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Abstract

variability between the neuropsychological assessments.

was not examined at all.

Critical review

Background: Patients with the metabolic disorder classical galactosemia suffer from long-term complications
despite a galactose-restricted diet, including a below average intelligence level. The aim of the current review
was to investigate the incidence and profile of cognitive impairments in patients with classical galactosemia.

Method: MEDLINE, EMBASE and PsychINFO were searched up to 23 October 2018 for studies examining
information processing speed, attention, memory, language, visuospatial functioning, executive functioning and
social cognition in patients with confirmed classical galactosemia utilizing standardized neuropsychological tests.
Data synthesis followed a narrative approach, since the planned meta-analysis was not possible due to large

Results: Eleven studies were included, including case-studies. The quality of most studies was moderate to low.

As a group, patients with classical galactosemia exhibit below average to low scores on all cognitive domains. A
large proportion of the patients perform on an impaired level on attention, memory and vocabulary. Evidence

for impairments in information processing speed, language, visuospatial functioning and aspects of executive
functioning was limited due to the small number of studies investigating these cognitive functions. Social cognition

Conclusions: Given the moderate to low quality of the included studies and the limited evidence in many
cognitive domains, the incidence of cognitive impairment in patients with classical galactosemia is not yet clear.
Both clinicians and researchers encountering patients with classical galactosemia need to be aware of possible
cognitive impairments. Future well-designed studies are needed to determine the cognitive profile of classical
galactosemia. This can be the basis for the development of intervention strategies.
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Introduction

Classical galactosemia (CG; OMIM: 230400) is a rare
autosomal recessive metabolic disorder with an incidence
between 1:16.000 and 1:60.000 in Europe and the USA [1].
The disorder is caused by a deficiency of galactose-1-
phosphate uridylyltransferase (GALT, EC 2.7.7.12). Due to
this deficiency, newborns develop a life-threatening illness
after the ingestion of breast milk or formula. If CG is
suspected, a galactose-restricted diet is started which
eliminates the acute clinical symptoms [2]. CG is con-
firmed by means of absent or barely detectable GALT
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enzyme activity in red blood cells and/or the presence of
two pathogenic GALT mutations [3]. Despite the lifelong
diet, patients with CG develop long-term complications in
different degrees of severity. Besides neurological deficits
and primary ovarian insufficiency [1], cognitive function-
ing seems to be affected. A recent meta-analysis of intel-
lectual functioning in a sample of early-treated patients
with a confirmed CG-diagnosis found a mean below aver-
age total intelligence quotient (IQ) of 87. Only 15% had an
average or above average IQ (100 or higher) in contradic-
tion to the 50% found in the general population [4]. The
lower level of cognitive functioning seems to affect the
health-related quality of life [5] and a large proportion of
the patients need additional care and guidance in the
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domain of mental functions [6]. Unfortunately, the major-
ity of articles investigating the cognitive complications of
CG only used intelligence tests which are designed to
assess overall cognitive functioning [7] and not specific
cognitive domains (i.e. information processing speed, ex-
ecutive functioning, memory, language, visuospatial func-
tioning and social cognition). A low IQ can be caused by a
global impairment in the general mental abilities, but it
can also be the result of a specific impairment in one
or multiple cognitive domains lowering scores of some or
several subtests and consequently the IQ [8]. Conse-
quently, it is important to delineate the cognitive profile of
CG to understand the process underlying the lower level of
cognitive functioning, to improve prognostic accuracy and
to identify cognitive areas in which additional guidance
and/or rehabilitative interventions are needed. Therefore,
the aim of the current review is to systematically investi-
gate cognitive functioning in patients with CG in order to
answer the following questions:

1. What is the incidence of cognitive impairment in
classical galactosemia?

2. Which cognitive domains are impaired in patients
with classical galactosemia?

Method

The current systematic review was performed according
to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) method [9]. The PRISMA
checklist of this review can be found in Additional file 1.

