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Abstract

INTRODUCTION: People with Down syndrome (DS) have high risk of develop-

ing Alzheimer’s disease (AD). This study examined mean ages of AD diagnosis and
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associations with co-occurring conditions among adults with DS from five European

countries.

METHODS: Data from 1335 people with DS from the Horizon 21 European DS

Consortiumwere used for the analysis.

RESULTS: Mean ages of AD diagnosis ranged between 51.4 (SD 7.0) years (United

Kingdom) and 55.6 (SD 6.8) years (France). Sleep-related and mental health problems

were associated with earlier age of AD diagnosis. The higher number of co-occurring

conditions themore likely the personwith DS is diagnosedwith AD at an earlier age.

DISCUSSION: Mean age of AD diagnosis in DS was relatively consistent across

countries. However, co-occurring conditions varied and impacted on age of diagno-

sis, suggesting that improvements can be made in diagnosing and managing these

conditions to delay onset of AD in DS.

Highlights:

∙ Mean age of AD diagnosis was relatively consistent between countries

∙ Sleep problems and mental health problems were associated with earlier age of AD

diagnosis

∙ APOE ε4carrierswerediagnosedwithADat anearlier age compared tonon-carriers

∙ Number of co-occurring conditions was associated with earlier age of AD diagnosis

∙ No differences between level of intellectual disability andmean age of AD diagnosis

KEYWORDS

age of diagnosis, Alzheimer’s disease, co-occurring conditions, Down syndrome

1 BACKGROUND

Down syndrome (DS) is the most common genetic cause of intel-

lectual disability, characterized by trisomy 21 in approximately 95%

of cases, and estimated with a population prevalence in Europe

of 5.6 per 10,000.1,2 Alzheimer’s disease (AD) neuropathology is

present in virtually everyone with DS by the age of 40 due to

three copies of the amyloid precursor protein (APP) gene located

on chromosome 21, leading to overproduction and accumulation of

amyloid-beta (Aβ)3 and with an associated lifetime risk of over 95%.4

Age-specific risk for AD has been estimated to 23%-55% at age 40-

49 and 75%-88% by age 60-69,3,5,6 with a mean age of diagnosis of

53.8 years.7

The variation in co-occurring conditions and levels of intellectual

disability among people with DS is substantial.8–10 Lifelong condi-

tions common in this population include: congenital heart defects,

immunological dysfunctions, hypothyroidism, musculoskeletal dys-

function, vision andhearing impairment, sleep apnea,11 anddepression

and anxiety.12 Distinct patterns of age-related co-occurring conditions

differ from both the general population and people with intellectual

disability with other etiologies than DS.13

DS is considered a form of genetically determined AD, similar to

autosomal dominant forms in other populations without DS.14–17 In

addition to the high genetic risk of AD in people with DS, the increase

in life expectancy over the past decades,3 has led to an increase in

age-related co-occurring conditions.

Individuals with both DS and AD have higher rates compared

with those of the same age without AD of hypothyroidism, sensory

impairments, depression, anemia, weight loss, and epilepsy.18,19 While

previous studies have reported on these commonly co-occurring con-

ditions, less is understood about their relationship with age of onset of

AD in DS.

The influence of apolipoprotein E (APOE) ε4 can vary across age,

sex, ethnicity, and nationality.20–23 The association between APOE ε4
allele and increased risk and earlier age of onset in sporadic AD is well

established.24 This association is not as clear for age of onset in auto-

somal dominant AD.22,23,25 AD in DS is an autosomal dominant form

of AD and the connection between APOE ε4 and DS shows that APOE

ε4 carriers has an earlier decline in episodic memory, earlier clinical

diagnosis of symptomatic AD and earlier changes in AD biomarkers.23

Diagnosing AD in DS is complex due to the pre-existing intellec-

tual disability, early cognitive decline, lack of diagnostic criteria and
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LARSEN ET AL. 3

various assessment procedures,26–29 which may give rise to variabil-

ity in diagnoses between clinicians and health systems. While our

primary interest in this study was an exploration of the association

between rates of co-occurring conditions and AD diagnosis, much can

be gained from examining the rate of co-occurring conditions and age

of AD diagnosis across different countries to inform public health poli-

cies, guide international collaborative research, and improve health

surveillance. Researchers can investigate commonalities and differ-

ences between countries to identify novel risk factors, environmental

influences, and clinical practices that may inform targeted screening

and interventions. The need to harmonize diagnostic processes across

countries has been recognized, and this has led to the establishment

of research collaboration of theHorizon 21 EuropeanDown syndrome

Consortium (H21DSC).6,30 The H21DSC consists of 12 sites across

Europe focused on clinical progression of the early stages of AD in

DS, identifying and refining cognitive outcome measures, alongside

harmonization of assessments and procedures and working together

to identify feasible interim markers of disease progression by explor-

ing the relationship between fluid biomarkers, neuroimaging, and the

development of cognitive decline in DS.6

The aim of the current study was to examine the rates of co-

occurring conditions and their relationship with AD diagnosis across

different European countries. The goal was to identify whether there

are differences in inter-country mean age of diagnosis as well as to

identify conditions that should be targeted for better management to

improve healthier aging in people with DS.

2 METHODS

2.1 Participants

A cross sectional sample of 1335 people with DS from six centers

in five countries were included in this study. Participants were from

the United Kingdom (the London Down Syndrome Consortium [Lon-

DownS], theCambridgeDementia inDown’s Syndrome [DiDS] cohort),

Germany (AD21 study group, Munich), France (TriAL21 for Lejeune

Institute, Paris), Spain (the Down Alzheimer Barcelona Neuroimaging

Initiative (DABNI), and the Netherlands (the Rotterdam Down syn-

drome study), all members of the H21DSC. Results are reported at

country level to reflect potential differences in health care systems;

therefore, the two samples in the United Kingdom were combined.

Informed consent was obtained from participants in all sites.31 The

study was performed according to the Declaration of Helsinki and reg-

ulations for data privacy. All data were anonymized according to good

clinical practice guidelines and general data protection regulations

prior to analysis.

