Form 31.27 (4.84) 1.03 27.64 (3.74) 0.80 27.60 (4.99) 1.12 24.89 (5.15) 1.15
cf 57.82 (9.41) 2.00 51.45 (6.49) 1.38 53.60 (10.85)2.45 52.65 (10.41) 2.33
Shift C —0.18 (6.84) 1.46 0.45 (7.09) 1.51 2.95 (7.19) 1.61 2.20 (7.52) 1.68

Abbreviations: A=T-PEMF treatment; B = sham treatment; C-F = colour-form; Shift C = shift cost

Table 3. Means, standard deviations, and mean standard error (MSE) for colour, form, colour-form, and shift costs for 42 adults with

depression (Group A) and 42 adults with ADHD (Group B)

Colour 25.38 (5.31) 0.82 23.86 (4.71) 0.73 25.90 (6.13) 0.95 20.81 (3.83) 0.59
Form 29.52 (5.20) 0.80 27.48 (4.41) 0.68 29.93 (8.15) 1.26 23.19 (4.21) 0.65
cf 55.81 (10.21) 1.58 52.02 (8.50) 1.31 57.69 (12.23) 1.88 45.19 (6.88) 1.06
Shift C 0.95 (7.13) 1.10 1.67 (7.17) 1.11 5,69 (8.21) 1.27 0.95 (4.67) 0.72

Abbreviations: A= depression; B =ADHD; C-F = colour-form; Shift C =shift cost

normal (In) transformation. One-way ANOVA with post hoc
analysis of naming times (In) indicated statistical differences
between groups for colour (Fs, 164 = 11.37; p < 0.0001; 5*>=0.17),
form (F3, 164 = 20.25; p < 0.0001, 2 = 0.27), and colour—form nam-
ing (Fs, 164 = 26.85; p < 0.001; 77> = 0.33) with effect sizes in the low
to medium range. For colour naming, post hoc analysis indicated
longer times for the ADHD group at baseline than at end point
(Scheffe 4.77; p < 0.0001), but there was no statistical difference
between the depression and the ADHD group. After treatment
(end point), colour-naming times were longer for the depression
than for the ADHD group (Scheffe 3.09; p =0.026). For form
naming, times were longer at baseline than at end point for both
the depression (Scheffe 3.38; p=0.011) and the ADHD groups
(Scheffe 5.68; p < 0.0001). At end point, form-naming times were
longer for the depression than for the ADHD group (Scheffe
4.07; p = 0.001). For colour-form combinations, naming times were
also longer at baseline than at end point for the depression (Scheffe
3.33;p =0.013) and the ADHD groups (Scheffe 8.11; p < 0.0001). At
end point, the colour-form-naming times were longer for the
depression group than for the ADHD group (Scheffe 3.75;
p=0.004). One might question whether the fact that naming
times were longer before than after treatment in both clinical groups
might reflect changes resulting from retesting. Normative studies of
healthy adolescents and adults between ages 15 and 60 years of age
indicate tests-retest correlations (Pearson r) of 0.91 for colour, 0.93
for form, and 0.95 for colour-form naming. With these levels of reli-
ability, the standard errors of measurement (SEMs) are small, if not
minute and the data for colour-form naming can be used as an
example. With a colour-form test-retest correlation coefficient (r)
0f0.95,and an SD of 5.78 s, the resulting SEM for colour-form nam-
ing is 1.30's, and the 95% confidence interval covers about +2.60 s.
For the group with depression, the 95% intervals for the baseline and
end point means overlap slightly, but for the ADHD group there is
no overlap between the baseline and end point confidence intervals.
Figure 1 shows the plots and regression lines for colour-form
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naming for each clinical group at baseline and at end point.
Patients in both groups were ranked on the basis of the end point
measures.

