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ABSTRACT

Several recent epidemiological studies attemp-
ted to identify risk factors for Alzheimer’s dis-
ease. Age, family history, genetic factors (APOE
genotype, trisomy 21), physical activity, and a
low level of schooling are significant risk fac-
tors. In this review, we summarize the known
psychosocial risk factors for the development of
Alzheimer’s disease in patients with Down
syndrome and their association with neu-
roanatomical changes in the brains of people
with Down syndrome. We completed a com-
prehensive review of the literature on PubMed,
Google Scholar, and Web of Science about psy-
chosocial risk factors for Alzheimer’s disease, for
Alzheimer’s disease in Down syndrome, and
Alzheimer’s disease in Down syndrome and
their association with neuroanatomical changes
in the brains of people with Down syndrome.
Alzheimer’s disease causes early pathological
changes in individuals with Down syndrome,
especially in the hippocampus and corpus

callosum. People with Down syndrome living
with dementia showed reduced volumes of
brain areas affected by Alzheimer’s disease as
the hippocampus and corpus callosum in asso-
ciation with cognitive decline. These changes
occur with increasing age, and the presence or
absence of psychosocial risk factors impacts the
degree of cognitive function. Correlating Alz-
heimer’s disease biomarkers in Down syndrome
and cognitive function scores while considering
the effect of psychosocial risk factors helps us
identify the mechanisms leading to Alzheimer’s
disease at an early age. Also, this approach
enables us to create more sensitive and relevant
clinical, memory, and reasoning assessments for
people with Down syndrome.
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Key Summary Points

People with Alzheimer’s disease living
with Down syndrome show (early)
degenerative alterations in specific brain
areas, so Down syndrome could
contribute to our understanding of the
early stage of Alzheimer’s disease.

We searched in the literature the common
psychosocial risk factors of Alzheimer’s
disease in Down syndrome such as
cognitive status, educational level, social
standing, employment, physical activity,
psychosocial activity, ethnic group, sleep,
and smoking habits, and other risk factors
as age, sex, and genetic factors (APOE)
which have a synergistic effect for the
development of dementia.

Hippocampus and corpus callosum are the
most affected brain regions in Alzheimer’s
disease and people with Down syndrome
living with dementia, so they are possible
biomarkers for Alzheimer’s disease.

The presence or absence of psychosocial
risk factors can influence the cognitive
function in individuals with Down
syndrome living with dementia, which
correlates with changes in brain regions
impacted by Alzheimer’s disease, such as
the hippocampus and corpus callosum.

Identifying psychosocial risk factors will
increase our understanding of the genetic
and molecular elements that cause
Alzheimer’s disease and how to avoid
them with different interventions.

INTRODUCTION

Down syndrome (DS) is a genetic condition
caused by the presence of all or part of chro-
mosome 21. People with DS usually have mild
to severe intellectual disabilities, growth retar-
dation, and distinctive facial traits [1].

Alzheimer’s disease (AD) is a neurodegenerative
condition marked by neuronal loss, neuritic
plaques, neurofibrillary tangles on neu-
ropathology, and a gradual and irreversible
decline in cognition and behavior on clinical
examination [2, 3]. Around 40–80% of adults
with DS acquire AD-like dementia by their fifth
to sixth decade of life [4] at a considerably ear-
lier age than sporadic AD [5–7]. In DS, the
developing characteristic brain neuropatholog-
ical lesions (i.e., amyloid plaques) identical to
those in AD preceded the beginning of demen-
tia symptoms [8]. Both conditions appear to
have a genetic foundation, as demonstrated by
the triplication of the gene encoding the amy-
loid beta (A4) precursor protein (APP) in persons
with DS [9], while the existence of a duplicate of
the APP gene in people without DS causes
familial AD [10]. Despite their genetic similari-
ties, people with DS and AD have different
clinical presentations of dementia [8]. Behav-
ioral issues and personality changes are early
symptoms of dementia in persons with DS,
unlike ‘‘forgetfulness,’’ a typical sign of early-
stage dementia in the general population
[7, 11].

There is evidence that amyloid load origi-
nates in the frontal cortex in people with DS
having AD before spreading to other brain areas,
which is not necessarily the case in sporadic AD
[12], revealing pathophysiological distinctions
between conditions [8]. Since people with DS
having AD show (early) pathological changes in
specific brain regions such as the amygdala,
hippocampus, and corpus callosum [13–15],
they offer a possibility to investigate the first
changes in this disease and observe its progres-
sion stage along with the course of the disease.
Both people with AD living with and without
DS will benefit from the improved diagnosis
and treatment of dementia syndrome [13]. The
development of extracellular plaques of insol-
uble amyloid peptide (A) and neurofibrillary
tangles (NFT) composed of phosphorylated tau
protein (P-tau) in neuronal cytoplasm is a
defining feature of AD [16, 17]. AD results from
neuronal death with the accumulation of neu-
rofibrillary tau tangles and beta-amyloid pla-
ques, although the root cause of insoluble
plaque formation and neurofibrillary tangle

932 Neurol Ther (2022) 11:931–953



propagation is uncertain [16]. Considering that
risk factors of AD are known [16], psychosocial
risk factors are essential to understand because,
unlike genetic risk factors, they are modifiable.
People who were just moderately physically and
cognitively engaged in the past and those who
have marginally social involvement are more
likely to acquire dementia [18, 19]. The current
study focuses on the psychosocial risk factors
for AD in children and adults with DS such as
cognitive status, educational level, physical
activity, employment, psychosocial stress,
sleep, marital status, depression and smoking,
and the neuroanatomical alterations observed
in these individuals using high-resolution neu-
roimaging (MRI imaging).

We included factors such as age, sex, and
some genetic factors, which are not identified as
a psychosocial risk factor, such as apolipopro-
tein E (APOE). Our inclusion of such factors is
justified since they have a synergistic effect with
other psychosocial risk factors for the develop-
ment of AD. The risk factors analyzed included
age, sex, cognitive status, genetic factors
(APOE), educational level, social status,
employment, physical activity, psychosocial
activity, ethnic group, sleep, and smoking
habits (e.g., family members). The risk of
dementia is much reduced in individuals with a
high cognitive reserve and is much higher in
people with low educational levels and intel-
lectual problems. This finding results from more
than 20 published studies with more than
29,000 participants and a median follow-up
period of more than 7 years [20]. Mullins et al.
[20] concluded that people with DS living with
dementia and persons with AD in the general
population have significantly reduced volumes
of the same brain regions and the hippocampus
and other temporal lobe structures. These vol-
ume reductions have an association with cog-
nitive decline in both groups. Preliminary
evidence indicates that DS individuals may be
more sensitive to tissue loss than others and
have less ‘‘cognitive reserve’’ [20]. Few studies
used functional brain imaging to study DS
[20, 21]. These are characterized by small sam-
ples and using many different methods and
scanning tasks with low image resolution so
that the results are not easily comparable.