2.2 Data collection and measurements

For each cohort, the sites obtained a comprehensive medical history

and administered clinical assessments and cognitive tests—the differ-

RESEARCH INCONTEXT

1. Systematic review: The literature was retrieved using

traditional electronic databases (e.g., PubMed,MEDLINE,

Google Scholar) and snowball sampling. Several stud-

ies have used national or regional data to investigate

age of Alzheimer’s disease (AD) diagnosis in people with

Down syndrome (DS) and associated factors, but few

have includedmulti-country samples.

2. Interpretation: Despite differences in health services,

the results of this novel, multi-country study consistently

found amean age of AD diagnosis in peoplewithDS rang-

ing from51 to 56 years, suggesting that clinical diagnoses

are reliably applied in people with DS. Sleep problems,

mental health problems, and apolipoprotein E (APOE) ε4
carriers are factors strongly associated with age at AD

diagnosis.

3. Futuredirections: ADdiagnosis in peoplewithDS is a reli-

able measure but there is a need for better identification

andmanagement of co-occurring conditions.Our findings

have clinical andpractical implications for theprovisionof

health care and future research.

ent questionnaires and tests used are summarized elsewhere.31 The

authors harmonized interpretation of clinical diagnoses to ensure that

data were comparable between sites and countries.

2.2.1 Alzheimer’s disease (AD) diagnosis

AD diagnoses were based on an agreed clinical consensus which were

applied to all cohorts. Data across countries included age of assess-

ment and age of AD diagnosis. Participants from theNetherlands were

assigned to AD or No AD, all other sites were assigned to the following

AD decline group:

1. No cognitive decline—that is, no clinical record of diagnosis of AD,

and no symptoms of AD reported by carers.

2. Cognitive concern associated with other causes—some reports of

cognitive OR activities of daily living (ADL) change, but most likely

due to another condition such as an acute/active physical illness or

new onset/ active mental health problem, or life event. Requires

clinical surveillance and follow-up.

3. Possible/prodromal AD—individual presents with moderate/early

but typical AD-like symptoms, but these are not sufficient to meet

criteria for ICD-10, DSM-IV AD, or DSM-5 major neurocognitive

disorder (but maymeet criteria for DSM-5mild neurocognitive dis-

order); the symptoms are thought not to be (mainly) due to another

cause of decline (otherwise they would have been classified in

category 2).

 15525279, 0, D
ow

nloaded from
 https://alz-journals.onlinelibrary.w

iley.com
/doi/10.1002/alz.13779 by H

ealth R
esearch B

oard, W
iley O

nline L
ibrary on [22/03/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense
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4. Definite AD—the individual has been diagnosed with AD by their

own clinicians after comprehensive work-up OR they present with

clear symptoms of AD after comprehensive (research) assessment.

Both significant cognitive change ANDdecline in ADLs are present,

which are judged not to be (mainly) due to other problems (i.e.,

AD may be diagnosed in the presence of treated/well-managed

comorbidities).

2.2.2 Clinical co-occurring conditions

Clinical diagnoses of common DS related co-occurring conditions

were collected at each study site. These included diagnoses of

epilepsy/seizures, sleep problems including obstructive sleep apnea

(OSA) or other sleep disorders, hypothyroidism, and data on current

mental healthdiagnosis includingdepression, anxiety, or psychosis. The

threshold for mental health variables was a mental health condition

that required treatment including psychological therapywithoutmedi-

cation.Any current psychotropicmedicationprescriptiondatawas also

collected including prescriptions for anti-depressants, anti-psychotics,

hypnotics, and benzodiazepines. Current or history of sensory prob-

lems (hearing and/or vision) were recorded, as were data on any

other medical morbidity associated with DS; this could include any

additional and current acute or chronic physical illness requiring treat-

ment/intervention not including disability such as mobility issues. The

severity of intellectual disability in the United Kingdom, the Nether-

lands, and France was established based on the criteria outlined in

ICD-10, while Germany and Spain used the criteria specified inDSM-5.

These criteria are broadly similar.

2.2.3 Apolipoprotein E status

Apolipoprotein E (APOE) statuswas also included in theanalysis codedas

non-ε4 carriers, ε4 carriers, and ε2:ε4 carriers. All sites except Germany

contributed APOE genotyping data.

2.3 Statistical analysis

Descriptive statistics were used to present participant characteristics

by country and statistical testing was performed using Fisher’s exact

test for frequency data and the Kruskal–Wallis test for continuous

data. Linear regression models were fitted to cross-sectionally esti-

mate factors associated with the age of AD diagnosis in people with

DS across the five countries. Due to missing data across the countries,

as shown in Table 1 Demographic characteristics of participants, four

separate linear regressions were fitted with differing variables tomax-

imize the covariates examined and the inclusion of as many countries

as possible in the analysis.

Model 1 consisted of sex, level of intellectual disabilities (mild, mod-

erate and severe) and country (Spain, Germany, France, The Nether-

lands and the United Kingdom). Model 2 consisted of the variables

in Model 1 and common DS morbidities (sleep problems, hypothy-

roidism, epilepsy/seizures) and current or history of sensory problems.

Model 3 includedModel 2 variables, with the addition of current men-

tal health diagnosis and psychotropic medication prescriptions. The

inclusion of these newvariables excluded TheNetherlands fromModel

3 as data on mental health diagnosis and medication were missing in

this dataset. Finally, Model 4 examined the effect of APOE status on

age of ADdiagnosis, similarly to the previousmodels,Model 4 included

Model 2 variables and APOE status. Model 4 did not include Germany

as APOE status was not available for participants. Spain was used as

the reference group for all models as this country had the most AD

cases. In a sub-analysis we examined the impact of the total number

ofmorbidities (sleep problems, hypothyroidism, epilepsy/seizures, cur-

rent mental health diagnosis, and any other medical morbidity) on the

age of AD diagnosis, adjusting for sex, level of intellectual disabilities,

current or history of sensory problems, country, and APOE status. This

analysis used data from the United Kingdom and France as these were

the only countries with data on all the variables of interest. In this

model, France was the reference group.