Shift costs (s), after establishing that normality was accepted,
were compared with one-way ANOVA and indicated statistical
differences between groups (F;, 64 = 4.54; p=0.004; ? =0.08),
but the effect size was small. Post hoc analysis indicated that at
baseline, shift costs were larger for the ADHD group than for
the depression group (Scheffe 3.14; p = 0.022); and, in the ADHD
group, the shift costs were larger at baseline without medication
than at end point with methylphenidate (Scheffe 3.14; p = 0.022).
There was no statistical between-group difference in shift costs at
end point.

We calculated the average reduction in the colour-form-
naming times (s) from baseline to end point for each clinical group.
The mean time reduction was 7.17 s (SD =8.28 s; range = —13-
26 s) for adults with depression and 16.07 s (SD = 8.09 s; range =
5-46s) for adults with ADHD. We then tested the associations
(Pearson r) between the baseline colour-form times and the size
of the gains (time reductions), after establishing that normality
was accepted for both distributions. Correlation r was .84
(#=0.68; p<0.0001) for the group with ADHD and .58
(r?=0.34; p < 0.0001) for the group with depression, and the effect
sizes were large for both groups. The difference in magnitude,
expressed in Fisher z (g value), between the correlation coefficients
(r) for the clinical groups was g =1.22 - 0.66 = 0.56 and of large
effect size and therefore of clinical significance. The index of fore-
casting efficiency (E) for the ADHD group was E=0.43 and for
the depression group E = 0.19, resulting in a 24% greater predictive
strength in the ADHD than in the depression group (Cohen, 2009).

Discussion

This is the first study that used the AQT processing-speed and effi-
ciency measures with a group of adults with treatment-resistant
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Fig. 1. The plots and regression lines for colour-form naming for each clinical group at baseline and at end point. Patients in both groups were ranked on the basis of the end

point measures.

depressive disorder and that directly compared the performances
with those of patients with ADHD without depression. Based on
the accounts of the characteristics of the cognitive problems in
depression and ADHD, we hypothesised that the AQT measures
of cognitive speed (colour-form naming) and the derived shift-
cost measures of processing efficiency (cognitive overhead) would
differentiate the two clinical groups. The results of the present
comparison of baseline and end point measures of active attention
(colour-form naming) and cognitive overhead (shift costs) supported
this hypothesis. Moreover, the results supported the differences in the
cognitive problems associated with depression and ADHD, as previ-
ously described (Barkley & Brown, 2008; Gonda et al., 2015). The
cognitive problems associated with depression have been reported
as primarily associated with deficits in the reaction and response time,
reflected as a general slowing (5). In contrast, the cognitive problems
associated with ADHD are known to result in executive deficits that
involve the central executive, which controls attention and working
memory and cognitive control over shifting the cognitive focus
(set-shifting) (1).

In the group with depression, the perceptual speed measure for
form naming and the cognitive-speed (colour—form) measure was
slower at baseline than at end point after treatment. In the group
with ADHD, both perceptual (colour and form) and cognitive
speed (colour-form) proved slower at baseline than at end point
after treatment with maximum dose methylphenidate. It was
anticipated that at baseline before treatment with methylpheni-
date, cognitive speed (colour-form) would be slower and shift
costs larger in the group with ADHD than in the group with
depression. In the group with depression, shift costs at baseline
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and end point were well within the average-normal range (<5 s)
for adults in the same age range and remained unchanged with
treatment (Nielsen & Wiig, 2011a). In the group with ADHD
without depression, shift costs were larger at baseline than at
end point and were reduced to within the average-normal range
after treatment with methylphenidate. This finding corresponds
with the outcome of a previous comparison of shift costs in ado-
lescent and adult psychiatric referrals with and without ADHD
(Wiig & Nielsen, 2012).

