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Abstract
There is evidence that frontal-subcortical circyiksy an important role in the initial

presentation of dementia in Down syndrome (DS)luoiog changes in behaviour, a
decline in working memory and executive dysfunctidfe evaluated 92 individuals
with DS ¢& 30 years of age), divided into three groups bgmlsis—stable cognition,
prodromal dementia and Alzheimer’'s disease (AD)xhEmdividual was evaluated
with an executive protocol developed for peoplenwiittellectual disabilities and was
rated for behaviours related to frontal lobe dysfion (disinhibition, executive
dysfunction and apathy) by an informant using thental Systems Behavior Scale
(FrSBe). Informant-reported behaviours related rontBl lobe dysfunction were
found to correlate negatively with executive fuootiperformance. Disinhibition and
executive dysfunction were associated with theiedinstage of dementia. The odds
of having AD increased in parallel with increasasthhe domain and total FrSBe
scores [§ < 0.5). Disinhibition, executive dysfunction and eipashould be taken into
consideration during the clinical evaluation of Bslwith DS, and future studies

should consider the intersection of neuropatholbggin connectivity and behaviour.
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1. Introduction

Down syndrome (DS) is associated with prematureeldgwment of the
neuropathology typical of Alzheimer’s disease (ADgluding early amyloid burden
(senile plaques) and neurotoxic neurofibrillarydgiaés (Holland and Oliver, 1995;
Wisniewski et al., 1985; Zigman, 2013). Althoughdeficit in episodic memory
appears to be the main early characteristic of ADthe general population,
behavioural symptoms typically appear later in ¢barse of dementia (Gregory and
Hodges, 1996; Sperling et al., 2010). In adulthvid§ and AD, the symptomatology
at the onset of dementia has been described asatypdams and Oliver, 2010; Ball
et al., 2006; Deb et al., 2001; Nelson et al., 20@1s not clear however if this is due
to the “camouflage” provided by pre-existing cogydt deficit or if it is due to
abnormalities related to the DS-specific brain mtgoe (Holland et al., 1998).
Studies suggest that, in individuals with DS, tgpicymptoms of frontal lobe
dysfunction, such as behavioural changes (disitibrpi executive dysfunction and
apathy) appear as an early manifestation priorh® d@ppearance of short-term
memory impairment, which is the characteristicye&hture of AD (Ball et al., 2006;
Deb et al., 2001; Dekker et al., 2018; Fonsec# 2@16; Oliver et al., 2011).

The frontal lobe is responsible for the interconimes between the major
sensory and motor systems of the brain, integratmgcomponents necessary for
human behaviour (Goldberg and Bougakov, 2005). dfmychological aspects
related to the frontal lobe include executive fimts (such as planning, inhibitory
control, working memory and abstract thinking)eation and behaviour. In a recent
study, our group found that behaviours relatedaatal lobe dysfunction are already
present (i.e. before age-related cognitive dealinéghe development of AD) during

adulthood in ageing individuals with DS and stalslegnition, and that these



behaviours can have an impact on the initial priediem of AD in DS population

(Fonseca et al., unpublished results). There isleeme that neuropsychological
performance related to prefrontal lobe functiommisst often affected in adults with
DS and AD, resulting in declines in executive fumct(Adams and Oliver, 2010; Ball
et al., 2008) and working memory (Ghezzo et all42WM\elson et al., 2001; Oliver et
al., 1998). Also, a recent study involving a lasgenple of adults with DS found that
those with prodromal dementia performed signifiganvorse than those with

preclinical dementia on cognitive outcomes related executive function and
attention, along with those pertaining memory domsdfFirth et al., 2018; Startin et
al., 2018). Given the few studies involving preadal symptoms in people with DS,
researchers emphasize the importance of develapitegia for defining prodromal

dementia, early dementia, and their distinctioradults with intellectual disabilities
(Krinsky-McHale and Silverman, 2013; Silverman ket 2013).

In individuals with DS, behaviours related to fraintobe dysfunction can be
present throughout life, because of the pre-exgsfiantal lobe hypoplasia and poor
development of regions with projections to and freeurons of the prefrontal cortex
(Powell et al., 2014; Raz et al., 1995; Wang etl#192). In such individuals, positron
emission tomography with Pittsburgh compound B (iKlet al., 2004) indicated
brain deposition ofi-amyloid to occur first in the striatum, followed, the pre-
frontal and anterior cingulate cortices, and itsduently spreads to other regions of
the brain (Annus et al., 2016). That early strigtattern of cerebral amyloidosis is
like what is seen in the autosomal dominant faiitiems of AD (Cohen et al., 2018;
Shinohara et al., 2014), which has led some relSeescto hypothesise that it is
related to early overproduction and/or abnormadregece of amyloid (Annus et al.,

2016; Cohen et al., 2018). In individuals with smbc AD, senile plaques in the



striatum appear very late in the course of theatisgBraak and Braak, 1990; Cohen
et al., 2018). Apart from the early striatal depiosi and the consequent hypothesised
effect on fronto-striatal pathways, in general thistribution of brain amyloid
deposition in individuals with DS appears to be sistent with that observed in
individuals with sporadic or familial AD (Bateman &., 2012; Klunk et al., 2004).
Recent evidence suggests that amyloid accumulatepnbe a potential biomarker for
cognitive decline in adults with DS in the prodrdrpaase of AD (Hartley et al.,
2017). It is known that frontal circuits connece ttegions of the frontal cortex to the
striatum, globus pallidus, substantia nigra antathas (Mega and Cummings, 1994).
One recent study suggested that the myelinatioogssin the frontal pathways is
particularly vulnerable to ageing in individualstvDS (Powell et al., 2014), and the
breakdown of late-stage myelin might be relatethéosubsequent amyloid deposition
associated with AD (Bartzokis, 2011, 2004).

