
RESEARCH PAPER

Cognitive impairment in the preclinical stage
of dementia in FTD-3 CHMP2B mutation carriers:
a longitudinal prospective study
Jette Stokholm,1 Thomas W Teasdale,2 Peter Johannsen,1 Jorgen E Nielsen,1,3

Troels Tolstrup Nielsen,1,3 Adrian Isaacs,4 Jerry M Brown,5 Anders Gade,2

and the Frontotemporal dementia Research in Jutland Association (FReJA) consortium

1Memory Disorders Research
Group, Department of
Neurology, Rigshospitalet,
Copenhagen University
Hospital, Copenhagen, Denmark
2Department of Psychology,
University of Copenhagen,
Copenhagen, Denmark
3Section of Neurogenetics,
Department of Cellular and
Molecular Medicine, University
of Copenhagen, Copenhagen,
Denmark
4Department of
Neurodegenerative Disease,
UCL Institute of Neurology,
London, UK
5Department of Neurology,
Addenbrooke’s Hospital,
Cambridge, UK

Correspondence to
Jette Stokholm, Memory
Disorders Research Group,
Department of Neurology,
Rigshospitalet, Copenhagen
University Hospital, N6702,
9 Blegdamsvej,
Copenhagen 2100, Denmark;
jette.stokholm@rh.regionh.dk

Received 2 August 2012
Revised 11 October 2012
Accepted 13 October 2012
Published Online First
10 November 2012

ABSTRACT
Objective and methods A longitudinal study spanning
over 8 years and including 17 asymptomatic individuals
with CHMP2B mutations was conducted to assess the
earliest neuropsychological changes in autosomal
dominant neurodegenerative disease frontotemporal
dementia (FTD) linked to chromosome 3 (FTD-3).
Subjects were assessed with neuropsychological tests in
2002, 2005 and 2010.
Results Cross-sectional analyses showed that the
mutation carriers scored lower on tests of psychomotor
speed, working memory, executive functions and verbal
memory than a control group consisting of not-at-risk
family members and spouses. Longitudinal analyses
showed a gradual decline in psychomotor speed, working
memory capacity and global executive measures in the
group of non-demented mutation carriers that was not
found in the control group. In contrast, there were no
significant group differences in domain scores on
memory or visuospatial functions. On an individual level
the cognitive changes over time varied considerably.
Conclusion Subjects with CHMP2B mutation show
cognitive changes dominated by executive dysfunctions,
years before they fulfil diagnostic criteria of FTD.
However, there is great heterogeneity in the individual
cognitive trajectories.

INTRODUCTION
Frontotemporal dementia (FTD) comprises a both
clinically and neuropathologically heterogeneous
group of neurodegenerative diseases, which pre-
dominantly affect the frontal and temporal lobes.
FTD is an important cause of early-onset demen-
tia, and a positive family history of dementia can
be found in 30–50% of cases.1

A large Danish family with autosomal dominant
FTD caused by mutation in the CHMP2B gene on
chromosome 3 has been followed closely by a
multinational and multidisciplinary research group
for more than two decades. Clinical and patho-
logical features of demented family members were
first described in 1987,2 and in 2002 clinical details
of 22 cases were reported.3 In 1995 linkage to
chromosome 3 was established,4 and in 2005 the
CHMP2B mutation was identified.5 The clinical
phenotype has been described as dominated by
early changes in behaviour and personality typical
of the behavioural variant of FTD, leading to the

term FTD-3. As the disease has a subtle onset and
often slow progression, the exact age at onset and
therefore duration can be difficult to determine.
However, the estimated average age of onset is
58 years of age and the mean duration 10 years,
but with great variability.6 At the stage of clinical
dementia, CT scans of FTD-3 patients typically
show global cortical atrophy.7 However, a serial
MRI study of nine presymptomatic mutation car-
riers showed increased atrophy rates in the inferior
temporal cortex, superior frontal cortex and the
insular cortex when compared to non-carriers,8

supporting the notion that the disease starts in
the anterior brain regions before it spreads to other
parts of the brain.
Neuropsychological data on FTD-3 have hitherto

only been presented in single-case reports3 and as
preliminary data in a cross-sectional study of family
members correlated to haplotypes.9 While case
studies of clinically demented family members have
shown severe and generalised cognitive impairment
except for preserved episodic memory, the study of
preclinical symptoms indicated a pattern of predom-
inantly frontal lobe involvement in subjects with the
mutation, years before overt dementia symptoms
could be detected.
In this study we present cross-sectional and lon-

gitudinal neuropsychological data collected over an
8-year period on non-demented family members
with and without the CHMP2B mutation. The
purpose of the study was to characterise the earli-
est neuropsychological changes in FTD-3 and
thereby contribute to the understanding of this
unique cause of neurodegeneration. Specifically, we
hypothesise that differences will be found in the
direction of poorer performances among family
members with the CHMP2B mutation.

