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Abstract

Background: Chronic Tic Disorder (CTD), Obsessive-Compulsive Disorder (OCD) and Attention-Deficit/Hyperactivity
Disorder (ADHD) are complex neuropsychiatric disorders that frequently co-occur. The aim of this study was to exam-
ine WISC-IV performance of a clinical cohort of children with CTD, OCD and/or ADHD.

Methods: N=185 children aged 6 to 17 years from Germany with CTD, OCD and/or ADHD were examined with the
WISC-IV that comprises four index scores (VCI: Verbal Comprehension Index, PRI: Perceptual Reasoning Index, WMI:
Working Memory Index, PSI: Processing Speed Index) and a Full Scale Intelligence Quotient (FSIQ). WISC-IV profiles of
children with CTD-only, OCD-only, ADHD-only, CTD4+ADHD, CTD+0CD and CTD4+0OCD+ADHD were compared with
the WISC-IV norm (N= 1650, M= 100 and SD=15) and among each other.

Results: Unpaired t-tests revealed that children with ADHD-only showed significant lower PSI scores, whereas chil-
dren with CTD-only and OCD-only had significant higher VCl scores as compared to the German WISC-IV norm. One-
way ANOVA revealed that children with ADHD-only showed significant lower WMI scores as compared to children
with CTD4OCD.

Conclusions: We were able to confirm previous evidence on WISC-IV profiles in ADHD in a German clinical sample
and contribute new findings on cognitive performance in children with (non-)comorbid CTD and OCD that have to
be seen in light of the study’s limitations.

Keywords: Wechsler Intelligence Scale for Children for Children (WISC), Chronic Tic Disorder (CTD), Obsessive—
Compulsive Disorder (OCD), Attention-Deficit/Hyperactivity Disorder (ADHD)

Background
Chronic Tic Disorder (CTD) (incl. Tourette Syndrome,
TS), Obsessive—Compulsive Disorder (OCD) and Atten-
tion-Deficit/Hyperactivity Disorder (ADHD) are com-
— — mon neurodevelopmental disorders in childhood which
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complexity [5]. The mean onset of CTD is at the age of
6 years. In about 0.5% to 3% of all children tics become
chronic and last longer than 1 year. Boys are about three
to four times more often affected than girls [6, 7]. The
most common comorbidity of CTD is ADHD (up to
60%), followed by OCD (about 20 to 30%) [8, 9].

OCD is characterized by recurrent, distressing
thoughts and/or compulsive acts [5] with a prevalence
of 1 to 3% in childhood and adolescence [10]. Compared
to the onset of CTD the average onset of OCD is later
in childhood and the gender ratio is nearly balanced [3,
11]. In children with OCD about 12% fulfil the diagnos-
tic criteria of CTD and approximately 8% suffer also from
ADHD [3, 12]. ADHD is characterized by the core symp-
toms inattention, hyperactivity and impulsivity and at
least some of these symptoms have to be present before
the age of 7 years for a period of at least 6 months [5].
About 5-7% of children suffer from ADHD [13, 14] with
considerably more boys than girls being affected (sex
ratio: 3—4:1) [15]. Children with a primary diagnosis of
ADHD often fulfill also the diagnostic criteria of CTD
(about 20%) or OCD (notable variability in ADHD-OCD
co-occurrence in pediatric samples) [2, 3].

The high rate of comorbidity suggests a shared neuro-
biological basis [4, 16, 17] and may be associated with
stronger impairment and more performance difficul-
ties [18-22]. Underlying neurobiological mechanisms
have been investigated in recent decades, though much
remains to be uncovered (e.g. [3]). Cognitive and neu-
ropsychological deficiencies include inhibited executive
functioning (i.e. planning, working memory, impulse
control), verbal and non-verbal memory impairment,
and other intellectual deficiencies. These accompany-
ing symptoms might affect school performance, learn-
ing, as well as social and emotional abilities. For example,
ADHD is thought to result mainly from prefrontal-stri-
atal dysfunction, leading to impairments in executive
functioning [23], which in turn leads to poor perfor-
mance in processing speed, inhibition, working mem-
ory, verbal fluency, and shifting [24]. The relationship
between etiological models of CTD and OCD and intel-
ligence or rather the role of intelligence deficits in CTD
and OCD is rarely investigated (e.g. [25]). Thus it is not
clear whether they may be seen as a part of a common
etiology, as a consequence or both.