Additionally, previous neuroimaging studies
of child development have limitations due to
their coarse resolution, small group size, and
limited age range [22]. Previous research studies
did not significantly analyze temporal lobe
anomalies, parahippocampal gyrus volume, and
corpus callosum changes. For instance, Rodri-
gues, Nunes et al. [23] conducted a survey to
assess neuroimaging abnormalities of the cor-
pus callosum linked to DS, but further studies
are needed to confirm their findings. This
review collects data from various resources in
order to understand this gap. We intend to
provide a preliminary assessment for future
examinations attempting to produce new data
sets for structural neuroimaging of DS (MRI
studies) compared to patients with AD in the
average population and cognitive-behavioral
phenotypes. Thus, we focus on research data
related to individuals with DS compared neu-
roanatomically with the psychosocial risk fac-
tors for AD occurrence.

According to the National Institute on Aging
(NIH) recommendations regarding patients
with AD in general populations, we can also
suggest using these recommendations to
develop diagnostic criteria for people with DS at
risk of dementia. These recommendations rep-
resent the criteria for the clinical diagnosis of
AD. The Alzheimer’s Association (AA) and the
National Institute on Aging (NIA) sponsored a
series of advisory round table meetings to pro-
duce a revision of diagnostic and research cri-
teria for AD. On the basis of the current
scientific data, the workgroups evaluated bio-
marker, epidemiological, and neuropsychologi-
cal findings and developed conceptual
frameworks and practical research requirements
[24]. Asymptomatic amyloidosis, asymptomatic
amyloidosis ? neurodegeneration, and amyloi-
dosis ? neurodegeneration ? slight cognitive
loss are postulated as three preclinical phases of
AD. The preclinical workgroup suggested iden-
tifying the characteristics that best predict the
probability of progression from normal cogni-
tion to moderate cognitive impairment (MCI)
and AD dementia. Longitudinal clinical
research investigations are required to refine
these models.
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The MCI and AD dementia workgroups
wanted to make sure that the revised criteria
were flexible enough to be used by both general
healthcare providers who did not have access to
neuropsychological testing, advanced imaging,
or cerebrospinal fluid measurements and spe-
cialist experts working on research or clinical
trials who would have access to these tools. MCI
owing to AD refers to the symptomatic prede-
mentia phase of AD. The final set of criteria for
MCI related to AD contains four levels of con-
fidence based on the existence and kind of
biomarker results. There was a discussion about
the requirements for all-cause dementia and AD
dementia. For study purposes, dementia caused
by AD is divided into three categories: probable
AD dementia, possible AD dementia, and
probable or possible AD dementia with evi-
dence of the AD pathophysiological process. In
clinical practice, the fundamental clinical cri-
teria for AD dementia will remain the corner-
stone of the diagnosis, although biomarker
evidence is likely to improve the pathophysiol-
ogy specificity of the diagnosis [24]. So, people
with DS could have evaluation tests and mea-
surements developed according to these rec-
ommendations by considering the early
diagnosis with cognitive and imaging assess-
ments, as discussed later in this review.

This review study will help us better under-
stand the pathological and neuroanatomical
linkages between AD and DS and the role of
psychosocial risk factors in establishing reme-
dies to prevent or hinder AD development at an
early stage.

METHODS

We performed a comprehensive literature
search on PubMed, Google Scholar, and Web of
Science. PubMed provides a thorough overview
of current literature on a given topic and is
more extensive than any other database
regarding biomedical and health science issues.
Furthermore, the use of MeSH (Medical Subject
Headings) indexing enables more precise and
comprehensive searching than other databases,
and in our search, we used some MeSH terms.
Google Scholar explores the full text for

keywords and a broader range of sources, such
as conference proceedings and books, which are
not included in regular databases, making it a
practical resource for gray literature searches.
These characteristics are beneficial for our
investigation and ensure effective search results.
Google Scholar can show you articles and books
with links to them. Web of Science provides
access to scientific material in abstracts and full
text. Through Web of Science, you can search
across several databases, including the Web of
Science Core Collection and databases included
with NEOMED subscriptions such as MEDLINE.
This tool allowed us to review many studies
related to our topic.

First, we reviewed articles using the search
terms ‘‘Psychosocial risk factors for Alzheimer’s
disease’’ with ‘‘Risk factors, Psychosocial risk
factors, Alzheimer’s disease’’. We also used the
search term ‘‘Risk factors, Psychosocial risk fac-
tors for Alzheimer’s Disease in Down syndrome’’
with the keywords ‘‘Risk factors, Psychosocial
risk factors, Alzheimer’s disease, dementia,
Down syndrome’’ for further detailed research.
We found related terms such as dementia and
dementia of Alzheimer’s type as they are used
interchangeably within the literature. We
selected structural neuroimaging studies (MRI
studies) focusing on the neuroanatomical
changes in DS involved in memory functions,
specifically changes in regions of the hip-
pocampus, corpus callosum, and temporal lobe
in association with psychosocial risk factors
related to the occurrence of AD. To avoid
heterogeneous results, we focused on MRI
studies, which use safe and attractive alternative
non-invasive imaging techniques compared to
other imaging modalities such as positron
emission tomography (PET). An increasing
number of PET studies using tracers, e.g., amy-
loid, are being published but we consider PET
studies irrelevant to our search area and we
focus only on structural imaging for the afore-
mentioned reasons. MRI techniques can pro-
vide a detailed assessment of brain regions
throughout childhood and adulthood without
ionizing radiation. Besides PET studies, our
search area did not include neuropathological
evidence, which is limited for practical reasons
to small brain sampling, leading to biased
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conclusions. We searched using the keywords
‘‘Risk factors, Psychosocial risk factors, Alzhei-
mer’s disease, Dementia, Down Syndrome,
Neuroimaging, Neuroanatomical changes’’.