Search strategy

The electronic databases MEDLINE, EMBASE and Psy-
chINFO were searched up to 23 October 2018 with a
medical information specialist. The search strategies for
MEDLINE and EMBASE were developed to target the
patient population and were modified by manually omit-
ting irrelevant clusters of related articles identified by
VOSviewer (see Additional file 2 [10];). The final search
strategies are included in Additional file 3. In addition, ref-
erence lists of included articles and (systematic) reviews
were hand searched. All records were de-duplicated in
EndNote and all unique results were uploaded to the sys-
tematic review software program Covidence.

Eligibility criteria

Both the title- and abstract screening and the subsequent
full-text screening were independently performed by MEH
and MMWK. Disagreement was resolved by consensus
and consultation of GJG or AMB. Studies were included if
they investigated patients with CG, confirmed by either
genetic analysis with two pathogenic mutations and/or
absent or barely detectable red blood cell GALT enzyme
activity. Studies that selected a specific subgroup of CG
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patients based on clinical outcome were excluded. More-
over, studies needed to report standardized results of
standardized neuropsychological tests examining cognitive
domains. A standardized neuropsychological test requires
standardized administration and scoring procedures, and
the presence of normative data [8]. Studies solely assessing
general cognitive status or intelligence were excluded.
Studies only reporting aggregated scores of test batteries
were also excluded.

Given the expected relatively small number of studies,
there were no restrictions of age. Full-text, original arti-
cles of any publication year written in either English or
Dutch were included. If multiple studies reported on the
same patient cohort, the study reporting on the largest
proportion of the cohort was included.

Data extraction
Data on study characteristics (i.e. sample size, study design,
control characteristics), patient characteristics (i.e. age,
gender, criteria for diagnosis, age of diagnosis, age of start
diet, compliance to diet, genetic mutation, clinical outcome
and psychiatric symptoms) and cognitive outcomes were
extracted from the included studies by both MEH and
MMWK independently. Age of diagnosis and start of diet
were included in the data extraction since late initiation of
the galactose-restricted diet (i.e. after eight weeks) has been
found to be related to lower intelligence levels in CG-
patients [11, 12]. Moreover, the specific genetic mutations
reported in the studies were extracted since some patho-
genic mutations (i.e. S135L) are associated with a less se-
vere clinical outcome [13]. Clinical outcome was extracted
since several outcomes might influence the performance on
neuropsychological tests, including severe mental retard-
ation, speech disorders and motor impairments [8] as well
as psychiatric symptoms, especially mood disorders [14].
Four authors were contacted for numerical data that was
solely described in their papers. One author responded
within the set period of 1.5 months [15]. All neuropsycho-
logical (sub-)tests were categorized into different cognitive
domains (i.e. information processing speed, attention, mem-
ory, language, visuoconstruction and visuospatial function-
ing, executive functioning and social cognition), based on
neuropsychological handbooks [8, 16]. In the current
review, test scores below the ninth percentile (i.e. z-score <
—1.4) are described as impaired. A cognitive domain is de-
fined as impaired if the results of multiple tests categorized
in that particular cognitive domain are below the ninth per-
centile. For longitudinal designs, only the data of the first
measurement was included.

Risk of bias assessment

Risk of bias assessment was performed by MEH and
verified by GJG. The Scottish Intercollegiate Guidelines
Network (SIGN) quality appraisal checklists [17] were
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used for case-control studies. The critical appraisal
checklists of the Joanna Briggs Institute (JBI [18]) were
used for the remaining study designs. The assessment
was done while taking the low incidence of the disease
into account.

Data synthesis

The outcome measures and quality of report of the results
of all included studies were evaluated first. If multiple arti-
cles examined the same cognitive function with relatively
similar tests and the quality of the studies was sufficient, a
meta-analytic approach was planned by means of a
random-effects model because of the expected heterogen-
eity between studies. If a quantitative approach was not
feasible because of above-mentioned reasons, a narrative
approach was planned.

Results

Study selection

The database-search yielded a total of 6142 records. After
the removal of duplicates, the remaining 4144 records
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were screened. Hand-searching the reference lists resulted
in no extra articles. Finally, eleven studies were retained
(see Fig. 1), including two case-control studies [19, 20],
five cross-sectional studies [15, 21-24], one case-series
[25] and three case reports [26—28]. Several studies inves-
tigating the cognitive development of patients with CG
were excluded, since they only used developmental scales
and/or intelligence tests which are not informative about
the level of functioning in a specific cognitive domain.