Three major frontal-subcortical circuits have beassociated with major
neuropsychiatric manifestations (Cummings, 1995he Tirst originates in the
dorsolateral prefrontal cortex and is related tecexive dysfunction. The second is
the orbitofrontal cortex circuit, which is linked tdisinhibition and obsessive-
compulsive symptoms. Cognitive impairment assodiategh the orbitofrontal circuit
may be observed in tasks involving emotional deoisnaking and behavioural
inhibition (Bechara et al.,1994). The last is th#&eaor cingulate circuit and is
associated with a lack of motivation or apathy,oercorrection and response
inhibition (Tekin and Cummings, 2002). Disruptionamy point in any of the three
frontal-subcortical circuits (including striatalgiens, basal ganglia, and thalamus)
may result in changes in behaviour and executiwduthgtion (Tekin and Cummings,

2002).



The Frontal Systems Behavior Scale (FrSBe), devisgdGrace and Malloy
(2001), is a questionnaire designed specificallyet@luate behaviours related to
frontal lobe dysfunction (namely executive dysfumet disinhibition and apathy) that
compares the current and past behaviour of aniochaal: The FrSBe has been used in
studies of various types of dementia, including @alloy et al., 2007; Peavy et al.,
2013; Ready et al., 2003; Stout et al., 2003). ElighrSBe scores translate to less
adapted behaviour. In a study investigating theropsychiatric features of frontal
lobe dysfunction in autopsy-confirmed AD, frontaliyjediated behaviours, as
assessed by the FrSBe, were found to have beetteaffearly in the progression to
AD. However, only a few studies have investigathd telationship between the
expression of frontally mediated behaviours and etgia in DS (Adams and Oliver,
2010; Ball et al., 2010, 2008). To our knowleddas tis the first study to use a
specific behaviour rating scale for the assessmérdisturbances associated with
frontal-subcortical brain circuits in individualsittv DS. The objectives of this study
were to examine the relationship between frontaitediated behaviours and
executive functions and to determine whether tHeBErscore indicates the clinical

diagnosis of prodromal dementia and AD in individuaith DS.

2. Methods
2.1. Study sample

In the study we included 92 individuals with DS, @fl whom were> 30 years of
age (mean: 42.4 years; standard deviation: 8.4syeange 30—64 years). Of the 92
individuals evaluated, 58 (63%) were males. Allividuals met the criteria for a
diagnosis of DS, as established in the Internati@tassification of Diseases, 10th

revision (ICD-10; code, Q90). Individuals were rated from among those currently



or previously enrolled in programs for adults witkellectual disability offered by the
Association of Parents and Friends of Individuaithuntellectual Disability of Sao
Paulo or the Association for the Holistic Develommef Individuals with Down
Syndrome, as well as from among individuals whoabse aware of the study and
demonstrated an interest in participating. The ystwds approved by the Research
Ethics Committee of the University of Sdo Paulo &thof MedicineHospital das
Clinicas and was registered with the National Committee Ethics in Research
through thePlataforma Brasil(CAAE no. 37381414.8.0000.0065). For all of the
individuals included, the objectives of the studgrevexplained in a simple, concrete
manner, and any questions or concerns they had adeheessed. Written informed
consent was obtained not only from the individwaith DS but also from their legal
guardians. Assessments were performed in sound-pomms arranged for the
evaluation, either at the Institute of Psychiaifythe University of Sdo Paulo School

of MedicineHospital das Clinicasr at one of the Associations involved.

2.2. Clinical assessment and diagnosis

All individuals with DS underwent dementia assessimsith the Cambridge
Examination for Mental Disorders of Older Peopléhmidown Syndrome and Others
with Intellectual Disabilities (CAMDEX-DS) informanquestionnaire (Ball et al.,
2004), an instrument adapted for use specificallyadults with DS that considers
deterioration from the best level of functioningdahas been validated for use in
Brazil (Fonseca et al., in press). Data supplereéscribes all the informant-based
measures used. All of the informants were closelgted to the participant, with
whom they had been in daily contact for at least tears. The informant

guestionnaire was conducted by a psychiatristerhin the use of the instrument and



with knowledge of the specificiies of DS. As paof the CAMDEX-DS
guestionnaire, information on current use of mdwos, living arrangements,
relationship with informants, duration of contaetjucation and employment were
investigated. For subsequent analysis the medicatwmiable was dichotomised and
considered “yes” whenever participants were takiregication considered to affect
the central nervous system, modulating the effealtsneurotransmition (e.g.
antipsychotic, antidepressant, mood stabilizer, tyéd®linesterase inhibitor,
anticonvulsant, antiparkisonian agent, and stintglarwith no determination
concerning effects of any single medication. Besitleese variables, the clinical
anamnesis also included the investigation on famgyory of AD and sedentary life
according to the informant report.