From a clinical perspective, an important finding might be that
in the depression group, we observed incremental increases in cog-
nitive speed (colour—form) after each week of treatment and that a
decrease of 0.74 s corresponded to a decrease of 1 point on the
Hamilton 6-item subscale. The reason why AQT did not differen-
tiate the depression groups in the T-PEMF study might be that in
depression, psychomotor inhibition is one of the last symptoms to
diminish. When the active and sham T-PEMF depression groups
were combined, and outcomes were compared to the ADHD group,
the colour-form-naming times at baseline were predictive of the
amount of gains in cognitive speed (time reductions) after treatment.
The associations between the cognitive speed measures at baseline
and the increases in cognitive speed (time reductions) indicated that
the predictive strength was 24% greater in the group with ADHD
than in the group with depression. In the present group with
ADHD, the previously reported response pattern for adults with
ADHD with or without comorbid depression before medication
with methylphenidate was repeated (Nielsen & Wiig, 2011b;
Nielsen et al., 2017; Magell et al., 2018). For the patients with
ADHD, the longer than average cognitive speed and larger than
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average shift-cost measures were normalised for 76% of patients
in response to treatment with the maximum methylpheni-
date dose.

There were several clinically relevant distinguishing character-
istics between the processing-speed profiles associated with
depression and ADHD without depression. The most obvious is
that treatment-resistant depression did not appear associated with
major deficits in active attention, working memory, or set shifting
(cognitive speed) or processing efficiency (shift cost), as measured
by AQT. In this study, the average shift costs in the depression
group were well within the average-normal range (£<5s) both
at baseline and at end point. The processing-speed response profile
for the group with depression also conformed to the additive model
reported for healthy adult peers of their age in which the sum of the
colour- and form-naming times equalled the colour-form-naming
time +5s (Wiig et al., 2007; Nielsen & Wiig, 2011a). Moreover,
shift costs remained stable during both the T-PEMF active and
sham treatments in the depression group, as shown in the overview
of the weekly treatment outcomes (see Table 1). This suggests that
the shift costs in depression reflect primarily the added time
needed for the phonological-sequence representation of colour—
form combinations and that active attention and cognitive control
are not, or only minimally, affected. The finding that all processing-
speed measures (colour, form, colour-form) were at the upper
limits of the average-normal range at baseline and improved only
slightly after treatment for adults with depression further suggests
that generally observed reductions in psychomotor skills may have
affected all processing-speed measures equally. In contrast, the
cognitive-speed and shift-cost measures for the group with
ADHD without depression group were in the larger than average
ranges (>+5s) at baseline and were reduced to well within the
average-normal range with maximum doses of methylphenidate,
indicating improved active attention and cognitive control. This
pattern was also observed in earlier dose-monitoring studies with
both medication-naive and previously medicated patients, some of
whom exhibited depression as a comorbidity (Nielsen et al., 2017;
Magell et al., 2018; Wiig & Nielsen, 2012). In the depression group,
a second clinically relevant observation might be that there was a
measurable and incremental increase in cognitive speed (colour—
form) after each week of treatment and that a time reduction of
0.74 s in colour-form naming corresponded to an increase of 1
point on the Hamilton 6-item subscale. Moreover, neither naming
times nor shift costs were negatively affected by the use of sedating
drugs. In combination, the findings suggest that AQT may be used
to monitor responsiveness to treatment of depression and possibly
to identify nonresponders, the hypotheses that need further clinical
investigation.

The study has several limitations to be considered in interpret-
ing findings, among them is the fact that the diagnostic groups with
depression or ADHD without depression were not matched one-
on-one for age or gender. A second limitation is that no clinical
group with depression and comorbid ADHD or a matching group
of healthy individuals was included in the study. A third limitation
is that, due to the selection of a group of patients with treatment-
resistant depression for this study, we cannot extend the findings to
patients with depression in general. These limitations indicate a
need for further, independent validation.