The outcome variable in the regression models (age at AD diagno-

sis) was log transformed to avoid violation of normality and covariates

were back transformed for reporting and presented as exp(β) with
95% confidence intervals (95% CIs). R version 4.1.3 used for statistical

analysis.32

3 RESULTS

Age, sex, level of intellectual disabilities, AD diagnosis status, mean age

of AD diagnosis, and prevalence of co-occurring conditions across the

five countries are shown in Table 1.

There were significant differences in the sex of participants

between countries (p = 0.003) with the highest proportion of females

in France (52.7%) and the lowest in the Netherlands (37.2%). Differ-

ences in level of intellectual disability of participants were also found

(p < 0.001). The Netherlands had the highest proportion of people

with a severe level of intellectual disabilities (38.4%) and Germany the

lowest (14.3%).

3.1 AD status

AD diagnosis status differed between countries (p < 0.001) with the

lowest rate in the Netherlands at 15.6% and highest in Spain and Ger-

many at 28%. A diagnosis of possible or prodromal AD was highest in

the United Kingdom (11.8%) and lowest in France (4.3%), (p< 0.001).

Meanageat assessmentdifferedbetweencountries (p<0.001)with

those in Germany having an assessment earliest at an average of 37.5

years, followed by United Kingdom at 40.9 years, Spain at 45.2 year,

France at 49.9 years, and those in the Netherlands having the high-

est average age at assessment at 51.7 years. These differences were

seen also in average age of AD diagnosis (p= 0.002) where those in the

United Kingdom were diagnosed on average youngest at 51.4 years,
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TABLE 1 Demographic characteristics of participants divided by country.

Variable Spain France Germany

The

Netherlands UK

p-Value of
comparison

n 311 188 42 417 377

Sex Male 169 (54.3) 89 (47.3) 25 (59.5) 262 (62.8) 197 (52.3) 0.003

Female 142 (45.7) 99 (52.7) 17 (40.5) 155 (37.2) 180 (47.7)

Mean age at assessment (SD) 45.19 (10.83) 49.86 (7.43) 37.48 (13.6) 51.69 (5.05) 40.91 (13.51) <0.001

Level of ID Mild 63 (20.3) 20 (10.9) 21 (50.0) 54 (12.9) 137 (37.0) <0.001

Moderate 160 (51.4) 124 (67.4) 15 (35.7) 203 (48.7) 175 (47.3)

Severe 88 (28.3) 40 (21.7) 6 (14.3) 160 (38.4) 58 (15.7)

AD diagnosis 87 (28.0) 48 (25.5) 12 (28.6) 65 (15.6) 64 (17.1) <0.001

Mean age of AD diagnosis (SD) 53.47 (5.53) 55.6 (6.8) 53.62(5.24) 55.13 (4.15) 51.4 (7.02) 0.002

AD decline rating No cognitive decline 181 (58.2) 104 (55.3) 22 (52.4) 219 (58.9) <0.001

Cognitive concern

other causes

18 (5.8) 28 (14.9) 4 (9.5) 45 (12.1)

Possible/ prodromal

AD

25 (8.0) 8 (4.3) 4 (9.5) 44 (11.8)

Definite AD 87 (28.0) 48 (25.5) 12 (28.6) 64 (17.2)

Current mental health

diagnosis

Yes 28 (9.0) 67 (35.6) 12 (29.3) 83 (22.8) <0.001

Currently prescribed

psychotropic medication

Yes 126 (50.0) 66 (35.1) 7 (17.5) 75 (20.1) <0.001

Epilepsy/seizures diagnosis Yes 61 (19.6) 35 (18.6) 7 (17.1) 87 (24.4) 57 (16.9) 0.15

Sleep problems Yes 30 (10.1) 88 (46.8) 4 (9.8) 43 (12.4) 38 (11.4) <0.001

Hypothyroidism Yes 145 (46.8) 103 (54.8) 22 (53.7) 88 (23.5) 147 (40.8) <0.001

Current or history of sensory

problems (hearing and/or

vision)

Yes 148 (61.9) 69 (36.7) 7 (17.5) 337 (82.4) 318 (84.6) <0.001

Any othermedical

comorbidity

Yes 82 (43.6) 32 (80.0) 287 (76.5) <0.001

APOE status Non-e4 238 (79.6) 142 (77.2) 305 (73.1) 268 (71.1) 0.04

e4 carriers 57 (19.1) 39 (21.2) 94 (22.5) 101 (26.8)

e2: e4 4 (1.3) 3 (1.6) 18 (4.3) 8 (2.1)

Notes: Percentage in parentheses unless otherwise stated.
Abbreviations: APOE, apolipoprotein E; ID, intellectual disability; UK, United Kingdom;

with Spain (53.5 years) and Germany (53.6 years) at similar ages and

The Netherlands (55.1 years) and France (55.6 years) diagnosed on

average approximately 2 years later.

3.2 Co-occurring conditions and APOE status

Therewere significantdifferencesbetweencountries in theprevalence

of co-occurring conditions (p < 0.001). A mental health condition was

diagnosed in 9% of participants in Spain compared to 35.6% in France,

29.3% in Germany, and 22.8% in the United Kingdom. Half of partici-

pants in Spain were prescribed psychotropic medication compared to

17.5% in Germany, 20.1% in the United Kingdom, and 35.1% in France,

(p < 0.001). Participants in France had the highest level of diagnosed

sleep problems (including OSA) at 46.8% compared to 9.8%–12.4% in

all other countries.No significant differencewas found in epilepsydiag-

nosis between the five countries (p= 0.15) where the United Kingdom

had the lowest at 16.9% and the Netherlands the highest at 24.4%.

3.3 Factors associated with age of AD diagnosis

Table 2 presents the results of four linear regressionmodels conducted

to examine the factors associated with the age of AD diagnosis in

people with DS across the five European countries.

