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Abstract: Down Syndrome (DS) is considered the most frequent form of Intellectual Disability, with
important expressions of cognitive decline and early dementia. Studies on potential treatments
for dementia in this population are still scarce. Thus, the current review aims to synthesize the
different pharmacological approaches that already exist in the literature, which focus on improving
the set of symptoms related to dementia in people with DS. A total of six studies were included,
evaluating the application of supplemental antioxidant therapies, such as alpha-tocopherol; the use
of acetylcholinesterase inhibitor drugs, such as donepezil; N-methyl-D-aspartate (NMDA) receptor
antagonists, such as memantine; and the use of vitamin E and a fast-acting intranasal insulin. Two
studies observed important positive changes related to some general functions in people with DS
(referring to donepezil). In the majority of studies, the use of pharmacological therapies did not
lead to improvement in the set of symptoms related to dementia, such as memory and general
functionality, in the population with DS.

Keywords: down syndrome; trisomy 21; Alzheimer’s disease; dementia; pharmacological treatment;
cognitive decline

1. Introduction

Down syndrome (DS) is considered the most frequent form of intellectual disability,
with important expressions of cognitive decline and early dementia [1,2]. There has been an
increase in the life expectancy of this population in recent years (to around 55 years), mainly
influenced by greater inclusion into mainstream society, a drop in infant mortality rate,
advances in medical care, and positive changes related to overall health [3-7]. According to
the literature [1,2], alterations such as atrioventricular septal defects in the heart, leukemia,
and early-onset Alzheimer’s disease (AD), among others, are common in this population.

Although diagnosis of dementia in DS individuals occurs, in general, after the age of
60 [8], cognitive decline can already be observed after age 40 [9], including alterations in
memory, attention, executive functioning, motor planning, and coordination [10,11].

A multidisciplinary study [12] showed the severity of behavioral changes throughout
the life of people with DS in relation to dementia. Although the study demonstrated
a scenario associated with disorders such as anxiety, sleep disorders, and depressive
symptoms, there was still a question regarding the condition of dementia and its diagnosis.

AD is characterized by extracellular senile plaques and intracellular neurofibrillary
tangles (NFTs), which lead to loss of neurons and synapses. The increased risk of developing
AD in people with DS is related to the presence of an extra copy of the amyloid precursor
protein (APP) gene on chromosome 21 [8], leading to overproduction of amyloid beta
peptide (AB) [13]. AP peptides are produced from proteolytic cleavages of APP and
this overproduction results in an increase in plaque formation [14-17]. Inflammation,
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oxidative stress, and gliosis are also pathological mechanisms described in the literature as
contributing to the neurodegeneration process [8,15-17].

People with DS present early amyloid deposition, associated with AD in the temporal
neocortex, when compared with non-DS individuals [8,16-18]. Some epigenetic mecha-
nisms, such as DNA methylation and nuclear reorganization, could also be associated with
the pathogenesis of AD in DS [13,19-23].

There is a lack of potential treatments for dementia in people with DS, mainly when
involving randomized controlled trials. The present review aims to synthesize the different
pharmacological therapeutic approaches published in the last 20 years, in order to improve
the set of symptoms related to dementia in people with DS.

2. Materials and Methods

Randomized controlled trials were selected that involved adult participants with
DS, with any type of pharmacological treatment for improving the symptoms related to
dementia. The searches included the period from 2002 to 2022 (the last twenty years).

The studies were considered for this review according to the inclusion of adult partici-
pants with diagnosed DS through validated instruments and application of a pharmaco-
logical treatment compared to a placebo group to improve the set of symptoms associated
with dementia. Studies were excluded according to the following items: articles that did
not qualify as randomized controlled trials, studies involving young people with DS and
no sign of dementia, and animal model studies.

Electronic searches were performed in the following databases: MEDLINE, EMBASE,
the Cochrane Library (CENTRAL), and Web of Science. Only studies in Portuguese and
English were selected. The searches were performed until April 2022. The search strategy
was developed using the following keyword combinations (Mesh): (Down syndrome)
OR (trisomy 21) AND (dementia); (Down syndrome) OR (trisomy 21) AND (Alzheimer
disease); (Down syndrome) AND (dementia) AND (treatment); (Down syndrome) AND
(Alzheimer disease) AND (treatment). When necessary, the search strategy was adapted to
each database.