Study characteristics

The sample consisted of 177 patients with CG (see
Table 1). The study sample sizes varied from one to 45.
Six studies included only children, and five studies
included both children and adults with an age range be-
tween two and 53years. The genetic mutation was
known of 71 patients, of which 48 were homozygous for
the Q188R-variant might be related to a more severe
outcome [1]. Due to the inclusion of four studies that
did not perform or report the results of genetic analysis
[21-23, 26], the presence of patients carrying the S135

)
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patients with CG [9]

g Records identified through database
E=] searching
S (n = 6142):
£ MEDLINE (n = 2513), EMBASE
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°
v
E’ Records screened (after duplicates Records excluded
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(2]
. A 4
Full-text articles assessed for Full-text articles excluded, with reasons
> eligibility —> (n=376):
= (n=387) No standardized neuropsychological data (n = 115)
8 Not available in English or Dutch (n = 95)
d=d Absence of available full-text (n = 63)
w No original study (n = 47)
Conference abstract (n = 25)
_J No classical galactosemia and no standardized
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Report of the same patient cohort (n = 9)
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Animal study (n = 1)
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Fig. 1 PRISMA flow diagram. Flow diagram of the study selection process of the current systematic review regarding cognitive functioning in
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L-variant remained unknown. Two studies reported the
presence of movement disorders, in which tremor and
ataxia were the most common symptoms [15, 23]. Psy-
chiatric symptoms were present in two studies [15, 19]
and lower intellectual functioning in the majority of the
studies. All studies used normative data to evaluate cog-
nitive functioning. Two studies additionally used control
subjects [19, 20]. Both these studies matched their con-
trols on age and gender, and one of them added parental
educational coding as a matching variable [20]. Of one
study, individual patient data were available making it
possible to exclude six individual patients that received
the diagnosis CG after 56 days (i.e. 8 weeks) in order to
avoid any influence of late treatment [15].

Risk of bias assessment

According to the JBI- and the SIGN checklists, only one
study was found to be of high quality [19]. Three studies
were of low quality, with a high risk of bias [20, 26, 28].
All other studies were found to be of moderate quality.
The results of the risk of bias assessment can be found
in Additional file 4.

The most frequent issue was the recruitment process of
the patients in the eight studies investigating multiple pa-
tients. Two studies had a high risk for selection bias due to
nonconsecutive- and incomplete inclusion [25], or unclear
exclusion criteria for controls and cases [20]. In all five
cross-sectional studies the recruitment process was unclear
[15, 21-24]. Only one study described the recruitment
process in sufficient detail [19]. Moreover, three studies ap-
plied exclusion criteria containing neurological or psychi-
atric disorders [21] and mental retardation [19, 22]. Another
major issue was the scarce report of the patients’ age at the
initiation of the galactose-restricted diet, making it impos-
sible to infer whether the results might be influenced by late
treatment. The presence of psychiatric symptoms was men-
tioned in three studies but possible effects for, or associa-
tions with cognitive outcomes were not tested [15, 19, 21].
Moreover, in the majority of the included studies the associ-
ation between IQ and performance on the neuropsycho-
logical tests was not tested nor accounted for. Finally, there
was a large variability between studies in utilized neuro-
psychological tests. Based on neuropsychological handbooks
[8, 16], four studies used tests of moderate psychometric
quality and/or with older normative data [15, 21, 23, 26].
One study used a test of unclear psychometric quality [22].
Due to this variability and the moderate to low quality of
the included studies, a quantitative meta-analytic approach
was not possible. A systematic, narrative approach was uti-
lized for the current review.