From a pragmatic, clinical perspective, the findings showed that
AQT was user-friendly and time efficient (about 5 min.), even for
the severely depressed, treatment-resistant patients studied. We
found that, in contrast to what has been observed in adults
with ADHD, shift costs, a measure of processing efficiency and
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cognitive control, were relatively small in the sample of patients
with depression and comparable to those seen in healthy adults
in the same age range both at baseline and following treatment.
The processing-speed measures for patients with depression were
only moderately associated with depression severity, as measured
by the Hamilton Depression Scale. There was, however, a predic-
tive relationship between decreases in naming times with
treatment and increases in the Hamilton 6-item subscale. The
combined findings suggest that for adults with ADHD with
comorbid depression, the degree of depression may influence
the processing speed to a mild or moderate degree but should
have minimal additive effects on executive functions assessed by
the cognitive-speed and processing-efficiency measures obtained
by the experimental tests used in this study. In the future studies
of depressed patients it should be considered to administer AQT
after remission to gain insight into any residual cognitive symptoms.

Acknowledgements. We want to thank Associate Professor Lene Theil
Skovgaard, Institute of Public Health, Panum Institute, Copenhagen, Denmark,
for statistical support and Professor Steen Dissing, Institute for Cellular and
Molecular Medicine, Panum Institute, University of Copenhagen, Denmark, for
giving us the opportunity to make use of the Re5 technology. Our special thanks
go to Professor Per Bech, in Memoriam, for his contributions to the original depres-
sion research project.

Authors contributions. Klaus Martiny, MD, and Niels Peter Nielsen, MD,
conceptualised the study design. Klaus Martiny collected the processing-speed
data for adults during treatment for depression.

Niels Peter Nielsen collected the processing-speed data for adults with
ADHD before and after treatment with methylphenidate.

Elisabeth H. Wiig, PhD analysed the data for the comparison of processing-
speed profile in the clinical groups before and after treatment. Klaus Martiny,
Niels Peter Nielsen, and Elisabeth Wiig interpreted the data and Klaus Martiny
and Elisabeth Wiig collaborated on writing the manuscript. Klaus Martiny,
Niels Peter Nielsen, and Elisabeth Wiig reviewed and edited manuscript drafts
at various stages and accepted the final manuscript for submission.

Financial support. The authors or their institutions received no specific grant
from any funding agency, commercial or not-for-profit sectors to support
this study.

Conflict of interest. Professor Klaus Martiny reports no professional or per-
sonal conflicts of interest.

Authors Niels Peter Nielsen, MD, and Elisabeth H. Wiig, PhD hold the
copyright to A Quick Test of Cognitive Speed with coauthor Professor Lennart
Minthon. They report no other financial or personal conflicts of interest.

References

Andersson M, Wiig EH, Minthon L and Londos E (2007) A Quick Test for
Cognitive Speed: a measure of cognitive speed in dementia with Lewy bodies.
American Journal of Alzheimer’s Disease ¢~ Other Dementias 22, 313-318.

Baddeley AD, Bressi S, Della Sala S, Logie R and Spinnler H (1991) The
decline of working memory in Alzheimer’s disease. A longitudinal study.
Brain 114 (Pt 6), 2521-2542.

Barkley RA and Brown TE (2008) Unrecognized attention-deficit/hyperactivity
disorder in adults presenting with other psychiatric disorders. CNS Spectrums
13, 977-984.

Bech P, Gefke M, Lunde M, Lauritzen L and Martiny K (2011) The
Pharmacopsychometric Triangle to Illustrate the Effectiveness of T-PEMF
Concomitant with Antidepressants in Treatment Resistant Patients: A
Double-Blind, Randomised, Sham-Controlled Trial Revisited with Focus
on the Patient-Reported Outcomes. Depression Research and Treatment
2011, 806298.

Bech P, Lauritzen L, Lunde M, Unden M, Hellstrom LC, Csillag C and
Martiny K (2014) Psychometric analysis of the Melancholia Scale in trials


https://doi.org/10.1017/neu.2020.17

Acta Neuropsychiatrica

with non-pharmacological augmentation of patients with therapy-resistant
depression. Acta Neuropsychiatrica 26, 155-160.