METHODS
Subjects
Subjects were recruited via a family contact group
that distributes information within the FTD-3
family. Family members aged 40–70 and their
spouses were invited to participate. Subjects were
excluded if they had a formal diagnosis of demen-
tia or a history of other neurological or severe
psychiatric illness (such as major depression or
psychosis). All family members were anonymously
tested for the CHMP2B mutation, and neither the
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subjects nor any member of the research group who had
contact with the subjects were informed of the genetic status
of individual participants. Individuals who expressed a wish to
know their genetic status, were referred to formal genetic coun-
selling and testing at the Copenhagen Memory Clinic.

A total of 51 FTD-3 family members (19 mutation carriers
and 32 non-carriers) and 22 spouses participated in the study
that took place in 2002, 2005 and 2010. Not all subjects were
able and willing to participate in all three sessions. Subjects
were excluded when they either turned 70 years of age or when
they were formally diagnosed with dementia; new subjects
over the age of 40 were enrolled as they volunteered.
Altogether, 149 neuropsychological examinations were con-
ducted in relation to the study. The number of participants
at the three different test sessions is shown in table 1. Of the
16 mutation carriers tested in 2002, two were excluded
between 2002 and 2005 due to a dementia diagnosis. Dementia
diagnoses were based on a formal clinical assessment unrelated
to the testing in the present study. One new mutation carrier
was enrolled in 2005 and two in 2010. One carrier was only
tested in 2002 and 2010. Five of the 13 mutation carriers tested
in 2010 showed clinical dementia signs at that time, but a
formal evaluation leading to the diagnosis of FTD-3 dementia
was first carried out within the following 2 years. Nine muta-
tion carriers, 14 non-mutation carriers and five spouses were
tested at all three sessions.

Genetic testing
Genetic testing was performed at the Institute of Neurology,
University College London, UK, and at the Section of
Neurogenetics, University of Copenhagen, Denmark. To iden-
tify mutation carriers (G to C transversion at position 31449 in
CHMP2B, GenBank accession number NG_007885), DNA was
isolated from EDTA blood samples by standard methods.
The mutation was identified by direct sequencing using BigDye
Terminator V.1.1 Cycle Sequencing Kit (Applied Biosystems)
with the primers 50-TTT TGT TTT TAC TAG GAG GTG C-30

or 50-TTG TAG CCT TTG AAG TAG AGG C-30 according to
the manufacturer ’s instructions.

Neuropsychological test battery
A battery of internationally employed neuropsychological tests
was administered covering six different cognitive domains, but
with an emphasis on frontal lobe functions. In order to keep
the test session within a reasonable amount of time, we
mainly included tests that are short and easily administered.

Episodic memory
Episodic memory was measured using two standard tests: the
Logical Memory immediate and delayed recall of stories from

the Wechsler Memory Scale Revised (WMS-R)10 and recall of
the Rey Complex Figure after a 3 min delay.11

Psychomotor speed
Psychomotor speed was measured using two standard tests:
the Symbol Digit Modalities Test (SDMT)12 and the Trail
Making Test parts A and B.13

Visuospatial abilities
Visuospatial functions were assessed by the ability to copy
Rey’s Complex Figure and to draw a clock with the hands set
at five past two. Clock drawing was scored using the criteria
described in the CLOX test.14

Executive functions
A global measure of executive functions, including two separate
subscales, was obtained using a combination of tests measuring
various aspects of this domain. Deductive reasoning was mea-
sured by a 20-item version of the Cognitive Estimation Test,15

and the Picture Arrangement Test from the Wechsler Adult
Intelligence Scale (WAIS)16 was included as a measure of the
ability to integrate and organise information.