We used the search strategy according to the PICOS [24] (population (P), intervention
(I), control group (C), outcome (O), and study design (S)) method to compare different
studies: P—down syndrome/I—pharmacological therapy/C—down syndrome with a
placebo drug/O- cognitive improvement/S—randomized controlled trials.

The following data were extracted: publication, study design, characteristics of partici-
pants (age, sample size), and interventions performed (drug, dose, duration of treatment),
outcome, and main conclusions (Table 1).

The quality review was performed according to the Cochrane Collaboration tool
(Table 2) for assessing the risk of bias in randomized controlled trials. Each item of this tool
is explained below [25]:

“Random sequence generation” = Described the method used to generate the alloca-
tion sequence with details.

“Allocation concealment” = Described the method used to conceal the allocation
sequence, with details. The objective is to determine whether the intervention allocations
could have been foreseen prior to or during enrollment.

“Blinding of participants and personnel” = In this question, all measures used are
described, which intervention a participant received, and other important points.

“Blinding of outcome assessment” = In this question, all measures related to blind-
ing outcome assessors from knowledge of which intervention a participant received
are described.

“Selective reporting” = This item demonstrates how the selective outcome was exam-
ined by the authors and what was found.

“Incomplete outcome data” = Cites any attrition and exclusions from the analysis and
the numbers in each intervention group.

“Anything else, ideally prespecified” = Any important concerns about bias are cited.
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The evaluation of this tool is based on “Low risk of bias”, “Unclear risk of bias”, and
“High risk of bias” described below [26]:

- “Low risk of bias” = The trial is judged to be at a low risk of bias for all domains for
this result.

- “Unclear” = The trial is judged to raise some concerns in at least one domain for this
result, but not to be at a high risk of bias for any domain.

- "High risk of bias” = The trial is judged to be at a high risk of bias in at least one
domain for this result.

Studies performed between 2002 and 2022 were selected. Due to the small number
of randomized controlled trials and the great heterogeneity among them, the studies
were analyzed qualitatively, without meta-analysis. The PRISMA recommendations were
followed to perform this systematic review [24].
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Table 1. Characteristics of the included studies.

Participants Pharmacological Treatment
Publication Study Design Sample Si Outcome Main Conclusions
ple Size .
Age (Mean =+ SD) (Participants with DS) Drug Dose Duration
+ NPI . There is possible efficacy in
. . (Improvement in the
Prasher et al A randomized, 5 mg per day during the treated or the treatment of symptoms
(20026) [27]a ’ double-blind, 53 +8.03 30 Donepezil first four weeks and then 24 weeks althoeu i i)elg of mild to moderate AD
placebo-controlled study 10 mg per day thereafter athous with the use of donepezil
significant than . .
in people with DS
placebo group)
DMR *, SIB*, DMR
* *
900 TU Alpha tocopherol, S0Ch BADLS™, and Antioxidant
200 mg ascorbic acid omnifi 1 ion is saf
followed by 600 mg (No significant supplementation is safe,
Lott et A randomized, Antioxidant sup- Ioha—linoic acid differences between  however, ineffective for the
(281 1;3 [2]' double-blind, 50 £ 4.88 53 le?nenia ticS;p Alla Ert?ci a}r)l(t)scrgccei\.ze d 2 years groups) treatment of dementia in
g placebo-controlled study p p n p iated J VABS * motor skills people with DS and
ace? lcalfgﬁ;(?steerase (Significant dementia of the
y inhibitor difference in the Alzheimer’s type
treated group in
2-year of treatment)
Donepezil can help
A randomized, +ICF* improve general
Kondoh et al. double-blind, 45+ 2 Donepezil 3 mg once daily o1 K (improvement onl functioning and severe
2011) [28] lacebo-controlled onepe throughout the trial weeks mprovement on'y cognitive impairment
p & 2 p
- . in the treated group) . -
clinical trial effectively and safely in
people with DS
The dose was escalated Memantine is not an
. over 8 weeks from 5 mg DAMES *, ABS * .
Hannev et al A randomized, + dav to th timal Non-sienificant effective treatment for
oaney e ak double-blind, 5173 173 Memantine per day to the optma 52 weeks on-sighica cognitive impairment and

(2012) [29]

placebo-controlled trial

therapeutic dose of 10
mg per day with fixed
titration

differences between
the groups

dementia in people older
than 40 years with DS
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Table 1. Cont.