Model 1 examined the association between age at AD diagnosis

and sex, level of intellectual disabilities, and country. Being female was

associatedwith a younger age of diagnosis (exp(β)= 0.97 (95%CI 0.94-

1.00) than males. Compared to people with DS in Spain, participants in

France (exp(β)= 1.04 (1.00-1.08) weremore likely to be diagnosed at a
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later age and being from the United Kingdom was significantly associ-

atedwith a younger ageof diagnosis (exp(β)=0.96 (0.92-0.99).Model 2

added sleepproblems, hypothyroidism, epilepsy, andhistory of sensory

problems, none of which were associated with age of AD diagnosis.

Model 3 added mental health diagnosis and psychotropic medica-

tion, this model did not include data from the Netherlands. We found

that currentmental health diagnosiswas associatedwith a younger age

of AD diagnosis (expβ = 0.93, 0.89-0.98) but not use of psychotropic

medication. Being from France was again associated with an older age

of AD diagnosis compared to Spain (exp(β)= 1.12, 1.05-1.19)

Model 4 includedAPOE status but did not includeGermany asAPOE

data were not available. Being female was associated with a younger

age of diagnosis (exp(β) = 0.97, 0.94-1.00), and participants in France

were diagnosed at an older age (exp(β)= 1.08, 1.03-1.13). APOE status

was found to be significantly associated with age of AD diagnosis, with

APOΕ ε4 carriers being diagnosed at a younger age than non-ε4 carriers
(exp(β)= 0.93, 0.90-0.97).

Investigating the impact of the total number of co-occurring con-

ditions on age of AD diagnosis we found that the total number of

co-occurring conditions present was negatively associated with age of

AD diagnosis (exp(β) = 0.97, 0.95-0.99, p = 0.02). In this model, as the

total number of commonDSmorbidities increased, the age of AD diag-

nosis decreased. Participants in the United Kingdom were diagnosed

earlier than in France (exp(β)= 0.93, 0.87-0.99, p= 0.02), and being an

APOE ε4carrierwasassociatedwithearlierADdiagnosis (exp(β)=0.92,

0.87-0.98, p= 0.006). Sex, level of ID, and current or history of sensory

problemswere not associated with age of diagnosis (all p> 0.05).

4 DISCUSSION

To our knowledge, this is one of the largest studies to examine age of

AD diagnosis in people with DS and the association with co-occurring

conditions and APOE status. While there were statistically significant

differences, age of AD diagnosis was relatively stable across countries,

ranging from 51 to 56 years old. We found that, compared to Spain

where the mean age of AD diagnosis was 53 years old, participants in

France were diagnosed slightly older at 56 years old and younger in

the United Kingdom at 51 years old. Data here support recent find-

ings from ameta-analysis that reported amean age of diagnosis across

studies of 53.8 years.7 As expected, being an APOE ε4 carrier was

associated with a younger age of diagnosis.

4.1 Co-occurring conditions and association with
AD

There were significant differences in the prevalence of common co-

occurring conditions across countries, and differences in data collec-

tion could influence these differences. Currentmental health diagnosis

and sleep problems were associated with age of AD diagnosis. The

number of co-occurring conditions were important for age of diag-

nosis where more conditions were associated with earlier age of AD

diagnosis. At a systemic level, there may be explanations for differ-

ences in national health systems, and at an individual level, it may be

that individuals with more co-occurring conditions see clinicians more

regularly, resulting in earlier diagnosis. Longitudinal studies conducted

prospectively could help to explore these issues more clearly.

4.2 Sex differences and association with AD

In the general population, lifetime incidence of AD is higher for

females than males,33 where genome-wide association studies strati-

fied by sex have shown differences in loci associated with AD between

male and female.34 This difference is less clear in the DS population,

where some studies found no overall relationship between sex and AD

diagnosis,24,35 others identified a higher risk of AD for females in the

age group 40 to 54 years but not for those under 40 years and over

55 years of age,36 and another found sex differences in adults with DS

but only over the age of 60, where males were more likely to develop

AD than females.37 In this study, being female was associated with a

younger age of diagnosis in the model that included sleep problems,

hypothyroidism, sensory problems, epilepsy, and APOE status. How-

ever, we did not stratify by age groups; therefore, it is currently unclear

if there was an age group—dependent risk for diagnosis in females as

previously reported.

4.3 APOE and association with AD

The association between APOE ε4 allele with increased risk in spo-

radicAD iswell established,with increased amyloid deposition, cortical

thinning, and decreased cognition,24 and earlier age of onset. In auto-

somal dominant AD, the association with earlier age of onset is not

as unambiguous and is mostly explained by the influence of the auto-

somal dominant genetic mutations that drive this rare form of AD.24

Previous studies in populations with DS have also found an attentional

disadvantage later in life,38 greater cognitive impairment,39 earlier age

of symptom onset of 2 years,23 and an earlier age of AD diagnosis40

for APOE ε4 carriers. Data on APOE ε4 in this study were available for

1,293 participants across four countries. Findings here reflected those

of previous studies, where APOE ε4 carriers received an AD diagnosis

at a younger age compared to non-carriers.

4.4 Sleep problems and association with AD

Sleep problems are more common in people with DS than in the

general population, particularly in relation to OSA. The prevalence is

reported up to 17% in the general population and OSA of at least

moderate severity may be found in more than 40% of individuals with

DS.41–44 Evidence suggests that untreated sleep disorders impair cog-

nitive function and may accelerate progression to AD.45 Findings here

support this, where sleep problems, which included OSA and other

sleep disorders, were associated with earlier age of AD diagnosis in
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the model that included hypothyroidism, epilepsy, sensory problems,

and APOE status. Animal studies suggest a bidirectional relationship

between sleep problems and amyloid accumulation, whereby sleep

deprivation can increase accumulation, while increased accumulation

also has a disruptive effect on sleep.46 In a study by Cody et al.,47

individuals with DS who had mild cognitive impairment and increased

accumulation of beta amyloid had higher levels of sleep problems com-

pared to those with lower amyloid burden. As with the current study,

the directionality of this relationship could not be tested.