The clinical evaluation of dementia was based @ndtfiteria established in the
CAMDEX-DS, the ICD-10 (World Health Organizatio@D04) and the Diagnostic
and Statistical Manual of Mental Disorders, fiftlditon (American Psychiatric
Association, 2013) and was performed by an evatvwabo was blinded to the results
of the neuropsychological assessment and to thbdbeoother instruments. The
individuals were divided into three diagnostic gatees: stable cognition, prodromal
dementia and AD. Prodromal dementia was definedrasntermediate group of
probable early dementia in which the cognitive umctional decline was superior to
that expected for non-pathological ageing but meese enough to meet the criteria

for a diagnosis of dementia.

2.3. Behaviours related to frontal lobe dysfunction
For measures of neuropsychiatric manifestatiorstadlto the frontal-subcortical

circuits, all informants completed the FrSBe (Graod Malloy, 2001; Siviero et al.,



2003), which provides scores for executive dysfiomct disinhibition and apathy
domains, from which a total score is derived. Tteescompares the past and current
behaviours of the individual. For the present asialyve considered only the current
behaviour scores. The FrSBe was applied by a patydtitrained in the use of the
instrument, with knowledge of the specificities B and blinded to the clinical
evaluations performed with the CAMDEX-DS. The Fr3&es been validated for use
in different types of dementia, having been showliscriminate well between AD
and frontotemporal dementia (FTD) and to be usefuhssessing the three frontal
syndromes, in isolation or in combination (Malldyag, 2007; Stout et al., 2003). To
our knowledge, the FrSBe has never before beeningbd assessment of behaviours

related to frontal lobe dysfunction in individualgh DS.

2.4. Level of intellectual disability

Premorbid severity of intellectual disability wasfidhed by a psychiatrist through
analysis of the maximum level of individual adaptivehaviour achieved throughout
life using a background information anamnesis atiogr to the American
Association on Intellectual and Developmental Dilstzds framework (AAIDD,
2010) and the results of a neuropsychological assest of intellectual functioning
using the Wechsler Abbreviated Scale of Intellige(/ASI [Wechsler, 1999]) that
had been performed before there was any sign afitveg decline. The psychiatrist
was blinded to the CAMDEX-DS results and other npaychological evaluations.
The level of intellectual disability was categodsey ICD-10 code: F70 (mild
intellectual disability); F71 (moderate intellectulsability); F72 (severe intellectual
disability); F73 (profound intellectual disabilityand F79 (unspecified intellectual

disability) when it was difficult to reach a conses on the degree of disability



because of the presence of cognitive decline alagkaof information regarding the

history of the individual.

2.5. Neuropsychological assessment

A neuropsychologist with experience in DS and Ietglal disability performed
the neuropsychological assessment, which consistetthe administration of the
Cambridge Cognitive Examination for Older Adults ttwi Down Syndrome
(CAMCOG-DS), as described by Ball et al. (2004k iWechsler Abbreviated Scale
of Intelligence (WASI [Wechsler, 1999]); and a extee protocol devised by Ball et
al. (2008).

The CAMCOG-DS is the neuropsychological sectiornthd# CAMDEX-DS and
contains subscales for the following domains: dagan; language (comprehension
and expression); memory (new learning, remote amcknt); attention; praxis
(drawing of complex figures and ability to carryt@omplex tasks); abstract thinking;
and perception. As in a previous study of individuaith DS and AD (Ball et al.,
2006), the CAMCOG-DS performance specifically rethto frontal lobe function
was analysed as a composite domain, designateariBRttention”, which combines
the scores for verbal fluency, attention-calculatieclock drawing and abstract
thinking.

The WASI, adapted and validated for use in Brakie(tini et al, 2014), was
applied in its reduced version, with the Vocabulanyd Block Design subtests,
providing an estimated intelligence quotient, whitdcilitated the definition of
intellectual disability for individuals who showetw signs of cognitive decline. For
cases of dementia or suspected cognitive decline, asnsidered cognitive

assessments performed prior to the cognitive dedliravailable.



For the neuropsychological evaluation of executgctions, we used a protocol
designed specifically for individuals with DS, déysed by researchers at the
University of Cambridge (Ball et al., 2008) and dise previous studies in the area
(Adams and Oliver, 2010; Annus et al., 2016; Balak, 2008). In addition to six
tasks related to executive function (CAMCOG-DS fiagitem, Cats and dogs- a task
based on day-night stroop (Gerstadt et al., 199datial reversal- based on procedure
used by McEvoy et al. (1993), Weigl sorting (Gramd Berg 1948), Tower of
London (Shallice, 1982), Scrambled boxes (Grifféh al., 1999)), the protocol
includes two tasks related to executive memory gpeotive memory- the
“remembering to belong” subtest of the Rivermeadhd@®®soural Memory Test for
Children (Wilson et al., 1991), and Object memomoni the battery of
neuropsychological tests employed by Oliver et(3098) in the identification of
cognitive impairment. Test content, modificatiom&l administration are described in
Ball et al. (2008). Data supplement 1 shows all tleeropsychological measures

applied and cognitive processes assessed.