Pharmacological Treatment

Participants
Publication Study Design Sample Si Outcome Main Conclusions
ple Size .
Age (Mean + SD) (Participants with DS) Drug Dose Duration

BPT * and memory
tests (both verbal
and visual),

Vocabulary Test, Vitamin E did not slow the

A randomized, Orientation Test, The

Sano et al. . o . . . ps
(2016) [30] double-k.)h.nd, cqntrolled 54 +£4.75 337 Vitamin E 1000 IU orally twice daily 3 years Behavior & Function progression Qf cognitive
clinical trial . . deterioration in DS
Questionnaire, and
CGI-C*

No differences
between the groups

1T RBMT *
There was significant
A total . gt C e
. improvement in There was no significant
. of 0.20 mM of glulisine L . .
A single-center, memory retention in impact of intranasal
. . or placebo was - L .
single-dose, randomized, L . the glulisine treated glulisine on learning,
Rosenbloom . Intranasal administered using . . .
double-blind, 42+17 12 . . - 8 weeks group and in immediate recall, delayed
et al. (2020) [4] insulin the POD®device to . . . :
placebo-controlled, . immediate recall in recall, memory retention,
: deliver 0.10 mL of agent i
crossover pilot study . . the placebo group recognition memory, and
in each nostril for a total © . .
FOME retention estimate
of 20 IU o
No significant

impact in the groups

Abbreviations * DMR Dementia Scale for Intellectually Disabled Persons. SIB Severe Impairment Battery. NPI Neuropsychiatric Inventory. ABS Adaptive Behavior Scale. DMR SOS The
Sum of Social Scores on the Dementia Scale for Mentally Retarded Persons. VABS The Vineland Adaptive Behavior Scales. BADLS The Bristol Activities of Daily Living Scale. BPT Brief
Praxis Test. ICF International Classification of Functioning, Disability and Health. DAMES Down syndrome attention, memory and executive function scale. CGI-C The Clinical Global
Impression of Change. RBMT Rivermead Behavioral Memory Test. FOME Fuld Object Memory Evaluation. ** (SD) was not cited in the study. 1 Increase/| Decrease.
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Table 2. Risk of bias.

fomdom  Aocaion  Dinfineol  DIndneol  inmploe  scive  A"TEE
Generation oncealment and Personnel Assessment Outcome Data Reporting Prespecified
P;;gg;)ré;?l. Low Low Low Low Low Low Low
é%tltle)t[;lj Low Low Low Low Low Low Low
K((;?)?%h[ggfl. Low Low Low Low Low Low Low
I_i;glllg)y[g;]al. Low Low Low Low Low Low Low
(82%?2)6{3%11 Low Low Low Unclear Low Unclear Low
eF:ls.e(gglz%c))ﬁ] Low Low Low Unclear Low Low Low
3. Results

Initially, 364 studies were selected. After eliminating duplicate papers and analyzing
the titles, 71 studies were included. Of these, 52 were eliminated because they did not
specify any pharmacological treatment for dementia in people with DS. After reading the
abstract, 19 studies were selected, and after full reading, 13 were eliminated because the
individuals with DS were young, without any symptom associated with dementia. Thus,
in the final phase, six studies were included (Figure 1).

The average age of the participants with DS included in this review was 50 years [3,4,27-30].
In relation to methodological quality, the risk of bias was low in all the articles evaluated,
excepted for “unclear” in some analyzed criteria in two of them [4,30].

