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Abstract
Down syndrome is one of the most common genetic causes of 

intellectual disability and is characterized by a number of behavioral 
as well as cognitive symptoms. Triplication of all or part of human 
chromosome 21 has been considered as the main cause of Down 
syndrome. Due to the location of the amyloid precursor protein on 
chromosome 21, many of the neuropathological features of early-onset 
Alzheimer’s disease including senile plaques and neurofibrillary tangles 
are also present in Down syndrome patients who are either demented 
or nondemented. Significant advances in medical treatment have 
increased longevity in people with Down syndrome resulting in an 
increased population that may be subjected to many of the same 
risk factors as those with Alzheimer’s disease. It is well established that 
harboring one or both apolipoprotein E4 alleles greatly increases 
the risk for Alzheimer’s disease. However, whether apolipoprotein E4 
contributes to an earlier onset of dementia or increased mortality in 
Down syndrome patients is still a matter of debate. The purpose of this 
mini review is to provide an updated assessment on apolipoprotein 
E4 status and risk potential of developing dementia and mortality 
associated with Down syndrome.

attention deficit hyperactivity, aggressive behavior, depression and 
aggression [9].

Dementia and Alzheimer’s disease in DS

The increased risk of Alzheimer’s disease (AD) in patients with 
DS is well known. In DS, AD dementia is assumed to be caused by 
the over-expression of the amyloid precursor protein (APP) gene 
following triplication of chromosome 21, leading to the accumulation 
of beta-amyloid [10]. AD is a progressive neurodegenerative disorder 
characterized by an array of symptoms affecting memory and cognition. 
Some common symptoms of AD include memory loss that disrupts 
daily life, challenges in planning or solving problems, confusion with 
time or place, and changes in mood and personality [11]. Collectively 
these symptoms represent the term dementia, and AD is by far the 
most common cause of dementia in the United States accounting for 
60 to 80 percent of cases [11]. Central dogma to the etiology of AD 
is the beta-amyloid cascade, which stipulates that beta-amyloid in 
oligomeric forms represents the earliest step in a cascade eventually 
leading to the formation of senile plaques and neurofibrillary tangles 
(NFTs) and neurodegeneration [12]. In DS, practically all adults 
over 35 to 40 years of age exhibit key neuropathological changes 
characteristic of AD including the presence of extracellular plaques 
of beta-amyloid and NFTs [10,13,14] (Figure 1). As Figure 1 depicts, 
PET imaging for beta-amyloid using [(18)F] FDDNP in DS subjects 
indicated a higher binding in the parietal and frontal regions as 
compared to the AD group [15]. In addition, the positive associations 
between [(18)F] FDDNP binding levels and age as well as behavioral 
dysfunction in Down syndrome are consistent with the age-related 
progression of Alzheimer-type neuropathological findings in this 
population [15]. DS may, therefore, represent an early-onset form 
of AD due to the overexpression of APP [2]. In support of this are 
studies demonstrating extracellular deposits of beta-amyloid in DS 
patients as young as 8 years old [16]. At younger ages, plaques in 
DS are diffuse and thioflavine-S-negative indicating the absence of 
fibrillary beta-amyloid [17]. Moreover, several reports suggest the 
accumulation of both soluble and intracellular beta-amyloid occurs 
before the deposition of extracellular beta-amyloid in the form of 
senile plaques, which may have differential effects on development 
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Introduction
Clinical Phenotype of Down Syndrome