2.6. Statistical analysis

For the sample as a whole and for each diagnostapg(stable cognition,
prodromal dementia and AD), descriptive analysethefdemographic variables are
presented as absolute and relative frequencies onemns and standard deviations.
Between-group differences were assessed with KHWhkdlis test for continuous
variables and with Fisher's exact test for categdrvariables for which the number
of cases was less than five for one or more vagjdbl all other categorical variables,
between-group differences were assessed with Rearsioi-square test. Spearman’s

rho coefficient was used in order to establishdbeelation between the total FrSBe



score and the cognitive performance of the indi@iddMultiple linear regressions
were conducted in order to determine whether thal tBrSBe scores and the
cognitive performance test results varied amonghhee different diagnostic groups.
The total FrSBe scores and the cognitive performastores were selected as the
primary outcome of interest. To assess the streofgiie association of the diagnostic
group with the total FrSBe score and with cognipegformance, all linear regression
models were adjusted for age, gender, type of diduncadegree of intellectual
disability, and current use of medications affegtihe central nervous system. In
addition, to determine the degree to which infortmaports of behaviours related to
frontal lobe dysfunction were predictive of the ghasis, we created three
dichotomous variables (AD versus prodromal demertld versus stable cognition
and prodromal dementia versus stable cognition). p&g¢ormed multiple logistic
regression analyses, assigning those dichotomaiables as the dependent variables
(primary outcomes) and each of the total FrSBeescas the independent (predictor)
variables, including age, gender, degree of irtall disability and current use of
medications affecting the central nervous systemroaariates. The level of statistical
significance was set at 5%. All selected data welmulated with the Research
Electronic Data Capture program (Harris et al.,90@nd the analyses were carried
out using the SPSS Statistics software packagesiorer24.0 (IBM Corporation,

Armonk, NY, USA).

3. Results
3.1. Demographic and clinical data
The demographic characteristics of the sample laogvis in Table 1. Of the 92

individuals evaluated, 62 (67.4%) were classified heving stable cognition, 17



(18.5%) were classified as having prodromal deraeatid 13 were classified as
having AD (14.1%). During the evaluation period, (82.2%) of the individuals had

hypothyroidism and all those individuals were reoey effective treatment. Twenty

(21.7%) of the 92 individuals were using medicaditinat affect the central nervous
system: eight were using an antipsychotic; nineewgsing an antidepressant; four
were using a mood stabiliser; two were using anyadwlinesterase inhibitor; one

was using an anticonvulsant; and one was usinghapaakinsonian agent. Of those
20 individuals, 14 were using one such medicatimhsix were using two.

There were significant differences among the diagoayroups for the variables
age, family history of AD, use of medication affagt the central nervous system,
sedentary lifestyle, living arrangements, relationthe informant and duration of
contact with the informant. On average, those m phodromal dementia and AD
groups were older than were those in the stablaitog group. Individuals with AD
tended to use more medications affecting the cenétaous system. In addition, the
individuals with AD were most likely to have a fdynhistory of AD and to have a
sedentary lifestyle, whereas the individuals in thedromal dementia group
presented results for those two variables that weermediate between the results
obtained for the other two groups. In comparisothwine individuals in the stable
cognition and prodromal dementia groups, thoséenAD group were more likely to
live in a nursing home and less likely to live atre with relative, as well as being
more likely to have a caregiver than a parent as thformant. For the relation to the
informant, the prodromal dementia group presentezbalt intermediate between that
of the AD group and that of the stable cognitioaugr. The mean duration of contact
between the informant and the individual with DSWanger in the AD group than in

the stable cognition group. However, the AD groumpveed a larger standard



deviation for that variable and was therefore stiatlly similar to the two other
groups, whereas the stable cognition and prodrodshentia groups differed
significantly from each other.

TABLE 1 HERE

3.2. Relationship between behaviours related tontlb lobe dysfunctionand
diagnostic status

Table 2 shows the associations between the infdrmgports of behaviours
related to frontal lobe dysfunction and the varidiggnoses, adjusted for age, gender,
type of education, degree of intellectual disap#ihd use of medications affecting the
central nervous system. Executive dysfunction sldoweclear association with the
diagnostic group, even when adjusted for the otheaiables. In terms of the
frequency of disinhibition, there was a clear distion between the stable cognition
and prodromal dementia groups, although the diffegan relation to the AD group
was linked to the adjustment variables. Withouuatipent for age, gender, type of
education, degree of intellectual disability anddmation use, there were significant
differences among the groups for all of the items .05 for all).

Within the stable cognition group, we identifiedufoindividuals with higher
(outlier) FrSBe scores for apathy. As the totalBeScore involves the sum of the
FrSBe domain scores, we performed both analyseth thie whole sample and
excluding those four individuals from our analysfsapathy and total FrSBe. As can
be seen in Table 4, after excluding the outliers algo found a difference for the total
FrSBe score, although the difference for apathyticoed to be modelled by all
adjusted variables.