Cognitive outcomes
All results of the neuropsychological tests can be found
in Table 2.
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Information processing speed

Two studies examined information processing speed
[21, 23]. A cross-sectional study reporting a total score of
two subtests measuring information processing speed and
cognitive inhibition, demonstrated an impaired perform-
ance averaged across a sample of 24 patients (adults and
children), but did not report what process caused the im-
pairment [21]. Thirty percent of the individual patients
performed on an impaired level (i.e. 29.1%) in contradic-
tion to about 8% in the normal population [16]. Another
cross-sectional study found an impaired visual informa-
tion processing speed in children (z=-1.86) and a below
average result in adults (z = — 1.33 [23];).

Attention

Two cross-sectional studies addressed attention and
found no impairment [21, 23]. However, in both studies
the range of performances exceeded the level of impair-
ment, indicating that a proportion of the patients (i.e.
29.6% [21];) performed on an impaired level.

Memory
Two studies addressed verbal memory [21, 23]. A cross-
sectional study of children and adults found no impair-
ments in verbal information encoding and retrieval [21].
However, 32.1% of the patients performed on an im-
paired level on encoding and 21.4% on retrieval. The
same was found in another cross-sectional study [23].
Three studies examined visual memory [19, 21, 24]. A
pediatric case-control study found no impairments on
both the immediate- and delayed recall of the structural
elements of a complex figure, but the immediate- and
delayed recall of incidental elements of the figure was
significantly lower in the patient group than in the con-
trol group (p <.001) and impaired (z=-1.47 and z=-
1.43 [19];). A small cross-sectional study reported an
impaired overall immediate recall of the same complex
figure but did not differentiate the results of the different
elements or report the delayed recall-results [24]. Al-
though no memory impairment was found in 28 adults
and children in another cross-sectional study, approxi-
mately 40% of the patients scored on an impaired level
on both immediate- and delayed recall [21].

Language

Six studies examined expressive language [19, 20, 22, 23,
25, 27]. No impairment in expressive vocabulary was
found in a case-control sample of children although the pa-
tient group differed significantly from the control group
(p <.001). No difference was present if a phonemic cue was
presented (p =.227 [19];). A cross-sectional study found ex-
pressive vocabulary impairment in adults, but not in chil-
dren [23]. However, the range of performances was large
indicating that a proportion of the patients functioned on
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an impaired level. A case-series reported expressive vocabu-
lary impairment in two out of four children [25]. A poorly
designed case-control study found no impairment in an-
other five-year old patient [20]. One cross-sectional study
of 32 children and adults found impairments on another
aspect of expressive language, namely repetition, measured
by a German test of unclear psychometric quality [22].
Lastly, two case studies assessed multiple aspects of expres-
sive language by means of a language scale [20, 27]. Both
found an impairment in expressive language.

Seven studies addressed receptive language [15, 20, 23,
25-28]. No receptive vocabulary impairment was found
in a cross-sectional study concerning 27 early-treated
adults [15]. In contrast, another cross-sectional study
concerning both adults and children found impairment
in adults, but not in children [23]. However, the scores
of patients in both studies showed a large variation indi-
cating that a proportion of the patients performed on an
impaired level. A case-series found receptive vocabulary
impairment in three children and no impairment in one
child [25]. Three case reports, of which one was con-
trolled, found no impairment [20, 26, 28]. A group study
reported no impairments in phonological awareness,
another basic aspect of receptive language [23]. Lastly,
two case studies assessed multiple aspects of receptive
language by means of a language scale [20, 27]. Both
found an impairment in receptive language.

Visuospatial functioning

Two studies addressed visuoconstruction [19, 23]. A
case-control study found no impairment in copying a
complex figure, but the patients performed significantly
worse on copying the incidental parts of the figure in
comparison to the controls (p <.001 [19];). They also
showed no impairment on another copying test, a result
also found in another cross-sectional study [23].

Two studies addressed visual perception [21, 23]. Aver-
aged across all 23 patients, impairment in space perception,
but not in object perception was found in a cross-sectional
study [21]. Only 4.3% of the patients performed on an im-
paired level on object perception in contradiction to the
43.4% on space perception. Another cross-sectional study
found no impairment in object perception, but scores dif-
fered extensively between individual patients [23].