Down syndrome (DS) is a chromosomal disorder (Trisomy 21) 
that is caused by nondisjunction resulting in the triplication of the 
chromosome 21 in roughly 95% of cases [1]. DS is the most commonly 
identified genetic cause of intellectual disability in the United States 
with an estimated prevalence of 1 in 732 infants [2]. The phenotype 
of DS has a number of important distinguishing characteristics 
including a small head with a flat looking face, upward slant of the eye 
split, transverse line in the palm of the (“Simian fold”), low, flat nose 
bridge and small mouth, hypotonia and small ears [3]. In addition, 
DS individuals exhibit a high prevalence of cardiovascular disorders 
(44-58%) [4], vision disorders including Brushfield spots (38-85%) 
[3], respiratory disorders, which are responsible for the majority 
of the morbidity and hospital admissions in children with DS [5], 
gastrointestinal tract disorders (4-10%) [3], endocrine disorders with 
thyroid disorders being the most common (28-40%) [6], hearing loss 
(75%) [7], and orthopedic disorders with craniocervical instability 
being observed in 8% to 63% of children with DS [8]. In addition 
to these clinical features, DS patients exhibit moderate mental 
impairment with IQ values varying from 35 to 70 [7]. Delayed verbal 
short-term memory and expressive language are also frequently 
observed in DS children indicating the need for intervention in 
teaching verbal skills [9]. Other neurobehavioral problems include 
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Figure 1: Neuropathology associated with Down syndrome.(A):Representative 2-(1-{6-[(2-fluorine 18–labeled fluoroethyl)methylamino]-2-napthyl}ethylidene) 
malononitrile ([18F]FDDNP) positron emission tomography (PET) images of a control participant, 2 study participants with DS, and a participant with Alzheimer 
disease. Parietal regions are depicted in the top row; temporal regions, the bottom row. The control participant shows minimal [18F]FDDNP PET binding compared 
with the other participants. The older participant with DS shows higher binding levels than the younger one. Yellow and green correspond to higher [18F]FDDNP 
binding values; blue, to lower binding values. DVR indicates relative distribution volume (binding value). Reproduced with permission, copyright © (2011) American 
Medical Association. All rights reserved, [15].(B): Representative bright field microscopy of a hippocampal brain section from a 61 year-old male with Down 
syndrome (DS) and Alzheimer’s disease (AD). Labeling was accomplished utilizing a site-directed cleavage antibody that specifically recognizes the amino-terminal 
fragment of apoE [51]. As shown, the antibody strongly labeled NFTs in this case, suggesting the presence of amino-terminal fragments of apoE within NFTs of 
the DS brain. Scale bar represents 10 µm.
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and aging in DS (for review, see [18]). Plasma beta-amyloid has 
also been measured in different cohorts of aging adults with DS and 
thought to reflect changes in cognition. For example, the Schupf 
group has shown consistently that decreasing plasma beta-amyloid 
(1-42), a decline in the beta-amyloid (1-42)/ beta-amyloid (1-40) ratio 
or increasing levels of beta-amyloid (1-40) are sensitive to transition 
to dementia in DS [17]. In a smaller study, plasma beta-amyloid (1-
40) was higher in APOE4 carriers [20].

Based on the similarities of neuropathology, one would expect 
there to be a significant overlap between AD and DS, with dementia 
serving as the key common symptom between these two disorders. 
However, it is noteworthy that diagnosing dementia in DS patients is 
difficult for a number of reasons including the large intra-individual 
variability in cognitive functioning, other comorbidities including 
depression and hypothyroidism, and the difficulty in obtaining 
baseline levels of cognitive functioning in this population with which 
to assess cognitive and behavioral change [21]. Diagnosing mild 
cognitive impairment in DS is also a challenge but is clearly becoming 
critical for the development of early interventions and prevention 
approaches [22].