The examination of strengths and difficulties in intel-
lectual ability in children with CTD, OCD and/or ADHD
is crucial, because this is important for academic devel-
opment, social functioning and well-being [26-28]. Dif-
ferent models and intelligence tests are available for the
assessment of intellectual ability (e.g. Ravens Progres-
sive Matrices, Wilde Intelligence Test) with the Wechsler
Intelligence Scale for Children (WISC, according to the
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Carrol-Horn-Cattell-Model) being one of the most fre-
quently used instruments in both clinical practice and
research [29-31].

Previous studies on intelligence profiles in children
with CTD and/or OCD are rare and studies on ADHD
are characterized by large methodological differences
with regard to the use of different WISC versions (e.g.
WISC-R, WISC-III, WISC-1V) [29-31], different study
designs and the examination of different diagnostic and
control groups.

As illustrated in Table 1, previous studies investigated
intelligence profiles with or without consideration of
comorbid disorders or explicitly focused on comorbidity
[4, 32-39]. Overall, there is ample evidence that children
with ADHD show impairments in intellectual ability as
compared to control groups (for meta-analysis see [40]).
Regards of the WISC edition [29-31] the most studies
showed significantly lower values in the WISC scores
currently called Processing Speed Index (PSI) and Work-
ing Memory Index (WMI) in children with ADHD [32,
34, 36, 38, 40, 41] and it is even discussed to consider the
WISC profiles in the clinical diagnostic process of ADHD
[38, 40, 42].

With regard to CTD there is a considerable lower num-
ber of studies that revealed heterogeneous results and
high variations in WISC profiles [20, 33]. Several studies
have identified impaired intellectual functioning unique
to the comorbidity of CTD TS and ADHD/OCD (e.g.
[4, 37, 43-45]). For example, Debes et al. (2011) inves-
tigated the intellectual ability with the WISC-III in a
clinical sample of N=266 children with TS and comor-
bid ADHD and/or OCD. They found WISC-III index
scores to be below average in children with TS with and
without comorbidities. The only exception were chil-
dren with TS+OCD who scored higher in Full Scale IQ
(FSIQ) as compared to the children of the other clinical
groups (TS-only, TS+ADHD, TS+ADHD+OCD) [33].
Another study by de Groot et al. found significantly lower
Verbal IQ and Performance IQ scores in children with
TS4+OCD and TS+OCD+ADHD and lower FSIQ scores
in children with TS+OCD as compared to TS (without
OCD and ADHD) [45]. Overall, studies on cognitive per-
formance in children with CTD with and without comor-
bid disorders revealed heterogeneous results and a large
variation in WISC scores [4, 20, 33, 36, 39].

Finally, only a few studies investigated WISC profiles in
children with OCD. For instance, in a study by Beers et al.
children with OCD did not show cognitive impairment in
WISC-III scores [46] whereas Shin et al. reported perfor-
mance deficits in the WISC-R subtests assessing percep-
tual organization ability [36].

To summarize, there is ample evidence on WISC per-
formance of children with ADHD, but WISC profiles
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in children with CTD and OCD were rarely examined.
Comparison of studies is hampered by different study
designs, substantial methodological differences (e.g. dif-
ferent WISC versions, age groups, sampling procedures)
and different consideration of comorbidity (see Table 1).
The present study aims to investigate intellectual ability
in children with CTD, OCD and/or ADHD, that com-
monly co-occur (especially) in clinical settings [1-3].
Here, the examination of intelligence profiles in children
with CTD and/or OCD is of particular interest because
of the low number of studies [4, 20, 33, 36, 39, 46] that
revealed heterogeneous results and a large variation in
WISC scores.

The Department of Child and Adolescent Psychia-
try (CAP) Dresden offers special consultation hours for
these disorders and we were therefore able to analyze
clinical data of a substantial number of affected children.
Due to our comprehensive and standardized assessment
process, we were furthermore able to identify comorbid
and non-comorbid disorders. As we used field data, no
healthy control group was assessed. Using the clinical
data from the CAP Dresden electronic health records,
this study was conducted in order to evaluate whether
or not children with only one (namely CTD-only, OCD-
only or ADHD-only) differ from those with comorbid
disorders (e.g. CTD+ADHD, CTD+OCD+ADHD) in
intellectual functioning. For this, WISC-IV profiles of
different groups will be compared to the German WISC-
IV norm and among each other. The study was also
undertaken as previous studies on intelligence profiles in
CTD and OCD produced conflicting results and few have
been published from Europe. Based on a large body of lit-
erature, we hypothesized that ADHD is associated with
deficits in WISC-IV WMI and PSI scores [35, 38, 41, 47].
Due to the heterogeneous studies on intelligence profiles
in children with CTD and/or OCD, no specific hypoth-
eses were formulated.