Fluency
Fluency tests measure the ability to produce and organise new
material. Verbal fluency was measured as the production of
words in 1 min within certain categories (animals and fruits/
vegetables) and given a starting letter (s and d). Non-verbal
fluency was measured using the five-point drawing test.17

Working memory
Attention and working memory were assessed by the Letter-
Number Sequencing from the WAIS-III18 and the Graded
Difficulty Arithmetic Test.19

General intellectual level was assessed using the Danish
Adult Reading Test (DART), a Danish equivalent of the
National Adult Reading Test (NART).20 Education index scores
were calculated as the sum of years of schooling (7–12) and a
level of education index (range 1–5).21

Data collection
In 2002, 2005 and 2010, family members and their spouses
were invited to family gatherings and information meetings at
an inn in Jutland, Denmark, close to the family’s origin and
where many of the family members still live. As a part of these
meetings the neuropsychological testing took place. Five clinical
neuropsychologists, who each administered a segment of the
short test battery, did the testing. Four of the neuropsycholo-
gists were the same at all three meetings, minimising tester
influence on results. The subjects moved between five test sta-
tions, each session lasting 15–20 min. The neuropsychologists
were blind to the subjects’ familial and genetic status.

Individuals who were willing to participate in the neuro-
psychological testing but were unable to attend the meetings
were visited and tested by one of the neuropsychologists during
the following months when this could be arranged. However,
since the participants were healthy, working people with busy
family lives, who were geographically spread over the country,
this was not always possible.

The study was approved by the local Ethics Committee
of Copenhagen and Frederiksberg (KF 01–094/02). Written
informed consent was obtained from all participants.

Table 1 Number of participants

Group 2002 2005 2010
Total number of
subjects included

Included in 2002+
2005+2010

Mutation
carriers

16 10 13 19 9

Non-mutation
carriers

23 22 24 32 14

Spouses 17 15 9 22 5
Total 56 47 46 73 28
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Data analysis
Initial analysis showed that the non-mutation carriers and the
spouses did not differ significantly with respect to age, educa-
tion, estimated intelligence or neuropsychological measures.
The two groups were therefore combined into one control
group. Individual scores for the six cognitive domains were cal-
culated as follows. First, the raw score data for each test score
entering the respective domains were transformed to z-scores.
These z-scores were based on the means and SDs of all avail-
able values across all subjects at all three time points, that is,
from the total of all 149 examinations. Second, the z-scores for
the separate tests in each of the six domains were summed and
then again z-transformed using the means and SDs of the six
summed scores.

The differences between the mutation carriers and controls
with regard to demographic variables as well as test and
domain scores obtained at first testing were analysed by inde-
pendent sample t test. Differences on clock drawing, Rey copy
and the visuospatial domain scores were assessed with the
Mann–Whitney U test because of skewed distributions of
scores in the control group. To minimise the risk of low test
scores being due to low premorbid intellectual functioning, sub-
jects with a DART score below 12 (n=4) were excluded from
the cross-sectional part of the study, but not from the longitu-
dinal part. Since it must be regarded as highly unlikely that the
mutation carrier group would perform better than the control
group, we have set the significance level, α, at 0.05 one-tailed.
Effect sizes for significant differences have been estimated
using Cohen’s ‘d’ calculated using the SDs of the control group.
Inspection of the distributions for the six domain scores at the
three intervals did not reveal any substantial departures from
normality, and in only two cases (visuospatial in 2000 and
2002) did Kolmogorov–Smirnov tests show any significant
departure from normality. We therefore considered the use of a
parametric procedure, namely the mixed model analysis of vari-
ance, to be justified.

In order to evaluate cognitive changes over time, the six
domain scores were analysed using a mixed-model analysis of
variance, with Group (mutation and control) as a between-
subject variable and Year (2002, 2005 and 2010) as a repeated
measure. Where Mauchley’s test for sphericity was significant,
the appropriate degrees of freedom were adjusted using the
Greenhouse–Geisser epsilon.

RESULTS
Cross-sectional analysis: mutation carriers vs. controls
at first testing
Demographic data for the two groups, measured at the time
when the subjects were first included into the study, are shown
in table 2. No significant differences were found with respect
to age, gender, educational level or DART scores between the
17 mutation carriers and the 51 controls.

Group comparisons of cognitive domain scores are shown in
table 3. Significant differences were found in two domains:
visuospatial (p=0.01) and psychomotor speed (p=0.04). There
was a trend towards significance for executive functions
(p=0.06) and working memory (p=0.07). In each case, the
mutation group performed worse than the control group and
the effect sizes ranged from 0.47 to 1.2, that is, what Cohen
characterised as ‘medium’ to ‘large’.22 Comparison on single
test performances showed that the mutation group performed
significantly poorer than the control group on six of the
14 measures: Picture Arrangement, Symbol Digit Modalities
Test, Letter–Number Sequencing, Logical Memory, Design
Fluency and Trail Making Test B. Cohen’s d for these compari-
sons ranged from 0.43 to 0.76.