We did not use statistical methods but sum-
marized related data published between 1978
and 2021 to review the recently published
studies. This study does not represent a sys-
tematic review of the literature as little litera-
ture is available regarding our search topic. We
did not use the PRISMA guidelines as our review
is not systematic. To ensure that we did not
miss essential papers during our search, we
developed a strategy by identifying sources to
be searched and keywords and search terms
used in the literature and rerunning the search
many times. We selected publications and
research articles for inclusion if they presented
relevant outcomes related to AD and people
with DS groups. Those reporting on the psy-
chosocial risk factors of AD in DS have priority.

In contrast, articles reporting on other AD
risk factors in DS have no priority unless they
include specific information on individuals
with DS related to our search topic. When there
were several articles on a given topic, those that
contained unique information have priority for
inclusion. We added more recently published
publications and studies of more significant
patient populations, and studies with more
extended follow-up periods to the list of prior-
ities. We found 26 articles that fulfilled our
inclusion criteria (Table 1). The authors of
reviewed literature used clinical records to col-
lect information about the individuals’ cogni-
tive functioning levels based on the evaluated
papers. They examined case files and gathered
information on cognitive performance from
previous psychological or psychiatric tests.
Because not all participant files provided
numerical IQ values, the authors used an ordi-
nal scale to guarantee consistency of the level of
the functioning variable. According to the DSM-
IV (APA 1994), the categories are mild, moder-
ate, and severe intellectual impairment classifi-
cations, with intermediate levels, added to
designate participants on each level’s boundary.
This article is based on previously conducted
studies, and does not contain any new studies

with human participants or animals performed
by any of the authors.

RESULTS

We present our results in three sections, as
shown in Table 1.

Psychosocial Risk Factors for Alzheimer’s
Disease

Although research data identified various neu-
rophysiological risk factors for AD and demen-
tia, little knowledge is available regarding
psychosocial determinants [25]. Previous stud-
ies identified many psychosocial risk factors for
AD (Table 2). Still, we will present a few of these
studies discussing psychosocial risk factors for
AD as an introductory background as our focus
is mainly on psychosocial risk factors for AD in
DS. Also, our review of psychosocial risk factors
for AD in the general population can help
determine common and distinct pathways and
mechanisms underlying the increased risk of
dementia compared to people with DS. Zhang
et al. [26] performed a 5- and 10-year follow-up
study in Shanghai, China. The essential psy-
chosocial risk factors for AD onset and devel-
opment suggested by this study were not
working (jobless or retired), no participation in
community activities, analphabetism, and blue-

Table 1 Number of studies (published between 1978 and
2021) reviewed in different topical areas

Topical areas Number of
studies reviewed

Psychosocial risk factors for AD 9

Psychosocial risk factors for AS in

DS

12

Psychosocial risk factors for AD in

DS and their association

with neuroanatomical changes in the

brains of people with DS

5

AS Alzheimer’s disease, DS Down syndrome
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Table 2 Summary of the findings from the studies (published between 1978 and 2021) that reported psychosocial risk
factors for AD

Study Psychosocial risk factors studied Association with the risk of AD

Burke et al. Depression, sleep disturbance, and anxiety The study results demonstrated a substantial hazard

of AD development for those reporting depression,

sleep disturbance, and anxiety as independent

symptoms

Zhang et al. Blue-collar occupation, no job, no reading or writing,

no participation in community activities, no leisure

gardening, negative psychological feelings, and a

lower level of education

The study concluded that these factors play a

significant role in AD development without

specific details

Burnes and

Burnette

Trauma and PTSD The study proposed a conceptual model relating

psychological trauma, PTSD, and AD. It indicated

that previous life trauma and PTSD are strong

candidates as psychosocial risk factors for AD

Kropiunigg

et al.

Psychosocial stress According to the study findings, psychosocial stress

from work and lifestyle is a significant risk factor

for AD

Persson and

Skoog

Death of a parent, divorce of parents, growing up

with one parent, different guardians, extreme

poverty, death of a spouse, death of a child, serious

illness in a child, shift or piece work, arduous

manual work, a physical condition in a spouse,

mental illness in a spouse, death of siblings or

friends, change of residence, and financial status

deterioration

The study results supported the hypothesis that

psychosocial risk factors during earlier life

contribute to the development of dementia in old

age

Wang et al. Psychosocial stress at work The study concluded that long-term work-related

psychosocial stress, characterized by limited job

control and high job strain, was linked to an

elevated risk of dementia and AD in later life,

independent of other known risk factors

He et al. Low educational level, low cognitive function, low

occupational status, lack of social interaction and

leisure activities, and poor well-being

The study suggested an association between these

factors and the onset and development of AD

Bernhardt

et al.

Living alone, having no intimate social connections,

not participating in social or recreational activities,

and never marrying

The study reviewed different living and social factors

that could affect the development of dementia and

AD

Silva et al. Marital status, stress, depression, inadequate sleep,

smoking, cognitive reserve, and physical activity

The study summarized the principal risk factors and

some protective factors for AD development

AD Alzheimer’s disease, PTSD posttraumatic stress disorder
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collar status. Burke et al. [27] established a
connection between depression, sleep distur-
bance, and anxiety (as individual factors and
comorbid conditions) and the risk of AD
development. This study, however, did not use
neuroimaging to confirm the diagnosis of AD
pathology [27]. A survey by Burnes and Burnette
[25] indicated that previous life trauma and
posttraumatic stress disorder (PTSD) are good
candidates as psychosocial risk factors for AD,
according to the evidence presented in this
research, by creating a conceptual model relat-
ing these factors to AD. Kropiunigg et al. [28]
discussed psychosocial stress resulting from
adapting to an active but ineffective work style
and living with a domineering spouse as a link
to an increased risk of AD. Persson and Skoog
[29] studied different psychosocial risk factors
before the age of 70 in various age groups, such
as the death of a parent, divorce of parents,
growing up with one parent, different guar-
dians, extreme poverty, death of a spouse, death
of a child, serious illness in a child, shift or piece
work, arduous manual labor, physical disease in
a spouse, mental illness in a spouse, death of
siblings or friends, change of residence, and
financial status deterioration. Their findings
suggest that psychosocial risk factors early in
life contribute to the development of dementia
later in life [29].