Incidence and Prevalence of AD in DS Patients

Although a number of studies have confirmed that adults with DS 
over the age of 50 are at risk for AD, the risk is significantly less than 
100% despite extensive AD neuropathology [23,24] present by age 40 
years. In a large study by Zigman et al. the cumulative incidence of AD 
in adults with DS increased from less than 4% at age 50 to 67% by age of 
72 [25]. A study by Coppus et al. studying a cohort of 506 people with 
DS showed the prevalence of AD of 25.6% in DS individuals 60 years 
and older [26]. In a meta analysis of several clinical studies of aging 
and dementia in DS, risk factors affecting the age of onset of dementia 
include APOE4 and high levels of plasma Aβ 42 [27]. Further, reduced 
risk of dementia and mortality in DS are associated with APOE2 and 
atypical karyotypes [27]. However, there is a consistent delay between 
the presence of AD neuropathology in the brain by 40 years of age 
and the increasing risk of dementia that rises after 50 years of age. 
These studies suggest possible compensatory events in the adult DS 
brain paralleling the development of AD pathology and cognitive 
impairment. Imaging studies suggest compensatory increases in 
metabolic rate in vulnerable brain regions in DS prior to the onset 
of dementia [28]. In addition, neurobiological studies in aged DS 
autopsy cases suggest the activation of neuroplasticity mechanisms as 
a possible means of compensation [23].

Apolipoprotein E in AD and DS

Given the strong similarities between AD and DS, it would be 
predicted that many of the genetic risk factors associated with 
AD may also influence patients with DS. Several candidate genes 
have been identified as potential risk factors for late-onset AD, 
representing those cases over the age of 65. A recent genetic analysis 
has suggested a link to mutations in various genes including A2M 
(encoding alpha-2-macroglobulin), ABCA1 and 2 (encoding ATP-
binding cassette transporters 1 and 2, respectively), CLU (encoding 
clusterin), PICALM (encoding the phosphatidylinositol binding 
clathrin assembly protein) and SORL1 (encoding sortilin-related 
receptor gene) (for a review see, [29]). Recently, two significant 
genetic variants of TREM2 have been identified as increasing the risk 

for late-onset AD. The TREM2 gene encodes the protein, triggering 
receptor expressed on myeloid cells 2 (TREM2). TREM2 variants 
increase the risk for AD approximately 3-fold [30,31].

Despite exhaustive efforts, there are few genetic risk factors 
associated with late-onset AD that have been identified that carry a 
larger risk potential for AD than that of the apolipoprotein (APO) 
E4 allele. Human apoE is polymorphic with three major isoforms, 
apoE2, apoE3, and apoE4, which differ by single amino acid 
substitutions involving cysteine-arginine replacements at positions 
112 and 158 [32]. Harboring the APOE3 allele is believed to neither 
increase nor decrease one’s risk of AD, while having the E2 form 
may decrease one’s risk. In contrast, inheritance of one copy of the 
APOE4 allele increases disease risk fourfold, while two copies raises 
the risk tenfold [33]. It is noteworthy that 65-80% of all AD patients 
have at least one APOE4 allele [34,35]. Structurally, apoE4 is a 34-
kDa protein composed of 299 amino acids and contains two major 
domains, referred to as the N-terminal (~20 kDa) and C-terminal 
(~10 kDa) domains, which are connected by a short hinge region 
[36]. Functionally, in the CNS, apoE is produced by a variety of cells 
including astrocytes, and transports cholesterol to neurons via apoE 
receptors, which are members of the low-density lipoprotein (LDL) 
receptor family [37,38].  

Because of the potential risk that apoE4 holds for AD, it has 
been hypothesized that harboring this allele may also increase the 
risk for dementia in DS. Interestingly, individuals with DS have a 
lower incidence of atherosclerosis in comparison to a population 
of intellectually disabled individuals without DS living in the same 
institution and the degree of atherosclerosis appears milder in DS as 
compared to free-living subjects of the same age [17,39,40]. No age-
dependent changes in cholesterol were observed in brain tissue from 
adults with DS ranging in age from 38 to 68 years [41]. However, 
a recent study by Adelekan et al. indicated that children with DS 
have less favorable lipid profiles than their siblings including higher 
cholesterol levels, LDL levels, triglycerides, and lower HDL levels 
[42].