Longitudinal analysis: mutation carriers and controls
followed over 8 years
Nine mutation carriers and 19 controls were tested at all time
points. The groups did not differ significantly with respect to
background variables (table 2) or cognitive domain scores at the
first visit in 2002. In order to describe the pattern of neuro-
psychological changes in the years preceding the clinical onset
of dementia, domain scores from the two groups at the three
time points were analysed.

Means for all six cognitive domains for the two groups are
shown in figure 1. In the analysis of the Memory domain a sig-
nificant effect of Year was found (F(2,52)=5.35, p=0.008), but
there was no significant effect of Group and no significant inter-
action. Similarly, in the analysis of the Visuospatial domain
there was a significant effect of Year (F(2,52)=4.58, p=0.015)
but no significant effect of Group or interaction. In the
Psychomotor Speed domain the effects of Year (F(1,26)=10.55,
p=0.001), Group (F(1,26)=4.62, p=0.041) and the interaction
between them (F(2,52)=5.67, p=0.012) were all significant.
Likewise for the Executive domain, there were significant effects
of Year (F(1.6,40.4)=4.11, p=0.033), Group (F(1,26)=6.8,
p=0.015) and the interaction between them (F(1.26,40.4)=7.4,
p=0.004), and again for the Working Memory domain the effect
of Year (F(2,52)=6.53, p=0.003), Group (F(1,26)=8.7, p=0.007),
and the interaction (F(2,52)=3.42, p=0.004) were significant.
For the Fluency domain there was only a significant effect of
interaction between Year and Group (F(2,52)=6.94, p=0.008).

In order to elucidate the above interactions we conducted
series of post-hoc t tests comparing the carrier and control
groups on all six domains at each year of assessment separately.
As stated above, the two groups did not differ significantly on
any domains in 2002. In 2005, the carrier group performed sig-
nificantly worse on the Executive, Fluency and Working
Memory domains (p<0.05) and near-significantly worse on
the Psychomotor Speed domain (p=0.052). This pattern was
repeated in the results from 2010 where the two groups dif-
fered significantly on the same four domains (p<0.02).

Table 2 Demographic characteristics, first testing (mean, SD)

Group Age Education DART Gender (M/F)

Mutation carriers, all participants (n=17) 51.1 (7.5) 12.6 (2.0) 27.2 (5.1) 10/7
Control group, all participants (n=51) 51.1 (7.7) 12.2 (2.2) 30.4 (7.2) 24/27
Mutation carriers, tested at all three sessions (n=9) 51.6 (5.0) 12.2 (2.2) 25.4 (8.6) 6/3
Control group, tested at all three sessions (n=19) 49.4 (5.9) 12.4 (2.1) 29.1 (7.7) 10/9

All group comparisons are non-significant.
DART, Danish Adult Reading Test.
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Individual profiles
Figure 2 shows changes in the individual cognitive profiles for
the nine mutation carriers who were tested in all 3 years.
Demographic data and clinical observations are listed in table 4.
In order to maintain the subjects’ anonymity, gender is not

listed, and age and education are listed as range scores. For car-
riers 1 and 2 no cognitive decline could be discerned over
the eight-year period, and dementia has still not been diagnosed
in either of these two carriers. After having recovered from
a depressive episode, carrier 2 was referred for dementia

Figure 1 Profile plots for the six cognitive domains. Domain z-scores are shown on the y-axis. Control group (n=19), mutation carriers (n=9).

Table 3 Performance on first testing

Cognitive domain/test Mutation carriers (n=17) Control group (n=51) p Value Cohen’s d

Psychomotor speed −0.11 (0.54) 0.22 (0.70) 0.04 0.47
Symbol Digit Modalities Test 40.8 (7.6) 46.1 (12.3) 0.02 0.43
Trail Making A 36.3 (11.8) 31.9 (12.7) 0.11
Trail Making B 86.0 (35.5) 71.9 (28.3) 0.05 0.50

Memory 0.00 (0.69) 0.18 (0.74) 0.20
Logical memory (WMS-R), total recall 41.4 (12.4) 47.8 (12.2) 0.03 0.52
Rey Complex Figure test, 3 min recall 20.4 (5.8) 19.7 (6.5) 0.34

Visuospatial function −0.08 (0.65) 0.26 (0.62) 0.01 0.55
Rey Complex Figure test, copy 34.8 (1.3) 35.2 (1.2) 0.14
Clock drawing free hand 12.7 (1.9) 13.6 (1.7) 0.45

