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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
Consortium were 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 the more likely the person with DS is diagnosed with 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.
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* Mean age of AD diagnosis was relatively consistent between countries
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Sleep problems and mental health problems were associated with earlier age of AD
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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 10,000.12 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 (Ag)® and with an associated lifetime risk of over 95%.%
Age-specific risk for AD has been estimated to 23%-55% at age 40-
49 and 75%-88% by age 60-69,%>¢ with a mean age of diagnosis of
53.8 years.”

The variation in co-occurring conditions and levels of intellectual
disability among people with DS is substantial.®~19 Lifelong condi-
tions common in this population include: congenital heart defects,
immunological dysfunctions, hypothyroidism, musculoskeletal dys-
function, vision and hearing impairment, sleep apnea,** and depression
and anxiety.!? 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

* No differences between level of intellectual disability and mean age of AD diagnosis

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

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,® 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.®1? While
previous studies have reported on these commonly co-occurring con-
ditions, less is understood about their relationship with age of onset of
ADinDS.

The influence of apolipoprotein E (APOE) ¢4 can vary across age,
sex, ethnicity, and nationality.2°-2% The association between APOE &4
allele and increased risk and earlier age of onset in sporadic AD is well
established.2* This association is not as clear for age of onset in auto-
somal dominant AD.222325 AD in DS is an autosomal dominant form
of AD and the connection between APOE ¢4 and DS shows that APOE
¢4 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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various assessment procedures,?6~2? 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 the Horizon 21 European Down syndrome
Consortium (H21DSC).639 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], the Cambridge Dementia in Down’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.3 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-
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RESEARCH IN CONTEXT

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 included multi-country samples.

2. Interpretation: Despite differences in health services,
the results of this novel, multi-country study consistently
found a mean age of AD diagnosis in people with DS rang-
ing from 51 to 56 years, suggesting that clinical diagnoses
are reliably applied in people with DS. Sleep problems,
mental health problems, and apolipoprotein E (APOE) ¢4
carriers are factors strongly associated with age at AD
diagnosis.

3. Futuredirections: AD diagnosis in people with DSis areli-
able measure but there is a need for better identification
and management of co-occurring conditions. Our findings
have clinical and practical implications for the provision of
health care and future research.

ent questionnaires and tests used are summarized elsewhere.?! 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 the Netherlands 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 may meet criteria for DSM-5 mild 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).
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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 AND decline 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 health diagnosis including depression, anxiety, or psychosis. The
threshold for mental health variables was a mental health condition
that required treatment including psychological therapy without medi-
cation. Any current psychotropic medication prescription data was 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 in DSM-5.
These criteria are broadly similar.

2.2.3 | Apolipoprotein E status

Apolipoprotein E (APOE) status was also included in the analysis coded as
non-e4 carriers, ¢4 carriers, and €2:¢4 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 to max-
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 included Model 2 variables, with the addition of current men-
tal health diagnosis and psychotropic medication prescriptions. The
inclusion of these new variables excluded The Netherlands from Model
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 AD diagnosis, similarly to the previous models, 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
of morbidities (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(p) with
95% confidence intervals (95% Cls). R version 4.1.3 used for statistical

analysis.3?

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).
Mean age at assessment differed between countries (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.
The p-Value of
Variable Spain France Germany Netherlands UK 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 18 (5.8) 28(14.9) 4(9.5) 45(12.1)
other causes
Possible/ prodromal 25(8.0) 8(4.3) 4(9.5) 44(11.8)
AD
Definite AD 87(28.0) 48 (25.5) 12(28.6) 64(17.2)
Current mental health Yes 28(9.0) 67 (35.6) 12(29.3) 83(22.8) <0.001
diagnosis
Currently prescribed Yes 126 (50.0) 66(35.1) 7(17.5) 75(20.1) <0.001
psychotropic medication
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  Yes 148 (61.9) 69(36.7) 7(17.5) 337(82.4) 318 (84.6) <0.001
problems (hearing and/or
vision)
Any other medical Yes 82 (43.6) 32(80.0) 287 (76.5) <0.001
comorbidity
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:ed 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

There were significant differences between countries in the prevalence
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,
(b < 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 difference was found in epilepsy diag-
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 regression models 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
associated with a younger age of diagnosis (exp(f) = 0.97 (95% Cl 0.94-
1.00) than males. Compared to people with DS in Spain, participants in
France (exp(B) = 1.04 (1.00-1.08) were more likely to be diagnosed at a
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later age and being from the United Kingdom was significantly associ-
ated with a younger age of diagnosis (exp(B) = 0.96 (0.92-0.99). Model 2
added sleep problems, hypothyroidism, epilepsy, and history 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 current mental health diagnosis was associated with a younger age
of AD diagnosis (expp = 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(f) = 1.12, 1.05-1.19)

Model 4 included APOE status but did not include Germany as APOE
data were not available. Being female was associated with a younger
age of diagnosis (exp(B) = 0.97, 0.94-1.00), and participants in France
were diagnosed at an older age (exp(B) = 1.08, 1.03-1.13). APOE status
was found to be significantly associated with age of AD diagnosis, with
APOE &4 carriers being diagnosed at a younger age than non-¢4 carriers
(exp(B) =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(B) = 0.97, 0.95-0.99, p = 0.02). In this model, as the
total number of common DS morbidities increased, the age of AD diag-
nosis decreased. Participants in the United Kingdom were diagnosed
earlier than in France (exp(B) = 0.93,0.87-0.99, p = 0.02), and being an
APOE ¢4 carrier was associated with earlier AD diagnosis (exp(8) =0.92,
0.87-0.98, p = 0.006). Sex, level of ID, and current or history of sensory
problems were 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 a meta-analysis that reported a mean age of diagnosis across
studies of 53.8 years.” As expected, being an APOE ¢4 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. Current mental 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
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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.

42 | Sex differences and association with AD

In the general population, lifetime incidence of AD is higher for
females than males,3® where genome-wide association studies strati-
fied by sex have shown differences in loci associated with AD between
male and female.®* This difference is less clear in the DS population,
where some studies found no overall relationship between sex and AD

diagnosis,243°

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,*¢ 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.?” 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 &4 allele with increased risk in spo-
radic AD is well established, with increased amyloid deposition, cortical
thinning, and decreased cognition,?* 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.2*
Previous studies in populations with DS have also found an attentional
disadvantage later in life,38 greater cognitive impairment,3? earlier age
of symptom onset of 2 years,?® and an earlier age of AD diagnosis*®
for APOE ¢4 carriers. Data on APOE 4 in this study were available for
1,293 participants across four countries. Findings here reflected those
of previous studies, where APOE ¢4 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.#*1-44 Evidence suggests that untreated sleep disorders impair cog-
nitive function and may accelerate progression to AD.*> 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.*® In a study by Cody et al.,*”
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.* 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.*8 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

There was variation between countries in level of intellectual disability
of participants included in this study; however, consistent with previ-
ous research,*? 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
those with lower 1Q.*8 There may be cognitive, biological, and method-
ological explanations for this.°® People with more severe/profound ID
have lower life expectancy than those with mild/moderate ID.4?>1 This

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

for the absence of differences may also include complexity of diagnosis
inthose with more severe level of ID. Additionally, those with severe ID
often have a high degree disability and reduced functional ability which
means that changes in skills and daily functioning are of limited use to
assess symptoms of AD.?20.52-54

47 | 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
not measured 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. Asin previous studies, APOE ¢4 carriers received an AD diagnosis 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.
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