Methods

The Department of Child and Adolescent Psychiatry
(CAP) of the University Hospital Carl Gustav Carus at
the Technische Universitit Dresden (Germany) offers
special consultation hours for children with CTD, OCD
and ADHD. Families mainly come from the area of Dres-
den, but also from all over Germany. All children pass
an extensive diagnostic procedure including a physical
examination, a comprehensive anamnesis, several clini-
cal assessments (Child Behavior Checklist [48], Strengths
and Difficulties Questionnaire [49]; and for specific diag-
noses, e.g. Yale Global Tic Severity Scale [50]; Yale Brown
Obsessive Compulsive Scale (CY-BOCS) [51, 52], Con-
ners’ Scales [53, 54]), and if necessary, neuropsychologi-
cal tasks (incl. WISC-IV) and behavioral observation at
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home and in school. The diagnostic procedure at CAP
can comprise several appointments (usually 5-7 appoint-
ments). All children receive an ICD-10 diagnosis [5]
based on the assessments and the consensus of a multi-
professional team (incl. physicians, psychologists, social
worker).

Participants
The study was based on data from an accumulated clinical
sample of children who were seen at special consultation
hours for CTD, OCD and ADHD at the CAP Dresden in
the period between 01.01.2010 and 31.03.2016. As these
are field data, no healthy control group was assessed.
For this study, the following inclusion and exclusion
criteria were defined:
Inclusion criteria:
— children aged 6;0 to 16;11 years
— diagnosis of CTD (ICD-10: F95.1 and F95.2), OCD
(ICD-10: F42.-) and/or ADHD (ICD-10: F90.- and
F98.8; random sample, see below) [5]
— WISC-1V information drawn from the CAP Dresden
electronic health records.

Exclusion criteria:

— psychiatric or developmental disorders other than
CTD, OCD and ADHD, (e.g. adjustment disorder,
anxiety disorder, mood disorder, autism spectrum
disorder)

— no WISC-IV information in the CAP Dresden elec-
tronic health records.

Sample

Overall, N=6378 children and adolescents with various
problems and diagnoses consulted the CAP Dresden dur-
ing the assessment period (see Fig. 1).

Our foremost target was the investigation of WISC-
IV profiles in children with (comorbid) CTD and/or
OCD. Thus, all children with a diagnosis CTD and/or
OCD (N =395) (with and without other diagnoses) were
selected from the CAP Dresden electronic health records
in the first step.

Given the conclusive evidence on intelligence profiles
in ADHD (numerous comprehensive studies and reviews
available, already) and the large number of children with
ADHD who consulted the CAP Dresden (N=689) dur-
ing the assessment period, we decided to randomly draw
a subsample of N=180 children with ADHD to ensure
comparable group sizes.

Thus, N =575 children with CTD, OCD and/or ADHD
were available for further consideration.
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N=6378 children and adolescents
who consulted the CAP Dresden during the
assessment period (01/2010-03/2016)

l

N=575 children with CTD, OCD, ADHD
- N=395 children with CTD and/or OCD
- -N=180 children with ADHD (randomly
drawn from the sample)

developmental disorders other than CTD, OCD,

Exclusion of children with psychiatric or

ADHD (e.g. adjustment disorder, anxiety
disorder, mood disorder, autism spectrum
disorder) (N=278)

v

N=297 children with CTD, OCD, ADHD

Exclusion of children with no valid WISC-IV
information (N=112)

A\ 4

N=185 children with CTD, OCD, ADHD
AND
valid WISC-IV information
(age: 6;0 - 16;11 years)

Disorder; WISC-IV: Wechsler Intelligence Scale for Children, 4th edition

Fig. 1 Chart of the sample selection. CTD: Chronic Tic Disorder; OCD: Obsessive-Compulsive Disorder; ADHD: Attention-Deficit/Hyperactivity

In a next step, we excluded other comorbidities (e.g.
adjustment disorder, anxiety disorder, mood disorder,
autism spectrum disorder) from this sample to disen-
tangle the specifics of intellectual ability in CTD, OCD
and ADHD, resulting in a sample of N =297 children.