Executive functions −0.39 (0.40) 0.17 (0.49) 0.06 1.14
Working memory −0.59 (0.75) 0.25 (0.70) 0.07 1.2
Letter number sequencing (WAIS-3) 9.2 (2.1) 10.4 (2.2) 0.03 0.55
Graded difficulty arithmetic test 13.1 (5.0) 14.1 (5.1) 0.25

Fluency 0.03 (0.51) 0.05 (0.64) 0.44
Verbal fluency, category 42.8 (9.2) 41.0 (7.8) 0.22
Verbal fluency, lexical 26.1 (7.5) 24.8 (7.7) 0.28
Design fluency (a.m.Regard) 22.4 (5.2) 26.1 (8.0) 0.04 0.46

Other executive measures
Picture arrangement, WAIS 18.0 (6.0) 22.4 (5.8) 0.01 0.76
Cognitive estimations, 20 items (errors) 7.8 (5.5) 6.8 (5.3) 0.25

Domain scores are reported as z-scores (mean and SD). Single test scores are reported as raw scores (mean and SD).
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evaluation in the summer of 2012. An evaluation programme,
including neurological examination, behavioural assessment,
detailed neuropsychological testing, and a PET-FDG scan did
not show any definite signs of early dementia. For carriers

3 and 4, a decline was moderate but detectable in most
domains. From a clinical perspective, carrier 3 was the one with
the most profound behavioural changes, and was formally diag-
nosed with FTD-3 shortly after the testing. For carriers 5, 6, 7
and 8, a much more marked cognitive decline is visible, and all
four have a profile characteristic of FTD with dominant impair-
ment in working memory and executive functions. Carrier 5
also showed a severe impairment in psychomotor speed. All
three showed discrete clinical signs of early dementia at the last
testing. Carrier 7 was formally diagnosed one year later and
carrier 5, two years later. Carrier 8 showed a marked decline in
most domains from 2005 to 2010, and was diagnosed with
FTD-3 half a year after the last testing. Apart from executive
dysfunctions, she also had profound memory problems and
severe anomia, not reflected in our test battery. Carrier 9 was
dyslexic and performed poorly on most cognitive tests already
in 2002. A further decline is reflected during the 8-year period,
but a formal referral to dementia evaluation was not made
until 2011.

DISCUSSION
Our study shows than cognitive impairment can be detected
several years before the development of manifest dementia
symptoms in CHMP2B mutation carriers. Cross-sectional
analysis showed that asymptomatic mutation carriers as a
group scored lower on several neuropsychological tests of psy-
chomotor speed, working memory, executive functions and
verbal memory compared to a control group consisting of
family members without the CHMP2B mutation and spouses.
This could reflect either an early effect of the mutation, a less
than perfect matching of groups in spite of insignificant

Figure 2 Cognitive profiles for the nine mutation-carriers tested at all three time points. Cognitive domain scores are shown as z-scores on the
y-axis.

Table 4 Background information for mutation carriers whose
cognitive profiles are shown in figure 2

Carrier
Age group,
2002 Education Comments

1 2 13 No suspicion of symptoms by subject
or family.

2 2 13 Discrete behavioural changes noted by
family in 2010. Depression in winter
2011–12. Formal evaluation in summer
2012: no clear signs of dementia.

3 2 15 Severe behavioural changes. Dementia
diagnosed in 2010.

4 3 11 No reported symptoms.
5 1 13 No reported symptoms in 2010. Dementia

diagnosed in 2012.
6 3 10 No reported symptoms.
7 3 14 Discrete cognitive and behavioural

changes. Dementia diagnosed in 2011.
8 2 13 General impairment and severe language

problems. Behavioural changes. Diagnosed
with dementia in 2011.

9 4 8 Low premorbid level. Clinically demented.
Diagnosed in 2011.

Age: 1: 41–45, 2: 46–50, 3: 51–55, 4: 56–60. Exact age is not listed to keep data
blinded to participants. Education: Years of schooling (7–12)+level of education (1–5).
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differences in demographic variables, or a combination of the
two. In the 8-year longitudinal analysis we saw a gradual
decline in psychomotor speed, working memory capacity and
global executive measures in the group of non-demented muta-
tion carriers that was not found in the control group. In con-
trast there were no significant group differences with regard to
changes on domain scores of memory or visuospatial functions.
This clearly supports the classification of CHMP2B-related
dementia as a form of FTD, with a neuropsychological profile
very different from what we see in, for instance, Alzheimer ’s
disease. How these specific neuropsychological changes relate
to the underlying molecular pathology caused by mutant
CHMP2B is not currently clear, but the recent development of
a mouse model of CHMP2B mutation may provide insight in
the future.23 In recent studies of presymptomatic FTD-3 family
members (only partly overlapping with our group) on general-
ised brain atrophy24 and brain tissue perfusion changes as mea-
sured with MRI,25 changes tend not to be confined to the
anterior parts of the brain. Nevertheless, the present study indi-
cates that the functional effect measured by neuropsychology
tends to be more ‘frontal’.