TABLE 2 HERE



3.3. Relationship betweebehaviours related to frontal lobe dysfunction and
cognitive performance

Six participants did not perform direct cognitivesassment. Three due to
advanced stage of dementia, two due to inabilitgxpressive language (no speech),
and one because he refused to continue the caograBgessment even though he
maintained his consent for all other evaluationabl& 3 shows the correlation
between the informant-reported scores for the Frig&Bes and the performance of the
individuals on the cognitive tasks (N=86). With tbeception of one of the items
analysed (correlation of disinhibition and verbliehcy), all cognitive tasks were
shown to have some association with all three efoghaviours related to frontal lobe
dysfunction investigated and with the total FrSBmrs, either considering the
executive protocol devised by Ball et al. (2008)tbe CAMCOG-DS executive
function and attention tasks. Cognitive performacaeelated most strongly with the
executive dysfunction domain, the total FrSBe s@ord the apathy domain, in that
order.

TABLE 3 HERE

3.4. Relationship between executive performanced@aghostic status

Analysis of the association between the diagnosttatus and performance on
cognitive tasks related to executive function shibwieat, when adjusted for age,
gender, type of education, degree of intellectuaalullity and use of medication
affecting the central nervous system, half of #ek$ proposed in the study protocol
had a significant association with the diagnosiab{&é 4). The cognitive tasks that

were most strongly associated with diagnosis statee Cats and Dogs, Weigl



Sorting, Tower of London and Prospective Memorywa#l as the combined score
for all of the executive tests of the protocol. Hwer, for the Weigl Sorting and
Tower of London tasks, the association was stramyg im relation to a diagnosis of
prodromal dementia. On all four of those tasks, ithéividuals diagnosed with
dementia scored very close to the minimum (floéectj. When not adjusted for age,
gender, type of education, intellectual disabiéityd medication, all of the tasks had a
p-value below 0.05, which shows that the adjustrwaniables had a strong influence
on executive performance. For the executive funcémd attention tasks of the
CAMCOG-DS, those variables also influenced the @ognperformance, although it
was not possible to establish a direct associatitim the diagnosis, despite the fact
that the score diverged widely among the groupgaBBapplement 2 shows the
number of individuals with floor and ceiling scom@s individual tasks for each of the
diagnostic groups.

TABLE 4 HERE

3.5. Impact of behaviours related to frontal lohesfdinctionon the diagnostic status
As can be seen in Table 5, the odds of being dssphavith AD increased in
parallel with increases in the specific total Fr&8ere. The data in the table show by
how much a one-point increase in that specific esancreases the chance of each
given diagnosis over the previous (less severe). dben we compared the
prodromal dementia and stable cognition groupsfonrad a greater number of FrSBe
items for which higher scores increased the chahdteat individual to be diagnosed
with prodromal dementia, namely disinhibition, exiae dysfunction and the total
FrSBe score. The executive dysfunction and tot&Bler scores were found to be

predictors of a diagnosis of AD, whereas the apatioye was found to be a predictor



of a diagnosis of prodromal dementia. When we aeatuthe outlier values for the
apathy and total FrSBe scores (for the four indigid in the stable cognition group),
apathy was found to be a predictor of a diagnosmadromal dementia over stable
cognition (odds ratio = 1.08f = 0.026). For all other analyses, exclusion of the
outliers did not alter the results.

TABLE 5 HERE

4. Discussion

In our sample of adults with Down syndrome, we fbtmat behaviours related to
frontal lobe dysfunction were predictive of a diagis of prodromal dementia or AD.
Informant reports of such behaviours were foundawelate with the performance of
the individual on cognitive tasks that involve extdee functions. These findings
support our hypothesis that behaviours related remtél lobe dysfunction and
cognitive dysfunction in the executive domain maesiifduring the progression to
clinical AD in adults with DS.
It is known that frontal-subcortical syndromes aaflect disruption of working
memory and executive function (Cummings, 1995)hm present study, we found a
correlation between the performance of individuaisexecutive tasks and informant
reports of frontally mediated behaviours. As expdcthe correlation was greater for
the participants' performance with the executivendim of the informant's report. In
addition, there was a significant difference bemwveabe total of the proposed
executive tasks and the three clinical diagnoséh, twose with AD being considered
worse performing followed by those with prodrom&ghosis. In a comparison of
sixteen months of follow-up, researchers found tay individuals considered in
cognitive deterioration presented a decline in ieasures of executive functions

(Adam and Oliver, 2010). Furthermore, we identifiad greater correlation of



cognitive tasks with the FrSBe domains for thossstenvolving working memory
(e.g., Cats and dogs, Tower of London, Object mgmdollowed by the task
involving prospective memory. Functional neuroinmggistudies have correlated
several regions of the frontal lobe (dorsolateradfrontal cortex, right lateral
prefrontal cortex, anterior cingulate gyrus, anddiakefrontal lobe) in the processes
involved in working memory (Nissim et al., 2016; Bass et al., 2001; Cabeza and
Nyberg, 2000). Research also suggests that thetafrasortex would encode
prospective action (Mackey and Curtis, 2017). Pédievith frontal lobe lesions were
particularly impaired in prospective memory task®sr{in et al., 2002; Cockburn,
1995). Disinhibition was the domain with the lowestrelation with the cognitive
tasks in our study, although the correlation stiists with the exception of one of the
cognitive tasks (verbal fluency). Lesions in théegjion is known to not necessarily
leave obvious cognitive deficits but have a greapact on the expression of
behaviour (Goldberg and Bougakov, 2005). In studieglving patients with
orbitofrontal lesions, they showed impairment ircid®n-making despite adequate
performance in traditional executive function tefamasio, 1996; Bechara et al,
1994). However, the evaluation of cognitive perfanoe alone, at a single time point,
is not sufficient to draw any conclusions regarddiggnosis. Although our study
used cognitive tasks developed specifically forivitihials with DS, the results of
more than half of the tests used in our study wé&@ngly influenced by age, gender,
type of education, level of intellectual disabilayd use of medications affecting the
central nervous system, thus precluding us fronmtitfeng any direct associations
between those results and the diagnostic groupst diderscores the importance of
comparing individual performance at two differemne points during cognitive