Finally, only cases with information on WISC-IV and
within the approved age range of the WISC-IV (6;0 to
16;11 years) were included in our analyses resulting in
N =185 children as final clinical sample.

Ethics approval and consent to participate

Due to anonymous data selection from the health
records informed consent from the participants was
not required. The study was approved by the institu-
tional review board of the Medical Faculty of the Tech-
nische Universitdt Dresden (No: EK31012016) and has
been performed in accordance with the World Medical
Association Declaration of Helsinki [55].

Measurement

The Wechsler Intelligence Scale for Children Fourth
Edition (WISC-IV) [31] measures intellectual ability. It
comprises ten core subtests and four index scores stand-
ardized for sex and age: Verbal Comprehension Index
(VCI) measuring the ability of verbal reasoning and
acquired knowledge, Perceptual Reasoning Index (PRI)
assessing perceptual organization and logical reasoning,
Working Memory Index (WMI) measuring attention
and working memory, and Processing Speed Index (PSI)
assessing speed of mental and fine motor processing.
Furthermore, a Full Scale Intelligence Quotient (FSIQ)
can be analyzed.

Analysis was based on the German normative sample of
N=1650 children and adolescents from German speak-
ing areas (Germany, Swiss, Austria) aged 6;0 to 16;11 years
[56]. Data from the norm sample were collected between
2005 and 2006 and has been stratified by gender, age,
school type, therefore being commensurate with the Ger-
man census. On the basis of this norm sample, age-specific
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WISC-IV index scores and FSIQ were calculated and then
standardized on M =100 and SD=15. As the authors did
not find any gender-specific differences in FSIQ, the index
scores and FSIQ were calculated on the basis of age-spe-
cific norm tables.

The internal reliability coefficients (measured with the
split-half and retest method) for the index scores and FSIQ
range from r=0.87 (Processing Speed) to r=0.97 (FSIQ)
[56].

Unfortunately, there was no systematic information avail-
able in the CAP Dresden electronic health records regard-
ing medication use at WISC-IV assessment. Although we
assume that most of the children receive medication only
after the entire diagnostic procedure at CAP was finished,
it cannot be ruled out that a small number of children
cannot be ruled out that a small number of childrean was
already under medication at WISC-IV assessment.

Statistical analysis

SPSS 23.0 [57] and STATA 14 [58] were used for analyses.
The information about diagnoses, age, gender, WISC-IV
index and FSIQ score of the selected participants was read
out from the CAP Dresden electronic health records and
entered into SPSS 23.0 [57] anonymously and manually.

Due to their psychiatric diagnoses, children were
assigned to one of the following groups: CTD-only (n =46),
OCD-only (n=21), ADHD-only (n=45), CTD+ADHD
(n=35), CTD4+OCD (n=20), OCD+ADHD (n=4),
CTD+OCD+ADHD (n=14). Since, there were only four
children with OCD+ADHD this subgroup was insuffi-
ciently sized/powered and therefore excluded from further
analyses.

Pearson Chi® tests and one-way ANOVA were per-
formed to test whether sample characteristics (age and
gender) differed between the groups. Independent t-tests
were calculated to test differences between the groups and
the German WISC-IV norm. For the calculation N, M, SD
of the observed data from our sample were compared with
N, M, SD that were derived from the WISC-Manual (e.g.
N=1650, M=100, SD=15) using the following formula

t = Mnorm—Mobservation

\/SDrmrm2 + SDobservation? ’
Nnorm Nobservation

A one-way ANOVA was conducted to compare the
groups CTD-only, OCD-only, ADHD-only, CTD+ADHD,
CTD+OCD and CTD+OCD+ADHD with each other. A
significance level of alpha=0.05 was adopted with Bonfer-
roni test as post hoc test.

Results

Sample description

Table 2 presents descriptive data on age and gender dis-
tributions in the respective groups (CTD-only, OCD-
only, ADHD-only, CTD+ADHD, CTD+OCD and
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CTD+OCD+ADHD) and revealed a significant differ-
ence in mean age (F=5.662, p<0.001).

Post hoc Bonferroni tests showed that children with
ADHD-only and CTD+ADHD were significantly
younger than children with CTD-only, OCD-only and
CTD+OCD. There was no significant difference in sex
distribution between the groups.