The early impairment in the psychomotor speed domain
might suggest a subcortical element in the disease. However, the
decline on this domain reflects a reduced performance on the
SDMT and Trail Making B. Both tests are known to be among
the most sensitive measures of overall brain damage, and both
measure divided attention as well as psychomotor and mental
processing speed. Impaired performance on these tests, but not
on Trail Making A, might therefore suggest that the executive
components play a significant role. With regard to memory, the
two groups performed equally on the domain score, but the
mutation carriers did score lower on the logical memory test
than the control group. A low score on this test might of course
reflect impairment in verbal memory per se, but the test is also
very sensitive to attention deficits as it requires that the subjects
reproduce two stories that are read to them only once. As indi-
cated above, interpretation of neuropsychological test scores is
often not straightforward, as most tests draw on several cogni-
tive functions. For instance, impaired scores on a memory test
might reflect problems in attention or executive functions. In
our study, we attempted to minimise this problem by construct-
ing domain scores based on several test scores. Another issue to
consider when comparing scores on neuropsychological tests is
whether the tests are similar with regard to sensitivity. If, for
instance, the memory tests were much less sensitive than the
executive tests, this could explain our result. However, most
tests included in this study have high sensitivity, as we wanted
to be able to detect early and subtle neuropsychological
changes. In particular, it should be noted that the memory
domain included the WMS-Logical Memory and Rey Complex
Figure tests, both of which are cognitively demanding. Copying
the Rey Figure can also be considered a complex visuospatial
task, but both this and the clock drawing test can be viewed as
all-or-none tests, with skewed distributions among healthy indi-
viduals. As such they might not have been the best choice as
measures of visuospatial functions.

In retrospect, a sensitive naming test would have improved
our test battery. Anomia is a common early symptom in FTD
and has also been reported in several FTD-3 cases when the
patients have come to neuropsychological testing as part of a
formal diagnostic assessment. The only language measures
included in this study are the two verbal fluency tests.
These tests tap the individual’s ability to generate (search and
organise) words according to either a semantic category or a

starting letter/phonological sound. As such they are sensitive to
executive as well as language dysfunctions. We found no differ-
ence on any of the verbal fluency tests between the mutation
carriers and the controls at first testing, and when looking at
changes in individual profiles over time, the fluency measures
in general seem more stable than the other two executive mea-
sures (working memory and global executive functions). This
indicates that language is usually spared in the preclinical phase
of FTD-3, but this clearly needs to be investigated further.

Changes in personality and behaviour are the hallmarks of
FTD, and several reports of such changes early in the disease
course was the reason that this family disease was first classi-
fied as an FTD variant.3 4 A systematic assessment of the earli-
est behavioural changes in CHMP2B mutation carriers would
of course be tremendously interesting, but was unfortunately
not possible to carry out within this design. Valid information
about behavioural changes must be obtained from systematic
interview with a near relative using, for instance, the Frontal
Behavioural Inventory (FBI)26 or the Cambridge Behavioural
Inventory (CBI).27 In 2002 we did in fact administer the FBI to
all subjects who came as a couple, but realised that there were
too many missing data to make this effort meaningful. Other
approaches to characterise the behavioural changes in FTD-3
are presently being considered.

We have shown that early cognitive deficits most often are
found in either working memory tests or other executive mea-
sures, but cannot point to specific tests that are better than
others at detecting the early symptoms of FTD-3. It is possible
that future studies, applying newer executive measures, such as
the Hayling and Brixton Tests,28 as well as more extensive lan-
guage measures and tests of social cognition, will prove to be
better at detecting early dementia in CHM2Bmutation carriers.