Marital status, stress, depression, inadequate
sleep, smoking, cognitive reserve, and physical
activity are among the psychosocial risk factors
discussed by Silva et al. [16] as risk and protec-
tive factors for AD development. The afore-
mentioned studies did not perform any tests to
distinguish between familial/early-onset AD
and sporadic/late-onset AD in the studied pop-
ulations. Silva et al. [16] discussed the genetic
risk factors associated with the occurrence of
both AD types in their review. According to that
study and other related studies, familial/early-
onset AD compared to sporadic/late-onset AD
has significant genetic risk factors influencing
AD development, like DS [16, 30].

Wang et al. [31] investigated the association
between psychosocial stress at work and an
increased risk of dementia at a late age and
found that stress conditions associated with the
job contributed to a high risk of dementia and

AD at a late age. Additionally, a similar study by
Seidler et al. [32] explored the role of psy-
chosocial work factors in the onset of dementia.
He et al. [33] found that low educational level,
low cognitive function, low occupational status,
lack of social interaction and leisure activities,
and poor well-being affect the onset and
development of AD. Bernhardt et al. [34] pro-
vided a thorough systemic review of all reported
psychosocial risk factor outcomes from con-
trolled trials between 1994 and 2001. That
review concluded that factors studied in the
articles, such as living alone, having no inti-
mate social links, not participating in social and
recreational activities, and never having mar-
ried, are all linked to dementia. That also review
suggests that AD is adversely associated with
intellectual diversity and intensity and favor-
ably associated with psychosocial inactivity,
unproductive working style, living with a
domineering spouse, and physical inactivity in
recent studies [34].

Psychosocial Risk Factors for Alzheimer’s
Disease in Down Syndrome

Determining the risk factors is essential to
assessing the risk of AD in individuals with DS.
While identifying risk factors helps evaluate
individual and community risk for developing
AD, they do not guarantee that all persons with
known risk factors will get the disease, nor that
individuals without such risk factors would not
contract the disease [35]. Neuropathological
changes related to triplication of amyloid pre-
cursor protein (APP) contribute mainly to the
first clinical signs of AD in DS [36]. In autopsy,
Alzheimer-type neuritic plaques and neurofib-
rillary tangles have been found and reported in
the brains of 7.5% of people with DS in the early
second decade of life, reaching 80% by the
fourth decade and 100% in people over 60 years
old [37]. Other risk factors that can add more
explanations and understanding of the mecha-
nism of the occurrence of the predementia stage
in people with DS should be studied and iden-
tified [38]. The study of risk factors for dementia
in people with DS faces challenges due to the
lack of specific and compelling cognitive and
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neuropsychological status measurements in this
population [38]. The most available assessment
methods and instruments to assess dementia in
persons with intellectual disabilities, including
DS, are informants-based tests and do not
directly assess cognitive function in those
groups [39]. We focused on psychosocial risk
factors such as cognitive status, education, years
of living in a care institution, physical activity,
smoking, sleep, and other risk factors such as
age, sex, and some genetic factors (APOE) which
contribute additively to the development of
dementia (Table 3). Age is considered a strong
common risk factor for dementia in DS, and the
association between increasing age and the
increased risk for dementia in DS is widely
indicated [35, 38, 40]. Few studies have assessed
sex as a risk factor, with controversial results
[38]. Some evidence reports that women are at
greater risk due to the low level of post-
menopausal estrogen and that women have a
higher life expectancy than men [35]. A recent
study by Lai, Mhatre et al. [41] evaluated sex
differences in AD risk in adults with DS. It
showed no significant sex difference in the risk
for AD development in adults with DS. How-
ever, they found that women with DS had a
nearly 2-year duration of dementia more than
male individuals with DS from AD onset until
death, although having equal mean ages at the
beginning of AD. These findings [41] contrast
with earlier DS research conducted on a smaller
scale [42, 43]. In men with DS, Schupf, Kapell
et al. [42] found a greater risk of AD, but Lai,
Kammann et al. [43] found the opposite.

In the general population, there is an evi-
dence-based suggestion that a higher level of
cognitive functioning, which is linked to a
higher level of education, a higher IQ, years of
living in a care institution, and employment, is
associated with a low incidence of dementia
[44]. This study investigated the correlation
between education and other environmental
factors, such as years of living in a care institu-
tion and occupation, and the occurrence of
dementia in people with DS. It resulted in the
theory that environmental changes can
improve cognitive function, leading to the
delay of the onset of dementia [44]. These data
led to the cognitive reserve hypothesis,

suggesting that patients compensate for neu-
ronal loss when the brain works actively to deal
with neuronal damage [45]. People with better
baseline cognitive abilities can tolerate more AD
pathology and neuronal loss than patients with
worse baseline cognitive skills [46]. Also, Zig-
man and Lott [35] assumed that IQ level and
cognitive reserve could be possible risk factors
for dementia in DS. They suggested that people
with DS who function at higher levels (e.g.,
more excellent premorbid IQ, education, occu-
pation, and language ability) have a reduced
risk of AD dementia than their counterparts
who perform at lower levels. Another decisive
risk factor is a family history caused by genetic
or environmental factors. The apolipoprotein E
gene (APOE), encoded by three alleles, e2, e3,
and e4, is associated with a risk for AD in DS
[47]. The apolipoprotein e4 allele is the most
well-known genetic risk factor for sporadic AD,
and it is linked to early symptoms and pathol-
ogy in the general population [48]. The APOE e4
allele is also a significant risk factor for AD in DS
compared to the APOE e2 allele, which is asso-
ciated with low risk and a protective role
[35, 38, 47]. Although an early meta-analysis of
association studies revealed that dementia was
higher in individuals with DS carrying APOE e4
[49], one case–control study in a Dutch com-
munity found no effect of APOE genotype on
the incidence or onset of dementia in DS [50].
The minimal number of patients studied was a
critical limitation of these investigations [47].