In this review, important points about the effectiveness of different pharmacological
treatments for adults with DS, focusing on AD signs, were summarized; among them
were the use of supplemental antioxidant therapies [3], donepezil [27,28], memantine [29],
vitamin E [30], and intranasal insulin [4]. The effects of each treatment are reported in
Table 1. Donepezil was the only drug with a possible effect on the treatment of cognitive
signs of dementia in adults with DS [27,28].

In the studies with memantine [29] and donepezil [27,28], more adverse effects were
reported than with the other drugs presented in this review. Diarrhea, nausea, insomnia,
fatigue [27], soft stool, skin rash [28], and adverse events associated with neurological,
respiratory, and cardiovascular alterations [29] were identified.

On the whole, randomized clinical studies that evaluate new pharmacological thera-
pies to improve the set of symptoms associated with dementia are scarce in adults with
DS. This lack represents an important public health problem, as an absence of effective
treatments has a direct impact on the quality of life of these individuals, with important
repercussions from an economic point of view and on the rates of mortality and morbid-
ity [31,32].
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[ Identification of studies via databases (adapted) J
™

o Studies identified from

-_g databases (n = 364):

_3 Medline = 64

% Cochrane =135

5 Embase = 63

= Web of Science =102 Exclusion of studies due to:
— Duplicate records

- (n=192)
v After reading the title

F Studies screened after (n=101)

eliminating of duplicates
and title reading

ED (n=71) Exclusion of studies due to:
'g Not specifing pharmacological
¢ treatment for dementia in
® ¥ people with DS (n =52)
Studies included after reading
the abstract
(n=19) Exclusion of studies due to:
S— o
The sample being composed of

= »  only young DS individuals
. v without any symptom
_3 Total selected studies associated with dementia
= (n=6) (n=13)

Figure 1. Flowchart of the search process of the selected studies [28].

4. Discussion

In this review, we included only randomized controlled clinical trials that reflected new
perspectives on the use of pharmacological therapies for adults with DS with symptoms
associated with dementia. A limitation regarding this type of study is reported in the
literature, mainly due to the difficulty of recruitment, as well as the complexity of diagnosis
in DS population [33,34].

People with DS have a higher risk of developing AD than the population without the
syndrome and studies based on effective treatments for this pathology are important [34].
Vitamin E, for example, has important neuroprotective, anti-inflammatory, and hypocholes-
terolemic effects in brain health. Besides this, it has great antioxidant potential against
peroxyl radicals and can enhance the immune response in older people [35-38]. Only one
study [30] in this systematic review evaluated the effect of vitamin E. The authors observed
a lack of contribution to slowing the progression of cognitive deterioration and dementia in
people with DS [30], which corroborates the finding of Petersen et al. (2005) [39], who also
evaluated the efficacy of vitamin E associated with another drug, donepezil, in individuals
with amnestic mild cognitive impairment but not DS. In that study [39], vitamin E had
no significant effect in relation to the development of AD, but the analysis for donepezil,
however, demonstrated reduced progression of AD in the first 12 months of the trial.

Memantine is a drug used for improving symptomatic AD, acting in the maintenance
of cognitive function in the general population [40,41]. This drug, when analyzed in the
population with DS, did not present similar effects [29]. One hypothesis is that AD in DS is
related to lifelong amyloid overproduction, similar to some rare familial forms of AD, and
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different from late-onset sporadic AD that presents abnormalities in amyloid processing
and clearance [29].

Some studies associated with the use of donepezil and memantine in people with DS
were not included in this systematic review because they did not meet the inclusion criteria.
For example, Lott et al. (2002) [42], showed that the use of donepezil caused significant
improvement in cognitive functioning in people with DS during a period of 3 to 5 months
(average age of 52.3 in the donepezil group), but the study was not included in this review
because it is a non-randomized controlled trial. Two randomized clinical trials [43,44]
associated with the use of memantine in young people with DS were in line with the study
with older participants reported in this systematic review [29], which also demonstrated no
cognitive improvement. These studies were not included because the participants were
young, with no symptoms related to dementia.