We found that prevalence of diagnosed sleep disorders was higher

in France (46.8%) compared to other countries (9.8%-12.4%) attesting

to differences in practices across countries in screening for comorbidi-

ties. This speaks to the need for a harmonized approach to screening

for commonly known co-occurring conditions across countries for

people with DS. Screening for and improved management of treat-

able conditions could lead to improvement in quality of life, and with

potential to delay symptoms of AD.

4.5 Mental health problems and association with
AD

In the model that included sleep problems, hypothyroidism, sensory

problems, and psychotropic medication, mental health problems were

significantly associated with earlier age of AD diagnosis, as was the

total number of these common morbidities. Mental health problems

here included depression, anxiety, and psychosis where a threshold

was met for psychological therapy, but without medication. This sup-

ports previous research that found that there appears to be a stronger

relationship with comorbid depression for those with DS diagnosed at

an earlier age.4 Depression in later life has been identified as a factor

that could potentially contribute to 4% reduction in AD risk if treated;

however, it is also recognized that this can have a bidirectional effect

and be a prodrome to AD.48 As with all modifiable risk factors, this has

yet to be tested in a population with a genetic risk for AD and thus

the potential for delaying symptoms onset if depression is treated is

unknown. Past recommendations on differential diagnosis and active

treatment of depression remain.

4.6 Level of intellectual disabilities and
association with AD

Therewas variation between countries in level of intellectual disability

of participants included in this study; however, consistent with previ-

ous research,49 no relationship was found between level of intellectual

disability and age of AD diagnosis overall, even when adjusting for

common clinical variables and APOE status. This differs from what is

expected in the general population, where the risk for AD is higher for

thosewith lower IQ.48 Theremay be cognitive, biological, andmethod-

ological explanations for this.50 People with more severe/profound ID

have lower life expectancy than thosewithmild/moderate ID.49,51 This

may result in a shorter age range at risk. Methodological explanations

for the absence of differencesmay also include complexity of diagnosis

in thosewithmore severe level of ID. Additionally, thosewith severe ID

often have a high degree disability and reduced functional abilitywhich

means that changes in skills and daily functioning are of limited use to

assess symptoms of AD.9,50,52–54

4.7 Limitations

Although this is the largest study of factors of age of diagnosis of AD

in DS ever reported, limitations include that the populations between

countries varied somewhat in terms of age and in sample size. Some

within-groups analyses therefore had limited power. Different national

health systems may have an impact on AD diagnosis across countries

due to factors such as available resources, healthcare infrastructure,

and cultural differences. We were not able to control for these fac-

tors but aimed to minimize it by using data from expert centers using

comparable methods of assessment and diagnosis. Furthermore, data

on some of the variables related to co-occurring conditions and APOE

status were not available in all cohorts; this was managed by conduct-

ing a series of analyses. Finally, some potentially related factors were

notmeasured or included in the analysis, such as education level, social

interactions, or less common co-occurring conditions.

5 CONCLUSIONS

The results of this large, multi-country study consistently support pre-

vious evidence of a mean age of AD diagnosis in the first half of the

fifth decade of life among adults with DS. Age at diagnosis was rela-

tively consistent across Europe despite differences in health services,

suggesting that clinical diagnoses are reliably applied in people with

DS.As in previous studies,APOE ε4 carriers received anADdiagnosis at

a younger age compared to non-carriers. However, rates of diagnosed

co-occurring conditions varied, and sleep and mental health problems

were associated with an earlier age of AD diagnosis. Better identifi-

cation and management of co-occurring conditions may delay onset

of AD in people with DS, and our findings have clinical and practical

implications by informing the development of health services, targeted

healthcare guidance, future research, and treatment.

AUTHOR CONTRIBUTION

Conceived and design of the study: Andre Strydom, R. Asaad Baksh,

Eimear McGlinchey, Frode Kibsgaard Larsen, and Ellen Melbye Lang-

balle. Data cleaning, data processing, and statistical analysis: R. Asaad

Baksh. Analysis and interpretation of data: Eimear McGlinchey, Frode

Kibsgaard Larsen, Ellen Melbye Langballe, Andre Strydom, and R.

Asaad Baksh. Initial drafts of the final manuscript: Frode Kibsgaard

Larsen, Eimear McGlinchey, and R. Asaad Baksh. Revising the article

critically for important intellectual content: Ellen Melbye Langballe,

Andre Strydom, Frode Kibsgaard Larsen, R. Asaad Baksh, Eimear

McGlinchey, Bessy Benejam, Ruth Mark, and Antonia Coppus. Per-

formed research activities and participated in discussions: Andre

 15525279, 0, D
ow

nloaded from
 https://alz-journals.onlinelibrary.w

iley.com
/doi/10.1002/alz.13779 by H

ealth R
esearch B

oard, W
iley O

nline L
ibrary on [22/03/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



LARSEN ET AL. 9

Strydom, R. Asaad Baksh, EimearMcGlinchey, Frode Kibsgaard Larsen,

Ellen Melbye Langballe, Jessica Beresford-Webb, Mary McCarron,

Segolene Falquero, Juan Fortea, Johannes Levin, Sandra Loosli, Anne-

Sophie Rebillat, and Shahid Zaman. All authors read and approved the

manuscript.

ACKNOWLEDGMENTS

The authors acknowledge all patients and caregivers for their time

and efforts spend to this study, and all members from The Horizon

21 European Down syndrome Consortium for their participating in

the consensus discussions. We would like to acknowledge the support

from Professor John Hardy and Dr Kin Mok from University College

London, Professor Cornelia van Duijn, Erasmus mc, Rotterdam, Dr.