Bech P, Timmerby N, Martiny K, Lunde M and Soendergaard S (2015)
Psychometric evaluation of the Major Depression Inventory (MDI) as depres-
sion severity scale using the LEAD (Longitudinal Expert Assessment of All
Data) as index of validity. BMC Psychiatry 15, 190.

Berryhill ME, Chein J and Olson IR (2011) At the intersection of attention and
memory: the mechanistic role of the posterior parietal lobe in working
memory. Neuropsychologia 49, 1306-1315.

Cohen ] (2009) Statistical Power Analysis for the Behavioral Sciences. USA:
Psychology Press.

Downing PE (2000) Interactions between visual working memory and selective
attention. Psychological Science 11, 467-473.

Esterman M, Chiu YC, Tamber-Rosenau BJ and Yantis S (2009) Decoding
cognitive control in human parietal cortex. Proceedings of the National
Academy of Sciences of the United States of America 106, 17974-17979.

Fleck C, Wiig EH and Corwin M (2015) Stroop interference and AQT cogni-
tive speed may play complementary roles in differentiating dementias with
frontal and posterior lesions. Community Mental Health Journal 51, 315-320.

Gonda X, Pompili M, Serafini G, Carvalho AF, Rihmer Z and Dome P (2015)
The role of cognitive dysfunction in the symptoms and remission from
depression. Annals of General Psychiatry 14, 27.

Greenberg LM and Waldman ID (1993) Developmental normative data on the
test of variables of attention (T.O.V.A.). Journal of Child Psychology and
Psychiatry 34, 1019-1030.

Hamilton M (1960) A rating scale for depression. Journal of Neurology,
Neurosurgery, and Psychiatry 23, 56-62.

Jacobson JM, Nielsen NP, Minthon L, Warkentin S and Wiig EH (2004)
Multiple rapid automatic naming measures of cognition: normal perfor-
mance and effects of aging. Perceptual and Motor Skills 98, 739-753.

Katzman MA, Bilkey TS, Chokka PR, Fallu A and Klassen L] (2017) Adult
ADHD and comorbid disorders: clinical implications of a dimensional
approach. BMC Psychiatry 17, 302.

Larochette AC, Harrison AG, Rosenblum Y and Bowie CR (2011) Additive
neurocognitive deficits in adults with attention-deficit/hyperactivity disorder
and depressive symptoms. Archives of Clinical Neuropsychology 26, 385-395.

Lingjaerde O, Ahlfors UG, Bech P, Dencker S] and Elgen K (1987) The UKU
side effect rating scale. A new comprehensive rating scale for psychotropic
drugs and a cross-sectional study of side effects in neuroleptic-treated
patients. Acta Psychiatrica Scandinavica 334, 1-100.

Magell G, Gustavsson J, Wiig E and Nielsen N (2018) Monitoring methylphe-
nidate dose effects in adults with attention deficit disorder with hyperactivity:
a validation study. Journal of Neuroscience and Neuropsychology 2, 1-7.

Martiny K, Lunde M and Bech P (2010) Transcranial low voltage pulsed
electromagnetic fields in patients with treatment-resistant depression.
Biological Psychiatry 68, 163-169.

Martiny K, Refsgaard E, Lund V, Lunde M, Sorensen L, Thougaard B,
Lindberg L and Bech P (2013) The day-to-day acute effect of wake therapy
in patients with major depression using the HAM-D6 as primary outcome
measure: results from a randomised controlled trial. PLoS One 8, €67264.

Mcintosh D, Kutcher S, Binder C, Levitt A, Fallu A and Rosenbluth M (2009)
Adult ADHD and comorbid depression: a consensus-derived diagnostic
algorithm for ADHD. Neuropsychiatric Disease and Treatment 5, 137-150.