Comparison of WISC-1V profiles in children with CTD, OCD
and/or ADHD with the WISC-IV norm

Figure 2 shows the mean WISC-IV profiles of children
with CTD-only, OCD-only, ADHD-only, CTD+ADHD,
CTD4+OCD and CTD+OCD+ADHD as compared
to the WISC-IV norm (N=1650, M=100, SD=15).
As expected, children with ADHD-only scored signifi-
cant lower in PSI (t=—2.664, df=1693, p=0.016) as
compared to the WISC-IV norm. For children with
CTD-only (78% where diagnosed with TS) and OCD-
only significant higher mean scores in VCI (CTD-only:
t= 3.126, df=1694, p<0.004, OCD-only t=2.433,
df=1669, p=0.032) were found when comparing pro-
files with the WISC-IV norm. Interestingly, children
with comorbid disorders (CTD+ADHD, CTD+OCD,
CTD+OCD+ADHD) showed no significant deviations
from the WISC-IV norm.

Comparison of WISC-IV profiles in children with CTD, OCD
and/or ADHD

ANOVA revealed a significant group difference in WMI
(F=2.335, dfl = 5, df2 = 175, p=0.044) and post hoc
Bonferroni test showed that children with ADHD-only
had a significantly lower mean WMI score than children
with CTD+OCD. No significant differences between the
groups with regard to the WISC-IV index scores VCI,
PRI and PSI as well as FSIQ were found.

Discussion

This study investigated WISC-IV profiles in a German
clinical sample of children with comorbid and non-
comorbid CTD, OCD and/or ADHD who consulted
the CAP Dresden (Germany) during the study period
from 01.01.2010 until 31.03.2016. In accordance with
the earlier onset-age (1) children with ADHD-only and
CTD+ADHD were significantly younger than children
with CTD-only, OCD-only and CTD+OCD [6, 11].
However, no age or gender related bias was assumed
for this study, since the WISC-IV index and FSIQ
scores were standardized. (2) When comparing WISC-
IV profiles of the considered groups to the German
WISC-1IV norm, unpaired t-tests revealed that children
with ADHD-only showed significant lower PSI scores,
whereas children with CTD-only and OCD-only had
significant higher VCI scores. (3) ANOVA revealed that
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Fig. 2 WISC-IV profiles in children with Chronic Tic Disorder (CTD), Obsessive—Compulsive Disorder (OCD) and/or Attention-Deficit/Hyperactivity
Disorder (ADHD) compared to the WISC-IV norm sample (N= 1650, M= 100, SD = 15) (significant results from paired t-tests with Bonferroni
correction). VCl: Verbal Comprehension Index; PRI: Perceptual Reasoning Index; WMI: Working Memory Index; PSI: Processing Speed Index; FSIQ: Full
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children with CTD+OCD scored significantly higher in
WMI than children with ADHD-only.

For the discussion of our results, it is important to
consider that previous studies followed different meth-
odological approaches (e.g. different WISC-versions,
age groups, sampling procedures, consideration of
comorbidities).

The result that children with ADHD-only showed sig-
nificantly lower performances in PSI as compared to
the WISC-IV norm (t-tests) and as compared to chil-
dren with CTD+OCD (ANOVA) is in accordance with
previous studies [35, 38, 41, 47] and can be interpreted
in a similar direction. The results were in line with
another German study of Schmidtendorf et al. who
reported significant deficits in PSI and WMI in chil-
dren with ADHD (N =433) and furthermore significant

deficits in PSI in the subsample of ADHD cleared of
comorbidities [35].

As already mentioned, some clinicians even discuss to
consider the WISC-IV profiles in the clinical diagnostic
process of ADHD [38, 40, 42, 59]. However, it is impor-
tant to consider that these empirical findings were found
at a group level. WISC profiles should be used for indi-
vidual diagnostic.