Olivia Belbin and Oriol Dols from Hospital of Sant Pau and Marie

Vilaire and Louise Maillebouis, from BioJel (the Jerome Lejeune

Institute Biobank) for APOE genotyping. We also thank Valerie Wang

and Madelaine Smith from the Cambridge site for their work on initial

data collection. This work was funded by grants from the Jérôme Leje-

une Foundation, the Wellcome Trust Strategic Award (grant number:

098330/Z/12/Z), theMedical ResearchCouncil (MRCMR/S011277/1;

MR/S005145/1; MR/R024901/1), Else Kröner-Fresenius-Stiftung

(Grant No: 2020_EKEA.09). This study was supported by the Fondo

de Investigaciones Sanitario, Carlos III Health Institute (INT21/00073,

PI20/01473 and PI23/01786 to J.F.) and the Centro de Investi-

gación Biomédica en Red sobre Enfermedades Neurodegenerativas

(CIBERNED) Program 1, partly jointly funded by Fondo Europeo de

Desarrollo Regional, Unión Europea, Una manera de hacer Europa.

This work was also supported by the National Institutes of Health

grants (1R01AG056850-01A1; R21AG056974, R01AG061566,

1R01AG081394-01 and 1R61AG066543-01 to J.F.), the Department

de Salut de la Generalitat de Catalunya (SLT006/17/00119 to J.F.),

Fundación Tatiana Pérez de Guzmán el Bueno (IIBSP-DOW-2020-

151). It was also supported by Horizon 2020 Research and Innovation

Framework Programme from the European Union (H2020-SC1-

BHC-2018-2020 to J.F.). Frode Kibsgaard Larsen and Ellen Melbye

Langballe was supported by The Norwegian National Centre for

Ageing andHealth. R. AsaadBakshwas supported by a Jérôme Lejeune

Foundation postdoctoral research fellowship. Mary McCarron partly

funded by Health Research Board (IDS-TILDA-2021-001), Eimear

McGlinchey partly funded by GBHI ALZ UK-20-641398. All research

at the Department of Psychiatry in the University of Cambridge

was supported by the NIHR Cambridge Biomedical Research Centre

(NIHR203312) and the NIHR Applied Research Collaboration East

of England. The views expressed are those of the author(s) and not

necessarily those of the NIHR or the Department of Health and Social

Care.

CONFLICT OF INTEREST STATEMENT

Dr. Juan Fortea reported receiving personal fees for service on the

advisory boards, adjudication committees or speaker honoraria from

AC Immune, Adamed, Alzheon, Biogen, Eisai, Esteve, Fujirebio, Ionis,

Laboratorios Carnot, Life Molecular Imaging, Lundbeck, Perha, Roche,

and, outside the submitted work. Dr. Juan Fortea report holding a

patent for markers of synaptopathy in neurodegenerative disease

(licensed to Adx, EPI8382175.0). Dr. Johannes Levin reports speaker

fees fromBayerVital, Biogen, EISAI, TEVA, Zambon,Merck, andRoche;

consulting fees from Axon Neuroscience, EISAI, and Biogen; author

fees from Thiememedical publishers andW. Kohlhammer GmbHmed-

ical publishers; and is inventor in a patent “Oral Phenylbutyrate for

Treatment of Human 4-Repeat Tauopathies” (EP 23 156 122.6) filed by

LMUMunich. In addition, he reports compensation for serving as chief

medical officer forMODAGGmbH, is beneficiary of the phantom share

programofMODAGGmbHand is inventor in a patent “Pharmaceutical

Composition andMethods of Use” (EP 22 159 408.8) filed byMODAG

GmbH, all activities outside the submitted work. Dr. Andre Strydom

received funding from AC Immune and is an adviser to ProMIS neu-

rosciences. All other authors declare no conflicts of interest. Author

disclosures are available in the supporting information.

CONSENT STATEMENT

Informed consent from all participants or their legally authorized

representatives was obtained in all cohorts before enrollment.

ORCID

FrodeKibsgaard Larsen https://orcid.org/0000-0003-4929-4137

R.AsaadBaksh https://orcid.org/0000-0001-6596-2145

REFERENCES

1. Antonarakis SE, Skotko BG, Rafii MS, et al. Down syndrome. Nat Rev
Dis Primers. 2020;6(1):9.

2. de Graaf G, Buckley F, Skotko BG. Estimation of the number of people

withDownsyndrome inEurope.Eur JHumGenet. 2021;29(3):402-410.
3. Lott IT, Head E. Dementia in Down syndrome: unique insights for

Alzheimer disease research.Nat Rev Neurol. 2019;15(3):135-147.
4. McCarron M, McCallion P, Reilly E, Dunne P, Carroll R, Mulryan N.

A prospective 20-year longitudinal follow-up of dementia in persons

withDown syndrome. J Intellect Disabil Res: JIDR. 2017;61(9):843-852.
5. Ballard C, Mobley W, Hardy J, Williams G, Corbett A. Dementia in

Down’s syndrome. Lancet Neurol. 2016;15(6):622-636.
6. Strydom A, Coppus A, Blesa R, et al. Alzheimer’s disease in Down

syndrome: an overlooked population for prevention trials. Alzheimers
Dement. 2018;4:703-713.

7. Iulita MF, Garzón Chavez D, Klitgaard Christensen M, et al. Associ-

ation of Alzheimer disease with life expectancy in people with down

syndrome. JAMANetwOpen. 2022;5(5):e2212910.
8. Karmiloff-Smith A, Al-Janabi T, D’Souza H, et al. The impor-

tance of understanding individual differences in Down syndrome.

F1000Research. 2016;5:389.
9. Wissing MBG, Hobbelen JSM, De Deyn PP, Waninge A, Dekker AD.

Dementia in people with severe/profound intellectual (and multiple)

disabilities, and its natural history. J Ment Health Res Intellect Disabil.
2023:1-28. doi:10.1080/19315864.2023.2240734

10. Hamburg S, Lowe B, Startin CM, et al. Assessing general cognitive and

adaptive abilities in adults with Down syndrome: a systematic review.

J Neurodev Disord. 2019;11(1):20.
11. LandeteP, Soriano JB,AldaveB, et al.Obstructive sleepapnea in adults

withDown syndrome.A JMed Genet Part A. 2020;182(12):2832-2840.
12. Tassé MJ, Navas Macho P, Havercamp SM, et al. Psychiatric condi-

tions prevalent among adults with down syndrome: down syndrome

andmental health. J Policy Pract Intellect Disabil. 2016;13(2):173-180.
13. Baksh RA, Pape SE, Chan LF, Aslam AA, Gulliford MC, Strydom A.