Executive functioning

Three studies examined executive functioning [19, 21, 23],
which is an umbrella term for several higher-order func-
tions of which four were investigated in patients with CG
(i.e. working memory, abstract thinking, cognitive flexibil-
ity and cognitive inhibition). A cross-sectional study found
no working memory impairment after averaging across all
patients, but 30% of the patients performed on an im-
paired level [21]. A pediatric case-control study assessed
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abstract thinking together with cognitive flexibility [19].
The patients performed worse than controls on both ab-
stract thinking and cognitive flexibility (p <.001), but only
the performance on cognitive flexibility reached a level of
impairment (z = — 1.98) indicating impairment in cognitive
flexibility alone. Another cross-sectional study also utilized
a test measuring both abstract thinking and cognitive
flexibility [21]. They found an impaired performance aver-
aged across all patients, and a proportion of 16.7% of the
patients performing on an impaired level. However, separ-
ate scores for abstract thinking and cognitive flexibility
were not reported, leaving it unclear whether the low
performance was due to cognitive flexibility impairment
alone. A cross-sectional study found scores within normal
limits on an abstract thinking test which does not involve
cognitive flexibility, however large differences between
patients were present [23]. One cross-sectional study re-
ported impairments on a test measuring cognitive inhib-
ition [21]. However, this result was based on two tests
measuring information processing speed and cognitive in-
hibition. Therefore, it is unclear which process underlies
the impaired performance.

Social cognition

Since none of the included studies examined social cog-
nition with standardized neuropsychological tests, it re-
mains unclear whether patients with CG are impaired in
social cognition.

Discussion

The current systematic review examined the incidence of
cognitive impairment in patients with CG and reviewed
the impairment in specific cognitive domains. Eleven stud-
ies were identified, including three case reports and one
case-series. Of the eight studies investigating multiple pa-
tients, the quality was in seven studies moderate to low.
Moreover, the number of studies per cognitive domain
was low.

The review revealed that large differences exist amongst
patients with CG. The averaged performance of the pa-
tients reported in each group study was often on a below
average to low level, while a proportion of the patients
performed on an impaired level. Twenty to 40 % of the pa-
tients performed on an impaired level on attention and
memory, and, according to one study, on working mem-
ory. The range of vocabulary performances of the individ-
ual patients also exceeded the level of impairment,
however specific percentages of the proportion of patients
performing on an impaired level remained unknown.
Evidence for impairments in other aspects of language
functioning was mainly limited to case studies. The aver-
age level of performance did reach an impaired level for
information processing speed, space perception, cognitive
flexibility and cognitive inhibition, but the evidence was
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based on only a small number of studies. There is some
indication that abstract thinking and visuoconstruction
are relatively spared. Social cognition was not investigated
at all. These results suggest that specific cognitive impair-
ments indeed underlie the lower level of intellectual func-
tioning. However, a specific cognitive profile cannot be
determined due to individual differences between patients
and limited number of merely small studies. A large num-
ber of studies investigating cognition in CG was excluded
in this review since they only utilized developmental
screening- or intelligence batteries. This represents the
initial main focus on clinically assessing developmental
delay and intelligence only in patients with CG.