Presently, it is not known exactly how apoE4 increases the risk for 
AD, and one current hypothesis suggests that it may not involve the 
transport of cholesterol, but more so with the clearance of deposited 
beta-amyloid [43-45]. In this regard, it has been postulated that apoE 
can bind to beta-amyloid and undergo endocytosis via the astrocyte 
low-density lipoprotein receptor-related protein (LRP) [46,47].

An additional hypothesis on how apoE4 confers AD risk is based 
on studies showing that this version of apoE is much more susceptible 
to proteolysis than either the E2 or E3 version [48-51]. The cleavage 
of apoE4 has been hypothesized to promote pathogenesis in AD by 
two potential mechanisms: 1) proteolysis of apoE4 leads to a loss of 
normal function, impairing cholesterol transport as well as clearing 
beta-amyloid; 2) proteolysis of apoE4 leads to a gain of function by 
generating a toxic amino-terminal fragment (for a recent review on 
this topic see [52]).Our laboratory recently developed a site-directed 
antibody that specifically recognizes the amino-terminal fragment 
of apoE and showed that it labeled primarily NFTs in the human 
AD brain [46]. Application of this same antibody in DS subjects has 
revealed a similar labeling pattern indicating that apoE is cleaved and 
that amino-terminal fragments localize within NFTS in DS (Figure 
1B).
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Does ApoE4 Enhance Risk for Dementia in DS?

The major purpose of this review was to examine the current 
literature in order to assess whether harboring the APOE4 allele could 
elevate the risk for dementia observed in DS subjects. To this end, we 
reviewed 10 studies from 1995 to 2013 that specifically addressed this 
question. As shown in Table 1, the major primary objectives from 
these studies were either examining AD dementia or mortality risk in 
DS patients associated with harboring the APOE4 allele. Three of the 
studies came to the conclusion that carrying the APOE4 allele did not 
confer enhanced risk for developing AD dementia in DS patients. It’s 
noteworthy that in one of these studies the cohort included relatively 
young DS patients (before the fifth decade), which may have biased 
the results towards a null effect. Six of the 10 studies examined 
showed a significant risk potential for AD dementia or an increase 
in mortality in DS patients harboring APOE4 (Table 1). In addition 
to these six studies showing a significant effect, the study by Deb et 
al. documented a trend towards a potential risk for AD dementia, but 
the data were not statistically significant [53]. Interesting, in two of 
the reviewed studies, Deb et al. and Coppus et al. in additional to their 
own data performed a meta-analysis of all known similar studies that 
had been previously reported at that time. For Deb et al. this included 
a meta-analysis of similar studies published from 1994-2000 and for 

Coppus et al. studies included in the analysis were published between 
1995 and 2006. In both studies, meta-analysis of the pooled data 
indicated a significant risk factor for AD dementia in DS patients 
harboring the APOE4 allele [53,54]. Thus, odds ratio of 1.59 and 
2.02 were calculated for the pooled data from Coppus et al. and Deb 
et al. respectively. Therefore, taken together, the preponderance of 
published data supports the hypothesis that APOE4 does enhance 
the risk of dementia for DS patients. In addition to these studies 
examining the risk associated with the APOE4 allele, a previous study 
examined the possible effects on dementia in DS patients who were 
carriers for the APOE2 allele. Similar to what has been found in AD, 
Royston et al. demonstrated that the APOE2 allele is associated with 
longevity and preservation of cognitive functioning in DS patients 
[55]. A similar effect was also observed by Tyrrell et al. who showed 
a lower frequency of the APOE2 allele in demented DS patients 
compared to age-matched nondemented DS controls [56], suggestive 
of a protective effect of harboring this allele.

Although overall, published studies support APOE4 as a risk factor 
for the development of dementia in DS, the risk appears to be lower 
than what is observed in AD and there is also much more variation 
in the reported risk that APOE4 actually confers. The reasons for this 
are unknown, but one possibility for these discrepancies may be the 

Study Primary Objective Size of Study (DS) Result Comment

Van Goolet al (1995), [69] APOE4 and dementia in DS 52 No effect
OR=0.14; CI, 0.06-.026
P=0.86

Author’s conclusion “these findings suggest 
that APOE4 does not significantly affect 
pathogenesis of AD in DS patients.”