In contrast to noncarriers, APOE e4 carriers
are at increased risk for dementia in DS, with an
earlier start and rapid progression, according to
a recent longitudinal, large cohort study of
people with DS [51]. According to the available
data, the evidence for a link between APOE e4
and dementia in DS is very suggestive [48]. Few
studies reported the effect of physical activity
on cognitive function and dementia risk in DS
[52]. Some of these studies used the mouse
model of DS (Ts65Dn mice) and found essential
evidence that physical activity may help with
cognition. Voluntary wheel running in mice,
for example, was linked to improved perfor-
mance in cognitive tasks when compared to
sedentary controls, especially when considering
hippocampal-mediated processes, which are
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Table 3 Summary of the findings from the studies (published between 1978 and 2021) that reported psychosocial risk
factors for AD in DS

Study Psychosocial risk factors studied Association with the risk of AD in DS

Bush and

Beail

Age, sex, APOE The study indicated that considering sex as a risk for AD in DS is

contradictory. Still, it confirmed the association between age and

the APOE e4 allele as a significant risk factor for dementia in

DS, whereas the APOE e2 allele is protective

Zigman and

Lott

Age, sex, IQ, cognitive reserve, and

APOE

The investigation demonstrated the link between growing age and

the likelihood of dementia in people with DS and produced

contentious findings on the role of sex as a risk factor. The study

considered that IQ and cognitive reserve are risk factors for

dementia in people with DS

According to the findings, APOE 4 increases the risk of dementia

in individuals with DS

APOE e2 has a link to a lower incidence of dementia in people

with DS

Lai, Mhatre

et al.

Sex The study found no sex difference in the risk of AD development

in DS

Schupf,

Kapell

et al.

Sex The study findings indicated that men with DS have an earlier

onset of AD than women with DS

Lai,

Kammann

et al.

Sex The study found that women with DS have an increased risk of

AD compared to men

Temple et al. Educational attainment, time spent in

an institution, and employment

The study found by using a post hoc regression that cognitive

function level is associated with these environmental factors and

indicated that in those with DS, a better degree of cognitive

functioning decreases incidences of dementia

Verghese

et al.

APOE The study suggested strong evidence for the association between

APOE (specifically e4) and the risk of dementia in DS

Van Gool

et al.

APOE The study findings suggest that APOE e4 does not significantly

affect the pathogenesis of AD in individuals with DS

Prasher et al. APOE The study results showed a strong association between the APOE

e4 genotype and risk for AD and a reduction in the age of onset

of dementia. Still, in contrast to other studies, the presence of an

e2 allele does not reduce the risk of dementia or delay the age of

onset

Bejanin et al. APOE The study observed an association between the APOE e4 allele

and early clinical and pathological features of dementia in DS
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essential during AD [53–55]. Previous mouse
model reports found that physical activity
impacts gene and protein expression, neuroge-
nesis, and brain morphology [53, 54, 56]. The
Ts65Dn mouse is the most well-studied and
extensively utilized DS animal model. It has a
freely segregating additional chromosome with
the triplication of mouse chromosome 16’s dis-
tal region, which is syntenic to a portion of
human chromosome 21’s long arm [57]. The
Ts65Dn mice mimicked many characteristics of
DS, including cognitive impairment and hip-
pocampus-dependent memory function
[57–59]. Despite some genetic limitations
caused by partial triplication of human chro-
mosome 21 (HSA21) orthologous genes and
concurrent triplication of some non-HSA21
genes [60], the Ts65Dn model reproduces many
of the phenotypic aspects of the human disease,
including brain changes and impaired learning
and memory and is presently the sole mouse
model utilized for preclinical discovery of
pharmaceutical treatments targeting cognitive
deficits in DS [61]. A 12-week exercise program
improved episodic memory in human studies,
including people with DS [62]. These studies
documented improvements in executive func-
tion assessments such as inhibition [63, 64],
attention shifting [65], response time [66, 67],
and semantic fluency [68, 69]. However, there
are differences in effect sizes and findings
between these studies [52]. A recent survey by
Pape et al. [52] examined the association
between physical activity, regular exercise, and
cognitive function in DS. The findings of their
investigation indicated that frequent moderate
and high-intensity exercise might reduce the

possibility of clinically detectable mental dete-
rioration in the DS group, with possible long-
term benefits [52]. In 61 adults without
dementia living with DS, Fleming et al. [70]
investigated the relationship between everyday
physical activity measured with an actigraph
accelerometer and cognitive functioning and
early AD pathology measured with PET amy-
loid-b and tau and diffusion tension imaging
measures of white matter integrity. The amount
of time spent on sedentary and moderate-to-
vigorous activity was related to cognitive per-
formance (negatively and positively, respec-
tively; correlation coefficient (r) = -

0.472–0.572, significance (p)\ 0.05). Both
sedentary behavior and moderate-to-vigorous
exercise are linked to white matter integrity in
the superior and inferior longitudinal fasciculi
(fractional anisotropy: r = - 0.397 to - 0.419,
p\0.05; mean diffusivity: r = 0.400, p = 0.05)
[70].

No specific study from our reviewed litera-
ture correlated ethnicity as a risk factor for AD
in DS, so future studies should consider this
data. Also, no published research directly dis-
cussed the role of sleep as a risk factor for AD in
DS. Chen et al. [71] examined the impact of
sleep disturbance on executive function in
individuals with DS. The results indicated an
association between obstructive sleep apnea,
common in people with DS with high body
mass index, and more significant impairments
in executive functions, including verbal fluency
and inhibitory control. According to these
findings, understanding the relationships
between poor sleep, cognitive impairment, and
deterioration in individuals with DS requires

Table 3 continued

Study Psychosocial risk factors studied Association with the risk of AD in DS

Coppus,

Evenhuis

et al.

APOE The study indicated an increase in the occurrence of dementia in

APOE e4 carriers and concluded that APOE affects the risk of

dementia in people with DS

Pape et al. Physical activity The study found that moderate and high-intensity exercise could

reduce DS’s cognitive decline and dementia risk with long-term

benefits
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further research. These findings reveal a link
between poor sleep and cognition in young
individuals with DS and how their sleep issues
affect AD development [71].

Considering smoking as a risk factor for
dementia in the general population is unclear
[72]. Research supported by the tobacco indus-
try (conflict of interest) indicated a low risk of
dementia associated with smoking [73].
Nonetheless, research data with no tobacco
industry affiliation (e.g., tobacco companies
providing study funding, study author(s) cur-
rently or previously employed by a tobacco
company) reported a significantly increased risk
of AD [73]. We did not find a study investigat-
ing the relationship between smoking in DS
directly or passively (e.g., family members) and
the risk of AD development. Many researchers
who looked at potential psychosocial risk fac-
tors struggled with assessment and diagnostic
challenges, making it difficult to compare
results from different studies [38]. Future
researchers looking into the prevalence rates
and psychosocial risk factors for AD in people
with DS should consider these observations.