To our knowledge this is the only longitudinal study of pre-
clinical neuropsychological data of a genetically defined sample
of future FTD patients. Despite the overall picture of cognitive
deficits predominantly involving frontal lobe functions, thus
supporting the classification of CHMP2B-related dementia as a
form of FTD, our study also shows great individual variation in
the phenotypic presentations in patients with CHMP2B muta-
tions. In this family we see typical behavioural forms of FTD
with minimal cognitive impairment as well as patients with
severe cognitive symptoms but minimal early changes in affect
and behaviour. The individual cognitive profiles also vary: some
patients show a typical dysexecutive syndrome, while others
develop dementia with a more general cognitive decline, and in a
few patients severe anomia has been noticed. In some patients
we see very slow and gradual progression with mild cognitive
symptoms many years before the patients fulfil the clinical diag-
nosis of dementia, and in other cases the disease course is much
more rapid with a more sudden and severe cognitive decline.
Such variations in phenotypic presentations have also been
reported in several other autosomal dominant dementias,1

including between individuals in the same family with the same
genetic mutation,29 30 which shows that there is no direct rela-
tionship between the underlying mutation and the range and
extent of clinical presentations in patients with neurodegenera-
tive diseases. This is likely to be explained by a combination of
environmental and genetic causes. For instance, differences in
expression level of the non-mutated CHMP2B allele is one of
many possible factors that could influence disease phenotype.

In conclusion, we present the first longitudinal preclinical
neuropsychological test data for CHMP2B mutation carriers
revealing, over an 8-year period, a gradual decline in psycho-
motor speed, working memory capacity and global executive
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measures with relative sparing of episodic memory and visuo-
spatial functions, supporting the classification of CMHP2B
related dementia as a form of FTD.

Acknowledgements The authors thank Birgitte Fagerlund, Anne Melsen, Rune
Nielsen, Hanne Udesen, Asmus Vogel and Tine Wøbbe for help with data collection.
The FReJA group wishes to thank Direktør Einar Hansen og hustru Fru Vera Hansens
fund for financial support.

Contributors All authors have been involved in the planning and conduction of the
study, as well as the analysis and interpretation of data. JS, AG, JB, PJ and TWT
have primarily been responsible for the clinical data. TTN, JEN and AI have been
responsible for the genetic analysis. All authors have been engaged in drafting the
article and revising it critically for important intellectual content. All authors have
approved the submitted, revised version.

Funding This work was supported by Direktør Einar Hansen og hustru Fru Vera
Hansens fond, the Danish MRC (grant 22-04-0458) and the Medical Research
Council UK.

Competing interest None.

Ethics approval The local Ethics Committee of Copenhagen and Frederiksberg
(KF 01-094/02).

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1. Seelaar H, Rohrer JD, Pijnenburg YA, et al. Clinical, genetic and pathological

heterogeneity of frontotemporal dementia: a review. J Neurol Neurosurg Psychiatry
2011;82:476–86.

2. Gydesen S, Hagen S, Klinken L, et al. Neuropsychiatric studies in a family with
presenile dementia different from Alzheimer and pick disease. Acta Psychiatrica
Scandinavia 1987;76:276–84.

3. Gydesen S, Brown JM, Brun A, et al. Chromosome 3 linked frontotemporal
dementia (FTD-3). Neurology 2002;59:1585–94.

4. Brown J, Ashworth A, Gydesen S, et al. Familial non-specific dementia maps to
chromosome 3. Hum Mol Genet 1995;4:1625–8.

5. Skibinski G, Parkinson NJ, Brown JM, et al. Mutations in the endosomal
ESCRTIII-complex subunit CHMP2B in frontotemporal dementia. Nat Genet
2005;37:806–8.

6. Isaacs AM, Johannsen P, Holm I, et al. Frontotemporal dementia caused by
CHMP2B mutations. Curr Alzheimer Res 2011;8:246–51.

7. Brown J, Gydesen S, Johannsen P, et al. Frontotemporal dementia linked to
chromosome 3. Dement Geriatr Cogn Disord 2004;17:274–6.

8. Eskildsen SF, Ostergaard LR, Rodell AB, et al. Cortical volumes and atrophy rates in
FTD-3 CHMP2B mutation carriers and related non-carriers. Neuroimage
2009;45:713–21.

9. Gade A, Skibinski G, Gydesen S. Preclinical signs of impairment in persons at risk
of frontotemporaldementia linked to choromosome 3. Neurobiol Aging 2004;25:453.

10. Wechsler memory scale—revised. San Antonio: Psychological Cooperation, 2011.
11. Rey A. L’exmen psychologique dans les cas d’encéphalopthie traumatique. Archives

de Psychologie 1941;28:286–340.
12. Smith A. Symbol digit modalities test. Los Angeles: Western Psychological Services,

1991.
13. Reitan R. Validity of the Trail Making Test as an indicator of organic brain damage.