Multiple morbidity across the lifespan in people with Down syndrome

 15525279, 0, D
ow

nloaded from
 https://alz-journals.onlinelibrary.w

iley.com
/doi/10.1002/alz.13779 by H

ealth R
esearch B

oard, W
iley O

nline L
ibrary on [22/03/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0003-4929-4137
https://orcid.org/0000-0003-4929-4137
https://orcid.org/0000-0001-6596-2145
https://orcid.org/0000-0001-6596-2145
https://doi.org/10.1080/19315864.2023.2240734


10 LARSEN ET AL.

or intellectual disabilities: a population-based cohort study using

electronic health records. Lancet Public Health. 2023;8(6):e453-e462.
14. Fortea J, Zaman SH, Hartley S, Rafii MS, Head E, Carmona-Iragui M.

Alzheimer’s disease associated with Down syndrome: a genetic form

of dementia. Lancet Neurol. 2021;20(11):930-942.
15. Dubois B, Feldman HH, Jacova C, et al. Advancing research diagnos-

tic criteria for Alzheimer’s disease: the IWG-2 criteria. Lancet Neurol.
2014;13(6):614-629.

16. Pujol J, Fenoll R, Ribas-Vidal N, et al. A longitudinal study of brain

anatomy changes preceding dementia inDown syndrome.NeuroImage.
2018;18:160-166.

17. Zis P, Strydom A. Clinical aspects and biomarkers of Alzheimer’s

disease in Down syndrome. Free Radical Biol Med. 2018;114:3-9.
18. Bayen E, Possin KL, Chen Y, Cleret de Langavant L, Yaffe K. Preva-

lence of aging, dementia, andmultimorbidity in older adultswith down

syndrome. JAMANeurol. 2018;75(11):1399-1406.
19. Altuna M, Gimenez S, Fortea J. Epilepsy in down syndrome: a highly

prevalent comorbidity. J Clin Med. 2021;10(13):2776.
20. Farrer LA, Cupples LA,Haines JL, et al. Effects of age, sex, and ethnicity

on the association between apolipoprotein E genotype and Alzheimer

disease: a meta-analysis. JAMA. 1997;278(16):1349-1356.
21. Liu C-C, Liu C-C, Kanekiyo T, Xu H, Bu G. Apolipoprotein E and

Alzheimer disease: risk, mechanisms and therapy. Nat Rev Neurol.
2013;9(2):106-118.

22. Iulita MF, Bejanin A, Vilaplana E, et al. Association of biological

sex with clinical outcomes and biomarkers of Alzheimer’s disease

in adults with Down syndrome. Brain Commun. 2023;5(2);fcad074.
doi:10.1093/braincomms/fcad074

23. Bejanin A, Iulita MF, Vilaplana E, et al. Association of apolipoprotein e

ϵ4 allele with clinical and multimodal biomarker changes of Alzheimer

disease in adults with down syndrome. JAMANeurol. 2021;78(8):937.
24. McKay NS, Hobbs DA, Doering S, et al. Differential impact of APOE

genetic variants on autosomal dominant- and sporadic- Alzheimer

disease. Alzheimers Dement. 2022;18:e068309.
25. Pastor P, Roe CM, Villegas A, et al. Apolipoprotein Eε4 modifies

Alzheimer’s disease onset in an E280A PS1 kindred: age of Onset

Modifiers in Familial AD. Ann Neurol. 2003;54(2):163-169.
26. Carmona-Iragui M, Alcolea D, Barroeta I, et al. Diagnostic and prog-

nostic performance and longitudinal changes in plasma neurofilament

light chain concentrations in adults with Down syndrome: a cohort

study. The Lancet Neurology. 2021;20(8):605-614.
27. Nieuwenhuis-Mark RE. Diagnosing Alzheimer’s dementia in Down

syndrome: problems and possible solutions. Res Dev Disabil.
2009;30(5):827-838.

28. Videla L, Benejam B, Carmona-Iragui M, et al. Cross-sectional versus

longitudinal cognitive assessments for the diagnosis of symptomatic

Alzheimer’s disease in adultswithDownsyndrome.AlzheimersDement.
2023;19(9):3916-3925.

29. Videla L, Benejam B, Pegueroles J, et al. Longitudinal clinical and

cognitive changes along the Alzheimer disease continuum in down

syndrome. JAMANetwOpen. 2022;5(8):e2225573.
30. Rafii MS, Zaman S, Handen BL. Integrating biomarker outcomes

into clinical trials for Alzheimer’s disease in down syndrome. J Prev
Alzheimers Dis. 2021;8(1):48-51.

31. Aschenbrenner AJ, Baksh RA, Benejam B, et al. Markers of early

changes in cognition across cohorts of adults with Down syn-

drome at risk of Alzheimer’s disease. Alzheimers Dement. 2021;13(1):
e12184.

32. R Core Team. R: A Language and Environment for Statistical Comput-

ing. In 2022. https://www.r-project.org/

33. Gong J, Harris K, Lipnicki DM, et al. Sex differences in demen-

tia risk and risk factors: individual-participant data analysis using

21 cohorts across six continents from the COSMIC consortium.

Alzheimers Dement. 2023;19(8):3365-3378.

34. NazarianA, YashinAI, Kulminski AM.Genome-wide analysis of genetic

predisposition to Alzheimer’s disease and related sex disparities.

Alzheimers Res Ther. 2019;11(1):5.
35. Lai F, Mhatre PG, Yang Y, Wang MC, Schupf N, Rosas HD. Sex differ-

ences in risk of Alzheimer’s disease in adults with Down syndrome.

Alzheimers Dement (Amsterdam, Netherlands). 2020;12(1):e12084.
36. Rubenstein E, Hartley S, Bishop L. Epidemiology of dementia and

Alzheimer disease in individuals with down syndrome. JAMA Neurol.
2020;77(2):262-264.