Psychosocial Risk Factors for Alzheimer’s
Disease in Down Syndrome and Their
Association with Neuroanatomical
Changes in the Brains of People
with Down Syndrome

No specific study investigated DS brain areas
changes related to AD, specifically the hip-
pocampus or corpus callosum, and correlated
such changes with psychosocial risk factors.
Here, we correlate the results of previously
published studies regarding the neuroanatomi-
cal changes related to dementia in DS with the
results discussing the effect of psychosocial
factors on cognitive function. All people with
DS develop neuropathological features of AD by
40 years of age [13, 37, 74, 75]. The aging pro-
cesses in DS are associated with the deposition
of senile plaques and neurofibrillary bundles
[76]. The buildup of these deposits, their distri-
bution pattern in the brain, and the involve-
ment of specific neurons are remarkably similar
to the pathological changes that characterize

AD [37]. A better understanding of how the DS
brain develops with the help of a development-
oriented approach will shed light on critical
neurological principles of DS in children and
illuminate the basics of the phenotype in
adults, particularly the increased risk of early
AD [35]. Therefore, DS provides a framework for
studying the morphological brain changes in
the early stages of AD [77].

Hippocampal and temporal lobe volume
reductions are typical of AD and people with DS
living with dementia [15, 78, 79]. These volume
reductions are associated with cognitive decline
in both AD and people with DS living with
dementia groups in a study by Mullins et al.
[20]. Th results of that study showed a positive
correlation in patients with AD between the
Mini-Mental State Examination (MMSE) score
and the corrected hippocampus and temporal
lobe volumes. Previous research reported a
similar finding and revealed that performance
on the MMSE correlates directly with hip-
pocampal volume [80]. The decline in the hip-
pocampus and temporal lobe volumes affects
their functions, which is observable by the
correlation between MMSE scores and the
reduced volume in these regions [20]. The hip-
pocampal structures involved in explicit mem-
ory deficits, the dentate gyrus, the essential core
areas of hippocampal efferences and afferences,
and the corpus callosum are crucial areas for
studying structural changes related to AD.
Memory impairment was one of the first clinical
signs identified when evaluating the existing
evidence of structural changes in the hip-
pocampus in patients with AD [77]. This
symptom worsened slowly over time and man-
ifested as personality changes, loss of language
skills, and affection of the extrapyramidal
motor system. Histopathological examinations
show the hippocampus structure as one of the
first and most severely affected areas by AD [77].
A longitudinal assessment study of brain anat-
omy changes preceding dementia in DS by Pujol
et al. [81] found that the brain volume changes
and their links to cognitive impairment pro-
gression are generally consistent with well-
known anatomical abnormalities that signify
dementia development in AD. Thus, even
though it occurs in a complicated scenario with
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extensive baseline pathology and a high
potential for interactions between develop-
mental and age-related alterations, brain invo-
lution in older people with DS appears to reflect
the degenerative process of AD. The basal fore-
brain, hippocampus, and prefrontal lobe, which
are impacted early in AD, were specifically
impaired in DS before dementia in this study.
Neurofibrillary damage and the loss of projec-
tion neurons responsible for the afferent and
efferent connections of the hippocampal for-
mation result in both disconnections of the
intra-hippocampal relationships and the isola-
tion of the hippocampus from other parts of the
brain responsible for memory loss in AD
[82–84]. By the age of 40, the proportion of
individuals with DS who undergo a process of
cognitive impairment, such as that in AD, is
observably high [14]. The chronological hierar-
chy of symptoms begins with slowly progress-
ing memory loss and leads to a general decline
in cognitive skills accompanying dementia and
emotional changes [85–88]. Research based on
MRI scans indicated that hippocampal atrophy,
which is significant in sporadic and DS-associ-
ated AD, can serve as a measure of allocortical
neuronal degeneration [14, 77, 83, 84, 89].

Previous MRI studies proposed atrophy of
the corpus callosum as a possible marker for the
loss of intracortical-projecting neocortical asso-
ciation neurons in AD [90–94]. The projecting
neurons from the corpus callosum are a sub-
group of the large pyramidal neurons in the
association cortex’s lamina III and V [95–97],
which are particularly vulnerable to AD
[98–100]. Therefore, several studies reported
atrophy of the corpus callosum in Alzheimer-
type dementia [14, 101–106]. Clinical symp-
toms of dementia in DS are memory loss,
behavioral changes, language difficulties, neu-
rological alterations, and decreased cognitive
skills [107, 108].

Teipel et al. [14] investigated the effect of age
on volume changes in the hippocampus and
corpus callosum and found a correlation
between neuropsychological scores and regio-
nal volumes in people with DS without
dementia. This study demonstrated a decreased
volume of hippocampus and corpus callosum
regions with increased age and also showed a

correlation between the size of corpus callosum
areas and the global cognitive score, orienta-
tion, language, and visuospatial test scores in
people with DS [14]. Kesslak et al. [109] and Raz
et al. [110] found that the parahippocampal
gyrus (PHG) is significantly larger in people
with DS compared with normal aging and AD.
Pathological and neuroimaging studies revealed
that AD significantly impacts this structure,
particularly its anterior portions [111, 112]. Raz
et al. [110] indicated a correlation between the
enlargement of the PHG and decreased total
cognitive function. Mullins et al. [20] investi-
gated the medial temporal lobe and found a
reduced volume of this region associated with
cognitive decline. A study by Krasuski et al.
[113] found that the right and left amygdala,
hippocampus, and posterior parahippocampal
gyrus in the DS group have a smaller volume
than in the control group. These regional brain
volumes were significantly associated with
greater age; this association was not observable
in the anterior part of the parahippocampal
gyrus. The hippocampus and amygdala volumes
were positively correlated with memory assess-
ment results [113] (Table 4). However, AD has
the character of a gradual beginning and
inevitable atrophy development in the medial
temporal lobe [114]. The entorhinal cortex is
usually the first part of the brain to deteriorate,
followed by the hippocampus, amygdala, and
parahippocampus [115–118]. The posterior
cingulate and other limbic lobe components,
including the amygdala, are also affected early.
The temporal neocortex is ultimately affected,
followed by all neocortical association regions,
generally in a balanced way. The loss pattern
differs between disorders, indicating preferen-
tial neuronal vulnerability and disease mani-
festation at the regional level [119].