Nielsen NP, Ringstrom R, Wiig EH and Minthon L (2007) Associations
between AQT processing speed and neuropsychological tests in neuropsy-
chiatric patients. American Journal of Alzheimer’s Disease ¢» Other Dementias
22, 202-210.

Nielsen NP and Wiig EH (2011a) An additive model for relations between
AQT single- and dual-dimension naming speed. Perceptual and Motor
Skills 112, 499-508.

Nielsen NP and Wiig EH (2011b) AQT cognitive speed and processing effi-
ciency differentiate adults with and without ADHD: a preliminary study.
International Journal of Psychiatry in Clinical Practice 15, 219-227.

Nielsen NP and Wiig EH (2013) Validation of the AQT color-form additive
model for screening and monitoring pharmacological treatment of
ADHD. Journal of Attention Disorders 17, 187-193.

Nielsen NP, Wiig EH, Back S and Gustafsson J (2017) Processing speed
can monitor stimulant-medication effects in adults with attention

https://doi.org/10.1017/neu.2020.17 Published online by Cambridge University Press

245

deficit disorder with hyperactivity. Nordic Journal of Psychiatry 71,
296-303.

Nielsen NP, Wiig EH, Warkentin S and Minthon L (2004) Clinical utility of
color-form naming in Alzheimer’s disease: preliminary evidence. Perceptual
and Motor Skills 99, 1201-1204.

Palmgqyvist S, Minthon L, Wattmo C, Londos E and Hansson O (2010) A
Quick Test of cognitive speed is sensitive in detecting early treatment
response in Alzheimer’s disease. Alzheimer’s Research & Therapy 2, 29.

Rucklidge JJ and Tannock R (2002) Validity of the Brown ADD scales: an
investigation in a predominantly inattentive ADHD adolescent sample with
and without reading disabilities. Journal of Attention Disorders 5, 155-164.

Ryan M, Jacobson LA, Hague C, Bellows A, Denckla MB and Mahone EM
(2017) Rapid automatized naming (RAN) in children with ADHD: An
ex-Gaussian analysis. Child Neuropsychology 23, 571-587.

Sackeim HA (2001) The definition and meaning of treatment-resistant
depression. The Journal of Clinical Psychiatry 62 (Suppl 16), 10-17.

Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, Weiller E,
Hergueta T, Baker R and Dunbar GC (1998) The Mini-International
Neuropsychiatric Interview (M.IN.L): the development and validation of
a structured diagnostic psychiatric interview for DSM-IV and ICD-10.
The Journal of Clinical Psychiatry 59(Suppl 20), 22-33;quiz 34-57.

Silverstein MJ, Alperin S, Faraone SV, Kessler RC and Adler LA (2018) Test-
retest reliability of the adult ADHD Self-Report Scale (ASRS) v1.1 Screener in
non-ADHD controls from a primary care physician practice. Family Practice
35, 336-341.

Theiling J and Petermann F (2016) Neuropsychological profiles on the WAIS-IV
of adults with ADHD. Journal of Attention Disorders 20, 913-924.

Weigard A and Huang-Pollock C (2017) The role of speed in ADHD-related
working memory deficits: A time-based resource-sharing and diffusion
model account. Clinical Psychological Science 5, 195-211.

Wiig E, Nielsen N, Minthon L, Londos E and Jacobson J (2009) AQT
Cognitive Speed: A Review of Behavioral Correlates and Temporal-
Parietal Perfusion in Normal Adults and Patients with Dementia. Kerala,
India: Research Signpost.

Wiig E, Nielsen N, Minthon L and Warkentin S (2002) A Quick Test of
Cognitive Speed (AQT): Assessment of Parietal Function. San Antonio, TX:
Psychological Cooperation.

Wiig E, Nielsen N, Minthon L and Warkentin S (2005) A Quick Test of
Cognitive Speed (AQT). Et Kort Manual. Stockholm: Hartcourt/PsychCorp.