To improve the knowledge concerning cognitive func-
tioning in CG, well-designed and well-reported studies
covering multiple cognitive domains should be performed.
The risk of selection bias needs to be lowered for example
by describing the recruitment process in more detail and
by refraining from the exclusion of patients with other
long-term complications of CG (i.e. mental retardation
and neurological or psychiatric disorders). Excluding these
patients will lead to an underestimation of cognitive im-
pairments that patients with CG may encounter. However,
the inclusion of these patients will also add confounding
factors which will need to be taken into account in the
statistical analysis. Moreover, the influence of late treat-
ment on cognitive development [11, 12] needs to be
acknowledged by either solely including early-treated
patients (i.e. <8weeks) or preferably distinguishing the
results of early- and late treated patients. If available, the
pathogenic mutations carried by the patients should be
reported as well in order to establish the presence of pa-
tients with the S135 L variation which is associated with a
better clinical outcome [13]. Possible confounders such as
anxiety and depression [15] should be considered in the
analysis of cognitive results, since they can influence cog-
nitive performance [14] just as the level of intelligence [8].
Future neuropsychological assessments need to cover
several cognitive domains with preferably multiple tests
per domain. Important domains include information pro-
cessing speed, attention, memory, language, visuospatial
perception, executive functioning and social cognition. In-
formation processing speed and executive functioning are
especially important to be investigated in light of brain
imaging findings in patients with CG. First, white matter
abnormalities were found [29, 30] which are associated
with lower information processing speed in both healthy-
and patient populations [31]. Second, grey matter abnor-
malities were found within areas involved in executive
functioning (i.e. medial prefrontal cortex and inferior
frontal gyrus [32] and the orbital frontal lobes [33]). Fi-
nally, the report of cognitive results needs to involve the
quantitative results of tests, including subtests. The mean
raw score plus standard deviation and interquartile range,
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and normative score need to be reported as well as the
proportion of patients performing on an impaired level to
acknowledge the large individual differences between pa-
tients. Unfortunately, an important limitation of studying
rare diseases is the absence of large sample sizes. In order
to understand these differences in cognitive functioning
between CG-patients, large patient cohorts are necessary.
Initiatives in which data of multiple patient cohorts are
combined (e.g. the recently developed Galactosemia Pa-
tient Registry [34]) might help to facilitate studies investi-
gating the relation between different disease parameters
(e.g. variations in the GALT gene) and the severity of cog-
nitive impairment in a larger group of patients. This will
also make it possible to examine the association of cogni-
tion and other long-term complications of classical galac-
tosemia such as movement disorders (e.g. tremor, ataxia,
dystonia). Lower intellectual functioning has been found
to be more frequent in patients with motor dysfunction
[35], raising the question whether cognitive impairment in
patients with CG is associated with other long-term com-
plications of CG. Therefore, cognitive functioning should
be part of this registry as well.

The recent international clinical guideline for the
management of classical galactosemia [3] acknowledges
that certain cognitive domains (i.e. executive functioning,
information processing speed and visual spatial compre-
hension) need to be clinically assessed, additionally to the
routine assessment of general mental abilities utilizing
intelligence tests. This review supports this recommenda-
tion, but also highlights that neuropsychological assess-
ment of CG-patients should not be limited to these three
cognitive domains. Preferably all cognitive domains should
be assessed by means of a neuropsychological assessment.
In this way patients and their caregivers will gain more
insight in the patients’ cognitive strengths and weaknesses.
This will result in a better understanding by the patient,
caregivers, teachers and coworkers and consequently a
more suitable guidance plan can be made and access to ap-
propriate interventions (e.g. compensatory strategy training
[36]) can be provided. Ultimately, this could improve the
health-related quality of life which is affected by the lower
level of cognitive functioning [5].

Methodological limitations

The review might have suffered from selection bias due
to the inclusion of English, original articles only, and the
exclusion of studies in which the diagnosis CG remained
unclear or a specific sample of CG-patients was drawn
based on clinical outcome. This could have eliminated
studies investigating cognitive functioning with stan-
dardized tests. However, only seven studies were ex-
cluded because of the latter two reasons, keeping the
current sample of patients with CG representative of the
entire CG population. Strengths of the current review
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include an extensive search strategy to incorporate all
studies related to the long-term outcome of CG, and the
inclusion of studies reporting quantitative data of stan-

dardized neuropsychological tests only.

Conclusions

This systematic review revealed that a large proportion of
the patients (i.e. 20-40%) seems to perform on an im-
paired level on attention, memory and/or vocabulary. Evi-
dence for impairments in information processing speed,
language, visuospatial functioning, working memory, cog-
nitive flexibility and cognitive inhibition was limited due
to the small number of studies investigating these cogni-
tive functions. Social cognition was not examined at all.
Both clinicians and researchers encountering patients with
CG need to be aware of possible cognitive impairments in
different degrees of severity. However, they need to be
conscious that only tentative conclusions regarding cogni-
tive impairment can be drawn based on the current scien-
tific evidence. All results need to be evaluated in larger,
well-designed studies specifying the cognitive functioning
and individual differences between CG-patients in order
to make a reliable judgement. This can be the basis for the

development of intervention strategies.
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