Deb et al (2000), [53] APOE4 and AD dementia in DS 57 Trends towards positive 
effect, but not statistically 
significant,
P=0.20

Study also performed meta analysis from 9- 
pooled studies including their own from 1994-
2000, reporting a positive effect.
OR=2.02; CI, 1.33-3.07, P=0.001

Anelloet al (2001), [70] APOE4 and mental impairment 
in DS

60 Decrease frequency of 
APOE4 allele in DS patients 
vs. controls, P=1.7 x 10-3

Study included cohort of relatively young DS 
patients (i.e., before fifth decade).

Lucarelliet al (2003), [71] APOE4 and AD dementia in DS 136 No effect
OR=0.38; CI, 0.20-.71, 
P<0.005

Author’s conclusion “no inference on the role 
of APOE4 in DS-related dementia.”

Zigmanet al (2005), [64] APOE4 and mortality risk in DS 146 Positive effect
P=.022

Author’s conclusion “APOE4 has an 
independent and strong relation to early 
mortality”.

Forte et al (2007), [72] APOE4 and mortality risk in DS 106 Positive effect
P=.012

Authors results imply early unsuccessful aging 
for APOE4 carriers

Coppuset al (2008), [54] APOE4 and AD dementia in DS

APOE4 and mortality risk

425 Modest positive effect but 
not statistically significant. 
OR=1.57, CI: 0.87-2.82

Positive effect, P=0.04

Study also performed meta analysis from 
10-pooled studies from 1995-2006, reporting a 
positive effect.
OR=1.59; CI, 1.19-2.12
P value not determined

The proportion of APOE4 carries decreased 
significantly after the age of 60 years.

Prasheret al (2008), [65] APOE4 and AD dementia as 
well as potential increase in 
mortality risk

252 Positive effect on both 
parameters. For dementia
OR=1.8; CI, 1.12-2.79.
For mortality risk, P=0.048

Author’s conclusion “we recommend screening 
for APOE genotype in persons with DS.”

Patel et al (2011), [73] APOE4 and AD dementia in DS 187 Positive effect
OR=2.47; CI, 1.58-3.87, 
P=7.52x10-5

Authors also examined other potential genes 
finding positive correlations with SORL1, 
RUNX1, and BACE1.

Jones et al (2013), [74] APOE4 and AD dementia in DS 67 Positive effect
β=3.58, P=0.014

Relatively small sample size (N=67).

Table 1: Summary of studies examining the possible correlation of APOE4 genotype and AD dementia or mortality in persons with Down syndrome.

OR= odds ratio; CI= confidence interval; For study size, only patients with DS were included in the table, with the number of controls omitted.
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impact of ethnic origin of the populations studied, including genetic 
characteristics and environmental unknown factors. For example, the 
relative distribution of APOE allele frequencies may vary across study 
populations, particularly in different ethnic and geographical groups. 
In addition, environmental factors may also provide a confounding 
parameter in these studies including the role of diet. Diets rich in 
high saturated fat and cholesterol may confer added risk for the 
development of dementia, which would be aggravated even more 
in people carrying the APOE4 alleles [57,58]. On the other hand, 
carrying the APOE4 allele does not increase the risk for dementia in 
countries where people have low fat diets, diets rich in omega-3 fatty 
acids, and more active lifestyles [59]. Based on these studies, potential 
interventions in DS patients who harbor the APOE4 allele may be 
dietary. Thus, consumption of long chain omega-3 fatty acids and 
docosahexanoic acid (DHA), as well as reducing the levels of dietary 
cholesterol and saturated fatty acids may protect DS patients against 
cardiovascular disease and delay dementia. 