decline. The strong association between age arghaéic group, together with the



strength of performance, even considering the ptevlevel of intellectual disability;
as well as the broad variability of individual cagre performances, substantially
influenced by emotional issues, empathy, mood dhersubtle conditions, make it a
challenge to perform a single assessment of thenittegy performance of an
individual with intellectual disability. Making stcan assessment as part of a
neuropsychological evaluation requires specificdedge and training in the area.

Our findings regarding the relationship between ntinge performance and
diagnosis differs from that of the original exegatprotocol study (Ball et al., 2008),
in which the AD group showed impaired performanceatl cognitive tasks, even
when the results were adjusted for age and dednegetiectual disability. However,
methodological differences between the two stuglie=clude direct comparisons.
First, our study included a prodromal dementia grouhereas the original protocol
study compared only individuals with and without ABecond, in addition to age,
gender and degree of intellectual disability, wpusigd for type of education and the
use of medications affecting the central nervousesy. Our study also considered
not only individuals with mild and moderate intelieal disability but also those with
severe intellectual disability.

In view of our findings and defining prodromal dertia as an intermediate
clinical state between stable cognition and AD,cae hypothesise that the symptoms
of dementia related to frontal lobe function fiegtpear in the prodromal phase, with
an increase in disinhibition and executive dysfimmtwhereas the features of apathy
appear after AD has become established, all sutipteyns being heightened by the
progression of the disease. Another study emplotheg-rSBe showed that changes
in behaviours related to frontal lobe dysfunctisea aommon in the early phases of

AD and during mild cognitive impairment in the gesdgpopulation, even before there



is any evidence of a decline in functional abistigReady et al.,, 2003). In a study
using the FrSBe to discriminate between FTD and Aidreases in apathy and
executive dysfunction were observed after the ookéibth diseases, although only
the individuals in the FTD group showed an increasdisinhibition (Malloy et al.,
2007), which differs from our findings. One possilelxplanation for that discrepancy
might be related to the behavioural phenotype otlw8ughout life, a hypothesis that
would need to be further investigated.. In anostady employing the FrSBe, apathy
and executive dysfunction were found to be prontimerall phases of AD, whereas
the level of disinhibition was found to be high ym severe AD (Stout et al., 2003).
Studies investigating behavioural and psychologsgahptoms in different forms of
dementia, including AD, have shown that apathy wassent in all forms and
correlated with executive function (Perri et alQ12). Our findings regarding the
onset of behaviours related to frontal lobe dysfiemcand their impact during the
progression of the disease agree with those ofentecollaborative study, conducted
by the University of Cambridge and University ofoS@aulo, using the CAMDEX-
DS, which indicated an initial impact on executidgsfunction together with
memory/orientation decline, with the appearancelisinhibited and apathetic signs
throughout the dementia process (Fonseca et glyhlished results). However, as
our study had a cross-sectional design, this isdang that could be verified only in a
longitudinal follow-up study. If we compare the @atbtained for our stable cognition
group with those of the FrSBe normative sample ¢&rand Malloy, 2001), we can
see that, even when there was no evidence of cogniecline, the executive
dysfunction domain and total FrSBe scores diffdsgdmore than 10 points, in the
direction of disruptive behaviour, considering thean and standard deviation for the

population with a low level of education in the 4@ 59-year age group.



Nevertheless, the differences in age and educétion our sample in respect to the
normative sample do not allow us to reach any amohs, there being only a
tendency toward behaviours related to frontal Idp&function in the population with
DS.

In our study, a number of demographic charactesstiere associated with the
diagnostic group. Age was strongly associated whth clinical diagnosis. For the
general population, age is considered the mainfaistor for the development of late-
onset dementia (Vardarajan et al., 2014). For iddais with DS, there is evidence
that age is a major risk factor for degenerativecpsses (Cole et al., 2017; Head et
al., 2011; LeVine et al., 2017), such individudiswing an age-dependent increase in
the prevalence of dementia symptoms (Coppus eR@06; Holland et al., 2000),
which occur nearly two decades earlier than ingdeeral population. In our sample,
the individuals in the stable cognition group wepmsiderable younger than were
those in the prodromal dementia group, who wertiin younger than those in the
AD group, similar to what has been reported fordmabgnitive impairment in the
general population (Petersen et al., 2014). Thedradllifference in age probably also
influenced other variables examined in our sample&h as the relation to and
duration of contact with the informant. Howeverjsitnoteworthy that the minimum
duration of contact with the informant was 10 yesrsall three groups. We can
hypothesise that the older age of the individualshe AD group increased the
likelihood that they had lost their parents and ldatherefore have a professional
caregiver as an informant. The living arrangemenight also indicate the greater
need for professional support among those diagnag&dAD, who more often lived
in nursing homes and less often lived at home wiltkir parents. Further

investigations are needed in order to substantisse hypotheses. A sedentary



lifestyle and a family history of AD were also assded with the diagnosis.
Nevertheless, as this was a cross-sectional stuglgannot comment on the nature of
these associations.