37. Mhatre PG, Lee JH, Pang D, et al. The association between sex and

risk of Alzheimer’s disease in adults with down syndrome. J Clin Med.
2021;10(13):2966.

38. D’Souza H, Mason L, Mok KY, et al. Differential associations of

apolipoprotein E ε4 genotype with attentional abilities across the

life span of individuals with down syndrome. JAMA Netw Open.
2020;3(9):e2018221.

39. Firth NC, Startin CM, Hithersay R, et al. Aging related cognitive

changes associated with Alzheimer’s disease in Down syndrome. Ann
Clin Transl Neurol. 2018;5(6):741-751.

40. Coppus A, Evenhuis HM, Verberne GJ, et al. The impact of apolipopro-

tein E on dementia in persons with Down’s syndrome.Neurobiol Aging.
2008;29:828-835.

41. Giménez S, Videla L, Romero S, et al. Prevalence of sleep disor-

ders in adults with down syndrome: a comparative study of self-

reported, actigraphic, and polysomnographic findings. J Clin Sleep Med
. 2018;14(10):1725-1733.

42. Dumortier L, Bricout V-A. Obstructive sleep apnea syndrome in adults

with down syndrome: causes and consequences. Is it a “chicken and

egg” question?Neurosci Biobehav Rev. 2020;108:124-138.
43. Lee C-F, Lee C-H, Hsueh W-Y, Lin M-T, Kang K-T. Prevalence of

obstructive sleep apnea in children with down syndrome: a meta-

analysis. J Clin SleepMed . 2018;14(05):867-875.
44. Hill EA, Williams LJ, Cooper S-A, Riha RL. Objective and subjective

prevalence of obstructive sleep apnoea/hypopnoea syndrome in UK

adults with down syndrome: a strong marker for diurnal behavioural

disturbances. Brain Sci. 2021;11(9):1160.
45. Giménez S, AltunaM, Blessing E, Osorio RM, Fortea J. Sleep disorders

in adults with down syndrome. J Clin Med. 2021;10(14):3012.
46. Spira AP, Gamaldo AA, An Y, et al. Self-reported sleep and β-

amyloid deposition in community-dwelling older adults. JAMA Neurol.
2013;70(12):1537-1543.

47. Cody KA, Piro-Gambetti B, Zammit MD, et al. Association of sleep

with cognition and beta amyloid accumulation in adults with Down

syndrome.Neurobiol Aging. 2020;93:44-51.
48. Livingston G, Huntley J, Sommerlad A, et al. Dementia prevention,

intervention, and care: 2020 report of the Lancet Commission. Lancet.
2020;396(10248):413-446.

49. Sinai A, Mokrysz C, Bernal J, et al. Predictors of age of diagnosis and

survival of Alzheimer’s disease in down syndrome. J Alzheimer’s Dis.
2018;61:717-728.

50. Wissing MBG, Ulgiati AM, Hobbelen JSM, De Deyn PP, Waninge

A, Dekker AD. The neglected puzzle of dementia in people with

severe/profound intellectual disabilities: a systematic litera-

ture review of observable symptoms. J Appl Res Intellect Disabil.
2022;35(1):24-45.

51. StraussD, EymanRK, GrossmanHJ. Predictors ofmortality in children

with severe mental retardation: the effect of placement. Am J Public
Health. 1996;86(10):1422-1429.

52. Sheehan R, Sinai A, Bass N, et al. Dementia diagnostic criteria in Down

syndrome. Int J Geriatr Psychiatry. 2015;30(8):857-863.
53. WissingMBG,DijkstraR, vanderWal IA, et al.Dementia in peoplewith

severe/profound intellectual (andmultiple) disabilities: applicability of

items in dementia screening instruments for people with intellectual

disabilities. J Ment Health Res Intellect Disabil. 2022;15:4.

 15525279, 0, D
ow

nloaded from
 https://alz-journals.onlinelibrary.w

iley.com
/doi/10.1002/alz.13779 by H

ealth R
esearch B

oard, W
iley O

nline L
ibrary on [22/03/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1093/braincomms/fcad074
https://www.r-project.org/


LARSEN ET AL. 11

54. Elliott-King J, Shaw S, Bandelow S, Devshi R, Kassam S, Hogervorst E.

A critical literature review of the effectiveness of various instruments

in the diagnosis of dementia in adults with intellectual disabilities.

Alzheimers Dement. 2016;4:126-148.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Larsen FK, Baksh RA,McGlinchey E,

et al. Age of Alzheimer’s disease diagnosis in people with Down

syndrome and associated factors: Results from the Horizon 21

EuropeanDown syndrome consortium. Alzheimer’s Dement.

2024;1-11. https://doi.org/10.1002/alz.13779

 15525279, 0, D
ow

nloaded from
 https://alz-journals.onlinelibrary.w

iley.com
/doi/10.1002/alz.13779 by H

ealth R
esearch B

oard, W
iley O

nline L
ibrary on [22/03/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1002/alz.13779

	Age of Alzheimer’s disease diagnosis in people with Down syndrome and associated factors: Results from the Horizon 21 European Down syndrome consortium
	Abstract
	1 | BACKGROUND
	2 | METHODS
	2.1 | Participants
	2.2 | Data collection and measurements
	2.2.1 | Alzheimer’s disease (AD) diagnosis
	2.2.2 | Clinical co-occurring conditions
	2.2.3 | Apolipoprotein E status

	2.3 | Statistical analysis

	3 | RESULTS
	3.1 | AD status
	3.2 | Co-occurring conditions and APOE status
	3.3 | Factors associated with age of AD diagnosis

	4 | DISCUSSION
	4.1 | Co-occurring conditions and association with AD
	4.2 | Sex differences and association with AD
	4.3 | APOE and association with AD
	4.4 | Sleep problems and association with AD
	4.5 | Mental health problems and association with AD
	4.6 | Level of intellectual disabilities and association with AD
	4.7 | Limitations

	5 | CONCLUSIONS
	AUTHOR CONTRIBUTION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	CONSENT STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