Wiig EH, Annas P, Basun H, Andreasen N, Lannfelt L, Zetterberg H,
Blennow K and Minthon L (2010) The stability of AQT processing speed,
ADAS-Cog and MMSE during acetylcholinesterase inhibitor treatment in
Alzheimer’s disease. Acta Neurologica Scandinavica 121, 186-193.

Wiig EH and Nielsen NP (2012) A quick test of cognitive speed for comparing
processing speed to differentiate adult psychiatric referrals with and without
attention-deficit/hyperactivity disorders. The Primary Care Companion for
CNS Disorders 14, PCC.11m01273. doi: 10.4088/PCC.11m01273.

Wiig EH, Nielsen NP and Jacobson JM (2007) A Quick Test of Cognitive
Speed: patterns of age groups 15 to 95 years. Perceptual and Motor Skills
104, 1067-1075.

Klaus Martiny is a medical doctor specialising in psychiatry. He
obtained his PhD degree in 2004 for a thesis showing an
augmenting antidepressant effect of light therapy with sertraline.
Postdoc position from 2004 to 2010, researcher and senior con-
sultant psychiatrist at Psychiatric Hospital Copenhagen,
Rigshospitalet from 2010 and from 2015 clinical associate
research professor at the University of Copenhagen. In 2016,
he completed his doctoral dissertation (DMSc) for a thesis on
the use of novel augmentation strategies in depression: light,
exercise, electromagnetic fields, wake therapy, and sleep hygiene.
From May 2020 Clinical professor at the University of
Copenhagen. He is now working with dynamic lighting in depres-
sion hospital wards and doing studies aiming to strengthen zeitgeber
input by circadian reinforcement therapy (CRT). He is an immediate


https://doi.org/10.4088/PCC.11m01273
https://doi.org/10.1017/neu.2020.17

246

past president of Society for Light Treatment and Biological Rhythms
(SLTBR) and a founding member of the Daylight Academy.

Elisabeth H. Wiig, PhD, is a professor emerita, Communication
Sciences and Disorders Department, Boston University. She is
the author/coauthor of several language tests, among them the
Clinical Evaluation of Language Fundamentals (CELF) preschool
and school-age series. She has published over 100 research articles
in professional journals, authored and contributed to texts on
language disorders, learning disabilities and psychoeducational
assessment, and presented at national and international conferen-
ces. Recently, she has been involved in, presented and published
neuropsychiatric research of dementia, including Alzheimer’s
disease, in collaboration with teams at the Brain Center of Lund
University, and of ADHD in adolescents and adults in collabora-
tion with medical teams in the Kalmar region of Sweden.

https://doi.org/10.1017/neu.2020.17 Published online by Cambridge University Press

Martiny et al.

Niels Peter Nielsen, MD, is a psychiatrist who was trained in
Denmark at the University of Copenhagen with specialisation in
gerontopsychiatry and is certified to practice in Denmark and
Sweden. He was the chief of psychiatry at the Helsingborg
Psychiatric Hospital and currently practices in the Department of
Psychiatry, Vastervik Hospital, Sweden. His clinical research inter-
ests include the use of processing-speed tests as a complement in
differentiating neuropsychiatric disorders and monitoring dose
effects in adults with ADHD and of treatment effects in other clinical
groups, including adults with depression and ADHD with substance
use disorder. He has authored and coauthored articles in collabora-
tion with teams at the Brain Center of Lund University in the area of
dementia of the Alzheimer’s type, and of ADHD in adults in collabo-
ration with psychiatrist at the Karolinska Institute and regional
centres in Sweden.


https://doi.org/10.1017/neu.2020.17

	Differentiating depression and ADHD without depression in adults with processing-speed measures
	Significant outcomes
	Limitations
	Introduction
	Materials and methods
	Participants
	Processing-speed measures
	Treatment procedures
	Statistical analyses

	Results
	Sociodemographics
	Depression treatment outcomes
	Comparing depression and ADHD

	Discussion
	References
	References