DISCUSSION

In this review, we discussed psychosocial risk
factors for the occurrence of dementia in people
with DS. An association between the DS phe-
notype and an increased risk of developing
Alzheimer’s dementia is now powerfully
demonstrated [38]. Previous studies indicate no
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Table 4 Summary of the findings from studies (published between 1978 and 2021) that identified psychosocial risk factors
for AD in people with Down syndrome and linked them to neuroanatomical changes in the brains of people with DS

Study Psychosocial risk
factors studied

Neuroanatomical findings Neuropsychological
findings related to brain
changes

Association with the risk
of AD

Mullins

et al.

Age, sex, cognitive

reserve, level of

education, years

in an institution,

and employment

Reductions in the whole

brain volume,

hippocampus, and

temporal lobe volumes,

and a significant increase

in the lateral ventricle

volume in AD and people

with DS living with

dementia

People with DS living with

dementia had a minor

reduction in temporal lobe

volume compared to

individuals with AD

There was a positive

correlation between

MMSE and hippocampal

volume (corrected for

total intracranial volume)

in the AD population and

between MMSE and

temporal lobe volume

(corrected for total

intracranial volume)

There was an inverse

association between

MMSE and the corrected

lateral ventricle volume

(corrected for total

intracranial volume)

In the DS population with

dementia, there was a

positive correlation

between CAMCOG and

the corrected hippocampal

volume and between

CAMCOG and the

corrected temporal lobe

volume

The study indicated an

association with the risk

for AD, especially

regarding reduced

hippocampus and medial

temporal lobe volume

The volumetric findings in

people with DS were

consistent with an AD

pattern of atrophy, with a

decrease in hippocampal

volume. The relationship

between MMSE and

volume in these critical

locations shows a link

between reduced

hippocampus and

temporal lobe volumes

and the affection of their

functions

Teipel

et al.

Age, sex, and

cognitive status

People with DS had smaller

corpus callosum areas and

hippocampal volumes

relative to age-matched

healthy comparison

groups, even after

controlling age and total

intracranial volume

statistically

The size of the corpus

callosum areas (C3 and

C4) correlates with

overall cognitive test

scores and orientation,

language, and visuospatial

test scores in people with

DS

There was an age-related

decrease in the corpus

callosum area (most

prominent in posterior

regions) and hippocampal

volume in the DS group

associated with AD

The study’s findings pointed

to an early loss of

allocortical neurons in the

predementia stage of DS

resulting from AD-like

pathology
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significant difference between psychosocial risk
factors for AD in the general population and
psychosocial risk factors for AD in individuals
with DS. This indication shows that studying DS
provides a pattern for studying and under-
standing the clinical and pathological changes
associated with the early stage of AD
[13, 37, 120, 121]. As a result of the congenital
neurological anomalies in DS, it is critical to
distinguish between changes associated with

AD and behavioral characteristics (e.g., depres-
sion, aggression, sleep disturbances, and social
problems) that are frequent in the DS commu-
nity independent of AD as reported by Dekker
et al. [122]. So, it is essential to carefully assess
any behavioral or emotional changes in older
people with DS that can be psychiatric symp-
toms or associated with dementia and consider
caregivers’ information as reliable [123]. There
are few studies on dementia in people with

Table 4 continued

Study Psychosocial risk
factors studied

Neuroanatomical findings Neuropsychological
findings related to brain
changes

Association with the risk
of AD

Kesslak

et al.

Age Hippocampal volume

reduction and

enlargement of the

parahippocampal gyrus

Not assessed Age-related brain changes

linked to plaques and

tangles, as well as the

onset of dementia

Raz et al. Age and cognitive

status

A reduced volume of brain

areas, except for the

parahippocampal gyrus

There was no correlation

between total brain

volume and cognitive

scores

There is a significant inverse

relationship between the

volume of the

parahippocampal gyrus

and intelligence and

language test scores

They hypothesized that

brain changes in DS do

not apply to the

prediction of early

changes in AD

Krasuski

et al.

Age and cognitive

status

The hippocampus, right and

left amygdala, and

posterior

parahippocampal gyrus

have reduced volumes

These brain areas changes

were significantly

associated with greater age

There was no correlation

between any regional

volume and the Peabody

Picture Vocabulary Test

result

The study revealed a partial

correlation between

regional brain volume and

memory tests

The study predicted that

atrophic changes in the

medial temporal lobe

were initially affected by

AD pathology. Evaluating

them might aid in

identifying people in the

early stages of AD

DS Down syndrome, AD Alzheimer’s disease, CAMCOG Cambridge Cognitive Examination, MMSE Mini Mental State
Examination
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severe/profound intellectual disabilities,
including DS, as evidenced by the limited
number of studies focusing on this complex
combination [124]. Wissing et al. [124]
reviewed available literature on observable
dementia symptoms in DS and other intellec-
tual disabilities. This study identified a range of
dementia symptoms subdivided into cognitive
decline (e.g., memory loss, forgetfulness, speech
deterioration, loss of social skills), the reduction
in activities of daily living (e.g., self-care skills,
everyday functioning/skills), behavioral and
psychological symptoms of dementia (BPSD)
(e.g., apathy, aggression, altered eating/drink-
ing behavior), and neurologic and other physi-
cal symptoms. Changes in general function,
personality, and behavior may be more typical
early AD indicators in persons with DS than
memory loss and forgetfulness. Reduced inter-
est in being sociable, conversing, or expressing
thoughts, decreased enthusiasm for usual
activities, a decline in the ability to pay atten-
tion, sadness, fearfulness, or anxiety, irritability,
uncooperativeness, or aggression, restlessness or
sleep disturbances, adult-onset seizures, chan-
ges in coordination and walking, increased
noisiness or excitability are some of the early
symptoms (National Institute on Aging, https://
www.nia.nih.gov/health/topics/down-
syndrome).