Our study has some limitations that need to beidered. The first is the small
sample size, especially in the prodromal dememtihAD groups. Another limitation
is the fact that we found no instrument designeekifigally to evaluate frontally
mediated behaviours in individuals with DS. Somehaf questions presented by the
FrSBe might not be appropriate for use in that petpan. In addition, the behaviours
related to frontal lobe dysfunction were assessethe basis of informant reports. In
some studies, the FrSBe has also been appliediditedhe subjects (Batistuzzo et
al., 2009; Schiehser et al., 2013). Furthermore study had a cross-sectional design,
whereas a longitudinal analysis would make it gmedio understand the evolution of
the such behaviours and analyse the nature osgwmtions.

In conclusion, our findings indicate the importanck evaluating behaviours
related to frontal lobe dysfunction during the ageprocess in individuals with DS.
Our initial hypothesis that executive dysfunctidisinhibition and apathy are present
during the progression to dementia and that thebawours are associated with the
diagnosis, as well as with cognitive performance tasks related to executive
function, was confirmed by our analyses. Thereneed for further studies including
a longitudinal exploration of behaviours relatedftontal lobe dysfunction in this
population and involving structural and functiomalalysis of the brain, which could
aggregate knowledge to identify the basis of tHfedintial symptomatology of AD

in this population.
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Table 1

Demographics characteristics and differences arttongiagnostic groups

Diagnostic group

Stable Prodromal
Total cognition dementia AD

Characteristic (N =92) (n=62) (n=17) (n=13) p-value
Age (years), mean (SD) 42.43(8.48)  39.69 (7.37) 46.35(5.08) 50.46 (10.30)  0.000
Male gender, n (%) 58 (63) 39 (62.9) 9 (63) 109y6. 0.465
Degree of intellectual disability, n (%)

Mild 34 (37) 28 (45.2) 4 (23.5§° 2 (15.49

Moderate 34 (37) 24 (38.9) 9 (52.9§ 1(7.7§

Severe 22 (23.9) 10 (16.%) 4 (23.5% 8 (61.5% 0.006

Unspecified 2(2.2) 0 0 2 (15.4% '
Maternal age at delivefy(years), mean (SD) 34.65 (7.69) 33.78 (7.37) 349510) 39.25 (6.01) 0.087
Family history of AD, n (%) 23 (25) 12 (19) 4 (23.5§° 7 (53.8% 0.036
Use of medication affecting the CNS, n (%) 20 (21.7) 9 (14.5) 3(17.6)? 8 (61.5)° 0.00Z2
Sedentary lifestyle, n (%) 36 (39.1) 19 (30.6) 7 (41.2§° 10 (76.9) 0.007
Living arrangements, n (%)

Nursing home 3(3.3) 0 o*P 3(23.1%

Sheltered accommodation/assisted living 1(1.1) &0 0 1 (7.7} 0.002'

Home with relative 84 (91.3) 59 (95%2) 17 (100§ 8 (61.5%

Own home/home with a partner 4 (4.3) 3(3.8) (0g 1 (7.7}
Relation to the informant, n (%)

Parent 52 (56.5) 41 (66.%) 8 (47.1§" 3(23.1%

Sibling or other relative 38 (41.3) 21 (33.9) 9 (52.9% 8 (61.5% 0.004'

Caregiver or other 2(2.2) o) 4 (16.7§" 2 (15.4%
Duration of contact (years), mean (SD) 41.92(9.28) 39.74 (7.56)  45.83 (5519 47.23 (15.69°  0.003
Education, n (%) 0.457

None 25 (27.2) 13 (21) 8 (47.1) 4 (30.8)



Special school 39 (42.4)

Special class in a mainstream school 4 (4.3)

Mainstream school 24 (26.1)
Employed? n (%) 26 (28.6)

Key: AD, Alzheimer’s disease; CNS, central nerveystem.
aPGroups differ whem < 0.05.

“Kruskal-Wallis test.

dFisher’s exact test.

®Pearson’s chi-square test.

"N=89 (no data for three individuals).

9N=91 (no data for one individual).

27 (43.5)

348
19 (30.6)
21 (34.4)

6 (35.3)
1(5.9)
2 (11.8)
2 (11.8)

6 6.2
0

12
3 (23.1)

0481



Table 2
Frontal Systems Behavior Scale scores and diffeseeamong the diagnostic groups

Diagnostic group

Stable Prodromal
Total cognition dementia AD
(N =92) (n = 62) (n=17) (n = 13)

FrSBe score (min—max) Mean (SD) Mean (SD) Mean (SD) Mean (SD) p-valu¢
Apathy domain (14-70)

All data 28.70 (14.13)  23.70 (9.42) 29.41 (11.37) 1.63 (13.88) 0.686

Outlier? excluded 22.01 (6.98) 0.382
Disinhibition domain (15-75)

All data 24.40 (5.85) 2251 (4.74) 27.58(4.96)  29.23 (7.39° 0.016
Executive dysfunction domain (17-85)

All data 43.75(13.21) 38.80 (11.58) 49.58 (9.8  59.69 (7.8%) 0.025
Total (46—230)

All data 96.85(28.88)  85.03 (21.90)  106.58 (2(#57140.53 (19.93)  0.059

Outlier? excluded 82.27 (19.37) 0.024

Key: AD, Alzheimer’s disease; FrSBe, Frontal SysteBehavior Scale.
& Linear regression, adjusted for age, genderm d¢feelucation, intellectual disability and use ofdications affecting the central

nervous system.
®Values for four of the individuals in the stablgaition group were excluded.