When comparing WISC-IV profiles of the considered
groups to the German WISC-IV norm, unpaired t-tests
revealed that children with CTD-only had significant
higher VCI scores. As other studies did not find above-
average VCI scores in children with CTD, we have to
discuss this result with caution. Other studies that exam-
ined cognitive performance in children with CTD (with
and without comorbid disorders) revealed heterogene-
ous results and a large variation in WISC scores [4, 20,
33, 36, 39]. Rizzo et al. found no significant differences
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in FSIQ between children with TS-only and controls and
significant lower FSIQ in subjects with TS+ADHD [4]
whereas Debes et al. found lower IQ scores in subjects
with TS-only compared to controls and the general pop-
ulation, except for children with TS+OCD who scored
higher in FSIQ [33]. Overall, we cannot rule out that
our result might be partially due to a selection bias (e.g.
fewer WISC scores of children with severe and impairing
CTD available from our CAP electronic health records).
However, selection bias would likely also pertain WISC
performance on the other WISC scores. Moreover, large
standard deviations indicate that at least a meaningful
proportion of children with CTD performed well during
the WISC-IV examination. Further studies are needed
to examine intelligence profiles in children with CTD,
including TS.

As already mentioned, only a few previous studies
investigated WISC-profiles in children with OCD [36,
46]. The present study revealed that children with OCD
presented higher VCI scores as compared to the WISC-
IV norm. Although an overestimation of the mean WISC
scores due to selection bias (see below) cannot be ruled
out verbal intelligence performance seems to be rather
good within the overall intelligence profiles of chil-
dren with OCD. Our results were in line with the study
by Shin et al. who examined subjects with OCD, TD,
ADHD, depression and healthy controls and found that
subjects with OCD tended to have higher verbal ability
(Verbal Intelligence Quotient) as compared to children of
the other clinical groups and similar verbal IQ as com-
pared to the healthy control group [36]. Also, children in
a study of Beers et al. performed as good as healthy chil-
dren in WISC-III and other neuropsychological tests. The
authors investigated a pediatric sample of OCD children
(age: M=12.03, SD=2.9) and concluded that although
OCD is associated with central nervous dysfunction, this
does not interfere with cognitive ability at an early stage
of illness [46]. Given the association between intelligence
performance and the development of OCD symptoms
[60, 61], more research is needed to investigate the pro-
spective relations between intelligence profiles and OCD.

Interestingly, children with comorbid disorders
(CTD+ADHD, CTD+OCD, CTD+OCD+ADHD)
showed no significant deviations from the WISC-IV
norm in our sample. This result contradicts the com-
mon assumption that children suffering from comorbid
disorders may have more severe impairments (e.g. cogni-
tive abilities, social functioning [18, 21, 22]), but must be
discussed in light with the limitations of our study (see
below).

Interestingly, the result that children with CTD+OCD
showed significantly higher scores in WMI as compared
to ADHD-only (ANOVA: F =2.335, p=0.044) was in line
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with the study of Debes et al. who reported that children
with TS4+OCD scored higher in FSIQ than the other
groups (TS, TS+ADHD and TS+ADHD+OCD) [33].
Regarding ADHD the literature is inconsistent pertaining
the relation of comorbidity and cognitive impairments
and our study did not show lower WISC performance in
children with comorbid ADHD plus OCD and/ or CTD.
This is in line with the results of Moura et al. who did
not find additional neurocognitive impairments in chil-
dren with ADHD and comorbid developmental dyslexia
as compared to children with ADHD-only [24]. Shana-
han et al. argued that processing speed might be a shared
cognitive risk factor for both disorders that may help
explain the comorbidity of reading disability and ADHD
and examined a range of speeded tasks in reading disor-
der, ADHD and reading disorder+ADHD. They found
that the comorbid group did not differ significantly in
processing speed from the other groups [62].

On the other hand, Roessner et al. [8] investigated
different domains of executive functions (using differ-
ent tasks e.g. Wisconsin Card Sorting Test, Matching
Familiar Figures Test and Stroop Test) in children with
non-comorbid and comorbid ADHD and CTD and
found that ADHD was associated with neuropsycho-
logical performance deficits especially in case of comor-
bid CTD+ADHD. Thus, further research is necessary
to investigate how comorbid conditions are related to
cognitive dysfunctions and in particular, working strate-
gies that may be used by the affected children to deal or
rather compensate their difficulties [8].

Strengths and limitations

This study investigated WISC-1V profiles in children with
CTD, OCD and/or ADHD considering their co-occur-
rence. It was based on data from an accumulated German
clinical sample of children who were seen at special con-
sultation hours of the CAP Dresden for CTD, OCD and
ADHD. So it is one of the first clinical studies in Europe
focusing on intellectual profiles of these three disorders
(pure and in co-occurance) and controlling for further
comorbidities.