The response to clinical interventions to slow or halt AD in DS 
may also lead to differential responses in APOE4 carriers versus 
non-carriers. For example, in sporadic AD, immunotherapy 
using antibodies against beta-amyloid may be less effective in 
APOE4 carriers and also tends to be more strongly associated with 
cerebrovascular side effects [60]. Given the age-dependency of beta-
amyloid deposition in DS adults, immunotherapy as a prevention 
approach is currently being discussed and considering the APOE 
genotype may help in clinical trial design. In contrast, physical 
exercise appears to improve brain aging in individuals carrying the 
APOE4 allele. Longitudinal studies suggest that physical inactivity 
leads to increased risk of developing dementia in APOE4 carriers [61]. 
Thus, the presence or absence of APOE4 is valuable information that 
can be used for the appropriate design of clinical trials and selection 
of participants who may most benefit from the intervention [60].

APOE4 and Mortality in DS

In addition to enhancing the risk for dementia, carriers of the 
APOE4 allele may also increase the risk for mortality in the general 
population [62,63]. As shown in Table 1, four previous studies 
examined a potential effect of the APOE4 allele on mortality risk 
in DS subjects. All four studies showed a significant association of 
harboring the APOE4 allele and enhanced risk of death. In the study 
by Zigman et al. the authors found that individuals with DS without 
dementia who had at least one E4 allele were approximately 5 times 
more likely to die than persons with an E3 allele [64]. In the study by 
Prasher et al. a hazard ratio of 5.9 in nondemented DS subjects was 
calculated in subjects carrying at least one E4 allele as compared to 
a hazard ratio of 1.0 for the E3/3 cohort [65]. Taken together these 
studies suggest harboring the APOE4 allele leads to earlier mortality 
in the DS population that is independent of the risk of dementia. 
The underlying reasons for earlier death in DS carrying theAPOE4 
allele are unknown but may relate to similar findings in the general 
population [62,63].

Concluding Remarks
In conclusion, DS is a disease with a complex etiology and due to 

the triplication of the APP gene on chromosome 21 is considered a 
model for early-onset AD. In this regard, virtually all adults with DS 
have neuropathological criteria by the fourth decade consistent with 

AD including senile plaques and NFTs and therefore are predicted to 
more likely develop dementia compared with the general population. 
Due to the similarities of these two disorders, it has been proposed that 
risk factors for AD may also increase dementia risk in DS. Harboring 
the APOE4 allele represents the most important genetic factor for 
late-onset AD with 65-80 percent of all AD patients carrying at least 
one APOE4 allele [34,35]. However, whether the APOE4 gene carries 
the same risk potential for dementia in DS has yielded conflicting 
results. In this review, we attempted to assess the literature for risk 
potential and APOE4 frequency in DS patients. We conclude that the 
preponderance of data suggest the presence of the APOE4 allele does 
increase risk for dementia in DS patients albeit to a lower extent to 
what has been found in AD. In addition, several studies supported 
an increase mortality risk for DS patients carrying the APOE4 allele 
independent of the risk for dementia. Finally, a recent study by 
Koran et al. examined functional changes associated with DS and 
demonstrated that cognitive tests scores measuring the degree of 
dementia and APOE4 carrier status were associated with increased 
left and right inferior lateral ventricles volume as assessed by MRI 
[66]. This is the first study in DS to associate APOE4 carrier status 
with MRI volume data. Taken together, although the risk associated 
with APOE4 in DS appears to be lower than what is associated with 
AD, the true impact of this gene in DS may be confounded by the 
comorbid factors associated with this disorder that make it difficult 
to draw direct conclusions. Due to medical advances, adults with DS 
are living longer, with a life expectancy of nearly 60 based on previous 
studies [67,68]. Future directions should be directed towards 
studying the impact of APOE4 allele status on dementia in older 
DS populations. Our analysis suggests that screening for APOE4 
genotype in persons with DS is warranted in order to identify those at 
risk for dementia and early mortality.
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