9 Groups differ whem < 0.05.



Table 3
Correlation between the informant-reported Frosgstems Behavior Scale score and performance on the
cognitive tasks of the executive protocol devisgdBhll et al. (2008)

Current FrSBe score

Executive
Apathy Disinhibition dysfunction
domain domain domain Total
Spearman’s Spearman’s Spearman’s Spearman’s
Executive protocol scores rho rho rho rho
Cognitive tasks
Executive function
Verbal Fluency -0.380 -0.191 -0.373 -0.381
Cats and Dogs -0.480 -0.39% -0.53%3 -0.53¢
Spatial Reversal -0.380 -0.282 -0.48%F -0.446
Weigl Sorting -0.33% -0.377 -0.51% -0.499
Tower of London -0.436 -0.313 -0.530 -0.52¢F
Scrambled Boxes -0.408 -0.327 -0.465 -0.482
Executive memory
Prospective Memory -0.330 -0.407 -0.508 -0.474
Object Memory -0.488 -0.433 -0.546 -0.556
Total executive function -0.492 -0.429 -0.623 -0.612
CAMCOG-DS executive function ~0.436 _0.388 _0.497 _0.52%

and attention domain

Key: FrSBe, Frontal Systems Behavior Scale; CAMCD&-Cambridge Cognitive Examination for Older
Adults with Down Syndrome.
¥ <0.01.




Table 4
Cognitive performance on the cognitive tasks of@Recutive protocol devised by Ball et al. (2008) aifferences among
the diagnostic groups

Diagnostic group

Stable Prodromal
Total Cognition dementia AD
(N=86%) (N=60) (N=16) (N=10)
Executive protocol scores (min—max) Mean (SD) Mean (SD) Mean (SD) Mean (SD) p-value?
Cognitive tasks
Executive function
Verbal Fluency (0-5) 1.97 (0.99) 2.17 (0.92) 2.081) 0.70 (0.82) 0.515
Cats and Dogs (0-16) 9.08 (6.21) 11.22 (8.27) 6.06 (5.619 1.10 (3.47 0.012
Spatial Reversal (0-7) 3.23(2.82) 3.85(2.69) 2588) 0.60 (1.89) 0.476
Weigl sorting (0-5) 1.64 (1.89) 2.20 (1.94) 0.56 (1.09)  0.00 (0.00)° 0.015
Tower of London (0-12) 4.49 (3.80) 5.68 (3%3) 2.63(2.949  0.30 (0.94)° 0.019
Scrambled Boxes (0-11) 7.35(3.16) 8.07 (2.91) 1330) 3.00 (2.86) 0.662
Executive memory
Prospective Memory (0-4) 2.12 (1.49) 2.68 (1°20) 1.06 (1.52 0.40 (0.51) 0.001
Object Memory (0-10) 6.42 (3.28) 7.50 (2.57) 5387) 1.60 (2.67) 0.252
Total executive function 36.29 (18.64) 43.36 (13°4727.62 (11.91) 7.7 (10.05) 0.013
CAMCOG-DS executive functionand g g3 531y 1115(4.92) 10 (4.38) 2.5 (2.22) 0.584

attention domain

Key: AD, Alzheimer’s disease; CAMCOG-DS, Cambridgegnitive Examination for Older Adults with Down i8jrome.

" six individuals did not take part in the neurogsylogical assessment

& Linear regression, adjusted for age, gender, tfpeducation, intellectual disability and use ofdisations affecting the
central nervous system.

b4 Groups differ wheip < 0.05.



Table 5
Impact of the Frontal Systems Behavior Scale scoréhe odds of a clinical diagnosis,

adjusted for age, gender, type of education, I@feintellectual disability and use of
medications affecting the central nervous system

Comparison QOdds ratio 95% CI p-value
Prodromal dementia vs. stable cognition
Disinhibition 1.222 1.060-1.408 0.006
Executive dysfunction 1.091 1.022-1.164 0.009
Total FrSBe 1.046 1.013-1.081 0.007
AD vs. prodromal dementia
Apathy 1.166 1.009-1.348 0.037
AD vs. stable cognition
Executive dysfunction 1.121 1.000-1.257 0.050
Total FrSBe 1.120 1.024-1.225 0.013

Key: FrSBe, Frontal Systems Behavior Scale.



Highlights

» Disinhibition, executive dysfunction and apathy are predictive of adiagnosis
of AD

» Behavioursrelated to frontal 1obe correlates with executive function
performance

» Behavioursrelated to frontal lobe dysfunction manifest during AD progression
inDS

* Frontal-subcortical behaviours should be taken into consideration during

evauation