As these are field data, no healthy control group was
examined since only those children who are under sus-
picion for a psychiatric diagnosis are further examined
at our CAP with the WISC-IV. For this reason, we used
the norm data for comparison and we also compared our
results with other studies from different countries and
various study designs (Table 1). Assuming a theoretical
M =100 and SD =15 for the control group may produce
some bias in the statistical analysis (e.g. many SDs were
below the theoretical SD =15, see Table 2). Further stud-
ies should include a control group to allow more robust
statistical analyses on cognitive functioning in typically
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developing children vs. children with CTD, OCD and/
or ADHD (e.g., logistic regression analysis, ROC curve
analysis).

Unfortunately, there was no systematic information
available regarding medication use at WISC-IV assess-
ment in the CAP Dresden electronic health records.
Although, we assume that most of the children receive
medication only after the entire diagnostic procedure
is completed at CAP, it cannot be ruled out that some
children were under medication at WISC-IV assess-
ment. This is important to note, because it is well known
that stimulants could significantly influence the WISC
performance and other cognitive measures [63, 64].
Here it must be considered, that the ADHD group had
an FSIQ=99 which was significantly above the FSIQ
reported in meta-analytic studies of individuals with
ADHD (e.g. [40]). Moreover, Khalifa et al. reported that
medication in TS may result in lower WISC performance
[20]. Thus, systematic examination of any medication is
recommended for further studies and our results need to
be interpreted in light of this limitation.

In our clinical data that were derived from the CAP
Dresden electronic health records, no systematic infor-
mation was available regarding symptom severity, age of
onset, socio-economic status, and migration background.
Thus, it was not possible to control for these factors.
However, most children consulting the CAP Dresden live
in Saxony (Germany) and the migration background can
be assumed to be at a low level (Saxony statistics quan-
tified the migration background in pupils at 9.7% in the
year 2017 [65]).

The WISC-IV allows to analyze the intellectual pro-
file of children in more detail, for example the General
Ability Index (GAIL: comprises the verbal comprehension
and perceptual reasoning subtests and reflects reasoning
abilities), the Cognitive Proficiency Index (CPI: includes
the working memory and processing-speed subtests to
evaluate proficiency and efficiency of cognitive process-
ing) as well as FSIQ- GAI discrepancy and GAI-CPI dis-
crepancy. However, these scores are not provided within
the clinical routine and standard WISC-IV assessment at
CAP and the focus of the present study was on the clini-
cal routine and the main indices and FSIQ.

However, since the consideration of these scores in
clinical care can give relevant information about intellec-
tual functioning of developing children and children with
neuro-developmental disorders such as the examined
psychiatric disorders CTD, OCD and ADHD (e.g. [66—
69]), these scores should be systematically considered in
further studies as argued by different authors [67-69].
Especially the FSIQ should be interpreted with caution
due to the influence of various factors, e.g. attention or
executive deficits.
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Finally, varying group sizes were predetermined by the
clinical sample and the group OCD+ADHD (n=4) had
to be excluded from the statistical analyses for reason of
statistical power. So it was not possible to apply a 3 x 2
factorial approach with the factors CTD (yes/no), OCD
(yes/no) and ADHD (yes/no) that would allow drawing
conclusions on the relevance of the non-comorbid and
comorbid presentations of the considered disorders on
intellectual ability. Although the size of the considered
subgroups was sufficient in this study, analyses should be
replicated within larger samples to verify our results. In
addition, future studies could investigate the predictive
or structural validity of the WISC-IV in more detail [59].

We excluded other comorbidities (e.g. adjustment dis-
order, anxiety disorder, mood disorder, autism spectrum
disorder) from this sample to disentangle the specifics of
intellectual ability in the mentioned disorders. However,
future studies need to examine the role of further comor-
bidities, accordingly.

Conclusion

Overall, we were able to confirm studies from the US
on the intellectual ability in children with ADHD in
a German sample. In addition, this study contributes
new evidence on intellectual ability in children with
non-comorbid and comorbid CTD and/or OCD from a
German clinical sample. Children with CTD-only and
OCD-only showed strengths in verbal comprehension. In
clinical care and future research, comorbidity and medi-
cation needs to be considered and professionals have to
be aware of strengths and deficits in WISC performance
in children who are affected by the examined disorders
since intellectual ability is an important factor for aca-
demic development, social functioning and well-being.
Thus, the WISC-1V profile can be an important piece of
the puzzle within a comprehensive psychological assess-
ment that includes also a clinical interview, rating scales,
observations, and cognitive measures.
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