A rising amount of information suggests that
increasing age is not the sole risk factor to
consider when determining AD development in
people with DS [38]. We evaluated previous
reports and concluded that the APOE e4 allele is
a substantial risk factor for AD in individuals
with DS, but the APOE e2 allele is a protective
factor [35, 38]. The exact role of APOE alleles in
pathogenesis is unknown, despite considerable
research aiming to clarify the underlying
mechanism for this elevated risk. Current
research, however, reveals that changes in APOE
isoform effects on Ab aggregation and clearance
play an essential role in AD pathogenesis. Other
putative pathways, such as various APOE iso-
forms influencing neuronal toxicity and tau
phosphorylation and its function in synaptic
plasticity and neuronal inflammation, are not
ruled out. Inconsistent findings across studies
made it difficult to determine whether the

APOE e4 allele signals increased harmful activ-
ity, decreased neuroprotective effect, or both.
APOE-based therapeutic approaches suggest
lowering the adverse effects of APOE e4 or
restoring APOE’s physiological and protective
functions [125]. In DS there is a correlation
between the effect of decreased clearance
resulting from APOE e4 with the increased
production of APP due to trisomy of chromo-
some 21. Thus, the combination of trisomy 21
(perhaps resulting in increased Ab deposition)
and APOE e4 (possibly resulting in impaired Ab
clearance or Ab aggregates) results in consider-
ably enhanced Ab deposition [13, 126].

Sex as a possible risk factor has inconclusive
data [38]. Previous reports in humans with DS
and mouse models found an association
between physical activity in different forms and
improvement in memory and cognition [52].
We did not find studies that consider ethnicity
and smoking as risk factors for AD in DS,
although their role in the general population is
reported [72, 127]. No published studies directly
discussed the effect of psychosocial risk factors
on the occurrence of AD in DS or related them
to neuroanatomical changes depending on
neuroimaging. Therefore, we assume a correla-
tion between some of these risk factors for
dementia in DS and neuroanatomical changes
in brain areas related to memory and cognitive
function. Aging is considered a significant risk
factor for dementia in people with DS [38], in
addition to genetic factors (e.g., APOE geno-
type) and cognitive reserve [35]. At the same
time, no study controlled for age as a risk factor
while studying the potential causality of psy-
chosocial risk factors in disease progression,
which future research efforts should consider.
Understanding the risk factors for AD in DS will
help us diagnose the disease and prevent other
pathological conditions [35]. The difficulty in
diagnosing dementia in individuals with DS
faces complications by baseline intellectual
disability (ID) [128]. Within the DSM-IV or ICD-
10 classifications, no guidelines are available for
diagnosing dementia associated with DS or any
other learning disability. The Working Group
for the Establishment of Criteria for the Diag-
nosis of Dementia in Individuals with Intellec-
tual Disability, as reported by Aylward et al.
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[129], recommends using ICD-10 criteria as the
worldwide diagnostic yardstick rather than
DSM-IV criteria. The benefits observed include a
stronger focus on ‘‘noncognitive’’ components
of dementia (emotional instability, impatience,
and apathy), which are frequently the earliest
indicators of dementia in persons with Down
syndrome.

Furthermore, ICD-10 uses a two-step diag-
nostic approach, in which a dementia diagnosis
got established, and then dementia in DS is
distinguished from other types of dementia
[38]. The significant intra-individual variability
in cognitive functioning, numerous diagnostic
and methodological approaches employed in
the field, and difficulty in collecting baseline
levels of cognitive functioning in this group to
measure behavioral changes are all factors to
consider when diagnosing dementia in people
with DS [130]. Most adults with DS will not
admit to having memory problems. Because
detecting thinking-skill impairments in people
with intellectual disabilities can be challenging,
diagnosing dementia in someone with DS can
be difficult. Adult cognitive changes should
have recognition to provide appropriate assis-
tance and support to people with DS and their
caregivers. The following concepts, according to
a model proposed by Burt and Aylward [128],
are essential for a person-centered diagnosis in
people with DS: by the age of 35 years, there
should be a documentation of a baseline of
adult function; persons with DS should have
their intellectual, behavioral, and social func-
tions evaluated regularly, and each person’s
medical record should ideally include thorough
information about their adult abilities by the
age of 35. This information is accessible from
the person with DS, family members, and other
trustworthy persons. Most individuals with
intellectual impairments can benefit from this
paradigm. A battery like this would increase
diagnostic consistency and allow for cross-study
comparisons. A skilled examiner should deliver
the battery over a period.

This review is the first study comparing the
effects of psychosocial risk factors for AD in DS
and their association with neuroanatomical
changes in hippocampus and corpus callosum
regions. This study’s strengths include covering

the most common psychosocial risk factors for
dementia in DS that exist in the literature and
presenting them in a summarized review con-
sidering the recently published information.
Our review study also compared the relation-
ship of these risk factors with neuroimaging
biomarkers of AD, providing a clue for further
research using imaging techniques to realize
these results. However, the literature on neu-
roimaging in AD and DS spans multiple
modalities, including diffusion tensor imaging
and PET imaging of beta-amyloid, neurofibril-
lary tangles, glucose metabolism, and synaptic
density. The findings on these imaging modal-
ities are observable before anatomical changes
occur in MRI, which may show earlier effects
associated with psychosocial risk factors. There
is a lack of other neuroimaging studies outside
of anatomical MRI, which is considered a limi-
tation in this study. These modalities may show
differential presentation between DS and AD in
the general population, elucidating underlying
biochemical mechanisms that are yet to be
proven. This study’s limitations include the lack
of patients required to confirm our hypothesis
to compare cognitive decline with neu-
roanatomy. Moreover, neuropsychological
measures are becoming more sensitive for
diagnosing AD dementia, and it can be difficult
to correctly diagnose dementia in individuals
with very low baseline cognitive performance.
Individuals with DS have high variability in
cognition, just like the general population,
which AD studies consider.

CONCLUSIONS

The study of risk factors will improve our
knowledge of genetic and biological factors
causing AD and how to avoid them with various
measures. There are no standard measurements
for early diagnosis of dementia in people with
DS, so consistent diagnostic criteria for demen-
tia in people with DS and appropriate psycho-
metric tests to identify cognitive changes are
needed. In summary, we conclude that volume
reductions in regions such as the hippocampus,
other medial temporal lobe structures, and
corpus callosum are considered the first
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Alzheimer’s-affected regions and are associated
with age and other lifestyle factors in people
with DS. This finding supports the theory that
DS gives an approach to studying early-stage
AD.
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