Many factors could be associated with the heterogenous results found in the evaluated
studies. The dosage and duration of the medication used and the gravity of the set of
symptoms related to dementia could be correlated with the differences observed [34].
Rosenbloom et al. (2020) [4] reported the importance of analyzing factors such as the daily
dose of the drug and the longitudinal duration of treatment for a better response of the
agent in regulating pathological changes in dementia cases. In their study, the authors
detected no significant effect of the rapid-acting intranasal insulin on delayed recall and
memory recognition between individuals with DS and a placebo group. In AD, there is
progressive glucose hypometabolism parallel to cognitive impairment, and insulin plays
a major neuroprotective role, countering apoptosis, beta-amyloid toxicity, and oxidative
stress [45].

Studies with other potential drugs for the treatment of dementia are reported in the
literature [46-50]. Galantamine and rivastigmine appear to have some clinical effect in
the treatment of mild to moderate AD [46,47]; however, a lack of information is reported
regarding the use of these drugs for people with intellectual disability [48]. Cochrane
reviews [49,50] also show no significant evidence of these drugs for the treatment of
dementia in people with DS. During the current review, no randomized clinical trials were
found that contemplated the use of galantamine and rivastigmine in the population with
DS, according to the proposed inclusion criteria.

Studies related to novel cellular protective mechanisms associated with the neu-
ropathology of AD in DS and ongoing clinical trials that portray new perspectives for
its treatment must be explored [51-53]. The literature reports evaluations of the dual-
specificity tyrosine phosphorylation-regulated kinase 1A (DYRK1A), a gene mapped on
chromosome 21 that contributes to the hyperphosphorylation of tau and the formation
of hyperphosphorylated tau aggregates. Furthermore, DYRK1A phosphorylates several
neurodegenerative diseases associated proteins, such as APP and o-synuclein, and has been
associated with intellectual disability and targeted to improve cognitive performance in
subjects with DS (without AD) and other intellectual disabilities. New possibilities related
to cell protection are demonstrated, when the presence of other binding proteins, such as
protein phosphatase magnesium-dependent 1B (PPM1B), reduces the toxic formation of
phospho-tau protein via DYRK1A modulation [51,54].

Furthermore, a randomized pilot study [52], still in the recruitment phase, is being
conducted to evaluate the efficacy of therapy with gonadotrophin-releasing hormone
(GnRH), a decapeptide secreted by hypothalamic neurons, on the cognition of people with
DS. The presence of this and other related papers suggests the need for further exploration
of points not yet analyzed, mainly associated with the early deposition of 3-amyloid
plaques and development of dementia-related AD [34].

This systematic review did not address the preventive treatment of dementia in people
with DS. In all included studies, the selected individuals with DS were adult with some
symptoms associated with dementia. The term “preventive treatment” is related to a set of
actions, involving, on the whole, both pharmacological and non-pharmacological therapies.
It is important to elucidate whether individuals with DS of any age and with any symptom
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of dementia (even an initial behavior alteration) would benefit from studies focused on
pharmacological and/or non-pharmacological therapies applied in larger samples sizes
over a longer period.

5. Conclusions

The treatment of dementia in DS individuals is a field that still requires more studies,
mainly due to the difficulty of early diagnosis and follow-up of its evolution. In general, the
results of this review demonstrated that the use of pharmacological therapies for symptoms
related to dementia did not cause relevant effects on different functions in the population
with DS. For example, aspects related to memory and general functionality of these indi-
viduals did not show improved performance after the application of a pharmacological
therapy in almost any of the studies analyzed. However, more studies are necessary to
draw conclusions about possible targets for treatment, focusing on AD in the DS population,
and the limited number of studies included in this review shows the eminent necessity
for further investigations on this subject. On the whole, the drugs were well tolerated by
individuals with DS; however, the majority did not demonstrate adequate efficacy. The use
of antioxidant supplementation, memantine, vitamin E, and intranasal insulin did not have
relevant effects for the treatment of dementia in people with DS.

Positive changes related to some general functions in people with DS were observed
in two randomized clinical trials, related to the use of donepezil. Treatments targeting the
tau and amyloid-beta mechanisms for people with DS should be further explored in the
literature, as well as quality of life aspects and expansion of available biomarkers.
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