Percept Mot Skills 1958;8:271–6.
14. Royall DR, Cordes JA, Polk M. CLOX: an executive clock drawing task. J Neurol

Neurosurg Psychiatry 1998;64:588–94.
15. Shallice T, Evans ME. The involvement of the frontal lobes in cognitive estimations.

Cortex 1978;14:294–303.
16. Manual for the Wechsler adult inteligence scale. New York: Psychological

Corporation, 1955.
17. Regard M, Strauss E, Knapp P. Children’s production on verbal and non-verbal

fluency tasks. Percept Mot Skills 1982;55:839–44.
18. Wechsler adult intelligence scale. 3rd edn. San Antonio: Psychological Cooperation.
19. Jackson M, Warrington E. Aritmetic skills in patients with unilateral cerebral

lesions. Cortex 1986;22:611–20.
20. Nelson HE, O’Connell A. Dementia: the estimation of premorbid intelligence levels

using the New Adult Reading Test. Cortex 1978;14:234–44.
21. Mortensen EL, Gade A. On the relationship between demographic variables and

neuropsychological test performance. Scand J Psychol 1993;34:305–17.
22. Howell DC. Statistical methods for psychology. Wadsworth, 2010.
23. Ghazi-Noori S, Froud KE, Mizielinska S, et al. Progressive neuronal inclusion

formation and axonal degeneration in CHMP2B mutant transgenic mice. Brain
2012;135:819–32.

24. Rohrer JD, Ahsan RL, Isaacs AM, et al. Presymptomatic generalized brain atrophy
in frontotemporal dementia caused by CHMP2B mutation. Dement Geriatr Cogn
Disord 2009;27:182–6.

25. Lunau L, Mouridsen K, Rodell A, et al. Presymptomatic cerebral blood flow changes
in CHMP2B mutation carriers of familial frontotemporal dementia (FTD-3), measured
with MRI. BMJ Open 2012;2:e000368.

26. Kertesz A, Munoz DG. Pick’s disease and pick complex. New York: Wiley-Liss,
1998.

27. Hodges JR. Frontotemporal dementia syndromes. Cambridge: University Press,
2007.

28. Burgess P, Shallice T. The Hayling and Brixton tests. Test manual. Bury St Edmunds,
UK: Thames Valley Test Company, 1997.

29. Savica R, Adeli A, Vemuri P, et al. Characterization of a Family With c9FTD/ALS
Associated With the GGGGCC Repeat Expansion in C9ORF72 Characterization of a
Family With c9FTD/ALS. Arch Neurol 2012;1–6.

30. Webb TE, Poulter M, Beck J, et al. Phenotypic heterogeneity and genetic
modification of P102L inherited prion disease in an international series. Brain
2008;131:2632–46.

176 J Neurol Neurosurg Psychiatry 2013;84:170–176. doi:10.1136/jnnp-2012-303813

Neurodegeneration

 group.bmj.com on February 11, 2013 - Published by jnnp.bmj.comDownloaded from 

http://jnnp.bmj.com/
http://group.bmj.com/


doi: 10.1136/jnnp-2012-303813
online November 10, 2012

 2013 84: 170-176 originally publishedJ Neurol Neurosurg Psychiatry
 
Jette Stokholm, Thomas W Teasdale, Peter Johannsen, et al.
 
study

prospectivemutation carriers: a longitudinal 
CHMP2Bstage of dementia in FTD-3 

Cognitive impairment in the preclinical

 http://jnnp.bmj.com/content/84/2/170.full.html
Updated information and services can be found at: 

These include:

References
 http://jnnp.bmj.com/content/84/2/170.full.html#ref-list-1

This article cites 22 articles, 7 of which can be accessed free at:

service
Email alerting

the box at the top right corner of the online article.
Receive free email alerts when new articles cite this article. Sign up in

Collections
Topic

 (1407 articles)Drugs: CNS (not psychiatric)   �
 (1047 articles)Memory disorders (psychiatry)   �

 (775 articles)Dementia   �
 
Articles on similar topics can be found in the following collections

Notes

 http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

 http://journals.bmj.com/cgi/reprintform
To order reprints go to:

 http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

 group.bmj.com on February 11, 2013 - Published by jnnp.bmj.comDownloaded from 

http://jnnp.bmj.com/content/84/2/170.full.html
http://jnnp.bmj.com/content/84/2/170.full.html#ref-list-1
http://jnnp.bmj.com/cgi/collection/memory_disorders
http://jnnp.bmj.com/cgi/collection/memory_disorders2
http://jnnp.bmj.com/cgi/collection/drugs_cns_not_psychiatric
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://jnnp.bmj.com/
http://group.bmj.com/

